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Chapter 1

Q1.

“There is no safety in numbers, or in anything else.”
James Thurber (1939).

Q2.

“Often before now have I applied my thoughts to the puzzling question – one,
probably, which will puzzle me for ever – why it is that, while all Greece lies
under the same sky and all the Greeks are educated alike, it has befallen us to
have characters so variously constituted.”
Theophrastus (371-287 BCE; [1]).

Q3.

“Already at the age of twenty-five you see the professional mannerism settling
down on the young commercial traveler, on the young doctor, on the young
minister, on the young counselor-at-law. You see the little lines of cleavage
running through the character, the tricks of thought, the prejudices, the ways of
the ‘shop,’ in a word, from which the man can by-and-by no more escape than
his coat sleeve can suddenly fall into a new set of folds. In most of us, by the
age of thirty, the character has set like plaster, and will never soften again.”
William James (1890, p. 79 [2]).

Q4.

“Neuroticism scores reflect a person’s characteristic (or mean) level of distress
over a protracted period of time. In this perspective, even prospective associations of neuroticism with mental health outcomes are basically futile, and largely
tautological since scores on any characteristic with substantial within-subject
stability will predict, by definition, that characteristic and related variables at
later points in time. Neuroticism is not an explanatory concept in the aetiology
of psychopathology, since it measures a person’s characteristic level of distress
over a protracted period of time. This situation will not change until knowledge
becomes available about: (i) the mechanisms that produce high neuroticism
scores (and, therefore, also psychopathology) and (ii) its neurobiological substrate. Only then will we understand why neuroticism appears to ‘predict’ the
outcomes it predicts.”
Hans Ormel (2004, [3]).

Q5. 	 “Personality is the supreme realization of the innate idiosyncrasy of a living
being. It is an act of courage flung in the face of life, the absolute affirmation of all that constitutes the individual, the most successful adaptation to the
universal conditions of existence, coupled with the greatest possible freedom of
self-determination”
Carl Jung (1875-1961).
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Q6. 	 “Traits are not behaviour. They are summary statements describing likelihood
of and rates of change in behaviour in response to particular situational cues. In
addition to their relationship to the probability and latency of a response, stable
predispositions may be conceptualized in terms of differential sensitivities to
situations and differential response rates”.
William Revelle (1995, [4]).
Q7.

“Give me a dozen healthy infants, well-formed, and my own specified world to
bring them up in and I’ll guarantee to take any one at random and train him to
become any type of specialist I might select – doctor, lawyer, artist, merchantchief and, yes, even beggar-man and thief, regardless of his talents, penchants,
tendencies, abilities, vocations, and race of his ancestors. I am going beyond my
facts and I admit it, but so have the advocates of the contrary and they have been
doing it for many thousands of years”.
John B. Watson (1930, [5]).
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Chapter 1

Outline of the Thesis
Behaviour is that what an organism does over the course of a lifetime in response
to internal and external signals, such as environmental influences [6-8]1. Organisms
navigate the landscape of life in predictable, variable, and quantifiable different ways,
both relative to (i) conspecifics under similar environmental conditions and (ii) in
terms of differences in stability or change of traits in changing environments [9-15]2.
One salient way in which individuals differ is their personality, the coherent patterns
of affects, goals, cognitions, and behaviors they show over time and space - the things
we feel, think, want, and do [16-22]. The backbone of personality captures individual
differences in sensitivity, reactivity, flexibility, and responsiveness to environmental
stimuli, a cross-species phenomenon called ‘emotionality’ [12,13,22-26]. Most differences in sensitivity to environments and adaptability to novelty in humans is captured
by the personality trait neuroticism [27-41].
At the broadest hierarchical level of human personality neuroticism is conventionally
accompanied by four other broad trait domains: extraversion, openness to experience,
agreeableness, and conscientiousness [16,18,20,42-51]3, a taxonomy that is called
1.
2.

3.

Welcome reader. The footnotes in this manuscript give specific references, supportive information,
elaborations, or personal notes, which some readers may experience as “non-essential sideways”. They
can henceforth ignore them.
Personality traits refer to confined suits of cognitive-behavioral traits that vary consistently amongst
individuals, but are maintained through time and across context [10,13,18,22,191]. For example,
every animal differs in terms of boldness, aggressiveness, activity level, cooperativeness, fearfulness,
dispersal or exploration tendencies, docility, impulsivity, sociability, or responsiveness to environmental stimuli [9,12,13,22,1124,1125]. Individual differences in personality are often large while
intra-individual changes tend to be small, in comparison [15,23,145,1124-1126]. Allport introduced
and defined traits in 1936 as “generalized and personalized determining tendencies – consistent and
stable modes of an individual’s adjustment to his environment” [131]. Behavioral ecologists call these
consistent individual differences in behavior alternatively temperaments, personality differences,
behavioral syndromes, or coping styles [12,15,1127]. The psychological realm is often divided over
three levels of focus, viz. every individual is in certain respects (a) alike all other individuals, (b) like
some other individuals, (c) and like no other individual, and the individual differences approach in
personality captures this second level of description [16,20].
Extraversion refers to the tendency to have a positive outlook on life, to be sociable and risk taking, and to be orientated (or interested and energetic) towards the outer world of people and things
rather than the inner world of subjective experience. The Openness to experiences or Intellect domain
captures novelty seeking, curiosity, imaginativeness, creativity, and interest in cultural and educational
experiences. Individuals high on openness tend to be willing to take risks as opposed to being narrowminded and cautious (notably, openness should not be confused with self-disclosure). Agreeableness
describes concern and sensitivity towards others and their needs, and high scores reflect the tendency
to act in a cooperative, pleasant, and unselfish manner (likability). Very agreeable individuals get along
well with others, but low scores refer to individuals who are antagonistic, mistrustful, unsympathetic,
uncooperative, and rude, but probably good as a drill sergeant or bill collector [189]. Conscientiousness taps into organization, viz. high scorers are socially reliable, careful, scrupulous, and persistent in
pursuing goals, and tend to be organized, responsible, and hardworking. But this focused deliberation
at the high pole is matched by rashness and lack of organization at the low pole [643]. Interestingly,
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the Big Five or Five Factor Model (FFM). All people can be ranked or ordered by
the degree to which they manifest these traits. Henceforth I am only concerned with
neuroticism, the single most important risk factor in behavioral public health [52-54],
of which the top 25% high scorers generate total excess economic costs that exceed
those of all the common mental disorders combined [55]4. Neuroticism refers to the
tendency to perceive the world as threatening, to be prone to experience unpleasant
and disturbing emotions in reaction to various types of stress (emotional instability),
and to select oneself into situations that foster negative affect [46,50,51,56-63]. Importantly, neuroticism is predictive for mental and physical health, mating success,
mortality [64-69], subjective wellbeing [70-75], occupational attainment, divorce-risk,
and wealth, and is often more predictive than current socioeconomic status or intelligence [65-69,76-80].
Twin studies indicate that about half of the individual differences in neuroticism
can be explained by non-genetic factors [81-93]. In this thesis I will explore which
environmental influences account for change in neuroticism, and how long such
changes persists. Remarkably little is known about the environmental embedding
of neuroticism levels [54,94,95], or how neuroticism changes as a consequence of
environmental input [78,96-98], or via which pathways neuroticism has its detrimental
effects [52,53,76,99,100]. Below the reader will be familiarized with i) the concept
of neuroticism, ii) the idea of stability and change in neuroticism, iii) temperamental
negative emotionality (viz., fear and frustration), which is conventionally regarded
to be a developmental precursor of adult neuroticism, iv) environment influences on
neuroticism, and v) the concept of mutual reciprocity between neuroticism and stressful life events (SLEs), which is known as the corresponsive principle.
I will conclude with an outline of the position of neuroticism in the field of psychiatry, to emphasize the importance of dissecting environmental influences on stability
and change in neuroticism. However, in the interest of suspense, I first outline the
position of neuroticism in the psychological realm, structured in terms of the classic
FFM of personality, a taxonomy that currently dominates the field [16,20,46,101,102].

4.

conscientiousness also assesses the extent to which individuals consider future consequences of possible actions. However, different personality theorists define personality differently, often based upon
their theoretical positions [17]. Conventionally 3 to 16 higher-order personality traits are distinguished,
depending on the organizational framework or taxonomy [16,17,20].
And approximately two-thirds of the costs of the somatic disorders per million inhabitants [55].
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Chapter 1

Psychological traits
Psychological traits are heuristics to describe characteristic ways in which individuals
are different or alike, or how individuals respond to specific environmental influences
[16,105]. The psychological realm has historically been subdivided over characteristic
adaptations which are traits that are learned or otherwise acquired and basic tendencies which are traits that have a biological (often heritable) basis [46,97,101]5, as
outlined in Figure 1. Basic tendencies capture inborn abilities such as intelligence,
empathy, or musical and verbal abilities [20,106-109], and personality dispositions
like neuroticism [16,46,101]6. Dispositions like neuroticism (N, depicted at the right
in Figure 1, in grey) are deemed to manifest themselves indirectly, via behaviours
and characteristic adaptations, such as the skills and beliefs depicted in Figure 1
[16,22,101,102,105,110-112].
Characteristic adaptations refer to culturally conditioned phenomena such as goal
strivings, attitudes, feelings, thoughts, behaviors, needs, drives, and desires, that
are thought to be relatively consistent across situations (within individuals), but to
differ over generations and around the world [16,24,101,110,111,113,114]. Allport
famously defined personality as “the dynamic organization within the individual of
those psychophysical traits that determine his unique adjustments to his environment”
[115]. In other words, characteristic adaptations are the typical outcomes of transactions between neuroticism and specific environmental influences at particular points
in development. From this perspective differences in how neuroticism manifests itself
across contexts do not impede a common underlying mechanism.

5.

6.

Aristotle (384–322 before the common era, or BCE) argued that character (traits) and habit (behaviour) were reciprocally related [128,1128], a foundational assumption in modern personality theory
[16,17,20]. Socrates wondered how people could experience two mental states at the same time, e.g.
commit a crime or desire something, and being simultaneously averse to it, which seemed impossible
within an unified soul [1129]. Plato solved this problem with a tripartite theory of the soul (or psyche),
which held that each soul was composed of three distinct but intangible parts (a logical, spirited, and
appetitive sphere), in analogy of the three castes in each society Plato had imagined in his treatise
the Republic [1130]: cognition (cf. the intellect of the philosopher kings), affect (cf. the emotions of
the soldiers), and desire (cf. the will of the workers, merchants, and docters) [1130]. These three core
(latent) constructs still form the basic structure of the psycholical realm [108,299,1129-1132]. From
the city-soul parallel also a theory of the mind emerged, viz. when our actions were governed by
reason our soul was in balance (psychic harmony, cf. Kallopolis, the excellent city), but four kinds of
unjust balances could disarrange the soul, e.g. emotions rule (timocracy), reason rules (oligarchy), our
appetitive forces rule (democracy), and only one faculty remains (tyranny) [1130].
Personality traits (viz., thoughts, feelings, behaviors) and cognitive abilities are indeed among the
most stable psychological characteristics [99,106,164,165,1133]. This concept of stability refers to the
degree to which the relative differences between individuals are preserved over time (called differential
stability), which is usually assessed with test-retest correlations, and discussed in chapters 4, 5 and 10.
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Figure 1 The Position of Neuroticism in a Hierarchical Taxonomy of Individual Difference Variables based on Five Factor Theory and Ecological Systems Theory.

Note. The left section of the figure is based on Bronfenbrenner’s Bioecological Systems Theory [103,104] and
shows an individual Mesosystem and a nested suit of Microsystems that together capture the environment that an
individual inhabits. The right section is based on the Five Factor Theory (see [46,101]), and shows the Five Factors of personality: N= Neuroticism, E= Extraversion, O= Openness, A= Agreeableness, C= Conscientiousness.
The figure has been adapted with permission from “the Place of the FFM in Personality Psychology” ([45], p.59).

Neuroticism
Neuroticism is generally conceived as a latent entity (from the Latin latēre, which
means ‘to lie hidden’) that manifests itself indirectly and also exists when its behavioral expression is currently absent [16,17,20,116-118]7. Each individual has a charac7.

Plato outlined in 380 BCE that ‘forms’ or souls were nonphysical conceptual realities that captured
the true “essence” of a material reality, but lay beyond the ordinary range of human understanding,
thus were latent [1134]. This idea became eternalized in Plato’s “Allegory of the Cave” metaphor in
which prisoners chained in a dark cave since childhood interpreted shadowns cast on the wall in front
of them as their world with moving figures, rather than in terms of the objects themselves behind them,
which cast the shadow (their ‘essences’) [1130]. This concept echoes in the premise that personality
traits are biologically determined ‘essences’ that do not change in response to environmental factors.
This led to the idea that dispositions manifest themselves indirect via characteristic adaptations and
to the distinction between observed scores and latent (true) scores [17,105,407]. The way neuroticism
manifests itself in daily behavior can be observed in experience-sampling studies [110,392] and in how
individuals express themselves on blogs and social media [140,141,1049], see Figure 2. High neuroticism is presumed to be (a) internal in the sense that humans carry this disposition across contexts and
(b) causal because it explains behavior of the individual who possesses it [16,119,1114]. However, note
that individuals high on frustration-proneness who do not encounter triggers to activate this propensity
shall not show frustration [123,195]; similarly, someone high on extraversion may be rather silent and
sad after the loss of a loved one; and a tendency to take charge may be inhibited in social situations
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teristic mean level of neuroticism, but all people vary around this mean under different
circumstances, which leads to a density distribution of negative feelings [94,114,119].
The higher we score on neuroticism, the more likely we are to show the behavior it
disposes towards. Moreover, all individuals vary in different degrees on neuroticism,
with leads to a distribution that approximates a normal curve.
Neuroticism is a ‘latent’ reference for a network of rather heterogeneous affective,
cognitive, and behavioral personality components, which in the FFM framework are
subdivided over six lower-order facets [16,47,119]. Each facet captures emotions that
we all experience from time to time, but we differ in the frequency and intensity with
which we experience these feelings. The Anxiety facet captures the level of free floating anxiety and proneness to fear. Angry hostility measures the tendency to experience
anger, frustration and bitterness. Depression indicates a tendency to experience feelings of guilt, sadness, loneliness, and hopelessness. Self-consciousness is a measure of
how prone people are to shame or embarrassment, and refers to feelings of inferiority
to others, often manifest as shyness or social anxiety. Impulsiveness describes the
tendency to act on cravings and temptations rather than delaying gratification, which
manifests in a tendency to overeat, overspend, to drink, smoke, gamble, and use drugs.
Finally, Vulnerability describes individuals’ general susceptibility to stress, which
results in panic in emergencies and a dependence on others for help. However, high
neuroticism scores typically refer to high scores on all traits, which is a substantial
personal (and societal) burden [53,54,119]. Nevertheless, some individuals can be
anxious but not hostile, or impulsive but not self-conscious.
The nature of the relationship between neuroticism and its manifestations remains a
topic of debate [102,116,117]8. The FFM perspective holds that neuroticism causes its
underlying cognitive, affective, and behavioral ‘personality components’ to vary and
interact [16,101,102,110,111]. The alternative perspective is to see the spectrum of
personality that hitherto has been identified as a descriptive summary of average levels
of trait-relevant actions, which implies that the covariation among facets still requires
a causal explanation [16,17,102,117]9.

8.

9.

which have an identified leader [16,1135]. The manifestation of personality can thus differ across
individuals, over time, and within individuals across situations, e.g. one individual with high openness
to experience may frequently change from occupation (but maintain a stable romantic relationship)
while others may engage in several intime relationships over the life course (but keep the same job).
Some theorists take the many asociations between traits to suggest that a comprehensible number of
latent factors accounts for much of the variation in personality structure [111,1136]. FFM theorists
propose that proximal causes, which refers to the manifested ‘source’ or outer traits - the observable
aspects of neuroticism - are qualitatively distinct from distal causes, which refer to the latent inner trait,
which is deemed to manifest itself indirectly [102,137,1137]. The empirical support is not impressive
[1138].
Many theorists convey that personality psychology lacks a grand theory that explains the forces that
underlay individual differences [16,17,24,24,76,102,110,111,116,1136,1139,1140]. There is currently
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In sum, neuroticism is thought to manifest itself in many behaviors, cognitions, emotions, perceptions, skills, beliefs, life goals, narrative identities, how they change, of
what they consist, how they lead to outcomes, and how they are formed in the first place
[18,19,24,32,46,76,101,102,120-125]. Different individuals can therefore perceive
even identical environmental influences rather differently, and will not show the same
symptoms and signs. Now neuroticism has been put in position in the psychological
realm, and I outlined that neuroticism is multidimensional (viz. every individual has
a unique mix of facet scores that jointly result in neuroticism scores), we can explore
neuroticism as a broad trait domain.
A Short History of Neuroticism

The study of individual differences and stability or change in neuroticism has a long
tradition [17,126,127]10. However, the modern concept of neuroticism as a dimensional
no explanation available in terms of a neurocognitive, evolutionary, or functional theory beyond general
notions of traits as calibrations to serve as effective means to desired ends [24,1092,1105,1135,1141].
Some theorists argue that anxiety, anger, frustration, or jealousy, may well have a situational rather than
dispositional cause, in keeping with the situationalist tradition [8,16,102,117,149,698,867]. Though
it is often argued to be rather embarrassing that we do not understand the internal workings of traits
[76], theorists can also be surprisingly resistant against functional explanations for human personality
[22,24,1135], while there is little doubt that chimpanzees flexibly adjust their behavior to maximize
payoffs [1142,1143].
10. The Egyptian Ebers Papyrus, written by the physician Imhotep, is with 3500 years the oldest source on
psychiatry. Imhotep believed that negative emotions like anger or sadness could cause ‘diseases of the
hearth’, such as disturbances of emotions, thinking, intellect, and behavior, and psychotic and mental
symptoms [1144]. Hysteria was due to ‘starvation’ or upward wandering of the womb, who could be
lured down with sweet-smelling substances on the genitals, or driven up by eating foul-smelling or tasting substances [1144]. Such attribution of agency to non-human objects is called “animism”, and typical for hunter-gatherer tribes, who tend to live in an enchanted worlds in which all natural phenomena
possess a personality, from prey animal to rainbows [1145-1147]. When Egyptians mummified their
death (human or animal) they scooped out their brains (and threw them away), but carefully preserved
the hearth, which was the tangible form of the mind that was needed during future incarnations [1004].
About 2800 years ago, at the dawn of Classical Antiquity, most people believed that the psyche or soul
was inborn in all animals alike, who shared their origin and emotions, which seated in the heart or gut
[17,1148]. The soul was a material attribute that became destroyed by dispersion when a body died, a
phenomenon that was associated with widespread worries [1129]. A soul was seen as a natural force
that drove changes in the physical world, e.g. the soul of a seedling accounted for its potential to grow
into a tree, processes we nowadays frame in terms of genetic inheritance [22,1149]. Because the soul
was conceived as a material attribute the relation between body and soul was not a point of discussion
[1129]. Humans were thought to have differentiated themselves from animals over time when they
had established rulers, laws, crafts, and cities [17,1148]. Madness came from the gods as a spiritual
punishment for sin and disobedience [17,1027]. Plato invented the immaterial soul to give the mortal
body a natural opposite (cf. hot-cold, asleep and awake), which must be immortal and indestructible,
thus pre-existed somewhere with ‘the anima mundi’ (world soul or heavens) before it came down to
Earth to join a material body [17,1129]. Plato believed that after death our souls resonated with spirits
‘dispatched by the world soul’ [17,1131], reminiscent of ancestral spirits in animistic hunter-gatherer
cultures [1147,1150], and the “vitalistic” forces that caused health and physical disease in Egyptian
and Mesopotamian theories [17]. Hippocrates (470 to 370 BCE) theorized that these “vitalistic” forces
were physiologically expressed as balances between four bodily fluids or humours, based upon the
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personality domain emerged in the first half of the 20th century [16,17,20,128,129], when
the invention of factor analyses enabled theorists to condensate the about 20.000 trait
indicators in natural language into comprehensive trait taxonomies [17,119,130,131]11.
In the 1940s Hans Eysenck coined the cluster of emotional instability and maladjustment ‘neuroticism’, because Eysenck felt that the associated behaviors were most
clearly seen in individuals who were diagnosed with neurosis [17,119,130,131]12.
four basic elements in nature that the Greeks observed: blood (air), black bile (earth), yellow bile
(fire), and phlegm (water) [17,683,1151]. Galen of Pergamum (200-130 BCE) popularized the idea
that four mixes (or “temperaments”) of these humours resulted in a typical imbalance, reflected in a
sanguine, choleric, melancholic, or phlegmatic personality type [123,1151]. Melancholy referred
to a propensity to be mentally unbalanced, fearful, anxious, or sad, thus a conceptual predecessor of
neuroticism, which was attributed to an overabundance of black bile [123,683]. This temperamental
humor theory remained the dominant proto-scientific personality theory for 1500 years [123,1151] until
in the 19th century Wilhelm Wundt and William James transformed humour theory into a dimensional
trait concept that incorporated the principle of a fixed internal milieu: a setpoint with homeostasis
[17,94,128,135,1152]. Much of current personality terminology echoes humour theory, e.g. state of
mind, temper, and mood [17,1153].
11. Aristotle and Theopastrus created the first lists of personality traits about 2400 years ago, but the
field remained stagnant because of a general inaptitude to create a sensible structure for the huge
amount of personality indicator and failure to identify dimensions of commonality [16,17,20,128].
Additionally, early generations lacked statistical techniques to analyze the data, proved unable to
collect data systematically, and failed to develop testable theories [17,128]. Francis Galton ignited
the ‘statistical enlightenment’ in the 1870s with the invention of the concept of a statistical scale,
multivariate analysis [1154,1155], and his discovery of his ‘index of co-relation’ in 1888 [1154] and
‘reversion to the mean’ [105]; refined into the Pearson product-moment correlation coefficient or ‘r’
by his student Karl Pearson (1857-1936) [17,1154]. Galton’s breakthrough enabled Charles Spearman
and Louis Thurstone to elaborate correlations into a tool to associate multiple variables [17,1156].
This multiple-correlation enabled personality theorists to assort thousands of trait-variables into groups
(‘dimensions’) of high affinity theorized to share a core, a method called ‘factor analysis’. Galton’s
methodological advancements and studies of twins also gave birth to quantitative genetics [17,1157],
see chapter 9. In addition, Galton invented the chi-square test for a normal approximation of discrete
data [1122], which forms the foundation for a comparison of structural equation models in chapter 3
and 6. In sum, modern personality psychology emerged about three generations ago with the invention
of correlation, regression, and factor analysis [17,20].
12. Until the 17th century physicians used horoscopes to judge how the stars and planets affected the
humours (bodily fluids) of patients to diagnose mental illness [1131]. In the 17th century Thomas Willis
rejected the idea that temperament or psychopathology were linked to a single body fluid or humour,
and attributed hysterical, melancholic, and hypochondriac states to differences in neural functioning
[1158,1159], which revived the brain as the center of personality [1158]. In 1769 the Scottish doctor
William Cullen coined “Neurosis”, the Greek word for ‘nerve’ with the suffix -osis for ‘diseased or
abnormal condition’, to refer to a group of “disorders of sense and motion” caused by “a general affection of the nervous system” [17,126]. Platonian dualism (spirit versus body) echoes in the structure of
medicine in which brain based problems or disorders (as reflected in neuropathological findings) became the domain of neurology while mind based problems (those without any demonstrable anatomical
basis) became the domain of psychiatry [17,310]. Neurosis became indicative for a syndrome of nerve
diseases without any demonstrable anatomical basis [126], which formed the core of psychoanalytic
theory [17]. Neurosis was deleted from the DSM in 1980 because the DSM taskforce considered neurosis to be vague and unscientific [162]. However, the International Statistical Classification of Diseases
and Related Health Problems 10th Revision (ICD-10) from the World Health Organization (WHO) still
comprises a category of ‘neurotic, stress-related and somatoform disorders’ (code F40-F48), including
specified (F48.8) and non-specified neurotic disorder (F48.9), or Neurosis NOS.
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Eysenck defined neuroticism as the tendency to arouse quickly and to inhibit slowly
[132,133], or ‘affect intensity’ [134,135]. However, other definitions have been formulated, e.g. Fiske defined neuroticism as emotional control or emotional maturity
[136]; Catell defined neuroticism as anxiety [137]; Tellegen defined neuroticism as
negative emotionality [58]; and Costa and McCrea conceptualized neuroticism as a
dimension that runs from low-neurotic emotional stability or adaptability (calm and
relaxed) to neurotic emotional instability and maladjustment [138,139]. Despite their
different definitions theorists agreed upon many shared characteristics of neuroticism.
In general, individuals scoring low on neuroticism are characterized by emotional stability and predictability, viz., the tendency to be even-tempered without rapid changes
in mood. Individuals high on neuroticism tend to be reactive, distressed, tense, and
moody, as Figure 2 (page 18) illustrates colorfully.
Emotional Stability

Emotional stable individuals tend to feel secure, confident, calm, and feel able to adapt
to novel situations, including the ability to ‘bounce back’ after negative experiences
[17,18,46,142]13. Emotional stability is common among alpinists [143,144], and extreme low scores are associated with increased risk behaviors [99,143,145], and psychopathic fearlessness [146,147]14. Though emotional stable individuals are relatively
free from negative affect, this does not equal more positive affect, which is primarily
predicted by the trait extraversion [21,71,148-153], also prospectively [154,155]. Nevertheless, emotional stability seems most predictive for overall subjective wellbeing

13. Emotional stability has been characterized as a ‘win-stay position’, because individuals with adaptive or ‘favourable’ characteristics shall experience less need to change [123,250,329]. However,
emotional stable individuals reared in religious families are less likely to be religious in adulthood
than their neurotic peers [546,1160], which suggests that emotional stable individuals may change
more in specific other domains. What is true, however, is that emotional stability appears to be a
protective trait [158], predictive for resilience and the ability to maintain a stable equilibrium [1161],
which Tineke Oldehinkel coined ‘bouncability’. Neuroticism is not associated with positive feelings in
pleasant situations, but in slightly unpleasant situations emotional stable individuals feel more positive
than individuals high on neuroticism do [151]. Extraversion predicts most variance in positive experiences [21,71,152,153]. Notably, the association between neuroticism and negative affect is based on
the assumption that the basic affective tone is positive [1162]. Deviations from this basic positivity
(instability) may mainly be induced by negative experiences or circumstances that cause negative affect [1162]. Positive and negative experiences seem to activate basic evolutionary systems and to be
(partly) processed in different brain areas [22,150].
14. Courage is not the absence of fear, but the judgment that something else is more important, thus resistance or mastery of fear (Mark Twain). Also Scott Stossel argued in “My Age of Aniety” that lack of
anxiety and heroism are not the same [182]. Most animals feel intuitive fear in new circumstances when
there is no past experience to validate (the intuition may be accurate, or may be not), but persistent
unwarranted fears are manifestations of “neuroses” [22,149], nowadays framed as an anxiety disorder
in humans [639,1109].
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Figure 2. Characteristic Differences in Word Use in Social Media For Individuals Scoring High
(Upper Panel) or Low (lower Panel) on Neuroticism.

Note. Figure is reprinted with permission from H. Andrew Schwartz and colleagues (2013, [140]). The Figure is
based on an open vocabulary analyses of 700 million words, phrases, and topics collected from Facebook messages of 71,968 volunteers, here stratified by neuroticism (adjusted for age and gender, Bonferroni-corrected,
p< .001 [140]). Neuroticism was measured with items from the International Personality Item Pool (IPIP, with
a test-retest reliability >.80 [141]), a proxy for the NEO Personality Inventory Revised (NEO-PI-R) [47,119].
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[70,75], and this effect increases with age [74,75,99]15. Finally, emotional stability or
stability of moods is universally in the top three of most valued mate (selection) characteristics [156-159]16, for both genders [159], even more uniform as for intelligence
[160]. Multiple studies showed that individuals who try to make a good impression
show more emotional stability [17,161]17, because unpredictability is generally considered to be a negative personality feature [17,162]. Over the lifespan individuals tend to
become more emotional stable, and neuroticism decreases on average almost d= 0.80
between age 10 to 40 [163-165].
Neurotic Volatility

The high pole of neuroticism is characterized by emotional volatility, and feelings
of anxiety, distress, depression, tension, vulnerability, as well as proneness for guilt
and frustration, being easily frightened, and insecure in relationships with others
[17,18,46,142]. Individuals high on neuroticism have unusually persistent emotional
reactions, tend to focus on criticism and negative input, and are therefore often in a bad
mood [36,54,62,94,166]. These negative emotions are accompanied by a perception of
the environment as dangerous and beliefs about one’s inability to control or cope with
future challenges (vulnerability).
This process is often referred to as “falling apart” under stress [18,54,56,62,167],
e.g. manifest in cognitive and somatic symptoms before an exam [168,169]. High
neuroticism is generally associated with somatic symptoms [170-176], but also with
many non-behavioral phenotypic variation [13,177-180]18, and fluctuating self-esteem
15. The correlation between emotional stability and subjective wellbeing was r= .22 in a meta-analysis of
74 studies [70]. It has been shown that emotional stability also predicts more variance in subjective
wellbeing than extraversion does (38% vs. 23%, [1163]; 28% vs. 16% [1164]). Emotional stability
associates best with items for individual wellbeing, whereas extraversion associates best with social
items [1164]. Emotional stability and psychological wellbeing are also associated along the lifespan,
whereas extraversion seems unrelated in samples younger than age 30 [1164]. Moreover, the inverse
relationship between neuroticism and emotional wellbeing also becomes stronger with age [74,75].
16. Together with love and a dependable character [156,157,1165]. In cultures with more gender difference
women value emotional stability and dependability even more than men [157]. This may be so because
it reliably signals that resources will be provided consistently over time, thus can be allocated more
efficiently to overcome the adaptive hurdles one encounters over a life [156]. Low neuroticism or
emotional stability reflects resilience, i.e. an ability to cope with stresses and set-backs. If low neuroticism increases reproductive success it will spread at the expense of anything that does not, even if it
would threaten survival [7].
17. Moreover, when acting in a neurotic fashion individuals report a greater sense of being abnormal or
not fitting in with one’s peers, and this feeling increases with age [250], possibly due to an increasing
‘positivity effect’ in older peers [206].
18. For example, lower physical muscularity [177,1078], more body weight [177-179], lower peak energy
expenditure and aerobic capacity [180], a child-like face [1078], less self-assured posture [1078], faster
motor decline with age [1166], lower telomere length [1079], hypertension [1167], and inflammatory
cytokine (interleukin-6 [1080]), among others. Because high neuroticism is also a risk factor for the
development of many somatic problems [52-55,171,172,176,688] it has been argued that high neuroti-
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[149,181,182]. High neuroticism is characterized by the tendency to avoid risks, e.g. in
sports [145] or with regard to finances [183], and is therefore often described in terms
of a social threat detection system [31,41]19 or a ‘better-safe-than-sorry strategy’ that
reduces the risk of losing at the price of limiting the chances of winning [145,184]20.
If you score high on neuroticism (thus are emotional volatile) it’s not all doom
and gloom, and some effects seem even beneficial under certain circumstances. For
example, there are indications that synergistic effects with high conscientiousness can
result in good health behaviours [99,185,186]21. Furthermore, negative affect prevends
risk-taking behaviour [187], e.g. one study showed that young adolescents who scored
high on neuroticism at age 13 had a six times lower chance to die from accidents before
age 25 [186]22. Moreover, anxious individuals often end up better educated and with
better jobs than very happy people tend to do [184,188].
Individuals high on neuroticism tend to be critical of themselves and their performances and are easily dissatisfied, which may propel self-improvement, which makes
them proficient in environments that require critical thinking and evaluation, as they
may put forth more effort to come up with creative ideas [189,190]23. In its mild
form, neurotic perfectionism provides the energy that leads to great accomplishments
[149,190]. However, being extremely tough on themselves, they do not spare others. And over time people with a high level of neuroticism tend to find new reasons
to complain, worry, and to be dissatisfied. Now we familiarized ourselves with the
characteristics of neuroticism we focus on change in neuroticism.

19.
20.
21.
22.
23.

cism reflects a fitness indicator that signals mutation load [78,158,1107,1168,1169]. This would be in
keeping with the sexual attractiveness of emotional stability [156,160].
For example, high neuroticism is closely tied to jealousy, which is a cognitive-emotional motivational
complex that is often activated to channel attention in order to preserve key-resources, such as valued
relationships [1170-1172].
High neuroticism indeed predicts higher speed and duration of orientation to threat [1173] and difficulty disengaging attention from sources of threat [1174].
Being nervous and worried while simultaneously being more conscientious provides a context for
neuroticism to have a positive effect on health [185].
High neuroticism may theoretically exist for such survival benefits during childhood/adolescence alone
[98,191].
Furthermore, individuals high on neuroticism also sober group decision making, often play devil’s
advocate, and point out all negative aspects of a proposal, which prevents groupthink [124,189]. It
is also true that neurotics tend to set unrealistic high goals, which they often fail, which can lead to
insecurity and self-defeat, and workaholicism [149,190]. Relationships with neurotic men – either selfrated, spouse-rated and interviewer rated - are costly because they tend to be self-centered, monopolize
shared resources (and time), show higher than average sexual jealousy, are dependent, and tend to be
both verbally and physically abusive [78,156]. Moreover, individuals high on neuroticism tend to have
more affairs than average [476,481], which is a further diversion of time and resources [156].

Introduction |

21

Temperamental Negative Emotionality

Modern system theory contents that development consists of hierarchically organized
characteristics that incorporate earlier emerging ones [25,98,191,192]. The limited
array of basic temperamental traits that are displayed during infancy and early childhood form the building blocks of the later developing adult personality configuration [192-196]. Our temperament may be metaphorized as a hard ball of ice around
which the softer snow of personality accumulates developmentally [197]24. The exact
temperamental traits that account for all individual variety are still debated, but most
theorists distinguish three higher-order temperament traits: Positive emotionality,
negative emotionality, and effortful control [18,123,198].
In this thesis we focused on negative emotionality, because this domain is often seen
as the temperamental seed-form of adult neuroticism [18,22,123]25. Negative emotions
refer to sadness, fear, irritability and frustration, avoidance tendencies, and difficulty to
24. Substantial individual differences in reactivity and self-regulation are evident from the second trimester
of gestation onwards [1175-1177], and have lawful implications for later development and differences
in personality [18,192,1178]. During all developmental periods some children differ in their activity,
shyness, and experience of emotions and distress [18,192,198,1179]. Temperaments have been defined
as children’s emotions and their susceptibility to them [123,198]. Others use a more broad definition in
which temperaments capture all individual differences in affect, activity, attention, and self-regulation
[18,123]. The difference between both definitions lays in the incorporation of traits that develop during
the second year of life, such as the ability for effortful regulation of emotions and behavior, which are
often regarded as  cognitive rather than basic-emotional [18,123,124,1180], thus more familiar to abilities in the terminology of Figure 1 [18,98,1181]. For example, Walter Mischel’s famous marshmallow
experiment showed that the ability to delay gratification in four-year-olds produce simportant benefits
into adulthood [1181]. But dispositions and abilities are closely related [209-213], e.g. motivational
(dispositional) factors are strongly predictive for performance on intelligence tests [106,587,1182].
Gordon Allport [1183] defined temperament as “the characteristic phenomena of an individual’s
emotional nature, including his susceptibility to emotional stimulation, his customary strength and
speed of response, the quality of his prevailing mood, these phenomena being regarded as dependent
upon constitutional make-up and, therefore, largely hereditary in origin” [198,1183]. Such individual
differences in functioning affect us daily, and shape who we are, who we become, what we experience,
and how we behave, think, and live [16,21,98,123,192,195].
25. Temperamental negative emotionality encompasses two separate dimensions: emotional reactivity and
emotion regulation [123,895,1184-1186]. Both dimensions have been associated with individual differences in motivational systems regarding sensitivity to reward and punishment [22,54,198]. Emotional
reactivity (cf. emotionality, neuroticism, or distress) refers to the reactive component of an emotion
(“arousal”), the excitability of motor or attentional responses, and orientation to internal and external
environments [22,123,192]. Historically the emotional reactivity domain has been subdivided into two
complement clusters: an “aggressive negative-affectivity to threat” pole, with active and approachorientated emotions (such as anger, frustration, and hostility), associated with the externalizing domain
of psychopathology [54,123,200,689]. A complement “non-aggressive negative-reactivity to treat pole”
refers to less active and more avoidance-oriented emotions (such as anxiety, depression, fear, worry,
guilt, dependency, and feelings of self-consciousness), which are closest related to the internalizing
domain of psychopathology [54,123,200]. Adjustment is the result of both emotional reactivity and the
child’s abilities to regulate the expression of negative emotions (effortful control) over development
[123,196,196,909,1187-1189]. More explicitly, emotional reactivity may not be a risk for externalizing
problems when individuals exhibit executive control abilities strong enough to modulate the reactivity,
in which case the child is able to respond in a flexible, adaptive, and socially acceptable way [909].
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be quieted after high arousal [18,22,123,198]. More specifically, we focus on the emotional reactivity subdomain of negative emotional temperament, often operationalized
as individual differences in the thresholds of reaction, latency, intensity, peak-intensity,
duration, and recovery of negative affects/emotions, while the emotional regulation
subdomain precedes adult conscientiousness [18,22,123,192,199].
When children navigate from infancy to late childhood (age 8-11) their temperaments become increasingly diversified, individuated, hierarchically integrated, and
often more effective and stable [17,19,60,164,192,200-202]. Both positive and
negative affects seem to become more distinct [74,192,203-206]. Most personality trait differentiation takes place between age 12 and 18, when our early emerging
temperamental differences elaborate into human personality traits [19,207-209]. Trait
differentiation is driven by increases in children’s motor, cognitive, emotional, and
language abilities, and individuals who are cognitively and verbally more able also
show most trait differentiation [209-213]. These developments influence how we organize our behaviour, meet environmental demands, overcome challenges, and navigate
our worlds [16,18,208].
It has been noted that correlational patterns between the Big Five traits are roughly
comparable across samples of children and adults [208,214], but the cognitive maturity
(verbal comprehension) that is required for most fine-grained and differentiated personality self-descriptions is only derived during early adolescence [16,192,208,209]. Aspects
of personality that go beyond our emotional temperamental core include social cognition
and self-related perceptions (e.g., self-esteem or paranoia); social emotions like pride,
guilt or shame [149,215,216]; the content of thoughts, attitudes, values, beliefs, morals,
needs and goals; cognitive coping strategies and defence mechanisms; links between
one’s self and other entities in concepts, schemas, and life narratives; and cognitive
adaptations to the social world [16,18-20,123,142,193,198,217], among other processes.
In sum, personality traits differ from basic temperaments in that their full structure
emerges close to adulthood and is primarily moulded by the environment in which the
individual is born, educated, and raised, thus experience and enculturation [16,17,218]26.
Temperamental negative emotionality is a developmental precursor of adult neuroticism
and primarily manifested as fear and frustration over childhood [219,220] and as frustration in adolescence [219,220]. Now the normative development of neuroticism has been
outlined, we focus on experience-driven within-individual change in neuroticism.
It is rather the combination of high emotional reactivity (high neuroticism) with low levels of selfregulation that is associated with the aetiology of child psychopathology [18,196].
26. The construction of life narratives, which vary in emotional tone, themes, and narrative complexity,
are also fundamental aspects of personality traits like neuroticism [19,1190-1193]. Narrative identities
subsume tasks, goals, projects, tactics, defenses, values, and other developmental, motivational, and/or
strategic concerns that contextualize individual lives in time, place, and social roles [19,1190-1193].
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The Mixed Model of Change in Neuroticism
The concept of neuroticism was first mentioned by the Roman orator Cicero (10643 BCE), who, after he lost his daughter Tullia in childbed, was stunned by grief.
Cicero wrote a treatise in which he distinguished this state of emotional reactivity or
‘Angor’ from an inborn disposition to be anxious and emotional reactive or ‘Anxietas’
[17,54,221]. Henceforth neuroticism referred to a person characteristic setpoint or
average of a personal density distribution of negative mood states, which fluctuate
dynamically in response to positive and negative experiences around this setpoint level
[94,100,110,222,223]27. The idea that most changes after major events result in shortterm state fluctuations (episodes) in neuroticism, but that the neuroticism setpoint itself
can change as well, given enough change in the environment, is called the mixed
model of change in neuroticism (see chapter 2-4, [94]).
Nowadays most personality theorists acknowledge that personality is a mutable
phenomenon, but at the dawn of the 21th century prominent theorists argued that the
neuroticism setpoint (averages) became “fixed like plaster” between age 21 and 30
[2,119,224,225], after William James [2,226]28. However, as outlined, each birth
cohort undergoes a normative developmental decrease in neuroticism between age 10
and 45 of about d= 0.80 [163,227-229]. Moreover, many individuals show additional
non-normative intra-individual changes in their neuroticism setpoint over the ebb
and flow of life, given enough change in their surroundings [75,163,230-233]. This is
nothing new, given that all pioneers of personality psychology argued that personality
dispositions changed (cf. Galton, Catell, Allport, and Murray [17,127,164]).

The Environment
The genetic influences on the neuroticism setpoint are rather stable and approach
unity near age 30, while environmental influences become increasingly stable over
adolescence and adulthood and plateau around age 45 [18,85,91,93,234-238]. Studies of identical twin pairs reared together and apart indicate that about half of the
variance in neuroticism can be explained by non-genetic differences [81-92], which
account for a substantial part of both stability and change in the neuroticism setpoint

27. The setpoint refers to a desired (ideal normal value) in an internal regulatory system (cf. homeostasis),
and we follow the Random House Dictionary (2014) and cybernetic convention and use setpoint rather
than the set point in tennis.
28. This fixed like plaster perspective (see page 8 quote 3) can be seen as an “anachronism” from the past
generation [228,1194].
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[75,85,92,223,239]29. These observations indicate that neuroticism should not be studied in a vacuum. Up to now theorists have been engrossed with the study of genetic
predictors for both stability and change in neuroticism [83-85,88,91,172,240-242], but
it seems at least equally important to try and chart and dissect environmental influences on neuroticism [75,93,235,243-247]30.
Many changes in neuroticism seem propelled by stressful person-environment transactions [18,92,93,246-248], including stressful social events [246,249], social roles,
preferences, goals, cognitions [24,250,251], affects and biases [124,125], and selection, reactance, and evocation processes [18,24,252], as shall be outlined throughout
this thesis. To me it seems more surprising how stable individuals tend to be in neuroticism [253], given the numerous events and role transitions humans tend to experience
over life [93,99,163,164,249,253,254]. Neuroticism is a cognitive-behavioral complex
that elaborates and differentiates over life, and in this thesis I focus on environmental
influences that can account for changes in neuroticism.
The environment literally refers to the aggregate of all surrounding factors, things,
conditions, or external influences that affect a given individual at a given time
[7,25,96,248,255,256], but can also be understood as an insulating layer [25,103].
Because environmental influences can only be measured relative to genes, they tend
to be quantified as the sum of all non-inherited phenotypic variance, which includes
measurement error [93,257], intra- and inter-organismic influences, and prenatal
factors [258,259]. The contribution of neuroticism to observable behaviour is often
overshadowed by the press of circumstances. Personality traits account for about 10%
of the individual differences in actual behavior in any specific instance [47,243], but
personality traits are interesting because they indicate how people act in general,
which means that neuroticism refers to our average behaviors across many instances.
Personality expression is most consistent within environments that are highly structured by social norms (cultural scripts, rituals, rules, expectations) or instincts, because
in these situations most humans react similar, e.g. when in grave danger, at funer-

29. Note that heritability estimates only refer to actualized genetic potential for neuroticism
[103,475,547]. Genetically identical twin fetuses, which are virtually mirrored developmental programs that also develop in almost identical environments, can still grow up to be remarkably different
[259,336,431,1175,1176]. In other words, identical twins can develop differently neuroticism levels
(multifinality) while individuals with different starting conditions can derive at the same end result
(equifinality) via different developmental pathways [93,195,310,1195]. If we picture neuroticism in
terms of covered trait space, then genes form the length of the rectangle, while nurture forms its width,
and each rectangle requires both [7,25,93,255].
30. For example, a study of Palestinian childen showed that the peace treaty between Israel and the PLO
(Palestine Liberation Organization) led to an average reduction in neuroticism of d= 1.12 between
January 1993 and 1994 [1196].
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als, under strong social pressure, or in front of red traffic lights [96,260,261,261]31.
Personality differences reveal them most clearly in environments that are relatively
free and unscripted (ambiguous), thus leave room for a wide range of adaptive responses (see Figure 1); e.g. when you are at home, with friends, in your occupational
setting, after you experienced a stressful event, or in front of orange traffic lights
[16,18,21,25,95,103,248,249,255,256,261-263]32. In the family system a broader
range of behaviors are allowed than in the occupational system [27,103,227].
The available evidence suggests that measures of the environment can be as stable
as personality [24,25,103,248,262]. However, many life situations and social networks
change over the lifespan, both in terms of the intimacy of the bonds that link individuals (e.g., friend, partner, parent, employee), but also in the type of arenas in which the
social interactions are played out [17,103,249,264]. To understand neuroticism, life
situations must be described, measured, and taxonomized [100,244,245], and different
situation taxonomies have been proposed over the years, but none has achieved widespread acceptance [103,245,265-267]. Similarly, there is no consensus on the optimal
way to measure stressful experiences [268-271].

Neuroticism in Psychiatry
Finally, I explore the position of neuroticism in the field of psychiatry, to emphasize
the general desirability of studying predictors for stability and change in neuroticism.
In terms of the manual of mental disorders (DSM) from the American Psychiatric
31. Strong social pressures can be illustrated with three famous psychological experiments that exemplify
the power of situations. The Asch conformity experiment showed in the 1950s that about 75% of the
participants changed their opinions (about the length of lines) towards those of the majority group, even
though the majority was clearly wrong [1197,1198]. In the 1960s the Milgram obedience (or shock)
experiment showed that about 70% of the participants inflicted fatal voltages on other participants to
obey an authority figure who instructed them to perform acts conflicting with their personal conscience
[1199]. Finally, the Stanford Prison experiment showed in the 1970s that a division of a group of
participating students over guards (placed in a position of power) and prisoners (who had no control)
led within six days to dehumanizing situations: guards behaved aggressive and abusive while prisoners grew passive and depressed (in these six days five prisoners had already been released because
of severe negative emotions including crying and acute anxiety [1200]). While personality theorists
sought to explain behavior by personality, social psychologists focused on situations (cf. the personsituation debate), but this divide has now been supplanted by research on dynamic person-environment
transactions [245,249,1201].
32. Individuals may also display different aspects of her/his personality in different groups [17,195], in different languages [218,1202,1203], and in different situations [20,731], and individuals seem to differ
more in a social context than when they are alone [1204]. Moreover, there are striking differences in
both public and private expressions of emotions around the world [662,1205]. Furthermore, extraverted
individuals have a greater positive impact on their social environment, but are also more likely to drive
fast, to get into car accidents, and to commit more traffic offences in general [16,1206].
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Association (APA)33, neuroticism predicts both the common mental disorders (CMDs,
viz. anxiety, depression, and substance use disorders, previous axis I), personality
disorders (axis II), and their inter- and intra-axial comorbidity [3,52,53,149,272-283].
Neuroticism forms the core of the emotional flagship disorders [53,54,222,281,284291]34, especially major depressive disorder or MDD [292-295]35 and anxiety disorders
[54,296-299]36. Neuroticism also shares most of their genetic roots [88,274,293295,300-303]37. These facts may not surprise, given that neuroticism and many interviews for psychiatric distress share multiple items [3,94].
From the perspective of Dutch society it is notable that about a million Dutch
individuals took an antidepressant over the past year, and about two million a benzodiazepine [304,305]. This casts up to 10% of the adult population between age 15 and
65 [304,306]38. Moreover, each year about 25% of the Dutch population is eligible for
a psychiatric (DSM) diagnosis, and up to 50% of the population experiences such a

33. The diagnostic and statistical manual of mental disorders, or DSM, is a dictionary that provides a
common language and standardized criteria for the classification of mental disorders. Since the first
edition in 1952 the DSM became a dictionary for clinicians, researchers, pharmaceutical drug companies, health insurance companies, the legal system, and policy makers [162,307]. Since May 2013 the
fifth edition is available with up to 400 discrete disorders, lowered thresholds, and many non-specific
symptoms [639].
34. See the tripartite model [284], with negative-affect/neuroticism as a non-specific general factor of
emotional distress common to both anxiety and depression [3,53,54,290,1021], or associations between
neuroticism/ negative-emotionality and the general factor of psychopathology [166,1030,1056].
35. MDD is manifested by about a fifth of all humans at some point in their lives [1207,1208], and also
known to be sensitive to specific life experiences [628,840,1070,1070,1209-1211]. Criteria for a MDD
diagnosis in the DSM-IV are two weeks of depressed mood and decreased interest or pleasure in daily
activities, impaired function (social, occupational, educational), significant weight change (5%), and
three of the following symptoms nearly every day: change in sleep, change in activity, fatigue or loss
of energy, guilt/worthlessness, concentration problems, or suicidality [639]. Estimates of recurrence of
MDD have been estimated to range from 33% to 70% within several years [322,774,1212].
36. Anxiety disorders make up the majority of lifetime mental health disorders worldwide [290,1213],
and are known to be sensitive to environmental factors [872,1109,1214,1215]. Neuroticism is especially implicated in social anxiety, agoraphobia, and animal phobias [1216-1219], but neuroticism
also predicts schizophrenia [748,1220], and shows substantial genetic overlap with schizotypy [280].
Schizophrenia is also related to environmental factors [1027,1221]. Generalized anxiety is defined
in the DSM as a six-month period of uncontrollable worry accompanied by three or more persistent
problems: restlessness, fatigue, concentration issues, irritability, muscle tension, or “sleep disturbance”
[639].
37. For example, about half of the genetic variance in neuroticism and lifetime anxiety and mood disorders
showed overlap in a twin study (n= 9000 [293]), and the genetic roots of neuroticism and general anxiety disorders overlap for 80% [301,1222]. Other studies report associations between the genetic roots
of neuroticism and major depression (axis I) of r= .50 [274,295], and r= .37 for positive schizotypy
(axis II) [280].
38. Women twice as often as men [304,306]. Notably, despite these drugs 75% of these individuals drive
their car, which is a criminal offense in case of an accident [306]. The U.S. Food and Drug Administration has placed a ‘black box’ warning label on all antidepressant medications: the most serious type of
warning for adverse side-effects [162].
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period during their lifetime [307-309]39. About half of all these mental diagnoses occur
in individuals with a lifetime history of three or more diagnoses [162,308], which are
probably based upon shared patterns of symptomatology, and known to cause significant impairment in school, work or social functioning [116,310].
Despite this burden, there is not a single reliable biomarker or biological test for any
of the common psychiatric disorders [162,307,311,312]40. There are no genes uncovered of even moderate effect size for any of the major psychiatric disorders [116,311],
nor for personality [313-317]41. There are no clear structural brain pathologies associated with mental disorders [307,318]42, and there are no convincing empirical data to
support the current discrete diagnostic DSM-5 system [116,307,310,319-322]. This
may suggest a mismatch between disease biology and how psychiatric diseases are
categorized [162,311,321,323].
The psychotropic interventions that are currently available to psychiatrists tend to
have small effects, about d= 0.30 [307,324,325]43, which is comparable to that of most
non-psychotropic treatments [305,307,326]; and only half of the patients experience a
39. This led some theorists to question the validity of the diagnostic and statistical manual (DSM), with its
discrete concepts, neglect of inter-individual variability, comorbidity (or symptom inter-correlation),
and individual fluctuation [116,162,307,310,1223,1224]. Many authors argue that psychiatry nibbles
at the edges of “normal” by classifying behaviors, thoughts, and feelings that once were regarded
innocent (albeit perhaps somewhat weird or odd) as pathological, broadening the definition of mental
illness [162,307,1224]. Nevertheless, about 15-20% of the Dutch population also reported one or more
psychotic-like experiences [1027,1225], which suggests that many psychiatric symptoms are quite
common.
40. Despite countless investigations into serotonin or other neurotransmitters there is still no method to
cure clinical depression. In contrast, many pharmaceutical companies shut down their research into
psychiatric drugs in this decade because, as they note, there is a lack of science providing good molecular targets for drug development [312,323]. This suggests that even the drug companies are moving
away from the chemical-imbalance story [162,307].
41. Genome-wide Association Studies (GWAS) indicate that common single-nucleotide polymorphisms
(SNPs) explain only about 6% (SE= 3%) of the phenotypic variance for neuroticism [989]. Similar
findings have been reported for Cloninger’s harm-avoidance scale [1226]. Hitherto there is neither a
clear chromosomal marker [315,989] nor a (specific) gene for neuroticism that explains at least 1% of
the genetic variance [315,790,989,1227,1228]. Our understanding of the genetic origins of personality
trait variation is extremely limited [315-317,453] and genetic expression is also sensitive to strictly
environmental conditions [25,453,1229]. It may be that gene-environment correlation [29,1230] is “the
elephant in the room of the study of social behavior” [441,453], viz. something about the (genetically
influenced) way people behave evokes responses from the environment that reinforce the genetic influences on that behavior (see chapter 3, 4, 9, and 10).
42. There are no clear differences in brain volume, concentration, cortical thickness, and surface, between
individuals high versus low in neuroticism, viz. some researchers observed small differences (e.g.,
[1231-1234]) but many others could not replicate these findings (e.g., [1235-1237]). Albeit some report
differences in functional connectivity [1115], strong claims on the biological basis of neuroticism are
hitherto unjustified, due to inconsistencies and lack of replication, methodological limitations, and
neuroticism’s heterogeneity [238,1117].
43. These effects of about d= 0.30 ± 0.10 are similar for depression, general anxiety disorder, panic, posttraumatic stress, or compulsions [307,324,325]. Such observations do not support the plethora of DSM
labels [162,307].
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clinically meaningful reduction in symptoms (up to full remission) due to medication,
at least for the most common conditions [305,307,327]. Moreover, the therapeutic
mechanisms behind these approaches remain largely unknown, and seem rather nonspecific [305,307,312]. In short, both the pathophysiology and aetiology of the mental
disorders we currently distinguish remain elusive, and we have few (reliable) tools
to treat them, in spite of a century of intensive and costly research [162,307,323]44.
The central position of neuroticism in most CMDs (common mental disorders), in
their comorbidity, and the substantive prospective association between neuroticism
and CMDs has been a major drive behind the study of stability and change in the
neuroticism domain.
Finally, though personality and mental disorders are currently studied in distinct and
non-overlapping literatures, historically the concepts were united in the broad rubric
of individual differences [17,20,77]. Probably both fields merge again in the future
[76,77,196,281]. Until that point in time neuroticism is of great interest in its own
right, as shall be outlined throughout this thesis. The major drive behind this thesis is
our aim to learn to eventually target the vulnerability for emotional disorders inherent
in high neuroticism, rather than its subsequent (clinical) manifestations.

Aims and outline of the thesis
In the introduction I outlined that neuroticism is the single most important risk factor in behavioural public health, and paradoxically both one of the most stable and
changeable personality traits as well. In the following I introduce the empirical studies
that I performed to study environmental influences that predict change in neuroticism
and the temporal dynamics of this change.
Chapter 2: Positive and Negative Experiences Predict Change in Neuroticism
In this chapter I study change in neuroticism in The Netherlands Study of Depression
and Anxiety (NESDA, n= 2881, mean age at baseline= 42). I report about the overlap
of change in neuroticism and anxiety and depression in reaction to stressful life experiences (SLEs) that occurred between baseline (T1) and follow-up (T2), and test four
hypotheses:

44. In other words, theorists may have  ideas about how some things work in psychiatry, it remains difficult
to overestimate how little we actually know. There must be a lawful relation between assemblies of
neurons and the elements of thought, but we are currently at a loss to describe those laws. Science is
clearly harder to apply to psychiatry than to most other medical disciplines, yet only about 2% of the
research funds in the European Union are spent on mental health [327].
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a) Positive life events (PLEs) predict decreases in neuroticism and negative life events
(NLEs) increases in neuroticism;
b) PLE/NLE driven changes in neuroticism are long-lasting;
c) PLE/NLE driven changes in neuroticism are independent from life event driven
changes in anxiety/depression;
d) Childhood adversity (before age 16) moderates the influence of NLEs/PLEs on
neuroticism scores in adult life.
Chapter 3: Mutual Reinforcement between Neuroticism and Life Experiences
In this chapter I studied the magnitude and course of reciprocal associations between
neuroticism and PLEs/NLEs in study of 296 Dutch individuals who were followed
with five waves over 16 years (mean age at T1= 34). I tested the following hypotheses:
a)	Neuroticism levels are more predictive for variance in PLEs/NLEs than vice versa;
b)	NLEs predict increases in neuroticism and higher neuroticism predicts more NLEs
(a malignant cycle);
c) PLEs predict decreases in neuroticism and lower neuroticism predicts more PLEs
(a benign cycle);
d) Increases in neuroticism after NLEs are less common than decreases after PLEs but
more persistent.
Chapter 4: A Review of Environmental Influences on Neuroticism
In this chapter I reviewed environmental influences on neuroticism. To reduce genetic
confounding, I focused on studies of monozygotic (MZ) twin pairs discordant for
neuroticism. Additionally, I also reviewed longitudinal studies of within-individual
change in neuroticism over intervals of at least one year. I confined myself to influences
on neuroticism in the nuclear family (which comprises a romantic partnership), social
network (Friends/Peers), occupational environments, and stressful life experiences, in
adult population samples.
Chapter 5: Neuroticism and the Common Mental Disorders
In this chapter we reviewed the literature to evaluate available evidence bearing
on the validity of five models that have been proposed to explain the link between
neuroticism and the common mental disorders and to verify whether neuroticism is
an independent etiologically informative risk factor. We reviewed the literature on
confounding, operational overlap, stability and change, determinants, and treatment
effects. The four studied models are:
a) The vulnerability model;
b) Spectrum model;
c) Common cause model;
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d) The state model;
e) The scar model.
Chapter 6: Why Does Frustration Predict Psychopathology?
In this chapter I used data from the longitudinal Tracking Adolescents’ Individual
Lives Survey (TRAILS, n = 1158) to test four hypotheses about pathways that may
underlie the prospective association between frustration (age 16) and psychopathology
(age 19):
a) Stress generation (mediation via selection and evocation of stressful life events);
b) Heightened stress sensitivity (more psychopathology after events);
c) Cross-sectional frustration-psychopathology overlap (“carry-over”);
d) A direct (non-mediated) effect of frustration.
Additionally, I explored whether high frustration predicts increases in internalizing
and externalizing tendencies (mutually adjusted).
Chapter 7: Perceived Relationship Affection
Temperamental differences have been shown to select or evoke stressful life events,
but we remain ignorant about the mechanisms that mediate this association. In this
chapter we test whether differences in ‘perceived relationship affection’ accounted for
part of the prospective association between temperament (e.g., frustration) and stressful social event evocation in three social domains, viz. parents, peers, and romantic
partners. We hypothesized that:
a) Individuals high (vs. low) on frustration experience (select/evoke) more subsequent
stressful social events;
b) Prospective associations between frustration and subsequent stressful social events
are partially mediated by perceived relationship affection;
c) Associations are domain-specific, e.g. perceived parental affection as the primary
mediator of frustration-driven stressful social event evocation effects in the parental
domain, and perceived peer affection as the mediator of frustration-driven stressful
social event evocation effects in the peer domain;
d) Spill-over, viz., associations between frustration and subsequent stressful social
events in the romantic partner domain were mediated by either perceived parental
affection or perceived peer affection.
Chapter 8: Relative Age Effects
I examined intra-classroom age position (or relative age) effects in adolescence on
negative affective temperament (Fear and Frustration), and change in Fear and Frustration between age 11 and 16, as well as on depressive symptoms, physical development,
and adolescents’ school progress and performance (as rated by teachers) in TRAILS,
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all adjusted for age at the time of measurement (n= 2230, mean age at baseline= 11.1,
SD= 0.6, 51% girls). A demonstration of persistent relative-age effects in adolescence
would show that childhood temperament is influenced by an (artificial) adult-imposed
structuring of the environment that is bestowed upon them. I hypothesized that:
a) The relatively young adolescents showed unfavourable outcomes (relatively high
Fear and Frustration) compared to the relatively old adolescents;
b) The relatively young showed different temperamental development between age 11
and 16 than the relatively old.
Chapter 9: Timing of Stressful Life Events Affects Stability and Change of
Neuroticism
Data from the Finnish Twin Cohort (n= 21,085) was used to study the determinants
of within-subject change in neuroticism over six years, while the timing of SLEs was
taken into account. To control for confounding by shared genes and environments
both within-twin pair and between-twin pair effects were tested for monozygotic and
dizygotic twin pairs separately. Three hypotheses were tested:
a) Subjects who experienced stressful life events (SLEs) show an increase in neuroticism;
b) High baseline neuroticism moderated this effect;
c) Recent SLEs had a greater impact on neuroticism than distant SLEs.
Chapter 10: General Discussion
In the discussion I summarize, discuss, and integrate the research finding in the light of
the known literature. I finish with suggestions for future research.

Chapter

1

Chapter

2

Negative and Positive Life Events are
Associated With Small but Lasting
Change in Neuroticism
Bertus F. Jeronimus1, Johan Ormel1, André Aleman1,2,
Brenda W. J. H. Penninx3 and Harriëtte Riese1,4.
1

2

3

4

University of Groningen, University Medical Center Groningen, Department of
Psychiatry, Interdisciplinary Center Psychopathology of Emotion regulation (ICPE)
and Groningen Graduate School Medical Sciences, The Netherlands
University of Groningen, University Medical Center Groningen, Neuroimaging
Center, The Netherlands
VU University Medical Center, Department of Psychiatry/EMGO Institute for
Health and Care Research/ Neuroscience Campus Amsterdam, The Netherlands
University of Groningen, University Medical Center Groningen, Department of
Epidemiology, The Netherlands

Psychological Medicine, 2013, 43, 11, 2403-2415.

34

|

Chapter 2

Abstract
High neuroticism is prospectively associated with psychopathology and physical
health. However, within-subject changes in neuroticism due to life experiences (LEs)
or state effects of current psychopathology are largely unexplored. In this 2-year
follow-up study, four hypotheses were tested: (i) positive LEs (PLEs) decrease and
negative LEs (NLEs) increase neuroticism; (ii) LE-driven change in neuroticism is
partly long-lasting; and (iii) partly independent of LE-driven changes in anxiety/
depression; and (iv) childhood adversity (before age 16 years) moderates the influence
of NLEs/PLEs on neuroticism scores in adult life. Data came from the Netherlands
Study of Depression and Anxiety (NESDA, n= 2981, mean age 41.99 years, SD=
13.08, 66.6% women). At follow-up (T2) we assessed PLEs/NLEs with the List of
Threatening Experiences (LTE) over the prior 24 months and categorized them over
recent and distant PLE/NLE measures (1–3 and 4–24 months prior to T2 respectively)
to distinguish distant NLE/PLE-driven change in trait neuroticism (using the Dutch
version of the Neuroticism–Extroversion–Openness Five Factor Inventory, NEO-FFI)
from state deviations due to changes in symptoms of depression (self-rated version of
the 30-item Inventory of Depressive Symptomatology, IDS-SR30) and anxiety (Beck
Anxiety Inventory, BAI). Distant NLEs were associated with higher and distant PLEs
with lower neuroticism scores. The effects of distant LEs were weak but long-lasting,
especially for distant PLEs. Distant NLE-driven change in neuroticism was associated
with change in symptoms of anxiety/depression whereas the effect of distant PLEs on
neuroticism was independent of any such changes. Childhood adversity weakened the
impact of distant NLEs but enhanced the impact of distant PLEs on neuroticism. In
sum, distant PLEs are associated with small but long-lasting decreases in neuroticism
regardless of changes in symptom levels of anxiety/depression. Long-lasting increases
in neuroticism associated with distant NLEs are mediated by anxiety/depression.
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Introduction
Neuroticism is a superordinate domain in all major theories of personality and
temperament [51,63]. Eysenck [132] defined neuroticism as the tendency to arouse
quickly when emotionally stimulated and to inhibit emotions slowly, whereas Costa
and McCrae [47] describe neuroticism as a general tendency to experience negative
affects like fear, sadness, embarrassment, anger, guilt and disgust. High-neuroticism
scores indicate an enhanced sensitivity to environmental stress and a cautious vigilant
outlook [63]. High neuroticism is prospectively associated with psychopathology
[3,52,273] and life-course outcomes across multiple domains, e.g. occupational attainment, divorce, and mortality [66]. Moreover, the economic burden of high neuroticism to society as a whole is enormous and at least twice that of all common mental
disorders combined [55].
Albeit personality is conceptualized as a stable trait, the rank-order stability of
neuroticism as indexed by test-retest correlations from age 21 drops steadily from .55
after a year, to .41 over 20 years, to .25 after 40 years [164,236,328]. Indeed, changes
in neuroticism have been reported for all ages [64,329-333]. In a study across 40 years
neuroticism scores decreased in 16% and increased in 13% of the individuals with more
than half a standard deviation [231]. Moreover, both stability and change in neuroticism appears to be substantial influenced by environmental factors [91,230,328,334337]. However, only few have examined the effects of specific environmental factors
[172,338-340].
Prospective evidence implies that life events (LEs) influence neuroticism, especially
those involving romantic relationships and work. For example, greater prestige, worksatisfaction, financial security [27,333,341], promotion, the beginning of regular work
[339], greater relationship security, attachment and partner-satisfaction [333,342,343]
have been associated with decreases in neuroticism. Unemployment, heavy physical
work, night- and shift-work schedules [172], starting a new job, change in university
studies, increased working hours [339], more relationship conflicts, partner abuse,
marital tension [342,344], illness, self-harm, divorce/break-up, accidents, robbery,
violent assault, failing an important exam and financial problems [239,339,345,346]
have been associated with increases in neuroticism.
However, it remains unclear whether such observations reflect temporary shifts or
lasting change in neuroticism. Prior research distinguishes three possible sources of
variance for neuroticism: an allegedly stable set-point-neuroticism component representing the general trait-level of neuroticism, a transient state-deviation component
which changes in response to LEs and current psychopathology, and an error component [114,347-349]. Individuals often rate themselves as more neurotic during depressive/anxious episodes [281,348,350]. This phenomenon has typically been interpreted
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as a transient state-deviation in self-perception due to the state-effects of the patient’s
current psychopathology rather than real change in set-point-neuroticism [3,351-354].
Others, however, argued that this ‘state-deviation’ may reflect a true change in setpoint-neuroticism [348,354,355]. Hence, when neuroticism-scores change after the
experience of positive/negative LEs (PLEs/NLEs) this may reflect a transient statedeviation in neuroticism as a consequence of altered self-perception due to changes
in anxiety/depression. Moreover, this change in neuroticism may be short-term, and
levels may return to set-point-neuroticism when the effects of life events (LEs) on
anxiety/depression decay. Therefore, it is important to examine LEs-effects on neuroticism both unadjusted and adjusted for possible state-deviations related to change in
anxiety/depression.
Previous studies indicate that stressful-LEs may trigger an anxious/depressive
episode typically within maximal three months [345,356-358], which indicates that
taking timing of experienced SLEs into account is important. In the current study
we distinguish between recent-SLEs that occurred up to three months before T2 and
distant-SLEs that occurred 4-24 months prior to T2. Changes in neuroticism explained
by recent-SLEs mark the “short-term effects” and by distant-SLEs the “long-lasting
effects” which may indicate a persistent change in set-point-neuroticism.
Finally, early life adversities, such as sexual, physical or emotional maltreatment,
trigger persistent changes in neurobiological systems, in this way increasing sensitivity to LEs later in adult life [302,359-361]. In the current study this developmental
perspective is studied by testing if childhood adversity moderates the impact of LEs
on neuroticism in adult life.
In sum, in the current study we test four hypotheses: (a) positive LEs decrease and
negative LEs increase neuroticism-scores; (b) LE-driven change in neuroticism is
partly long lasting; (c) part of LE-driven change in neuroticism is independent from
short-term LE-driven changes in anxiety/depression; and (d) childhood adversity
moderates the influence of LEs on neuroticism-scores in adult life.

Methods
Study Sample

The data for this study were derived from the Netherlands Study of Depression and
Anxiety (NESDA). The NESDA study design, sampling procedures, and non-response
are in detail described elsewhere [362,363]. For this study, we used data from the
baseline measurement wave (T1, 2004-2006) and the follow-up wave (T2, n= 2596,
87.1% response), two years later. Since this paper focused on the influence of LEs
on change in neuroticism all participants with more than three missing items on the
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neuroticism-scale (n= 38 at T1, n= 67 at T2) or LE-measure (n= 135) were excluded.
After excluding these participants a final sample of 2356 participants remained (89%
of T2 sample, 79% of T1 sample), with a mean age of 41.99 years (SD= 13.08) at T1, and
66.6% women; comparable to the age and gender distribution of the original sample.
Participants who did not participate at T2 (n= 385) scored not significantly higher on
neuroticism at T1. However, when we imputed the missing items for participants who
were excluded because they had more than three missing items (n= 38 at T1 and n=
202 at T2), results suggested that excluded participants scored higher on neuroticism
(d= 0.29/0.17), reported more anxiety (d= 0.44/0.36) and depression (d= 0.43/0.23)
symptoms and a higher childhood trauma score (d= 0.20). The NESDA study was
approved by the Ethical Committees of participating universities, and all participants
provided written informed consent.
Measures
Neuroticism
Neuroticism was measured at T1 and T2 with the validated Dutch version of the Neuroticism–Extroversion–Openness Five Factor Inventory (NEO-FFI, [47,364]). The 12
neuroticism items were scored on five-point scales ranging from (i) strongly disagree
to (v) strongly agree, and aggregated into a neuroticism-score. Cronbach’s alpha was
0.87.
Life Events
LEs were assessed at T2 with the 20-item Brugha “List of Threatening Experiences”
[365] that contains 7 PLEs and 13 NLEs (see Table 1). Kappas for six-month sensitivity and specificity were 0.89/0.74, with an inter-rater agreement of 0.70 [365]. Each
LE was scored dichotomous (yes/no) with the exact month of the year in which it
occurred. PLEs and NLEs were aggregated in separate measures. Since there is no
consensus on the optimal way to calculate aggregated-LE-measures [268] we tested
the robustness of our findings via aggregation over simple counts of reported LEs and
the calculation of weighted PLEs- and NLEs-measures. This latter measure was based
on earlier findings on social readjustment after experiencing LEs [366], in which was
shown that the “impact” of infrequent LEs was significantly larger than that of the
more common ones [367]. In analogy, the inverse of the prevalence of the LE was used
to weigh its impact. For example, when 5.7% of the participants were “sacked from
their job”, the weight of this item was 0.943 (100-5.7)/100)).
To be able to test LE-driven change in neuroticism uncontaminated by state-deviations due to recent-LE prompted acute-changes in anxiety/depression; timing of LEs
was taken into account. Previous studies indicated that the impact of LEs on anxiety/
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Table 1. The prevalence (%) among the 2356 participants (67% women) of the negative and positive life events scored on the Brugha List; Pearson’s correlations with neuroticism at baseline (N1)
or follow-up (N2); and partial correlations with neuroticism at follow-up corrected for baseline
neuroticism (∆N, reflecting change in neuroticism) and additional corrections for change in depression and anxiety between baseline and follow-up (∆N~∆D&∆A). Post-hoc, associations with
∆N stratified by gender.
Brugha negative life events

N1

N2

.05b

.06a

Seriously ill, wounded or victim of violence
of family member

35.1 -.01

-.01

Parent child, brother or sisters died

10.1 -.02

.00

.03

.02

.02

.04

Friend or family member died

29.2 -.04b -.03

.00

.00

.02

-.01

Separation of partner

12.1

.06a

.10

.08

.06a

.06

.09

Broke up a longstanding relationship with a
friend/relative

16.2

.10

.13

.09

.08

.06

.10

Serious problem with close friend, family
member or neighbour

14.5

.11

.13

.07

.04

.09b

.06b

Became unemployed or looked for a job
without result

12.5

.08

.05b

-.02

-.02

.04

-.05

Sacked from job or made redundant

5.7

.06c

.01

-.05b

-.05b

-.04

-.05b

Serious financial problems

9.4

.15

.15*

.05b

.02

-.01

.08a

Contact with police or justice by
misdemeanour

4.0 -.01

-.01

-.01

-.00

.01

-.02

Something worthwhile or money was stolen
or lost

8.8

.02

.01

-.00

.00

-.01

.00

44.9

.01

.02

.02

-.00

-.02

.03

Recovery from serious illness of family
member

16.0 -.02

-.05b

-.04b

-.05a

.01

-.07a

Found a new partner

10.7

.03

.02

-.01

.00

-.03

-.00

Befriended new people

54.5 -.04

-.07

-.07

-.06a

-.09b

-.07a

Started a new job or was promoted

33.0

.03

-.03

-.10

-.06a

-.09b

-.10

Formally finished school/course

14.9 -.06

-.08

b

-.04

-.03

-.11a

-.01

Major (positive) change in financial situation

20.5 -.03

-.05

-.04

b

-.01

-.05

-.04

Holiday

84.1 -.13

-.16

-.09

-.08

-.07b

-.10

Seriously ill, wounded or victim of violence

Another serious negative life event
Total sample

%

9.7

∆N

∆N
~∆D&∆A

∆N
Men

∆N
Women

.03

.01

.04

.04

-.00

-.01

.07

-.03

100.0

Brugha positive life events

Total sample

a

b

100.0

Legend: p< .001 in bold, a p< .01, b p< .05 (two-tailed). N1= neuroticism at baseline (T1); N2= neuroticism at
follow-up (T2); ~∆D&∆A= partial correlation corrected for ∆A or change in anxiety (A2-A1 (T2-T1)) and ∆D or
change in depression (D2-D1); ∆N= change in neuroticism (N2-N1).
Men (n= 784) and women (n= 1566).
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depression typically decays after three months [345,356-358]. Therefore, to take timing of the experienced LEs into account, the 24-months follow-up time between T1 and
T2 was used to categorize the LEs into recent-LEs, which occurred within the three
months before T2, and distant-LEs, which occurred 3-24 months before T2. Using this
algorithm distant-LEs occurred on average 13.5 months before T2 ((21/2) +3= 13.5).
Depressive Symptoms
Symptoms of depression (hereafter ‘depression’) were measured at T1 and T2 with the
30-item Inventory of Depressive Symptomatology [368]. The IDS-SR30 was designed
to assess the self-reported severity of depression over the past week [368]. Responses
were aggregated whereby appetite increase/decrease and weight increase/decrease
were each treated as one item, and high-scores indicate greater severity [368]. Cronbach’s alpha was 0.83.
Anxiety Symptoms
Symptoms of anxiety (hereafter ‘anxiety’) were measured at T1 and T2 with the 21-item
self-report Beck Anxiety Inventory [369]. The BAI was designed to distinguish anxiety
from depression while retaining convergent validity [370] and has high internal consistency (α= .92) and one-week test-retest reliability (r= .75) [369]. Participants rated
how much each of the symptoms bothered them over the past week on a 4-point scale
(0-3) that ran from ‘not at all’ to ‘could barely stand it’, and scores were aggregated.
Cronbach’s alpha was 0.81.
Childhood Adversity
The experience of the following childhood adversities before age 16 was assessed
at T1: ‘emotional-neglect’ (38.9%), ‘psychological-abuse’ (24.8%), ‘physical-abuse’
(13.8%), or ‘approached in a sexual way against your will’ (18.5%). Participants were
asked to indicate if an adversity had occurred (yes/no) and how often it occurred
(not, once, sometimes, regularly, often, or very often). Scores were recoded into 0=
never, 1= once/sometimes and 2= regularly/often/very often. Following prior studies [371,372], a sum score of experienced number (0-4) and frequency (0-2) of the
childhood adversity was calculated for each participant (range= 0-8). This sum score
was recoded into a 5-category variable reflecting their level of exposure to childhood
adversity: 0 (no adversity, n= 1264, 53.8%), 1 (1-2, n= 482, 20.5%), 2 (3-4, n= 333,
14.2%), 3 (5-6, n= 208, 8.9%) and 4 (7-8, n= 62, 2.6%), totaling 1085 individuals
(46.2%) who had experienced some form of childhood adversity.
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Statistical Analysis

All variables approached a normal distribution and were analyzed in SPSS (version
18.0, SPSS Inc., Chicago, Illinois). We used Pearson correlations to test the associations between the variables. Effect sizes are given as Cohen’s d. As a heuristic, we indicate effect sizes of 0.20 as small, 0.50 as medium, and 0.80 as large (for correlations
.10/.30/.50) [373]. The models are examined with multiple linear regression analyses
(‘forced entry method’), with separate parameter estimates for each block of predictors. To focus on within-subject changes in our analyses, T2 measures of neuroticism,
depression, and anxiety (N2/D2/A2) were predicted from T1 measures (N1/D1/A1). We
present standardized regression coefficients (Beta-weights) which enable comparison
of predictors because they indicate the change in outcome per SD change in the predictor (when the other independent variables are held constant). Second, intercepts and
slopes of the regression analysis were used to interpret possible differences in baseline
neuroticism and change in neuroticism, respectively.
To test our hypotheses about the influence of LEs on neuroticism, we fitted seven
different models to the data, each numbered and fully described in Tables 4 and 5.
First, we fitted a baseline model-1 wherein T2 neuroticism (N2) was predicted by T1
neuroticism (N1). We then examined differences and similarities between this baseline Model 1 and the other models that were fitted based on our hypotheses. The first
hypothesis was tested in Model 2 (the ‘life events model’) wherein recent-NLEs/
PLEs and distant-NLEs/PLEs were entered as predictors of change in neuroticism
(∆neuroticism= N2-N1). Model 2 also allowed us to test hypothesis 2, viz., LE-driven
∆neuroticism is partly long-lasting. If distant-NLEs/PLEs were not associated with
∆neuroticism this hypothesis should be rejected.
Moreover, the relationship between LEs and ∆neuroticism may be mediated by another variable [374], arguably symptom level of depression/anxiety. In Models 3-5 the
third hypothesis was tested that distant-LEs-driven ∆neuroticism is independent from
change in symptom levels of anxiety/depression. The ∆anxiety model tested change
in anxiety (∆anxiety= A2-A1) as an additional predictor, the ∆depression model tested
change in depression (∆depression=D2-D1), and Model 5 tested both. If the variance
predicted by LEs ceased when these models were applied this suggests mediation. The
robustness of these mediation effects were tested with Preacher-Hayes bootstrap tests
[375,376].
Model 6 serves as a baseline for Model 7, to test the fourth hypothesis, viz., that
the association between LEs and ∆neuroticism is moderated by childhood adversity.
Model 7 consisted of baseline neuroticism, recent-NLEs/PLEs and distant-NLEs/
PLEs, childhood adversity, and four interaction terms as predictors (each a function
of a LE measure multiplied by childhood adversity). Significant interaction terms
indicate that childhood adversity moderated the impact of LEs on ∆neuroticism.
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Finally, we repeated analyses after imputation of missing data with the means of the
relevant variables. Since the results were highly comparable, only the analyses on the
non-imputed data (n= 2356) are presented. Because the amount of correlations shown
in the descriptives may inflate family-wise alpha we present only highly significant
associations in bold (p< .01 for Table 1 and p< .001 for Table 3).

Results
Descriptives and correlations between our variables are given in Table 2 and Table
3, respectively. Neuroticism, anxiety and depression decreased somewhat over time
(d= 0.25/0.29/0.36). Older participants reported lower neuroticism and fewer distantPLEs than younger participants, but age was not associated with the experience of
distant-NLEs. Childhood adversity was associated with higher neuroticism, anxiety,
and depression at both waves. Given the high test-retest correlations of all constructs,
individual differences in neuroticism, anxiety, and depression were largely retained at
Table 2. The descriptives of the variables used from the NESDA cohort (n= 2356, 67% women).
Means, standard-deviations (SDs), and ranges are given.
Variables

Mean

SD

Range

T1 Neuroticism

35.71

9.40

12 − 60

T2 Neuroticism

33.42

9.03

12 − 58

T1 Depression

20.27

13.76

0 − 67

T2 Depression

15.61

11.91

0 − 65

T1 Anxiety

11.12

9.98

0 − 61

T2 Anxiety

8.47

8.50

0 − 60

∆Neuroticism

-2.29

6.16

-32 − 28

∆Depression

-4.65

9.82

-47 − 44

∆Anxiety

-2.64

7.43

-46 − 28

0.86

1.11

0−4

Childhood adversity
Number of negative life events

2.12

1.52

0 − 11

Number of positive life events

2.34

1.30

0−7

Recent negative life events

0.27

0.49

0 − 3.65

Recent positive life events

0.20

0.37

0 − 2.81

Distant negative life events

1.31

1.12

0 − 8.20

Distant positive life events

0.90

0.81

0 − 3.82

Note. T1= baseline; T2= follow-up; ∆= change, ∆neuroticism, ∆depression, or ∆anxiety reflect follow-up scores
corrected for baseline scores. n= 2356 with a maximum deviation of 5 because of the exclusion criteria as
formulated in the method section, where also details on the definition of the recent versus distant life events
are given.
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Table 3. Bivariate Pearson correlations between age, gender, neuroticism, symptoms of depression/anxiety,
recent and distant life events, and childhood adversity among 2356 participants (67% women).
Variables

1.

2.

3.

1.

Age

2.

Gender†

-.09

—

3.

T1 Neuroticism

-.12

.10

—

4.

5.

6.

7.

8.

9.

10.

11.

12.

—

4.

T2 Neuroticism

-.07

.09

.78

—

5.

T1 Depression

.03

.04

.77

.63

—

6.

T2 Depression

.09

.04

.60

.74

.72

—

7.

T1 Anxiety

.00

.05a

.64

.51

.77

.59

—

8.

T2 Anxiety

.06

.05

.51

.63

.60

.80

.69

—

9.

Recent NLEs

.00

-.03

.04

.07

.09

.12

.06

.13

10. Recent PLEs

-.16

.02

-.03

-.05

-.05

-.08

-.04

-.04

.10

—

11. Distant NLEs

-.03

.04

.11

.12

.16

.19

.13

.17

-.02

.05b

—

12. Distant PLEs

-.41

.04

-.02

-.08

-.10

-.17

-.08

-.12

.02

-.07

.11

—

.14

.11

.31

.27

.35

.32

.27

.27

.08

-.01

.18

-.08

13. Childhood adversity

a

b

b

b

a

b

—

Note. † Men= 1, women= 2; T1= baseline measure; T2= follow-up measure; NLEs= number of negative life
events; PLEs= number of positive life events.
Details on the definition of recent versus distant LEs-measures are given in the method section.
Significance at p< .001 in bold, a p< .01, b p< .05 (two-tailed)

follow-up, despite the drop in mean scores. Anxiety and depression scores were highly
correlated, both cross-sectional and longitudinally.
Distant-NLEs showed a positive association with neuroticism, anxiety and depression
at both waves, although associations with the T2-outcomes were slightly stronger (d=
0.25/0.34/0.38, respectively). Distant-PLEs correlated negatively with neuroticism,
anxiety and depression at T2 (d= -0.15/-0.24/-0.33, respectively), and also, weakly,
negatively with anxiety and depression at T1. Neuroticism at T1 predicted the occurrence of distant-NLEs (d= 0.24) but not distant-PLEs, whereas anxiety and depression
at T1 (weakly) predicted both more distant-NLEs (d= 0.29/0.35, respectively) and
fewer distant-PLEs (d= -0.18/-0.22, respectively).
Life Events and Change in Neuroticism

In Table 4 and Table 5 the results of our regression analyses are presented. Model
1 is the baseline model. Model 2 is the LEs-model and indicated that distant-NLEs
predicted an increase and distant-PLEs a decrease in neuroticism (d’s= 0.19/-0.23).
Although both effects were weak, the betas for the distant-PLEs were slightly higher
compared to those of the distant-NLEs. However, both distant-effects were significant
and thus indicated that distant-LEs (occurring on average a year before follow-up
(361.6 days, SD= 2.84)) still affected neuroticism.
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Table 4. Regression models with standardized regression coefficients (and 95% CI) for effects of recent and
distant negative and positive life events on change in neuroticism, and mediation thereof by change in anxiety
and change in depression. Outcome is neuroticism at follow-up, n= 2356 in all models.

Predictors
T1 Neuroticism

Model 1

Model 2

Model 3

Model 4

Model 5

Baseline

Life Events

∆Anxiety

∆Depression

∆Anxiety &
∆Depression

β
(95% CI)

β
(95% CI)

β
(95% CI)

β
(95% CI)

β
(95% CI)

0.777***

0.767***

0.837***

0.879***

0.885***

(0.752, 0.802)

(0.742, 0.792)

(0.813, 0.861)

(0.855, 0.903)

(0.862, 0.909)

0.049***

0.030*

0.035**

0.030**

(0.024, 0.074)

(0.006, 0.054)

(0.013, 0.057)

(0.008, 0.052)

-0.039**

-0.034**

-0.022*

-0.023*

Recent NLEs
Recent PLEs

(-0.064, -0.014) (-0.058, -0.010)
Distant NLEs
Distant PLEs

(-0.046, 0.002)

(-0.045, -0.001)

0.043***

0.028*

0.021

0.019*

(0.018, 0.068)

(0.004, 0.052)

(-0.003, 0.045)

(-0.003, 0.041)

-0.067***

-0.055***

-0.041***

-0.041***

(-0.092, -0.042) (-0.079, -0.031) (-0.065, -0.017) (-0.063, -0.019)
∆Anxiety

0.248***

0.105***

(0.224, 0.272)
∆Depression
Adjusted R

2

(0.076, 0.134)
0.313

0.603

x

0.611

*

***

0.250***

(0.301, 0.325)

(0.221, 0.279)

0.667

0.696

0.702*

*

*

∆R

0.008

0.064

0.093

0.099*

∆F †

12.75***

400.63***

658.46***

362.07***

2†

*

*

*

Note. †= ∆R2 and ∆F reflect changes from the baseline Model 1; ∆R2= proportion of variation in the response
variable that can be accounted for by the predictors, adjusted for the number of explanatory terms in the model
(always ≤ R2); ∆F= statistic of the F-test; T1= baseline; ∆anxiety= change in anxiety between T1 and T2; ∆depression= change in depression between T1 and T2; NLEs= number of negative life ; PLEs= number of positive
life events. Details on the definition of recent versus distant LEs-measures are given in the method section.***
p< .001, ** p< .01, * p< .05 (two-tailed).

The regression results of Models 2 to 5 indicate that the magnitude of association
between distant-NLEs and ∆neuroticism decreased when ∆anxiety (Model 3) was
added, but even more when ∆depression (model-4) or ∆anxiety and ∆depression
simultaneously (Model 5) were added to the model. This suggests mediation; especially by ∆depression, since the drop of the betas in these models was larger, and the
predictive effect of distant-NLEs lost statistical significance. Nevertheless, Model 3
suggests that the association between recent and distant-LEs and ∆neuroticism is also
partially mediated by ∆anxiety. The robustness of these mediation effects of ∆anxiety
and ∆depression on the associations between distant-LEs and neuroticism were tested
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Table 5. Regression models with standardized regression coefficients (and 95% CI) for effects
of recent and distant negative and positive life events on change in neuroticism, and moderation
thereof by childhood adversity (CA).
Model 6
Adversity Baseline

Predictors

β

T1 Neuroticism

0.767***

(95% CI)
(0.740, 0.794)

Model 7
Adversity Moderation

(95% CI)

β
0.761***

(0.734, 0.788)

Recent NLEs

0.036*

(0.003, 0.069)

Recent PLEs

-0.018*

(-0.049, 0.013)

Distant NLEs

0.064***

Distant PLEs
Childhood adversity

-0.047

**

0.031*

(0.004, 0.058)

0.088***

(0.031, 0.097)
(-0.078, -0.016)
(0.035, 0.141)

Recent NLEs*CA

0.021

(-0.016, 0.058)

Recent PLEs*CA

-0.038*

(-0.073, 0.035)

Distant NLEs*CA

-0.055*

(-0.104, -0.006)

Distant PLEs*CA

-0.042*

(-0.083, 0.000)

Adjusted R

2

0.604

0.612

∆R2 †

0.009

∆F

7.23***

?

Note. Outcome is neuroticism at follow-up, n= 2356 in all models. †= ∆R2 and ∆F reflect changes from the
childhood adversity baseline reported in Model 6; ∆R2= proportion of variation in the response variable that
can be accounted for by the predictors, adjusted for the number of explanatory terms in the model (always
≤ R2); ∆F= statistic of the F-test; CA= childhood adversity; NLEs= number of negative life events; PLEs=
number of positive life events. Details on the definition of recent versus distant LEs-measures and childhood
adversity are given in the method section. *** p< .001, ** p< .01, * p< .05 (two-tailed)

with Preacher-Hayes bootstrap tests (k= 5000). Results confirmed that the positive
association between distant-NLEs and ∆neuroticism was mediated by ∆depression (for
0.017 or 40% of the beta of 0.043 in Model 2 in Table 4 (95% CI= 0.008 to 0.027))
and ∆anxiety (for 0.007 or 16% of the beta of 0.043 (95% CI= 0.002 to 0.012)), and
suggest a non-significant independent path (for 0.019 or 44% of the beta of 0.043
(95% CI= 0.008 to 0.027), but p= .09). The negative association between distant-PLEs
and ∆neuroticism was also mediated by ∆depression (for -0.021 or 32% of the beta of
-0.067 in Model 2 in Table 4 (95% CI= -0.031 to -0.012)) and ∆anxiety (-0.005 or 7%
of the beta of -0.067 (95% CI= -0.010 to -0.001)), but was mainly independent (-0.041
or 61% of the beta of -0.067 (95% CI= -0.053 to -0.030), p< .0005).
Moderation by Childhood Adversity

Model 6 in Table 5 served as a baseline for Model 7. The results of Model 7 indicate
that childhood adversity moderated the associations between LEs and ∆neuroticism.
Compared to participants without such experiences, those who experienced childhood
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adversity had higher baseline neuroticism (intercept= 0.85 vs. 0.76), less increase in
neuroticism after distant-NLEs (slopes of 0.01 vs. 0.06), but more decrease in neuroticism after distant-PLEs (slopes of -0.09 vs. -0.05). However, childhood adversity
(Models 6 and 7) explained little additional variance in ∆neuroticism not already
covered by Model 1 and 2 (+0.1%, see Table 4). Moreover, part of the association
between childhood adversity and ∆neuroticism is mediated by the experience of LEs;
the more childhood adversity participants reported the more NLEs and fewer PLEs
they reported.
Repeating analyses in Tables 4 and 5 with simple counts of PLEs/NLEs as predictors of ∆neuroticism showed only minor changes in the results reported above. The
effects of distant-PLEs were slightly stronger (e.g., beta -0.079 in Model 2, p< .001),
the interaction term for the recent-PLEs (recent-PLE*Adversity) in Model 6 lost statistical significance, whereas distant-PLEs became more predictive for ∆neuroticism.
Nevertheless, the magnitudes of the long-lasting effects of distant-LEs were highly
comparable. Moreover, Model 2, with LEs predictors that were not partitioned over
distant-LEs and recent-LEs, gave highly comparable results (beta’s 0.055 for NLEs
and -0.085 for PLEs, respectively, both p< .001).
Post-hoc Analysis

To check on possible influence of gender and age on ∆neuroticism, analyses were
repeated with these covariates and the interactions between them and the four LEmeasures as additional predictors (e.g., gender*distant-PLEs). The results in Appendix
Table A1 show that all predictors were non-significant and the estimates were highly
comparable to the ones given in Tables 4 and 5. This suggests that influences of gender
and age on neuroticism are already represented in baseline neuroticism and that gender
and age neither affect change in neuroticism nor modify the effect of PLEs/NLEs on
neuroticism.
Finally, because our results suggest that distant-LE-driven ∆neuroticism is partly
independent from ∆anxiety and ∆depression, we examined the extent to which LEdriven ∆anxiety and ∆depression are independent from ∆neuroticism (statistical
results available on request, but an indication can be found in Appendix Table A2).
Although the effects of LEs, in particular distant-NLEs, on ∆anxiety and ∆depression
are somewhat stronger than on ∆neuroticism, the pattern is similar. When adjusted for
∆neuroticism, the effects of distant-PLEs/NLEs on ∆anxiety and ∆depression weaken
but remain statistically significant (p< .001), which indicates that effects of distant-LEs
on ∆anxiety and ∆depression are fairly independent from concomitant ∆neuroticism.
Gender specific associations were added to Table 1.
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Discussion
Four main findings emerge from this study; (a) PLEs predict small decreases and NLEs
increases in neuroticism; (b) part of the LEs-driven change in neuroticism is longlasting (at least a year); (c) the effect of PLEs on change in neuroticism is relatively
independent from reductions in depression/anxiety, whereas the effect of NLEs on
change in neuroticism appears to be largely mediated by increases in depression and, to
a lesser extent, by anxiety. These findings suggest that only the effect of distant-PLEs
on neuroticism, and not that of distant-NLEs, is independent from the individuals’
‘current’ psychopathology. The effects of LEs on change in neuroticism and depression/anxiety seem to overlap, both cross-sectional and longitudinally. Finally, (d)
childhood adversity weakens the impact of distant-NLEs on neuroticism but enhances
that of distant-PLEs.
Strong points of our design include the large sample size, the longitudinal approach,
and the examination of both recent-NLEs/PLEs and distant-NLEs/PLEs. This categorization allows for studying the timing of LE-effects [223], which is a relatively new
approach, and helpful for studying the underlying mechanism causing fluctuations
in neuroticism. Doing so, we could disentangle state-deviations in neuroticism as a
consequence of recent-LE-driven change in depression/anxiety from lasting distantLE-driven change in the set-point of neuroticism.
The reported findings should be viewed in light of the following limitations; retrospective self-reports of LEs inherently incorporate response components such as
cognition, appraisal, interpretation, and recall, which may be influenced by current
mental state [268,269,377]. Furthermore, the focus on the number of LEs rather than
their ecological context is a simplification. The stress and impact of various events
depend on a variety of non-assessed factors regarding resources, age, skills, social
support, unpredictability, magnitude of change/disruption produced, or potential to
exhaust the individual physically [268,269,366,378-380]. Also, ongoing difficulties
were not assessed in this study but may also impact on neuroticism [380]. Finally,
LEs may elicit mixed emotional responses (e.g., move house), NLEs/PLEs may have
complementary longitudinal relationships (e.g., divorce and remarriage [381]), and
PLEs may buffer the impact of NLEs [269,382-384].
Future research may take aforementioned limitations into account by using measures
of ‘life change’ or ‘context ratings’ in a life-chart interview like the “Life Events and
Difficulties Schedule” by Brown and Harris [385]. This may also enable a better
distinction between the positive and negative valence of an experience. However, conducting interviews is more time-consuming and costly than assessing questionnaires
and may consequentially lead to smaller samples and fewer studies [377]. Addition-
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ally, participants may be less likely to report embarrassing information or information
that may have negative consequences if reported (e.g., physical or sexual abuse [386]).
Explanations for the mechanism behind the observed stronger effects of distant-PLEs
compared to distant-NLEs on neuroticism remain speculative. PLEs may elicit change
in positive biases, which are reported for never-depressed high-neurotic individuals
[32], and lead to more favourable cognitions [387,388]. Moreover, PLEs seem more
central to individual’s life stories and identity than NLEs [389] and might therefore
have more potential for lasting change. However, it is also possible that the composition of our sample explains part the effects of distant-PLEs, as most participants were
included because of their depression/anxiety symptoms (see methods). This may have
created a ceiling-effect that made decreases in neuroticism more likely when individuals experience the natural course of symptoms, that is, towards recovery. Change in
neuroticism may be partly due to antidepressant medication or cognitive treatment
[351,390], which was not controlled. However, note that we did control for change in
anxiety/depression symptoms in our analyses.
LEs explained 2% of change in neuroticism (distant-NLEs d= 0.19, distant-PLEs
d= -0.23). This is a rather small effect, but similar to what has been reported in the
literature [292]. However, in this study we assessed only 20 specific LEs, whereas
participants must have experienced many others as well. Hence, it is likely that we
report an underestimation of the magnitude of LEs-driven change in neuroticism. The
key observation that part of the lasting change in neuroticism, and especially that of
distant-PLEs, is independent from change in anxiety/depression corresponds with
other findings in the field [391,392]. Hence, our results suggest that LE-driven change
in neuroticism is more than a transient state-deviation of self-perception due to current
psychopathology [351-353], and may indeed be interpreted as a true change in the
set-point of neuroticism [94,348,354,355].
Our findings are relevant for the interpretation of intervention studies of depression
[351-354]. For example, neuroticism level is reported to moderate the impact of PLEs
on depression i.e. PLEs have a greater impact on high-neurotic depressed individuals
[393-398] whereas high neuroticism is reported to exacerbate the impact of NLEs on
depressive mood [33,399]. Additionally, interventions that elicit a decrease in neuroticism may not only reduce the risk of a relapse of depression but may also help to cut
back the societal costs of neuroticism itself [55].
In line with previous research, childhood adversity was positively associated with
neuroticism in adults. However, in contrast to reports thus far [400,401], adult individuals who experienced childhood adversity increased less in neuroticism after distantNLEs and decreased more after distant-PLEs. Generally, researchers argue that early
life adversity enhances hypothalamic-pituitary-adrenal-axis activity and emotional
reactivity [361,401,402]. In contrast with the literature, participants who experienced
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childhood adversity did not show an enhanced acute reaction after recent-NLEs in
this study (see Model 7, Table 5). In addition, our observation that the lasting effect
of distant-NLEs on neuroticism appears to be blunted for individuals who experienced
childhood adversity suggests a temporal difference, and requires replication.
Although some changes in neuroticism must be persistent given the steady drop in
differential stability with time, most changes in neuroticism will tend to regress to
baseline (set-point-neuroticism) after an adaptation period, a process known as the
dynamic-equilibrium-hypothesis [94,155,403-406]. However, some experiences may
elicit persistent shifts in neuroticism in some individuals (e.g., via changed personality-environment feedback-loops). Since this study lasted only 24 months, additional
waves would be needed to examine such conjectures.
To conclude, high-neuroticism is an important indicator of risk for the development of full-blown psychological disorders and can, to some extent, be viewed as
sub-threshold psychopathology. The independent relationships between PLEs and
neuroticism in this study indicate that neuroticism does not fully overlap with anxiety/
depression. Thus as a relatively stable personality trait, neuroticism is of interest in its
own, and cannot be substituted by measures of anxiety/depression. Finally, this study
showed that experiences can elicit long-lasting change in neuroticism, and thereby
influence, potentially, the risk for development of psychopathology. Future studies
that focus on the mechanisms behind PLE-driven long-lasting change in neuroticism
and demonstrate such effects in intervention studies may confluence into prevention
strategies focused on decreases in neuroticism.
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Abstract
High neuroticism predicts psychopathology and physical health problems. Non-genetic
factors, including major life events and experiences, explain approximately half of the
variance in neuroticism. Conversely, neuroticism also predicts these life experiences.
This study aimed to quantify the reciprocal causation between neuroticism and life
experiences, and to gauge the magnitude and persistence of these associations. This
longitudinal cohort study included five assessment waves over 16 years in a random
sample of 296 Dutch subjects (47% women) with a mean age of 34 years (SD= 12,
range 16-63). Neuroticism was assessed with the Amsterdam Biographic Questionnaire (ABV). The experiences measured included positive and negative life events,
long-term difficulties (LTDs), and change in life quality, all assessed by contextual
rating procedures adapted from the Life Event and Difficulties Schedule (LEDS). We
fit structural equation models in Mplus. Results showed that neuroticism consistently
predicted negative experiences, decreased life quality, and LTDs (β= 0.15 to 0.39),
while effects on positive experiences were variable (β= 0.14). LTDs and deteriorated
life quality each predicted small but persistent increases in neuroticism (β= 0.18),
while improved life quality predicted small but persistent decreases (β= -0.13). This
suggests setpoint change in neuroticism. Life event aggregates showed no persistent
effects on the neuroticism setpoint. Neuroticism and life experiences showed persistent, bidirectional associations. Experience-driven changes in neuroticism lasted over
a decade. Results support the corresponsive principle (reciprocal causation), suggesting a mixed model of change in neuroticism that distinguishes temporary changes in
neuroticism from persistent changes in an individual’s neuroticism setpoint.
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Introduction
Neuroticism is defined as the propensity to experience distress and negative emotions, including fear, sadness, anger, anxiety, irritability, loneliness, worry, selfconsciousness, dissatisfaction, hostility, shyness, reduced self-confidence, and feelings
of vulnerability [51]. High neuroticism predicts most indices of psychopathology and
physical health problems [53,273,279]. Moreover, neuroticism predicts important
life outcomes, such as occupational success, divorce, and mortality [65,66]. The total
economic costs associated with high neuroticism are more than twice that of all the
common mental disorders combined [55]. Insights into change in neuroticism and the
determinants of change are therefore important [52], and may lead to new interventions to target vulnerability to mental disorders, rather than the manifestations of those
disorders.
Setpoint Change in Neuroticism

Neuroticism was originally conceptualized as a dispositional behavioral trait [133]
uninfluenced by the environment [407]. Some theorists acknowledged that life events
might evoke subtle short-term state fluctuations in neuroticism, but hypothesized that
levels would gravitate back to their immutable setpoint [114,408]. However, accumulating evidence suggests that many individuals change in neuroticism over their
lifespan [64,164,340]. For example, neuroticism shows a maturational mean-level
change between ages 20 and 40 of around a quarter of a standard deviation (d= 0.25)
per decade [163,230]. Moreover, a 40-year follow-up study of neuroticism during
midlife (20 to 60 years) showed that 16% of individuals increased and 13% decreased
by more than d= 0.50 [231]. Similarly, a study over 37 years, from midlife to old age
(38 to 70 years), showed individual change in neuroticism of more than d= 1.00 for
about a third of the women studied [232].
In sum, most individuals presumably remain relatively stable in their neuroticism
setpoint, but reviewed evidence indicates developmental differences between individuals and the possibility for substantial change in neuroticism, provided that important
changes in the environment also occur. There appears to be no point during the lifespan
that neuroticism is immutable. This is known as the plasticity principle [18,409].
This suggests that the dispositional setpoint perspective is incomplete. We argue that
experience-driven changes in neuroticism that last for years indicate a change in the
setpoint, rather than state fluctuations around a setpoint.
Experiential Effects on Neuroticism

Studies of genetically identical twins, reared together and apart, indicate that a substantial part of the variance in neuroticism is due to non-genetic and non-familial
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factors, mainly experiences that were not shared by both twins [82,83]. The size of
this non-genetic component of neuroticism increases with age [92,336]. Moreover,
even the temporal stability of neuroticism shows a substantial experiential component
[85,92].
Prospective evidence indicates that neuroticism is influenced by life experiences,
such as those involving romantic relationships (new partner or divorce, see [331]),
work (being fired/laid off, hired, or promoted, see [410]), and illness or severe financial
hardship [239]. However, it remains largely unknown which life events impact the neuroticism setpoint, and how they affect it. Moreover, many changes in neuroticism may
fade over time. In sum, recent work supports the plasticity principle and indicates that
life experiences influence the neuroticism setpoint, though some experiences facilitate
stability and others change [92,411]. In the current study, we use five neuroticism
assessments over sixteen years to quantify the persistence of change in neuroticism
driven by major life experiences.
Reciprocal Causation

The substantial non-genetic variance underlying neuroticism may reflect an individual’s proactive, reactive, and evocative modification of the surrounding environment,
through selection of spouses, friends, vocations, or hobbies, for example [18,248].
It has long been believed that life events and experiences tend to shape personality
development by intensifying the propensities that led individuals to those experiences
in the first place. This snowballing effect, or reciprocal causation between experiences
and personality [64,239,339], is called the corresponsive principle. The corresponsive
principle suggests that mutually reinforcing feedback loops between the environment
and personality shape personality development and stability.
It may even be that the neuroticism setpoint depends on the influence of genetically driven experiential effects (indirect genetic effects), rather than being directly
determined by genetics [21,95]. The available evidence suggests that measures of the
quality of an individual’s life experiences can be as stable as personality [103,248].
For example, individual differences in life experiences have a substantial genetic basis
[248,412]. Such genetic effects are partially mediated by neuroticism, in line with
the corresponsive principle [235,248,412]. Many studies showed that the incidence
of negative (but not positive) major life events increase with increasing neuroticism
[239,339,340]. But on average individuals report more positive than negative life
events [389] and positive events associate with decreases in neuroticism [222]. The
impact of negative experiences, however, seems more persistent than the impact of
positive experiences [384].
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Hypotheses

We aim to better define the rough contours of the corresponsive principle’s feedback
system. Five neuroticism assessments over 16 years enable us to gauge the magnitude
and course of reciprocal causation between neuroticism and life experiences (mutually reinforcing associations). Uneven intervals between each assessment wave may
also illuminate the temporal dynamics of experiential effects on neuroticism. We
hypothesize that neuroticism levels are more predictive of variance in life experiences
than vice versa (H1). More specifically we hypothesize, in line with the corresponsive
principle, that major negative life events tend to increase neuroticism (H2A) and that
higher neuroticism scores predict more negative life events (H2B). This may spark a
“malignant cycle” that cements increases in neuroticism, resulting in a lasting setpoint
increase. Similarly we hypothesize, again in line with the corresponsive principle, that
major positive life events predict decreases in neuroticism (H3A) and that decreases
in neuroticism predict positive life events (H3B). This may spark a “benign cycle”
of positive reinforcement, resulting in a lasting setpoint decrease. Finally, based on
empirical work discussed above (e.g. by Jeronimus, Middeldorp and Baumeister), we
hypothesize that increases in neuroticism driven by negative life events are less common than decreases in neuroticism driven by positive life events and that the positive
effects are less persistent (H4). Thus, we argue that neuroticism is not immutable, that
life experiences drive changes in neuroticism, and that experience-driven change in
neuroticism that lasts for years indicates a change in the setpoint of neuroticism, rather
than state fluctuations around a setpoint.
Life Event and Difficulties Schedule

Earlier analyses of this dataset focused on the stability of neuroticism (the autoregressive model in Ormel & Rijsdijk [328]), and the etiology and course of psychological
distress [380,413]. The use of life experience indices to predict neuroticism was not
part of earlier work. In this study we invested in a life event assessment based on the
Life Events and Difficulties Schedule (LEDS), as yet still the gold standard in life
event research [268,269]. In the LEDS methodology, reviewers “objectively” rate the
potential impact of specific events on individuals based on the severity, duration, and
ambiguity of the event; the context in which the event occurred; and the sociodemographic characteristics of the subject [385]. Interviews also have limitations; they are
costly, time consuming, and may fail to capture embarrassing information [268,386].
Moreover, an individual’s life situation may change in a way that is not captured by
a life event interview, but that affects neuroticism. This study combines the following methods to minimize the weaknesses of each: (a) survey data of life events; (b)
interview-based panel ratings of life events and difficulties; and (c) change in the
subject’s environment/life situation.
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Method
Sample

We based our analyses on a five-wave dataset collected over a 16-year period (19701986) by Ormel [380,414] and Sanderman [415] from a random sample of 384 adults
from the Dutch population. After baseline measurements (T1) in 1970, 88 participants
could not be followed up in the first two waves in 1975 (T2) and 1976 (T3) (six died,
five moved abroad, and 77 did not respond), leaving a final sample of 296 participants
(77.1%; n= 139 (47%) women). At the next wave (T4) in 1984, another 49 participants
could not be followed up (10 died, four moved abroad, and 35 did not respond). At the
final wave (T5) in 1986, 17 participants could not be followed-up (two died and 15 did
not respond), while 230 subjects responded. The total sample comprised 296 participants of which 224 were interviewed five times over sixteen years, while the other 72
participants missed either T4 or T5, or both. The maximum likelihood analyses used in
our study are based on all available data from all participants. At T1 the mean age of
the participants was 34.3 years (SD= 11.8, range 16-63); 26% were born between 1911
and 1925, 30% between 1926 and 1940, and 44% between 1941 and 1954. Comparison
of the 224 responders and 72 non-responders revealed no statistically significant differences in neuroticism, life events, or any of a broad range of sociodemographic-,
distress-, and personality-related variables [415]. However, attrition at all waves was
related to age, because the rate of mortality was higher for older participants.
Measures
Education
At T2, participants self-reported their level of education on a scale from 1-7: 1% of
the participants reported no education (i); 26.7% reported only primary education (elementary school) (ii); 25%, only lower secondary education (vocational school) (iii);
19.9%, at least three years of secondary education (high school) (iv); 13.2%, at least
five years of secondary education (v); 6.1% reported bachelor-level higher education
(6); while 6.8% reported graduate-level higher education (7). Four participants had
missing data (1.4%).
Neuroticism
All five waves assessed neuroticism (N1 to N5) using the eight best-discriminating
items (see Appendix Table A3) of the Amsterdam Biographic Questionnaire (ABV)
[416]. The ABV was the most popular Dutch neuroticism measure in the last quarter of
the 20th century but lacks the breadth of modern neuroticism measures (e.g., NEO-PI-R
[47]). The content of the ABV is based on the Eysenck Personality Inventory (EPI,
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[417]). Items were scored on a three point scale (no, don’t know, and yes). In our
study, on average 6.7% of our subjects (n= 20) scored “don´t know” on an item. For
these, we followed the principles of Wilde’s (1970) manual, in which he stated that
undecided individuals (those scoring “don’t know”) were most likely to score high on
neuroticism. Therefore, we calculated scale scores as the sum of the eight items (no=
1, don’t know= 2, and yes= 2; theoretical scale range= 8-16). The average Cronbach’s
alpha over the five waves was .85 (range .74 to .98).
Life Events, Long-term Difficulties, and Life Situation Change
All five waves used investigator-based assessments of life experiences and a contextual rating procedure adapted from the Life Event and Difficulties Schedule (LEDS)
created by Brown and Harris [385]. The specific characteristics of each measure,
however, varied across waves due to the varying time intervals between assessment
waves and available funding, as outlined below.
At T2 (1975) we determined whether subjects had experienced long-term difficulties
(LTDs), irrespective of when the difficulties had arisen. The three inclusion criteria for
LTDs were a) sufficient stressfulness (impeding daily goals/plans), b) duration of at
least two months, and c) presence of the difficulty in the six weeks prior the T2 assessment. Often, but not necessarily, a LTD (e.g., unemployment for at least two months)
had evolved from a negative life event (fired due to factory closure). Other examples
of LTDs are marital discord, having a handicapped child, or serious chronic illness of
a family member. Three independent and well-trained reviewers performed contextual
ratings of LTDs and life events based on written interview materials in accordance
with the methodology of Brown and Harris [385]. They rated the impact of each event
based on the participant’s biography and broader social context, such as gender, age,
and sociocultural background (the subjects “micro situation”). Reviewers may thus
have rated a particular life event differently for different participants. For example,
giving birth to a wanted child in financial stability was rated differently than giving
birth to an unplanned child in poverty.
Each reviewer also indicated whether LTDs were endogenous (brought about by
the individual’s own behavior) or exogenous (independent of the individual’s own
behavior). In cases of disagreement, we chose the position favored by the majority
of reviewers. Reviewers rated the severity of each LTD (α= 0.92) on a 4-point scale
[385]. We aggregated the mean ratings of severity into two indices, one for endogenous
and one for exogenous LTDs.
At T3 (1976), we measured positive and negative life events that had occurred over
the 14 months preceding the interview (since T2). Examples of negative life events
include being fired/laid off, the end of a romantic relationship, divorce, fights with
close friends, sickness, hospital admission, operations, accidents, or the death of a
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loved one. Examples of positive life events include starting a new job, entering into a
new romantic relationship, marriage, pregnancy, giving birth, earning a degree, moving to a new home, or beginning cohabitation. Three independent reviewers rated the
pleasantness of each positive life event (α= 0.93) and long-term threat of each negative
life event (α= .90) on a 4-point scale [385], taking the participant’s “micro situation”
into account. This means that closely related life events were counted together (for example, loss of job and financial loss arising from that loss of job). We then determined
the aggregate of the pleasantness scores of all positive life events and threat scores of
all negative life events at T3.
At T4 (1984), less funding was available, which impeded the use of exactly the same
methodology as at T2. Additionally the eight-year interval between T3 and T4 required
a somewhat different approach than was applied at T3, because life event assessments
are less reliable over longer intervals. Also, the principal investigator at that time
was focused on whether improvement versus deterioration of a person’s overall life
circumstances (the life situation) had a corresponding impact on well-being. At T4,
therefore, participants completed the Life Situation Schedule interview, which is used
to collect information about a participant’s current life situation and any major life
changes since T3. To collect this data, interviewers received information about the
participant’s life situation at T3, but were kept ignorant of the participant’s mental state
and psychological characteristics. The interviewers collected factual information on
the subject’s “micro situation,” i.e. housing, neighborhood, financial situation, major
interpersonal relationships, health status of significant others, stress and control in the
work situation, amount of leisure time, and life events since T3 [415]. Three reviewers
independently rated this information, comparing participants’ life situation at T3 with
that at T4 using a 7-point scale to index change in life quality (1= very much deteriorated; 4= neutral, neither improved nor deteriorated; 7= very much improved). These
ratings were recoded into two variables, scaled to reflect their inverse relationship with
neuroticism: deteriorated life quality (a rating of 0-4= 0, 5= 1, 6= 2, and 7= 3) and
improved life quality (a rating of 1= 3, 2= 2, 3= 1, and 4-7= 0).
Finally, largely because of limited funding, T5 (1986) used a simplified life event
measurement which assessed life events since T4 with a combination of a 95-item questionnaire with event ratings based on interviews that provided contextual and factual
information about each event [415]. The questions focused not only on the subject, but
also the subject’s household members; interactions with others; and experiences with
health, work, children, and loss. Contextual questions sought to determine when the
event had happened, what had happened, what the outcome of the event was, what the
consequences were, and whether the event had positive and/or negative effects. A short
telephone interview subsequently gathered additional information, mostly concerning
the life events. Reviewers rated the long-term threat or pleasantness of life events on
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a 6-point scale via an (investigator-based) procedure modeled after the Brown and
Harris method [385]. These scores were aggregated into positive and negative life
event measures.
Statistics
Data Cleaning and Descriptives
We performed data cleaning steps and calculated descriptives in SPSS (version 20,
SPSS Inc., Chicago, Illinois). All neuroticism and life experience measures were
non-normally distributed (Shapiro-Wilk tests, all p< .001; visual inspections showed
positive skews or floor-effects). Neuroticism was most skewed (z= 1.14 (SE= 0.14))
and kurtotic (z= 0.52 (SE= 0.28)) at T3 (see Appendix Figure A1). However, the distributions for LTDs at T2 and positive and negative life events at T3 deviated too much
from zero to assume normality (skewness ranged from z= 1.73 to 2.12 [all SE= 0.14]
and kurtosis ranged from z=3.74 to 6.52 [all SE= 0.28], while z>3.29 is significant at
p< .001). We observed floor effects for 20-45% of the participants in most variables,
rising as high as 77% for improved life quality at T4. Therefore we tested mean differences in neuroticism using the Wilcoxon signed rank tests [418], which indicated
differences in mean score location (two-tailed Monte Carlo, k= 10,000). We explored
associations between variables using Spearman rho [419]. The R2 of Spearman rho
indicates proportion of variance in the ranks that two variables share, usually approximating R2. To reduce family-wise alpha inflation, we only interpreted correlations that
were significant at p< .01. Finally, we heuristically derived the temporal effects of
neuroticism and life events based on follow-up times. Thus, if the time between two
neuroticism assessments was five years (e.g., N1-N2), the interposed LTDs occurred,
on average, 2.5 years before T2.
Effect Sizes
We expressed our results with three effect size indices: correlations (r), Cohen’s d, and
partial regression coefficients (ß). We classified correlations (r) as small if between .10
and .29, moderate between .30 and .50, and large if above .50. Cohen’s d expresses
differences in SD units, which we indexed as small from 0.20 to 0.49, medium from
0.50 to 0.80, and large if greater than 0.80, using conversion formulas derived from
Borenstein et al [420]. Finally, partial regression coefficients (ß) report the change
in outcome per standard deviation change in a predictor. This enables comparison of
predictors in a model.

Chapter

3

58

|

Chapter 3

Structural Equation Models
We used a system of regression equations specified in path analysis or structural equation models (SEM) in Mplus 6.12 software [421]. SEM enables simultaneous modeling
of several related regression relationships (for example, neuroticism at T3 can be both
dependent and independent in the same model) and estimation of measurement error
as well. Approximately 20-25% of the variance in our neuroticism measure was due to
measurement error [328]. Modeling neuroticism as a latent variable would adjust for
this. A latent variable approach, however, is not possible for the experiential measures
because many stressful life experiences are stochastically independent. We therefore
applied a conservative observed-variable approach, which enables comparison of the
magnitude and persistence of both experiential (life stress) and neuroticism effects.
Figure 3 shows our a priori “baseline” model. In this figure, horizontal paths quantify
the strength of temporal associations in the model as β-coefficients, while vertical
paths reflect correlated change. Creating this baseline model allows us to test our
hypotheses, and adjustments based on these tests enable us to construct a final model
that best quantifies the mutually reinforcing relationship between neuroticism and life
experiences.
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Figure 3. Baseline model: Mutual Reinforcement Between Neuroticism and Experiential Effects
over Five Waves and 16 Years

Note. N1= neuroticism at baseline measured in 1970; LTD= long-term difficulties; Endo= endogenous;
Exo=exogenous; PLE= positive life events; NLE= negative life events; Pos∆QoL= improved life quality;
Neg∆QoL= diminished life quality. All details about all variables are reported in the method section. The depicted paths are indicated with labels 1-35, but all paths between experiential measures were estimated freely
(even those not shown in the figure). Effects of N1 on Exogenous LTDs (path 36) and delayed neuroticism
effects (Tx+2-4) on experiences (paths 37-48) are neither depicted nor estimated in the baseline model (but are
given in Appendix Table A5). Paths 36-48 are fully described in the method section, and tested in secondary
models, and all results are given in the result section (see also Appendix Tables A4-A6).
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Estimators and Tests
We calculated our models using Robust Maximum Likelihood estimation (MLR) because MLR deals with missing data and provides robust SEs that account for the nonnormality in our data. Multivariate kurtosis distorts the distribution of the chi-square
(X2) test statistics and thus inhibits a comparison of nested models via X2-difference
tests with specified degrees of freedom (df); henceforth ∆X2(∆df). MLR provides a
correction factor that enables the calculation of Santorra-Bentler-corrected ∆X2(df)SB.
When the asymptotic nature of this correction led to negative ∆X2(df)SB, we calculated
only strictly positive ∆X2(df)SB-tests via a clone model (see [422] for details). Nested
model modifications that improved on baseline fit converged in the final model, in
which all insignificant paths were fixed at zero and those that significantly improved
fit were freely estimated.
Fit Indices
After checking the assumptions underlying the fit indices [423], we evaluated the baseline and final models on the basis of six fit indices [424]: a) the chi-square (X2(df)); b)
the comparative fit index (CFI≥ .90 for an acceptable model); c) the root mean square
error of approximation (RMSEA< .05 in a good model); d) the Tucker-Lewis index
(TLI≥ .90 is desirable); e) the Akaike information criterion (AIC) and f) the Bayesian
information criterion (BIC). We considered the model that best fit the data to be the one
that performed significantly better in ∆X2(df)SB-tests and produced the largest value on
CFI and the lowest on AIC, BIC, and RMSEA. Finally, we checked the robustness of
the modeling results (see Appendix Table A5).
Model Preparation

We began to examine the reciprocal relationship between neuroticism and life experiences and its persistence by fitting a saturated baseline model, freely estimating all paths
between life experience measures, and modeling paths between these life experiences
and neuroticism. Figure 3 shows most of the paths, while details on all the paths appear
below. This baseline model-fit served as a reference for a subsequent series of nested
models that diverged from the baseline via either constrained or freed paths. Note that, in
the case of freed paths, the baseline model was actually “nested.” We quantified significant (p < .05) improvement/deterioration in comparison to baseline fit using ∆X2(∆df)tests and created a final model that included all the improvements to best fit the data. We
used this final model to test our hypothesis regarding the magnitude and persistence of
the reciprocal associations between neuroticism and life experiences. Finally, we used
indirect effect models to study the presence, persistence and magnitude of indirect effects. Figure 3 displays paths 1-35 and Table 6 categorizes every path (1-48) (a detailed
specification for each path appears in Appendix Table A4).
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Table 6. Characteristics of the Paths in Figure 3 and Model Estimates for Each Block
Description of the paths in Figure 3
Path labels

df

Stability

(4) 1, 11, 21, 31

Direct

Predictor

Types

Neuroticism

Span

#

∆X2(∆df)SB

Result

47

523.41***

Fit

b

(7) 2, 10, 12, 20, 22, 30, 32

50

38.66

Fit

Tx+2

(6) 3, 4, 13, 14, 23, 24

49

2.74n

@0

Tx+3

(6) 37-42, not depicted in Fig. 1

37

4.13n

@0

Concurrent

(4) 7, 15, 25, 33

47

71.19***

Fit

Direct

Fit

Delayed
Experiential

Estimates
a

Delayed

***

(8) 5, 6, 16, 17, 26, 27, 34, 35

51

35.93

Tx+2

(6) 8, 9, 18, 19, 28, 29

49

30.77***

Fit

Tx+3

(6) 43-48, not depicted in Fig. 1

37

7.79n

@0

***

Note. ∆X2(∆df)SB= Change in X2 compared to baseline, see method section for details; Fit= fitted in the baseline
model (Figure 3); @0= constraint at zero; Tx+1= at subsequent measurement wave and Tx+2 refers to two waves
further in time. #= total number of paths in a category. a= paths 1-35 as pictured in Figure 3 (see methods
or Appendix Table A4 for paths 36-48); b= degrees of freedom (df) of the estimated model, where ∆df from
baseline is similar to the amount of paths given beneath #. Details about all types of effects, their persistence,
all variables, and model estimations for neuroticism and experiential effects, are reported in the method section. Appendix Table A5 shows results for all individual paths and each type of effect.  *** p< .001, two-tailed.

Neuroticism Effects
We examined associations between neuroticism measurements at the various assessment waves and associations between neuroticism and life experiences. Associations
between subsequent neuroticism measures are henceforth called stability effects. We
distinguished four temporal dimensions for neuroticism effects on life experiences:
direct neuroticism effects on life experiences during a single interval (Tx+1) and delayed neuroticism effects on life experiences over two (Tx+2), three (Tx+3), or four (Tx+4)
measurement intervals. Notably, our model treated delayed neuroticism effects as unmediated by interposed neuroticism or life experiences measures: For example, paths
calculating the delayed effect of neuroticism at T1 on change in life quality between
T3-T4 do not include T2 measurements as a mediating factor (paths 37-38). However,
as stated in the introduction, we do not expect delayed effects across two or more
intervals, and presume such long-term influences to be mediated (carried forward) by
interposed neuroticism and life experience measures. Accordingly, we fixed delayed
effects for three or four intervals at zero in our baseline model and, therefore, removed
them from Figure 3 (path 37-48).
We used secondary models to test these assumptions. If freely estimated delayed
paths (Tx+3 and Tx+4) significantly improved model-fit compared to baseline (∆X2(∆df)),
it would discredit our assumption and we would include these delayed paths in the final
model. However, our assumptions would be supported if fixing delayed neuroticism
effects (Tx+2-4) at zero in the model caused no significant change in model-fit. We also
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tested our assumption that exogenous LTDs between T1-T2 are independent of neuroticism at T1. Deviance in model-fit from the baseline model (∆X2(∆df)) would indicate
the importance of these neuroticism effects.
Experiential Effects
We also examined the relationship between experiential measures and neuroticism,
as well as concurrent effects of various life experience measures. Concurrent effects
are associations between different life experience measures from the same assessment
wave. Additionally, we distinguished four temporal dimensions for experiential effects
on neuroticism similar to the dimensions for neuroticism’s effects on experiences:
direct experiential effects on immediate neuroticism assessments (Tx+1); and delayed
experiential effects, or spillover, on later neuroticism assessments (Tx+2, Tx+3, Tx+4 ).
Note that, though we defined delayed experiential effects as unmediated by interposed
neuroticism or life event measures in the baseline model, we actually expect longterm life event influences to be mediated (carried forward) by interposed neuroticism
measures. Consequently, we fixed delayed paths of three or four intervals at zero in the
baseline model, and removed them from Figure 3. Delayed experiential effects would,
in theory, arise from LTDs to affect neuroticism at T3 (Tx+1), T4 (Tx+2), or T5 (Tx+3,
paths 43-46, respectively); and from positive and negative life events at T3 to affect
neuroticism at T5 (Tx+3, paths 47/48). We tested this with secondary models that either
fixed delayed experiential effects at zero (Tx+2) or estimated them freely (Tx+3, Tx+4),
comparing the results against baseline fit (∆X2(∆df)). The models in which concurrent
and direct experiential effects were fixed at zero quantified impact in terms of deviance
from baseline fit (∆X2(∆df)).

Results
Mean-level
Table 7 provides descriptives. Neuroticism remained stable over the five waves (10.00
at T1; 9.98 at T5). Nevertheless, we observed a small but significant mean-level decrease between 1975 and 1976 (T2-T3, change (∆) = -0.24, z = -3.164, p<.005), stability
between 1976 and 1984 (T3-T4, ∆ = -0.09, z = 0.530, p = .60), and a small increase
between 1984 and 1986 (T4-T5, ∆ = 0.25, z = 2.031, p < .05).
Correlations
Table 8 gives correlations. Women scored higher on neuroticism (d= 0.57, R2 = 7%).
Younger participants were better educated (d= 0.52), reported more positive life events
at T3 (d= 0.58) and T5 (d= 0.41), and improved life quality at T4 (d= 0.43). Both younger
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Table 7. Descriptives Variables
Wave Year

Variable

Abbreviation

Sample

Range

Mean

SD

T1 1970

Gender

Gender

296

0-1

0.53

0.49

T1 1970

Age

Age

296

11 - 58

29.27

11.82

T2 1975

Education level

Education

292

1-7

3.63

1.51

T1 1970

Neuroticism

N1

296

8 - 16

10.00

2.03

T2 1975

Neuroticism

N2

296

8 - 16

10.06

1.98

T3 1976

Neuroticism

N3

296

8 - 16

9.82

2.01

T4 1984

Neuroticism

N4

256

8 - 16

9.73

1.88

T5 1986

Neuroticism

N5

224

8 - 16

9.98

2.14

T1-T2 1975

Endogenous long-term difficultiesa,b

LTD Endo

291

0 - 27

3.49

4.32

T1-T2 1975

Exogenous long-term difficulties

LTD Exo

291

0 - 29

3.26

4.22

T2-T3 1976

Negative life events

NLEs

296

0 - 22

4.94

5.14

T2-T3 1976

Positive life events

PLEs

296

0 - 23

3.64

4.12

T3-T4 1984

Diminished life qualitya,b,c

Neg∆QoL

247

0-2

0.31

0.62

T3-T4 1984

Improved life quality

Pos∆QoL

247

0-2

0.54

0.65

T4-T5 1986

Negative life events

NLEs

296

0 - 22

3.92

4.81

T4-T5 1986

Positive life events

PLEs

296

0 - 19

2.85

3.58

a,b

a,b,c

Note. 157 men and 139 women. SD= standard deviation; T1=baseline; T2=follow-up. All details on all variables
are reported in the method section. a= majority rating among three raters; b= endogenous or brought about by
the individual’s own behavior vs. exogenous not brought about by the individuals own behavior; c= with reference to the baseline at T3

and better-educated participants reported fewer exogenous LTDs (d= 0.49 and 0.41,
respectively), and more positive and negative life events at T5 (both d= 0.40). The
stability of neuroticism decreased over time from r= .72 over one year (T2 → T3), to
.65 over five years (T1 → T2), .60 over eight years (T3 → T4), .51 over 11 years (T2 →
T5), and .41 over 16 years (T1 → T5, R2 = 17%).
We observed moderate direct neuroticism effects on life events including endogenous
LTDs at T2 (d= 0.70, R2 = 11%) and negative life events at T3 (d= 0.32). Neuroticism
also showed a weak delayed association with negative life events at T3 over 5.5 years
(Tx+2, d= 0.35, R2 = 2%, path 4). We also observed five direct experiential effects on
neuroticism, associating (i) endogenous long-term difficulties with neuroticism at T2
(d= 0.70, R2 = 11%); (ii) negative life events with neuroticism at T3 (d= 0.30); (iii)
deteriorated life quality (d= 0.54) and (iv) improved life quality with neuroticism at T4
(d= -0.43, R2 = 4%); and (5) negative life events with neuroticism at T5 (d= 0.54). In
addition, endogenous LTDs and negative life events at T3 showed delayed associations
with neuroticism (Tx+2, d= 0.72 and 0.41, respectively; Tx+3, both d= 0.61, R2 = 8%).
Notably, the delayed association of endogenous LTDs with neuroticism at T5 persisted
at least 13.5 years (Tx+4, d= 0.56, R2 = 7%, path 45).

T3 1976

T4 1984

T5 1986

T1-T2 1975

T1-T2 1975

T2-T3 1976

T2-T3 1976

T3-T4 1984

T3-T4 1984

T4-T5 1986

T4-T5 1986

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

PLEs (T5)

NLEs (T5)

Neg∆QoL

Pos∆QoL

PLEs (T3)

NLEs (T3)

LTD Exo

LTD Endo

N5

N4

N3

N2

N1

Education

Age

Gender

Variable

-.08

-.11

-.00

-.07

.04

-.06

-.07

-.11

-.27

.02

**

.06
.17
.23***

**

-.21
-.20***
.04

.03

-.16

***

.17
-.15

.06

*

**

.13*

.13*

.13*

.11
*

-.03

.10

.08

.01
.16**

.04

***

***

.17**

-.28***

-.20

.33

***

.41

-.04

.24

.51

***

.49
.33

.72***

***

.61
.61***

—

***

5.

.65***

—

4.

-.06

***

-.04

.04

***

-.29

***

.01

.03

***

-.24

-.14

-.06

.10

***

.10

.05

.00

*

.09

-.07

-.31***

-.25

.12*

—

3.

***

—

2.

-.23***

.03

—

1.

.14

.09

.03

.01

.11

.02

.15**

*

.34
***

.52
***

.60***

—

6.

.10

.14
*

-.21
***

***

.14*

.26

-.01

.12

.26
***

-.00

.29***

.10

.27***

—

8.

.02

.20**

.05

.29***

.65***

—

7.

.02

.11

-.06

.19

**

-.05

.12*

.01

—

9.

-.06

-.03

-.06

.07

-.05x

.06

—

10.

.11

.08

.13

*

-.08

.36***

—

11.

—
-.49***
-.02
-.10

.09
-.03
.13*

13.

-.17**

—

12.

.04

.03

—

14.

.47***

—

15.

Note. 157 men, 139 women (47%; score 0); Pos∆QoL= improved life quality; LTD= long-term difficulties; Endo= endogenous; Exo= exogenous; Neg∆QoL= diminished life
quality; NLEs= negative life events; PLEs= positive life events; T1= baseline wave.
All details on all variables are reported in the method section.
Correlations significant at p < .01 were interpreted and are reported in bold. *** p < .001, ** p < .01, * p < .05, two-tailed.

T1 1970

T2 1975

T2 1975

3.

4.

T1 1970

5.

T1

2.

Year

1.

Wave

Table 8.Associations between variables as Spearman’s rhos
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Taken together these correlations indicate that, while improved life quality associates
with decreases in neuroticism, no positive life events do. We also found no delayed
effects on neuroticism. Decreases in neuroticism associated neither with subsequent
positive life events, nor with improved life quality. However, all negative life events,
LTDs, and deteriorated life quality were associated with increases in neuroticism, even
showing delayed effects in later waves, with some associations persisting through
four intervals (r= .27 over 13.5 years). Increases in neuroticism were associated with
subsequent negative life events, even at later waves, and more endogenous LTDs and
decreased quality of life.
Modeling

The baseline model, depicted in Figure 3, guided our subsequent nested modeling. In
Table 9 we report on all the paths in the baseline model, our model manipulations, and
the ∆X2(∆df)-test results for each block. We first present results for the tested baseline
assumptions, followed by neuroticism effects and experiential effects. Together, these
shaped the final model.
A Priori Assumptions
Tests of our a priori assumptions showed that, indeed, there were no neuroticism effects
on exogenous LTDs at T2 (X2(1)SB= 0.71, p= .40). Thus, we kept them fixed at zero
in the final model. Constraining the concurrent effects between life event measures at
zero resulted in a void model (p< .001).
Tests of neuroticism effects on experiences showed that removing direct neuroticism
effects significantly decreased the model-fit (p< .001). Closer inspection revealed this
to be mostly due to the effect of neuroticism at T1 on endogenous LTDs (X2SB(1)=
29.92, p< .001). Freely estimated delayed neuroticism effects did not improve the fit of
the model significantly (Tx+2, p= .84; Tx+3, p= .66). Therefore, we included only stability
and direct neuroticism effects in the final model.
Tests of experiential effects on neuroticism showed that fixing direct effects at zero
diminished the model-fit significantly (p< .001). Freely estimated delayed experiential
effects over two intervals improved the model fit compared to baseline (p< .001),
but had no effect over three or more intervals (p= .25). Thus, we included direct and
delayed experiential effects over one and two intervals in the final model. Table 9
contains all details on modeling, but results for all individual paths appear in Appendix
Table A5 and A6.
Final Model
The final model, depicted in Figure 4, allowed us to test our hypotheses. Table 9 shows
the magnitude and persistence of each path. The final model showed higher CFI/TLI
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Table 9. Magnitude and Persistence of Each Significant Path in the Final Model

Predictor

Types

Stability

Neuroticism

Direct

Years

Patha

Estimateb

Experiential

Direct

Delayed

Description

1

11

0.66

0.04 N2 → N3

31

0.72***

0.04 N4 → N5

5

1

0.59

***

0.04 N1 → N2

8

21

0.55***

0.05 N3 → N4

0.5

12

0.15

*

0.06 N2 → (T3) NLEs

1

30

0.14*

0.06 N4 → (T5) PLEs

1

32

0.15

0.06 N4 → (T5) NLEs

2.5
Concurrent

SE

2

***

**

2

0.39***

0.06 N1 → LTDendo

4

22

0.15*

0.06 N3 → Neg∆QoL

***

0.06 PLEs ↔ NLEs (T3)
0.06 NLEs ↔ PLEs (T5)

0

15

0.28

0

33

0.30***

0

25

2.5

5

4

26

4

27

-0.44

***

0.19***
-0.13

*

0.03 Neg∆QoL ↔ Pos∆QoL (T4)
0.05 LTDendo → N2
0.07 Pos∆QoL → N4

0.18**

0.07 Neg∆QoL → N4
0.05 LTDendo → N3

3.5

8

0.17

3.5

9

0.19***

0.04 LTDexo → N3

28

0.14**

0.05 Pos∆QoL → N5

6

***

Note. LTD= long-term difficulties Endo= endogenous, Exo=exogenous; N1= neuroticism at the first wave (T1);
Neg∆QoL= diminished life quality; NLEs= negative life events; PLEs= positive life events; Pos∆QoL= improved life quality; SE= standard error; T2= follow-up or the second measurement wave whereas T5 refers to
the fifth wave. Tx+1= at the subsequent measurement wave after “x” and Tx+2 refers to two waves after “x”. All
details about all variables and each type of effect are reported in the method section. a= path as depicted in
Figure 3; b= standardized estimates (see method section).
***
p < .001, ** p < .01, * p < .05, two-tailed.

(.93/.90) and lower RMSEA (.06), AIC (14832) and BIC (14987) values than the
baseline model (see method section), but did not have a significantly improved fit
(X2(17)= 12.04, p= .80). The model fit was acceptable and the sample-size-to-freeparameter ratio was above seven. Details can be found in Appendix Table A5 and A6.
The relatively low TLI may be due to the mainly small correlations between variables.
Neuroticism Effects
The final model in Figure 4 illustrates the high stability of neuroticism. We found five
direct neuroticism effects, the largest for endogenous LTDs on neuroticism at T2 (d=
0.96). Interestingly, the other direct neuroticism effects for the three negative life event
measures (all d= 0.40) and one positive life event measure (d= 0.38 at T5) all showed
similar magnitudes to each other. Neuroticism predicted diminished life quality over
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n1
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n2 0.66
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0.19
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0.17

(T3)

0.19
ltd
Exo

nle

(T5)

-0.13

0.14

-0.44
n3
1976

0.55

0.15

0.15

Ple

0.14

0.30

n4 0.72
1984
0.18

n5
1986

0.15

Neg∆

Qol

nle
(T5)

Concurrent associations
Direct associations
Delayed associations

Figure 4. Mutual Reinforcement Between Neuroticism and Experiential Effects over Five Waves
and 16 Years (Final Model)

Note. Results are reported as standardized path estimates (p< .05) and can also be found in Table 9 (and Appendix Table A5). The depicted paths are described in the method and results section. N1= neuroticism at
baseline measured in 1970; LTD= long-term difficulties; Endo= endogenous; Exo=exogenous; PLE= positive
life events; NLE= negative life events; Pos∆QoL= improved life quality; Neg∆QoL= diminished life quality;
T5= at the fifth measurement wave. Definitions for concurrent (Tx), direct (Tx+1) and delayed (Tx+2) associations
are given in the method section

eight years, which was the most persistent direct neuroticism effect we measured. We
observed no delayed neuroticism effects. Most variance was explained for neuroticism
at T3 (R2= 0.60, SE= 0.05, p< .001; all residuals, intercepts, and R2 are reported in
Appendix Table A8).
Experiential Effects
We also observed direct experiential effects, such as an increase in neuroticism at T2
after endogenous LTDs (d= 0.49) and in neuroticism at T4 following a deterioration in
quality of life (d= 0.46). Improved life quality predicted decreases in neuroticism at T4
(d= -0.25). Moreover, endogenous and exogenous LTDs predicted delayed increases
in neuroticism at T3 (Tx+2, d= 0.44, and 0.49, respectively), while improved life quality
predicted delayed increases in neuroticism at T5 (d= 0.38 over six years). However,
none of the aggregated life event measures affected neuroticism, and positive and
negative life events between T2-T3 occurred, on average, only six months before the
assessment of neuroticism at T3. In sum, only LTDs and changes in quality of life
predicted change in neuroticism over at least four years, and their effect was small.
Most variance was explained for the endogenous long-term difficulties at T2 (R2= 0.15,
SE= 0.05, p< .001).
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Indirect Effects
We used indirect effects models to gauge and quantify mediation of neuroticism and
experiential effects by interposed neuroticism and experiential measures (all details
can be found in Appendix Table A6). Results indicated that the temporal association
between neuroticism at T1 and at T3 (ß= 0.44) was partially mediated by endogenous
LTDs (11%, ß= 0.05, p< .005). Though the magnitude of this indirect experiential
effect decreased over time, endogenous LTDs still explained 10% (ß= 0.02, p< .01)
of the 16-year association between neuroticism at T1 and T5 (ß= 0.18, d= 0.47), while
85% was due to interposed neuroticism. Finally, neuroticism at T4 mediated part of the
effect of diminished quality of life on neuroticism at T5 (ß= 0.03, p= .05).
For experiential effects, the final model indicates that the effects of delayed endogenous LTDs on neuroticism at T3 (over 3.5 years, ß= 0.30 in final model) were 42%
mediated by neuroticism at T2 (ß= 0.12, p< .005) and 58% unmediated (p< .001). The
indirect experiential effects for endogenous LTDs extended to neuroticism at T4, over
11.5 years (β= 0.17), and were mediated by direct experiential effects on neuroticism
at T2 (40%) and delayed experiential effects on neuroticism at T3 (56%). Notably, these
indirect effects on neuroticism were still significant at T5, after more than 13.5 years
(Tx+4, β= 0.12, all p< .001). Finally, deteriorated life quality influenced neuroticism at
T5 indirectly via neuroticism at T4 (ß= 0.03, p= .05). Moreover, though the final model
showed a small anomalous delayed increase in neuroticism at T5 following improved
quality of life (β= 0.14, p< .01), this was opposed by an indirect effect carried forward
from neuroticism at T4 (β= -0.09, p= .05); the net effect was negative, indicating a
decrease in neuroticism at T5 related to improved quality of life between T3 and T4.
Post Hoc Analyses
Narrow interpretation of the corresponsive principle would suggest that interposed
neuroticism mediates all associations between experiential measures. A fitted indirect
effects model indeed showed that temporal associations between life event measures
were rare. Though deteriorated life quality predicted more negative life event at T5, this
was mediated by the indirect effects of neuroticism at T4 (ß= 0.03, p= .05). Improved
life quality had no direct effects on positive life events at T5 (p= .80). However, endogenous LTDs (T2) predicted diminished quality of life between T3 and T4 (β= 0.21, d=
0.52, p= .01) and this association was unmediated by neuroticism at T2 or T3 (both p>
.40). Apart from these, no other association between life event measures and mediation
paths approached significance.
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Discussion
This five-wave, 16-year study explored the magnitude and persistence of mutual
reinforcement between neuroticism and life experiences. Our results suggest five key
observations: (a) neuroticism showed high temporal stability; (b) long-term difficulties
(LTDs) and deteriorated life quality predicted lasting increases in neuroticism; (c) improved life quality predicted lasting decreases in neuroticism; (d) life event aggregates
had no persistent impact on neuroticism; and (e) neuroticism predicted experiences
more consistently than experiences predicted change in neuroticism.
These results support our hypothesis that neuroticism predicts life experiences better than life experiences predict neuroticism (H1), as indicated by more consistent
neuroticism effects on life experiences and comparison of the largest observed effects
for neuroticism versus life experiences (d= 0.96 vs. 0.49). Yet although neuroticism
consistently predicted negative experiences (negative life events, LTDs, and deteriorated life quality), its effects on positive experiences were ambiguous. Only positive
life events at T5 were affected (which might be a chance effect). Effects of neuroticism
on positive experiences are seldom reported and studied (see chapter 2 or [339]). Our
results suggest that decreases in neuroticism may potentially evoke positive experiences. This finding merits further research. Nevertheless, our observation that, of all
possible reciprocal effects in our model, experiential effects on neuroticism were more
numerous than vice versa (40% and 25%, respectively, of n= 20 possibilities in both
directions) is at odds with our first hypothesis.
Corresponsive Principle

This study aimed to clarify the rough contours of the corresponsive principle by examining several hypotheses (see “Hypotheses” section above). Results indicate that
LTDs and decreased quality of life increase the neuroticism setpoint (H2A), and that
higher neuroticism scores predict more negative experiences (H2B), namely LTDs,
negative life events, and deteriorated life quality. We describe this reciprocity as a
“malignant cycle.” Moreover, improved quality of life was associated with a decrease
in the neuroticism setpoint (H3A) that, in turn, predicted more positive life events
(H3B) (though this was a variable effect)45. This latter finding suggests the possibility
of a “benign cycle” (see also [222]), in line with the corresponsive principle, which
is an interesting addition to the literature. The magnitude of increases in neuroticism
due to LTDs and decreased quality of life was slightly larger than the magnitude of the
decreases in neuroticism evoked by improved life quality (+25%) and these changes
45. Note that the correlations in Table 8 show a small association between neuroticism and subsequent PLE
measures.
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were more persistent (13.5 vs. six years, respectively), in line with H4. Together our
results support the hypothesized valence-asymmetry in experiential effects that has
been observed numerous times before [384].
Post hoc analyses showed that experiential measures were mainly unrelated to each
other and, when related, were generally fully mediated by interposed neuroticism.
However, we observed one exception. Endogenous LTDs at T2 forecast deteriorated
life quality at T4 and neither neuroticism at T2 nor at T3 mediated this effect. This
argues against a narrow interpretation of the corresponsive principle, in which all effects are carried forward by interposed neuroticism. However, these findings require
replication. The total impact on neuroticism of previous neuroticism-driven exposure
to experiential effects (“selection”) was relatively small (R2< 7%), in accordance with
most literature [223,425,426]. Nevertheless, these effects were persistent, and may
accumulate over time (reciprocal causation) as individuals seek, shape, and evoke
life events and situations that match their personality, in line with the corresponsive
principle [18]. This is also known as the Dickens-Flynn model [427]. Thus, such
feedback loops may become a substantial long-term influence on both neuroticism and
life experiences.
Mixed Model of Change in Neuroticism

This study’s key findings can be interpreted in terms of the “mixed model” of change in
neuroticism, postulated by Ormel and colleagues [94]. The mixed model refers to the
idea that experiential influences commonly induce temporary fluctuations around the
neuroticism setpoint, but that the setpoint itself may also change over time. We regard
changes in neuroticism that persist for many years (>13.5) to be indicative of neuroticism setpoint change. In line with the mixed model, aggregated life event measures
showed no effect on the neuroticism setpoint in our model. Moreover, because neuroticism at T3 was assessed, on average, only six months after the positive and negative life
events occurred, life event effects must reflect only short-term fluctuations. This agrees
with the literature [94,223]. Notably, this lack of impact cannot be explained by the
assumption that life event aggregates tend to measure exogenous influences because
exogenous LTDs impacted neuroticism at T4 over 3.5 years.
Only major life change (LTDs and changed life quality) appeared to influence the
neuroticism setpoint, while aggregated life event measures evoked, at best, short-term
fluctuations in neuroticism. This agrees with other literature reporting long-term negative associations between change in life quality and neuroticism [428]. These conclusions support the notion that patterns of increasing stability of neuroticism over time
coincide with an increasingly stable environment, whereas change in neuroticism is
associated with changes in the environment. This is known as the parallel-continuities
hypothesis, in which personality changes in order to cope with or adapt to new en-
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vironmental conditions [18]. Further research should seek to determine the specific
environmental conditions that influence the neuroticism setpoint and the mechanisms
that drive that influence.
The Fine Structure of the Individual’s Environment

The experiences we measured in this study accounted for 4-7% of the change in neuroticism at each wave. However, individual change in neuroticism over long periods
was substantial (test-retest over 16 years, observed r= .41), in line with the literature
[53]. Part of this change undoubtedly reflects measurement error or new genetic expression, but twin studies suggest that most change must somehow reflect systematic
experiential influences [92,223,247]. Major life events do not explain more than about
10% of the change in neuroticism, which suggests that most change in neuroticism
must have other sources that remain largely unknown.
More change in neuroticism may be explained if researchers map changes in the
whole human socioecology, conceived by Bronfenbrenner [103] as a network of
hierarchically nested, interconnected systems. At the basic level, individuals are embedded in “microsystems” such as their family of origin, friends/peer group, school,
workplace, partner relationship (family of destination), and neighborhood. These
microsystems form the social context in which individuals experience enduring patterned activities, social roles, and lasting interpersonal relationships (as partner, parent,
worker, or friend). Within microsystems individuals encounter sociocultural webs of
expectations, commitments and obligations, and the immediate interactions (proximal
processes) that are most profoundly affected by traits like neuroticism [21,103,251].
In this manuscript we have emphasized that individuals shape and evoke the microsystems they inhabit [18,64]. Microsystems contain the proximal processes that drive
the dynamic feedback loops through which genotypes express themselves as phenotypes [103,192,255]. For example, the work- and family-role-related influences that
drive the maturational decrease in neuroticism between age 25 and 45 [227,251,409].
Once enduring experiential effects alter proximal processes, it may spark autocatalytic
amplification (which we have called “malignant” and “benign” cycles) that can result
in a system shift [117]. With this system shift, a new neuroticism setpoint persists
beyond the transient direct effects of the initial experience [94,411,429].
Once proximal processes within a system change, feedback loops may prevent
regression to the old neuroticism setpoint, perhaps through secondary experiences
(positive or negative) or spillover between microsystems. The system shift will persist
if the new setpoint becomes anchored in newly structured proximal processes, such
as change in social support, resources, identity, habits, or life events. Conceivably,
each major flux in a microsystem may trigger a feedback loop and alter the network
properties. Such effects have been observed after new romantic partner relationships
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or divorce [331], pre-term childbirth [430], and dismissal or promotion [410], for
example.
The aggregate of all microsystems is called the mesosystem. The mesosystem
changes via normative experiences; e.g. entrance events (such as beginning school,
work, relationships, or parenthood), exit events (such as divorce or dismissal), and
accidents or disease [103,227]. The enduring difficulties or changes in an individual’s
quality of life that we studied may result in microsystem-spillover and eventually affect the entire mesosystem and its many related proximal processes. For example,
dismissal can lead to divorce, change of residence, or loss of social contacts. We can
understand experiential effects on the stability of neuroticism similarly (see “Introduction”). Individuals tend to shape their mesosystem in a way that promotes an increasing
stability of the neuroticism setpoint with age [64,164,411]. Finally, different mesosystem characteristics and the unique combination of traits in each individual may explain
individual differences in the rate of change in neuroticism [230-232,331,332]. These
developmental perspectives on individual variation could be tested with a substantial
sample of individuals whose day-to-day experience and surroundings are measured in
time series at different points throughout their life [431].
Limitations and Future Directions

Our study results should be interpreted in light of the following strengths and limitations. Retrospective self-reports of life events inherently incorporate response components that may be influenced by current mental state, such as cognition, appraisal,
interpretation, and recall [268,269,377]. Our panel ratings (see “Method” section)
address this bias by producing life event ratings independent of the respondent.
Second, a maximum-likelihood application on multivariate data is, at best, only an approximation of reality, and “even the best possible model fit may not protect one from
meaningless results” [423]. We believe, however, that our sample came from a relevant
population for evaluating the postulated hypothesis, and that the final model contained
sufficient degrees of freedom. Moreover, we interviewed 296 participants five times
over 16 years, and assessed life events, LTDs and life situation change with interviews
and panel ratings, the current gold standard [268,269]. This methodology allowed for
empirical testing of the corresponsive principle (reciprocal causation) that most studies
are poorly suited to undertake. The small mean-level fluctuations we reported presumably reflect sociocultural events, random fluctuations, and measurement error.
Finally, our use of different measures at different time periods (due to financial and
methodological constraints) may have been confusing and perhaps accounts for part of
the differences in effect sizes. However, we think it unlikely that it has produced a major bias. Moreover, the use of different measures resulted in an unintended advantage
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as well: we now could compare the associations between different types of measures
of change in a subject’s life situation and change in neuroticism.

Conclusion
The results of this study indicate that neuroticism, an enduring personality trait,
consistently predicts negative experiences, while its effects on positive experiences
are variable. Long-term difficulties and deteriorated life quality predicted small but
persistent increases in neuroticism, whereas improved life quality predicted small
long-term decreases in neuroticism. This suggests setpoint change. However, positive
and negative life event aggregates had no effect on neuroticism. Together, these results
align with the corresponsive principle, plasticity principle, and the mixed model of
neuroticism, which distinguishes temporary changes in neuroticism from persistent
changes in an individual’s setpoint. Our results emphasize a mutually reinforcing
relationship between phenotype and environment. Consequently, future studies of neuroticism should focus on the structure of the environment that individuals inhabit (their
mesosystem topologies), and ideographically track the continuing effects of specific
life-changing experiences or changes in quality of life over a lifetime [99,431]. Finally,
we hope that the potential we observed for a benign cycle helps create prevention
strategies to target the vulnerability to mental disorders inherent in neuroticism, rather
than treating the subsequent manifestations of those disorders.
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Abstract
Behavioral-genetic studies show substantial non-genetic influences on variance of
neuroticism within a population. Longitudinal studies show a small but steady drop
in test-retest correlations with increasing time intervals. This suggest environmental
effects on neuroticism, but a systematic overview of which environmental determinants account for change in neuroticism is lacking. We review (specific or unique)
environmental influences that modify the neuroticism setpoint in adulthood and therewith individual life trajectories. Results are interpreted in light of the so-called ‘mixed
model’ in which within-person changes in neuroticism are subdivided over short term
perturbations around the setpoint of neuroticism versus more persistent changes in
the setpoint itself. To account for genetic confounding and shared environmental
influences studies of monozygotic (MZ) twin pairs discordant for neuroticism and
longitudinal studies that report on environmental factors that predict within-individual
change in neuroticism are reviewed. Our results indicate that the neuroticism setpoint
is consistently touched by experiences that affect central aspects of one’s identity
and status, mainly role transitions as partner (marriage/divorce) and employee (job
loss/promotion). Especially interpersonal stress, conflict, and major events that were
unpredictable, uncontrollable, unexpected, undesirable, and ‘off time’ from a life history perspective were followed by changes in neuroticism that persisted more than
six months, which suggest setpoint change. Most change after severe SLEs persisted
over a decade. Long-term and detailed studies are required to elucidate the details of
the ‘mixed model’ of change in neuroticism. An understanding of the specifics of the
events that lead to persistent changes in neuroticism may enable us to craft prevention
strategies to tackle the vulnerability for mental disorders inherent in high neuroticism,
rather than to wait for their manifestation.
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Introduction
“After fixing upon some particular class of persons of similar age,
sex, and social condition, we have to find out what common incidents
in their lives are most apt to make them betray their character.”
Francis Galton, Measurement of Character (1884, [127]).
“By changing the inner attitudes of our minds, we may change the
outer aspects of our lives.” William James (1842-1910 [2]).
In this paper we review environmental influences on neuroticism, a broad superordinate-dimension of behavioural variation in all major theories of temperament and
personality. The core of neuroticism is to perceive the world as threatening, and to
experience various negative emotions including anxiety, fear, sadness, anger, frustration, irritability, loneliness, worry, self-consciousness, dissatisfaction, hostility,
guilt, shyness, distress, self-reproach, and reduced self-confidence [46,51,63]. High
neuroticism is among the strongest predictors of physical and mental health problems
[53,166,281], and forecasts important life outcomes such as occupational attainment,
divorce, and mortality [64-68,77]. The total economic costs of high neuroticism to
society have been estimated at twice that of the common mental disorders combined
[55].
Environmental Influences

Historical nature-versus-nurture debates of neuroticism have given way to the convention that both are important. Studying genetically identical (MZ) twins reared together
and apart indicate that about half of the variance in neuroticism does not root in genetic
factors [81-93]. Longitudinal studies show that the intra-individual temporal stability
of neuroticism, as indexed by test-retest correlations, drops steadily over increasing
intervals to plateau between r= .30 to .50 after 40 years [53,93,164,232,236,328,411,4
32]. Moreover, substantial intra-individual changes in neuroticism have been observed
along the lifespan [163,164,411,433-435]. Though neuroticism is of clear importance
to societal health [52-54,166], remarkably little is known about environmental influences that underlay individual differences and change in neuroticism [94,95,100]. This
paper aims to fill this gap with a review of experiential influences that modify adult
neuroticism, but this aim is muddled by person-environment correlation.
Person-Environment Correlation

With age we become mutually accommodated with the changing environment in which
we live and grow [64,248,249]. For example, we select a spouse, friends, vocation,
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or hobby (or not), and select ourselves into specific situations, but avoid others, a
constellation of choices that tend to intensify the propensities that drove us up there in
the first place [64,248,263,411,436-441]. Twin studies show that 20-80% of the individual differences in various measures of our environment - from social support to life
stress - is driven by genetic differences [248,256,263,412,437,442]. A substantial part
of this variance is mediated by neuroticism [235,412,443,444], and many behavioural
genetic and longitudinal studies show mutual reciprocity between neuroticism and
life stress [100,125,222,223,235,239]. Both environmental influences on neuroticism
and the rank-order between individuals become increasingly stable along the lifespan,
which suggests that increasing gene-environment correlations (rGE) stabilize both our
environment and our personality [85,91,93,163,164,234,236,247,253,445].
Our environment also changes in pace with a biosocial life script that is manifest in
the occurrence, timing, sequencing, duration, and interaction of many social processes
and normative life events along our life span [100,103,227,235,249,253,264,445447]46. For example, we live and grow in a social convoy that escorts us as fellow
travelers through time, with our family, spouse, and friends at the core, and acquaintances, neighbors and colleagues at the periphery [204,445,448]. This social convoy
reaches its maximum size during young adulthood, followed by a shrinkage with age
[204,445]. These social processes influence the kind of events we experience, part of
their impact, and how we regulate our emotions [204,264,445,448].
Most positive life events (PLEs) occur during young adulthood (age 20-45), for
example, because PLEs tend to relate to the acquisition of social roles, e.g. go live
on one’s own, graduation, a new friend, a first job, promotion, falling in love, marriage, or giving birth [249,367,389,446,449]. The associated social role changes
and pressures drive a maturational mean-level decrease in neuroticism of about d=
0.80 between age 10 and 40 [163,165,227,450,451]. Negative life events (NLEs), in
contrast, tend to be “unscripted” or refer to deviations from the normative timing and
sequencing of the biosocial life script, e.g. divorce, widowhood, or unemployment

46. In chapter 10 we discuss this in terms of the Red Queen Personality Principle, after the Red Queen in
Lewis Carroll’s book ‘Through the Looking Glass’ who describes her country as a place where “it takes
all the running you can do, to keep in the same place” [1074]. Leigh van Valen used this metaphor to
explain that organisms have to continually change and adapt to compete with co-evolving species in
order to retain their ecological niche and pace within an increasingly deteriorating environment [1075].
In analogy, our development must keep pace with our changing environment and bioecological clock
that shapes the fabric of our personal atmosphere [100]. For example, we have to co-develop with our
aging birthcohort to keep our rank-order the same [163,164], as many peers and friends simultaneously
experience the same life changes, e.g. graduation, a first job and partner, or children [99,264]. In
Germany the mean ages (statistical norm) for a first job is 21.2 (SD = 4.9), birth of a child (31.1, SD
= 6.7), marriage (34.2, SD = 10.2), separation from partner (35.6, SD = 11.2), children leaving home
(49.7, SD = 7.7), death of spouse (65.9, SD = 10.3), see [249,340].
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[249,251,449,450,452]47. Consequently, NLEs tend to be more uniformly distributed
over the life cycle, although their incidence tends to increase slightly from midlife
onwards [367,389,449].
The Current Study

A strict demarcation between the individual and the environment is largely based
on statistical methodology [25,95,255,263,427,453]. When we aspire to review environmental influences on neuroticism we have to rule out genetic confounding of
environmental influences. The best approach seems the application of a neuroticismdiscordant monozygotic (MZ) twin design, which has the extraordinary advantage of
a control person with a virtually identical DNA sequence. MZ-twins grew up together
in the same family environments, tend to share most peers, and share most indirect genetic effects, resulting in close to parallel lives. As a result, most within-MZ-twin pair
differences in neuroticism are due to unique environmental influences [258,454-457].
Hence, a review of studies on MZ-twin-pairs discordant for neuroticism seems the
best approach to study environments that elicit change in neuroticism, as this design
inherently controls for most genetic confounding.
Unfortunately, as we will show, the literature with regard to neuroticism-discordant
MZ-twin pairs is strikingly limited. This review therefore additionally includes studies
with, a methodologically less strong, within-person longitudinal design to evaluate
developmental patterns. However, in population samples, genetic and environmental
variance cannot be disentangled and results may be influenced by selection effects or
selective subject attrition and, in particular when the time interval between measurement
waves is short, be confounded by reciprocal influences or measurement of concurrent
relations (potential test-retest carry-over effects). As a notable advantage, the repeated
measurements in a longitudinal study, however, enable the observation of the temporal
order of experiences. Moreover, time quantifies the rate of intra-individual change. In
addition, longitudinal studies have the benefit of excluding time-invariant unobserved
individual differences, as individuals serve as their own controls. However, the many
longitudinal studies on personality (see for a bibliometric portrait [458]) force us to
limit ourselves to specific topics.
In this review we focus on longitudinal studies of major PLEs and NLEs i.e. timediscrete transitions that bring about a major change in social, economic or financial sta47. Departures from these norms may not only stressful because of (prescribed) social norms and pressures,
but also because they are unexpected, which impedes anticipatory rehearsal and coping [446,452,1238].
Moreover, individuals who are “off time” cannot benefit from the social and institutional structures that
smooth the way for those who are “on time” [472,1239], e.g. support from peers with similar experiences. Finally, some constraints increase with age, e.g. stigmatization is stronger for singles of age 40
than age 25 [491].
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tus, sources of affection, or social roles [244,366]. Such natural noxious circumstances
or events place a stress (burden or strain) upon individuals that tax their psychological
capacities to adapt [100,459,460]. While most life events shall result in short-term
state fluctuations of negative affect (< 6 months), some major events or social role
modifications can change the setpoint (or personal average) of the neuroticism density distribution [100,114,223]. This regulation mechanism has been called the mixed
model of change in neuroticism, and has been described in detail before (see chapter
2 and 3, and [94]). In this review we focus on studies with a span of at least one year
such that our events occurred on average at least 6 months before follow-up, in order
to explore the long-term dynamics of setpoint change [100].
We also focus on experiences that took place in the three core systems in which we
are embedded: our nuclear family, social network, and occupational life [100,103].
These systems are characterized by regulated patterned activities, social roles, and
interpersonal relationships, and form the enduring environments that become most colored by recurrent person-environment interactions [21,103]. Moreover, the age-graded
enactment in these social roles as partner, parent and employee are theorized to drive
the mentioned mean-level decrease in neuroticism between age 20 and 40, estimated at
d= 0.20 per decade [163,433]48. These choices mean, however, that changes in neuroticism after childhood abuse and adversities before age 18 [18,222,461], effects of diet,
hobbies and sports [143,144], daily hassles and uplifts [462], inter-cultural differences
[463], and psychological interventions and medication [351,353,354], among others,
fall outside the scope of this review. In sum, we review major environmental influences
that modify the neuroticism setpoint during adulthood, and therewith individual life
trajectories.

Method
MZ-twin approach

Articles between 1950 and 2015 were searched for in the databases of PsychINFO,
PubMed, and the ISI Web of Knowledge. The search strings consisted out of two components, with as first string the keywords ‘neuroticism, negative emotionality, negative
affectivity, trait anxiety or emotional stability’. The last five keywords were included
because these domains are constructs closely related to neuroticism. Trait-anxiety

48. Known as ‘absolute continuity’, this reflects the assessment of group averages at certain age-points,
which shows normative biosocial-maturational changes when a generation maturates [434]. Notably,
closely related primate species show similar age-related maturational decreases in emotionality
[1240,1241].
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refers to long-term and stable personality construct, defined as the tendency to respond
with state-anxiety in the anticipation of threatening situations, akin to neuroticism
[464]. Negative affectivity roughly corresponds to neuroticism, but is often measured
on shorter time scales [94,286]. If results refer to trait-anxiety or negative affectivity
this shall be explicitly noted.
The second component of the search string consisted of the terms ‘MZ twins, monozygote, monozygotic twins or identical twins’. Two reviewers screened the search
results. The reviewers first screened the title and abstracts of the papers on inclusion
criteria. We aimed at papers about MZ-twin pairs that explain within-pair differences
in neuroticism. For this paper we selected papers focusing on determinants of the
discordance in neuroticism (k= 5). Papers without neuroticism-measures or zygosity
determination were excluded (k= 60). From the remaining papers about neuroticismdiscordant MZ-twins, we extracted the cohort name and its characteristics. We recorded, where possible, the sampling population, recruitment strategy, response rate,
the actual or eligible age range of the twins, the mean age (SD) of the twins, the
proportion women in the sample and significant inclusion and exclusion criteria used
in the studies. We further collected the name of the first author, year of publication,
type of neuroticism measure, number of participants, zygosity determination and outcome regarding neuroticism. We also noted the criteria used to determine neuroticism,
viz. the name of the measurement instrument, the administration format (self-report,
interview, observer ratings) and the number of items of the instrument that was used.
Cross-linked searches were made taking the lead from key articles.
Longitudinal Studies

We searched for articles published between 1950 and 2015 in all databases of ISI Web
of Knowledge, PubMed, and PsychINFO. The same first search-string was used as with
the search for MZ-twin studies (neuroticism, negative emotionality, negative affectivity, trait anxiety or emotional stability), complemented by the terms ‘Longitudinal or
prospective’. The results were screened with our fourfold a-priori selection criteria:
The study (a) had to contain a measurement of neuroticism (or negative emotionality
or trait-anxiety) before the experience of interest (e.g., divorce); (b) had to contain another measurement of neuroticism (or negative emotionality, trait-anxiety, emotional
stability) after the occurrence of the experience; (c) a minimum follow-up time of
12 months; (d) had to be written in English, Dutch, German or French; (e) needed
a minimum sample (N> 150) to gain sufficient statistical power. From the selected
articles we extracted the sampling population, mean age (SD), proportion women, and
significant inclusion and exclusion criteria. The same information as described above
for the MZ studies were extracted from the selected articles
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Statistics
The heterogeneity of the outcome measures precluded a formal meta-analysis of the
environmental influences on neuroticism. However, in order to improve on comparability, outcomes were converted into standardized difference or change score units
Cohen’s d [465]. An effect size d of zero means that both groups are exactly the same,
whereas 0.50 indicates that the average person in the group who experienced a particular event scored half a SD on neuroticism above the average control. We used
conversion formulas derived from Borenstein [420] and Peterson [466]. As a heuristic
to guide interpretation of findings, the convention is that a d of 0.20 is regarded a small
effect, 0.50 as medium, and 0.80 as large [373]. For correlations .10-.29 is considered
small, .30-.49 medium, and from .50 large [373]. We encountered many studies which
did not provide enough information to calculate a Cohen’s d, and for these studies the
review lacks an effect size in the text.
Reporting

The information extracted from the selected articles is ordered within four broad
themes or foci of empirical inquiry; (a) romantic relationships (relationship initiation,
properties, and dissolution); (b) social environments (nuclear family, friends); (c) occupational environments; and (d) major non-normative positive and negative stressful
life events. In the result section we introduce each theme with a short outline of known
neuroticism-driven selection effects in existing meta-analysis and reviews, followed
by the studies we encountered, and a synthesis of each theme. This review is restricted
Table 10.

Romantic Partnerships

Page

Occupational Environment

Page

A1

Selection effects

82

C1

Selection effects

93

A2

Relationship initiation

82

C2

Occupation, status, and salary

94

A3

Stable partnered and stable single

83

C3

Occupational Satisfaction

95

A4

Relationship properties

84

C4

Occupational Life

95

A5

Relationship dissolution

85

C5

Person-environment fit

96

A6

Widowhood

87

C6

Retirement

96

A7

Conclusion

87

C7

Conclusion

97

Social Network

Stressful Life Experiences

B1

Selection effects

88

D1

Stress generation

98

B2

Cohabitation

88

D2

Positive experiences

98

B3

Nuclear family

89

D3

Negative experiences and timing

99

B4

Parenting

90

D4

Event chains

100

B5

Social networks

91

D5

Clustering

101

B6

Conclusion

92

D6

Gender differences

120
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to studies conducted in adults, because parenting effects on neuroticism (in the range of
normal family-to-family variation) seem to wash out in late adolescence [195,259,467469], while genetic control over the environment increase with age [195,259,467].
The results have been arranged over the topics given in Table 10, but note that our
choice for these topics was partly influenced by the availability of literature. Moreover,
these topics and the broad themes in which they have been arranged show overlap,
especially romantic partnerships and social network.

Results
Chapter

Search Results

The systematic search for MZ-twin studies yielded 371 potentially relevant papers,
of which 218 were unique (59%). As a next step only the papers handling about environmental influences on neuroticism in MZ-twin pairs were selected. References of
original articles and related reviews were hand searched for additional papers. We excluded 213 studies because they did not meet the a priori selection criteria listed above.
Finally, five twin studies were included in the review study. The systematic searches
of longitudinal studies identified 6592 studies, among which 3960 were unique (60%).
The bibliographical lists of all included studies were searched for possible additional
studies. Overall 60 longitudinal studies met the criteria and were included in the review
study. A file with the excluded studies is available on request.
Table 11. Search results

Total

Twin studies

Longitudinal

Total

Unique

Total

Unique

371

218

6592

3960

Excluded

213

3900

Included

5

60

Review of Empirical Findings
Section A: Romantic relationships

Romantic relationships are the closest and most important relationships in nature after
motherhood [246,471]. We review the effects of a transition into a romantic partnership
or marriage on neuroticism, followed by the effects of different relationship properties,
and the impact of relationship dissolution or divorce, respectively. While some of these
events expand our social system (e.g., a new relationship) others are characterized by
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a loss within the system (e.g., death of a spouse or divorce) [100,445]. We first provide
a short outline of some neuroticism-driven selection effects.
Selection Effects (A1)
The selection of a mate is one of the most salient examples of environmental selection [472]. Moreover, divorce, separation, and loss of a spouse are considered the
three most stressful life events in adulthood [223,366,473]. Most variance in divorce
risk can be explained by genetic differences, somewhat more for men than women
[474,475], and high neuroticism predicts a substantial part of this “relationship load”
[156], at least more than SES or IQ [66]. Neuroticism does this via cognitive and emotional processes that color how individuals perceive and construe their environment
[32,125]. In short, individuals high (vs. low) on neuroticism tend to select themselves
into marital instability (d= 0.45), dissatisfaction (d= 0.35), conflict (d= 0.60), abuse
(d= 1.15), and dissolution (d= 0.35) [156,476-478]. Moreover, high (vs. low) neuroticism predicts both the most common cause of marital dissolution, viz., infidelity (d=
0.91) [479-481]49; and the third universal cause, maltreatment [156,482]. For example,
women who partner with high (vs. low) neurotic men are four times more likely to
be abused [156]. In the next paragraphs we explore the influences of factors in the
romantic relationship domain on neuroticism.
Relationship Initiation (A2)
Unfortunately, no twin studies of transitions into romantic partnership or marriage
were encountered, nor studies of cohabitation of romantic partners and neuroticism. Most longitudinal studies showed decreases in neuroticism after partnering
[331,338,344,408,483,484], although not all [222,339]. Studies that focused on young
adults showed that single 20 year-olds who partnered over the next decade decreased
in neuroticism, d= 0.30 to 0.50 [338,483,484]. This decrease was observed irrespective
of the duration of the relationship, gender, age [338,483,484], marital status, whether
individuals cohabited with the partner, lived on their own, or still lived with their parents [485]. Middle-aged men (age 39-45) also decreased in neuroticism after marriage
in middle-age (d= 0.40), compared to controls who did not marry [331,408]. Saliently,
women did not [408]. However, divorced men (aged 43-91) who remarried also decreased in neuroticism over the next decade after remarriage (d= 0.50), compared to
men who did not remarry [331].
Alas, no information was available for the average rate of adaptation to a new
partnership or marriage (“the honeymoon effect”), thus how long the decrease in
49. Neuroticism predicts the annual prevalence of infidelity after control for gender, age, race and education (d= 0.91), and even after control for marital dissatisfaction, d= 0.59 [156,480].
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neuroticism persists. Although it is known that subjective wellbeing is increased for
about two years [486]. After partnering young adults decreased primarily in terms of
negative affectivity (depression/anxiety) rather than emotional reactivity (impulsivity
and anger) [483,487,488]. In sum, a new romantic relationship tends to be followed
by a decrease in neuroticism, most likely for at least a decade; and at least for men,
this effect is not limited to first relationships and young adulthood, but can take place
along the life cycle.
Stable Partnered and Stable Single (A3)
Young adults who were stable single or stable partnered between age 20 and 30 showed
fairly stable neuroticism levels [338,483,484]. However, young adults who continued
their relationship decreased more in neuroticism than their peers who separated,
d= -0.36 vs. -0.22 [338,344]. Notably, the latter decrease aligns with the normative
decrease in neuroticism (of about d= 0.20 per decade) between age 20 and 40 [163].
Adults who changed partner between age 20 and 30 showed a lower temporal stability
in neuroticism (r= .46 vs. .65) and smaller decreases in neuroticism than their stable
settled and even stable single peers [338,343,344,483,484]50. These results suggest
that relationship continuers (~30% of the participants) show the stereotypic normative
maturational decreases but that changers (~70%) follow more differential developmental patterns [343,344].
Arguably, partnership dissolution (and re-partnering) may have different implications for different individuals. While some shall be relieved, others may be frightened
[489], and these perceptions may result in either a decrease or increase in neuroticism
[249,343]. More differential patterns for changers align with the argument in the
introduction that normative experiences facilitate the normative maturational changes
in personality (viz., decreases in neuroticism), while non-normative experiences evoke
responses in line with previous neuroticism levels, thus more differences in response
[249,451]. Finally, the larger changes in the stable partnered young adults aligns with
the idea of romantic relationships as transaction systems, which show a reset after a
change of partner [338,338,343,411,484].
Partnered individuals decreased most in negative affects like sadness and anxiety
but not much in emotional reactivity dimensions such as impulsivity and anger
[483,487,488]. Finally, two longitudinal studies observed comparable neuroticism levels for married and unmarried adults from age 20 to 30 [484], or for single and stable
cohabiting coupes in their thirties, even in retrospect, when both groups were 15 years
old [490]. This suggests that relationship-transition effects are transient, and that levels
gravitate back to their setpoint over a period of adaptation and reorientation [331], a
50. Notably, in contrast, one four-year study reported equal rank-orders of r= .58 [344].
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homeostatic process, which in previous studies has been called the dynamic equilibrium
model [94,155,403,405,486]. The reviewed studies are by no means conclusive about
the effects of partnering, e.g. stable singles may start to increase in neuroticism when
their deviation from the biosocial life script becomes more salient with age [491], as
implied in our introduction. Moreover, the conflicting studies lacked information about
past relationships, while divorces may undo some of the initial benefits of partnering
[99,482], a topic we come to after the next paragraph.
Relationship Properties (A4)
Neuroticism is for both genders associated with unstable marriages [492], and also the
strongest personality predictor of marital (dis)satisfaction [493]. Satisfying partnerships
buffer spouses from psychological distress and negative life events, whereas marital
distress and instability forecasts negative outcomes over the life course [156,477].
The pendulum for neuroticism appears to swing under the influence of relationshipproperties [343,411,484]: We already concluded that individuals who enter a romantic
partnership tend to decrease in neuroticism, but this process is faster in high quality,
satisfying, affectionate, and secure relationships [333,342-344]. Even high dependent
individuals decrease in neuroticism after partnering, albeit it takes them more time
in their partnership to do so [343]. Furthermore, also individuals who increased in
relationship closeness over 8 years decreased in neuroticism, but the decrease over the
next 7 years did not reach significance [246].
Increases in neuroticism were observed for individuals in unhappy and maladaptive partnerships, especially when they were exposed to repeated negative states
[344], relationship stress [494], dissatisfaction [333,342,344,484], insecurity
[246,333,342,344,484], conflict [246,344], abuse [344], and negative sexual experiences [339]. Moreover, the reported dose-response association [344] between maladaptive relationships and negative affect suggest causality [495], viz. the disposition
towards neurotic distress probably results from recurrent negative states or acts of
aggression [95,344,496]. Results also indicate that individuals who reported negative
relationship-experiences became (on average) more hostile and irritable (mistrusting/
self-critic) than their peers [344]. Finally, one study reported that more conflicts with a
romantic partner predicted subsequent decreases in neuroticism [246].
The reviewed studies indicate enduring dynamics [497], e.g. relationship properties
had stronger effects in stable-partnered adults than among relationships changers [344],
in keeping with the relationship as transaction-system perspective. Moreover, a stable
relationship does not mean higher personality stability, e.g. men who had highly satisfied marriages over a 24-year interval between high school and midlife reported more
personality change [254], in line with observations that neuroticism levels decrease
more in a happy marriages [333,342-344]. Third, men who married a spouse who was
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high on trait-anxiety tended to increase in negative affect (at all four waves) over 13
years of marriage (r= .33 [498]), which suggests emotional contagion. Surprisingly,
the reverse association, viz., between the husbands’ level of trait-anxiety at T1 and the
wives’ negative affect 13 years later, was not significant [498]51. Fourth, young adults
often reported comparable relationship experiences with different partners, indicative
of cross-relationship generalization of neuroticism effects on partner selection and
relationship quality [344,472]52. In sum, it seems likely that highly neurotic young
adults select themselves in partnerships that over time lead to relationship insecurity
and increased neuroticism [338], in accord with the corresponsive principle.
Virtually all observed effects were bidirectional (correlated change), and pure relationships effects on neuroticism were rare [343]. These results support transactional
models of human behavior [472,499], and the characteristic tendency of individuals
high on neuroticism to select themselves into situations that foster negative affect, via
the selection of specific partners [156], interaction-styles [498,500]53, and conflicts
[36,39]. Furthermore, in 40-60% of the romantic relationships the partners break-up
and renew their relationship at least once, called cyclicality [501]. Cycling in cohabiting and marital relationships is associated with more uncertainty and lower relationship satisfaction [502], and cross-sectional with higher neuroticism levels [503], but
we encountered no longitudinal study of this phenomenon. Finally, the most influential
relationship variables on neuroticism were conflict frequency and to a lesser extend
also feelings of insecurity [246,338,488,504,505].
Relationship Dissolution (A5)
Dissolution is an eminent aspect of the romantic relationships domain, if only because
most marriages end in divorce [156,506], or the eventual death of one of the partners.
MZ-twin pairs discordant for divorce showed for both genders higher neuroticism
scores for the divorced twin of a pair [239]. One study of male twins reported on
higher neuroticism for divorced vs. married (d= 0.18), single, or widowed counterparts
[172]. Moreover, four longitudinal studies reported small increases in neuroticism
(d= 0.15) after divorce [222,254,408,507]. However, another four longitudinal studies observed no effects of dissolution on neuroticism [338,340,438] or trait-anxiety
[498]. For example, divorce within a six-year span was not associated with change in
51. This is reminiscent of a study of adults over age 50 which reported a modest boost in health for women
wo were partnered to men who were highly neurotic and conscientious, while no benefit for being with
highly neurotic and conscientious wives was seen in men [185].
52. Notably, reports of how individuals experience their partner-relationship seem more characterized by
one’s own personality than that of the partner [560].
53. Five processes reliably predict relationship dissolution: criticism, defensiveness, contempt, belligerence, and stonewalling or listener withdrawal [500].
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neuroticism for both genders - though men increased slightly in the depression facet
[408] - whereas a study of married couples reassessed on neuroticism, 13 years after
their divorce, reported no effect of divorce on trait-anxiety nor negativity [498]. Furthermore, divorce predicted decreases in personality stability in women over a 24-year
interval (between high school and midlife), but observed no effect of divorces on men
[254].
However, as mentioned, two twin studies [172,239], four longitudinal studies
[254,408,507,508], and a meta-analysis of longitudinal studies [41]54 reported associations between divorce and neuroticism (for both genders [508]). The differences
between these studies suggest that homeostatic processes in the aftermath of divorce
mask the (initial) impact of divorce [345], perhaps because most subjects passed their
most distressing phase before researchers collected their data. This is not unlikely in
two-wave-snapshot studies, because then the study length must cover the time course
of the underlying causal process to avoid spurious results [333,509]. Moreover, some
may anticipate (and prepare for) a divorce with increases in negative and fights before
divorce, which would mask the effects of divorce [156,510]. In addition, as mentioned,
differences in how individuals respond to divorce (e.g., relief vs. fear) may mask effects [343,489], though not so much for the MZ-twins [172,511]. Furthermore, some
inconsistencies may reflect (gender) differences in the meaning divorce conveys over
the lifecycle [78,156]55.
One longitudinal study showed intriguing support for the effects of divorce on
neuroticism [507]. Kiernan and colleagues followed a cohort of women from their
teens - before their marriages - into adulthood. Although divorced women had scored
higher on neuroticism as teenagers (d= 0.27, thus assortment), they also increased
significantly in neuroticism after divorce (till d= 0.63). More importantly, women who
scored low on neuroticism at age 16 increased in neuroticism after divorce, and the
proportion women who scored low on neuroticism dropped from 36% to 5% after a
broken marriage [507]. Notably, these results suggest that the association between
neuroticism and divorce is not necessarily a reflection of preexisting psychological
54. Divorce rates and mean-neuroticism levels a decade later correlated 0.48 for males and 0.39 for females
(both p< .001) over 170 studies and 40192 participants, whereas the reverse association (i.e. between
mean-neuroticism and divorce rates 10 years later) was nonsignificant for both genders. This suggests
that change in environments (i.e. the divorces) precede the change in neuroticism [41].
55. Women remarry increasingly less often with age because sex ratio and mate-value changes favor
men, known as the marriage squeeze phenomenon [78,156]. In addition, 90% of the single parents are
women [78]. Furthermore, discord and dissolution are typically perceived as signs of failure [156], and
may incur severe cost like loss of extended kinships, essential resources, and missed mating opportunities [482]. The price thereof may increase with age as partners have invested more time and energy,
have more to loose, and fewer opportunities to repartner. Such factors may (partly) account for the
observation that more divorces associate with less personality stability among women, but not among
men [254]. However, emotional stability is also more sexually attractive in men than women [156-159].
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problems, but rather of secondary stressors [512] in the period around (simultaneous
with) a relationship dissolution [513-515]. Note that this interpretation aligns with the
diverging effects of divorce for MZ-twins [172,239]. Finally, the results were probably
attenuated because the consequences of divorce were limited for the disproportional
young, wealthy, educated, intelligent and Caucasian samples studied [163,516]56.
Widowhood (A6)
In middle aged men (43 to 90) the death of their spouse predicted both level and
rate of change in neuroticism, on average an increase d= 0.72 [331]. However, these
elevations were followed by an accelerated decrease in neuroticism (d= 0.40) over the
subsequent decade [331]. This suggests a homeostatic system, wherein individuals
return to their setpoint [94]. Moreover, the loss of a spouse is reportedly one of the
most stressful experiences in adulthood [366,378]57. The observation of adaptation
processes to such a stressful event suggests that adaptation to much less severe events
is likely, such as those discussed in section D.
Conclusion (A7)
The studies in the romantic partnership section showed that marriage and partner
investments result in decreases in neuroticism, in line with normative developmental
patterns. Men who selected a spouse high on neuroticism tended to increase in neuroticism over time [498], in line with transactional models [95,472,499,517]. Results
align with the corresponsive principle insofar that life events that are associated with
change in neuroticism were often selected for as well. The results suggest that romantic
relationships have separate positive and negative dimensions, which associate with decreases or increases in neuroticism, respectively, cf. [100,518-520]. Alas, few studies
focused on transactions beyond emerging adulthood (age 30), however, while spouses
may become ever more important resources for dealing with everyday problems in

56. Many factors may moderate the association between divorce and neuroticism, e.g. income
[477,507,1242], availability or loss of supportive networks [78,477,507,1243,1244]; culture and
ethnicity [516,579,1245]; education [507,616], health, employment, length of marriage, conflict with
the ex-partner, number and severity of negative experiences, if you initiated the divorce [156,269,379,
482,514,1243,1246,1247], individual variables [378,379,473], and so on. For example, women whose
marriages have broken down have on average more children to support [507]. Moreover, divorced
individuals have more often both divorced parents and come from poorer families, which may experience difficulties to cope with the financial and emotional strain their adult children may well engender
on them [507]. Hence, divorce may have repercussions for the wider family group - which may in turn
associate with more guilt and distress. Nevertheless, the costs of remaining in an unhappy marriage
have been discussed.
57. Note that the death of a spouse means one cannot win her back (although repartnering is possible), and
does not require a reassessment of strategies, which might enable a return to pre-existing neuroticism
levels [156].
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old age, when social networks shrink. Though it is often argued that most relationship
effects are confined to emerging adulthood [504,521], the reviewed studies demonstrate that relationship effects on neuroticism occur along the lifespan [246,522]. It
remains largely unknown how and why specific contexts or relationship properties
change neuroticism, and the specific rate of adaptation to these events. Finally, the
family is not a static institution, thus effects possibly differ over generations, given that
within decades marriage rates have fallen, divorce rates have risen, and the defining
characteristics of marriage have changed [506,523].
Section B: The Social Network

Social networks refer to the set of people with whom an individual is directly involved, such as family members, friends and acquaintances, and which are crucial for
personality development [103,445]. Aspects of this social network show normative
developmental changes [445], but not much is known about how such changes impact
on changes in neuroticism [125,246], and also the trajectories of these effects are not
very well understood [249,445]. In this section we review effects of sibling cohabitation, interactions in the nuclear family, or interactions within our social networks, on
change in neuroticism. However, before doing so, we outline some neuroticism-driven
selection effects that shape our social network.
Selection Effects (B1)
Twin research indicates that most (40-80%) human variance in social networks and
support is explained by genetic influences [256,437,524]. These effects are probably
mediated by personality differences, via which individuals select, evoke, and shape
their habitual environments [66,249,525]. High neuroticism predicts lower (perceived)
social support for both genders [302,437,526-528], lower family satisfaction (r= -.19,
p< .01 [529]), more problems to get along with relatives and friends (d= 0.28), fewer
confidants, less interpersonal relationships and social integration [222,437,478], and
more loneliness [530], death, illness, and crises in the core network [478]. Little of
these effects seem due to reporting bias [38,478]. Finally, there seems no neuroticismdriven selection for living arrangement (e.g., with parents, alone, with roommates, or
with partner) in young adulthood [531], possible effects at other age ranges are not
studied yet. In the following we focus on effects of cohabitation, and interactions in
the nuclear family and social networks, followed by a conclusion.
Cohabitation (B2)
Twins who cohabited with their co-twin at baseline showed no interindividual change
in neuroticism over a six-year interval, while twins who had started to live apart (e.g.,
left parental home) showed significant divergence in neuroticism levels [532]. Another
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study showed heritability estimates of neuroticism to be 0.54 among cohabiting male
twins, but 0.39 among males who lived apart [172]. A lower number of social contact
seems to antedate (possibly even causally) the suggested decreased intra-pair similarity for neuroticism [532]. This perspective is supported by a meta-analysis of MZ-twin
studies [336]. Finally, a study of 5000 male MZ-twin pairs indicated that a change
in residence for negative reasons tended to associate with higher neuroticism scores
[172].
Nuclear Family (B3)
Prospective studies indicate that changes in interpersonal relationships - such
as family ties and peer contacts - associate with changes in neuroticism
[342,344,408,484,505,521,533-538]. The nuclear family proved the most influential
social context, e.g. young adults (age 17-23) who perceived conflict with fathers or
mothers often increased in neuroticism (d= 0.60, 0.50, respectively [521]). Similarly,
parents who reported more conflict with their children [484] or adolescents also increased in neuroticism (d= 0.26 [539])58. One study of middle-class two-parent twochild families showed that perceived change in social support had no effect on the
parents or oldest child, and only the youngest child increased in neuroticism [538].
Arguably, this reflects that decreases in support are most threatening to a child that
is more dependent [78,540,541]. In accord, changed support from father or mother
between age 17 and 23 was unrelated to change in neuroticism among young adults
[521]59.
The stress of having a newborn baby associated with increases in neuroticism of d=
0.56 [539], especially for parents who already had high levels of neuroticism [542].
Also parents who became more insecure with their children increased in neuroticism [484], just as women with negative mothering-experiences [543]60. In contrast,
positive mothering-experiences associated with decreases in neuroticism [543], just
as increased security with family members [338]. Increases in neuroticism associated
also with more dissatisfaction with one’s interpersonal network [342,344], abusive
interpersonal relationships [342,344], and perceived declines of family and social
life over time [408]. Such declines in contact predicted increases in the facet traits
anxiety, depression, and vulnerability for stress [408]. Young women exhibited an accelerated increase in emotional stability (decrease in neuroticism) when they moved
58. This may be interpreted in terms of potential fitness costs [471,615]. Notably, perceived parenting
self-efficacy was not associated with changes in neuroticism [539].
59. It remains unknown whether the adolescents lived with their parents or independent over this period.
60. Women with negative mothering-experiences tend to increase in vulnerability, viz., hypersensitivity,
fearfulness and dependence [543]. However, this is a reciprocal effect, because neuroticism also predicts more insecurity [246].
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out of their parental home [340]. This effect was not observed among men [340].
Albeit independent living is a rite of passage to adult status [264], this observation may
reflect ‘daughter guarding’, because daughters tend to experience more constraint in
the parental home [544].
Finally, a division of 1000 twin-pairs in quartiles based on increasing levels of family dysfunction (negative emotional tone, e.g. low support, or anger) showed that both
the mean and variance of neuroticism increased steadily with more family dysfunction
[533], which accounted for about 3% of the variation in neuroticism [533]. Notably,
the increase in neuroticism was approximately the same in twins with low versus high
genetic liability for high neuroticism [533], indicating environmental canalization,
viz., with or without a genetic predisposition, all obtain high scores. This process has
also has been observed for high levels of parental conflict [545]. Similar processes
underlie the observation that neuroticism is more heritable in individuals without
religious upbringing [546], another example of how heritability differs over different
environmental contexts [248,336,545,547], which stresses prudence about inheritance
[86,548-551], and support a sociogenomic perspective on personality development
[93,95].
Parenting (B4)
Becoming a parent is often cited as the most important turning point in one’s life,
particularly among women [552]. One study showed no change (vs. controls) in neuroticism for individuals who transitioned to parental status over a four-year interval
[484]. This may seems counterintuitive, and in discord with social investment predictions [251], but fits the notion that decreases in neuroticism after partnering aid the
rearing of a child, before it is born [156,439,553]. Perhaps the decrease in neuroticism
due to investment is balanced by an increase due to stress of a child. Moreover, lack of
change may also reflect a homeostatic process, when neuroticism scores that deviated
from the setpoint had already returned to baseline due too low frequent neuroticism
measurements. It may also be that young adults who became parent do not show the
normative decrease that their peers show (because parenthood may also be stressful),
which would manifest in rank-order stabilities [94,244]. Lastly, there was no relation
between the number of children an individual begets and personality stability over
time [254], which does not support the idea that young parents fail to change.
Nevertheless, in a 9-year follow-up study was found that high (vs. low) emotional
individuals were less likely have a second and third child [554]. And interestingly,
individuals who were high (vs. low) on emotionality at baseline and got two or more
children increased in emotionality over 9 years (from d= 0.13 to d= 0.36), while
emotional stable individuals in similar conditions did not [554]. Over these 9 years
individuals who had no children remained relatively stable on emotionality, while in-
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dividuals who had one or more children increased in emotionality [554]. Finally, high
neuroticism associates with childbirth complications [555], whereas giving birth to a
pre-term child increases maternal trait-anxiety measured at 14 days and at 14 months
postpartum [430]61. Pre-term birth appears to represent a long-term difficulty for the
parent, which is an ongoing environmental influence [100]. In sum, results suggest
that the distress associated with childbirth is larger in individuals high on neuroticism
before pregnancy [554].
Social Networks (B5)
Most human functioning is socially situated. The neuroticism setpoint must thus be socially embedded. The social convoy that travels with us in time is broader than parents,
siblings and spouses, and also contains our friends, acquaintances, and neighbours,
albeit these contacts tend to fluctuate more [445,448], and decrease in number and
importance with age [204,445]. Studies about the influence of broader social networks
on neuroticism were scarce. Decreases in neuroticism were reported when peer contacts increased between age 18 to 30 [338], or after befriending new people [222],
but in another study no effect was found [246]. Insecurity in the presence of peers
showed a correlated change with neuroticism [246,338]. Nevertheless, young adults’
perceived conflict with best friends or peers [521] or changed support from best friend
[521] were unrelated to change in neuroticism. In another study no effect was reported
of changes in number of conflicts, quality of contacts with peers, or closeness with
friends on change in neuroticism [246]. Third, all associations between relationship
variables and neuroticism were non-significant in an 18-month longitudinal study of
first-year students [505]. However, elderly women who reported declines in social support between age 74-80 (fewer available friends, visits, and social contacts) increased
in neuroticism over this six year period [536]. One large study reported increases in
neuroticism one year after the break-up of a longstanding relationship with a friend
or relative (d= 0.20), or after serious problems with a close friend, family member or
neighbour (d= 0.14 [222]). Furthermore, individuals who cared for elderly chronically
ill family members decreased in anger and anxiety over two years (arguably an emotional adaptation), albeit guilt and depression persisted [556]. Even so, caregivers who
placed their family member in a nursing home decreased also significantly in guilt,
when periods just prior and after placement (8 months apart) were compared [556].
61. Mothers (N= 50) of children with a very low birth weight (<1500 grams) and/or birth before 32
completed gestational weeks v.s. a control group of mothers (N= 30) of term infants born around
the 40th gestational week with an average birth weight of 3500 grams; all spontaneous pregnancies
[430]. Conversely, pre-term born children or children with low birth weight score themselves higher
on neuroticism, shyness, and inhibition as emerging adults [1248,1249], even after control for age and
SES [1248].
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Conclusion (B6)
Changes in neuroticism associated most with problems in the proximal social network,
especially in terms of deteriorating ties. Moreover, perceived conflict and perceived
deterioration of family life associated more with change in neuroticism than changes
in perceived support [408,521,533]. This suit of results is in keeping with conceptions
of neuroticism as sensitivity to threat and punishment [557] and the notion that threats
to belongingness or dissolution of social bonds are the primary sources of negative
affect [558,559]. However, neuroticism levels appear to be largely unaffected by social
relationships beyond family life [246,488,521,538], and although all studies were
restricted to young adults [505,521]62, this observation aligns with the literature [471].
Theoretically, it may seem likely that neuroticism has a stronger influence on
relationship quality than vice versa (cf. extended phenotype): Not only has neuroticism higher stability over time - resulting in persistent and cumulative effects on our
social networks, relationship experiences are also likely to have more time-limited
effects [484,505,560], to fluctuate more, and to cancel each other out [505,521]. It has
therefore been noted that relationship properties and broad traits like neuroticism have
a different level of abstraction which results in unfair comparisons, which leads to a
preponderance of personality effects [246,484]. Indeed, in line therewith the authors of
a 15-year follow-up study on the facet level of neuroticism reported the effects of facet
traits on relationship effects and vice versa to be equally likely [246].
An important limitation of the reviewed studies was that mainly samples of young
adults were assessed during developmental stages on which important changes in
friendship-status occur [561], such as when they start a study, which happens in encapsulated environment that are utterly atypical from the social environments of the
population as a whole [107]. It remains therefore unknown if these findings generalize
to adults in midlife. This is, however, an important issue, because social networks
change over the life cycle, e.g. with age individuals report fewer conflicts, a decline in
the number of friends, and less contact with family and friends in general [338,445].
Moreover, social networks differ along the time course [331,333,334,562-564], and
have a socioeconomic gradient [107,463,547,565-568]. Furthermore, social networks
tend to have a gender-specific make-up, as women tend to have more kin and fewer
co-workers in their social networks than men do [78,569,570], and to report fewer
conflicts and fewer close friends, but more intimate dyads, prefer smaller groups, experience marriage and family as more central than men do, and profit more from partner

62. Asendorpf and colleagues [505] concluded that “whether students’ peer network grew quickly or
slowly, whether they experienced increasing or decreasing conflict with parents or peers, whether they
fell in love or not, whether their perception of available support from parents or peers increased or
decreased had no effect on their neuroticism score.”
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support [11,78,156,338,570,571]. Third, women seem more affected on their neuroticism score by stressful events in their proximal network (e.g. death of a loved one,
problems getting along) than men, and report more events [222,473,572]. However,
not one study accounted for gender difference in what counts as social capital [78,569].
In sum, the social network section showed that the vast majority of environmental
influences on neuroticism take place within the proximal family. Given the patchy
nature of the available data, this is unsurprising, and many questions are not addressed.
Section C: Occupational Environments

Besides from their social relationships most humans also derive their identity from
their professional relationships in their occupational environments [573]. Most likely
because most awake hours between age 20 and 65 are spend in occupational environments, which, compared to the social and romantic environments, are characterized
by more formalized behavior, roles and routines [123]. The occupational environment
provides many resources, in terms of status, behavioral confirmation, stimulation, and
money, and therewith access to activities and endowments [445,574].
Selection Effects (C1)
Normative development into adulthood, such as graduation and economic independence, associate with emotional stability [251,264,575-577], as well does social
investments in the occupational environment (n= 5188, k= 24, r= .11, d= 0.22 [450]).
However, such associations in the occupational system are easily confounded, because
neuroticism is inversely associated with socioeconomic status (SES which refers
to social class and educational attainment, e.g. 25th vs. 75th SES percentile, d= 0.21
[67])63. Moreover, high (vs. low) neuroticism levels forecast specific job-environments
[172,578-580], downward mobility, job-loss, and lower academic achievement, lower
income, occupational prestige, job-satisfaction [27,99,222,410,472,478,581-585], and
less growth in cognitive achievement (r= -.18 over 68 years, R2= 1% after correction
for gender and prior ability [108,586]).
Most studies, also twin studies, reported negative associations between neuroticism
and intelligence (r= -10 to .15 [108,211,587]), but some find no association [588]. Furthermore, both high SES individuals and higher educated individuals report more job
satisfaction and more problems at - and worries about – their job [473,589]. Finally,
a meta-analysis of longitudinal student samples showed no association between economic conditions and change in trait-anxiety after control for social connectedness and
threat [41]. In sum, effects in the occupational environment are difficult to interpret in
63. For example, over a 10-year interval SES explained about 8% of the mortality risk associated with
neuroticism, but neuroticism 11% for SES [67].
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isolation, because they are markedly shaped by neuroticism-driven selection effects.
In adults higher neuroticism associated over two years with a lower likelihood to finish
formal education or a course [222]. In the following section we explore influences in
the occupational environment that associate with stability and change in neuroticism.
Occupation, Status, and Salary (C2)
The first study of 5000 male twin pairs reported differences in neuroticism levels in
different occupations [172], arguably a selection effect. Unemployed twins reported
higher neuroticism scores (d= 0.15), just as twins who worked at night or shiftwork
schedules (d= 0.10)64. Moreover, vocations and neuroticism lay on a continuum from
low-neurotic farmers and upper-professionals (d= -0.16) via sedentary occupations to
higher scores for twins with heavy physical occupations (in the mines or industry, d=
0.07). Neuroticism weakly associated inversely with income (d= 0.08) and level of
education (d= 0.12), such that the difference in neuroticism between twins educated
to secondary school versus higher educated twins (university) was d= 0.15 [172]. The
twin studies thus indicate that neuroticism levels can (partly) be predicted by unemployment, status, income, and education [78,528,590].
A two-year study reported decreases in neuroticism (d= 0.20) after a new job and for
young adults who obtained promotion or more prestigious occupations [27,222,410],
especially in alienation, angry hostility, and vulnerability to stress [27,410]. Moreover,
increases in salary associated with accelerated decreases in neuroticism, especially
in angry hostility, depression, and impulsiveness [410]. Fourth, young adults who
achieved financial security between age 18 to 26 experienced an accelerated decrease
in negative affect, markedly in stress reaction and alienation, compared to peers who
were unable to do so [27]. Notably, the relationship between higher income and the
decrease neuroticism [410,591] lasted over a 10-year period (n= 304, d= 0.40), but
post-hoc significance was only observed in a subgroup aged 30 to 40 (n= 142, d= 0.90),
and not in older individuals (≥ 41 years, n= 162, age range 41-62) [410]. Although
this are small groups, the results suggest that income-effects overlay with the accelerated decrease in neuroticism for the young adults who became financial independent
[27], an “important hurdle to leap” in order to see oneself as an adult [592]. However,
individuals who reported decreases in economic status over the life course (vs. no
change) increased in neuroticism, and this was also observed during midlife [408,428].
Occupied women showed more stable personalities than unemployed peers in a 24year follow-up study, after control for other family and occupational variables [254].
This latter observation aligns with notions of environment selection as a stabilizing
64. These observations overlay with cross-sectional reports of high neuroticism scores among shiftworkers
[1250,1251].
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factor for personality development [100,472]. All observations in this paragraph fit
the social investment principle (social expectations) and mating preferences. Albeit
resources are likely to remain important across the lifespan, strikingly, we encountered
only one (supporting) study beyond young adulthood: Elder women who reported more
unmet needs over the years between age 74 and 80 (e.g., income, health care, housing,
transportation, nutrition and leisure time activities) reported increases in neuroticism
[536].
Occupational Satisfaction (C3)
A study of women reported an association between work satisfaction and a decrease in
neuroticism over a 30-year interval [27,342]. This inverse association between work
satisfaction and neuroticism is emphasized by findings from meta-analyses [593,594]65
of longitudinal studies (d= 0.35) in both genders, and has been reported for negative affect (d= 0.63), trait anger (d= 0.49), and trait-anxiety (d= 0.37)66 as well, see [593,595].
It may be that high neurotic individuals (of both genders) allow their negative moods
to affect their job satisfaction [596], in line with their reactivity to and focus on negative stimuli observed in cognitive tasks in lab studies [31,32,597].
Occupational Life (C4)
A study of 5000 male MZ-twin pairs showed that individuals who changed jobs for
negative reasons tended to score higher on neuroticism [172]. A longitudinal study
[408] showed increases in neuroticism after negative changes in the occupational environment (over six years), compared to individuals who reported no change. Similarly,
being fired associated with increases in neuroticism (d= 0.30) compared to peers who
were promoted [408]. Individuals who lost their job became more anxious, depressed,
and vulnerable for stress [408]. Surprisingly, individuals who reported more work
autonomy in their jobs became slightly more alienated, whereas work involvement
was not associated with change in neuroticism [27]. In a two-year study of families
increases in work stress led to more increases in neuroticism in fathers (R2= .04) than
mothers (R2= .01), and these correlated change suggests dose-responses, viz. the more
stress the more emotional instable individuals became [535].

65. Cross-sectional over 24 studies and 9183 individuals; longitudinal over 6 studies and 1799 individuals
[593].
66. Cross-sectional over 46 studies and 12834 individuals; longitudinal over 6 studies and 905 individuals,
from 2 weeks to 7 years [593].
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Person-Environment Fit (C5)
The neuroticism setpoint captures a balance between the person and his environment
(see chapter 10), such as the fit with the characteristics of a given job or organization [598], as outlined in the previous paragraph. Young adults who felt growing fit
with their work environment decreased in neuroticism over four years [339], d= 0.28
[598]67. Students who reported positive interactions with their university and positive
feelings about their grades at T2 decreased in neuroticism between age 18 (at T1) and 22
[599]. In contrast, indicators of low fit, such as counter-productive work behaviors (e.g.
norm-violations, deviant or unsafe behaviors, absenteeism, conflict with colleagues,
stealing, feigning sickness to take days off, and doing drugs at work), associated with
increases in neuroticism [600,601] and negative emotionality between age 18 and 26
[602], especially in stress reaction and aggression (d= 0.37, 0.47, respectively), but
decreases in harm avoidance (d= 0.20) [602]. These behaviors are the functional opposite of social investment, and the observed increase in neuroticism is in line with
investment predictions [450,603].
Retirement (C6)
The journey from working to retiring is one of life’s great transitions, often regarded
to be a SLE, which requires adaptation [604,605]. About 30% of the elder males report
retirement problems [605], and it was therefore surprising that two longitudinal studies found no effect of a retirement transition on neuroticism [331,346]68. One study
reported increases in trait-anxiety in the months before retirement, but not thereafter
[606], thus short-term fluctuations. Retirement satisfaction associated with emotionrelated aspects of neuroticism like depression and vulnerability, which associate with
different stress-coping strategies [346]. Though we should be warily with only four
studies available, it is salient that retirement-related loss of work roles and declines
in activity were unrelated to changes in neuroticism, while unemployment stands out
as a major life change and antedated increases in neuroticism [172,408]. When people
are forced to retire, unexpected or involuntarily, the effect on neuroticism may be
comparable. Arguably, retirement has less resource-related consequences, and its effects on status and behavioral confirmation may be easier to substitute (e.g., with more
affection or other activities), because retirement is a normative part of our social script,
and is perhaps the second longest anticipated event (after death).
67. At least for Alpha fit defined as the match between the subjective values and desires of the person and
a consensus judgment of resources provided by the environment. This was not so for Beta fit, that is,
subjective resources of the environment as perceived by the person [598].
68. This was supported by one study of 200 men, excluded because there was no follow-up neuroticism
measure, which showed that baseline neuroticism was not predictive for problems in the following
transition year [605].
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Conclusion (C7)
Young adults who increased in prestige (status), financial security, and satisfaction
associated with their occupational environment showed accelerations of the normative decrease in neuroticism [27,339,342,408,410,607]. Perhaps because most studies
focused on young adults (age 20 to 30) positive changes were more influential than
negative changes in the occupational environment. This balance may be different for
older individuals, and increases in neuroticism after decreases in economic status were
also observed during midlife [408,428]. More long-term effects have time to capture
the association between wealth and the incidence of negative life events along the
lifespan [608]. Nevertheless, aspects of our occupational environment, in terms of
status or satisfaction, predicted changes in neuroticism over 10 to 30 years in multiple
studies [27,254,342,410].
In the population studies occupational experiences and neuroticism were reciprocal
over time, but the effects on neuroticism seem smaller than vice versa [341]. This is
in line with the corresponsive principle. This selection hypothesis is supported by the
small differences in neuroticism between event-discordant MZ-twins, compared to the
larger effects reported in the population studies. The twin studies, most robust against
selection, indicated that neuroticism levels can (partly) be predicted by unemployment, status, income, and education [78,528,590].
It has been noted that occupational troubles and income loss are more stressful for
men than women [473,572,609]. Neuroticism was inversely associated with social status for men [610,611]. This gender difference has to be established in younger samples,
in which men are not the natural breadwinners. Nevertheless, such gender differences
align with theories in which men strive for occupational status, power, and resources as
mating budgets to successfully attract the women most men prefer [11,157,612-615].
Finally, retirement stood out as having no effect on neuroticism, while unemployment
consistently predicted increases in neuroticism. Perhaps because retirement is normative, and as such does not signal something about our social position.
Section D: Stressful Life Events

One potent way to study the temporal dynamics of neuroticism is to focus on stressful
life events (SLEs), which are able to alter developmental trajectories [331,339,408,616].
We defined SLEs as time-discrete transitions that bring about a major change in social,
economic, or financial status, sources of affection, or social roles.
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Stress Generation (D1)
Up to half of the individual variance in SLE occurrences can be explained by genetic
differences [155,223,248,412,442,443,617-624]69. These selection/evocation effects
seem relatively stable along the lifespan [93,625-627], and explain more variance for
PLEs (~50%) compared to NLEs (~40%) [235,617,628], and unsurprisingly, more
for endogenous (controllable or self-caused, 30-50%) than exogenous life events
(uncontrollable or chance-events, 0-25%), see [155,235,248,412,442,443,617-623]70.
Neuroticism is observed to mediate part of this association, and the prevalence of many
specific SLEs increases along the neuroticism-continuum [155,222,339,340,629-631]
vs. [616]. For example, individuals from the highest quartile of neuroticism report three
times more interpersonal-SLEs than those in the lowest quartile [340,444,626,631],
and this association remains after adjustment for mental health [425]. While most
studies report prospective associations between neuroticism and the subsequent occurrence of dependent and independent NLEs (d= 0.20 to 0.50) or difficulties (d=
0.32) [222,302,339,340,425,444,478,626,629-632], this is not the case for PLEs
[222,339,340,629,630]. Selection effects are not observed for all specific SLEs, probably because they differ in their controllability [235,340]71. It may also be that other
predictors have an (potentially stronger) impact than personality, albeit it remains
unknown which that might be [66,340]. Albeit most SLEs are likely to have relatively
time specific effects, stress often begets further stress, forming event chains [633,634],
which were discussed in section D4. In sum, individuals high on neuroticism conduct
their lives in ways that (unwittingly) encourage interpersonal stress.
Positive Experiences (D2)
Most studies only assessed negative (stressful) events. Studies in which both NLEs and
PLEs were measured showed decreases in neuroticism after PLEs [222,339,543,635].
For example, d= 0.23 over one year [222], and d= 0.50 over a 4-year period [339].
Moreover, when our personal surroundings change for the better our neuroticism
seems to decrease (d= 0.25), and this effect lasted more than four years [100]. One
two-year study reported even a slightly stronger effect for PLEs than NLEs on neuroti69. Notably, most of these “one-snapshot studies” are even likely to underestimate the genetic contributions
[248]; see also [437,1252]. See for absence [100,442,623] versus presence [617,689] of personality effects on exogenous SLEs. Bemmels [442] reported that environments not shared by siblings explained
33% of the variance of endogenous SLEs and 57% of the exogenous SLEs. One study reported that up
to 30% of the variance in SLE-exposure could be explained by neuroticism and social disadvantage
[444].
70. Though the tendency to report SLEs has a heritable component as well [248,619], little of the observed
association between neuroticism and SLEs seems due to reporting bias [235,478].
71. PLEs that are rated as uncontrollable seem rare (e.g. lottery win), and most PLEs are rated as controllable [235,870,1253]. This is supported by the general stronger genetic influences on PLEs than on
NLEs [235].
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cism (n= 2981, d= 0.23 vs. 0.19 [222]). However, two other studies found no effect of
PLE-aggregates on neuroticism [100,340], although one observed effects of positive
life changes [100]. Relative increases in the number of PLEs, however, are associated
with decreases in neuroticism [635]. Reports of specific PLEs that associate with a
decrease in neuroticism are remarkably scarce (beyond those already discussed, e.g. a
new romantic partner and promotion at work). Students who reported PLEs during a
travel abroad decreased in neuroticism [339,636]: their trait-anxiety increased over the
first six months abroad, but was followed by a marked decrease until 12 months, at the
end of their travels [636]. Individuals who felt they learned a lesson from an experienced life event also reported a decreased in neuroticism, especially in the depression
facet of neuroticism [339]. Finally, whereas NLEs are nearly always undesirable, PLEs
may vary widely in their desirability [494].
Negative Experiences and Timing Effects (D3)
Population studies show that up to 90% of the participants report a significant SLE
over the past decade [473]. For example, 25% witnessed an accident, and 50% experienced the death of a close other [473,616]. Moreover, individuals who experienced
an extreme SLE tended to increase in neuroticism (d= 0.30) at threefold the normative
rate of change in midlife [616,637]72. Adults who reported an ‘extreme horrifying or
frightening event’ over the two years prior to follow-up (T2, 25% or n= 115) tended to
increase in neuroticism, especially in two specific neuroticism facets, viz., angry hostility and depression [616]). However, an 8-year follow-up study in individuals in their
midlife (age 42 to 50) observed no change in mean-level neuroticism for those who
experienced a severe trauma (vs. controls), though their trait stability was lower [638].
A third of participants reported that they were still not adjusted to changes resulting
from a SLE that they experienced over the past two years [616]. This self-reported
adjustment associated with higher educational levels (d= 0.50), but, interestingly, not
with T1 personality [616].
Most longitudinal studies with aggregated NLE measures show that their incidence
predicts increases in neuroticism [222,223,339,543,635]. However, increases in
negative affect three months later (d= 0.63, [222,345]) are not the lasting changes we
conceive of as change in the setpoint of neuroticism [94,100,222,223]. Some studies observed increases in neuroticism 12 months after the SLE-occurrence [222] or
even after four years (d= 0.60 [339]), but other studies failed to observe changes in
neuroticism at 6 to 36 months follow-up [100,345]. These inconsistencies are probably
due to the specifics of the SLEs, because some of the SLEs that occurred more than
four years before T2 did associate with higher negative affect [345]: the death of a
72. Three t-score points instead of the average of one (a t-score has a mean of 50 and SD of 10).

Chapter

4

100

|

Chapter 4

close family member, parental divorce and abortion (d= 0.43). Arguably these are more
personal and severe SLEs [100,345]. In a 16-year five-wave study life event aggregates
had no (persistent) effect on neuroticism, while long-term difficulties and deteriorated
life quality predicted lasting (> 13.5 years) increases in neuroticism [100]. Moreover,
changed life quality and endogenous long-term difficulties accounted for up to 10% of
the observed individual change in neuroticism [100].
Individuals who described a life event as a turning point in their life, or construed
the event as negative or mixed positive/negative, tended to increase in neuroticism as
well [339]. Generally death and dying of significant others are the most potent of all
NLEs in adulthood [366,378,473], and most frequently mentioned [389]. Health-care
issues come second, e.g. (life threatening) illness and injury, which seem to increase in
incidence over the life course [339,378,389]. Their relevance to neuroticism has been
indicated by exposure-discordant MZ-twins [239]. Finally, the third most potent SLEs
are contacts with the criminal justice system, followed by financial issues [339,378]. In
sum, neuroticism seems most sensitive to the type of SLEs that can be categorized as
traumas as described in the DSM-V for post-traumatic stress disorders [639]: first-hand
exposure, witness, or confrontation with actual or threatened death, serious injury, or
sexual violence, or a threat to the physical integrity of self or others (close family
member or friend).
Event Chains (D4)
Besides their independent effect, PLEs and NLEs are also part of so called event
chains, e.g. unemployment (or divorce) may lead to serious financial problems,
which leads to a move to more affordable housing (in a poorer neighbourhood), and
a decrease in PLEs. Although single events generally have frequencies below 10%
[408], NLE-scores tend to associate over time (r> .20 over 7 years [626]). Most studies
are pretty bad suited to address such interrelations. Moreover, long-term difficulties
predicted positive life changes 9-years later (r= .19 [640]), and PLEs and NLEs show
complementary longitudinal relationships (r> .30 [381,629,640]), e.g. divorce and
marriage. In addition, one study of students reported a positive association (r= .26)
between baseline neuroticism and the individual rate of change, indicating that highneurotic individuals increased more in neuroticism (over 4 years) after an event than
their low-neurotic peers [339], although women appeared to change less than men
did [339]. However, another study in adult twins did not observe an effect of baseline
neuroticism [223]73.

73. One study over 5 months, and therefore not included in this review, showed no effect of baseline
neuroticism on the post-traumatic stress response after a severe stressful event [812].
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We evaluate our surroundings constantly for simply feeling good or bad, roughly
because positive affects permit approach of incentives, and negative affects motivate
avoidance of threats [21,22,124,641-643]. Though positive and negative life changes
are inversely related with each other (e.g., r= -.49 [100]), positive and negative life
events are moderately associated within individuals, r= .11 to .47 [100,222,235].
Individuals differ in how many life events they experience, both positive and negative
[100,222]. Moreover, we seem to be more variant in our responses to aggregates of
PLEs than to NLEs [387,494], which is often explained with the ‘broaden-and-build
theory’ of positive emotions [387,644]. PLEs are proposed to broaden individual’s
behavioral and thought repertoire (via positive affect) which leads to greater affective
complexity [387,494,644-646] and resilience [582,647]. Ancestral responses to NLEs
have probably been more constrained [22].
Depending on conditions, NLEs and PLEs may be reciprocally, nonreciprocal, or
independently activated [648], e.g. (relatively) unrelated during times of low stress,
but associated in high stress contexts, when individuals process negative information
at the expense of positive information [494]. PLEs may also buffer for the impact of
NLEs on neuroticism [269,382-384,387,644]. After control for the opposite valence,
negative affect is reported to be influenced by both PLEs and NLEs [345]. Likewise,
after control for the opposite valence of life events and change in symptoms of depression and anxiety PLEs may be more predictive for change in neuroticism than NLEs
[222].
Clustering (D5)
The common clustering on valence (PLEs/NLEs) has its drawbacks. Traumatic experiences (accidents, an angry tiger) may be clustered with less severe events (going to the
dentist, having your paper rejected), or ambiguous and divergent experiences [245,26
8,340,408,572,616,629,630]. Moreover, it is rather arbitrary; other researchers cluster
on categories, like single events, collective events, network events, occupational,
financial or health events [341]. In addition, some LEs may confound with symptoms
of psychopathology [386], such as conflicts with others, or worries about one’s life
situation. Arguably, changes in habits of sleeping or eating, or sexual difficulties,
which are reported to associate with change in neuroticism [178,339], might be better
conceptualized as (early) symptoms of illness (e.g. depression) than as life events.
Moreover, their relation with stress is often bidirectional [649], e.g. sleep deprivation elates negative affect in response to mild stressors (d= 0.50 to 0.90) [650], and
increases in impulsivity associate with increases in eating [178]. The same yields for
increases in doctor visits across college which tend to be accompanied by an increase
(d= 0.82) in neuroticism [599].
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2014

2013

Ogle

Hutteman

Population
Germany

Population

German

625

670

654

2014

Mund

100 R= 19-45
M= 31.5 (5.4)

35 M= 42 (2.9)

54 M= 24.4 (3.7)

47 R= 16-63
M= 34.3 (11.8)

%♀ Age range (R) or
Mean (M, SD) at T1

4 BFI (3-items)
Emotional stability

8 NEO-PI-R

15 NEO-FFI

16 ABV

Years Neuroticism and
T1-Tx (and adjustments)

γ= -.36b

↑

↑

↑
↓
↑

0.25
0.67

Deterioration of life quality
Improvement of life quality

Having a child

b= -.22 b

0.56

↑

—

—

   Self-reproach facet
Severe trauma during midlife

—

   Negative affect facet

↑
—

Insecurity with kin (over 7 years)

0.49

—
   Self-reproach facet

γ= -.26b

↑

   Negative affect facet

↑
0.55

—

γ= -.29b

   Self-reproach facet

↑
0.76

Decrease in closeness with friends (over 7 years)

γ= -.42b

—

   Self-reproach facet
   Negative affect facet

—

   Negative affect facet
0.67

—

Relationship insecurity (over 7 years)

γ= -.36b

—

   Self-reproach facet

Conflict with friends (over 7 years)

—

   Negative affect facet

Relationship conflict (over 7 years)

—
0.46

Positive Life events

—

0.19

∆N
♀♂

Negative life events

0.49

Cohen’s d
(♀, ♂)

Exogenous long-term difficulties

Result
Effect
size

Endogenous long-term difficulties

Predictor (higher/more)

|

Population

Population 296
Netherlands

2014

Jeronimus

N

Sample

Table 12. Environmental influences that prospectively predict change in neuroticism scores, or are a source of discordance for neuroticism in studies of twin pairs

First Author Year
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Population
Croatia

2013

2012

2012

2011

Hutteman

Jeronimus

Kandler

Lüdtke

1008

N

Population
Germany
(students)

Twins
Germany

1908

338

Population 2981
Netherlands

Sample

First Author Year

62 M= 19.5 (0.8)

R= 22-74
M= 39.6 (SD=13.5)

67 R= 18-65
M= 42 (13.1)

54 42.6 (6)
R= 27-65

%♀ Age range (R) or
Mean (M, SD) at T1

4 NEO-FFI
Neuroticism (∆N)

10 NEO-PI-R

(∆ anxiety and
depression)

2 NEO-FFI
Neuroticism

3 IPIP-pool
Emotional stability

Years Neuroticism and
T1-Tx (and adjustments)

↑

0.19 a
-0.23a
         0.15
0.15

b
c
c
c
c

Positive life events
Family member seriously ill, wounded, or victim
of violence
Separation of partner
Broke up longstanding relationship with a friend/
relative
Family member recovered from serious illness

↓

0.17

c
r= .02
r= .15c
r= .09

Holiday
Controllable positive life events
Controllable negative life events
Uncontrollable negative life events

↑
↑
↑
↑
↑
↑
↑
↓

0.26
0.24
0.30
0.18
0.18
0.18
0.16
0.35

r= .12a
r= .12a
r= .09a
r= .09a
r= .09a
r= .08a
r= .17a

Change in university studies (neg.)
Changed accommodation (neg.)
Increased working hours (neg.)
Failed important exam
Negative change in financial situation
Started psychotherapy (pos.)

Started psychotherapy (neg.)

↑

0.30
r= .13a

↑

—

Started new job (neg.)

0.30

↓—

—↓

↓—

r= .15a

Sexual problems

—

         0.19

c

Formally finished school/course

—↓
c

Started a new job or was promoted

0.13

         0.17

c

↓—

0.15

c

↑—

↑—

—↑

Befriended new people

Negative life events

0.20

↑

0.26

Parent-child conflict

B= -.08b

∆N
♀♂

Cohen’s d
(♀, ♂)

Result
Effect
size

Predictor (higher/more)
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First Author Year

Sample

N

%♀ Age range (R) or
Mean (M, SD) at T1

Years Neuroticism and
T1-Tx (and adjustments)
Result
Effect
size
r= .08a
r
r
r
r=-.11a
r=-.08a
r=-.07a
r
r
r
r
r
r
r
r
r
r
r= .17a
r= .15a

Predictor (higher/more)

Own injury or illness
Illness or injury of a friend
Death of a family member
Death of a friend
Went abroad (pos.)
Got promoted at work
Began regular work (pos.)
Quit a job (neutral).
Joined a student association
Moved out of home (pos.)
Broke off a relationship with boyfriend/girlfriend
Entered a new relationship (of at least 1 month)
Parents broke up or divorced
Got married
Failed the high school diploma
Got pregnant (self or partner)
Had an abortion (self or partner)
Change in sleeping habits
Change in eating habits

∆N
♀♂

↓
↓

0.16
0.14

↑
↑

0.35
0.30

—

—

—

—

—

—

—

—

—

—

↓

0.22

—

—

—

↑

|

0.16

Cohen’s d
(♀, ♂)
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Population
Germany

2011

2010

Specht

Lehnart

Population

Sample

First Author Year

703

14718

N

71 All 20

52 R= 16-96,
M= 47.21 (16.3)

%♀ Age range (R) or
Mean (M, SD) at T1

  Marriage

Slope (mean)

Predictor (higher/more)

—
—

b= 0.035ns
ns

    Depression T1-T2

    Anger T2-T3

    Anger T1-T2

Impulsivity T2-T3

Impulsivity T1-T2

8 Negative Emotionality Transition to partnership

  Negative LEs

Positive LEs

  First job

  Retirement

  Unemployment

  Death of a parent

  Birth of a child

  Child that leaves home

   Sex*leaving parental home

  Leaving parental home

0.43

—

b=-0.054ns

—

↓

g

↓

—
b= 0.020ns

—

—
b=-0.006ns

0.37

—
b= 0.089ns

g

—
b=-0.025ns

—

—
b= 0.021ns

g

—
b=-0.018ns

g

—

b= 0.023ns

—

—
b=
-0.002ns

g

—
↓—
b= -0.468b

——
b= 0.089ns

nescio

b= 0.018ns

——

——

b=-0.182ns

nescio

↑
—

b= 0.070

    Sex*death of a spouse

∆N
♀♂

b= 0.101a

    Sex*separation from partner
  Death of a spouse

Cohen’s d
(♀, ♂)

b=-0.68ns

Result
Effect
size

  Separation of partner

  Divorce

   Sex*marriage
Adj. for demographic
  Moved in with partner
variables

4 BFI-S (3  N-items)
Emotional stability

Years Neuroticism and
T1-Tx (and adjustments)
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Population

2010

2010

Sutin

Sutin

Population
USA

533

297

N

65 M= 45.1 (10.4)

57 R= 30-62,
M= 52.3 (6.4)

%♀ Age range (R) or
Mean (M, SD) at T1

10 NEO-PI-R

10 NEO-PI-R

Years Neuroticism and
T1-Tx (and adjustments)
g
g
g

    Depression T2-T3
    Social anxiety T1-T2
    Social anxiety T2-T3

b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b

    N2 Angry hostility
    N3 Depression
    N4 Self-consciousness
    N5 Impulsiveness
    N6 Vulnerability
Learned a lesson from experienced LE
    N1 Anxiety
    N2 Angry hostility
    N3 Depression
    N4 Self-consciousness
    N5 Impulsiveness
    N6 Vulnerability
Construed LE as negative
Construed LE as mixed
    N4 Self-consciousness

d

    Hazardous work
    N1 Anxiety

d

    Physical demands

b

d

    Psychological demands

Perceived the LE as a turning point in life

d

    Decision latitude

Occupational experiences;

Result
Effect
size

Predictor (higher/more)

0.30

0.20c

0.14c

0.22b

0.22b

0.20c

0.42

0.23

0.38

Cohen’s d
(♀, ♂)

∆N
♀♂

↑

↑

↑

—

—

—

↓

—

—

—

—

—

↑

—

—

—

↑

—

—

—

—

↓

↓

↓

|

USA

Sample

First Author Year
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Population

2009

2009

2009

2009

Jokela

Löckenhoff

Löckenhoff

Sutin

Population

Population
USA

Population

Sample

First Author Year

302

458

367

1839

N

59 M= 52.4 (6.4)

64 R= 31-88,
M= 47.2 (10.6)

63 95% >44

58 R= 15-30

%♀ Age range (R) or
Mean (M, SD) at T1

Neuroticism

10 NEO-PI-R

Adj. for age, gender,
ethnicity, education
and mental health
(GHQ)

8 NEO-PI-R

10 NEO-PI-R

9 Buss-Plomin
Emotionality

Years Neuroticism and
T1-Tx (and adjustments)

    N2 Angry hostility

    N1 Anxiety

Higher occupational prestige

    N6 Vulnerability

    N5 Impulsiveness

    N4 Self-consciousness

    N3 Depression

    N2 Angry hostility

    N1 Anxiety

Personal income

    N6 Vulnerability

    N5 Impulsiveness

    N4 Self-consciousness

    N3 Depression

    N2 Angry hostility

    N1 Anxiety

Adverse life events

    N6 Vulnerability

    N5 Impulsiveness

    N4 Self-consciousness

    N3 Depression

    N2 Angry hostility

    N1 Anxiety

Retirement transition

Begot 2 or more children

Begot 1 child

No child

Predictor (higher/more)

∆N

—

d

↓
—

d

0.22b

d

↓
—

d
d

—

d
0.37c

0.32c

d

↓

↓

0.37c

d

↓
—

d
d

—

β= 0.05
0.39b

—

β= -0.03

↑
—

↑
0.24
β= 0.07c
β= 0.06

—
0.35

β= 0.12b

↑

—

—

—

—

—

—

β= 0.06

β= 0.10b

0.30

↑
—

↑

0.20

d= 0.20a
G

—
0.14

♀♂

d= 0.14b

Cohen’s d
(♀, ♂)

d= 0.04

Result
Effect
size
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Twins

2008

2008

2007

Middeldorp

Sturaro

Neyer

Population

339

174

5782

N

55 R= 18-30,
M= 24.4 (3.7)

47 M= 17

67 R= 18-65

%♀ Age range (R) or
Mean (M, SD) at T1

Correlated change
slope

8 NEO-FFI

6 at age 17: Big Five
Emotional stability
at age 23: NEO-FFI

5 ABV

Years Neuroticism and
T1-Tx (and adjustments)

b
b
b
b
b
b

Perceived conflict with father
Perceived conflict with father
Perceived conflict with best friend
Perceived support from mother
Perceived support from father
Perceived support from best friend

b
b
b
b
b

Insecurity with family
Closeness to peers
Closeness to family
Conflict with peers
Conflict with family

b

b

Perceived conflict with mother

Insecurity with peers

b

d

    N6 Vulnerability
Perceived conflict with mother

d

    N5 Impulsiveness

g

d

    N4 Self-consciousness

Life events (general)

d

    N3 Depression

—

d
d

d

Job satisfaction
    N1 Anxiety

d

    N6 Vulnerability

    N2 Angry hostility

—

d

    N5 Impulsiveness

2.87

1.32

0.47

0.56

0.30

0.38

0.35c

d

—

—

—

—

↑

↑

—

—

—

—

↑

↑

—

↑

↑

—

—

—

—

—

↓

—

—

—

d

    N4 Self-consciousness

∆N
♀♂

    N3 Depression

Cohen’s d
(♀, ♂)

Result
Effect
size

Predictor (higher/more)

|

Population

Sample

First Author Year
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Twins

2007

2006

2006

2006

Willemsen

Lehnart

Roberts

Scollon

Population
Australia

Population

Population
Germany

Sample

First Author Year

1130

907

253

4369

N

52 R= 16-70,
M= 37.2 (13.3)

48 R= 18-26

61 R= 18-29,
M=25 (3.7)

67 R= >25

%♀ Age range (R) or
Mean (M, SD) at T1

8 EPI

8 MPQ, NE

8 NEO-FFI

11 ABV

Years Neuroticism and
T1-Tx (and adjustments)
1.46

b

—
↓

0.27
0.38
−−−
1.66
0.92

r= -0.23
b
b
b
b
r= -.64b
(a)
r= -.42c
(a)

Relationship satisfaction T2-T3; changed partner
Counterproductive Workplace  Behaviors

Relationship satisfaction

Work satisfaction

Alienation

    Aggression

    Stress reaction

0.33

n.a.

Relationship satisfaction T1-T2 ; changed partner

0.47

n.a.

0.26

↓

↑

↑

↑

↓

n.a.

↓

↓
r= -0.13

—

Relationship satisfaction T2-T3; same partner

n.s.
0.30

n.s.
r= -0.15

↓

↓

n.a.

↓

↓

↓

↓

↓

↓

↓

—

↓

Relationship dependency T2-T3; changed partner

0.28

0.45

n.a.

0.28

0.53

∆N
♀♂

Relationship satisfaction T1-T2 ; same partner

r= -0.22
r= -0.14

Relationship security T1-T2; changed partner
Relationship dependency T1-T2; same partner

n.a.

Relationship security T2-T3; same partner
Relationship security T2-T3; changed partner

r= -0.14

Relationship security T1-T2; same partner

0.22

d= -0.22
r= -0.26

Relationship status; changers

0.36

d= -0.36

Relationship status; continuers

0.13, 0.21

g

0.54

Transition into a first partnership T2-T3
Religious upbringing

0.45

b

Cohen’s d
(♀, ♂)

Result
Effect
size

Transition into a first partnership T1-T2

Contact with family

Contact with peers

Predictor (higher/more)
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Sample

Families

Population
of students

Population

First Author Year

2006

2005

Van Aken

Robins

Steunenberg 2005

2117

51 R= 55-85, M= 69.5

59 M= 18

mixed Fathers M= 43.9 (3.27)
Mothers M= 41.7
(3.71)

%♀ Age range (R) or
Mean (M, SD) at T1

6 DPQ

4 NEO-FFI

3 Big Five Factors
(30 adjectives)
Emotional stability

Years Neuroticism and
T1-Tx (and adjustments)

—
—

Cognitive functioning

—

↓

↓

—

b

Increase in visits to the doctor

0.30

—

0.14c,  −−−
0.77

↑ ↑
↓ —

0.20a, 0.41a

Presence chronic disease

b

Positive interactions with the university

∆N
♀♂

−−−  , 0.24b — ↓

Cohen’s d
(♀, ♂)

Physical health related variables

b

b

Father: Perceived partner support
b

b

Work stress

Feeling positively about grades

b

Life satisfaction

Higher college grades

Result
Effect
size

Predictor (higher/more)

|

1152
(s)

N
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Families

2004

2004

2004

2003

Branje

Möller

Roberts

Kendler

Twins

USA

Population

Population

Sample

First Author Year

1914

305

2212

1152
(s)

N

0 R: 14-54

56 R= ≥ 18

43 R= 15-37

50 Fathers M=43.9,
R= 34-56
Mothers M=41.7,
53 R=34-51
Oldest children
M=14.5
Youngest child
M= 12.4

%♀ Age range (R) or
Mean (M, SD) at T1

10 EPQ

Adj. for N at T1

4 NEO-FFI

Age 37 EPQ-I

15 Age 15 HSPQ

2 Big Five Factors
(30 adjectives)
Emotional Stability

Years Neuroticism and
T1-Tx (and adjustments)
Result
Effect
size

—

b
b
b
b

Oldest child - perceives decrease social support
sibling
Mother - perceives decrease social support
husband
Mother - perceives decrease social support
youngest child
Mother - perceives decrease social support oldest
child

Person-Environment fit: Alpha fit (p)
Family Dysfunction

0.33

↓

r= -.14c

Stable partnership in mid-life

k

—

b

Father - perceives decrease social support oldest
child

Person-Environment fit: Beta fit (p)

—

b

Father - perceives decrease social support
youngest child

↑

—

—

—

Father - perceives decrease social support husband b

—

—

—

—

b

—

↑

—

↑

Oldest child - perceives decrease social support
mother

0.28

∆N
♀♂

b

0.12

0.12

Cohen’s d
(♀, ♂)

Oldest child - perceives decrease social support
father

Youngest child - perceives decrease social support b
sibling

Youngest child  - perceives decrease social support b
mother

Youngest child  - perceived decrease social support b
father

Predictor (higher/more)
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population

2003

2003

2003

Maiden

Mroczek

Roberts

Population

910

1663

74

N

48 R= 18-26

0 R= 43-91, M= 63 (8.0)

100 M= 74

%♀ Age range (R) or
Mean (M, SD) at T1

↓

0.36

    Stress-reaction facet

—
↓

    Aggression facet
    Alienation facet

0.34

↓
↓

—
0.38

    Alienation facet
Financial security

—
—

    Aggression facet

—
    Stress-reaction facet

—

    Alienation facet
Work involvement

—

↓

↓
0.24

    Stress reaction facet
    Aggression facet

—
0.22

    Alienation facet

    Aggression facet
Work satisfaction

—
—

    Stress-reaction facet

—

Resource power, on

—
0.34

    Aggression facet
    Alienation facet

—

↓

↓
0.22

Marriage or remarriage (slope)

0.07

—

↓

↑

↑

↑

∆N
♀♂

Marriage or remarriage (intercept)

0.07

Death of a spouse (slope)

0.55

0.67
0.15

b

Cohen’s d
(♀, ♂)

Death of a spouse (intercept)

b

Declines in social support

Result
Effect
size

Greater unmet needs in resources (i)

Predictor (higher/more)

8 MPQ-MZ
High occupational attainment
Negative emotionality     Stress reaction facet

12 EPI-Q

6 NEO-PI

Years Neuroticism and
T1-Tx (and adjustments)

|

Population

Sample

First Author Year
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Population

2002

2002

2001

Paris

Robins

Neyer

Population

Population
New
Zealand

USA

Sample

First Author Year

637

712

48

N

54 R= 18-30, M= 24.4
(3.7)

54 R= 18-26

100 M= 21

%♀ Age range (R) or
Mean (M, SD) at T1

Positive experience of mothering

4 NEO-FFI

after control for
gender

Transition from university to working life

Transition from school to university

Marriage

Partnership dissolution

Transition to partnership

  changed partner

  with same partner

Partner abuse

  changed partner

  with same partner

Relationship conflict

  changed partner

  with same partner

Relationship quality

↓
↓
↓
↑
↑
↑
↑
↑
↑
↓

0.54
0.28
0.32
0.49
0.28
0.32
0.39
0.32
0.44

r= -0.26c
r= -0.14c
r= 0.16b
r= 0.24c
r= 0.14b
r= 0.16b
r= 0.19b
r= 0.16b

—

—

—

—

↓
0.34
r= -0.17b

↓

0.36

↓

—

—

—

↑

—

—

—

d= -0.33b 0.33

d= -0.36c

↓
β= -0.30

Satisfaction of full-time mothering role

0.63

—
0.68

β= -0.32

    Alienation facet

    Aggression facet

    Stress-reaction facet

Work stimulation

    Aggression facet

    Stress-reaction facet

Work autonomy

0.20

∆N
♀♂

    Alienation facet

Cohen’s d
(♀, ♂)

Result
Effect
size

Predictor (higher/more)

6 MPQ
Being with the same partner over study
Negative emotionality, Change of partner during the study

6 CPI
Vulnerability (o)

Years Neuroticism and
T1-Tx (and adjustments)
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Newly
married
Couples

2000

2000

Caughlin

Costa

50 ♂M= 24, ♀M= 21

336

USA

22 R= 39-45

%♀ Age range (R) or
Mean (M, SD) at T1

N

9 NEO-PI

13 16 PFQ
Trait-Anxiety

Years Neuroticism and
T1-Tx (and adjustments)

    N5 Impulsiveness

    N4 Self-consciousness

    N3 Depression

    N2 Angry hostility

    N1 Anxiety

Being Fired

Changes for the worse in economic status

Changes for the worse in work life

    N6 Vulnerability

    N5 Impulsiveness

    N4 Self-consciousness

    N3 Depression

    N2 Angry hostility

    N1 Anxiety

Changes for the worse in family or social life

↑

↑
↑

g
g

−
↑
−
−

g
g
g
g

↑

↑

g

g

−
↑

g
g

−

g
g

−
↑

g

0.30

g

0.51

—↑

—↑

↑ ↑

↑

g

−−− , 0.92

Effect partners’ trait anxiety at  T1 on negativity
at 13 yrs.

g

−−− , 0.92

Effect partners’ trait anxiety at  T1 on negativity
at 26 mo.

Marital satisfaction

0.28, 0.72

Effect partners’ trait anxiety at  T1 on negativity
at 14 mo.

—

↑

↑

0.36

    with children
Married versus divorced couples; differences at
13 years

—

∆N
♀♂

0.30

Cohen’s d
(♀, ♂)

Insecurity

Result
Effect
size

Transition to parenthood

Predictor (higher/more)

|

Prospective 2274

Sample

First Author Year
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Population

2000

2000

Roberts

Twenge

Crosstemporal
metaanalysis
of 134♀
and 148♂
samples

Sample

First Author Year

40192

104

N

53 College students

100 M= 21

%♀ Age range (R) or
Mean (M, SD) at T1

    Psychoneuroticism

Anxiety

Change in work satisfaction age 43 to 52, on

    Psychoneuroticism

Anxiety

Change in marital satisfaction age 43 to 52

    Psychoneuroticism

Anxiety

Change in marital tension age 27 to 52

   N3 Depression

Divorce

Marriage

    N6 Vulnerability

Predictor (higher/more)

social indicators on
population-level

↑ ↑

0.72, 0.98
0.65, 0.87
1.71, 2.33

Women’s age at first marriage
Birth rate (reverse, in population
Social connectedness + other threats

↑ ↑

↓ ↓

↑ ↑
↑ ↑

0.84, 1.09
0.74, 1.03

Divorce rate
Percentage of people living alone

Unemployment rate

↓ ↓

— ↑
↑ ↑

Population index of social health (reverse)

0.60, 0.95

0.47

College degrees awarded to women

↑ ↑

↑ ↑

— ↑

↑ ↑

—

—

—

—

—

↑

— ↑

0.72, 1.00

0.92, 1.28

Women’s Labor Force Participation

0.60

0.67, 0.72

0.87

0.92, 1.18

g

—
—

— ↓

g
g

−−−, 0.40

∆N
♀♂
↑

Cohen’s d
(♀, ♂)

g

Result
Effect
size

Suicide rate, age 15-24

10 Neuroticism and trait- Crime rate
anxiety
AIDS cases

Psychoneuroticism

30 Anxiety scale

Years Neuroticism and
T1-Tx (and adjustments)
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Students

2000

1998

1997

1996

1993

1993

1993

Vollrath

Asendorpf

Dunne

Suh

Andrews

Kurdek

Magnus

119

N

115

6463

Population
USA

Population

136

1076

Prospective 1042
case-control

Population

Twins
Australia

63 R= 22-26

50

Nescio M= 17.12,
17.2  for controls

63 R= 20-23

66 R= 17-88

70 R= 18-22,
♀M= 20,
♂M= 20.4

55 M= 22.6 (3.6)

%♀ Age range (R) or
Mean (M, SD) at T1

b
b
b
b

Conflict with parents/ peers
Falling in love
Transition into relationship
Perceived support parents/peers

4 NEO-PI-R

5 Symptom checklist
90-R

0.39

Cohen’s d
(♀, ♂)

Positive life events, after control for negative

Positive life events

Negative life events >48 months before T2

Negative life events 36

Negative life events 24 months

Negative life events past 12 months

Negative life events past 6 months

Negative life events past 3 month

Increased from yearly to at least monthly

Objective negative events

Objective positive events

Unstable marriage (husband)

F(1,183)=
0.13

F(1,183)=
0.63

F= 1.46

0.28

Maintained versus decreased church attendance to F=
0.22
twice a year
16.47***

b

d

Result
Effect
size

Change in # peer relations

Concerns about academic capabilities

Predictor (higher/more)

1.5 Personality
Exchange students after 12 months abroad
vulnerability index(m)

2 T1: NEO-PI
T2: NEI-FFI
T1: NEO-PI
T2: NEI-FFI

8 EPQ

1.5 NEO-FFI

3 NEO-FFI

Years Neuroticism and
T1-Tx (and adjustments)

∆N
♀♂

—

—

↑

↑

↓

↓

−

↑

−

−

−

−

↑

—

↑

—

—

—

—

—

↑

|

Prospective 132
Casecontrol

Sample

First Author Year
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1990

1986

1986

1986

1984

Rabins

Kiernan

Mullan

Sagy

Kessler

USA

Population

Population
Israel

Twins

Population
Britain

6919

418

112

1857

Prospective 62
case-control

1078

1990

Kaprio

Twins

Prospective 34
case-control

1991

Duggan

N

Sample

First Author Year

mixed R= >18

49 R= 14-18

mixed R= 21-81, M: 43.2.

100 M= 16

68 M= 60.8

52 R= 18-25

70 R=16-67

%♀ Age range (R) or
Mean (M, SD) at T1

Amount of depressive episodes (few, many)

M (SD)
a

Other Love Loss

Separation and divorce

↑

b= 0.354, 0.23, 0.22
0.374

b= 0.263, 0.15, 0.09
0.143

↑ ↑

↑ ↑

↑ ↑

—

1.53, 1.45

↓

—
↑

b= 0.330, 0.24, 0.41
0.342

Severe stress situation ; evacuation of one’s home M (SD)

Alcohol dependency/history

Divorced/separated vs. lasting marriages (at age
32) (q)

    Guilt

    Negative mood

↓ ↓

↓ ↓

↑ ↑

—

—

0.63

0.92, 0.29

Cohabiting at T1, separated but rare contact at T2
Caregiver whose relative with dementia is placed
in a
nursing home during the study vs. caregivers
whose
relatives stayed home.

0.40, 0.19

Cohabiting at T1, separated but in frequent contact
at T2

0.40, 0.43

3.94

↓

Number of weeks in hospital (few, many)

1 Psychological distress Income loss

0.3 STAI
Trait anxiety

— EPQ

10 MPI

2 NEO

∆N
♀♂
—

Cohen’s d
(♀, ♂)

Length of admission (short, long)

Result
Effect
size

Good vs. poor outcome groups (4 cat.)

Predictor (higher/more)

6 EPI
Cohabiting at T1 and still so at T2 (vs. twins who
Co-twin resemblance separated)

18 EPI

Years Neuroticism and
T1-Tx (and adjustments)
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Twins

1984

1981

Koskenvuo

Brousseau

176

9912

N

0 R= 25-45

0 R= >18

%♀ Age range (R) or
Mean (M, SD) at T1

0.24
0.22
0.09

c
c

f
c
f
f
f
c
c

Changes of workplace for negative reasons

Changes of place of residence for negative reasons c
f

Divorce

Night- and shift-work schedules vs. day work
Service work vs. farming work
Monotony of work
Chronic bronchitis vs. no chronic bronchitis
Illness or disability pension vs. at work
Swedish speaking vs. Finnish
Heavy drinking
Stress of daily activities

    Feedback

0.36

0.56

    Task significance
Autonomy

0.30

    Task identity

0.34

0.95

0.46

0.18

0.24

0.37

0.28

0.16

0.14

0.07

f

Heavy physical work vs. sedentary work

7.44 GZTS
Job characteristics:
Emotional stability (n)     Skill variety

Adj. for age

0.14

f

0.08

Unemployment vs. working

0.12

b= 0.129,- 0.25
0.028

Negative network event

c

b= 0.245, 0.27, 0.22
0.176

Ill Health

c

b= 0.193,- 0.12
0.003

Death of a loved one

Cohen’s d
(♀, ♂)

Result
Effect
size

Predictor (higher/more)

— Eysenck’s N-scale,
Years of education
modified by Floderus. Income

Years Neuroticism and
T1-Tx (and adjustments)

∆N
♀♂

↓

—

↓

↓

↑

↑

↑

↓

↑

↑

↑

↑

↑

↑

↑

↑

↑

↑

↓

↓

↑ −

↑ ↑

↑ −

|

Population

Sample

First Author Year

118
Chapter 4

Population
USA

Brousseau

116

N

0 R= 25-45

%♀ Age range (R) or
Mean (M, SD) at T1
Predictor (higher/more)

    Feedback

Autonomy

    Task significance

    Task identity

6 GZTS , Freedom from Job characteristics (r)
Depression Scale (n)     Skill variety

Years Neuroticism and
T1-Tx (and adjustments)

r= .19c

r= .07ns

r= .24b

0.38c

0.49b

↓

0.43c

r= .21c
r= .07ns

↓

0.47b

r= .23b

∆N

↓

—

↓

—

♀♂

Cohen’s d
(♀, ♂)

Result
Effect
size

Note. adj.= adjusted; 16PFQ= 16 personality factors questionnaire; ABV= Amsterdamse Biografische Vragenlijst; CPI= California Psychological Inventory; D5D= Système
de Description en Cinq Dimensions; EPI= Eysenck Personality Inventory; EPQ= Eysenck Personality Questionnaire; GZTS= Guilford-Zimmerman Temperament Survey;
MD= major depression; N= neuroticism; NE= negative emotionality; r= correlation coefficient; STAI= State-Trait Anxiety Index; T1= baseline; T2= follow-up; USA= united
states of America. (a) Correlated change (of slopes); (b) standardized regression coefficient beta, (c) partial correlation; (d) cross-lagged coefficient; (f) Odds-ratios of means;
(g) t- or f-tests; (h) Valence-ratings were made on a 5-point scale with 1=high negative impact till 5=very positive impact; (i) For example, income, health care, housing,
transportation, nutrition, activities; (j) Hypersensitive, fearful and dependent; (k) general estimating equations; (l) The assaultiveness and irritability subscales; (m) Personality Vulnerability index: 0.6*EPI-N-scale (=trait-anxiety index) + 0.2*locus of control (LCB) + 0.3*Defense Style; (n) emotional stability is the low pole of neuroticism, and
reported effects are therefore presented in reverse i.e. applied to neuroticism; (o) Depressed mood and Psychophysiological distress scales; perceptions or bodily feelings
associated with anxiety and depression; (p) person-environment fit is the match between subjective values and desires of the individual and for Alpha fit a consensus judgment
of the resources provided by the environment, and for Beta fit the subjective resources of the environment; (q) the effect must be strongly inflated because the initial (premarriage) difference was already d= 0.57, suggesting that the effect of divorce on neuroticism is merely d= 0.06; (r) the mean of the five other job dimension scores for each
respondent; (s) 288 middle-class two-parent Dutch families with at least two adolescent children between age 11 and 15 from the Nijmegen Family and Personality Study; (t)
Psycho-education, breathing and  relaxation strategies, monitoring and challenging thoughts, and social skills training; (u) interaction term sex*variable is used to examine
gender-effects. Significance, a= p< .001, b= p< 01, c= p< .05

1978

Sample

First Author Year
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Gender Differences in SLEs (D6)
Life event inventories tend to represent typical male experiences best, and often lack
experiences such as abortion or rape [156,572], albeit studies who do so report comparable results [339]. However, gender differences should be bore in mind when interpreting evidence about sex differences in exposure, as most gender divergence in distress
scores may be explained by differential response rather than differential exposure, e.g.
stronger female reactivity [572]. Moreover, studies often find no gender differences in
the report of specific life events [651,652], though some do [340,572,653]. However,
when asked to report the most important SLE over the past decade, women tend to
report network events (problems with close other), whereas men are more likely to
report problems with their own health or trouble at work [378,473,653], which, as
discussed, appear to align with their reproductive aspirations.

Discussion
We reviewed the literature for environmental influences on neuroticism, paradoxically
one of the most stable aspects of personality and most susceptible to change as well
[62,438]. Most individuals seem able to maintain stable neuroticism equilibria under
stable life circumstances, given a normal level of education, a stable social network,
a stable partnership, and a satisfying job. Evidently, neuroticism levels change during more turbulent times, when individuals adapt to environmental change and new
roles. Our results show that the neuroticism setpoint can and does change over time in
response to a wide range of environmental factors, primarily in the context of partner
relationships, proximal family, and work properties, and often (but not always) in accord with social investment perspectives. Most observed effect sizes align with the
modus in psychology [66,654,655]. Our results support the literature that characterizes
neuroticism as enhanced sensitivity and reactivity to events that are unpredictable, uncontrollable, unexpected, undesirable, and non-normative from a life history perspective [24,54,100,249,415,451,656,657] and to interpersonal stress and conflict (social
cues), rather than to physical threat [27-40,658]74. In the following we reflect upon
our results in the light of the mixed model of change in neuroticism, the corresponsive
principle, the social investment theory, and revive bioecological systems theory to
provide structure to the study of environmental effects.

74. Most variance in human anxiety revolves around social fears such as being criticized or rejected
[37,1254] and separation anxiety [98,1255]. Moreover, removal from the group is universally the
primary human punishment [573]. Interestingly, the salience of social exclusion seems to result in
short-term mating strategies in women while social inclusion does this for men [1256,1257].
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Mixed Model of Change in Neuroticism

To discuss environmental effects on neuroticism we distinguish three temporal levels,
in terms of hours, weeks, and years. At the most momentary level we experience affective states in response to environmental stimuli (e.g., anger, frustration, fear, sadness)
that last for several hours at best [22,124,659-662]. High neuroticism is characterized
by more and more persistent negative affect [46,50,51,56-63].
More long-term temperament-like frameworks capture balances (e.g., subjective
wellbeing) or consistencies in such affective-emotional expressions across multiple
contexts over the months, which form personal density distributions of affective-emotional expression [13,15,22,110]. At this secondary temporal level we also encounter
persistent episodes of mood [78,94,222,663], specific symptoms [53], and episodes of
anxious or depressive illness [114,222]. Life events that trigger an anxious/depressive
episode do this typically within maximal three months [345,356-358], and most major
depressive episodes recover within three months [664]. Moreover, most life event effects on neuroticism have also receded within six months [100,222,223], which led us
to review studies that span one year at least.
At a third temporal level we conceptualize neuroticism setpoint change, viz. the
person characteristic (trait-like) average of the negative-affective density distribution
[94,114,222,223]. Some reviewed studies showed event-driven changes in neuroticism
that persisted over a decade [100,246,331], in line with the mixed model of change
in neuroticism [94]. It remains unknown how long changes in the neuroticism must
persist before we can speak of setpoint change (viz., where do the second and third
temporal levels border). For example, the literature suggests that grief or bereavement
after the loss of a loved one can persists for up to two years [639]. In prior work
we argued that experience-driven changes in neuroticism that persist for more than 6
months indicate setpoint change [100], and based upon this review this position seems
reasonable.
Two studies showed that major increases in the neuroticism setpoint measured about
two years after a negative environmental change (d= 0.50 to 0.70, e.g. death of a
spouse) receded by about 60% over the next decade [100,331]. Furthermore, adaptation
seems faster after PLEs than NLEs, e.g. the magnitude of setpoint change in neuroticism after changed life situation was 25% stronger for increases versus decreases after
4 years, but already 65% after 6 years [100]. In sum, we take these results to suggest
that changes in neuroticism that persist for 6 months indicate setpoint change, but
that setpoint change may decay over years to decades [223,244]. Neuroticism setpoint
change may serve to balance our inner and outer worlds (the Red Queen Personality
Principle), and to adapt to (or cope with) specific changes in our personal environment, and are perhaps followed by slower external adaptation (e.g., via substitution
processes [665]). This would enable the neuroticism setpoint to gravitate slowly back

Chapter

4

122

|

Chapter 4

(in terms of years) towards the – generally more normative - equilibria to which one
was accustomed [94,100].
Corresponsive Principle

Neuroticism appears sensitive to “unscripted” events [449,567]. We tend to respond to non-normative events in line with our pre-existing neuroticism-levels
[38,399,626,666,667], resulting in a widening of intrinsic differences via reciprocal
causality [27,339,340,473,598]. SLE-prevalences follow a neuroticism-continuum
[155,222,339,340,629-631] such that the quarter with the highest (vs. lowest) neuroticism levels experience up to three times more interpersonal-SLEs [340,444,626,631].
Moreover, neuroticism levels moderate the association between SLEs and mentalhealth problems [38,399,626,666,667], in line with conceptions of neuroticism as the
vulnerability to destabilize when exposed to environmental-stress [385,668-671].
Additionally, a twin study observed a neuroticism versus ‘type-of-vocation’ gradient
that suggests selection forces and higher neuroticism scores for individuals with night
and shift work schedules [172]. Finally, high (vs. low) neurotic adults tend to select
themselves in neuroticism-promoting relationships [156,338,507], report more distress
after childbirth [554], and more relationship dissolution [249,343], which lead to more
neuroticism.
We use the concept of severe trauma to outline a few additional points with regard to
the corresponsive principle. Severe trauma associates with higher neuroticism scores
along the lifespan [222,638], but childhood trauma seems more predictive for high
neuroticism in midlife than severe trauma in midlife (age 42-50), despite the recency of
the latter [638]. The corresponsive principle holds that autocatalytic processes (selection and evocation effects) magnify pre-existing differences in neuroticism, accumulations that could explain heightened neuroticism at midlife [64,251,672]. However,
children and adolescents also have a more flexible neuroticism setpoint [93,164,253]
because they live in less stable personal atmosphere [85,91,164,234,236,247,445],
which aligns with the corresponsive principle. Third, severe trauma may impact less
at midlife, because by then individuals tend to be more emotional stable – thus less
reactive [38,399,626,666,667], in line with the corresponsive principle.
The corresponsive principle functions as a kind of “verbal magic” [102] that is difficult to falsify and applies (post-hoc) to most observations, but not all [222,223,673].
For example, one large twin study observed no stronger impact of SLEs on neuroticism
for individuals who were high (vs. low) on neuroticism at baseline [223]. One two-year
population study (n= 2981) observed that childhood trauma amplified the decrease in
neuroticism after PLEs but dampened increases in neuroticism after NLEs [222], in
contradiction to the corresponsive principle. Finally, accumulating gene-environment
correlations, also known as the Dickens-Flynn effect [106,427], affect most personality
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traits and other traits alike, and may also magnify cultural phenomena [674,675]. For
example, in one 3-year study blacks were more often exposed to physical assault than
whites [653]. It remains therefore unknown how and why people develop as they do,
and more specific theories than the corresponsive principle seem required to explain
changes in neuroticism in response to specific environmental influences, both in terms
of mechanisms and timing.
Social Investment Theory

The social investment hypothesis holds that age-graded social roles drive functional
personality maturation via associated societal expectations and contingencies (such as
becoming a reliable partner, a nurturing parent, or a cooperative colleague) and promote
a reward structure that facilitates emotional stability [24,27,142,227,251,433,450]. In
this review we observed (accelerated) decreases in neuroticism for individuals who
transited into a (romantic) partner role, at least for men also in midlife, and after
remarriage [246,331,338,344,408,483,484]. The increase in negative affect (depression/anxiety) rather than emotional reactivity (impulsivity and anger) [483,487,488]
is reminiscent of changes that have been observed for elevations in social rank [676],
which support the notion of partnering as a rite to adult status [78,264].
Young adults in stable relations (~30%) showed stereotypic normative decreases
in neuroticism while those who changed partners (~70%) followed more differential
developmental patterns [343,344]. However, we found no support for decreases in
neuroticism after young adults begot a child [484], while partnerhood seems paramount to functional maturation [156,439,553]. Begetting a child is an exception to the
general rule, perhaps because it is an epitome of anticipation (extremely “scripted” and
often planned), which enables coping and environmental adaptation. It has been noted
that pre-conceptions of a future identity (rather than direct experience) may change
personality in anticipation of future roles [249,677,678], a rather complex intrapsychic influence. Alternatively, the stress of becoming a parent may counterbalance the
decrease due to social investment. In the occupational domain we observed (accelerated) decreases in neuroticism for young adults who became financially independent
[27,410], increased in occupational status [27,410,428], or experienced growing fit
with their environment [339,598,599]. Salient was the absence of retirement-driven
effects on neuroticism [331,346], perhaps because retirement is the second longest
anticipated event (after death).
The social investment hypothesis implies that individuals who develop in accordance
with their sociocultural tide (‘assimilation’) benefit while the minority that cannot
keep pace with the cultural life script (or swim against the current) “pay a price”
(see the introduction). Individuals who report or show low fit with their environment
(e.g., dismissal [408]), and behaviours that are functional opposites of (social) invest-
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ment, e.g. counter-productive work behaviors [600-602], unemployment [172,408],
or breaking the law [603]), indeed associate with (relative) increases in neuroticism
(this review). Furthermore, transitional events (e.g., a first romantic partner, a first job,
becoming a parent) are predictive for changes in neuroticism [227,450], but little is
known about what these transitions actually mean for the individual [679], e.g. in terms
of proximal processes [103], resource availability [665], or functional values [24,266].
Furthermore, high neuroticism is characterized by more awareness of - and sensitivity to - normative comparisons [680-682]. Finally, cross-cultural studies showed that
individuals in Pakistan, China, Guatemala and Brazil transit at a much younger age
into the labor force than their peers in Canada, Australia or the Netherlands (the timing
of their biosocial life script), and also show the normative decrease in neuroticism
(d= 0.20 per decade) at an earlier age [163,227,576], which can be seen as support for
social investment as a prime drive behind the normative decrease in neuroticism.
Environments

Many social events are instantaneously reflected in the structure of our personal environment, e.g. entrance events expand our personal atmosphere (or Metasystem) with a
new romantic relationship, job, or friends. In each of these systems we play a specific
role (as friend, employee, and partner/parent) and experience enduring patterned interactions with our surroundings [100,227,249]. Exit events, in contrast, contract the
personal atmosphere, and tend to associate with increases in neuroticism (e.g., divorce,
death of a spouse, end of a friendship, or dismissal/unemployment). Moreover, each
microsystem can be touched by “unscripted” more stochastic experiences, e.g. accidents, disease, and the like, events that associate with change in neuroticism. The
derivation of a taxonomy for environmental influences (just as we did for personality)
is an old problem that psychologists still struggle to solve [245]. Capturing the complex effects of multiple environmental factors on neuroticism is a daunting enterprise
because we seek to understand them by the analysis of components that can only be
understood in relation to the whole [25,103,243,447].
One promising framework to structure environmental influences on neuroticism is
bioecological systems theory [103], conceptualized as a framework of interconnected
nested systems. The sum of the family system, occupational system, and social systems of which we are part forms our personal atmosphere (Mesosystem), which in turn
is shaped by a Chronosystem (outlined below). For example, reactions to normative
events tend to be more scripted, but the content and timing of this script shall vary along
sociohistorical contexts [17,249,264,683]. Culture can be seen as an extra somatic
means of human adaptation to our ecological niche, called characteristic adaptations
[16,24,101,110,111,113,114]. With an eye for detail we could discern time-and-spacespecific differences in (a) the prominence of specific facet traits and (b) the impact of
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life events (e.g., parenthood, divorce, change in social support) on the neuroticism
setpoint, e.g. for both genders along the life cycle, over generations, or in subcultures
[24,608]. A consideration of these differences may deepen our understanding of how
neuroticism and our (social) environment interact, and why the strength of neuroticism
effects vary across situations, to enhance wellbeing.
The Many Personalities of Neuroticism

Neuroticism has been described as a “hodgepodge of quite different person-qualities”
that makes neuroticism “an over inclusive, easy-to-invoke societally evaluative wastebasket label” [3,684]. Our current taxonomies suffice to classify, integrate, and guide
personality research, but lack a theoretical or empirical foundation to determine the
exact facets that make up the neuroticism trait space [16-18,101,228]. Consequently,
theorists disagree whether angry-hostility, aggression, irritability, impulsivity, inferiority, or dependency are core aspects of neuroticism [94,142,685]. The wondrous
variety of measures and labels akin to neuroticism seem to boil down to three clusters
in the neuroticism trait space: an anxiety-withdrawal cluster (“Fear”), a depressionunhappiness-distress cluster (“Grief/Sad”), and a vulnerability-stress-reactivity
(“Anger”) cluster [18,22,54,198,487,557,685,686]. The fact that similar clusters have
been distinguished for psychopathology, e.g. fear, anxious-misery (inhibition), and
externalizing clusters, respectively, is taken as support [687-689]75.
The anxiety and depression clusters of neuroticism refer to the stable (lifelong)
tendency to experience negative affect or aversive mood states including anxiety,
depression, fear, anger, contempt, disgust, guilt, irritability, nervousness, distress, impulsivity, and un-pleasurable engagement [3,53,94,138,286,690]. Both domains merge
in a neuroticism setpoint and personal density distribution of negative affect, with
the specific emotions and behaviors variable over individuals, theories, and cultures
[122,684]. There are differences as well (see also chapter 10), e.g. sadness is marked
by negative valance and low arousal, while anxiety is marked by negative valance
and high arousal [659]. Negative affectivity has been described as the more cognitive component of neuroticism, which decreases when young adults find themselves a
romantic partner [483,487,488].
Emotional reactivity (impulsivity and anger), in contrast, decreases after young
adults obtain promotion or more prestigious occupations [27,410]. This emotional
reactivity or volatility cluster of neuroticism refers to the tendency to be easily upset
75. Or in the tripartite model, Anxious Arousal, Anhedonic Depression, and General Distress
[284,1258,1259]. Notably, Fear, Grief/Sad, and Anger also make up the mammalian negative-affective
super factor [22]. Another large twin study showed that covariance between internalizing and externalizing clusters disappears after accounting for genetic and environmental influences shared in common
with neuroticism and novelty seeking [1260].
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[487,684] and to destabilize after exposure to environmental stress [35,38,385,668671,691,692]76. This emotional instability results in heightened sensitivity to environmental factors (a low threshold of arousal) and unexpected, intense, and rapid changes
in emotion, thus the amplitude of the personal density distribution [58,192,199,693]77.
Reactivity is often operationalized as individual differences in the thresholds of reaction, latency, intensity, peak-intensity, duration, and recovery of negative affects/
emotions [22,123,192,199]. The neurotic volatility cluster may underlie the consistent
associations between neuroticism, mood variability [663,694,695,695-697], and mood
disorders [52,53,53,281].
Finally, frustration/anger versus anxiety/depression also differ in the type of behaviours they motivate, e.g. approach versus avoidance [689,698-700]. Anger and
anxiety are also mediated by different neurological substrates [22] and have different
implications for development and psychopathology [701-703]. Finally, facet traits can
also differ in their sensitivity to environmental influences [230,246]. To conclude, the
three clusters in the neuroticism concept may explain why neuroticism is both one of
the most stable aspects of personality and most susceptible to change as well [62,438],
and the sensitivity to environments is inherent in the conceptualization of neuroticism.
Limitations

This review was limited by the range of available studies (also accounting for many
inconsistencies), while measure-heterogeneity precluded formal meta-analyses. Consequently, this review became a qualitative synthesis of the relevant, representative,
and evidence-based literature, and relied on the scarce MZ-twin studies, and criteria
of consistency of the association, temporal order, and evidence of dose-response (correlated change) mechanisms. In the following we outline some challenging issues of
measurement in terms of content, methods, and informants.
Ipsative Stability
Within this review we ignored changes in the stability in the configuration of other
traits within the individual (ipsative stability), while there may be dynamic interactions
between them [704,705]. We can only claim that neuroticism is uniquely related to
the studied experiences if neuroticism is studied together with all other dimensions of
personality. Life event occurrences are influenced by all traits, e.g. more extraverted,
agreeable, and conscientious individuals tend to report more PLEs [630]. Second,
76. Cf. the allostatic load model [268,670], and the sense of being out of control as a common feature of
anxiety and fear [1261].
77. High neuroticism is characterized by more intense experience of negative emotions (such as fearful
and sad), but the volatility facet of neuroticism also results in more extreme positive feelings (such as
enjoyment [151,1262]).
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after a SLE (with high event centrality) people tend to show a small (temporary)
increase in neuroticism, but also in openness to experience and conscientiousness
[706]. Third, there are indications for synergistic effects between high neuroticism and
high conscientiousness that result in good health behaviours [99,185,186]. Though we
acknowledge that typological approaches result in important information loss [707],
perhaps traits configurations form “personality chords” (e.g. high neuroticism, conscientiousness, and agreeableness), which seem to render one vulnerable or resilient to
specific events [18,705,708,709]78, or disorders [710,711].
Methodological Concerns
We observed methodological concerns, e.g. attrition was often associated with higher
neuroticism levels [222,333], and rather high in relationship studies [477]. Second,
the relative small sample sizes may partly explain the lack of separate models for both
genders or failure to account for the divergent meanings events (being married/remarried/divorced/single, but also work and social network) may have for men and women
[99,156,569,570]. Third, many longitudinal studies lean on associations or crosslagged paths [509,712], which conceal the magnitude of the reciprocity (socialization
vs. selection), e.g. the bidirectionality between neuroticism and divorce [484,713]79. In
addition, most cross-lagged panel models and latent growth curve models do not allow
changes in one domain (neuroticism or environmental factors) to predict changes in
the other domain, thus do not study dynamic transactions directly [246].
Furthermore, it is often observed that neuroticism effects on the environment are
stronger than vice versa [100]. This led some to argue that comparisons between
neuroticism (as a broad domain) and environmental variables are unfair [484], and
that facet traits are a more equal measurement level [246]. Fourth, all studies lacked
a life-span perspective, and most had few measurement occasions over small spans
(two-wave snapshots), which foreclose reflections on short-and long-term temporal
dynamics [714], while earlier experience may form a dynamic moderator or have
sequelae [99,715]. Life records capture the natural history of the person as no other
data can, and are highly reliable due to aggregation of observations over a long period
[99,472]. Finally, we may have encountered the ‘file-drawer problem’ because we
found remarkably few studies with negative findings (no effect) [716-718].

78. For example, some proposed an Alpha trait (or “chord”) to maintain stability, that captures emotional
stability, agreeableness, and conscientiousness, and a Beta trait as tendency toward exploration and
growth, with extraversion and openness [18,705,708].
79. In one study the authors therefore remained puzzled whether change in neuroticism “resulted from the
interaction with (or nurturing by) a partner” or whether a transition into a partnership was a “characteristic adaptation” of intrinsic personality change [484,713].
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Instruments and Tools
Important statistical tools like correlated change require large sample sizes in order
to have sufficient statistical power, especially after control for T1-values and Bonferroni adjustment, but may proof to be crucial tools to uncover mechanisms behind
intra-individual change [333,719]. Furthermore, twin studies at least controlled for
most confounding due to genetic factors and shared experiences [223]. In virtually all
studies personality was assessed with self-report instruments [246]80, a strategy that is
especially problematic for self-report life events (often with Likert-scales), because
retrospection inherently incorporates response components, such as cognition and appraisal [268,720], and item interpretation or recall [269,377].
Interview-based methods are therefore the gold standard for assessing life stress
[268-270,721], and data indeed suggests worrisome discrepancies between interviews
and self-report [722,723]. Interviews are an incomplete solution, however, if only for
the demands of time and cost, and few (< 2%) studies therefore use interviews [386].
In addition, interviews may be less likely to elicit embarrassing or consequential information, such as physical or sexual abuse [724]. Similarly, interviews about marital
satisfaction may result in social desirability or self-presentation biases [344,508]. Even
so, interviews would probably have broadened our knowledge [100], just as more
dyadic analyses would [125,246]. Finally, it is tempting to argue for experiments to
establish causality, but hitherto it is unethical to expose random individuals to divorce
or pregnancy, and allowed stressors are unrepresentative of the life stresses that people
encounter in the real world (either in intensity or duration). Furthermore, only specific
people shall participate in experiments, while both experimenters and subjects shall
know it’s an experiment.
Therapy
The review did not focus on the context of therapy, although this provides one of
the best opportunities to study the possibility of change in neuroticism (see chapter
10). Within therapy environmental influences are clearly defined and controlled,
making intervention studies “a window into the organization of a system and the
processes associated with transition” [725]. Given that neuroticism is a risk factor
for - or may reflect subtreshold levels of - developing psychological disorders [53,272275,281], a reasonable aim for clinicians developing prevention strategies may be to
influence neuroticism, as decreases in neuroticism may improve resilience and health

80. Albeit these are reliable measures they assessed only perceptions of the subject, thus reflect ‘beliefs’
of the participants, which are surely consequential, but not nessecerily accurate. Studies should more
often be dyadic. None of the studies included used behavioral observation (either ‘live’ or videotape)
or informants, while this has been implemented before [731,1263].
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[52,54,222]. Prior work has shown that interventions treating high neuroticism are
feasible [351,354,355,391,726-728], both psychological and pharmacological (d=
0.40 to 1.25). We feel this complex topic deserves a review for itself.
Psychometrics
Neuroticism measures are constructed via standard psychometric procedures, including high test-retest reliability, and focus on static aspects of neuroticism, not change
[331,719]. Hence, responses in terms of ‘general feelings’ are less sensitive to intraindividual variability, and likely to underestimate trait change. Furthermore, most
questionnaires discriminate good at the most disturbed high end of the neuroticism
continuum, but rather poorly at the emotional stability side [729]. One solution may
be additional observation studies of real-life trait-relevant situations that make people
show their personality [245,730,731], as Galton argued [127]. Another solution may
be to focus were possible on changes in the relevant facets [246,253]. Third, we should
study the differences between personality instruments and those used to gauge mental
health [732]. Moreover, the review would have been more informative if studies used
personality measures with known scale properties (e.g. ratio scales). In addition, we
hope for more cross-cultural evidence, because virtually all samples were western,
educated, industrialized, rich, and democratic (WEIRD) populations [733], and a five
factor structure seems less robust in non-educated individuals, e.g. Bolivian foragerhorticulturalist [734].

Conclusion
We reviewed environmental factors that foster stability and change in neuroticism. The
key message is that neuroticism setpoint levels are consistently touched by normative
experiences that affect core aspects of one’s identity and status, mainly role transitions
as partner (marriage/divorce) and employee (dismissal/promotion). The neuroticism
setpoint was most responsive to major interpersonal stressors that were unpredictable,
uncontrollable, unexpected, undesirable, and ‘off time’ from a life history perspective. The magnitude of the observed effects range at the modal within psychological
research. Increases in the neuroticism setpoint about two years after a major SLE were
followed by a 60% decrease in size over the subsequent decade, which we take to
suggest that the neuroticism setpoint has its own temporal dynamics. We propose that
changes in neuroticism that persist over six months indicate setpoint change. Nevertheless, more lifespan studies and detailed dissections of environmental factors are
required to understand the dynamics of setpoint change in neuroticism: paradoxically
both one of the most stable and changeable personality traits.

Chapter

4

Chapter

5

Neuroticism and Common Mental
Disorders: Meaning and Utility of a
Complex Relationship
Johan Ormel1, Bertus F. Jeronimus1, Roman Kotov3,
Harriëtte Riese1,2, Elisabeth H. Bos1, Benjamin Hankin4,
Judith G.M. Rosmalen1, Albertine J. Oldehinkel1.
1

2

3
4

Department of Psychiatry, Interdisciplinary Center Psychopathology and Emotion
regulation (ICPE), University of Groningen, University Medical Center Groningen,
P.O.Box 30.001, 9700 RB Groningen, The Netherlands
Department of Epidemiology, University of Groningen, University Medical Center
Groningen, P.O. Box 30.001, 9700 RB Groningen, The Netherlands
Department of Psychiatry, Stony Brook University, NY, USA
Department of Psychology, University of Denver, CO, USA

Clinical Psychology Review, 2013, 13, 686-697.

132

|

Chapter 5

Abstract
Neuroticism’s prospective association with common mental disorders (CMDs) has fuelled the assumption that neuroticism is an independent etiologically informative risk
factor. This vulnerability model postulates that neuroticism sets in motion processes
that lead to CMDs. However, four other models seek to explain the association, including the spectrum model (manifestations of the same process), common cause model
(shared determinants), and state and scar models (CMD episode adds temporary / permanent neuroticism). To examine their validity we reviewed literature on confounding,
operational overlap, stability and change, determinants, and treatment effects. None
of the models is able to account for (virtually) all findings. The state and scar model
cannot explain the prospective association. The spectrum model has some relevance,
especially for internalizing disorders. Common causes are most important but the
vulnerability model cannot be excluded although confounding of the prospective association by baseline symptoms and psychiatric history is substantial. In fact, some of
the findings, such as interactions with stress and the small decay of neuroticism’s effect
over time, are consistent with the vulnerability model. We describe research designs
that discriminate the remaining models and plea for deconstruction of neuroticism.
Neuroticism is etiologically not informative yet but useful as an efficient marker of
non-specified general risk.
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Introduction
The broad personality trait of neuroticism is strongly associated with Axis I psychopathology, in particular the common mental disorders (CMDs), including anxiety, mood,
and substance use disorders [52,272,273,281,285,404,735]. Very recently an important
meta-analysis quantified neuroticism’s cross-sectional association with CMDs, ranging in magnitude from Cohen’s d of 0.50 for substance disorders, to 2.00 for some
anxiety and mood disorders [281]. Neuroticism is also the single strongest predictor
of CMDs although the prospective association is typically weaker compared to the
cross-sectional association [3,52,640]. Neuroticism also plays an important role in
other phenomena that correlate strongly with psychological distress, e.g. persistent low
subjective well-being, and physical health problems [148,493,736-738]. Neuroticism
is also associated with important outcomes like occupational attainment, divorce, and
mortality [52,66]. Furthermore, neuroticism accounts for a substantial proportion of
current and lifetime comorbidity, most strongly within the domain of internalizing
disorders, but also between internalizing and externalizing problems [282,739,740],
and between mental and physical illness [173,741].

Explanatory Theories
Five fundamental theories have been proposed to explain the neuroticism-CMDs link
[3,64,742-744]: (a) The vulnerability model postulates that neuroticism sets in motion processes that lead to CMDs, i.e. high neuroticism either causes the development
of CMDs directly or enhances the impact of causal risk factors such as stressful life
events (e.g., diathesis-stress scenario). Examples of such processes are a negative bias
in attention, interpretation and recall of information, increased reactivity, and ineffective coping. (b) The spectrum model is based on the assumption that neuroticism and
CMDs are different manifestations of the same processes, with CMDs representing the
high ends of continuously distributed neuroticism. The spectrum model considers high
neuroticism scores as equivalent to symptoms of CMD. (c) According to the common
cause model is neuroticism predictive for CMDs because the two constructs share
genetic and environmental determinants. Shared roots produce non-causal statistical
associations between the two. (d) The scar model proposes that neuroticism is shaped
by CMDs, in that the experience of a major CMD episode has permanent effects on
neuroticism, thus persisting after the episode has remitted. Finally, (e) the state model
also asserts that neuroticism is shaped by CMDs but, in contrast with the scar model,
argues that the effects of CMDs are temporary and disappear after the episode has
remitted. It is important to note that the models are not mutually exclusive and that
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Table 13. Empirical implications of fundamental models of the relationship between neuroticism and common mental disorders (CMDs)

Models

Necessary condition

Supportive evidence

Vulnerability

1) Presence of a clearly explicated
1) Prospective association, i.e. neuroticism
causal chain linking neuroticism to
predicts first-ever episode of any CMD after
CMD onset
adjustment for baseline symptoms
2) Neuroticism mediates effect
2) Neuroticism interacts with environmental
of psychological treatment on
determinants (e.g., life stress) to produce CMD
reduction of CMD symptoms

Common
cause

1) Common determinants (assessed concurrently
or prior to personality) account for the
association between neuroticism and CMD

Primary prevention of CMD does also
reduce neuroticism, in excess of the
state effect.

Spectrum

1) Strong and specific association between
neuroticism and CMD
2) Neuroticism and CMD share determinants
3) Overlap in measurement content

1) Synchrony of change in
neuroticism and CMD symptoms
2) Similar differential stability
3) Treatment is equally effective
in reducing symptoms and
neuroticism scores

Scar

Post-episode neuroticism higher than pre-episode
neuroticism

State

Cross-sectional association
Effective treatment of CMD reduces neuroticism
Synchrony of change in neuroticism and CMD
severity

1) Prospective association

Note. Necessary condition indicates that model is incorrect if condition is not met. Supportive evidence is
consistent with the model but their absence does not invalidate the model.

the borders between them are blurry. Table 13 describes specific predictions of each
model, divided into necessary conditions (model is incorrect if condition is not met)
and supportive evidence (consistent with the model but absence does not invalidate
the model).
The objective of the current paper is to evaluate available evidence bearing on
the validity of these models. It is in particular the prospective association linking
baseline neuroticism to later CMDs that has encouraged many to consider neuroticism a robust independent and etiologically informative risk factor of CMDs, e.g.
[52,272,275,282,380,745-748]. However, this preference for the vulnerability model
may be premature given that research to date has neither critically examined the vulnerability model nor sufficiently evaluated the validity of competing models.
To examine the validity of the models we examined the evidence on the following
topics: the prospective association between neuroticism and CMDs; item overlap between measures of neuroticism and CMDs; the extent to which neuroticism and CMDs
share determinants; differential change and stability of neuroticism and psychiatric
symptoms and disorders, and treatment effects on neuroticism and CMDs. To identify
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studies examining the prospective association between neuroticism and later axis-1
psychopathology, we searched the Web of Knowedge. This yielded 418 studies, of
which 46 met our inclusion criteria.
The present work extends earlier work on cross-sectional associations to a critical
evaluation of explanatory models of the prospective association. Three other broad
personality traits, low Conscientiousness, Disinhibition, and Extraversion, have often
been linked to CMDs as well, but their association with CMDs is not as strong and
pervasive as that of neuroticism [273,275,281,282,739,742]. Analyses of these traits
are outside the scope of this review, but we believe that the implications of our findings
on neuroticism are relevant for understanding the relationship between other personality traits and CMDs as well. First we address briefly the definition and measurement of
both neuroticism and CMDs.
Definition and Measurement of Neuroticism

Neuroticism is one of the broad traits at the apex of personality taxonomy. The term
neuroticism has its roots in Freudian theory. The modern concept of neuroticism was
introduced by Hans Eysenck and others using a range of methods from personality
psychology, including psychophysiological and lexical studies [51,132,749,750]. The
lexical model assumes that language represents what is of most importance, interest,
or meaning to individuals [43,685,751]. Eysenck and others referred to neuroticism
as a trait of emotionality, specifically the tendency to arouse quickly when stimulated and to inhibit emotions slowly [132]. Costa and McCrae defined neuroticism
as a dimension of maladjustment or negative emotionality versus adjustment and
emotional stability [47]. Others have emphasized possible etiological components of
neuroticism; such as an inability to control urges; inefficient coping with stress; a
preference for preemptive threat management strategies; a disposition to complain; or
the tendency to have unrealistic ideas, appraise situations as stressful, and experience
aversive emotional states. Differences among definitions have been reconciled in the
late 1990s with the consensus definition that, at its core, neuroticism is the propensity to experience negative emotions [63,704,751-755]. Self-report questionnaires are
the most common methods of personality assessment, followed by report by others
who know the index person well, such as peers and parents. Objective behavioral
tests have shown to correlate only weakly with personality questionnaires, in part
because laboratory tests have difficulty capturing broad constructs like neuroticism
[51,685,750,751]. Although modern measures of neuroticism are based on the same
core construct, they show differences with regard to its facets or lower-order traits
[685]. While Anxiety-Withdrawal, Depression-Unhappiness, Vulnerability-Stress Reaction are typically considered facets of neuroticism, there is less agreement whether
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Angry Hostility-Aggression, Impulsivity, Inferiority, and Dependency belong to the
neuroticism domain.
Definition and Measurement of Common Mental Disorders (CMDs)

Two widely used modern classifications of mental disorders are the Diagnostic Statistical Manual 4th edition (DSM-IV) and the International Classification of Diseases (ICD10) [756]. Therein mental disorders are defined as a clinically significant behavioral or
psychological syndrome or pattern that occurs in a person and associates with present
distress (a painful symptom) or disability (impairment in one or more important areas
of functioning) or with a significantly increased risk of suffering death, pain, disability,
or an important loss of freedom [757]. The symptoms must also not be a normal and
expectable response to a particular event (e.g., sadness after the death of a loved one)
but out of proportion. Whatever its original causes, the symptoms must be considered
a manifestation of a behavioral, psychological, or biological dysfunction in the person.
Both classifications describe a large number of mental disorders by means of operational definitions based as much as possible on empirical phenotypic criteria. This has
improved the reliability of diagnoses and their use in clinical practice and research.
The operational criteria have also led to reliable interview-based diagnostic interviews
and self-report symptom measures [758]. However, the existence of substantial comorbidity and heterogeneity in etiology and treatment effects within the very same
disorder suggests that the validity of the classifications and their fine distinctions is
far from optimal. It is expected that, with increasing etiological knowledge, future
classifications will become more etiologically based.
Efforts to examine the structure of psychopathology have resulted in the distinction
of internalizing (tendency to express distress inwards) versus externalizing (tendency
to express distress outwards) disorders [759,760]. Three classes of mental disorders
are especially common in the general population: anxiety, depressive, and substance
use disorders. Anxiety disorders typically include panic disorder, social anxiety disorder, specific phobia, generalized anxiety disorder, agoraphobia, post-traumatic stress
disorder, and separation anxiety disorder. Depressive disorders include major depressive disorder, major depressive episodes and dysthymia. Substance use disorders typically include alcohol abuse/dependence and drug abuse/dependence. The 18-country
Collaborative WHO World Mental Health Surveys reported inter-quartile lifetime
prevalence estimates ranging from 9.9-16.7 for any anxiety disorder, from 9.8-15.8 for
any depressive disorder, and from 4.8-9.6 for any substance use disorder [761]. The
anxiety and depressive disorders are part of the internalizing domain, which also includes somatoform disorders. The substance-use disorders are part of the externalizing
domain, together with conduct and impulse control disorders, and -according to some
models- attention deficit and hyperactivity disorders (ADHD). Our review focuses on
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neuroticism’s relationship with these three classes of common mental disorders which
we collectively denote as CMDs in this paper. Thus, we do not review relatively common mental disorders from other classes such as ADHD and conduct disorder.

Associations between neuroticism and common
mental disorders
Cross-sectional Studies

Recently, Kotov and colleagues [281] performed a quantitative review of cross-sectional associations between six higher order personality traits, including neuroticism,
and 11 mental disorders, including the CMDs disorders. All diagnostic groups were
high on neuroticism (mean Cohen’s d = 1.65). As a heuristic to guide interpretation of
findings, d’s from 0.20 to 0.40 conventionally indicate a small effect, 0.41 to 0.79 a
medium effect, and 0.80+ a large effect. Anxiety disorders showed the strongest link
with neuroticism (e.g., panic disorder: d= 1.92), closely followed by depressive disorders (e.g., major depressive disorder: d= 1.33). Neuroticism’s link with substance use
disorders was considerably lower (e.g. alcohol abuse: d= 0.77). Moderator analyses
indicated that epidemiologic samples produced smaller effects than patient samples
and that Eysenck’s inventories showed weaker associations than NEO scales. While
neuroticism was by far the strongest correlate of most CMDs, several other traits
showed substantial associations independent of neuroticism.
Prospective Studies

We searched the Web of Knowledge in May 2012 for prospective studies linking neuroticism to later CMDs. We used search strings that combined terms from the following three sets: (a) neuroticism, trait anxiety or negative affectivity; (b) mental disorder,
internalizing disorder, externalizing disorder, anxiety disorder, mood disorder, psychopathology or mental health/illness; and (c) longitudinal, prospective or follow-up.
This yielded 418 studies, of which 46 met our inclusion criteria. To be included, a
study must have (a) an adult sample that was at least 18 years at follow-up (b) from the
general population (c) of at least 200 participants, (d) with assessment of neuroticism
at baseline and (e) assessment of axis-1 psychopathology at a follow-up (f) at least
one year after the baseline. We excluded studies that (a) comprised patient groups
(mental/somatic) or prisoners, (b) did not report information necessary to calculate
sample size or effect sizes, or (c) did not include one or more CMDs as defined above.
We were particularly interested in studies that measured not only neuroticism, but
also psychopathology at baseline, because these studies could correct for confounding
due to baseline psychopathology in the neuroticism-psychopathology association. For
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example, some studies excluded subjects with a previous or current axis-1 diagnosis,
or adjusted the association for baseline psychiatric symptoms, or both.

Results
Tables 14 and 15 present summary statistics which we composed using the information
retrieved by Jeronimus and colleagues (2013). The tables distinguish four categories of
disorders: (a) anxiety (PTSD, panic disorder, GAD, and the phobic disorders including
social anxiety disorder); (b) depression, including suicide and dysthymia; (c) substance
abuse, such as illicit drugs, alcohol and tobacco; and (d) psychological distress (the
meta-analysis also include other disorders than these four categories)81.
Table 14. Summary of predictive effects of neuroticism as sample-size weighted effect-sizes d over K studies
and N participants.
Symptoms

Disorder
Anxiety

Unadjusted

Substance use
Non-specific
Mental Distress

K

N

d

SDd

K

N

d

SDd

8

9,820

0.69

0.40

2

6,579

0.52

0.32

6

6,104

0.38

0.32

6

13,073

0.18

0.11

11

13,379

0.74

0.37

10

37,992

0.50

0.28

Adjusted

4

2,876

0.33

0.14

13

45,522

0.32

0.36

Unadjusted

3

5,654

0.30

0.09

3

10,204

0.22

0.17

Adjusted

1

961

0.28

0.00

5

14,826

0.21

0.24

Unadjusted

3

1,723

0.87

0.87

1

3,625

0.48

0.00

Adjusted

3

4,804

0.27

0.24

1

968

0.12

0.00

Adjusted
Depression

Diagnosis

Unadjusted

Legend: K = number of studies, N = pooled sample size, d = sample size-weighted average effect size, SDd =
sample size-weighted standard deviation of effect sizes. Details can be found in the method section.

The pool of studies is quite heterogeneous, as indicated by rather large SDs around
averages. Despite the variability, the data in Table 14 clearly support the ability of
neuroticism to predict CMDs, especially for internalizing symptoms and disorders
and psychological distress (mean d= 0.63, range 0.48-0.87). The association with substance use symptoms and disorders is considerably weaker (d= 0.26). The estimated
unadjusted prospective associations between neuroticism and CMDs are about half
81. Because studies differed in terms of (i) the metric of predictor (neuroticism) and outcome (psychopathology) variables (ranging from dichotomies to continuous variables) and (ii) the statistic used to
estimate the magnitude of the association, Jeronimus and colleagues converted study findings into a
common metric (Cohen’s d) [420]. Hazard ratios are not convertible to other effect sizes, and hence 4
studies are not included in Tables 14 and 15.
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Table 15. Summary of predictive effects of neuroticism as sample-size weighted effect sizes d over K studies
and N participants, for short versus long time intervals.
Symptoms

Diagnosis

K

N

d

SDd

K

N

d

SDd

16

20,461

0.63

0.35

10

37,992

0.48

0.26

  Short interval

7

9,095

0.67

0.34

6

26,535

0.49

0.25

  Long Interval

9

11,366

0.60

0.37

4

11,457

0.47

0.17

8

7,553

0.36

0.29

15

50,900

0.30

0.34

  Short interval

6

4,759

0.48

0.40

9

17,700

0.32

0.30

  Long Interval

2

2,794

0.15

0.03

6

33,200

0.29

0.29

Unadjusted

Adjusted

the meta-analytic estimates of the cross-sectional associations reported by Kotov and
colleagues [281]. We reanalyzed Kotov’s et al. data to be as comparable to the data
reported in the current study. Specifically, we included only epidemiological studies,
removed attenuation for unreliability, and selected only common mental disorders.
Then, the comparison of cross-sectional studies versus prospective studies comes out
as 1.08 versus 0.52 for anxiety, 0.86 versus 0.49 for depression, and 0.52 versus 0.22
for substance disorders. The difference in effect size between prospective and crosssectional studies suggests that about half of the cross-sectional association is due to
relations with mental state, which is inconsistent with the vulnerability model but in
line with the state and the spectrum models and neutral with regard the common cause
model.
Neuroticism’s associations with symptom measures based on self-ratings are
typically stronger than for diagnoses (Table 14). Diagnoses are typically based on
diagnostic interviews. For unadjusted effect sizes, the difference amounts to d= 0.18
(0.58 versus 0.41). This suggests the existence of method variance, as both neuroticism
and symptom measures are typically assessed with self-ratings, whereas diagnostic
interviews are based on self-report in response to interviewer questions. Unfortunately,
it is not possible to establish the extent of method variance in the observed prospective
associations with diagnoses.
Adjusting for Psychiatric Confounders

A strong test of the vulnerability model is one that evaluates the ability of neuroticism
to predict onset of a given disorder while adjusting for all baseline psychiatric symptoms, i.e. the symptoms present at the time the study assessed neuroticism, and earlier
episodes of CMDs as well (Jeronimus et al., 2013). Control for baseline symptoms
is important because of the robust evidence of the state component in neuroticism;
control for earlier episodes is important because earlier episodes may have left scars
expressed as increased neuroticism.
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Although support for the scar model is inconsistent and virtually limited to major
depression, with some evidence in favor [762,763], and some against it, long-term
effects of remitted episodes on neuroticism cannot be ruled out [764-766].
The adjusted effect sizes regarding internalizing symptoms and disorders dropped
on average with 51% compared to their unadjusted counterparts (from d= 0.53 to
d= 0.26). This substantial drop is consistent with the spectrum model. However, the
weak residual prospective association supports the vulnerability model. This drop is
also consistent with the common cause model. The drop was most marked for anxiety
disorders and psychological distress, suggesting that these outcomes are most sensitive
to confounding by baseline psychiatric symptoms (see also next section). The weak
prospective association of neuroticism with substance use was not affected by adjustment, supporting the vulnerability model for substance use disorders.
Jeronimus and colleagues (2013) did not find a single study that controlled for all relevant baseline symptoms and earlier episodes. Nevertheless, three studies came close
to comprehensive control. Two still found significant predictive effects [496,640] and
one did not [767]. The largest of these studies (n= 7076, age 18-64 [640]) investigated
the association between baseline neuroticism with onset of various index disorders assessed one year later. The authors controlled for (i) baseline disorders and (ii) lifetime
core symptoms of the index disorder. This study still found a moderate predictive
effect of neuroticism on the incidence of mood disorders (OR= 2.18; d= 0.47) but not
anxiety and substance use disorders [640]. Krueger et al. ([496], n= 961) investigated
the association between baseline neuroticism at age 18 and CMDs three years later. After adjusting for baseline symptoms, the effect of neuroticism at age 18 on later CMDs
was still significant (anxiety disorders: β= 0.18; d= 0.46; depressive disorders: β=
0.12; d= 0.34; substance use disorders: β= 0.09; d= 0.28). After adjustment, Engelhard
et al. found no prospective association between neuroticism and subsequent CMDs.
In sum, given the lack of full control, it remains unresolved whether neuroticism is
a truly independent predictor of mental disorder. However, the evidence is suggestive
that it is, at least to some extent, especially with regard to mood disorders. Furthermore,
it is possible that the predictive power of neuroticism is underestimated in adjusted
analyses to the extent that baseline psychiatric symptoms and earlier episodes are
caused by neuroticism but are then adjusted.
Shorter versus Longer Intervals

Interestingly, Table 15 shows that the unadjusted effects over intervals longer than
3.6 years (mean d= 0.53) are not much smaller than those with intervals between 1
and 3.5 years (d= 0.57). To a lesser extent, this also holds true for the mean adjusted
association between baseline neuroticism and later CMDs of d= 0.22 for long intervals
versus d= 0.39 for short intervals. Only the adjusted association with later psychologi-
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cal distress showed a large difference between intervals, with d= 0.14 for long intervals
and d= 0.48 for short intervals. These typically small differences between short and
long follow-ups for CMDs indirectly support the vulnerability model, and are also
consistent with the common cause model.
Operational Confounding and the Trait-state Distinction

In addition to the issues related to adequate control for confounders, the interpretation
of associations between neuroticism and CMD is also difficult because of the overlap
between item content of neuroticism inventories and measures of CMDs [3,736]. Many
neuroticism items are similar to items of popular symptom measures in that they refer
to the same affects, cognitions and behaviors (see for examples: [94]).
However, there are two important differences, both of which relate to the distinction
between trait and state. Symptom measures have specific time frames (typically 2-4
weeks) and are rated on severity, whereas neuroticism questionnaires typically ask how
the respondent feels, thinks, and behaves in general, and use an agree/disagree rating
scale. Furthermore, neuroticism measures assess global tendencies in emotions, cognitions, and behaviors that cut across situations, whereas symptom measures concern
particular, often narrowly defined, symptoms. It is difficult to establish to what extent
these two state-trait related differences make neuroticism measures fundamentally different from psychopathology measures. In as far as content overlap exists it provides
support for the spectrum model.
Stability and Change of Neuroticism – Different from Psychopathology?

Rank-order stability data can shed light on the validity of the models. Rank-order
stability reflects the stability of individuals’ relative position within the group, also
known as differential stability, and is typically established with test-retest correlations.
Meta-analytic evidence shows increasing differential stability of personality with age
until a peak in late adulthood, as well as decreasing stability with increasing time
intervals between measurement occasions [164,411], with a meta-analytic correlation
between time interval and differential stability of r= -.36. Recent studies, not included
in the meta-analysis, found similar or slightly higher differential stability estimates
[239,247,426,637]. Two studies have assessed neuroticism at least four times over a
period of about two decades. At the start of the studies the mean age was, respectively,
34 (SD 12; range 16-63) and 42 (SD and range not reported) [236,328]. Both studies
reported a gradual decline in stability reaching about r= .40 over more than 20 years.
Thus, empirical evidence has documented not only substantial differential stability of
neuroticism during adulthood, but also sustained and cumulative change.
Based on the definition of states as compared to traits, we would expect CMDs and
symptoms to be considerably less stable than neuroticism. However, longitudinal stud-
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ies have found substantial differential stability of psychiatric symptoms [404,736] and
disorders as well [759,760,768-773]. These studies also show that half to one third of
the patients experiencing a first brief episode of anxiety or depression do not develop a
recurrence. However, if recurrence occurs, full and sustained recovery is less common
and the long-term course is often unstable, with fluctuating severity levels that may
cross diagnostic thresholds repeatedly [768,770,774].
Ormel and Schaufeli reviewed 13 two-wave studies of anxiety and depressive symptoms with an average interval of 1 year in 1990 and found longitudinal correlations
ranging from .30 to .70 [404]. Later longitudinal studies yielded correlations for depressive and anxiety symptoms from .58 across a 4-month interval to .40 across 8 years
(e.g., [292,736]. Although never systematically investigated, the drop in symptom
stability with increasing time intervals seems eventually to level off at an asymptotic
level of .30 to .40 [775].
Longitudinal studies assessing both neuroticism and psychopathology at multiple
points in time are uncommon. Table 16 shows the results of the larger populationbased studies. The difference in stability is modest; stability is about a third higher for
neuroticism than for CMD symptoms. In sum and with some caution, the differential
stability of CMDs, especially at the level of symptoms, is somewhat lower than that
of neuroticism but shows the same pattern: substantial but decreasing with increasing time intervals and eventually leveling off. Thus, there is more stability in CMD
symptoms and more change in neuroticism than the concepts of state and trait would
suggest.

Genetic and environmental determinants of
neuroticism and CMDs
Twin Studies

Neuroticism is the product of the interplay between genetic and environmental influences. Heritability estimates typically range from 40% to 60% [85-87,779]. Similar
or slightly lower heritability has been reported for CMDs [88,780-783]. The genetic
influences on neuroticism remain largely the same across adult life, whereas the environmental influences, largely non-shared, are relatively occasion-specific, suggesting
chance and age effects [85,91,236,247]. The temporal stability of environmental
influences tends to increase with age [85,91,236,247]. For CMDs such as anxiety and
depression, a similar stability pattern of genetic and environmental influences has been
reported [292,784].
Most importantly here, the genetic sources of neuroticism and CMDs (especially the
internalizing disorders) overlap as indicated by the considerable genetic correlation

[100]

[776]

[173]

[777]

[778]

Jeronimus

Prenoveau

Neeleman

Wetherell

Fergusson

1052

1391

3625

627

296

2981

57 29-95
M=61 (13.3)

68 18-65
M=42 (12.2)

69 M=17 (0.4)

44 16-63
M=34 (11.8)

67 18-65
M=42 (13.1)

Age in years
M (SD)

100 20-40

% Women

Sx

1,2,3

1
Sx

.60
.49

EPI
LPDQ

Neuroticism
Depression

.58, .55
.55, .52

STPI
CES-D

.64

.52

.65

Depression

Trait anxiety

Sx
Sx

(2)

Somatic morbidity

Sx
3,6

CIDI

Psychiatric morbidity

Sx

3,6

EPI

Neuroticism

Specific phobia
(1)

Social anxiety (1)

.76, .74, .64

Sx

1,2,3

SCID-CRS/FSS-II

.62, .46, .46

MASQ/IDD

Depression

Sx

1,2,3

3

.86, .83, .75

Big 5-N/IPIP-N/BIS

Neuroticism (1)

1,2,3

.73, .70, .59

.60, .52, .40

BNA

Depression

1,2,11

SCID-CSR/SPS-SC

.74, .70, .51

ABV

Neuroticism

1,2,11

(1)

.69

BAI

Anxiety

Sx

.72

IDS-SR30

Depression

Sx

.78

NEO-FFI

Neuroticism

Test-retest
Correlation

Instrument

Psychopathology Measure

Sx

2

Test-retest
interval in years

Note. ABV= Amsterdamse Biografische Vragenlijst; BAI= Beck Anxiety Inventory; BIG 5-N= Big-Five Mini-Markers Neuroticism scale; BIS= Behavioral Inhibition System
Scale; BNA= Bradburn negative affect; CES-D= Center for Epidemiologic Studies Depression scale; CIDI= Composite International Diagnostic Interview; EPI= Eysenck
Personality Inventory; FSS-II= Fear Survey Schedule II; IDD= Inventory to Diagnose Depression; IDS-SR30= Inventory of Depressive Symptomatology self-report; IPIPN= International Personality Item Pool, 2001; LPDQ= Levine Pilowsky Depression Questionnaire; MASQ= Mood and Anxiety Symptom Questionnaire; SCID-CSR=
Structural clinical interview for  DSM-IV for social phobia; SPS-SC= Self-Consciousness subscale of the Social Phobia Scale; STPI= State-Trait Personality Inventory; Sx=
symptoms. Notes: (1) = latent constructs; (2) = checklist concerning experience with 22 somatic conditions during the 2 years preceding T2.

[222]

Jeronimus

Sample

Table 16. Test-retest correlations for neuroticism and measures of psychopathology.

First Author
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between neuroticism and CMDs [274,293,762,785,786]. For instance, Hettema and
colleagues analyzed data on neuroticism and internalizing disorders from over 9000
male and female twins, and found that the genetic correlations between neuroticism
and these disorders were high, ranging from 0.58 to 0.82; whereas the environmental
correlations were much lower and ranged from 0.05 to 0.27. Thus, phenotypic neuroticism-internalizing disorder associations are largely due to shared genetic factors.
The hunt for specific genes related to neuroticism and CMDs has turned out to be difficult and hardly successful so far. Initial optimism [779,787,788] has been tempered
by meta-analyses [789,790] that did not find robust support for any of the candidate
genes proposed. Thus, the specific genes that neuroticism and CMDs have in common remain elusive, but it is well established that these phenotypes share substantial
genetic variance.
These findings strongly support the common cause and spectrum models for internalizing disorders. However, the authors also identified a neuroticism-independent
genetic factor that sizably increased risk of major depression, generalized anxiety
disorder, and panic disorder. This is inconsistent with the common cause and spectrum
models. Although much less studied, some evidence of weak to moderate genetic correlation between neuroticism and non-internalizing CMDs such as the substance use
disorders has been reported as well [785,791-794]
Environmental Influences

In contrast to genes, several specific environmental factors were found to be shared by
neuroticism and CMDs. Childhood and adolescent adversities have been linked to neuroticism and many forms of psychopathology in adulthood [795-798]. These adversities
include emotional neglect and sexual abuse [798-803] poor parental care [804], highly
intrusive parenting [804], childhood trauma [798], and being bullied [251,626,805].
Most of the human evidence rests upon retrospective reports of childhood adversity
with all their limitations for reliability and validity [806]. A few prospective studies
have related early adversity to later neuroticism and CMDs [626,769,795,798,807].
Collectively, these studies suggest that without adequate social support, uncontrollable, high-intensity childhood stressors are risk factors for both CMDs and elevated
neuroticism in adulthood.
The substantial differential stability of neuroticism and the fluctuating-chronic nature of recurrent CMDs suggest that experiences with the capacity to cause sustained
change in neuroticism and mental health are rather rare or have only small effects. A
potential source of persistent change is exposure to powerful stressors, in particular
during adolescence and young adulthood, which has been indicated to contribute to
neuroticism and CMDs later in life [626,769]. Other possible change agents are success and failure in the major social roles of marriage and work, in particular when
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they accumulate over time [64,251,672]. The formation of a romantic relationship,
marriage, marital satisfaction, and satisfying and engaging employment are associated
with decreases in neuroticism [339,426,609] and CMD risk [380,609,808]. In contrast,
conflicts, poor relationship quality, and chronic or repeated unemployment can lead to
increases in neuroticism [339,408,426,609] and CMD risk [271,294,302,380,791,809].
Collectively, studies on the role of childhood and adolescent adversities suggest that
poor parenting and childhood trauma in early life as well as uncontrollable stress in
adolescence play a role in shaping both adult neuroticism and CMDs. Subsequent major life events and successes or failures in social roles continue to shape both domains
throughout the lifespan. These shared determinants likely contribute to the prospective
neuroticism-CMD links and as such provide support for the common cause and hence
the spectrum model as well because the spectrum model (neuroticism and psychopathology reflect the same processes) assumes fully shared determinants as well.
Transactions Between Neuroticism and Life Stress
Multiple longitudinal studies have found that the lifestyles of high-neuroticism individuals increase the likelihood of stressful experiences, and that these stressors in
turn can trigger CMDs, e.g. [239,380,810,811]. This evidence of stress-generation
suggests that neuroticism may have causal effect on CMDs via life stress. Furthermore,
high-neuroticism individuals have been found to be at greater risk of CMDs following
exposure to stressful life events [38,294,380,425], but this moderating effect has not
been found in all studies [812]. Nevertheless, significant evidence has accumulated in
support of this diathesis-stress effect; suggesting that both neuroticism and life stress
contribute to development of CMDs and that a combination of the two risk factors is
especially potent [272,294,745]. This supports the vulnerability model.
Treatment Response
There is some evidence that the treatment of depression also reduces neuroticism [726]
and that this effect is not entirely due to confounding by the change in depressive
state [354]. Indeed, Quilty and colleagues found that decrease in neuroticism mediates
treatment effect on depression [355]. More evidence has accumulated that psychiatric
treatment has better outcomes in individuals with relatively low neuroticism but the
evidence is largely limited to depression [354,742,813,814]. Other explanations need to
be ruled out, however, such as that traits predict worse response because they indicate
a more severe form of mental disorder or that they interfere with treatment compliance
and the therapeutic relationship, thus reducing the efficacy of the intervention.
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Implications of evidence for validity of
neuroticism-CMD models
Summary of evidence for and against the models is given in Table 17. Much evidence
lacks decisive implications for a particular model, presented as +/- in Table 17. At
first none of the models seem a clear winner, in that it is capable to account for (virtually) all evidence. Neither does the evidence completely rule out the common cause,
spectrum or scar model, although the latter is not very likely because the few studies
who found scar effects on neuroticism may have been dealing with decaying state
effects [766]. The state model cannot explain the prospective association between
neuroticism and the subsequent onset of a first-ever CMD. This does not imply that
the state model itself is invalid, in contrary, it is firmly established that neuroticism
scores are substantially increased during episodes of most CMDs compared to pre- and
post-episode times [348,762,763,766]. In addition, psychometric studies indicate that
neuroticism scores include some state variance that is independent of developmental
changes in the traits but related to current affective state [815,816].
The spectrum model cannot explain much prospective association between neuroticism and internalizing disorders, but some aspects of it are likely true and do account
for some prospective association. These aspects include the overlap in item content, the
synchrony of change, and the moderate similarity in rank-order stability. Particularly
the existence of risk factors unique to neuroticism or internalizing disorders argues
strongly against the spectrum model as the dominant explanatory model. The fact that
Table 17. Evaluation of models in light of the evidence on neuroticism (N) and internalizing
disorders (INT)

The Evidence

State Scar Vulne- Common Spectrum
rability cause

Cross-sectional association neuroticism-CMD

++

++

+/-

++

++

Prospective association  neuroticism-CMD

—

+/-

++

+/-

—

N enhances life stress effect on psychopathology

—

—

++

+/-

—

Substantial item content overlap

—

—

-

—

++

Partly shared determinants

—

—

-

++

++

Partly unique determinants

—

—

++

—

—

Synchrony of change

+/-

+/-

-

+

++

N is more stable than INT

+/-

-

+ (1)

+ (2)

-

Post-episode N probably not higher than pre-episode N

+

—

+/-

+/-

-

Treatment effect mediated by N

-

+/-

++

+/-

+/-

Note. + (++), (strongly) consistent with model; – (—), (strongly) inconsistent with model;
+/-, lacks a clear implication. 1, if difference is marked. 2, if difference is small.
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the prospective relationship of neuroticism with CMDs is not specific to the internalizing disorders argues also against a full explanation by the spectrum model. After all,
neuroticism’s item content overlap concerns the internalizing disorders; the diagnostic
criteria of substance use disorders do not include neuroticism.
The common cause model garnered substantial support including shared determinants
(especially genetic) and synchrony of change. It is also consistent with much evidence
but not in an unequivocal manner (the +/- items in Table 17). Thus, most prospective
association could be due to common causes. However, a dominant common cause
model has difficulty accounting for the unique determinants of neuroticism and the
internalizing disorders. It has also difficulty to account for the prospective association,
especially across long intervals of multiple years, and the life stress moderating effect
of neuroticism.
In contrast, the latter two findings are consistent with the vulnerability model, especially if the prospective association would remain substantial when fully adjusted
for psychiatric confounders. The evidence suggests that it will to some extent. Also
consistent with the vulnerability model is the mediating and moderating role of life
stress and the partly unique determinants. It is in particular the item content overlap,
shared determinants, and the synchrony of change which argue strongly against the
vulnerability model as the dominant explanatory model for the association between
neuroticism and internalizing disorders.
It is important to take into account the specific CMD. Regarding anxiety disorders,
the evidence favors a major role for the common cause model, with similar evidence
for the spectrum and vulnerability model. Regarding depressive disorders, the common cause model again has the strongest support but is followed by the vulnerability
model; data for the spectrum model is the weakest. With regard to substance use disorders, which are substantially less strongly predicted by neuroticism compared to
anxiety and depressive disorders, vulnerability and common cause model receive the
strongest support. Substance use disorders can develop as maladaptive forms of coping with high levels of negative affect characteristic for high neuroticism [817,818],
which is consistent with the vulnerability model. Furthermore, substance use disorders
somewhat share genetic and environmental determinants with internalizing disorders
[292,791] and, as documented earlier, with neuroticism. These determinants include
early adversity, life stress, and non-adaptive coping strategies. This supports the common cause model. None or little support was found for the scar and spectrum models.
Note that the evidence is limited to substance use disorders; the evidence on other
externalizing disorders is virtually lacking.
In conclusion, no model by itself is able to fully account for the evidence. The common cause and vulnerability models, and to a lesser extent the spectrum model, each
receive significant empirical support, but the degree of support depends on the CMD of
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interest. The association of neuroticism with substance use disorders is best interpreted
by a combination of the vulnerability and common cause models. The state and scar
models very likely do not account for any prospective association. Figure 5 depicts a
tentative “integrated” model for internalizing and substance use disorders.
CC1
Substance use
disorders
Neuroticism

UC1

Subthreshold
internalizing
symptoms

CC2

B1

Internalizing
disorders

UC2

B2

B3

UC3

Figure 5. Tentative Model of the Relationship Between Neuroticism and Common Mental Disorders

Note. CC1= common causes of neuroticism, internalizing symptoms and disorders and substance use disorders;
CC2= common causes of neuroticism and internalizing symptoms and disorders; UC1-3= causes unique to
neuroticism, internalizing disorders and substance use disorders, respectively; B1-3= causal effects.

Next Steps

These conclusions are necessarily tentative because the existing literature has several
limitations. First, few prospective studies controlled for all relevant baseline symptoms
and psychiatric history, thus, unique predictive power of neuroticism has not yet been
established. Second, while we found substantial evidence directly supporting the common cause and the spectrum models, there are still relatively few data on mechanisms
that may convey risk from neuroticism to CMDs, and the pathways are far from established. Behavior genetics has elucidated the basic architecture of neuroticism-CMD
link, the specific genetic mechanisms involved are not yet known, and understanding
of environmental pathways is fragmentary as well, although inspiring evidence is
emerging [36,52,238,810,819]. For instance, neuroticism has been linked to negative
bias in attention, interpretation, and recall of information; stressful event generation;
relatively ineffective coping; and probably also with increased reactivity and affect
variability [36,238]. These characteristics may drive the proximal processes that trigger or maintain CMDs. Third, there are too few prospective behavioral genetic studies
to know whether neuroticism contributes to onset of CMDs beyond shared genetic and
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environmental determinants of psychopathology. Fourth, an overarching concern is the
scarcity of comprehensive studies. The majority of investigations have focused on depression or substance use disorders; for instance, specific anxiety disorders, antisocial
behavior, and psychotic disorders received little attention.
To make further progress, it is crucial to test not only mediation of treatment effects
in CMD patients but also whether preventive interventions that specifically target neuroticism in non-affected high neuroticism samples reduce future CMD risk. Evidence
that change in neuroticism does predict change in CMD risk would be most compelling
in differentiating between the vulnerability and common cause models. Emerging evidence suggests that both pharmacological and psychosocial interventions may succeed
in reducing neuroticism [354,726], but hardly a single study has been designed to
critically test whether this effect is independent from improvement in mental health
status. Other steps are important as well. One is to intensify the efforts to elucidate
the psychological and biological basis of neuroticism, [see for a review [238]]. Future
studies should also seek to move beyond self-report and use other measures of neuroticism, such as informant ratings [281].
Last but not least, there is a need to deconstruct neuroticism (see chapter 10). The
majority of personality-psychopathology studies use the broad personality trait measures. More research at the level of neuroticism’s facets will likely yield important data
on the neuroticism-CMDs relationship, as the facets may contain additional variance
relevant to the elucidation of the relationship [820]. Studying neuroticism’s facets
may reveal differential and even antagonistic processes [220,821-823]. For instance
the neuroticism facet of frustration acts as a general risk factor for both internalizing
and externalizing symptoms in adolescents, while the neuroticism facets of fearfulness and shyness have rather specific effects [220,821-823]. Shyness increases risk
of internalizing symptoms but protects against externalizing problem behavior. This
differentiation is theoretically meaningful and consistent with research in children and
adults [64,193,744,824].
Another argument supporting deconstruction of neuroticism flows from the emerging
network approach to personality [117]. The network approach posits that personality
traits emerge from the interactions between affective, cognitive and behavioral components (the neuroticism items, or small sets of strongly associated items). According
to the network approach, these components are not associated because they are driven
by a latent entity of neuroticism but because they influence one another over time
[117]. The authors show that deconstruction of neuroticism in terms of interdependent
components offers new perspectives on a variety of issues including the difficulties
finding neuroticism genes.
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Utility of Neuroticism in Psychiatric Research

Does neuroticism have any utility in psychiatric research before its basis and determinants are understood? Given its predictive power, the neuroticism score can be used
as a dimensional marker of unspecified general risk, both genetic and non-genetic,
for developing psychopathology. These risks are not behaviorally silent but express
themselves in subtle impairments in multiple domains of functioning and associated personal distress, which neuroticism items pick up [766]. Furthermore, because
neuroticism measures are easy to administer, they represent a simple, efficient, reliable, and valid dimensional measure of the effectiveness of treatment and prevention
programs. While this value is unproblematic, it is not certain whether neuroticism is
an epiphenomenon of underlying etiologic processes (i.e., common cause model) or
directly causal, in the sense that interventions targeting neuroticism specifically can
modify CMD risk via changes in the trait (i.e., vulnerability model).

Concluding comments
Neuroticism has been labeled the single most important risk factor in behavioral public
health [52], and the economic costs of high neuroticism are estimated to exceed those
of CMDs combined [55]. The literature we reviewed indicates that (a) neuroticism
predicts onset of CMDs even after controlling for most (but not all) psychiatric confounders; (b) items used to assess neuroticism partially overlap with CMD symptoms,
especially for internalizing disorders; (c) neuroticism and CMDs share substantial but
not all genetic and environmental determinants; (d) neuroticism has higher temporal
stability than CMD symptoms, although the difference is smaller than commonly
thought; (e) neuroticism probably moderates the impact of life stress on CMD; and
(f) reductions in neuroticism may partially mediate the effect of treatment on CMDs.
The association between neuroticism and CMDs has inspired multiple explanatory
models, known as the vulnerability, spectrum, common cause, state, and scar models.
None of these models is a clear, outspoken winner, in that it is capable to account
for (virtually) all of the prospective neuroticism-CMD association. Neither does the
evidence completely rule out any of these models, with the exception of the state
and probably the scar model as well. Especially the common cause and vulnerability
model, and to a lesser extent the spectrum model, account each for part of the prospective neuroticism-CMD association. Furthermore, it is important to take into account
the specific CMD. Regarding the anxiety disorders; the evidence favors a major role
for the common cause model, followed by the spectrum and vulnerability models.
Regarding the depressive disorders, the vulnerability model becomes second best after
the common cause model but before the spectrum model. Regarding the substance
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use disorders, the vulnerability model may account for most prospective association,
followed by the common cause model.
To test these preliminary conclusions, intervention studies offer the best options.
Studies that test whether treatment effects in CMD patients go hand in hand with
reductions in neuroticism and shared determinants will evaluate the common cause
model. Studies that examine to what extent preventive interventions targeting neuroticism in non-affected high neuroticism individuals do reduce future CMD risk are
relevant for the vulnerability model. Longitudinal studies that test to what extent the
prospective association drops with comprehensive control for psychiatric history and
baseline psychiatric symptoms will inform on the validity of the spectrum model.
Further progress is probably also facilitated by deconstructing neuroticism in facets (or
components), identified as small sets of items that are strongly associated because they
influence each other or share a common cause such as a neurobiological or psychological system [238].
Are our conclusions regarding the neuroticism-CMDs relationship relevant for
understanding the relationship of other personality traits with psychopathology? As
mentioned earlier, low conscientiousness, (dis)inhibition, and extraversion, have all
been linked to CMDs as well, though less strongly. Although only empirical data can
answer this question, it seems likely that the operational overlap between these traits
and CMDs is significantly smaller than it is for neuroticism. If prospective studies
uphold the cross-sectional association, the smaller operational overlap would tend to
invalidate the spectrum and state models, providing further support for the vulnerability and common cause models.
To date, the utility of neuroticism is mainly that it is a highly efficient marker of risk,
both genetic and non-genetic, for developing psychopathology, but without specifying
the etiological processes involved [52,753]. Neuroticism’s prospective association
with CMDs in itself does not elucidate the mechanisms underlying their association.
Thus, for the time being, neuroticism is best conceptualized as a variable in need of
explanation. The value of neuroticism as an efficient marker should not be underestimated. Given the etiological overlap between neuroticism and CMDs, research that
succeeds in elucidating the (psycho) biological basis and determinants of neuroticism
will inform on the etiology of not only neuroticism but CMDs as well. Such research
will facilitate treatment and prevention programs that target the core of common mental disorders and not just their specific manifestations.
Acknowledgement

Dr. Ormel’s research is financially supported by the Netherlands Organization for
Scientific Research NWO (Medical Research Council program grant GB-MW 940-38011; ZonMW Brainpower (Geestkracht) grant 100-001-004; NWO investment grant

Chapter

5

152

|

Chapter 5

175.010.2003.005); NWO Gravitation (Zwaartekracht) grant and by the European
Science Foundation (EuroSTRESS project FP-006). Dr Oldehinkel’s research is supported by the NWO Social Sciences Council investment grant GB-MaGW 480-07-001
and project grant 452-04-314. Dr. Kotov’s research is supported by NIMH grant RO1
MH093479. Dr Hankin’s research is supported by NIMH grant 5RO1 MH077195.

Prospective Population Based
Studies Linking Neuroticism to
Psychopathology
Bertus F. Jeronimus1, Roman Kotov2,
Harriëtte Riese, Johan Ormel1 (2013).
1

2

Department of Psychiatry, Interdisciplinary Center Psychopathology and Emotion
regulation (ICPE), University of Groningen, University Medical Center Groningen.
Department of Psychiatry, Stony Brook University, NY, USA

Manuscript in preparation.

Neuroticism and Common Mental Disorders | 155

Methods
Study Selection

The Web of Knowledge was searched on 9 may 2012 with three search strings; (a)
neuroticism, trait anxiety or negative affectivity; (b) mental disorder, internalizing
disorder, externalizing disorder, psychopathology or mental health/illness; and (c)
longitudinal, prospective or follow-up. We also searched the references of the included
studies for additional studies to overcome search string limitation. We included studies
that comprised (a) an adult sample that was at least 18 years at follow-up (T2) from (b)
the general population of (c) at least 200 participants, with (d) neuroticism at baseline
(T1) and (e) psychopathology - symptoms (Sx) or diagnosis (Dx) - at T2, (f) at least one
year apart. We excluded studies that (a) comprised patient groups (mental/somatic) or
prisoners, (b) had less than 200 participants or did not report information necessary
to calculate sample size; (c) contained no measure of neuroticism at baseline and (d)
psychopathology at T2 or (e) only reported about associations between neuroticism
and other types of psychopathology than four selected categories of interest (discussed
below).
Furthermore, studies that measured psychopathology also at T1 were of particular
interest, because these studies could correct the unadjusted neuroticism-psychopathology association for T1 psychopathology. For example, some adjusted studies excluded
subjects with a history or current Dx, and/or adjusted the association for baseline
Sx. From the manuscripts we coded information on sample size, history of psychopathology, comorbidities, the personality measure, and psychopathology measure
(e.g. continuous or categorical/binary Sx or Dx). The study outcomes were divided
over four clusters; (a) Anxiety, including PTSD, Panic, GAD, and phobic disorders;
(b) Depression, including suicide and dysthymia; (c) Substance abuse, such as illicit
drugs, alcohol and tobacco; and (d) non-specific mental distress. The application of the
search strategy is depicted in a flowchart given as Figure 6 and all included studies can
be found in Table 18 below.
Conversion of Outcomes

The heterogeneity of the outcome measures precluded a formal meta-analysis. However, in order to improve on comparability, we converted effect sizes into standardized mean difference d [420]. Conversion formulas were attained from the literature
[420,466,825,826], and can be found in Table 19 below. ORs that indicated the effect
on outcome per scale unit of the raw metric of the predictor were converted to reflect
ORs on standardized metric (i.e., per standard deviation of the predictor). In addition, ORs for neuroticism scales that indicated low-neuroticism with high scores were
mirrored via 1/ORs to enable comparison. Four studies reporting hazard ratios were
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Figure 6. Total Search Results in the Web of Knowledge (including twin samples).

excluded, as they cannot be converted to ORs exactly. Conventionally, effect size d
of 0.20 is regarded small, 0.50 as medium, and 0.80 as large [373]. The relationshipindex r depicts measures of association or variance accounted for effect size. As a
reference, reviews show that most psychological constructs show associations in the
range between 0.10 and 0.40 on a correlational scale (d’s of 0.20 till 0.85), even in
experiments [66,373,654].
Summary statistics

All effect sizes that could be converted into Cohen’s d’s were used to estimate the
summary statistics reported in Table 14. Summary statistics were calculated for each
cluster of disorders separately (anxiety, depression, substance abuse, vague mental
distress). If the study reported multiple outcome measures within a given category
(e.g., multiple depression scales) on a given sample, effect sizes were averaged to
ensure that assumption of independence of observations is met, as recommended by
Hunter and Schmidt [827]. Summary statistics were sample-size weighted to obtain
most accurate estimates. If a study reported data on multiple follow-ups, the longest
delay between personality assessment and psychopathology assessment was chosen.
Three detailed selection rules were applied for the summary statistics. If manuscripts
reported several effect-sizes for the same association (outcome) in the same sample but
for different levels of adjustment the best-adjusted effect size was included in the ad-
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Suicidal id., past
6 yrs.

Sx

Dx

Suicidal id., past
6 yrs.

Sx

Outcome
variable

OR=3.59a

OR= 1.18a,

SPRC=0.20a

OR= 1.49a

HR=1.31a

X21=199.5a

t= 6.18a

OR= 1.27

OR=1.36a

OR=1.58a

PHRC= ns

PHRC=0.06d

PHRC=0.08a

PHRC=0.09a

Effect sizes
Study outcome

Yes
Yes

0.77

Yes

0.51
0.10

Yes

0.24

Yes

Yes

Yes

0.65
0.21

Yes

Yes

0.19

0.16

Yes

Yes

No

Yes

No

Adj. for past history of MD
and Dx at T1.

Ss with history of mental Dx
excl. at T1.

Adj. for e.g. CD, early onset
anxiety.

Ss with a history of MD at
T1 excl.

Ss with a history of MD at
T1 excl.

Ss with a history of MD at
T1 excl.

Adj. for childhood mental
disorders Dx.

Ss with any mental Dx
(ICD-10) at T1 excl.

Ss with Dx depression/
anxiety at T1 are excl.,
Adj. for Sx anxiety/
depression at T1.

Ss with Dx depression/
anxiety at T1 are excl.

Adj. Sx depression, anxiety,
CD, substance use.

Adj. Sx depression, anxiety,
CD, substance use.

Adjustment for baseline (T1)
psychopathology

0.28

d’s

|

[747]

Ref.
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1997

2004

2009

1993

2007

2010

2008

Henderson

Kendler

Weiss

Kendler

Fanous

Inoue

Duberstein

[850]

[849]

[275]

[848]

[847]

[400]

[846]

[496]

Ref.

Pop

Pop

Twins

Twins

CC

Twins

Pop

Pop/CC

Sample

275

15256

3030

1733

512

1404

709

961

Size

55

0

0

100

76

100

52

50

♀
(%)

2006

[851]

Pop

3720

54

Substance Abuse (including alcohol)

1999

Krueger

Grekin

Pub
year

Author
3

M= 18

M=70

18-67

2

15

5

20-58, M=37(9) 1.6

17-55, M=30(8) 1.25

65-100,M=79(7) 1.8

17-55,M=30(8) 2

73-102,M=80(5) 4

M=18

Age (range and T1/T2
M (SD) at T1) (yrs)

Alc, past 3 mo.

Past 15 yrs.

Dx

Sx

Past 15 yrs.

Dx

Past 5 yrs.

Past yr.

Dx
Dx

Past yr.

MD, past yr.

Dx
Dx

MD, LT

Minor, past mo.

Dx

MD, past yr.

MD, past mo.

Dx

Dx

Minor, past mo.

Dx

Dx

MD, past mo.

Past year

Dx

Dx

Past 2 wk.

Past yr.

Sx
Sx

Past yr.

Dx

Outcome
variable

Z

24

48

3

12

NEO-FFI 60

MPI

EPQ-R

EPQ

12

T

NEO-FFI 2

EPQ-S

EPQ-R

MPQ NE Z

N scale

Affective disorder Sx at T1.

r= 0.07c

Cont.

No

Yes

HR=1.06a^10.1
Cont.

0.14

Yes

HR=1.05a^10.1
Cont.

Ss with LT mental disorder
at T1 excl.

Yes
HR= 3.32c

Yes

0.43
3 vs. 1

Ss with episodes of MD
prior to or at T1 excl.

No

0.81
RR= 1.85a

Yes

0.51

Cont.

No

0.53

Ss with Sx or history of
mental Dx excl. at T1., adj.
for incident dementia ≤T2
(n=51)

Ss with Sx or history of
mental Dx excl. at T1.

Subjects with previous MD
episode at T1 excl.

No

0.23

Ss with major/minor
depression at T1 excl.

Yes

Ss with major/minor
depression at T1 excl.

Ss with major/minor
depression at T1 excl.

Ss with major/minor
depression at T1 excl.

Adj. for Sx depression at T1.

Affective disorder Sx at T1.

0.27

Yes

RR= 3.01a

OR=0.50

Cont.

0.50

Yes

Cont.

OR=2.28

Cont.

0.49

Yes

b=2.33a

M(SD)

Vs. Ctr

0.94

SD

M(SD)

Vs. Ctr

Yes
No

0.25

b=1.46a

HR= 1.37

Cont.

b=2.40a

ß=0.077d

Cont.

Yes
Yes

0.34

0.14

Adjustment for baseline (T1)
psychopathology

SD

β=0.12

Cont.

d’s

SD

OR= 1.27d

Effect sizes
Study outcome

Cont.

Cat. Comp

Table 18. Prospective Population Based Studies (k= 46) Linking Neuroticism (N) to Psychopathology Sx/Dx (continued)
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2004

1999

1997

De Graaf

Krueger

Heath

[852]

[496]

[834]

[294]

[833]

[173]

[640]

[830]

[746]

[829]

Twins

Pop/CC

Pop

Twins

Pop14

Pop

Pop

Pop/CC

Pop

CC

Sample

4974

961

2869

1991

2001

2004

Ormel

Wetherell

Neeleman

[173]

[777]

[380]

Pop

Pop

Pop

3625

1031

296

53

57

47

63

50

53

0

61

2935

53

404

50

50

48

48

♀
(%)

3625

5618

961

897

1037

Size

Non-specific Mental Distress

2006

Kendler

2002

De Graaf

2004

2003

Goodwin

2007

1996

Krueger

Neeleman

1996

Caspi

Ref.

1

7

3

18

7

10

3

3

4

2

18-65,M=42(12) 3

29-95,M=61(13) 6

M=39(12)

27-90,M=44

M=18

M=42 (12)

M=~33 (9)

M= 19 (4)

18-65,M=42(12) 3

18-64

M=14

M=18

M= 3

Age (range and T1/T2
M (SD) at T1) (yrs)

Dx

Sx

Any Psychiatric,
2 yrs.

Psych.Som. past
wk.

Psych.Dis. past
mo.

Alcohol ♂, LT

Dx
Sx

Alcohol ♀, LT

Past yr.

Sx
Dx

Past yr.

Past 3 yrs.

Past yr.

Alcohol, past
2 yrs.

Dx

Dx

Dx

Dx

Past 2 yrs.

Past yr.

Dx
Dx

Past yr.

Past 3 yrs.

Past yr.

Dx

Dx

Sx

Alcohol, past yr.

Tobacco, past yr

Sx
Sx

Drug, past 3 mo.

Sx

Outcome
variable

2(2)

14

5

60

28

2(4)

2(3)

EPI

STPITrait

ABV

EPQ

Z

50

8

2(6)

MPQ NE Z

GNS

EPI

STPITrait

EPI

GNS

EPI

MPQ NE 49

BRIC

N scale

OR= 1.40d

2 vs.1

Cont.

Cont.

Cont.

OR= 2.2a

r= 0.42ng

r= 0.55d

OR= 1.87d

OR= 1.55d

2 vs.1
2 vs.1

β=0.09

OR= 1.58c

OR=1.09d

SPRCns.

r= -0.01ns

OR= 1.6

Cont.

Cont.

Vs. Ctr

Cont.

Cont.

Cont.

OR= 1.38ns

Rates (%)ng

2 vs.1
2 vs.1

r= 0.36c

OR=1.8ns

Vs Ctr.
Cont.

r= 0.12c

r= 0.06c

Effect sizes
Study outcome

Cont.

Cont.

Cat. Comp

0.48

No

No

No

1.32
1.01

Yes

Yes
0.38

0.27

Yes

Yes

0.28
0.28

Yes

Yes

Yes

0.05

-0.02

No

Yes

0.20
0.28

No

0.20

No

No

0.07

No

Adj. for LT Dx axis 1 at T1

Adj. for LT Dx axis 1 at T1

Adj. for Sx Substance
dependence disorder at T1.

Adj. for Sx Substance
dependence disorder at T1.

Ss with history of mental
disorders excl. at T1.

Adj. for e.g. CD, early onset
anxiety.

Ss with psychiatric Sx/Dx
past 12 mo. excl. at T1.

Adj. for Sx mood and
anxiety at T1

No

0.24
0.77

No

0.12
0.36

Adjustment for baseline (T1)
psychopathology

d’s

|

Schmidt

Pub
year

Author
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2002

2001

1999

2007

Kuh

Tyssen

Van Os

Beard

[276]

[626]

[854]

[853]

Ref.

Pop

Pop

Pop

Pop

Sample

968

3322

396

1086

Size

57

50

57

100

♀
(%)
32

18-85

M= 16
1

27

24-49,M=28(3) 3.6

M=15

Age (range and T1/T2
M (SD) at T1) (yrs)

Dx

Any Dx, past yr.

Past yr.

Past yr.

Sx
Sx

Past yr.

Past yr.

Sx

Sx

Outcome
variable

EPQ

MPI

BCI-TV

MPI

N scale

24

12

9

12

β= 0.038c
OR= 1.21a

Vs. Ctr

Yes
Yes

0.18
0.12

Yes

0.00

OR= 1.0ns
Cont.

No

0.16

OR= 1.3a

Yes

Ss with any mental Dx
(ICD-10) at T1 excl.

Adj. for poor mental health
in adolescence (T1).

Adj. for previous mental
health problems

Adj. for adolescent
antisocial and anxious Sx

Adjustment for baseline (T1)
psychopathology

Cont.

0.66

d’s

β= 0.27a

Effect sizes
Study outcome

Cont.

Cat. Comp

Note. a= p< .001, b= p< .005, c= p< .01, d= p< .05, ns= non-significant, ng= significance not given; ABI = Amsterdam Biographic Inventory; ABV = Amsterdam Biographic
Questionnaire; Adj.= adjusted; BCI-TV= Basic Character Inventory’s trait-vulnerability scale; BFI= Big Five Inventory; BIS= behavioral inhibition system; BRIC= Behavioral Ratings Inhibited child; cat.= categories; CC= Case Control; Comp.= comparison; Cont.= continuous; DPI= Dutch Personality Inventory; DPQ = Dutch Personality
Questionnaire; DS14= Type D-personality questionnaire; Dx= disorder; EPI= Eysenck Personality Inventory; EPI-N= Neuroticism scale of the EPI; EPQ= Eysenck Personality Questionnaire; EPQ-R= Revised EPQ; ES= Emotional Stability; excl.= excluded; FFI= Five Factor Inventory; GNS= Groningen Neuroticism Scale; HR= hazard ratio;
IR= Interquartile range; IRR= Incident Rate Ratio; LT= life time; M= mean; MD= Major Depression; mo.= month; mo.= month; Mix.= mixed; MPI= Maudsley Personality
Inventory; MPQ= Multidimensional Personality Questionnaire; na.= not available; N= Neuroticism; NE= Negative Emotionality; NEO-FFI= NEO-Five Factor Inventory;
OR= odds ratio; PHRC= proportional hazards regression coefficients; Pop.= population cohort; Psych.Dis.= Psychological distress; Psych.Som.= Psychological somatization; PTSD= Posttraumatic stress disorder, r= correlation coefficient; rec.= recurrent; RR= relative risk; SD= standard deviation; Sign.= significant, soc.= social; SPRC=
standardized partial regression coefficients or path coefficients; STPI-Trait=   State Trait Personality Inventory’s Trait-Anxiety measure; Suicidal id.= suicidal ideation;
Suicidal att.= suicidal attempt; Sx= symptoms; T= t-score (mean=50, SD=10) or t-test; vs Ctr= versus controls (without Dx); wk.= weeks; yr.= year; Z= z-score (mean=0,
SD=1); (1)= Three waves of neuroticism form one latent variable thus the time-span between neuroticism and mental health reflects does not reflect the given follow-up time;
(2)
= The regression equation contained a dummy variable representing inhibited children (versus controls); (3)= Neuroticism dichotomized at mean score; (4)= Neuroticism
dichotomized so that 1/3 received an unfavorable rating; (5)= Neuroticism dichotomized at its median score (e.g., for De Graaf et al. 2004  ≥5 with scale maximum of 15 [n=
800, or 58%]); (6)= Neuroticism dichotomized above 75th percentile.

Pub
year

Author

Table 18. Prospective Population Based Studies (k= 46) Linking Neuroticism (N) to Psychopathology Sx/Dx (continued)
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Table 19. Conversion methods for statistical parameters

Input

Output Formula

Correlations

d

d=(2r/(√1-r2))

Means

d

d=((X1-X2)/Swithin), Swithin=√(((N1-1)S21+(n2-1)S22))/N1+N2-2)

t-values

d

d= 2t/√N

Chi-squares

d

d=2*√(X2/N-X2) if df=1, if df>1 then d=2*√X2/N

Odds Ratio’s

d

d= LogOR /1.65

Betas

r

r=0.98β+0.05λ, where λ equals 1 when β is nonnegative and 0 when β is negative.

Relative risk

ORs

OR= (1-p)*RR / (1-p*RR), p=incidence of the outcome of interest in the low
neuroticism group.

Legend: a= correction factor; β= beta, d= Cohen’s d, df= degrees of freedom; N= sample size; OR= odds ratio;
r= correlation coefficient; RR= relative risk; S= standard deviation (SD); t= t-score; X2= chi-square; √= root;
λ= correction factor; 2= square. References for each formula are given in the method section

justed summary statistic (e.g., exclusion of subjects with a history of psychopathology
and adjustment for baseline Sx). If manuscripts reported several effect-sizes for the
same association (outcome) in the same sample but for dichotomous and continuous
measures, the latter was chosen for analyses. In addition, analyses were stratified by
follow-up length. These results are reported in Table 15. Division of follow-up periods
over short and long intervals was based on the median study length. The median split
was calculated for both dichotomous and continuous measures and was three years for
both; thus, studies with a follow-up interval till three years (T1-T2) are part of the short
interval category, while studies with a follow-up interval of more than three years are
part of the long interval category. Finally, to give an overview of the temporal stability
of neuroticism and measures of psychopathology, a comparison of reviewed studies
reporting test-retest correlations for both neuroticism and psychopathology is given
in Table 16.
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Abstract
Temperamental frustration predicts psychopathology in adolescence. This study tested
four hypotheses about pathways that may underlie this prospective association: stress
generation (mediation via selection and evocation of stressful life events), heightened
stress sensitivity (more psychopathology after events), cross-sectional frustration-psychopathology overlap (“carry-over”), and a direct (non-mediated) effect of frustration.
Additionally, we explored whether high frustration predicts increases in internalizing
and externalizing tendencies (mutually adjusted). Data were derived from assessment
waves at age 16 and 19 of the longitudinal Tracking Adolescents’ Individual Lives
Survey (TRAILS). At age 16, frustration and psychopathology were assessed with the
Early Adolescent Temperament Questionnaire (EATQ-R) and the Youth Self Report
(YSR). At age 19, psychopathology was reassessed using the Adult Self Report (ASR),
while occurrence of endogenous (self-generated) and exogenous (not self-generated)
SLEs during the interval (ages 16-19) were ascertained with the Life Stress Interview
and assessed with an investigator-based contextual stressfulness rating procedure (n=
957). We observed that frustration-prone adolescents generated more SLEs, and were
more sensitive to endogenous SLEs, but not to exogenous SLEs. Stress-generation
and sensitivity explained little of the two-year prospective association of frustration
on psychopathology, while over half of the association was due to overlap between
frustration and psychopathology at baseline, and 45% reflected unmediated association. Furthermore, frustration was associated with externalizing but not internalizing
behavioural tendencies, when controlling for overlap between the two. Our results
underscore the pivotal role of high frustration in adolescent development, its prospective effect on psychopathology, and high affinity with externalizing-specific features
thereof.
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Introduction
Frustration is a temperamental trait that captures distress in response to limitations,
exclusion, and failure. Frustration generalizes across contexts; affecting social relationships, social interactions, and job performances [662,855,856], and antedates
vandalism and violence [857,858]. High frustration reportedly predicts both internalizing and externalizing psychopathology in childhood and early adolescence
[196,220,822,859,860]. Hitherto the mechanisms that underlie the association between
temperamental frustration and psychopathology have not been studied extensively. In
the present study we investigate four possible pathways that may channel the prospective association between frustration and psychopathology (defined as total problem
score): stress generation, stress sensitivity, overlap with concurrent psychopathology,
and a direct effect of frustration (i.e., a pathway unmediated by stressful events and
unconfounded by previous psychopathology). In the following we provide a rationale
for each of these pathways. Finally, to enhance our understanding of the prospective
association between temperamental frustration and psychopathology, we explore these
pathways for direction markers of internalizing or externalizing tendencies separately;
and test whether observed effects differ by gender.
Stress Generation (Mediation)

Individuals with a particular disposition tend to select themselves into environments
that cultivate this predisposition, a process known as the corresponsive principle [64].
For example, this widening of intrinsic differences via reciprocal causality has been
reported for neuroticism, a strong predictor for internalizing psychopathology, and
stressful life experiences (SLEs), e.g. [100,239]. Our first hypothesis (H1) held that
individuals who score high on temperamental frustration conduct their lives in ways
that increase the probability of SLEs, causing more psychopathology (mediation). We
subdivided SLEs into the commonly used categories of endogenous SLEs, judged to
be brought about by an individual’s own behavior (personal), and exogenous SLEs, not
directly brought about by individual’s own behavior. We hypothesized that individuals
high (vs. low) on frustration selected themselves into more endogenous SLEs (H1a),
but were also exposed to more exogenous SLEs (H1b). Based on the definition of
endogenous and exogenous SLEs we expected the active selection for endogenous
SLEs to be stronger than the effect of high frustration on exogenous SLEs (H1c).
Stress Sensitivity (Moderation)

Temperamental frustration has been found to enhance the impact of negative environmental influences, such as low social-economic status, family instability, negative
parenting styles, and divorce, on psychopathology [198,861-863]. We hypothesize
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in line therewith that high frustration increases the impact of SLEs on subsequent
psychopathology (H2a). The most fundamental concepts underlying individual differences in sensitivity to stressful environments and emotion are approach and avoidance processes; approach of appetitive stimuli, and avoidance of threat, novelty, and
frustrated non-reward [22,864]. Frustration is the common emotional response after
opposed approach [219,698], especially when individuals feel blocked by (intentional)
antagonistic acts [865-867]. Frustration can in turn lead to an approach or avoidance
process, dependent on the perceived level of control over the antagonist [698,867869]. From a functional perspective, frustration is supposed to facilitate approach
persistence if the antagonist is perceived as controllable (e.g., via anger, cf. [698]), but
to low approach (or avoidance) if the antagonist is perceived as uncontrollable, and
the incentive is unattainable (e.g., via sadness or anxiety, cf. [867]). Since frustration
tends to follow thwarted goal approaches, and endogenous (vs. exogenous) SLEs are
commonly perceived as more controllable [870], we hypothesize that high (vs. low)
frustration leads to more psychopathology after endogenous SLEs than after exogenous SLEs (H2b).
Two Other Pathways: Overlap and Direct Effects

Two other possible pathways between frustration and later psychopathology were
hypothesized. We felt that the prospective association between frustration and psychopathology is confounded by the overlap between these measures at baseline (H3). This
overlap results from three sources: i) common causes, ii) correlation due to earlier bidirectional effects, and iii) operational (measurement) overlap. To quantify the part of
the prospective effect that is due to overlap at baseline we compared two models, one
with and one without baseline psychopathology included as predictor. The comparison
of the estimates in these models enabled us to quantify a fourth possible pathway,
an independent “direct” (i.e. non-mediated) prospective association of frustration on
psychopathology (H4); which is neither due to overlap with baseline psychopathology,
nor mediated by SLEs.
Direction Markers

Psychopathology (the total of problems) is conventionally subdivided over a broadband
of internalizing tendencies directed towards the self (such as anxiety or depression) and
a broadband of externalizing tendencies directed towards others (such as aggression
and rule breaking), see [871-873]. This internalizing and externalizing broadband share
a core of pathological distress (the deviation from normality), which has been labeled
as a ‘severity marker’, and which associated cross-sectional at age 11 with frustration [220] and at age 13 with earlier frustration [822]. We extend upon these analyses
and asked whether frustration predicts both internalizing- and externalizing-specific
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tendencies. We derived such tendencies via mutual adjustment of both broadband
measures, yielding residuals that could be used as ‘direction markers’ of pathological
manifestation in adolescence. Based upon notions described above in the paragraph on
stress sensitivity, we hypothesized that high (vs. low) frustration predicted increases in
both internalizing and externalizing broadband-specific tendencies (H5a), but is most
predictive for change in the externalizing direction (H5b). Additionally, we hypothesized that more endogenous SLEs resulted in increases in externalizing (more than
internalizing) tendencies (H6a) whereas more exogenous SLEs resulted in increases in
internalizing (more than externalizing) tendencies (H6b).
Gender Differences

No gender differences in frustration have been observed in childhood [874]. Earlier
studies in our TRAILS sample reported on lower frustration levels for girls than boys
in early adolescence [861]. Subsequently, and new to the literature, we examined
whether levels of frustration differ by gender at age sixteen. Equal frustration levels
do not impede cultural display rules, which render assertive action and outward expression of frustration less appropriate for girls than boys [683,875,876]. Such highly
gendered behavioural styles [64] align with the observation that girls score higher on
internalizing psychopathology and boys on externalizing psychopathology over childhood and adolescence [220,822,877]. As high frustration predicts increases in both internalizing and externalizing psychopathology (e.g., [220,860]), we hypothesized that
these cultural display rules manifest in stronger associations between high frustration
and internalizing tendencies in girls (H7a, more than externalizing) and externalizing
tendencies in boys (H7b, more than internalizing).

Methods
Sample

We used data from two waves of the ongoing longitudinal Tracking Adolescents’
Individual Lives Survey (TRAILS). TRAILS is a prospective cohort study of Dutch
adolescents described before [878,879]. Briefly, five assessment waves have been completed to date. The study started with 2230 (pre)adolescents (response rate 76%, mean
age 11.1, SD= 0.6, 51% girls [880]). Response rates of the third and fourth wave were
81% (n= 1816, mean age 16.3 years, SD= 0.7, 52% girls) and 83% (n= 1881, mean age
19.1 years, SD= 0.6, 52% women). In the rest of this paper, we denote the third and
fourth wave as at ‘age 16’ and ‘age 19’, respectively. The Dutch Central Committee on
Research Involving Human Subjects (CCMO) approved the study. Participants were
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treated in compliance with APA ethical standards, and all measurements were carried
out with their adequate understanding and written consent.
Stressful life events (SLEs) in the interval between these two waves were assessed
using an investigator-based procedure yielding contextual stressfulness rating. During
the wave at age 19, we administered the Life Stress Interview (LSI; [881], a labourintensive interview. Because of the high costs, the LSI was not administered to all
participants. Of the 1584 participants who had completed the Composite International
Diagnostic Interview (CIDI), 45% (n = 659) met the DSM-IV criteria for a lifetime
psychiatric disorder during the past year. All of those were eligible for the LSI, and 580
(89%) were actually interviewed (72 were not interviewed due to logistic constraints).
Of the adolescents without a lifetime DSM-IV diagnosis (n = 808), nearly half were
randomly selected and 377 actually interviewed. Thus, a total of 957 adolescents were
interviewed (mean age = 19.1, SD = 0.6, 55% women). Compared to the whole sample,
LSI respondents were more often women (55% versus 50%; χ21 = 4.5, p= .04) and
younger (mean age 19.0, SD = 0.6 versus 19.2, SD = 0.6; t (df=1879) = 6.3, p< .01).
Measures
Frustration
Temperamental frustration was assessed at age 16 with the Dutch [882] short form
of the parent version of the Early Adolescent Temperament Questionnaire-Revised
(EATQ-R [219], 5 items, α= .75). The EATQ is grounded in Rothbart’s temperament
model [123,193]. We used the parent version because in the TRAILS sample the factor
structure of this version was superior to that of the child version [220].
Psychopathology
At age 16, mental health was assessed with the Youth Self-Report (YSR) [883] and at
age 19 with the Adult Self-Report (ASR) [884]. Both instruments assess behavioural
and emotional problems in the preceding six months. We computed (i) a total problem
score, (ii) an internalizing domain score, a composite of anxious/depressed (k= 13, α=
.84 at age 16; k= 18, α= .91 at age 19) and withdrawn-depressed (k= 8, α= .74; k= 9,
α= .76); and (iii) an externalizing domain score, a composite of rule breaking (k= 15,
α= .76; k= 14, α= .77) and aggression (k= 17, α= .81; k= 15, α= .85). The reliability
and validity of American versions have been confirmed for the Dutch versions [885].
Life Events
SLEs were assessed with Kendler’s [881] Life Stress Interview (LSI), which was
based on the Life Events and Difficulties Schedule by Brown and Harris [271]. The
LSI encompasses eleven personal events, that is, events occurring primarily to the
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respondents themselves, among which assault, breakup of romantic relationship, illness or injury, trouble with police, loss of a confidant and difficulties at work or school.
In addition, there are four classes of events occurring primarily to an individual in the
respondent’s social network (e.g., a serious crisis, illness, or death). Each reported
SLE was dated as accurately as possible by means of mnemonic aids such as personal
calendars.
A distinguishing feature of the LSI is that the events are not rated by the respondent, but by the interviewer. Furthermore, the ratings are contextual, that is, based on
what most people would feel about an event given the circumstances and biography,
taking no account of respondents’ reaction or any following mental health problems.
Interviewer-based contextual ratings are essential to prevent intra-category variability
and to disentangle objective event characteristics from the emotions and behaviors
evoked by the event [268,269]. Events were rated on severity (i.e., long-term contextual threat) and dependence on respondent’s own will or behavior (i.e., planned actions
called endogenous SLEs or events caused by neglect or carelessness called exogenous
SLEs). Severity ratings ranged from 1= minor to 4= severe; dependence ratings ranged
from 1= clearly independent, 2= probably independent, 3= probably dependent, to 4=
clearly dependent.
All interviewers were extensively trained and regularly attended booster sessions in
order to ensure reliable and valid scores. All interviews were recorded and scored by a
second rater blind to the initial interviewer’s scores. In case of discordant ratings, the
two raters discussed the scores until consensus was reached or a third rater made the
final judgment. We calculated the summed severity scores of all events that occurred
within the time frame of two years, separately for endogenous and exogenous events.
Statistical Analysis

We performed data cleaning steps and calculated descriptives in SPSS (version 20,
SPSS Inc., Chicago, Illinois). Endogenous SLEs were skewed to the left, and both
endogenous and exogenous SLEs were kurtotic. We explored associations between
variables using Spearman rho (rs) and Spearman partial rho (rsp) coefficients [419].
Gender differences were tested with bootstrapped t-tests (k= 10.000, two-tailed significance, H0: b= 0). Standardized beta weights (β) report the change in outcome per
standard deviation change in a predictor, and quantify the strength of the direct effect
of one variable on the other in the context of multiple comparisons [424]. We classified
correlations (r) and betas as small if between .10 and .29, moderate between .30 and
.50, and large if above .50 [373,466].
Our hypotheses were tested with a system of multiple regression equations specified in structural equation models (SEM) in Mplus 7.11 software [421]. We applied
maximum likelihood estimations with robust standard errors (MLR) to account for
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the non-normality of the data [422,886]. We tested all paths for their contribution to
the fit of a model in terms of significant change in Akaike and Bayesian information
criteria (AIC, BIC), see [887]. Nested model modifications that improved on baseline
fit converged in our final models, in which all-insignificant paths were fixed at zero,
and only paths that influenced fit were estimated.
For each final model we report change in fit relative to an unmodified baseline model
in which the final model was nested (and in which all paths were estimated freely).
For our gender models we also tested all paths for gender-equality, and were possible
constrained paths to be equal for boys and girls (Jöreskog tradition). The small number
of degrees of freedom in our models (df ≤ 17 to 23) combined with seven variables
((k (k+1)/2) = 27 known values) suffices for model identification but not for reliable
secondary (e.g., RMSEA) fit indices, see [424,888,889]. We checked the robustness of
our results with equivalent models in SEM [890] and with multiple linear regression
models in SPSS (version 20, SPSS Inc., Chicago, Illinois), but because results led to
the same conclusions, we only report the SEM models.
Direction Markers
Direction markers for internalizing and externalizing tendencies were derived with
linear regression analyses of concurrent measurements on one another at both waves,
analogous to the calculation of partial rs. We used the mutual adjusted residuals as
‘direction markers’ or internalizing and externalizing broadband-specific tendencies in
SEM. Psychopathology henceforth refers to total problem scores.
Model Fitting
Frustration Model
The stress generation (H1) and stress sensitivity (H2) hypotheses were tested in a
‘frustration model’ fit with frustration as predictor of SLEs, and frustration and SLEs
predicted psychopathology. The final model is presented in Figure 7 (∆X2= 0.74,
∆df=1, p= .40, ∆BIC= 5.7, ∆AIC= 0.8); all modelling details are provided in Appendix
Table A9.
Change in Psychopathology Model
To quantify the overlap between frustration and psychopathology at baseline (H3) we
fit a ‘change in psychopathology model’ (henceforth ‘change model’); the final model
is presented in Figure 8 (∆X2= 3.56, ∆df=3, p= .31, ∆BIC= 16.8, ∆AIC= 2.2), but all
modelling details are provided in Appendix Table A9. The change model was extended
with baseline psychopathology as a predictor, and a comparison of betas in both models (as depicted in Figure 7 and 8) enable for a rough quantification of the concurrent
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Figure 7. Frustration Model

Note. N= 810. Ns.= non-significant. The model reports standardized estimates and confidence intervals between brackets [95% CI]. T1= baseline (age 16), T2= follow-up (age 19); SLEs= stressful life events. Definitions of and details on each variable is given in the method section, as well as modeling details (see Appendix
Table A9 for model fit, and Table A11 and A12 for tests of all paths). Significance ***p< .001, **p< .01, *p< .05,
two-tailed.
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Figure 8. Change in Psychopathology Model

Chapter

Note. n= 957 (523 women, 54.6%). The model reports standardized estimates and confidence intervals between
brackets [95% CI]. T1= baseline (age 16), T2= follow-up (age 19); SLEs= stressful life events. Definitions of
and details on each variable is given in the method section, as well as modeling details (see Appendix Table A9
for model fit, and Table A11 and A12 for tests of all paths). Significance ***p< .001, **p< .01, *p< .05, two-tailed.
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overlap and of the independent prospective effect of frustration on psychopathology
(in terms of percentage of the betas in Figure 7, and on base of indirect effects in the
change model).
Direction Markers
To explore whether frustration predicts both internalizing and externalizing broadbandspecific tendencies (H5a/H5b) we fit the ‘frustration model’ and ‘change model’ for
both direction markers separately. We compared the betas from each model to see
whether endogenous SLEs were most predictive for externalizing tendencies (H6a);
and whether exogenous SLEs were most predictive for internalizing tendencies (H6b).
The final internalizing change model (∆X2= 7.22, ∆df=5, p= .21, ∆BIC= 26.2, ∆AIC=
2.6) and final externalizing change model (∆X2= 4.59, ∆df=5, p= .47, ∆BIC= 28.5,
∆AIC= 4.2) are presented in Table 22. Both frustration models, and all modelling
details, can be found in Appendix Table A14-16 and A17-19, respectively.
Gender Differences
We stratified our SEM models by gender, and the final change models are presented
in Table 23: for psychopathology (∆X2= 15.21, ∆df= 14, p= .36, ∆BIC= 79.8, ∆AIC=
11.8), internalizing tendencies (∆X2= 16.99, ∆df= 13, p= .20, ∆BIC= 69.5, ∆AIC= 6.3)
and externalizing tendencies (∆X2= 17.10, ∆df= 16, p= .38, ∆BIC= 90.2, ∆AIC= 12.4).
Both frustration models, and all modeling details, are presented in Appendix Table
A20-A26.
Power
The 957 participants enabled a free-parameter to sample ratio above 1:50 in all models
tested [423]. This enabled reasonably precise estimation of local effects beyond Cohen’s f2= 0.013 in our most complex models (R2> 0.01, d= 0.20), given 80% power, 5
predictors, and α= 0.05 [891]. Robustness checks with linear regression analyses are
reported in Appendix Table A27.

Results
Descriptives

We present our descriptives in Table 20. Participants of both genders reported an equal
number of endogenous SLEs (t(955)= 0.33, p= .75, men = 3.4 vs. women = 3.3), but
women reported more exogenous SLEs than men (t(955)= 4.9, p<. 001, = 6.9 vs. 5.3). The
associations between the studied variables are presented in Table 21. Temperamental
frustration associated with psychopathology, both concurrently and prospectively.
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Table 20 Descriptives of the study variables
Wave

Range

N

Mean (SD)

Frustration

T1

810

1.00 to 4.80

2.72 (0.68)

  Age (in years)

T1

915

14.81 to 18.48

16.23 (0.67)

Psychopathology

T1

866

0.00 to 2.37

0.66 (0.38)

  Internalizing

T1

866

-0.53 to 1.24

0.00 (0.01)

  Externalizing

T1

866

-0.38 to 0.85

0.00 (0.01)

Age (in years)

T2

957

17.99 to 20.84

18.99 (0.57)

Endogenous SLEs

T1- T2

957

0.00 to 26.00

3.36 (3.87)

Exogenous SLEs

T1- T2

957

0.00 to 35.00

6.15 (5.17)

Psychopathology

T2

942

0.00 to 2.41

0.52 (0.41)

  Internalizing

T2

942

-0.39 to 0.72

0.00 (0.01)

  Externalizing

T2

942

-0.51 to 0.75

0.00 (0.01)

Note. The sample contained 523 girls (54.6%) and 434 boys (45.4%). The calculation of the internalizing and
externalizing tendencies is described in the method section. SD= standard deviation; SE= standard error; N=
sample size; SLEs= stressful life events; T1= baseline, T2= follow-up.

Table 21. The lower half shows Spearman correlations (rs) between all variables. The above half shows partial
rs between frustration and endogenous and exogenous SLEs (SLEs mutually adjusted).
1.

2.

3.

4.

5.

6.

7.

8.

1.

Gender

2.

Frustration

T1

-.01

3.

Psychopathology

T1

-.21***

.26***

4.

Internalizing Tendencies T1

-.42

.10**

5.

Externalizing Tendencies T1

6.

Endogenous SLEs

T1- T2 -.03

.10

.23

.03

.24

.06

.17

.13

.09

.24

.25***

.28*** .20***

***

.19***

7.

Exogenous SLEs

T1- T2 -.16

8.

Psychopathology

T2

9.

Internalizing Tendencies T2

***

10. Externalizing Tendencies T2
11. Severity Marker

T2

-.11***

.06

.21

-.10**

-.01

.19*** .48*** -.30***
***

***
***

***

.23*** .62*** .45***

-.30*** -.02
***

.62***

.19

***

9.

10.

-.08
.13***

.23*** .03
-.08*

***
**

.10

***

**

.29*** .56*** -.28*** -.06

.08*

.41***

.19

.07

.35*** -.63***

***

-.21

***

.24*** .62*** .43***

.49

.27

.27***

.29*** .20*** .99*** .37***

***

***

*

.27***
-.11

.39***

Note. N= 957 (523 women, 54,6%, coded 0). SLEs= stressful life events; T1= baseline, T2= follow-up. A
gender-stratified table is given in Appendix Table A28. Psychopathology refers to the total problem scores.
Significance ***p< .001, ** p< .01, * p< .05, two-tailed.

Individuals high (vs. low) on frustration reported more endogenous SLEs, but not more
exogenous SLEs. More endogenous and exogenous SLEs were predictive of subsequent psychopathology. Psychopathology (total) scores were rather stable between age
16 and 19 (rs= .62), and the gender gap narrowed substantially (from rs= -.21 to -.11,
cf. the first column of Table 21). The internalizing broadband-specific tendencies were
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somewhat more stable than the externalizing tendencies between age 16 and 19, as
correlations were large and moderate respectively.
Stress Generation (H1)

The ‘frustration model’ in Figure 7 showed that individuals with high (vs. low)
temperamental frustration reported more endogenous SLEs (∆X2(1)= 14.7, p< .001)
and more exogenous SLEs (∆X2(1)= 3.8, p< .05). Both effects were small, and though
effects of frustration on endogenous SLEs appear twice as large as on exogenous SLEs
(β= 0.14 vs. 0.07), both confidence intervals (in Figure 7) show substantial overlap. We
observed no gender differences (all tests p≥ .12, see Appendix Table A22).
Stress Sensitivity (H2)

The frustration model in Figure 7 indicates that high (vs. low) frustration moderated
the impact of endogenous (∆X2(1)= 28.69, p<.001) and exogenous (∆X2(1)= 13.44,
p< .001) SLEs on psychopathology, but in opposite directions. Individuals high (vs.
low) on frustration appear more sensitive to endogenous SLEs, but less sensitive to
exogenous SLEs. Based on detailed graphs (Appendix Figure A3-A6) the finding can
be interpreted as that individuals scoring high on frustration are already at risk for
psychopathology and are not further affected by additional exogenous SLEs (ceiling
effect).
Two Other Pathways: Overlap (H3) and Direct effects (H4)

We hypothesized that part of the prospective association between frustration and
psychopathology was ‘confounded’ by their overlap at baseline. High (vs. low) frustration levels associated concurrently with more psychopathology at baseline (β= 0.27,
∆X2(1)= 56.11, p< .001), and predicted increases in psychopathology between age 16
and 19 (β= 0.11, ∆X2(1)= 14.39, p< .001). A comparison of the betas in the model
with and without baseline psychopathology as predictor (Figure 7 and 8) suggests
that overlap at baseline explained about half of the prospective association between
frustration and psychopathology (β= 0.21 [∆X2(1)= 33.45, p< .001] vs. β= 0.11 [∆X2(1)=
14.39, p< .001]). The significant direct prospective pathway accounted thus for about
40% of the association (β= 0.11, via the diagonal path downward from frustration to
psychopathology in Figure 8). An indirect effects model (see Appendix Table A13)
supported this perspective, and showed that the full association between frustration
and psychopathology at follow-up (β= 0.26, p< .001, 100%) could be comparted in a
direct effect (44%, β= 0.11) and an indirect (carry-over) effect via baseline psychopathology (56%, β= 0.14, p< .001 [95%CI= 0.11 to 0.18], of which 5% via exogenous
SLEs (β= 0.01, p< .005 [0.01 to 0.02])). In sum, we observed both overlap and a direct
prospective association.
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Direction Markers (H5)

Results replicated high temperamental frustration as a direct predictor for the severity
of psychopathology. We extended upon these findings via separate models for internalizing and externalizing broadband-specific tendencies, which are presented in Table 22.
At baseline high frustration overlapped more with externalizing tendencies than with
internalizing tendencies (4% vs. 1% explained variance, see Appendix Table A27).
Moreover, Table 22 shows that frustration lacked independent prospective effects on
change in internalizing tendencies (∆X2(1)= 2.82, p= .09), but predicted increases in
externalizing tendencies, and this association seemed largely independent from overlap at baseline (β= 0.09, p< .01, ∆X2(1)= 9.13, p< .005 versus β= 0.16, p< .001, in a
model without baseline externalizing). Finally, endogenous SLEs predicted increases
in externalizing but not in internalizing tendencies, whereas more exogenous SLEs
predicted increases in internalizing but not in externalizing tendencies. We conclude
that high frustration is most kindred with externalizing broadband-specific tendencies,
but proved uninformative for changes in internalizing tendencies.
Table 22. The association between Frustration and Internalizing and Externalizing Direction Markers
Topic

Path

Internalizing
Tendencies

Externalizing
Tendencies

Beta

Beta

[95% CI]

Overlap

Frustration

↔ Int/Ext T1

Prospective

Frustration

→ Int/Ext T2

Int/Ext T1

→ Int/Ext T2

0.55

***

0.51 to 0.60

Frustration

→ Endo SLEs

0.12***

0.05 to 0.19

Frustration

→ Exo SLEs

Int/Ext T1

→ Endo SLEs

Int/Ext T1

→ Exo SLEs

0.15***

Endo SLEs

↔ Exo SLEs

0.24

Endo SLEs

→ Int/Ext T2

Exo SLEs

→ Int/Ext T2

Fr*Endo

→ Int/Ext T2

Fr*Exo

→ Int/Ext T2

Stress Generation

Stress Sensitivity

0.11

***

***

0.04 to 0.19

0.20

0.13 to 0.27

0.09**

0.03 to 0.15

***

0.44

0.37 to 0.50

0.26***

0.19 to 0.33

0.09 to 0.21

0.07*

0.01 to 0.14

0.18 to 0.31

***

0.23

0.17 to 0.30

0.19***

0.12 to 0.26

0.15

0.05 to 0.25

-0.17**

-0.06 to -0.27

**

[95% CI]
***

Note. T1= baseline (age 16); T2= follow-up wave (age 19); Endo= Endogenous; Exo= Exogenous; SLEs=
stressful life events; Int/Ext= internalizing or externalizing tendencies (mutually adjusted, see method section). All paths contributed significantly to the model fit (* p< .05 from ∆X2(∆df=1)= 3.84, ** p< .01 from 6.64,
and *** p< .001 from 10.83), or were constrained to zero. The method section provides information about all
variables, model-fit indices, and modelling procedures (details for internalizing tendencies are reported in Appendix Table A14-A16, for externalizing tendencies in Appendix Table A17-A19). The structure of the model
is visualized in Figure 8.
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Gender Differences (H7)

At age 16 we observed no gender differences in mean level of temperamental frustration (t(808)= 0.67, p= .51, boys = 2.73 [SD= 0.57] vs. girls = 2.76 [SD= 0.61]). Genderstratified models are presented in Table 23. High frustration was not significantly
more predictive for internalizing tendencies in girls (vs. boys) and for externalizing
tendencies in boys (vs. girls), contrary to our hypotheses.
Table 23. Gender Models of change in Psychopathology (total scores), or in Internalizing or Externalizing
Direction Markers
Topic

Path

Psychopathology
Total score
♀

♂

♀

Overlap

Frustration

↔ Psych T1

0.26

0.30

Prospective

Frustration

→ Psych T2

0.10

0.12

Psych T1

→ Psych T2

0.51

0.44

Frustration

→ Endo SLEs

Frustration

→ Exo SLEs

Psych T1

→ Endo SLEs

0.25***

0.21***

Psych T1

→ Exo SLEs

0.16

0.15

Endo SLEs

↔ Exo SLEs

0.20***

0.24***

Endo SLEs

→ Psych T2

Exo SLEs

→ Psych T2

0.28

0.25

Fr*Endo

→ Psych T2

0.25***

0.13**

Fr*Exo

→ Psych T2

-0.27***

-0.25***

Stress Generation

Stress Sensitivity

Internalizing
Tendencies

***
***
***

***

♂

0.10

***

Externalizing
Tendencies

***

♀

0.13

***

♂

0.22

0.19***

0.10

0.10**

***

0.43

0.41***

0.16***

0.40***

0.09

0.12**

0.21***

0.26***

0.20

0.18***

***

***

***

***

0.53

0.47

0.11***

0.12***

***

0.06

***

-0.18***

≠

***

**

0.23***

0.27***

***

***

***

0.14

0.15

0.09

-0.15*

≠

-0.21***

-0.08

≠

*

≠

≠

*

Note. ≠ = The beta estimates of the path differed significantly between genders. All paths attributed significantly to the model or were constrained at zero (see Appendix Table A22, A24, and A26, respectively). The
method section provides information about all variables and model-fit indices (all details are reported in Appendix Table A20-A26). The structure of the model is visualized in Figure 8.
Significance, * p< .05, ** p< .01, and *** p< .001, two tailed.

Discussion
In this study we tested four pathways that may underlay the prospective association
between frustration and severity of psychopathology as indexed by total problems:
stress generation (H1, mediation), heightened stress sensitivity (H2, moderation),
overlap with baseline psychopathology (H3, ‘carry-over’), and an independent (i.e.
unmediated) prospective effect of frustration (H4). Our results supported all four pathways. We fit models with frustration and SLEs and with or without psychopathology
as a predictor at baseline. A comparison of these models suggests that 50% of the
prospective effect of frustration on psychopathology was due to overlap at baseline,
about 45% was independent, while 5% was mediated and moderated by SLEs. Regard-
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ing internalizing and externalizing broadband-specific tendencies (H5), we found that
frustration predicted increases in externalizing tendencies, but proved uninformative
for change in internalizing tendencies. Finally, endogenous SLEs predicted increases
in externalizing (but not internalizing) tendencies, whereas exogenous SLEs predicted
increases in internalizing (but not externalizing) tendencies (H6). We observed no gender differences in levels of frustration at age sixteen (H7). After having summarized
our main findings, these will be discussed in more detail below.
Stress Generation (H1: Mediation)

The corresponsive principle posits that individuals prone to frustration select themselves into environments that enhance this disposition. We hypothesized (H1) in
analogy that individuals high (vs. low) on frustration experience more stressful life
events (SLEs). This was indeed observed. Moreover, as expected, the effect of high
frustration on the ‘active selection’ of more endogenous SLEs was stronger than the
more indirect evocative effects on exogenous SLEs (β= 0.14 vs. 0.07). Though both
effects were small, they exemplify the mutual accommodation between an individual
and the environment in which one lives and grows [100]. Frustration predicted 1-5%
of the variance in SLE-occurrences, which is negligible from a prevention-perspective,
but meaningful given all possible person-environment transactions, and the notion that
such effects may accumulate over time [427,892]. Nevertheless, our results dismiss
SLEs as an important mediating pathway between high temperamental frustration and
later psychopathology.
Stress Sensitivity (H2: Moderation)

We hypothesized that individuals high on temperamental frustration were more sensitive to stress (H2). High (vs. low) frustration levels indeed enhanced the effect of endogenous SLEs on psychopathology, in line with a stress-sensitivity mechanism (H2a).
Unexpectedly, high (vs. low) frustration weakened the average impact of exogenous
SLEs on psychopathology (for both genders). To our knowledge this protective effect
of frustration after exogenous SLEs has never been reported before, and opposes our
hypothesis of higher stress-sensitivity of high (vs. low) frustration individuals. The
small protective effect requires replication in an independent sample as it may well
be a chance finding. However, it could be due to a ceiling effect, viz. high frustration scores associated with heightened baseline psychopathology, which might have
impeded an increase in symptoms after exogenous SLEs compared to individuals low
on frustration, unhindered by this restriction of range.
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Two Other Pathways: Overlap (H3) and Direct Effects (H4)

About 55% of the prospective effect of frustration on psychopathology could be explained by overlap at baseline between these measures (‘a carry-over effect of frustration
on future psychopathology via concurrent psychopathology’), in line with H3. About
45% of the prospective effect of high frustration on psychopathology was independent
from overlap at baseline, and unmediated by SLEs. This ‘unique’ frustration-driven
effect on psychopathology is medium-sized (d= ~0.35). The mechanisms underlying
this direct effect are unclear, as we remain unwitting regarding the kind of factors
we are looking for, or how they manifest themselves. We do know that frustration
modulates cognitive and emotional processes that color how individuals perceive and
construe their environments [22,32], and we speculate that these cognitive processes
render them more vulnerable for future psychopathology [32,893].
Direction Markers

Temperamental frustration predicted the severity of adolescent psychopathology as indexed by total problems. To enhance our understanding of the workings of frustration,
we fit the frustration and change model for internalizing and externalizing broadbandspecific tendencies separately, the ‘direction markers’ of pathological manifestation.
Though this demarcation of variance over internalizing and externalizing tendencies
is an artificial theoretical fiction, we felt it might serve heuristic purposes. Direction
markers were derived via mutual adjustment of both measures for their shared core,
which we argued captures the severity of pathological deviation from normality.
Severity showed a strong association with general psychopathology (see Table 22),
in keeping with our argument of a ‘severity marker’ [116,894]. This implies that our
‘direction markers’ capture non-pathological behavioral tendencies, arguably more
akin to temperament than psychopathology per se, yet indicative for the direction of
psychopathological manifestation.
Overlap between frustration and externalizing tendencies at baseline seemed to be
larger than with internalizing tendencies (see Appendix Table A29). Previous studies
reported that temperamental frustration predicts both internalizing and externalizing
psychopathology (see introduction). Our results suggest this to be due to a shared
‘severity marker’, that is, non-specific overlap, while frustration is only predictive
for additional externalizing broadband-specific tendencies (a direct effect independent
from overlap at baseline). These results support the idea that the mechanisms that
underlie the direct prospective effect of frustration on psychopathology are kindred
to low approach behavior [22,867], alike anger [662,698], rather than in terms of
avoidance (e.g., anxiety/fear), as has often been argued [196]. This is in keeping with
the idea of frustration as the common emotional response to thwarted goal approach
[865-867]. Results did not support the hypothesis that frustration predicts increases
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in both broadband-specific tendencies (H5a), but align with H5b; high frustration is
most predictive for externalizing-specific tendencies. Some studies in children report
similar findings [895].
To conclude, when Burt [896] identified his emotionality dimension in 1930s, he distinguished an ‘active or aggressive conduct’ pole that comprised facets of frustration
and anger from a ‘non-assertive negative-reactivity to threat’ pole characterized with
feelings of anxiety and fear. Our data can be interpreted in line with Burt’s division in
the following way: high temperamental frustration predicted externalizing broadbandspecific tendencies, which are sensitive to endogenous SLEs (H2c/H6b), but is not
predictive for internalizing broadband-specific tendencies which are sensitive to (often
unanticipated) exogenous SLEs (H2c/H6b).
Gender Effects

The mean level of temperamental frustration was equal for men and women at age sixteen, which is new to the literature. Frustration was not more predictive for increases
in internalizing broadband-specific tendencies in women than men (H7a was not supported). Similarly, frustration was not more predictive for externalizing tendencies
in men than women (H7b was not supported). We observed some gender differences
that may warrant further study (e.g., women reported more exogenous SLEs), but did
not support the hypothesized gender-specificity of behavioral styles. We conclude that
divergent cultural display rules for the expression of frustration [876] in adolescents
could not be substantiated in our models (H7a/H7b); while the few gender effects we
did observe were modest at best (see Appendix Table A20-26).
Limitations

The results of our study should be interpreted in light of the following strengths and
limitations. Strengths of this study are our sample of almost thousand adolescents
from the general Dutch population in which SLE-occurrences were assessed with Life
Stress Interviews. We applied powerful statistical tools to analyze the associations
between frustration, SLEs, and psychopathology, which should reliably detect effects
from d= 0.20 onwards. The limitation that retrospective self-reports of SLEs inherently incorporate response components that may be influenced by current mental state,
such as cognition, appraisal, interpretation and recall, was addressed by our panel (see
method section) who rated SLEs independently of the respondent, which forms the
current gold standard of life stress research [268,269].
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Conclusion
In this study four pathways were identified that underlie the prospective effect of frustration on total psychopathology: stress-generation and stress-sensitivity, a carry-over
effect of frustration on future psychopathology via concurrent psychopathology, and
an independent direct effect. Our findings suggest that high temperamental frustration, externalizing broadband-specific tendencies, and endogenous SLEs, form a
transactional ‘vicious’ cycle between adolescents and the environment they navigate
and shape, which can give rise to more psychopathology, and an even deeper ingrained
tendency for negative affect [100]. We hope future studies test additional mechanisms
that may explain the SLE-unmediated prospective association between frustration and
externalizing psychopathology.
Acknowledgments

The research reported here is part of the TRacking Adolescents’ Individual Lives
Survey (TRAILS). Participating centers of TRAILS include various departments of
the University Medical Center and University of Groningen, the Erasmus University
Medical Center Rotterdam, the University of Utrecht, the Radboud Medical Center
Nijmegen, and the Parnassia Bavo group. We are grateful to all adolescents, parents,
and teachers who participated in this research and to everyone who worked on this
project and made it possible. TRAILS data from the first, second, and third measurement waves can be accessed at www.dans.knaw.nl. TRAILS has been financially
supported by various grants from the Netherlands Organization for Scientific Research
(NWO), Zorgonderzoek Nederland Medische Wetenschappen (ZonMW), Gebieds
Bureau Gedrags- en Maatschappijwetenschappen (GB-MaGW), the Dutch Ministry
of Justice, the European Science Foundation (ESF), Biobanking and Biomolecular
Research Infrastructure in The Netherlands (BBMRI-NL), the universities in TRAILS,
and the Accare Center for Child and Adolescent Psychiatry.

Chapter

7

Why Not Everybody Gets Their
Fair Share of Stress: Adolescent’s
Perceived Relationship Affection
Mediates Associations between
Temperament and Subsequent
Stressful Social Events.
Odilia M. Laceulle1,2 , Bertus F. Jeronimus1 ,
Marcel A.G. van Aken2, Johan Ormel.1
Department of Psychiatry, Interdisciplinary Center Psychopathology and Emotion
regulation (ICPE), University Medical Center Groningen, University of Groningen.
2
Developmental Psychology, Utrecht University.
1

Accepted for the European Journal of Personality.

184

|

Chapter 7

Abstract
Temperamental differences are associated with subsequent stressful life events, a phenomenon that has in part been attributed to evocation. However, we remain ignorant
about the mechanisms that mediate this process. In the current paper we test whether
differences in ‘perceived relationship affection’ accounted for part of the prospective
association between temperament and stressful social event evocation in three social
domains, viz. parents, peers, and romantic partners. Data were derived from TRAILS,
a large population cohort of Dutch adolescents (n= 1158). Parent-reported adolescent
temperament and adolescent’s perceived affection were assessed at age 11. Stressful
social events that occurred between age 11 and 16 were captured using the Event
History Calendar. Results indicate that adolescents evoke subsequent stressful social
events based on their temperament, and that this association is partially mediated by
perceived affection. Importantly, we found evidence for both generic and domain specific associations, which indicates that social domains are related yet distinct. Taken
together, the findings suggest that a search for mediating variables may be a promising
way promising way to increase our understanding of the mechanisms that that underlie
the social stress selection principle, and that perceived relationship affect is one of the
candidates.
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Introduction
Individuals may evoke life events based on individual characteristics and are therefore
active agents of their own development [18,249]. These social selection and evocation
processes have strong empirical support [248,256], but the underlying mechanisms
remain poorly understood. Part of the prospective association between temperament
and stressful life events may be mediated by third variables, but hitherto it remains
unknown what kind of factors we are looking for, how they manifest themselves, how
they are constituted, or where they are to be found. In this study we test whether
individual differences in perceived relationship affection mediate the prospective association between temperament and the evocation of stressful social events in adolescents. A demonstration of mediation by perceived relationship affection could propel
the exploration and understanding of the mechanisms that drive the social selection
principle.
Temperament and Stressful Social Events

Individual differences are thought to be particularly salient during adolescence, because this period is characterized by environmental changes and shift of focus and
attachment from parents to peers [451,897]. Hallmark of adolescence is social change,
including the selection of a rapidly expanding peer network, which, in contrast to family and early childhood (dyadic) peer relations, is not shaped by parental socialization
[249,445,898,899]. Additionally, romantic relationships emerge. These romances can
be rather intense, and function as a socializing agent that can affect subsequent development and identity formation, e.g. via ‘consensual validation’ or reality confirmation
via comparison of perceptions [900,901]. Adolescents start to perform social roles at
multiple stages, either in interaction with parents, peers, or romantic partners. Each of
these stages can enable stressful social events, e.g., conflicts, fights, and relationship
termination [902-904].
Not all adolescents seem equally prone to evoke such stressful social events. These
differences are partly accounted for by individual differences in temperament or
personality [29, 195, 235, 248, 256]. Prospective twin studies showed that emotional
instable (vs. stable) are more often exposed to subsequent stressful events, and additionally, are also more sensitive to the influence of stressful events [223, 239]. These
processes of social influence and social selection are often referred to as the corresponsive principle [27, 100]. Other studies showed that high (vs. low) extraversion
and conscientiousness were related to fewer   stressful social events [339], and high
neuroticism to smaller  declines in family conflict [484], low family support [905], and
more romantic relationship conflict [222,344,472].
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In our TRAILS sample high (vs. low) frustration, low effortful control, and high
intensity pleasure and affiliation and low levels of shyness were related to more
stressful life events over adolescence – both social and other events such as house
moves and illnesses [689,906]. Evidence thus suggests that emotional instability and
to some extend also conscientiousness and extraversion predisposes individuals for
more stressful social events.
Mechanisms Underlying Temperamental Effects on Subsequent Social Stressful
Events

Though support for evocation of stressful social events increases gradually, the mechanisms that underlie this process remain largely speculative. Temperament shapes the
way adults interact with children and the activities in which children choose to participate [195,907]. This, in turn, may affect stressful social events children experience,
such as peer rejection [908]. Negative affective temperaments also predict increases
in problems and exacerbate the effects of other risk factors [198,909]. When children
navigate into adolescence their ability to influence their environments increases. Consequently, it seems plausible that temperament becomes more predictive of stressful
social events in various domains, e.g., in interaction with parents, peers and romantic
partners.
Temperament has been suggested to modulate cognitive   and affective-emotional
processes [32,902] that colour how adolescents perceive their world, a process called
‘environmental construal’ [18,123]. Additionally, the way we look at ourselves and the
world around us is believed to develop from early childhood onwards based upon our
interpersonal interactions and mental imaginations of how we believe others perceive
us (i.e., called the 'looking glass' self [195, 910-912]).
These belief systems, in turn, affect how adolescents perceive and experience their
relationships with others and navigate in their social worlds [18,123,208,913]. Specifically, adolescents may use their temperament-dependent self-images as templates for
constructing impressions of the levels of affection they perceive from intimates. It
is possible that an individual’s perception of his or her relationships becomes a selffulfilling prophecy when perceptions become internalized and influence subsequent
transactions with the social environment in which the individual lives and grows [427],
and thus leads them to construct relationship realities. Differences in temperament may
therefore explain both the active process of self-construction (a process of internalization of perceptions) as well as how adolescent’s create trajectories for themselves as a
response, which may shape how they are seen by others (an externalization process).
Indeed, previous research provided some support for the idea that temperament modulates adolescents’ perceptions of their affective relationships with others [123,538].
In addition, evidence has been found that people’s perceptions of their relationships
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with others can influence the course and functioning of their relationships (see for a review [914]). For example, Sroufe [915] suggested that individuals who expected to be
rejected also behaved in ways that made rejection from others more likely. Also, anxious expected rejection predicted social anxiety and withdrawal, while angry expected
rejection – an established predictor of aggression – antedated decreased social anxiety
[916]. Both anxious and angry expectations predicted increased loneliness [916], and
individuals who expected to be rejected, thus who scored high (vs. low) on rejection
sensitivity, seemed more likely to break up [917]. Perhaps subjective expectations and
perceptions form a process chain that underlies part of the prospective association
between temperament and stressful life events.
The proof of the pudding is in the eating, however, and to our knowledge ‘environmental construal’ (or ‘internal working models’ more general) as a mechanism underlying the association between temperament and subsequent stressful social events
have not been tested by means of sophisticated mediation models. We hypothesize that
temperamental differences lead to differences in perceived affect, which in turn result
in the evocation of stressful social events. Specifically, in the current study we tested
whether perceived relationship affection - i.e., adolescents subjective, experience of
care, protection, comfort and approval provided by significant others (i.e., parents,
peers) – mediates the prospective association between temperament and stressful
social events. For example, we tested whether individuals high (vs. low) on temperamental frustration are more likely to perceive low relationship affection, because high
frustration may be related to more anger, frustration, and withdrawal, resulting in
more conflicts with significant others. We feel such evidence can bolster future aims to
disentangle the extant factors that converge into the social selection principle.
Current Study

To recapitulate, in the current study we verify whether adolescent’s perceived relationship affection mediates the association between adolescent temperament and evocation
of stressful social events (see Figure 9 for a conceptual model). Perceived relationship
affection is not introduced as a novel theoretical construct but as a measure for subjective interpretations of social interactions in functional terms (e.g., instrumental and
emotional support), alike perceived social support, perceived rejection, and felt (in)
security.
We studied temperamental facets that often are considered to be part of the broader
personality domains of neuroticism, extraversion and conscientiousness, because these
traits have been found to show most consistent associations with psychopathology
[281]. For emotional instability we included two traits (fear and frustration), for extraversion three traits (affiliation, shyness, and high intensity pleasure), and one trait
related to conscientiousness (effortful control). However, because these higher-order
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Figure 9. A Theoretical Model of How the Prospective Effect of Temperament on Stressful Social
Events is Divided over Direct Effects and Mediation via Perceived Parental and Peer Affection.

domains are not clearly structured over adolescence, we only report upon the facet
traits, and refrain from usage of the higher-order dimensions themselves.
The major changes in social environments during adolescence render it important
to differentiate between the domains in which stressful social events take place
[195,445,902]. Moreover, the interpretation of meaning of affectionate behaviours
may be relatively stable within social groups across social contexts, but differ across
social groups, which we therefore might compare. In this study we distinguish between
the parental domain (e.g., conflict with parents, running away and being thrown out
of the parental home), the peer domain (e.g., friendship termination after a fight or
argument, being bullied), and the romantic relationships domain (e.g., breaking up
after a relationship or being dumped). Subsequently, we examined whether perceived
affection mediates the prospective association between temperament and stressful social events. To test for spill-over effects between different social domains we examined
mediation effects of both perceived parental affection and perceived peer affection in
the associations between temperament and stressful social events in the parental, peer
and romantic partner domain.
In line with previous studies we hypothesized that adolescents low (vs. high) on
effortful control (H1a), high (vs. low) on frustration (H1b), and high on affiliation
or intensity pleasure and low on shyness (H1c) experience (evoke) more subsequent
stressful social events. Based on recent findings on the data used in the current study,
it is hypothesize that fear does not predict subsequent stressful events [906]. Ad-
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ditionally, we hypothesized that prospective associations between temperament and
subsequent stressful social events are partially mediated by perceived relationship
affection (H2). More specific, we hypothesized domain-specific associations, viz.
perceived parental affection as the primary mediator of stressful social event evocation
effects in the parental domain (H3a) and perceived peer affection as the mediator of
stressful social event evocation effects in the peer domain (H3b). Lastly, we tested
whether associations between temperament and subsequent stressful social events in
the romantic partner domain were mediated by either perceived parental affection or
perceived peer affection.

Methods
Sample

The Tracking Adolescents’ Individual Lives Survey (TRAILS) is a large prospective
cohort study of Dutch adolescents, who are followed biennially or triennially from 11
to at least 25 years of age. The present study involves data from the first and third assessment wave. The study was approved by the Dutch Central Committee on Research
Involving Human Subjects. Written informed consent was collected from the parents at
wave 1, whereas for wave 3 written informed consent was obtained from both parents
and adolescent. At wave 1, 2230 pre-adolescents (50.8% girls) enrolled in the study
(response rate 76.0%) of whom, 1816 (response rate 81.4%, 45.3% girls) participated
in wave 3. At wave 1, the mean age of the adolescents enrolled in the study was 11.09
years (SD = 0.56). At wave 3, the mean age was 16.13 years (SD = 0.59). Prerequisites
to be included in the current study were that, at wave 1, parents had filled out the temperament questionnaire and adolescent the perceived affection list, and that, at wave 3,
the adolescents were interviewed with regard to stressful social events. This resulted
in a total number of 1158 adolescents participating in the current study. No differences
were found between responders and non-responders with respect to teacher ratings
of problem behaviours and in the associations between socio-demographic variables
and mental health indicators. We examined whether individuals who were interviewed
about exposure to life events differed from those who were not interviewed on the
temperament and affiliation scales at age 11 years. To facilitate comparisons, partial
η2 measures of effects were computed. The effect sizes for being interviewed were
all smaller than .01, which can be interpreted as negligible effects [373]. Though we
observed slightly higher attrition (p < .05) for children with low scores on effortful
control and affiliation, effect sizes were negligible (partial η = .002 and .003), and
our results seem not seriously biased. A detailed description of the sample selection,
procedures and methods can be found elsewhere [880].
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Procedures
At baseline well-trained interviewers visited one of the parents or guardians (preferably the mother, 95.6%) at their homes. Parents were asked to fill out a written
questionnaire, including questions about the child’s temperament. Children were asked
to fill out questionnaires on perceived affiliation in school. When adolescents were 16
years old, children were interviewed at a central facility in the child’s home area by
well-trained interviewers to collect life event data.
Measures
Temperament
Child temperament was assessed at age 11 with the short form of the parent version of
the Early Adolescent Temperament Questionnaire-Revised (EATQ-R; [219,882]. The
following six scales were distinguished: (i) fear (negative affect related to anticipated
pain or distress, five items, Cronbachs’ α = .63); (ii) frustration (negative affect related
to interruption of ongoing tasks or goal blocking, five items, α = .74); (iii) shyness
(slow or inhibited approach and/or discomfort in social situations, four items, α = .84);
(iv) effortful control (capacity to control attention, activation and inhibition, 11 items,
α = .86); (v) affiliation (desire for, and pleasure in, warmth and closeness with others,
six items, α = .66); and (vi) high intensity pleasure (pleasure or enjoyment related to
high stimulus intensity or novelty, six items, α = .77). Answers were rated on a fivepoint Likert-type scale (1= ‘almost always untrue’ to 5= ‘almost always true’). Higher
values indicated a higher presence of the temperamental trait concerned. Eight week
test–retest stability of the parent-reported EATQ-R scales has been found to be moderate to good, ranging from .69 for high intensity pleasure to .85 for frustration [918].
Stressful Social Events
Stressful social events were captured at age 16 years using the Event History Calendar
(EHC), a data collection method for obtaining retrospective data about life events and
activities developed by Caspi and colleagues [919]. For the present study we adapted
the calendar into an interview on several life domains that lasted about 45 minutes.
Participants were asked about events that occurred since baseline (i.e., between ages
11-16). Detailed and accurate data about the events could be collected by proceeding
serially from one life domain to another and using a month-by-month horizontal timeline. For example, with regard to school, adolescents were asked by the interviewer
respectively about the dates of changing school, changing class, repeating class, as
well as about their educational levels for the subsequent years. Test–retest reliability
has generally been found to be reasonable to good (respectively, 72–87% in a sample
of young adults [920] and > 90% in a sample of adolescents [919]). Construct validity
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of the EHC was investigated in a comparative study by Belli and colleagues [921],
showing reasonable correlation coefficients between a written questionnaire and the
EHC (ranging from .63 to .79).
For the current study we selected all stressful social events assessed in the parental,
peer, and romantic domains. Stressful social events were defined as time-discrete events
likely to bring about a major change in social or relationship status (cf. [244,366]).
Stressful events in the parental domain included being thrown out of the parental home
(n= 20), having a serious fight (n= 92), and running away from home (n= 52). Stressful
events in the peer domain included losing a good friend because of a fight or argument
(n= 128) and being bullied (n= 256). Stressful events in the romantic partner domain
included being dumped (n= 204) and breaking up (self) after a relationship (n= 538).
Intercorrelations between the various events was rather low, ranging from r= .001
for the correlation between losing a good friend because of a fight or argument and
being dumped to r= .215 for the correlation between having a fight serious fight with
family members, and running away from home. For this study, three event variables
were constructed indicating the number of events the adolescents experienced in the
respective domains. With regard to the conflicts with parents being exposed to two (n=
20) and three (n= 3) events were merged and recoded as “≥ 2 events”.
Perceived Affection
Child rated perceived parental and peer affection were measured at age 11 using two
scales based on the Social Prodution Function (SPF) theory [922]. The SPF asserts
that wellbeing can be measured in terms of universal goals, viz. affection, behavioural
confirmation, status, comfort, and stimulation [574,923]. Perceived affection from
parents (i.e., an aggregated measure of perceived paternal and maternal affection, each
4 items, e.g., “he/she likes being with me”, α = .84 for paternal affection and α = .78
for maternal affection) and perceived affection from classmates (4 items, e.g., “my
classmates enjoy being with me”, α = .84 ) were measured with five-point scales, with
answer categories ranging from 1 (never) to 5 (always). No test-retest data of the SPF
list are available.
Statistical Analyses

Variables were transformed into z-scores for both the correlation and mediation
analyses. Subsequently, we examined the direct effects of temperament on subsequent
stressful social events, as well as the possible mediating role of perceived parental
affection and perceived peer affection in these associations, as outlined in Figure
9. Three mediation analyses were performed for each of the six temperament traits,
one for each of the stressful social event domains (i.e., parents, peers and romantic
partners). Perceived parental affection and perceived peer affection were entered si-
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multaneously in the analyses, resulting in a total of 18 analyses. All mediation analyses
were controlled for gender using the single multiple mediation method proposed by
Preacher and Hayes [924]..
The theoretical model of the prospective association between temperament and
stressful social events in Figure 9 shows a direct effect on stressful social events (path
c) and the direct effect when the indirect path is controlled for (path c’). The relationships between temperament and the two mediators are figured through path a1 and path
a2. The effects of the two mediators on stressful social events are figured through path
b1 and b2. The total indirect path from temperament to stressful social events is the sum
of the two mediators. Testing a single multiple mediation model (rather than separate
simple mediation models) has the advantage of allowing inter-correlations between the
respective mediation variables [924]. Additionally, a single multiple mediation model
enables us to quantify the extent to which perceived parental affection mediates the effect of temperament on stressful social events, conditional on the presence of perceived
peer affection (and vice versa). The linear regression technique is known to remain
valid when the dependent variable violates the “normality assumption” in a sample of
our size [925]. However, to ensure the robustness of our results we bootstrapped all
linear regression analyses (k = 1000 with bias corrected confidence intervals) to obtain
asymptotic 95% confidence intervals (CIs) around the indirect effects using the SPSS
macro developed by Preacher and Hayes [924]. Confidence intervals not including
zero reflect significant indirect effects. To enable comparison with other literature, we
converted some results to Cohen’s d (standardized effect sizes), based on formulas
derived from Borenstein [420] and Peterson [466]. Cohen’s d expresses differences
in SD units, which we indexed as small from 0.20 to 0.49, medium from 0.50 to 0.80,
and large if greater than 0.80 [373,466]. We classified correlations (r) and betas as
small if between .10 and .29, moderate between .30 and .50, and large if above .50
[373,466]. To reduce family-wise alpha inflation we only interpreted correlations that
were significant at p< .01.

Results
Descriptive Statistics

Descriptive statistics for the unstandardized variables are reported in Table 24. Table
25 presents correlations between the six temperament traits, perceived affection by
parents and peers, and stressful social events in the three domains. We refrain from
using higher order dimensions (e.g., neuroticism composed from fear and frustration)
because the higher-order domains could not be clearly distinguished over adolescence
(Table 25, cf. overlap between frustration and effortful control).
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Table 24. Descriptive statistics for the unstandardized variables
Temperament

193

N

Min

Max

Mean

SD

Fear

1196

1.00

4.60

2.41

.71

Frustration

1196

1.00

4.80

2.77

.65

Affiliation

1196

1.50

5.00

3.89

.55

Shyness

1197

1.00

5.00

2.51

.86

High intensity pleasure

1194

1.00

5.00

3.30

.93

Effortful control

1197

1.09

5.00

3.28

.69

Perceived parental affection

1162

3.00

10.00

8.64

1.27

Perceived peer affection

1183

2.00

10.00

7.41

1.40

Events parents

1197

0

2

.13

.39

0 events

1059

1 event

115
0

2

.32

.53

0

2

.62

.66

2 events
Events peers

23
1197

0 events

849

1 event

312

2 events
Events romantic relations

36
1197

0 events

574

1 event

504

2 events

119

Gender

1197

Female

660

Male

537

Direct Effects and (Partial) Mediation

Most temperamental traits showed a direct prospective pathway to stressful social
events. Adolescents high on frustration and low on effortful control were more likely
to experience stressful social events in the parental and peer domain, but not with
romantic partners. Adolescents high (vs. low) on intensity pleasure, low (vs. high)
on shyness, and low (vs. high) on affiliation, were more likely to experience stressful
social events in the romantic partner domain, but not with parents or peers. Only fear
was unrelated to subsequent stressful events in all three domains.
Lower parental affection was observed for adolescents high (vs. low) on frustration
and low (vs. high) effortful control and affiliation. Lower perceived peer affection
was reported for adolescents high (vs. low) on frustration, and shyness, or low on
effortful control and affiliation. Perceived affection, in turn, predicted stressful social
events. More perceived parental affection predicted less subsequent stressful events
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Table 25. Correlations between the study variables
1.  Fear

1.

2.

2.  Frustration

.30

3.  Affiliation

.08**

4.  Shyness

.14***

3.

4.

5.

7.

8.

9.

10.

-.19***
.12*** -.29***

5.  High intensity pleasure

-.25

-.06

.15*** -.29***

6.  Effortful control

-.23

***

-.37

.12*** -.01

***
***

7.  Perceived parental affection

.04

-.13***

.14*** -.00

8.  Perceived peer affection

.03

-.13

.16

9. Events parents

.05

.12

10. Events peers

.07*

.07*

-.01

.02

11. Events romantic partners

6.

***

***
***

.09**
-.01

.12***

-.06

.00

.10***

.01

-.02

.04

-.13

-.06

.00

.05

.02

-.03

-.07*

-.06

-.06*

.07

-.11

.14

-.02

-.01

.08

***

*

***

***

***

.46***

**

.09**
.14*** -.00

Note. * p< .05, ** p< .01, *** p< .001.

in the parental domain and in the romantic partner domain, and more perceived peer
affection predicted less subsequent stressful events in the peer domain but more events
in the romantic partner domain. Although path coefficients varied slightly across the
temperament models (i.e., associations between perceived affection and stressful
events were estimated in each of the univariate temperament models), they did not
differ in any meaningful matter dependent on which temperament trait was included
in the model (Figure 10 shows the path coefficients for events in the romantic partner
domain). Furthermore, high levels of perceived affection predicted fewer subsequent
social stressful events. In sum, the observed associations varied across temperament
traits, stressful social event domains, and types of perceived affect (mediators).
Our bootstrapped regression models (see Table 26) showed that several of the associations between temperament and stressful social events were mediated by perceived
relationship affection. Perceived parental affection mediated the associations between
frustration, affiliation, and effortful control, and later stressful social events in the
romantic partner domain. That is, higher levels of frustration, lower levels of affiliation
and lower levels of effortful control were all related to less perceived parental affection,
which in turn predicted more stressful social events in the romantic partner domain.
Also, perceived parental affection mediated the associations between affiliation and
stressful social events in the parental domain. So, lower affiliation was related to less
perceived parental affection which, in turn, predicted more stressful social events in
the romantic partner domain.
Perceived peer affection mediated the associations between respectively frustration,
affiliation, shyness and effortful control, and stressful social events in both the peer
and romantic partner domain. That is, higher levels of frustration and shyness and
lower levels of affiliation and effortful control were related to less perceived peer
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Figure 10. Standardized Path Coefficients for the Direct Paths.

Path coefficients of the associations between affection and stressful social events varied slightly across models

affection which, in turn predicted more stressful social events in the peer domain,
but less in the romantic partner domain. No mediation effects were found for the associations between respectively fear and high intensity pleasure, and any of the social
domains. All significant mediation effects had a rather small effect size (between d=
0.10 to 0.15).
Posthoc Analyses

Multiple post-hoc analyses were performed to test the robustness of our results. First,
the effects of temperamental facets on stressful social events in the romantic partner
domain were repeated in the subgroup of adolescents who were involved in at least one
romantic relationship between age 11 and 16. Second, we tested all temperamental effects for each of the individual stressful events. Third, multivariate mediation analyses
were performed in which all temperament traits were entered simultaneously to test
for (the mediation of) the independent effects of each temperamental facet adjusted for
the effect of all other facets. Finally, non-parametrical Spearman partial rho tests were
performed as an extra robustness check (next to our bootstrap procedure) because our
dependent variables were non-normally distributed.
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Table 26. Bootstrap results for indirect relationships (bias-corrected and accelerated CI’s).

Facet

Conflict

Affection

Fear

Parents

Parental

Peers

Parental

-.001

Parental

-.002

Partner
Frustration

Parents
Peers
Partner

Affiliation

Parents
Peer
Partner

Shyness

Parent
Peer
Partner

Surgency

Parents
Peer
Partner

Effortful
Control

Parent
Peer
Partner

Peer
Peer
Peer

Parental

Boot

-.002

.000

-.001
.001
.009

Peer

-.003

Peer

.009

Parental
Parental
Peer

Parental
Peer

.004
.009

-.013
-.009

.001

Parental

-.005

Parental

-.010

Parental

.001

Peer
Peer

-.011
.013

Peer

-.001

Peer

.006

Parental
Parental

.000
.001

Peer

-.007

Peer

.000

Parental
Parental

.000
.000

Peer

-.001

Peer

.002

Parental

.000

Parental

-.003

Parental

.003

Peer

.001

Peer

-.005

Peer

.008

Parental

-.007

Independent facet effects
SE

95% CI

.003

-.010 to .001

.002

-.009 to .001

.001
.003
.003
.003
.005
.005
.005
.005
.005
.005
.005
.005
.005
.006
.005
.005

-.002 to .004
-.009 to .003
-.010 to .001
-.005 to .010
-.001 to .021
-.013 to .006
-.005 to .015
.000 to .022
.001 to .023

-.028 to -.005
-.023 to -.001
-.009 to .011

-.017 to .004

-.026 to -.001
-.022 to -.002
.005 to .025

.002

-.003 to .007

.002

-.001 to .007

.003
.004
.002

-.007 to .005
.001 to .017

-.003 to .007

.004

-.017 to -.001

.001

-.002 to .004

.002
.002
.003
.002
.003
.003

-.005 to .005
-.003 to .003
-.009 to .002
-.005 to .005
-.004 to .010
-.111 to .001

.003

-.004 to .008

.003

-.014 to -.000

.004

.001 to .017

.004
.004

-.013 to .004

-.018 to -.001

Note. n= 1154. All models were adjusted for gender, but the adjusted models were also adjusted for the five
other temperamental facets. Values in bold represent significant associations (p< .05).
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Adolescents Involved in a Romantic Relationship
All significant associations between temperament and stressful events in the romantic
partner domain disappeared in the much smaller sample of adolescents who reported
at least one romantic relationship between age 11 and 16 (n= 703), see Appendix Table
A31.
Single Event Analyses
Analyses for all single events in Appendix Table A32 showed that high (vs. low) fear
predicted running away from home (parental domain) and being bullied (peer domain).
High (vs. low) frustration predicted fights with parents and running away from home
(parental domain) and being bullied (peer domain). Adolescents high (vs. low) on shyness were less likely to have a fight with their parents (parental domain) and less likely
of being dumped or breaking up a relationship (partner domain). Adolescents high (vs.
low) on surgency were more often thrown out of the parental home, and were more
often dumped or broke up their romantic relationship (partner domain). Finally, adolescents high (vs. low) on effortful control reported fewer serious fights with parents
and running away from home (parental domain), and were bullied less (peer domain).
Most mediation paths by perceived relationship affection remained significant (see
Appendix Table A32).
Multivariate Analyses
Multivariate analyses were performed in which all temperament traits were entered simultaneously to examine the effects of temperament traits adjusted for all other traits.
Analyses showed that only part of the associations found in the univariate analyses
remained in the multivariate analyses. Most importantly, the indirect effects of frustration and affiliation on stressful events via perceived affection remained when adjusting
for the other temperament traits. In contrast, the effects of shyness and effortful control
disappeared, suggesting that these were not robust when adjusting for other traits.
Model statistics are reported in Appendix Table A33.
Non-Parametric Tests
Finally, non-parametrical Spearman partial rho tests supported the results of our univariate analyses and showed both the direct effects of temperament on stressful events
occurrences and mediation of these associations by perceived parental and/or peer
affection (see Appendix Table A34).
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Discussion
In this paper we used data from a large cohort of adolescents, and two waves, to test
whether adolescent’s perceived relationship affection mediates part of the prospective
association between adolescent temperament and stressful social event evocation. Our
results support the hypothesis that temperamental differences are manifested in differences in stressful social event evocation, in line with previous research. Our study
innovated by the observation that perceived relationship affection mediates a modest
part of this association. In other words, temperaments colour the way adolescents
perceive received affection, which, in turn, influences the probability of subsequent
stressful social events. Our distinction between three social domains (i.e., parents,
peers and romantic partners) yielded support for both generic and domain-specific
effects, which exemplifies the challenge of isolating mechanisms behind the stress
selection principle. After having summarized our main findings these will be discussed
in more detail below.
Temperament and Subsequent Stressful Social Events

Low levels of effortful control (H1a) and high levels of frustration (H1b) were predictive of more subsequent social stressful events, in line with our hypotheses. Interestingly, this held only true for the parental and peer domain: stressful social events in
the romantic partner domain were predicted by high levels of intensity pleasure and
affiliation as well as low levels of shyness (all traits related to the broader personality
domain of extraversion). Fear was not predictive of stress in any of the domains.
The observation that patterns were different for peers and romantic partners might
be somewhat surprising insofar that relationships between peers and romantic partners are often seen as more comparable than between parents and romantic partners
[902,904,926]. However, it might be that above and beyond the similarities between
peer and romantic partner relations, peer relations have some resemblance with
parental relations in the sense that they have both developed over years. Romantic
relationships, in contrast, can develop (and finish) rather suddenly during adolescence.
Consequently, temperament traits that are undesirable in social interactions (e.g., high
frustration) may be more visible for parents and peers who know the adolescent for
years, whereas adolescents may inhibit frustration-related behaviours in the presence
of their new romantic partner. This may explain why adolescents high on frustration
may evoke stressful social events in the parental and peer domain, but not the romantic
partner domain.
Similarly, adolescents high on effortful control may be more reliable in their friendships with peers and ‘easier’ to their parents, and may therefore be less likely to evoke
stressful social events in these contexts. In contrast, effortful control may not be of
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much importance in the newly developing - and often only short-term - romantic
relationships adolescents have. This interpretation aligns with observations by Furman
[927], who suggested that parent-child relationship characteristics as perceived by the
adolescent were related to both i) child-peer relationship characteristics as perceived
by the adolescent and ii) child-romantic partner relationship characteristics as perceived by the adolescent, although the latter two were (at least for some relationship
characteristics) unrelated.
Stressful social events in the romantic partner domain were predicted by low shyness, and affiliation and high intensity pleasure; traits that are all related to the broader
personality dimension of extraversion. Adolescents high on extraversion evoked more
stressful events with romantic partners (in line with hypothesis H1c), but not with
parents and peers. Hence, extraversion (being out-going, sociable etc.) seems more
influential when engaging with romantic partners than in the more persistent relationships with parents and peers. This is consistent with evidence that high (vs. low) extravert adolescents engage more in romantic relationships (e.g., [338-340]). It therefore
seems plausible that low extravert adolescents evoke less social stressful events in the
romantic partner domain simply because they are not so much involved yet in romantic
relationships (a floor effect). Nonetheless, it seems unlikely that the more frequent
engagement of extraverted adolescents in romantic relationships explains all of the
variance, because they probably interact more with romantic partners ánd with their
peers. The cardinal features of high extraversion are social attention and a larger impact
on one’s social environments in general [16,21]. Previous research indeed showed both
quantitative and qualitative differences in social interactions between high extraverted
adolescents [928]. Given that we did not find an associations between traits related
to extraversion and subsequent stressful social events in the peer domain, it seems
plausible that extraverts have not just more, but also other (i.e., more intense) interaction with romantic relationships than their less extravert peers. Consequently, it seems
that adolescents high on extraversion had more frequent and more intense interactions
with romantic partners than adolescents whom were more reticent, resulting in both
more positive and negative events. Biserial correlations indeed showed that high affiliation and surgency and low shyness predicted the presence of romantic relationships
between age 11 and 16, while fear, frustration, and effortful control were unrelated
(see Appendix Table A35). The association between temperament (shyness, affiliation,
high intensity pleasure) and  stressful events disappeared in post-hoc analyses in the
subgroup of adolescents who reported at least one romantic relationship between age
11 and 16 (although the statistical power was also much lower).
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Perceived Affection: an Intrapsychic Characteristic with Real World Consequences

We proposed that the prospective association between temperament and subsequent
stressful social events would be partially mediated by perceived relationship affection
(H2). Indeed, perceived relationship affect mediated several temperament to stressful
social events paths. This finding may propel the exploration of other factors that can
account for part of the association between temperament and stressful event evocation,
because we showed that mediation studies have the potential to provide insight in the
mechanisms underlying the stress selection principle. Such insights may enable clinicians to craft prevention strategies that alleviate stress related psychopathology. More
specifically, our results suggest that perceived relationship affection mediated part of
the studied associations. The observed effect sizes of the various paths were small but
in the range of the average observed in psychology [66,655].
Our results align with the interpretation that individuals develop internal working models based on their temperamental characteristics, which in turn modulates
adolescents’ perceptions of their affective relationships with others, as outlined in the
introduction. Hence, perceived relationship affection, a rather complex intrapsychic
characteristic, can have real-world consequences in terms of subsequent stressful
social events. This is reminiscent of studies that showed that pre-conceptions of a
future identity (also an intrapsychic influence) can already change temperament
(or personality) in anticipation of future social roles [677,678,929]. Moreover, the
findings confirm and extent previous research showing that people’s perceptions of
their relationships with others (e.g., expected rejection) can become a self-fulfilling
prophecy when people start behaving in ways (e.g., withdrawal, aggression etc.) that
elicit stressful social interaction (e.g., conflicts, rejection, breakup, see [914-917])
Domain Specificity and Spillover

We hypothesized that mediation by perceived relation affection would be largely
domain-specific (H3). Indeed, parental affection was the primary mediator of temperamental stressful social event evocation in the parental domain (H3a), whereas
perceived peer affection mediated the evocation of stressful events in the peer domain
(H3b). Perceived parental affection mediated part of the association between affiliation and events in the parental domain, but surprisingly, no effect was found for the
other temperamental traits. Though perceived affect may be conceptually most akin to
affiliation, the association between affiliation and perceived parental affection was not
much stronger than it was for frustration or effortful control. Moreover, affiliation was
rated by the mother, whereas levels of perceived affection were based on adolescents’
self-report, which may limit the overlap between both concepts.
With regard to perceived peer affection, several mediation effects were found. Adolescents lower on frustration or shyness and/or higher on affiliation or effortful control
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reported more peer affection which, in turn, predicted less subsequent stressful social
events in the peer domain. This suggests that, as hypothesized, adolescents perceived
affection received from their peers is important in the association between temperament traits and events in the peer domain. Notably, for both frustration and effortful
control no direct effects were found on stressful social events in the peer domain. This
indicates that perceived peer affection mediates part of the stress-evocation effects of
frustration and effortful control, whereas extraversion-driven evocation effects tend to
be more independent of perceived affection.
Because perceived romantic partner affection was not measured in our study, we
explored ‘spill-over’ effects of parental and peer affection on stressful event selection
in the romantic partner domain. Findings suggested some spill-over effects. Adolescents lower on frustration and/or higher on affiliation or effortful control reported more
affection from parents and peers, which, in turn, predicted subsequent stressful social
events in the romantic partner domain. But whereas more perceived parental affection predicted fewer events in the romantic partner domain (in line with the negative
association between perceived parental affection and events in the parental domain),
more perceived peer affection predicted more events in the romantic partner domain (a
positive association, diametrical to the negative association between perceived peer affection and events in the peer domain). Possibly romantic partners and peers compete
for the adolescents attention [930-932], which may explain part of the negative association between peer affection and events in the romantic relationship. Moreover, the
spill-over effects of perceived parental affection to the romantic domain may reflect
that young adolescents use their perceptions of their parents to guide their behaviour
in interaction with their (first) romantic partners [933].
Yet, we have to interpret the mentioned ‘spill-over’ effects with caution. Besides that
they did not hold in the post-hoc analyses where we examined the associations only
for those adolescents who reported at least 1 romantic relationship between age 11 and
16; we were unable to include perceived romantic partner affection, while part of the
observed spill-over effects may reflect overlap between the perceived parental-, peerand romantic partner affection, which might disappear when a measure of perceived
romantic partner affection was included. Clearly, additional research is warranted
elaborating on perceived parental and peer affection with perceived romantic partner
affection, and can test our explanations of the alleged spill-over effects we observed.
Finally, multivariate analyses were performed to test the robustness of the indirect
effects when adjusting for all other traits. Results showed that the effects of affiliation
and frustration remained in these more conservative analyses, bolstering the robustness of the findings. However, this was not true for the indirect effects of shyness and
effortful control disappeared, which suggests that these findings resulted from their
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co-occurrence with the other traits, and these results should therefore be interpreted
cautiously.
Strengths and Limitations

Among the strengths of our study was our usage of a large sample of adolescents and
data from different informants. Parents rated the adolescents temperament. Perceived
affection was measured using adolescent’s self-report data. The stressful social events
were captured using a semi-structured and sophisticated interview method which
provided information both on the nature and the timing of the event. Retrospective
self-reports of stressful events have inherent limitations due to response components
that may be influenced by current mental state, such as cognition, appraisal, interpretation and recall. However, this was addressed in our study by asking the participant to
proceed serially from one life domain to another using a month-by-month horizontal
timeline and under supervision of the interviewer. This method is known for providing
detailed and accurate data about the events [919,920]. In addition, we were able to distinguish between three domains of stressful social events: parents, peers and romantic
partners. This allowed us to differentiate between generic and domain specific with
regard to both direct and indirect effects. Finally, to test the robustness of the findings,
we tested all temperamental effects for each of the individual stressful events. The
direct, as well as most mediation paths by perceived relationship affection remained
significant, bolstering the robustness of the findings presented.
Despite these strengths the study is limited in several ways. First and most important, we found evidence for mediation of several temperament – stressful social event
associations by perceived relationship affection, but all effects indicated only partial
mediation. Moreover, the effects revealed were all very small. It would be interesting
to examine whether they would hold when including constructs related to perceived
affection, such as social support, attachment style or rejection sensitivity. Unfortunately, however, we did not have this data available. Nevertheless, research in older
adolescents showed that felt insecurity mediates the associations between personality
(i.e., attachment style) and relationships with romantic partners [934]. Additionally,
Finn and colleagues [125] showed that relationship-specific interpretation bias can
explain part of the association between personality (i.e., neuroticism) and relationships
with romantic partners.
A related issue is that the remaining question which convergent mechanisms may
underlie the association between temperament and stressful social events. For some
of the paths we found indirect but no total effects. As discussed extensively by Hayes
and colleagues [924], total effects are no statistical prerequisite for the existence of
indirect effects. It might be, for example, that other mediation processes work in the
opposite direction, thereby leading to the lack of an overall effect (see [935]). These
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observations thus stress the need for future research, and clearly, other extant variables
may account for additional variance. Although beyond the scope of the current study,
future research may identify other and potentially stronger factors in the domain of
information processing, and add other-reported mediators and outcomes. For example,
parent-reported parenting styles, cognitive characteristics reported by the adolescent,
parent or teacher might be important mediators to consider. Indeed, elsewhere in the
current special issue evidence has been provided bolstering the importance of cognitive characteristics by showing that oral fluency partially mediates the associations
between extraversion and sociometric popularity [936]. Other mechanisms suggested
to underlie the association between personality and subsequent peer relations are
interpersonal motives and behaviors [937].
Second, and as mentioned before, we included three domains of stressful social
events in our study, but had only measures of perceived affection in the parental
and peer domain. As discussed previously, this makes interpretation of the current
‘spill-over’ effects difficult. Third, it might be that temperament is not only related
to an adolescent’s perceived relationship affection, but also to the absolute amount of
affection he or she receives. Future research including a measure of perceived affection as well as a more objective measure of actually received affection (maybe even
a behavioural measure) may help to disentangle this issue. Fourth, our study may be
limited by the timing of the perceived affection measures. In an optimal mediation
design, the mediator is assessed in between the predictor and outcome variable. In
our study perceived affection was measured simultaneously with temperament. Consequently, we cannot be conclusive about the direction of the association between
temperament and perceived affection. However, our research question did not fit very
well to the classic mediation approach. By measuring perceived affection in-between
temperament and stressful life events, we would either include stressful social events
that happened before the measurement of the mediator, or we would have to exclude
all events that occurred in this period, leaving us with a ‘black-time-box’ filled with
events not taken into account.
Related to the direction of the association between temperament and perceived affection is the direction of the relationship between temperament and stressful events. As
proposed by the social selection principle, individuals may evoke stressful events based
on their temperament. However, the opposite is also true, and exposure to stress has
been found to be related to (non-normative) changes in temperament [64,100,223,938].
The Corresponsive Principle explicitly accounts for these bidirectional associations
between temperament and stressful events, postulating that change in temperament
results from mutually reinforcing person–environment transactions, including two
processes both social selection and social influence (i.e., stress can affect temperament
and temperament can affect stress, see chapter 3 and 9 or [64, 938]). A recent study
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on the TRAILS data supported the Corresponsive Principle, although the effect varied
between the different temperament traits [906]. Whereas stressful events were found
to predict subsequent fear, stressful events were predicted by, but not predictive of,
shyness and affiliation. For effortful control and frustration a fully reciprocal model
was found. Consequently, future research may explore what makes frustration and
effortful control different, and further research including multiple waves of temperament, perceived affection and stressful social event data may allow for more detailed
test of mediation and shed more light on the causal order of the various associations.

Conclusion
In conclusion, in this study a model was tested in which we proposed that adolescent
perceived relationship affection mediates the association between adolescent temperament and evocation of stressful social events in three social domains (parents, peers
and romantic partners). Findings indicate that individual’s may evoke subsequent
stressful social events based on their temperament and that this associations is partially
mediated by adolescents’ perceived relationship affection. The observed effect sizes
were small but ranged around the average in psychology. This suggests that a search
for third variables may be a promising way to learn to understand the mechanism that
underlie the stress selection principle, and that perceived relationship affect may be
one of the candidates.
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Abstract
The literature on relative age position effects is rather inconsistent. In this study we
examine intra-classroom age position (or relative age) effects on Dutch adolescents’
school progress and performance (as rated by teachers), physical development, temperamental development (fear and frustration), and depressive symptoms, all adjusted
for age at the time of measurement. Data were derived from three waves of Tracking
Adolescents’ Individuals Lives Survey (TRAILS) of 2230 Dutch adolescents (baseline
mean age 11.1, SD= 0.6, 51% girls). Albeit relative age predicted school progress
(grade retention ORs= 0.83, skipped grade OR= 1.47, both p< .001), substantial effects
in adolescents with a normative school trajectory were absent in the Netherlands, in
contrast to most literature. Inverse relative age effects were observed for adolescents
who had repeated a grade, in terms of physical development and school performance,
as well as on depressive symptoms, favoring the relatively young. This may reflect a
relative age effect on the decision threshold for grade retention.
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“I can honestly say that insecurity was something formerly unknown
to me. I was always the best of my grade. The tallest, the fastest – I
thought I was Superman. It turned out this was mainly because I was
born in January, thus older than my peers”. 82

Relative Age
In most countries, children at school are assorted in same-age groups based on the
month and year of birth [939,940]. Consequently, within a single classroom children
may differ in age by up to 11 months. Relatively older children have a slightly more
developed physique and mind than their younger classmates [939,941]. These physical
and psychological advantages may become catalyzed into different developmental trajectories through favorable peer-contrast effects [674,942]. We define developmental
differences due to the age position driven peer contrast effects as relative-age effects.
Taller and more mature children tend to have more prestige [195,943], which in
turn affects friendship formation [944,945], and enhances learning opportunities [96].
Relative-age has been associated with higher intelligence [946], school success [947],
identity formation [948], peer-perceived competence and leadership [949], success in
sports [950], and positive self-perception and self-esteem [951,952]. Children’s internal working models are based on self- and other representations (“looking glass self”),
which emerge and crystallize relatively early in development [911,912]: five-year olds
have already stable and clearly established classroom hierarchies [953].
Self-Fulfilling Prophecy

Children’s relative-age position can become a self-fulfilling prophecy (“learning by
being”), catalyzed by reciprocal feedback loops between the developing phenotypes
and their environments [948,954], analogous to the corresponsive principle [100,142]
and Dickens-Flynn model [106,427]. Part of this effect may be driven by external adult
evaluations, based on unfavorable intra-cohort contrast effects [939]. Relatively old
children are granted special opportunities for success, such as relatively higher grades,
or extra coaching in sports [674,950,955], whereas relatively young children meet
lower expectations and have an increased risk to repeat a grade [941,947,956].
Though classroom hierarchies are established in childhood, their consequences may
be particularly salient in adolescence [249]. Adolescents become increasingly able to
influence their environment while parental socialization wanes, and select a rapidly
expanding peer network, and a first romantic partner [897,900]. Furthermore, earlier
82. Gert Verhulst in an interview by Sara Berkeljon in De Volkskrant, 23 march 2013.
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work associated being relatively young with victimization [957], psychiatric problems
[958,959], and suicide before age 20 [960]. Because unfavorable relative-age contrast
effects modulate children’s self-perception and self-esteem [951], which are known
risk factors for affective disorders [961], being relatively young may increase risk
of depression, which has a high incidence in adolescence [962,963]. Because low
self-perception and self-esteem can have a persistent impact on affect and temperament [893,964], a relative-age effect might also be discernible in the development of
temperamental negative affect over puberty, albeit this has never been tested.
Finally, relatively older children tend to play more sports – partly driven by selection
effects [674,954], which may explain observed relative-age effects on multiple indices
of physical growth in adolescence [965]. Timing of puberty onset seems also influenced by environmental factors (up to 12% variance), including experiences unshared
by twins [966] and neighborhood characteristics [967]. Admittedly, small relative-age
effects on body mass and rate of maturation seem speculative, but are not impossible,
given previous findings [965].
International Comparison

There is an extensive literature about relative-age effects in multiple countries [942],
but most samples were derived from the United States of America (USA) or United
Kingdom (UK) [939,950]. One of the challenges in isolating relative-age effects is that
their manifestation is contingent on mechanisms to group children in classes, which
differ over time and place [968,969]. For example, the Dutch cohort under study was
allocated over classes based upon an annual birthdate cutoff (pre/post October), and all
children in each grade attended all courses together. In other systems children attend
courses (e.g., language, math, or sports) subdivided on base of ability, a process called
‘setting’ or ‘banding’ [970], which may alleviate relative-age effects [954].
The influence of such apparently innocuous institutional differences becomes manifest in international comparisons. For example, in the 2006 Program for International
Student Assessment (PISA), up to half of the Dutch, Belgian, Austrian, or Czech 15year olds were in a different grade than expected in a normative trajectory, compared to
12% in the USA, about 1% in the UK, and none in Japan or Finland [968]. Relative-age
effects may thus manifest themselves via grade progression, that is, the possibility to
allocate children to a higher or lower grade than the normative one, based on their
abilities [956,968]. We expect that especially the less qualified relatively young are
retained, whereas the highly qualified relatively old are accelerated, which we call
ability streaming.
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The Present Study

The demonstration of persistent relative-age effects in adolescence, bestowed upon
children by an adult-imposed structuring of their worlds, could lead to renewed awareness and prevention strategies among teachers, parents, and psychiatrists. We therefore
aim to quantify associations between relative-age position and multiple outcome
domains in early and middle adolescence in a Dutch sample. Relative-age effects were
defined as the effects of intra-cohort age position adjusted for the actual age at the time
of measurement. Only after adjustment for the additional developmental time granted
to the relatively old, a methodological artifact, the alleged accumulating benefits and
disadvantages driven by adolescents’ relative-age position can be observed.
We hypothesized unfavorable outcomes, in multiple domains, for the relatively
young compared to the relatively old adolescents. More specifically, we expected to
replicate relative age effects on school progress (H1), and tested whether relative-age
predicted whether adolescents had repeated or skipped a grade. For both the adolescents with a normative progress and the group who repeated a grade we tested whether
relative-age predicted weight (H2a), pubertal status (H2b), school performance (H3),
sport competence (H4), and peer status in terms of peer rejection (H5a) and popularity (H5b). Innovatively, we tested whether relative-age effects predicted depressive
symptoms (H6a) and temperamental fear and frustration (negative affect, H7a). Since
persistent relative age effects imply a different developmental trajectory and suggest
accumulating change (cf. corresponsive principle), we also test for change in depressive symptoms (H6b) and fear and frustration (H7b) between age 11 and 16. Because
earlier work suggested associations between maternal socioeconomic status (SES) and
month of birth [971-973], we ran all analyses without and with adjustment for family
SES.

Method
Study Design and Sample

Data were collected as part of TRAILS, a large ongoing prospective cohort of Dutch
adolescent followed to study the psychological, social and physical development
of children towards adulthood [878]. The core aim was to unravel developmental
pathways to psychological (ill) health. The study was approved by the Dutch Central
Committee on Research Involving Human Subjects. The first measurement wave
(T1) started in 2001, whereas data collection for the remaining waves (T2 to T3) took
place at intervals of approximately 2.5 years. Informed consent was collected from
the parents at T1, whereas for T2 and T3 informed consent was obtained from both
parents and adolescents. The TRAILS design, sample selection, and data collection are
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described extensively elsewhere [878-880]. Briefly, participants were selected from
five municipalities in the north of the Netherlands. From a total of 2935 children, 2230
agreed to take part at T1 (response rate 76%, mean age 11.1, SD = 0.6, 51% girls). The
response rates were 96% at T2 (n= 2149, mean age 13.6, SD = 0.5, 51% girls) and 81%
at T3 (n= 1816, mean age 16.3, SD = 0.7, 52% girls). Non-response associated slightly
with low socioeconomic background, male gender, low IQ and school performance,
non-western ethnicity, and externalizing problems, but not with other emotional and
behavioral problems [880]. At T1, the parents or guardians were interviewed at their
homes, and handed in a previously sent questionnaire at that occasion. At T2 and T3,
the questionnaire was sent to the parents or guardians by mail. At all three waves, the
adolescents and their teachers completed the questionnaires at school.
Measures
Relative Age
As outlined, when the TRAILS children entered school, children born between the
first of October and the 30th of September of the next year were allocated in the same
age group in the Netherlands. Consequently, in a normative situation, children born
in September were the youngest in a given grade (month 1), while children born in
October were the oldest (month 12). This relative-age measure (1-12) was used as a
continuous measure in our analysis.
School Progress
Information on school progress was collected from the schools before sample selection.
Four categories were distinguished: (a) normal progression, (b) children who repeated
a grade, (c) children who skipped a grade, and (d) children in special education. The
groups of adolescents who had repeated one or two grades were merged because only
nine adolescents had repeated twice.
Physical Development
At T2, the length in centimeters (cm) and the weight in kilograms (kg, without shoes
and heavy clothing) were measured. Body mass index (BMI) was calculated by dividing the weight (kg) by the square of the height (m2).
Pubertal Status
At T2, pubertal status was measured with the Pubertal Development Scale (PDS),
previously shown to be reliable, with a Cronbach’s alpha of .77 for boys and .81 for
girls [974]. The PDS assesses development on five (Tanner) characteristics, including
growth spurt in height, skin changes, body hair in both boys and girls, breast develop-
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ment and menarche in girls, and voice change and facial hair growth in boys [975].
Each item was rated on a four-point scale (0= not yet started, 1= just started, 2= going
on for a while, 3= passed that). In our analyses we used the mean of the four item
scores.
School Performance
At T2, teachers provided ratings for each child on history, geography, math, and natural
sciences. The adolescent’s performance at school was operationalized as the composite
of these marks rated on a five point scale, ranging from 1= inadequate to 5= outstanding. Cronbach’s alpha was .86.
Sport Competence
In the Netherlands all children receive school gymnastics. At T2, teachers were asked
to rate the sport competence of each adolescent on a five-point scale (1=inadequate,
2=hardly adequate, 3=adequate, 4=good, and 5= outstanding).
Peer Status
At T2, social status (being popular or rejected) was assessed using a sociometric nomination procedure in classrooms with at least three TRAILS respondents [976]. Adolescents could nominate an unlimited number of classmates on a total of 18 questions,
covering a wide range of issues and behaviors. For the purpose of this study, we used
the proportions of the peer nominations for rejection (“being disliked”) and popularity
(“being someone others want to be associated with”), and contrasted these nominations
against the adolescents without this specific peer nomination (i.e. rejected/popular
status adolescents vs. all adolescents without this peer nomination).
Depressive Symptoms
Depressive symptoms were assessed at T1 and T3 with the Affective Problem scales
of the Youth Self Report (YSR [883]) and parent-reported Child Behavior Checklist
(CBCL, [977]), which cover depressive symptoms according to DSM-IV criteria
with 13 items, including information on sadness, loss of pleasure, crying, self-harm,
suicidal ideation, feelings of worthlessness, guilt, loss of energy, overtiredness, eating
problems and sleeping problems [978,979]. Both scales are rated on a three-point scale
ranging from 0= never or not at all true to 2= very often or very true. Cronbach’s alpha
for the YSR was .72 at T1 and .78 at T3 and for the CBCL .68 at T1 and .76 at T3. In the
analyses we used the combined mean scores of the CBCL and YSR scales.
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Temperamental Fear and Frustration
Temperamental negative affectivity was assessed at T1 and T3with the Dutch parent
version [882] of the revised Early Adolescent Temperament Questionnaire (EATQR [219]), which is based on the temperamental model by Rothbart et al. [123,193].
Earlier work in TRAILS showed the EATQ factor structure of the parent version to be
superior to the child version [220]. Fear and frustration were measured with five questions rated on a five-point scale (ranging from 1= almost never to 5= almost always
true). Cronbach’s alpha was .63 (T1) and .66 (T3) for Fear and .74 (T1) and .75 (T3) for
Frustration.
Socioeconomic Status
Socioeconomic status (SES) of the family of origin was the composite of five standardized variables measured at T1, i.e. professional occupation and educational attainment
of both parents/guardians, and household income.
Plan of Analyses

Data cleaning, calculation of descriptives, and all analyses were performed in SPSS
(version 20, SPSS Inc., Chicago, Illinois). To test whether relatively young or relatively old adolescents were more likely to repeat or skip a grade (H1), we performed
bootstrapped multinomial regressions with school progress as outcome (1= normal
progression, 2= repeated grade, 3= skipped grade, and 4= special education). Normal
school progress was used as reference category, and relative age effects on school
progress were expressed in odds ratios.
Hypotheses H2 to H7 were tested with partial Pearson’s correlations (rp) adjusted for
age at testing. In addition, we performed a series of linear regression analyses (with
ordinary least squares estimators) in which relative-age predicted, respectively, length
and weight (H2a), pubertal status (H2b), school performance (H3), sport competence
(H4), depressive symptoms (H6a), fear and frustration (H7a), and change in depressive
symptoms (H6b) or temperament (H7b), adjusted for age at testing. To obtain change
scores for depressive symptoms and temperamental fear and frustration we subtracted
T1 from T3 scores. To test relative-age effects on being rejected (H5a) and popular
(H5b), we applied binary logistic regression analyses adjusted for age at testing.
All hypotheses were tested in adolescents with a normal school progress and in
those who had repeated a grade, with the exception of H5 because of insufficient peer
nomination data. We lacked power to test effects in the group that skipped a grade (see
results for calculations). To ensure the robustness of our results, and because weight
and BMI were non-normally distributed (see Table 28), we bootstrapped all linear
regression analyses (k= 10,000 with bias corrected confidence intervals), even though
the linear regression technique remains valid when the dependent variable violates the
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Table 28. Descriptive Statistics of the TRAILS Variables
Variable

Wave

N

Range

Mean

SD

6.20

3.44

Skewness
z

Relative Age
Relative Age (alternative)
Age

1

2230

1 to

12

794

1 to

12

8.02

2230 10.01 to 12.58

11.11

SE

213

Kurtosis
z

SE

0.11 0.05 -1.19 0.10

2.99 -0.64 0.09 -0.37 0.17
0.56

0.49 0.05 -0.46 0.10

Fear

1

1982

1 to

5

2.42

0.73

0.33 0.06 -0.14 0.11

Frustration

1

1983

1 to

4.80

2.79

0.66

0.07 0.06

0.00 0.11

0.36

1.07 0.05

1.33 0.11

Depressive Symptoms

1

2024

0 to

2.31

0.48

SES

1

2188

-1.94 to

1.73

-0.05

0.80 -0.05 0.05 -0.80 0.11

Age in years

2

2149 12.15 to 15.15

13.57

0.53

195 164.85

Length (cm)

2

2041

131 to

Weight (kg)

2

2030

29 to

134

BMI

2

2028 12.23 to 40.20

Physical Development

2

2087

0.00 0.05 -0.41 0.11

8.24

0.05 0.05

0.40 0.11

52.84 11.08

1.23 0.05

3.81 0.11

19.00

1.61 0.05

5.01 0.11

1 to

20

9.34

3.21

3.38 -0.16 0.05 -0.59 0.11

Intellectual Development

2

1534

1 to

20

11.64

3.71 -0.46 0.06 -0.19 0.13

Social Status

2

1007

1 to

5

3.40

1.31 -0.79 0.08 -0.73 0.15

1 to

Sport Competence

2

1455

5

3.48

Age

3

1819 14.69 to 18.69

16.28

0.71

0.73 0.06 -0.04 0.12

0.05

1.04

0.18 0.07

∆ Fear

1 to 3

1396

-3.57 to

4.12

0.64 -0.33 0.06

0.99 0.13
0.65 0.13

∆ Frustration

1 to 3

1397

-4.07 to

3.11

0.02

0.99 -0.10 0.07

0.65 0.13

∆ Depressive Symptoms

1 to 3

1343

-3.63 to

4.94

0.00

1.06

1.44 0.13

0.29 0.07

Note. N= 2230 (50.8% women). ∆= change score between T 1 and T3; BMI= Body-Mass Index; cm= centimeter;
k= number of categories; kg= kilogram; N= number of participants; SD= Standard Deviation; SE= Standard
Error; SES= Socio-Economic Status; T1= baseline wave; wave= measurement wave; z= z-scored or standardized (mean= 0, SD= 1), which means that z> 1.64 is significant at p< .05, z> 2.33 at p< .01, and from z> 3.10
at p< .001.

“normality assumption” in a sample of our size [925]. We calculated the power for
our regression analyses, and to enable comparison with other literature, we converted
some results to Cohen’s d (standardized effect sizes), based on formulas derived from
Borenstein et al. [420] and Peterson et al. [466]. To reduce family-wise alpha inflation,
we only interpreted correlations that were significant at p< .01.
Finally, we performed two robustness checks. First, we repeated all analyses adjusted
for family SES. Second, to circumvent the strong positive association between relativeage and biological age, we composed an alternative relative age variable in which we
combined the relative old children from grade 7 (month 7-12) and relative young from
grade 8 (month 1-6). With this approach we derived a sample of 794 children with a
normative school progress in which the alternative relative-age variable was inversely
associated with biological age. In this sample we conducted the same analyses (H2-7).
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1-3

1-3

1-3

13. ΔFear

14. ΔFrustration

15. Δ Depressive Sx

***

.53***

1.00

.03

.03

-.01

-.01

.01

-.02

-.02

.06

.00

-.01

.07
.14***

.02
.15***

.05

-.02

-.02

.03

**

.07

.03

***

-.16

.08

-.08

-.01

.00

-.02

-.02

-.03

.04

-.03

-.05

.04

-.04

.02

-.02

-.17

.09***

.08
.16***

.02

.11***

.07**
*

.02

.03

-.02

.01

.04

.01

.02

.07
**

.03

.06*

***

.06

.08

.03

-

5.

.10

-.08

-.03

.29***

-

4.

.28
*

-.08

-.04

.01

.00
-.02

.03

.06

.01
-.03

-.07
-.02

***

-.04

-.08

-.05

-.07**

-.01

-.08**

***

-.11

-.49

-.06

.04

-.07
*

-.03

-.04

.05

-.08**

-.05*

.03

-.52***

**

-.08**

-.51***

-.02

-.02

***

-.07*

.32***

.29***

-.12

.17

-.10

.31***
***

-.05

***

.11

-

12.

*

-

11.

-.06

-

10.

**

-

9.

-.03

-.06

-

8.

.02

.10*

.12

-

-

7.

-.06*

-.02

-.05

-.04

***

.02

.10*

-

6.

.08**

-.04

.19***

.26***

-

13.

.06*

.04

.18***

-

14.

.07*

.01

15.

-.28***

16.

Note. n= 2230 (50.8% women). Rel. Age= Relative Age; ∆= change. Table 28 gives details (e.g., ages). For popular and rejected social status we report biserial correlations
(e.g. being popular or rejected or not), because the scale was artificially dichotomous. Partial correlations adjusted for real age at testing, which show the relative age effects,
are presented in Table 31. Significance ***p< .001 (reported in bold), **p< .01, *p< .05, two-tailed.

17. Biological Age

16. Rel. Age (control)

1

12. Depressive Sx

2

9. Sport Competence

1

2

8. Rejected status

11. Frustration

2

7. Popular status

1

2

6. Intellectual Dev.

10. Fear

.43

.46

.15

2

5. Physical Dev.

***

***

.88***

.19***

.08***

2

4. BMI
***

.62***

.13***

2

3. Weight
-

-

.15***

3.

2

2.

2. Length

1.

-

|

1. Relative Age

Wave

Table 29. Pearson correlations among all study variables
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Results
Descriptive Statistics

Descriptive statistics of all variables used in this study are reported in Table 28. The
correlations shown in Table 29 indicate that relative old adolescents were still somewhat larger, heavier, and in a more advanced pubertal development stage than the
relative young adolescents.
School Progress

Relative-age effects on school progress are reported in Table 30. For each additional
month, relative-age was associated with 17% lower odds of grade repetition and a 47%
increased odds of skipping a grade, see also Figure 11. The relatively young quartile
(July to Sept) was almost four times more likely to repeat a grade (29.6% vs. 8.2%)
and over twenty times less likely to skip a grade (0.3% vs. 7%) than the relatively old
quartile (Oct to Dec); all details can be found in the Appendix Table A36. Compared to
adolescents with a normative school progress were adolescents who repeated a grade
on average 8 weeks younger and those who skipped a grade on average 14 weeks
older (75% of the latter were relatively old). As shown in Table 30, no association was
found for special education (d≈ 0.03 [95% CI= -0.06 to 0.01]). Notably, after adjustment for SES, the effects became slightly stronger, and the effect on special education
significant (see Appendix Table A38).
Table 30. Relative age effects on school progress: normative development is reference
Binary
outcome:
Adjusted for real age

Odds ratioa
  95% CI

Adjusted for real age and SES

Odds ratiob
  95% CI

Repeated a
grade

Skipped a
grade

Special
Education

0.83***

1.47***

0.96

0.80 to 0.86

1.30 to 1.67

0.91 to 1.01

0.82***

1.66***

0.81***

0.79 to 0.86

1.44 to 1.92

0.75 to 0.87

Note. N= 2230 (50.8% women). The odds are based on bootstrapping (k=10000); odds are not based on
bootstrapping. CI= bias corrected confidence interval; OR= Ratio of the probability that an event will happen to
all possible cases for that event. Relative age is used in terms of months (see method section). The adolescents
who repeated a grade were almost three times more often from the lowest than the highest SES quartile (33.4%
vs. 12.7%), but those who skipped a grade were three times more often from the highest than the lowest SES
quartile (10.6% vs. 36.2%), see Appendix Table A41.
Significance ***p<.001, **p<.01, *p<.05, two-tailed.
a

Adolescents with a Normative School Progress (75.4%, n= 1681)

b

Recall that all results in the following were adjusted for age at testing. Partial correlations and linear regression models (Table 31) showed that relative-age effects predicted
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Figure 11. School Progress Stratified Over Relative Age Positioning

temperamental frustration (d≈ 0.22); but this effect disappeared after adjustment for
SES (see Appendix Table A37). We further observed that relative-age predicted social
rejection (OR= 1.12, p< .001), but was unrelated to popularity (OR= 0.99, see Appendix Table A39). This rather small relative-age effect on rejection followed a u-shape,
favouring the middle quartiles (9.3%, 6.1%, 6.5%, 9.8%, respectively; all details
are given in the Appendix, Table A40). All other associations were absent. Because
relative-age correlated r= .53 with biological age (see Table 29), we calculated a control relative-age sample (see method section), which correlated r= -.28 with biological
age (see Table 29), but led to similar results (see Table 31). In sum, there were no
substantial relative-age effects in the adolescents with a normative school progress.
Adolescents Who Had Repeated a Grade (16.9%, n= 377)

Though adolescents who had repeated a grade were inherently relative old compared
to their new peers (with a normative school progress), relative-age effects might still
play a role for adolescents who repeated a grade. Partial correlations, presented in
Table 29, showed slightly lower intellectual ability and more depressive symptoms
for the relatively old adolescents who repeated a grade; a reversed relative-age effect.
As shown in Table 29, linear regression models showed that relative older adolescents
were heavier (d≈ 0.39), had a higher BMI (d≈ 0.42), lower intellectual ability (d≈
0.35), and reported more depressive symptoms (d≈ 0.50). These results persisted after
adjustment for SES (see Appendix Table A37).
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Table 31. Relative Age Effects, Adjusted for Actual Age, as Predictor of Multiple Domains, for Adolescents

with a Normative School Progress (n= 1681) and Adolescents who had Repeated a Grade (n= 377). The alternative relative age sample composition comprised relative old children from grade 7 and relative young from
grade 8 with a normative school progress (n= 794).
Normative School
Progress

Variable

Wave

B

rp

95%CI

Repeated Class
rp

B

Alternative Relative Age
Sample Composition

95% CI

rp

B

95% CI

*

-0.21 to 0.30

Weight (kg)

2

-.03 -0.10 -0.28 to 0.08 .09

0.57

0.07 to 1.09

.01

0.05

BMI

2

-.01 -0.01 -0.06 to 0.04 .11

0.19*

0.04 to 0.36

.00

0.04

-0.03 to 0.11

Pubertal status

2

-.01 -0.04 -0.10 to 0.02 .09

0.07

-0.07 to 0.19

-.02 -0.03

-0.11 to 0.05

Intellectual Development

2

.04

0.02 -0.00 to 0.04 -.14* -0.05* -0.10 to -0.01

.05

0.04

-0.07 to 0.15

Sport Competence

2

.01

0.00 -0.02 to 0.02 -.02

-0.01

-0.05 to 0.04

.02

0.00

-0.00 to 0.00

Fear

1

-.02

0.01 -0.01 to 0.02 .10

0.04

0.00 to 0.08

Frustration

1

.05

0.01 0.01 to 0.02 .05

0.02

-0.03 to 0.06

.03

0.01

-0.01 to 0.02

Depressive symptoms

1

.02

0.00 -0.01 to 0.01 .18*** 0.07** 0.02 to 0.11

.03

0.00

-0.01 to 0.01

-.06 -0.02

-0.02 to -0.02

*

*

∆ Fear

1-3

-.05 -0.02 -0.04 to 0.00 -.11

-0.06

-0.13 to 0.02

∆ Frustration

1-3

-.01 -0.00 -0.23 to 0.02 -.04

-0.03

-0.09 to 0.04

∆ Depressive symptoms

1-3

-0.03

-0.09 to 0.00

.01

0.00 -0.02 to 0.02 -.08

-.03 -0.01*** -0.01 to -0.01

***

.02

0.01*

0.01 to 0.01

-.01 -0.01*** -0.01 to -0.01

Note. ∆= change between T1 (age 11) and T3 (Age 16); BMI= body mass index; rp= partial correlations between
relative age and outcome, adjusted for real age at time of testing. Regression estimates were bootstrapped (k=
10,000, bias corrected intervals), and indicate change in outcome per month in relative age, after adjustment
for age at testing. Note that for change variables we also adjusted for change in age between T1 and T3. Details
on all measures and procedures can be found in the method section. All correlations between all variables are
given in Table 29, and SES-adjusted regression estimates in the Appendix (Table A37). Significance ***p<
.001 and ** p< .01 met ** superscript, p cursief, en m.u.v. "and" alles in bold  (in bold),  *p< .05, two-tailed.

Power Calculations

We calculated the power of all specific linear regression analyses [891]. In the adolescents with a normative school progress reasonably precise estimations (given 80%
power) were guaranteed beyond Cohen’s f2= 0.01 (~R2= 0.01, d= ~0.18, 2 predictors,
α= 0.05, and N≥ 1100 for all outcomes). In the group of adolescents who had repeated
a grade we could estimate effects beyond Cohen’s f2= 0.03 (~R2= 0.03, d= ~0.34, given
80% power, 2 predictors, α= 0.05, N≥ 320 for all outcomes). However, we concluded
we lacked the power to test for relative age effects in the group that skipped a grade
(N= 48, Cohen’s f2= 0.24, R2= 0.19, d= ~0.98). These power calculations indicate
that we obtained reasonably precise estimations in our study, and we are therefore
confident that substantial relative age effects are indeed absent.
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Discussion
In this study we tested effects of intra-classroom relative age position on multiple
domains of functioning and well-being in adolescence. Three key observations merit
further discussion. First, we observed substantial relative-age effects on school progress; relative young adolescents repeated a grade about four times more often than the
relatively old, who in turn were over 20 times more likely to skip a grade. These observations align with our first hypothesis (H1), and replicate earlier studies [939,947,956].
Second, in adolescents with a normative school progress (75.4%), no substantive
relative-age effects were observed. Although we observed a small effect on peer rejection (H5a), which might be a chance finding, we could not replicate previously reported
relative-age effects on weight (H2a), pubertal status (H2b), school performance (H3),
sport-competence (H4), or peer status in terms of popularity (H5b). Neither did we
observe substantial effects on depressive symptoms (H6a), temperamental negative
affectivity (H7a), and changes in depressive symptoms (H6b) or negative affectivity
(H7b) between age 11 and 16. Third, in the subgroup of adolescents who had repeated
a grade (16.9%), inverse relative-age effects were observed; the relatively young were
thinner (weight and BMI), had higher school marks, and reported less depressive
symptoms than their relatively older peers. Perhaps administrators are more willing to
retain the relatively young and consider this factor in retention decisions, which could
explain the inverse-relative age effects in children who repeated a grade.
Relative-Age Effects

The absence of substantial relative-age effects in adolescents with a normative
school progress is surprising, given that the existing literature reports substantial
effects [939,941,956,959], which also covers adolescents between age 11 and 17
[948,950,980]. Some studies reported that relative-age effects reverse for relatively
young adolescents who managed to stay in their initial cohort [968,981], called the
extended Akerlof/Kranton model [948]. We also did not replicate this reverse relativeage effect.
Another common argument is that relative-age advantages erode when full maturity
in the specific system has been reached, in contrast to advantages conferred by genes
[106,948]. Some studies indeed reported this dissipation of differences [939,982].
However, many other studies reported relative age effects on health, educational attainment, earnings, and mortality that persisted into adulthood [942,947,955]. This
suggests that relative age advantages modulate personal and social development such
that perpetuating mechanisms “get under the skin”, for example, via identity-formation
[951,952], opportunity costs [106,674,942,955], and/or development of (soft) skills
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[949,950]. We may interpret the substantial relative age effects on school progress
along similar lines, an amplification of small differences.
Ability Streaming

The absence of substantive relative-age effects in adolescents with a normative school
progress may be a Dutch cultural artifact. In our sample 20% of the adolescents at
age 11 had repeated or skipped a grade (another 6% went to special education), which
is already more than the 1% in the UK and 12% in the USA at age 15 [968]. Ability
streaming might have diluted the relative-age effects in the adolescents with a normative school progress. Alternative (and convergent) explanations are that the Dutch
environment is less competitive, which is a known moderator of relative age effects
[950], or that combined classrooms with multiple grades dilute effects. Finally, it may
be that positive spillover from relatively older peers result in a net zero effect for the
relatively young [969].
This ability streaming hypothesis aligns in a slightly unexpected way with the hypothesized reciprocal feedback loops in which individuals shape (select/evoke) their
environments to their propensities, in analogy to the corresponsive principle [100,142]
and Dickens-Flynn model [106,427]. The corresponsive principle predicts that small
intrinsic differences can become amplified by intra-classroom relative-age position
effects, and this process may become catalyzed by strong ability streaming (via its
outcome, that is, a change of grade), which results in a qualitative different classroom
environment.
The ability streaming hypothesis may also explain the reversed relative-age effects
we observed in adolescents who repeated a grade; with increasing relative-age low
innate potential (or maturity) rather than chronological age (the cultural relative-age
artifact) becomes the preeminent reason for grade retention, which is reflected in lower
school performance and more depressive symptoms for the relative old than the relative
young. In addition, relatively young retenders also lost their undesirable intra-cohort
position (they became relatively old), whereas the relatively old became conspicuously
old [956]. Negative long-term effects of grade retention have been reported before
[983].
Strengths and Limitations

Our results should be interpreted in light of the following strengths and limitations.
A notable strength of this study is the large sample of adolescents from the general
Dutch population. We are quite confident that substantial relative age effects are absent
in our sample, because our power calculations for our specific regression analyses
indicated that we would observe effects that explained 1% of the variance in each
outcome variable in adolescents with normative school progress (≥d= 0.18) and 3% in
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the group who repeated a grade (≥d= 0.34). Moreover, we repeated analyses with our
alternative relative-age variable. Although relative age was composed differently, and
showed a negative association with biological age (r= -.28 versus r= .53), the results
were similar. Nevertheless, we did not cluster for region, school, and classroom, and
our adjusted regression analyses lack the rigor of an experimental design.
The biggest limitation, however, is our lack of knowledge about why children repeated a grade. For example, some studies reported that in other counties some high SES
parents deliberately delay their relatively young child’s entry into school (“academic
redshirting”) to create a favorable position as a relatively old child [942,950,984].
This suggests cumulative disadvantages for relatively young children from a low SES
background [949]. However, note that we did not observe more relatively young adolescents from families in the low SES quartile (see Appendix Table A36), which would
suggest a strategic delay in affluent strata, and our results remained unchanged after
adjustment for family SES (Appendix Table A37). Furthermore, grade repetition was
based upon school report. Notably, alternative explanations like season-of-birth effects
have been refuted in earlier work, because relative age effects were observed in both
hemispheres [942,950] and remained after statistical adjustment for seasonal effects
[946]. However, future studies might explore gender effects, because most studies
suggest that relative age effects are stronger in males [950].

Conclusion
We studied the relative-age effect bestowed upon children by an adult-imposed structuring of their worlds, a cultural artifact that may modulate the development of their
innate abilities. Our preeminent observation is that intra-classroom position influenced
school progress, and rendered relatively young adolescents more likely to repeat a
grade. Second, we could not replicate substantial relative-age effects on physical and
psychosocial development and well-being in adolescents with a normative school
progress. We argued that this absence of relative-age effects in adolescents with a
normative school progress may reflect a “wash-out effect” due to ability streaming.
This ability streaming (grade retention) may distinguish the Dutch sample from earlier
studies in Britain and the USA. Third, in the subgroup of adolescents who repeated a
grade, reverse relative-age effects were observed; the relatively old adolescents performed worse in school and reported more depressive symptoms than their relatively
younger peers did. This may reflect a relative age effect on the decision threshold for
grade retention. Future studies might explore the mechanisms by which relative-age
effects may get internalized in more detail, and models that can explain alleged cultural
differences in their effects.
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Abstract
Neuroticism is a predictor of many health problems. To study the determinants of
within-subject change in neuroticism, three hypotheses were tested: (i) subjects who
experienced stressful life events (SLEs) show an increase in neuroticism; (ii) high
baseline neuroticism moderated this effect; and (iii) recent SLEs had a greater impact
on neuroticism than distant SLEs. Data came from the Finnish Twin Cohort. Neuroticism data were collected in 1975 and 1981 and SLEs data in 1981 (n= 21.085). By
entering baseline neuroticism as a predictor for neuroticism at follow-up, the outcome
measure was change in neuroticism. Changes in neuroticism were predicted from SLE
indices or their interaction with baseline neuroticism. Timing of SLEs was taken into
account by distinguishing recent from distant SLEs. To control for confounding by
shared genes and environments, both within-twin pair and between-twin pair effects
were tested for monozygotic and dizygotic twin pairs separately. Neuroticism’s six-year
stability was high (r= .58, p< .001). Exposure to SLEs modestly increased neuroticism
(bs> .55, p< .001), unconfounded by shared genes. This effect was not moderated by
high baseline neuroticism. Recent SLEs (.09 < bs < .15) had more impact than distant
SLEs (.03 < bs < .11; p <.01). In conclusion, the findings strongly supported a model
of environmentally driven SLEs causing dynamic fluctuations around a person’s set
point of neuroticism
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Introduction
The personality trait of neuroticism is a powerful predictor of a wide variety of both
mental and physical health problems [52,281]. Low neuroticism scores have even been
shown to predict longevity [52]. High neuroticism scores are strongly associated with
current and lifetime mental disorders, especially affective disorders [281]. Moreover,
the economic burden of neuroticism to the society as a whole is enormous and exceeds
those of common mental disorders [55]. Although highly relevant, the relationship between experienced stressful life events (SLEs) and fluctuations, or changes, in scores
on a neuroticism inventory is an understudied topic.
Models of personality traits often conceptualize neuroticism as stable during the
adult life course [985]. Indeed, the mean level of neuroticism in a population remains
fairly stable after the age of 30 years, after an increase during young adulthood and
followed by a slight decrease in later life [163,986]. However, meaningful changes in
neuroticism at various ages have been reported as well [85,164,331,339]. Individuals
are known to differ in their rate of change in neuroticism; some are more inclined to
remain stable over time, but others change in their level of this trait [331]. Moreover,
the rank-order stability of neuroticism from age 21 years drops steadily from .55 after
a year, to .41 over 20 years, to .25 after 40 years, indicating within-subject changes in
neuroticism [164,236,328]. Currently, the exact determinants causing within-subject
changes in neuroticism scores are largely unknown, although the role of SLEs may be
more important than assumed [328,599].
Prior studies suggested that life events can both decrease and increase neuroticism
scores. For example, promotions at work and transitions into romantic relationships/
marriage have been associated with decreases in neuroticism [331,484,987], whereas
job loss, divorce, death of a spouse, serious accidents and severe illnesses have been
associated with increases in neuroticism [172,239,331,339,346]. In the current study,
we explicitly tested for change in neuroticism scores by entering baseline neuroticism
as a predictor for neuroticism at follow-up. Moreover, in an additional model, moderation effects of baseline neuroticism on the association between SLEs and change in
neuroticism were tested [339].
We investigated changes in neuroticism scores and the influence of self-reported
SLEs on those changes in a six year follow-up study. Because correspondence between
different methods to assess SLEs is relatively low [271], two of the most often used
indices were applied. First, the ‘life change unit (LCU) weights’ originating from the
Social Readjustment Rating Scale (SRRS) were used to calculate a weighted sum
score on the basis of the extent SLEs are assumed to require adaptive behaviour after
experiencing the particular SLE. The LCU weights were based on panel ratings for
each SRRS event [366]. Second, because the accumulation of negative SLEs has been
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shown to predict the onset of psychopathology [271,988], a weighted sum score was
calculated in which the weight of each SLE was based on its prevalence. In this study,
all hypotheses were tested for both indices separately.
Because variation in both neuroticism [989,990] and, although maybe counter
intuitive, SLEs [412,991] have a genetic component, it is also important to take into
account any potential shared genetic influences between neuroticism and SLEs. Cotwin control studies enable control for shared genetic factors in addition to shared
environments. Differences in findings for monozygotic (MZ) and dizygotic (DZ) twin
pairs in such studies allow for conclusions on the genetic or environmental origins of
changes in neuroticism attributed to SLEs. Therefore, the analyses were carried out
separately for, and the results compared between, MZ and DZ twin pairs [992].
Changes in neuroticism scores have been argued to reflect dynamic state fluctuation around an individual’s specific negative affect set point or trait neuroticism level
[94,114,347]. However, different models for underlying mechanisms causing changes
in neuroticism scores across the adult life span have been proposed [94]. In a recent
review, we [94] evaluated three neuroticism set point models. First was the immutable
set point model in which SLEs may induce short-term perturbations in neuroticism but
scores are deemed to return decisively to their individual’s person-specific set points.
However, only little support was found for this model. More evidence was found,
although still inconclusive, for support for the other two models. Second was the experience-dependent model in which it is assumed that set points can change persistently
when instigated by SLEs that become biologically, cognitively or environmentally
embedded in an individual. Although it has been argued that this ‘state-deviation’ may
reflect a true change in set point neuroticism [348,354], we argued in our review for a
more complex third ‘mixed model’. In this latter model, the mechanisms of the foregoing models were combined; SLEs are considered to induce temporally short-term
rather transient state-like perturbations around a relatively stable neuroticism set point,
which itself is able to change over lifetime. In sum, such set point shifts reflect changes
beyond the temporary perturbations owing to SLEs and measurement error.
The impact of SLEs on affect typically decays in about three months [272,345]. If
and how timing of SLEs is related to changes in neuroticism scores is largely unknown,
but it is assumed to play an important role. In this study, data were available on the
timing of reported SLEs. These were used to distinguish between recent (the last six
months) and distant (the last five years excluding the last six months) SLEs and as
predictors for changes in neuroticism scores. Although assuming that neuroticism’s
set point is relatively stable, dynamic fluctuations in neuroticism scores might be more
strongly affected by recent, compared with more distant, SLEs. In sum, in this prospective study, we tested the hypotheses that (i) subjects who experienced SLEs showed an
increase in their neuroticism scores; (ii) high baseline neuroticism scores moderated
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this effect, and based on the mixed model that predicts the decaying impact of SLEs
on neuroticism over time; (iii) recent SLEs had a larger impact on these changes in
neuroticism scores compared with distant SLEs.

Methods
Study Population

Data came from the Finnish Adult Twin Cohort, a large prospective population-based
twin study. It includes all Finnish same-sex twin pairs born before 1958 of which
both twins of a pair were alive in 1975. Data presented in this paper are from the first
(T1, 1975) and second (T2, 1981) assessment waves. A more detailed description of
the cohort has been described elsewhere [993,994]. Only the data of subjects who
had completed both the 1975 and 1981 neuroticism surveys were used in the current
study (n = 21 085). Excluded subjects with incomplete neuroticism data (n= 1132 who
participated only once) did not differ from included subjects on neuroticism scores in
1975 or 1981. Subjects were on average 41.6 years old (SD = 14.6, range = 24–101) in
1981, and 50% were women. Subjects were informed about the study both before and
after the surveys and were able to withdraw from the study. The project was accepted
by the Ethical Committee of the Department of Public Health, University of Helsinki.
Measures
Neuroticism
At both T1 and T2, neuroticism was assessed with the same self-report short form of
the Eysenck Personality Inventory [85]. This scale consists of 10 items. Subjects had
to answer in a yes (= 1)/no (= 0) format (theoretical range of the sum score = 0–10).
Missing items were replaced by the mean value of the remaining scale items. Up to
two missing items were allowed when calculating the neuroticism sum scores. The
Cronbach’s alphas were .73 (T1) and .71 (T2).
Stressful Life Events
Assessment of stressful life events The SLEs experienced in the period between T1 and
T2 were assessed at T2, by means of a self-report questionnaire. Subjects were asked
to indicate which SLEs they had encountered and to specify the timing of the events
as never, during the last six months, during the last five years or earlier. An extensive
description of this 21-item life-event inventory and its development is given in an
earlier publication [995]. We formulated two different weighted summary indices on
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the basis of these reported life events. Weights for the individual SLE items are given
in Table 32.
The first index was a weighted life change sum score (the Holmes and Rahe index).
For each of the 17 Holmes and Rahe life change-related events, the SLE-specific
Holmes and Rahe’s importance weight was used [995]. Of the 21085 subjects with
Table 32. Prevalence (%) of Recent and Distant Stressful Life-Events (SLEs) of Each SLE Reported. The

Holmes and Rahe Weights, and the Weights Based on the Inverse of the Life-Time Prevalence for the Selected
Negative SLEs are Given.
Prevalence SLEs
(%)

Stressful Life-event index

Recent

Distant

Holmes
and Raheb

Death of spouse

0.3

1.4

100

.9529

Divorce or separation

1.1

3.6

69

.9107

Disease or injury causing over three weeks work
disability

5.4

12.8

53

.7310

Stressful Life-events

Death of close relative or good friend

Inverse
prevalence
Negative SLEsc

11.8

31.6

50

.3365

Loss of job

2.4

5.1

47

.8911

Marked change in the health of a family member
(not death)a

7.0

10.6

44

.7671

Increase in family size

5.4

19.3

39

Difficulties of a sexual nature

7.8

7.5

39

.8112

Marked worsening in financial situation

9.8

8.2

38

.7684

Change to another kind of work

6.9

16.5

36

Marked increase in difficulties with spouse (not
divorce)

5.7

6.3

35

Bank loan equivalent to over six month’s earnings

10.1

21.8

31

Marked increase of responsibility at work

11.0

17.2

29

Departure of family member from home

5.3

11.1

29

Marked difficulties with superiors, colleagues or
subordinates at work

5.2

4.7

23

.8753

Marked increase in work loada

15.1

18.0

20

.6179

Change of home (residence)

12.4

34.5

20

.8460

Note. Recent stressful life-events (SLEs) were defined as having encountered SLEs during the last six months.
Distant SLEs were defined as having encountered SLEs during the last five years (excluding the events reported during the last six months). Negative SLEs were selected by having the 17 Holmes and Rahe items
rated by four experts on SLEs on being negative, positive or ambiguous. There was consensus among the raters
on 9 items as being negative and there was disagreement on the 2 items marked with a (see method section for
further details). b The weight of an individual SLE on the Holmes and Rahe scale (Holmes and Rahe, 1967); c
The weight of an individual negative SLE based on the prevalence (calculated as the total number of reported
SLEs) in the current sample (see method section for further details).
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complete neuroticism data, 1679 (7.96%) had more than three items missing on this
first SLE index and were excluded, leaving 19406 subjects for the analyses. Analogous
to Lillberg et al. [995], if subjects had ≤3 missing SLE items, these were coded as 0
(i.e. not experienced).
The second SLE index was a weighted negative SLE sum score (the Negative SLE
index). Negative SLEs were selected by having the 17 Holmes and Rahe items rated
by four experts on SLEs on being negative, positive or ambiguous (Cronbach’s alpha
= .96). There was consensus among the raters on nine items as being negative and
disagreement on two items (see note below Table 32 for further details). Robustness
analyses using either 9 or 11 items for the calculation of this index showed that the
findings were highly comparable, and therefore, the findings of the 11-item sum score
were reported and discussed in the paper.
On the basis of prior findings that the impact of SLEs with low frequency is higher
compared with those with high frequency [367], the weights for the Negative SLE
index were calculated as the inverse of the lifetime prevalence (1 - prevalence) of
each selected negative SLE within our cohort. Prevalence was defined as ever having
experienced the specific SLE. Of the 21085 subjects with complete neuroticism data,
1705 (8.09%) subjects had more than two items missing on this second index and were
excluded, leaving 19.380 subjects for the analyses. If subjects had ≤ 2 missing SLE
items, these were coded as 0 (i.e. not experienced). In order to take the timing of the
reported SLEs into account, both SLE indices were calculated for the (i) recent SLEs
reported as experienced during the last 6 months preceding T2 and (ii) distant SLEs
reported as experienced during the last 5 years (excluding the events reported during
the last 6 months). Previous studies have indicated that the impact of SLEs on affect
typically decays in about 3 months [272,345], which supports the validity of using the
last 6 months as a cutoff for recent SLEs.
Statistical Analysis

The distribution of neuroticism scores was approximately normal. All variables were
standardized to a mean of 0 and an SD of 1 to obtain internally comparable regression
(or beta) coefficients. Interaction terms were created by multiplying the z-transformed
neuroticism and SLE indices.
Means (SD) of the study variables were calculated. Differences were analysed by
(paired) t-tests and associations by Spearman correlations. Changes in neuroticism
scores in 1981 after the 6-year follow-up due to experienced recent and distant SLEs
were tested for the Holmes and Rahe and Negative SLE indices. Age and gender were
entered as predictors in all models to adjust for their potential confounding influences.
In the first model, neuroticism in 1981 was the dependent variable predicted by neuroticism in 1975, and recent and distant SLEs. By entering baseline neuroticism as
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a predictor for follow-up neuroticism, the results can be interpreted as changes in
neuroticism scores. In the second model, to test whether baseline neuroticism moderated the association of SLEs with neuroticism in 1981, a Neuroticism1975_SLEs
interaction term was added to the model described earlier.
A specialized regression method for twin data, based on mixed models, was used
to allow for the simultaneous examination of both within-twin pair and between-twin
pair effects of SLEs on change in neuroticism scores [992]. The within-twin pair effect
represents an effect on change in neuroticism controlled for confounding influences
that are shared within a twin pair. The between-twin pair effects represent a variation in
the change of neuroticism that can be explained by the variation in the twin-pair mean
of SLEs. The Wald test was used to test whether the within-twin pair and between-twin
pair effects differed from each other [992]; non-significant differences indicated that
effects are unconfounded by influences shared by the twin pairs. In such a case, the
distinction between within-twin pair and between-twin pair effects did not provide additional information, compared with a regular regression analyses in which the paired
nature of the data was taken into account.
Analyses were performed for within-twin pair and between-twin-pair effects of MZ
and DZ twin pairs separately to benefit from the informative twin design. This design
relies on the assumption that MZ twins are genetically identical, whereas DZ pairs
share on average 50% of their segregated genes, and both twins of a pair share part of
their environment (e.g., family), and are also exposed to influences that are not shared
by a twin pair (individual-specific or unique environmental influences). In within-pair
analyses, the potentially confounding impact of genetic makeup on the relationship
between SLEs and change in neuroticism is reduced for DZ pairs and eliminated in MZ
pairs. Furthermore, differences in findings for MZ and DZ twin pairs allow for conclusions on the genetic or environmental origins of the changes in neuroticism, which can
be attributed to SLEs. If SLEs and change in neuroticism shared their genetic origins,
the within-twin pair regression coefficient was expected to be larger for DZ (only 50%
controlled) than for MZ pairs (100% controlled). Analyses were performed with Stata
software (version 11.1/SE; StataCorp LP, College Station, TX, USA). In this large
sample, a p< .01 was considered statistically significant.

Results
Mean neuroticism scores slightly decreased during the 6-year follow-up [M1975 =
4.35, (SD= 2.51), M1981= 4.09 (SD= 2.43), p< .001], but neuroticism showed high
temporal stability given the imperfect reliability of the questionnaires (r= .58, p< .001).
Recent SLEs correlated negatively, or not at all with distant SLEs (r= .06, p<.001 for
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the Holmes and Rahe index; r= .002, p = .79 for the Negative SLE index). Baseline
neuroticism was associated with both recent and distant SLEs exposure (r= .12 and
r= .04 for the Holmes and Rahe index, r= .14 and r= .08 for the Negative SLE index,
respectively). Recent and distant SLEs in turn were associated with neuroticism at
follow-up somewhat more strongly (r= .15 and r= .05 for the Holmes and Rahe index,
r= .19 and r= .11 for the Negative SLE index, respectively; all p< .001). The correlations between the two SLE indices were r= .84 and r= .81 (p< .001) for the recent and
distant SLE indices, respectively.
Table 33. Within- and Between- Twin Pair Estimates of Standardized Regression Coefficients [and 95% Con-

fidence Intervals] Representing Linear Associations Between Changes in Neuroticism Scores and the Holmes
and Rahe Index and the Negative Stressful Life-Event Index, respectively, for Monozygotic (MZ) and Dizygotic (DZ) Twin Pairs Separately. Analyses Were Controlled for Gender and Age
MZ twins

Predictor

DZ twins

β

95% CI

p

β

95% CI

p

Holmes Rahe index
Neuroticism 1975
Recent SLEs
Neuroticism 1975 x Recent SLEs
Distant SLEs
Neuroticism 1975 x Distant SLEs

.56

[.54, .59]

<.001

.56

[.55, .58]

<.001

Between-pair

.13

[.10, .16]

<.001

.11

[.09, .13]

<.001

Within-pair

.10

[.07, .13]

<.001

.09

[.07, .12]

<.001

Between-pair

.02

[-.003, .05]

.08

-.01

[-.04, .006]

.18

Within-pair

.04

[.008, .07]

.013

.02

[-.004, .04]

.11

Between-pair

.07

[.04, .10]

<.001

.03

[.01, .05]

.004

Within-pair

.05

[.01, .08]

.005

.05

[.03, .07]

<.001

Between-pair

-.003

[-.03, .03]

.86

.006

[-.02, .03]

.60

Within-pair

-.002

[-.03, .03]

.92

.03

[.003, .05]

.03

Negative Stressful Life-event index
Neuroticism 1975
Recent SLEs
Neuroticism 1975 x Recent SLEs
Distant SLEs
Neuroticism 1975 x Distant SLEs

.55

[.53, .57]

<.001

.55

[.53, .56]

<.001

Between-pair

.15

[.12, .18]

<.001

.14

[.12, .16]

<.001

Within-pair

.11

[.08, .14]

<.001

.13

[.11, .15]

<.001

Between-pair

.007

[-.02, .03]

.60

-.01

[-.03, .009]

.25

Within-pair

.03

[.004, .07]

.03

.008

[-.01, .03]

.49

Between-pair

.11

[.08, .14]

<.001

.07

[.05, .09]

<.001

Within-pair

.07

[.04, .10]

<.001

.08

[.06, .10]

<.001

Between-pair

.01

[-.02, .04]

.41

.01

[-.009, .04]

.23

-.010

[-.04, .02]

.53

.02

[-.003, .04]

.10

Within-pair

Note. Recent stressful life-events (SLEs) were defined as having encountered SLEs during the last six months.
Distant SLEs were defined as having encountered SLEs during the last five years (excluding the SLEs reported
during the last six months). MZ = monozygotic twins; DZ = dizygotic twins. In the analyses with the Holmes
and Rahe index: nMZ = 5801, nDZ = 12343, nunknown zygosity = 1262. In the analyses with the Negative Stressful Lifeevents index: nMZ = 5790, nDZ = 12326, nunknown zygosity = 1264.
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As indicated by the largely overlapping 95% confidence intervals (CIs), findings for
the analyses using the Holmes and Rahe and Negative SLE indices as well as findings
for the MZ and DZ twin pairs were highly comparable (Table 33). When change in
neuroticism was predicted by the number of reported recent and distant SLEs, recent
SLEs showed a stronger effect compared with the distant SLEs. However, there was
no evidence that SLEs elicited more change in neuroticism scores among the subjects
with higher baseline neuroticism scores, as indicated by the lack of significant Neuroticism1975_SLEs interactions. Moreover, the nonsignificant Wald tests (.05 < p < .72)
indicated that the addition of within-twin pair and between twin-pair factors did not
improve the fit of the model (also illustrated in Table 33 by the overlapping 95% CIs of
the coefficients for the between-pair and within-pair differences coefficients).
On the basis of these findings, post hoc analyses without within-twin pair and
between-twin pair effects collapsed over MZ and DZ twin pairs were performed.
In these post hoc analyses, robust estimators of variance when estimating standard
errors (cluster option in Stata [996]) were used and gave indeed similar findings as
the foregoing analyses. In these latter analyses, the stronger effect of recent SLEs
compared with the distant SLEs was significant, as indicated by the non-overlapping
95% confidence interval of the coefficients (Table 34).
Table 34. Estimates of Standardized Regression Coefficients [and 95% Confidence Intervals] Representing
Linear Associations Between Changes in Neuroticism Scores and the Holmes and Rahe Index and the Negative
Stressful Life-Event Index. Analyses Were Controlled for Gender and Age
Predictor

β

95% CI

p

β

95% CI

p

Neuroticism 1975

.57

[.56, .58]

<.001

.57

[.56, .58]

<.001

Recent SLEs

.11

[.10, .12]

<.001

.11

[.10, .12]

<.001

.01

[.001, .02]

.03

.05

[.04, .06]

<.001

.01

[.001, .02]

.09

Holmes Rahe index

Neuroticism 1975 x Recent SLEs
Distant SLEs

.05

[.04, .06]

<.001

Neuroticism 1975 x Distant SLEs
Negative Stressful Life-event index
Neuroticism 1975

.56

[.55, .57]

<.001

.56

[.54, .57]

<.001

Recent SLEs

.14

[.13, .15]

<.001

.14

[.12, .15]

<.001

.008

[-.003, .02]

.16

.08

[.07, .09]

<.001

.08

[.07, .09]

<.001

.01

[.0002, .02]

.05

Neuroticism 1975 x Recent SLEs
Distant SLEs
Neuroticism 1975 x Distant SLEs

Note. Recent stressful life-events (SLEs) were defined as having encountered SLEs during the last six months.
Distant SLEs were defined as having encountered SLEs during the last five years (excluding the SLEs reported
during the last six months). In the analyses with the Holmes and Rahe index: n = 19406; in the analyses with
the Negative Stressful Life-events index: n= 19380.
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Discussion
In this six-year follow-up study among adults, neuroticism showed high temporal
stability. Nevertheless, individuals who experienced SLEs also experienced increased
neuroticism, independent of their baseline neuroticism scores. Results for the two
different SLE indices were largely similar and lead to the same conclusions. Recent
SLEs had a larger impact on neuroticism than distant SLEs, suggesting that the effect
of SLEs decayed over time. This indicated that it is important to take the timing of
experienced SLEs into account. Moreover, neither differences between within-twin
pair and between twin pair effects nor differences across MZ and DZ twin pairs were
found, which indicated that the effects of SLEs on change in neuroticism was solely
due to influences that were not shared by a twin pair, also known as unique environmental influences.
These findings should be interpreted in light of the following strengths and limitations. The strengths included that our distinction between recent and distant SLEs
provided the opportunity to examine the temporal effects of SLEs on change in neuroticism scores. A further strength was that this sample is based on data from a national
population cohort representative of the Finnish adult population. Moreover, the very
large sample size gave enough power to test more advanced models and detect smalleffect sizes. SLEs only had a small effect on change in neuroticism scores, which was
comparable with findings reported by others [222,292]. Limitations of the study were
that neuroticism was measured only twice and SLEs only once and not before the
first neuroticism measurement (see also next paragraph). Moreover, we did not test or
discuss possible effects of genotype–environment correlations as carried out by others
[29,235,997] because this, although also very interesting and relevant, was beyond the
scope of the current paper.
Findings of the current study provided evidence that an adult’s relatively stable
neuroticism score increased in response to SLEs. The increase was at least partially
temporary. With the decay of the impact of experienced SLEs, neuroticism seemed
to return towards an individual’s set point. Our findings were in line with the ‘mixed
model’ in which neuroticism scores are presumed to result from both a relatively stable
set point and temporary experiencedependent changes around this set point [94]. However, because it remained unclear whether the small impact of distant SLEs further
decayed, the data were inconclusive regarding the potential of SLEs to shift a person’s
set point permanently. Long-term longitudinal studies with at least three assessment
waves are needed to test this hypothesis in more detail [94].
Analogous to a prior study [339], baseline neuroticism was associated with subsequent SLEs. This finding suggested that individuals with high neuroticism scores
selected themselves into environments in which they experience most likely person-

Chapter

9

234

|

Chapter 9

dependent SLEs [380] or reported more SLEs owing to their recall bias for negative
memories and SLEs [33,155,998]. Although not absent, this kind of bias might be
smaller when using an interactive interview [270,385]. However, compared with
questionnaires, interviews are more time-consuming and costly and will thus lead to
smaller samples and fewer studies [377]. Moreover, individuals may be less likely to
report embarrassing information [386]. There have also been attempts to improve the
validity of questionnairebased self-reports of SLEs, for example, through ratings of
independent experts on their level of objectivity and stressfulness [629]. However, no
consensus on the best method to assess life events has been established yet.
In the current study, similar results were found for the two different SLE indices
used. Indeed, the indices corresponded with each other in that they did not only yield
the same number and types of SLEs experienced but were also both constructed from
the same pool of questionnaire items of which the same two items (viz., ‘death of
spouse’ and ‘divorce or separation’) received the highest weights in both indices. The
major difference between the two indices was the origin of the weights of the individual SLE used for the weighted sum scores. The weights of the Negative SLE index
were based on the prevalence of the SLEs in a very large sample (n> 20000) of the
Finnish population studied in the late 1970s/early 1980s. The weights of the Holmes
and Rahe index were based on severity ratings by respondents from a US sample (n=
394) studied in the mid-1960s who had experienced the event [366]. Despite the differential origins of the weights for the SLEs, the comparableness of the results for the
two indices attested to the robustness of our findings, although it should be noted that
it is difficult to speculate to what extent the findings, based on data assessed more than
30 years ago, are still valid nowadays.
Future studies are needed to gain insight into the specific SLEs that induce changes
in neuroticism and thus its (temporal) change in vulnerability to develop psychopathology. Another step forward would be to take the underlying facets of neuroticism
(e.g, impulsivity and anxiety) into account. Facets have been shown to be selectively
affected [346] by SLEs and might possibly also be differentially affected by recent
and distant SLEs. Moreover, there is some evidence that controllable stress paired
with adequate social support tended to reduce neuroticism scores [636]. This topic is
beyond the scope of our study but warrants attention in future studies. In particular,
because most SLEs cannot be avoided, successful coping with them could prevent both
increases in neuroticism scores and its concurrent increase in vulnerability to develop
(psycho-)pathology. Finally, future research should focus on favourable changes in
neuroticism scores (decrease) due to positive life events. There is some evidence for
this [483], and a recent study showed that its effect seemed stronger compared with
negative SLEs, at least in a partly clinical sample [222].
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In conclusion, our results supported the notion that neuroticism is a fairly stable
personality trait. Negative SLEs produced modest increases in neuroticism, but these
changes, at least partially, decayed over time. It remained unknown whether the SLE
effect will either ultimately decay completely or can even induce a lasting set point
change that persists beyond the temporary perturbations due to SLE effects. However,
the findings strongly supported a model of SLEs driving dynamic fluctuations around
a person’s setpoint of neuroticism. Our findings suggested that these fluctuations were
not driven by baseline neuroticism scores or genetic influences but mostly by environmental influences of SLEs.
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“Despite many critiques of the practice of dividing up behaviour into the innate
and the acquired, the habit dies hard”.
Patrick Bateson, 2007 [999].

Q9. 	 “The truth is that our finest moments are most likely to occur when we are
feeling deeply uncomfortable, unhappy or unfulfilled. For it is only in such
moments, propelled by our discomfort, that we are likely to step out of our ruts
and start searching for different ways or truer answers.”
M. Scott Peck (1936-2005).
Q10. “Undoubtedly genetic variance is a significant cause of much phenotypic
variance in observed populations, but its effects may be overridden, modified,
enhanced or reversed by other causes. Genes may modify the effects of other
genes, and may modify the effects of the environment. Environmental events,
both internal and external, may modify the effect of genes, and may modify the
effects of other environmental events”.
Richard Dawkins, 1982 [263].
Q11. “It might be said that emotions are the weather of our lives. Some days, we
experience the blue skies of happiness and the sunshine of joy. Other days, we
are drenched by the rain clouds of sadness or buffeted by the hot winds of anger.
How we respond adaptively to our emotional weather patterns - finding the
silver lining in every dark cloud - has important consequences for our physical
and mental wellbeing. Although we cannot control the weather outside, we are
capable of using myriad emotion regulation strategies to take control of our
internal climates. Such strategies allow us to wholly or partially alter the nature,
magnitude, and duration of our emotional responses, including initiating new
ones.”
Kevin Ochsner, 2012 [1000].
Q12. 	 “In no class of disease treated in the hospital have the results been better than in
that of Hysteria and nervous exhaustion. It is often difficult to treat such patients
in their home, where their own friends are frequently their worst enemies”.
Medical registrar in Queen Square Hospital, Annual Report, 1883 [1001].
Q13

“Only in man does man know himself, life alone teaches each one what he is”.
Goethe, Tasso, act 2, sc. 3.
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Summary of the Research Aim
In this PhD thesis I investigated whether and how environmental influences predict
change in neuroticism and how long such changes persist (chapter 2-4, 6 & 9) and
examined the meaning of the strong prospective association between neuroticism and
the common mental disorders (chapter 2, 5 & 6).
Changes in neuroticism after stressful life events (SLEs) and changes in life situation
were studied in a systematic review (chapter 4) and a series of longitudinal studies
(chapters 2, 3, 6 and 9). To reduce the genetic confounding of life event occurrences,
we selected studies with a specific research design in this review: studies of monozygotic (MZ) twin pairs discordant for neuroticism, and longitudinal studies of withinindividual changes in neuroticism in adults, in which neuroticism was measured twice,
at least one year apart. Lastly, we performed a twin study of neuroticism and SLEs.
Results shall be interpreted below in terms of the so-called ‘mixed model of change in
neuroticism’, in which short-term state fluctuations around a person specific setpoint
of neuroticism are distinguished from long-term changes in the setpoint of neuroticism
itself, and in terms of the corresponsive principle, the social investment principle, and
the red queen personality principle.
Additionally, I critically examined the strong prospective association between
neuroticism and the common mental disorders (CMDs, viz., anxiety, depressive, and
substance use disorders; chapter 5), which is often used to suggest that neuroticism
is an independent etiologically informative risk factor for CMDs [52,54]. Five explanatory models for this prospective pathway have been proposed: the vulnerability
model (cf. diathesis-stress, neuroticism drives processes that lead to CMDs such as the
selection of SLEs), the spectrum model (neuroticism and CMDs form one dimension),
the common cause model (neuroticism and CMDs share their genetic and/or environmental determinants), the scar model (higher neuroticism after having suffered from
CMD-episodes), and the state model (higher neuroticism during episodes of CMD,
but not after remission). In a review on population studies with at least 200 adults, in
which neuroticism was assessed at T1 and CMDs at T2, at least one year apart, these
five explanatory models were evaluated (chapter 5). Criteria were the strength of the
prospective neuroticism-CMD association, item overlap, shared determinants, and
differential change and stability, and treatment effects.
Finally, the two-year prospective effects of temperamental negative emotionality (viz.,
fear and frustration) on CMDs during adolescence were tested, because fear and frustration are developmental precursors of adult neuroticism [123,192,196,220,1002,1003]83.
83. Temperamental negative emotionality captures sadness and anger, but is most manifest via frustration [196,220,1002]. Negative emotionality mobilizes avoidance behavior away from non-reward and

Chapter

10

240

|

Chapter 10

We tested whether this prospective association was mediated or moderated by the generation of SLEs (chapters 6-8), and tested mechanisms that could underlay increases in
fear and frustration in late adolescence (chapter 7 & 8).

The Mixed Model of Change in Neuroticism
Neuroticism was introduced as a psychometric continuum that runs from emotional
stability to emotional volatility, and high scores capture the tendency to experience chronic negative emotions, which are easily triggered, and difficult to control
[46,50,56,60,61,63]. A recent review of ‘neuroticism setpoint models’ boiled down to a
‘mixed model of neuroticism’ [94], in which temporary fluctuations in neuroticism are
distinguished from more persistent changes in an individual’s setpoint around which
neuroticism levels are regulated (chapter 2 & 9). In the following paragraphs stability
and change in neuroticism are discussed in terms of three time scales (i.e., hours,
weeks to months and years).
Level 1 (Hours): Emotions and Affect States

At the most momentary level we experience positive and negative affect in response
to environmental influences in the form of basic emotions (e.g., anger, frustration,
fear, sadness) we share with all mammals, and which guide our everyday conduct,
decision-making, and navigation of our worlds [22,124,659]84. Such core affects are
punishment, and is closely related to constructs like neuroticism and Gray’s Behavioral Inhibition
System (BIS) [196,220,1002]. Individuals who score high on negative emotionality tend to be vigilant
for negative cues and show restricted engagement with their environment [1003].
84. Affective valuations are key processes via which organisms interact with their environments and influence reflexes, perception, cognition, and behavior [22,124,659,864,1006]. The subjective affective
valuations of environmental cues roughly signal either positivity (doing well) or negativity (doing
poorly) [22,71,124,152,867], together with a stimuli-associated physiological reactivity (or physiological response), called arousal [659,1264,1265]. These basic affective-emotional systems refer to our
“conserved ancestral voices in the mammalian mind” [1266] which once sufficed to meet animal’s
vital life challenges [22, 123, 318, 1266, 1267]. These multi-component emotional response systems
become automatically initiated when agents   appraise changes or objects in their environments as
personally significant [22,124,387,864,1266]. During childhood most humans learn to control most
basic emotional urges and expressions cognitively [22,98,124,876,1268], and we may even learn to use
feelings of fear, anger, or excitement instrumentally, e.g., to  aid pursuits of avoidance goals, confrontational goals, and approach goals [1269]. In contrast to our environment-driven basic affects, these
learned elements of perception are primarily ‘top-down’ and personalized, and emergent from the mind
of the perceiver, based upon prior knowledge, perceptual expectations, and mental imagery [96,124].
This noetic mind enables our uniquely personal, subjective, reality that colors how we perceive and
construe a cognitive understanding of our surroundings [22,1270]. Humans live in what metaphorical
has been described as an ‘ego-tunnel’ [1271]; a perceived world that does not necessarily reflect the real
world, but rather a brain-generated representational space generated by a person possessing a memory
and moving forward in time [910,1271,1272]. Recurring emotional states organize experiences, and
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neurophysiological states that are consciously accessible as the simplest raw unreflective feelings evident in moods and emotions [97,1004] which operate automatically
and quickly (instinctive) in response to environmental influences, without effort or
sense of voluntary control [124,659,659,1005,1006]. At this level brief stressors can be
conceptualized, such as a short public speech, mental arithmetic [1007], an academic
examination, or a job interview [1007], but also acute stress reaction and panic attacks
(ICD-10)85. High neuroticism is characterized by more intense and persistent negative
emotions [21,103,251], which can be transmitted via emotional contagion [1008,1009],
but each episode lasts for several hours at best [22,661].
Level 2 (Weeks to Months): Mood and Temperament

A secondary temporal level captures characteristic differences in behavior and emotion
across multiple contexts, which form a personal density distribution with an average
score over weeks and months. At this temporal level we conceptualize temperament
and personality frameworks [13,15,18,22,94,110,114,119,123,192]86, subjective
wellbeing [71,152], and encounter persistent episodes of mood [78,94,222,663], specific symptoms [53,1010], and episodes of anxious or depressive illness [114,222]. A
prequisite to  diagnose depression is that symptoms are present for at least two weeks
[639]. Patients suffering from episodes of anxiety or depression often recover in about
three months [664,1011]87.
SLEs trigger an episode of anxiety or depression typically within maximal three
months after their occurrence [345,356-358]. In our own work in chapter 2-4 we
observed that most SLE-driven effects on neuroticism also recede within three to six
months. SLEs have been defined as “discrete events with a beginning and ending that
have negative or undesirable content” [721]. We observed in chapter 2 that short-term
individuals who are repeatedly exposed to a given environment may experience, interpret, and react
very different to them than to other experiences. In sum, the noetic mind is contingent on the development of the higher cortical regions that enable and instigate the massive interactions between our basic
emotional affects and, allegedly unique, human cognitive elaborate [22,124,191,238,1273].
85. The International Statistical Classification of Diseases and Related Health Problems 10th Revision (ICD-10) from the World Health Organization (WHO) [1274] classifies acute stress reaction
(code F43.0) as “a transient disorder that develops in an individual without any other apparent mental
disorder in response to exceptional physical and mental stress and that usually subsides within hours”
but can last for 2 to 3 days.
86 William Stern (who also invented IQ) outlined in 1900 that momentary behaviors and “mental energy”
were influenced by both stable person-specific dispositions and momentary factors, and advised theorists to study both [1275]. According to Stern, dispositions could be derived by measuring behaviors
repeatedly to calculate their mean value, which would eliminate the momentary fluctuations around
dispositions [105]. This are the first two levels of the proposed model.
87. In a study of the Dutch adult population (n= 7076) the median duration of a major depressive episode
was about 3 months (50% recovered within 3 months, 63% within 6 months, 76% within 12 months,
and nearly 20% had not recovered at 24 months [664]).
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increases in neuroticism in terms of months were largely mediated by more symptoms
of depression/anxiety. This led us to review studies that span at least one year in chapter 4 and 5. SLEs that persist for more than six months were labeled “chronic stressors”
or long-term difficulties, which are characterized by an absence of a clearly defined
start or endpoint [414,1012]. For example, dealing with physical or mental disability,
proving care for a family member with a long-term condition, or the death of a spouse.
Perhaps this lack of a known endpoint requires individuals to implement a shift in the
setpoint of neuroticism as an internal adaptation.
Level 3 (Years and Decades): The Setpoint Level

We conceptualize the neuroticism setpoint at a third temporal level, viz., stability and
change in the setpoint of the personal density distribution of negative-affective expressions across the lifespan (chapter 2, 3 & 9, cf. [94,114]). At this temporal scale we
encounter normative mean level decreases in the setpoint of neuroticism of about d=
0.80 between age 10 and 40 [163,165], and the increasing rank-order stability for the
setpoint of neuroticism until midlife [93,164,253]. Based upon our results we conceive
changes in neuroticism that persisted for more than 6 months as changes in the setpoint
of neuroticism (chapter 2-4 & 9). Notably, the diagnostic and statistical manual of
mental disorders (DSM [639]) often requires symptoms to persist for at least 6 months
to diagnose a mental disorder (e.g., general anxiety disorder), to ensure that the condition outlasts transient stressors and indicates an internal dysfunction that operates
independently of the original stressor [639,1013].
Prior studies [100,246,331] indicated that increases in the setpoint of neuroticism
after severe stressors could persist over a decade. Two of these studies reported major
increases in the neuroticism setpoint about two years after a stressor (d= 0.50 to 0.70,
e.g. death of a spouse during midlife), which returned by about 60% over the next
decade [100,331], as illustrated in Figure 11 below. The findings presented in Chapter
2-4 and 9 of this thesis bolster this distinction between the second and third temporal
level in the mixed model of change in neuroticism (Figure 12) and are consistent with
(i) behavioural-genetic evidence that a substantial part of both stability and change in
the setpoint of neuroticism is explained by environmental factors [81-92] and (ii) the
small but steady drop in test-retest correlations for neuroticism with increasing time
intervals [164,232,236,328,411,432].
Despite the increasingly stable rank-order of our neuroticism setpoint with age
[18,85,91,93,163,234-238,253], still about a third of the general population showed
intra-individual decreases or increases in the setpoint of neuroticism of d= 0.50 over
midlife [231,232]. The most influential environmental factors in terms of the neuroticism setpoint were unshared with siblings [18,85,91,93,234-238], and affected core
aspects of our identity and status, mainly in our role as partner (marriage/divorce) and
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Figure 13. Graphical representation of the mixed model of change in neuroticism in terms of
mood fluctuations (in terms of weeks and months) around the neuroticism setpoint level (in terms
of years) in black, which can change in response to changes in social roles and after major positive
and negative life events.
Note. The X-axis shows the passage of time.

employee (job loss, promotions), in line with the social investment principle, which
is discussed below. We observed that most increases in the setpoint of neuroticism
followed severe SLEs that were characterized as unpredictable, uncontrollable, unexpected, undesirable, and non-normative from a life history perspective, and regarded
interpersonal stress and conflict (chapter 2-4 & 9).
Change in the Setpoint of Neuroticism

Though SLEs can have a strong impact in the first six months after their occurrence,
their effects often receded thereafter (see chapter 2-4 & 9). This indicates that is important to take the timing of experienced SLEs into account (see chapter 2-4 & 9, cf.
[235,244]). For instance, positive life events (PLEs) have relatively strong short-term
influences on neuroticism compared to negative life events (NLEs; in terms of months),
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but increases in the neuroticism setpoint after deteriorated environments persisted
much longer than decreases in neuroticism after positive changes in the environment
(13.5 vs. 6 years), in line with the literature [384,387,388]88. We proposed a balance
between PLEs and NLEs in which PLEs occur more often but the impact of NLEs
is about 25% larger, and more persistent (chapter 3 & 4). Moreover, the literature
suggests that PLEs and NLEs have concurrent (r= .10 to .40, chapter 2 & 3) and
complementary sequential relationships [235,381,629,640,1014], e.g. marriage and
divorce (chapter 4); but dismissal can also lead to divorce, change of residence, or loss
of social contacts. PLEs can also buffer for the impact of NLEs on neuroticism, thus
make people more resilient [269,382-384,387,644,1015]. Importantly, PLE-driven
decreases in neuroticism persisted for years, see chapter 2-4 (cf. [339,543,635]). Behavior genetic studies indicate that PLEs are more person-dependent than NLEs [235],
and stronger associated with socioeconomic status [67,107,1016,1017]. Thus even
though neuroticism is not predictive for PLEs [222,339,340,629,630], PLEs should
also be considered in discussions of resilience, prevention, and politics [152,1018].
This thesis suggests that most SLE effects recede in terms of months, but that
some changes in neuroticism can persist for years [94,223,244] or even decades
[100,246,1019]. Perhaps severe SLEs change the social interactions in our daily life,
called proximal processes, and such changes may become amplified via feedbackprocesses (which we minted “malignant” and “benign” cycles in chapter 3). When a
shift in neuroticism becomes anchored in changed proximal processes, such as changes
in social support, resources, identity, habits, or secondary SLEs, this new setpoint may
persist beyond the transient direct effects of the initial SLEs [93,94,117,411,429].
Changes in the setpoint of neuroticism may thus reflect a shift in the balance of our
inner and outer worlds in order to adapt to or cope with changes in our personal atmosphere. A relative quick change in neuroticism (in terms of months) may be followed
by slower external adaptation processes in the personal atmosphere, e.g. via substitution of resources [574,665,922]89, which enable the neuroticism setpoint to gravitate
88. For example, the increases in the neuroticism setpoint after deteriorated environments were about 25%
stronger than the decreases in neuroticism after improved environments after 4 years, but the difference
was 65% after 6 years (chapter 3).
89. Recent studies indicate that personality can change in short periods such as a few months, especially
if triggered by a major life transition [244,1276] or psychological intervention [1277,1278]. Conceivably, each major flux in a microsystem may trigger a feedback loop and alter its network properties
[116,117]. Such effects have been observed after new romantic partner relationships or divorce [331],
pre-term childbirth [430], and dismissal or promotion [410]. In chapter 4 we outlined why differences
in environments may in part explain why effects of a new romantic partner, divorce, dismissal, promotion, and pre-term childbirth seem to persist in some adults, but not all. Regarding the substitution
processes: The Social Production Function (SPF) theory proposes that physical and psychosocial
well-being are derived from a hierarchical arranged pyramid of nested social production functions: affection, behavioral confirmation, status, comfort, and stimulation [574,665,922]. In the SPF framework
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slowly back (in terms of years) towards the, generally more normative, neuroticism
levels to which one was accustomed [93,94,100].
These speculations about balances between the neuroticism setpoint and aspect of
our environments in terms of months have never been studied properly [100,244,245].
Moreover, whether and when the setpoint of neuroticism fully recedes remains unknown. The rate and extend of recovery in terms of a neuroticism setpoint is likely
to differ for different individuals, just as recovery rates for disorders do. Population
studies suggest that changes in setpoint levels of subjective wellbeing persisted over
more than 20 years for about 30% of the adults (e.g. after the death of one’s child
[403]), which suggests that comparable processes are not unlikely for neuroticism. It
also remains unsolved how long changes in the neuroticism density distribution must
persist before we can speak of a setpoint change, that is, where the second and third
temporal levels border. Based on my studies as reported in chapter 2-4 and 9, 6 months
seems reasonable.
The Normal-Disordered Boundary

It remains unclear what distinguishes setpoint change from long-term fluctuations in
mental health, e.g. are they one dimension or different in kind [116,162,165,310,320
,732,1020]90. In the DSM the convention is that persistent, excessive, and unrealistic
worry about everyday things that lasts for at least 6 months is called a generalized
anxiety disorder, rather than a substantial increase in the setpoint of neuroticism
[54,301,639,1021]91. Moreover, the literature showed that episodes of Limerence extreme longing for a loved one - can persist over a year [156,1022], while grief or
bereavement after the loss of a loved one can persists for up to two years [639,1023].
Furthermore, the 10-year differential stabilities for specific and social phobia symptoms [776,1024], panic disorder [1025], and personality disorders [253,320,639], are
these instrumental goals can be substituted [574], viz., when it becomes difficult to achieve more status
(status becomes “expensive”) the individual may substitute and produce more affection and behavioral
confirmation instead [922,1279]. In other words, a loss of a job may be compensated by a more intense
family or social life. Also a deterioration of physical health with age (which may lead to negative
affect) can be buffered by intensifying ties with loved ones [204,922]. However, needs can also become
satiated, which happens most easily with the need for affection, followed by behavioural confirmation,
and status needs [922]. Hence, substitution is possible, but there are diminishing returns, such that at
a specific level it becomes more economical to invest in another means of production (cf. marginal
revenue). For example, a person with 10 good friends benefits less from a eleventh, and in this situation
it may be more economical to invest in another means of social production. Comparable theories could
be applied to study the function of neuroticism.
90. For example, personality theory suggests behaviour to become maladaptive at both ends of trait continua [146,147,320], while personality disorders in the DSM have only one maladaptive pole [639].
91. As recently as thirty-five years ago anxiety did not exist as a diagnostic category [17,182]. Today, it is
the most common form of officially classified mental illness, responsible for over a third of all costs
associated with mental illnesses [639,1280].
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comparable to the stability of neuroticism [164,253], thus more akin to personality
than affective states. Test-retest correlations for neuroticism over comparable intervals
seem in general only about a third higher than for CMD symptoms (chapter 5, Table
18). This indicates that there is more stability in CMD symptoms and more change
in neuroticism than the concept of state (symptoms) and trait (neuroticism) would
suggest.
The question what distinguishes high neuroticism from psychopathology remains
largely unsolved. Perhaps changes in the neuroticism setpoint must become entrenched
in our semantic memory and identity to persist, while mood fluctuations are stored
in our episodic memory [573,732]92. It may also be that changes in the setpoint of
neuroticism are functional, e.g. severe SLEs may shift the allocation of resources
towards certain outcomes, viz., a more conservative ‘better-safe-than-sorry’ behavioral
strategy to reduce the risk of losing at the price of limiting the chances of winning
[22,24,116,145,184,1026]93. An argument for adaptiveness is not so easily made for
CMDs [297,1027,1028]94. Perhaps the difference between biologically “designed”
functioning - the result of natural selection - and the failure of such functioning
(“dysfunction”) is the most plausible demarcation point between human normality
and disorder in the medical sense [22,162,322,322,1013,1029]. The idea that CMDs
92. Our innate temperamental propensities lead to frequently repeated responses, which accumulate
strength or functional value through repeated reinforcements, and become encoded as a memory that
becomes as much part of the person as the genetic inclination [18,24,1004]. These habits elaborate
and differentiate into cognitive and affective representations that are quickly and frequently activated,
which we tend to call personality traits [18,24,192,1004]. But note that personality disorders are also
egosyntonic, that is, part of the self-concept, and come without biographical breaks and identifiable lesions, while even their harm seems essentially normative, e.g. being functionally ineffective or socially
annoying [1281,1282]. It has been estimated that that approximately 15-19% of the adults qualify for
at least one DSM-5 personality disorder [639,1283].
93. Emotional stability then may characterize a ‘win-stay position’ because individuals with adaptive or
‘favorable characteristics shall experience less need to change [123,250,329,1106].
94. The DSM distinction between mental disorders and normality is guided by two fundamental principles:
a disorder indicates a “clinically significant” disturbance in psychological functioning that has negative
consequences for the person, with distress, disability, and disadvantage as prime examples, and this
harm has to be caused by the condition [162,322,639,1029]. Second, the disorder is a “dysfunction”
which means that some internal mechanism is not functioning in the way it is naturally designed to
function, which can be operationalized as a statistically unexpected and harmful consequence of a
response [162,1013,1029]. Expectable responses to stress, however, and socially deviant behavior and
conflict between a person and society are not generally due to a dysfunction, thus are not generally
disorders [162,322,639,1029]. The negative mental states associated with high neuroticism such as
sadness, despair, anxiety, fear, agitation, and anger, are normal (and expected) responses to life’s vicissitudes, like grief [149,322,1013,1029]. Only when the reaction happens without a trigger or persists
unusually long (i.e. not appropriate to current circumstances in both content and scope), they might be
seen as pathological [322,1018]. Albeit the DSM became the standard in the nosology and treatment
of psychiatric disorders in many countries many theorists lament the inadequate scientific basis (either
empirical [116,162,1223], theoretical [116,162,1284], or biological [311,321]), the rather vague gray
“zone of rarity” or frontier between normality and disorder [53,116,639,732,1281,1285,1286], and the
tendency to decontextualize mental distress [305,322,322,1111-1113].
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may refer to the extreme poles of normal behavior [54,162,165,1030,1031] shall be
discussed in terms of the spectrum model below. Perhaps neuroticism refers to individual characteristic levels of minor psychiatric symptoms [3,53,149,736] such that
the distinction may be purely semantic, as has been argued for the distinction between
emotion and mood [17,1032,1033].
The Future of the Mixed Model

Our understanding of treatment of high neuroticism may benefit from the mixed model
of regulation of neuroticism, because it predicts that the neuroticism setpoint is partly
(perhaps largely) embedded in the environment. In chapters 2-4 it was speculated that
setpoint change coincides with altered environmental feedback loops, which normally
regulate neuroticism back to its setpoint [94,100]. Therapy may help individuals to
structure their lives in a way that anchors a decreased neuroticism setpoint in their
environments in terms of more favorable social interactions, roles, resources, support,
habits, activities, goals and cognitions, but also in terms of selecting themselves into
more favorable environments via reactance and evocation processes [18,24,166,250252,1034-1037]95.
The mixed model could be tested in more detail by using recent technological and
statistical developments. To unravel within-person change theorists could combine
trimonthly assessments of neuroticism (setpoint level) combined with high frequent
sampling (viz., multiple assessments a day, repeated for multiple days) of the environmental embedding to study the personal density distribution of negative affect
[73,110,1038-1040]. Intensive repeated assessments in individual’s daily life have been
shown to be feasible in patients with emotional disorders [1040-1042] and informative in general population samples [71,110,661,1043,1044]. Using this approach, the
momentary interaction between day-to-day environmental influences and (positive and
negative) mood changes can be repeatedly, ecologically more valid, and much more
reliably assessed than in research that only measures such interactions retrospectively
with longer time intervals.
The repeated measurements would address the within-person heterogeneity in neuroticism that is often obscured in between-group comparisons [110,1040]. When for an
individual more than 60 repeated measurements are available, these data are suitable
for vector auto regression analyses [1043,1045,1046]. This kind of statistical analyses
95. Multiple studies showed that self-report measures of neuroticism change in response to therapeutic
interventions [391,1287] and drug interventions [348,354]. Decreases in neuroticism over 10 months
were also reported after mindfulness training [1288], the adoption of social roles [227,1289], or international travel [1290]. In many studies the researchers took steps to rule out alternative selection
explanations for change in neuroticism. Finally, it has also been shown that military service [1291] or
cognitive training [1037,1277] can change personality.
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are particularly suited to discover causal associations between two or more variables
[1047]. Moreover, other markers of neuroticism can be assessed, such as ambulatory
sampling of snippets of ambient sounds [1048], individual expressions on blogs and
social media [140,141,1049-1051] and behaviors [731,1052]96 or behavioral residue
[1053]97.
In the future such analyses may contribute to unraveling the fabric of neuroticism, to
map personal triggers for negative affect, and personal emotion regulatory mechanism
to cope with the stresses of life, which may inspire theorists to craft more specific,
maybe even personalized, prevention and treating strategies for decreasing neuroticism, and in this way the vulnerability for emotional disorders that is associated with
high neuroticism.

Neuroticism and the Common Mental Disorders
One major drive behind this thesis was to unravel the causes for the vulnerability for
common mental disorders inherent to high neuroticism, in order to prevent their to
prevent their (clinical) manifestation. This is relevant as high neuroticism is the single
most important risk factor in public mental health, a personal burden, and a substantial
cost to society [52,54,55]. As outlined throughout this thesis, high neuroticism is associated with economic costs that exceed those of all the common mental disorders
combined [52,55]. Worldwide, about 350 million people are currently depressed, and
about one in four people annually suffer from mental illnesses that impair their functioning [307-309,1054]. The background against which the results of this thesis should
be interpreted is that health care spending’s continue to rise, also for public mental
health, which requires a reconsideration of resource allocation decisions. The observed
potential for a benign transactional cycle between environments and decreases in
neuroticism might stimulate prevention strategies to target the vulnerability for mental
disorders inherent in neuroticism, rather than treating the subsequent manifestations
of those disorders.
96. For example, tests of the ability to remain calm under stress might be good measures of neuroticism
[1052].
97. A study that sampled sounds indicated that high (vs. low) neurotic males tend to be more often outdoors
(location), socialize more (activity), but less in male-only groups [1048]. Studies of social media
[140,141,1049] indicate that the continuum of neuroticism associates with daily differences in terms
of participation in social gatherings (e.g., church, meetings) and sports (e.g., basketball, snowboarding: see also Figure 2). On base of ratings of offices, bedrooms, or Facebook profiles the neuroticism
setpoint level of the “inhabiter” seems often more accurately judged than accuracy found in zeroacquaintance research [1051,1053]. Zero-acquaintance ratings for neuroticism, in turn, tend to be much
better in trait-relevant situations [731].
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As indicated in the beginning of this chapter, five explanatory models have been
proposed for the strong prospective association between neuroticism and CMDs: the
vulnerability model, the spectrum model, the common cause model, the scar model,
and the state model. The support for each of these models will be discussed in the
following.
Overlap at Baseline (“Carry-over Effects”)

The spectrum model proposes that neuroticism and CMDs form one dimension. A
meta-analysis of cross-sectional associations between neuroticism and CMDs showed
magnitudes of Cohen’s d of 0.50 for substance-use disorders, to 2.00 for some
anxiety and mood disorders [281]; and over all diagnostic groups the neuroticism
scores were on average d= 1.65 higher. This overlap between neuroticism and CMDs
led to many theories in which neuroticism lays at the core of emotional disorders
[52,54,284,739,1021]. A comparison of longitudinal and cross-sectional associations
indicated that about half of the cross-sectional association between neuroticism and the
CMDs was accounted for by current mental state, except for substance use disorders
(chapter 5). We discussed this effect in terms of state fluctuations around the setpoint
of neuroticism in the mixed model of change above (chapter 2).
In my longitudinal studies adjustment for baseline symptoms decreased the two-year
prospective effect of neuroticism on symptoms of anxiety and depression with about
75% (chapter 2, Table 7), and the two-year effect frustration on internalizing and externalizing psychopathology with about 50% (chapter 6)98. Moreover, this prospective
effect of neuroticism on CMDs is robust for statistical adjustment for age, sex, and
socioeconomic status [741,841,1055]. In sum, both frustration and neuroticism have
an independent prospective effect on CMDs, neuroticism mainly with internalizing
symptoms (chapter 5), and frustration with externalizing symptoms (chapter 6).
Synchrony of Change and Content Overlap

It is often proposed that neuroticism and CMDs either form one dimension (spectrum
model), or arise from shared genetic and/or environmental determinants (common cause
model). A comparison of studies with short duration versus long follow-up intervals
(>3.5 years) showed that the neuroticism effects on CMDs remain fairly stable over
time: long-term test-retest correlations for neuroticism are about a third higher than for
98. Note that reported effects are based upon a comparison of the correlations between frustration and
internalizing and externalizing symptoms before and after adjustment for baseline symptoms (thus
compared to partial correlations), which are reported in Appendix Table A30. The models reported
in the paper were also adjusted for endogenous and exogenous SLEs, and notably, the measures of
internalizing and externalizing baseline symptoms were mutually adjusted, which lead to different
measures and therefore different results than the values reported here.
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CMD symptoms in general (chapter 5, Table 18). Substantial content overlap between
neuroticism and internalizing measures was observed (although both are assessed on
different time scales), but this was not the case for substance use disorders [3,53,732].
Furthermore, the genetic correlations between internalizing disorders and neuroticism
are generally high (.58 to .82 [301,511,762]), but the environmental correlations are
much lower (.05 to .27 [301,762]). Nevertheless, our review indicated that uncontrollable and high-intensity childhood stressors form a risk factor both for neuroticism
and CMDs [795-798], as we also observed in chapter 2 (Table 3). Finally, there is
support for a general factor of psychopathology [166,170,688,1056], e.g. a study in
almost 1600 adolescent twin pairs suggested that negative emotionality or neuroticism
is closely related to this general factor, also genetically, and more than with either the
internalizing or externalizing cluster [1030]. Also a meta-analytic review of cognitive vulnerabilities for depression and anxiety suggested that the broad dispositional
dimension of neuroticism formed a common etiological core [166]. Such findings can
be seen as support for a spectrum model.
Stress Generation

Neuroticism may drive processes that lead to CMDs, however, such as a selection
for SLEs, which is known as the vulnerability model (cf. diathesis-stress). Indeed,
higher neuroticism and frustration predicted experiencing more SLEs in chapter
2-6 & 9 (d= 0.20 to 1.00), which in turn may have causal effects on CMDs. Moreover, many twin and longitudinal studies report on reciprocity between neuroticism
and SLEs (see chapter 2, 3 & 9, and [125,172,235,239]). The reviewed studies in
chapter 4 showed that specific SLEs were more prevalent for individuals high on
neuroticism [155,222,339,340,629-631], e.g. three times more interpersonal-SLEs
for the quartile with the highest neuroticism scores versus the lowest scoring quartile
[340,444,626,631]. This association between neuroticism and SLEs was robust for
statistical adjustment for mental health status at baseline [425]. In my own work SLEs
mediated about 5% of the two-year prospective effect of neuroticism or frustration
on CMDs (chapter 2 and 6), but up to 10% of the effects of neuroticism on neuroticism over 16 years (chapter 3). This indicates that stress generation effects are strong
forces in the context of setpoint levels of neuroticism. This process will be discussed
below in terms of the corresponsive principle, which holds that selection and evocation
processes magnify pre-existing individual differences (chapter 3).
Stress Sensitivity

The literature suggests that patients have higher neuroticism scores during episodes
of CMD, but not after remission (state model). Alternatively, neuroticism levels may
remain higher after remission of a CMD-episode (scar model). By now it is clear that
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patients rate themselves as more neurotic during episodes of (subthreshold) CMDs,
such as depression or anxiety, compared to pre- and post-episode measurements
[238,281,348,350,762,763]. In chapter 2 we outlined that this phenomenon is often
interpreted in terms of is often interpreted in terms of a transient state-deviation in
self-perception due to the state-effects of the patient’s current psychopathology, rather
than real change in set-point-neuroticism [3,351-354]. This has been discussed in
terms of the mixed model of change in neuroticism above. The support for the scar
model is limited to major depression, and rather inconsistent, and may as well indicate
decaying state effects (chapter 5). Moreover, scars, if any, are most likely to develop
proportionally to the amount of symptoms experienced [322,1034]. When we assume
that psychiatric disorder are dimensional constructs [116,1039,1057], vulnerabilities
(“scars”) would develop gradually as an autocatalytic process, which could eventually
lead to the onset of a full-blown episode of depression [166,675,1034,1039,1058]. This
suggests that a dichotomous disorder approach would make it impossible to identify
scars, because the (pre-morbid) scar would be seen as a risk-factor [1034].
Integration of Evidence

Regarding the models of the prospective relationship between neuroticism and CMDs,
we conclude in chapter 5 that given the available evidence none of the models can account for all observations. The spectrum model could not account for the existence of
risk factors that are unique to neuroticism (and not shared with CMDs, e.g. chapter 2 &
6). However, the spectrum model was supported for the internalizing cluster by overlap
in item content, synchrony of change, rather similar rank-order stabilities, and strong
familiarity with a general factor. The common cause model derived stronger support,
mainly because of shared determinants (mainly genetic but also childhood adversity
influences and cognitive vulnerabilities), and also by synchrony of change. However,
common causes cannot clarify the prospective effect of neuroticism on CMDs, nor the
moderation of SLE-effects on CMDs, although the magnitude of the latter effects were
negligible in this thesis.
The prospective and moderation effects of neuroticism may be better explained by
the vulnerability model, which can also account for mediation by SLEs, and the typical small difference between the short (<3.5 years) and long-term prospective effects
of neuroticism. Moreover, the observation that baseline adjustment did not attenuate
the effect of neuroticism on substance use disorders (chapter 5) supports the vulnerability model, just as the strong independent effects of frustration on psychopathology
do (chapter 6). Nevertheless, the vulnerability model does not explain item overlap,
shared determinants, and synchrony of change for internalizing disorders. Moreover,
there is ample evidence that neuroticism levels are increased during episodes of CMDs
(compared to pre- and post-episode measurements), but the state model cannot explain

Chapter

10

252

|

Chapter 10

the prospective neuroticism-CMDs association. Additionally, there is little support for
a scar effect on the setpoint of neuroticism. In sum, the results in this thesis suggest that
the strength of the support for each model differs for the specific clusters of CMDs, viz.
anxiety, depression, and substance use disorders. CMDs have a massively multifactorial etiology, and although parsimonious explanations are generally favored in science,
reality may be that no single theory can satisfy all needs, albeit we can strive for a
broad framework in which most needs can be addressed [116,310,1018,1039,1059].
Future theorists should formulate more specific theories that can be falsified by observations. For example, evidence that changes in neuroticism predict change in CMD
risk would differentiate between the vulnerability and common cause models (chapter
5)99. Furthermore, future studies should implement a full control for neuroticismCMDs overlap, which most reviewed studies were unable to do. Third, theorists should
explore mechanisms that mediate the prospective effect of neuroticism on CMDs
(see chapter 6-8), because our understanding of these processes remains fragmentary
[116,162,165,732,1060]100. Finally, theorists should focus on modifiable aspects of our
environment that predict high neuroticism, frustration, or fear, or moderate change in
the development of these traits (chapter 8), to enable prevention strategies.

Deconstructing neuroticism
Over the 1990s consensus emerged that the core of neuroticism refers to a propensity
to experience negative affects including anxiety, fear, sadness, anger, frustration, guilt,
irritability, loneliness, worry, self-consciousness, dissatisfaction, hostility, guilt, shyness, distress, and reduced self-confidence [46,50,51,56-63]. In the future it might
be worthwhile to further deconstruct neuroticism in terms of these facets and their
supposed purpose. The stability of most facet traits is comparable to the neuroticism
trait at broad [93,253], also over 15 years [246]. The facets of neuroticism refer to
rather distinct emotional categories or mechanisms, with anxiety, fear, sadness, impulsiveness, and anger/frustration as the most prominent examples [22,192,196,230]101.
99. For example, it has been shown that each d= 0.50 increase in neuroticism per decade associated with a
40% increase in mortality, after statistical control for physical health and age [68].
100. An understanding of aetiology is also perquisite to validate clinical syndromes, and both clinician and
scientists are “much more likely to succeed if the syndromes in question have been accurately identified to begin with” [1060], cf. [307,321,1111,1223,1224,1286]. Conventionally a psychiatric syndrome
refers to a cluster of symptoms - either abnormal behaviors or abnormal distressing subjective experiences or both - and a characteristic time course [1039,1060].
101. For some facets it is also debated whether neuroticism is the domain of origin. For example, irritation
or anger have also been related to low agreeableness [142,643]. Guilt is also a key affective component
of conscientiousness [1072]. Social anxiety seems a part of extraversion [289]. Aspects of problems
of impulse control that are part of neuroticism (alongside negative affect) could also be part of con-
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Sadness, for instance, is marked by negative valance and low arousal, while anxiety
and fear are marked by negative valance and high arousal [659]. Anxiety motivates
avoidance behaviors while anger motivates approach behaviors [698-700]. Anxiety
is characterized by a sense of uncertainty while anger is characterized by certainty
[22,1061]. Temporal dynamics can distinguish closely related emotions such as shame
versus guilt or fear versus anxiety [22,661,1062]. Anxiety refers to inner turmoil or
expected future threat while fear is a response to a real or perceived immediate threat
[11,22,639,662,1062]102, e.g. anxiety enhances pain while fear inhibits pain [10621064]. Sadness lasts relatively long while shame, disgust, and fear tend to last relatively short [11,661,1065,1066]. Furthermore, the facets depression and anxiety seem
to change somewhat less in reaction to environmental influences than angry hostility
and impulsiveness do [230,238], and both categories show different responses to different SLEs [483,487,488,616].
The facets of neuroticism also show markedly different developmental trends, which
suggests that they capture information about individual development that is missed
by the broad neuroticism domain [230,231,637,820]. Furthermore, many facets of
neuroticism (such as anger, contempt, depression, or anxiety) seem to be mediated by
different neurological underpinnings [22,703,1067], are likely multiple gene-linked
[17,18,1067], show specific correlates with external variables [171,789], such as
depression [1068] or family functioning [1069], and facets have different implications
for development and psychopathology [291,687,701-703,1062,1068]103. Another issue
is that the low poles of the neuroticism facets deserve more attention as they may
inform theorists about potential purposes, e.g. indifference (vs. anxiety), timidity (vs.
angry-hostility), deliriousness (vs. depression), superficiality (vs. self-consciousness),
scientiousness [47,171,198,1072,1292], (high) extraversion [47,1293,1294], (low) agreeableness, and
(high) openness [47,1293]. The inclusion of impulsiveness in the neuroticism domain is based on the
fact that some impulsive acts are prompted by negative feelings (overindulgence), which themselves
are a hallmark of neuroticism [643,1295]. Impulsive behavior in response to stress is also called
negative urgency, and often takes the form of alcohol abuse or aggression, which is more common for
individuals high on neuroticism [1295]. Interestingly, impulsivity can manifest itself either in action
(e.g., drug abuse or shopping) or inaction (e.g., tardiness, lack of planning), see [122]. Comparable
debates about overlapping traits are also held with regard to the subcomponents of subjective wellbeing
[1296-1298] or positive and negative affect in general [1299]. Most wellbeing scales overlap with
personality dimensions, e.g. “positive relations with others” and agreeableness [1300] or “personal
growth” and openness [1300].
102. Anxiety is characterized by hypervigilance and is future-focused while fear mobilizes people for
avoidance action and is present-focused (fight/flight/freeze). General anxiety disorder and depression seem anxiety-based while animal and situational phobias and panic seem fear-based disorders
[291,687,791,791,1062]. Moreover, trait anxiety forms the core of the negative emotionality dimension
(or neuroticism) while trait fear also seems to load strongly on the constraint dimension (cf. conscientiousness) [1062,1301].
103. For instance, depression seems more often manifested as anger and somatic symptoms in men and in
experiences of stress, irritability, sadness and anxiety in women [1302,1303].
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recklessness (vs. inhibition), and being hard (vs. vulnerability), while emotional stability at broad may fade into fearless psychopathy [119,146,147]104.
Additionally, it might be informative to study whether broadly acting environmental
influences, such as social investment, personal growth, and self-actualization, influence all facets of neuroticism, and which experiences only influence one facet (narrow acting influences), and leave the corresponding facets unaffected [163,209,230,
231,246,338,1070]105. When specific facets become more associated during specific
developmental periods we can theorize that both facets became influenced by a shared
factor [209,1071], such as age [209], or normative life events [227]. Decreases in
associated change between facets may suggest trait differentiation [209,1071]. In sum,
the neuroticism facets capture distinguishable tendencies that may differ in their effects on adjustment and outcomes [22,703,1072,1073]. As outlined in the introduction,
each individual has a neuroticism chord, a polyphony of facet traits, which resonate
differently, and make people feel differently, even when their average neuroticism
levels may be the same.
It remains unknown what the correlations in factor analyses actually mean, and
hitherto personality theory lacks a clear rationale or empirical basis to assert that one
set of facets is better than another [86,101,228,672,820]106. For example, the network
perspective posits that neuroticism emerges from the interactions between the facets,
instead of reflecting a latent force that drives the associations between components
[117,1038,1039,1042]. Furthermore, the study of facets of neuroticism may help to
illuminate the mechanisms through which neuroticism affects important life outcomes
[22,122,1072,1073]107. Facets suggest specific sensitivities [22,322,1070], and seem to
104. For example, individuals with cluster-C personality disorder, characterized by high anxiety, experiential avoidance, and need for safety, seem to derive more status and resources, perform better academically, and reach higher levels of education [184]. The price, however, according to some studies, is
constrained access to mates among males and a fall in fertility [184,1304], and what these individuals
perceive as insufficient social networks [184,1281].
105. For example, young women in the USA high on neuroticism manifest eating disorders and excessive
worrying and concern [1305], whereas neurotic women in rural Ghana rather report somatic symptoms
(feelings of illness) and excessive magical thinking or other non-scientific causal reasoning [1305]. The
Japanese culture seems to emphasize shame as a means of social control and Japanese indeed score
higher on the self-consciousness facet of neuroticism than individuals from the USA [1306,1307].
Furthermore, theorists could focus more on correlated change between personality domains over time
[1308]. Earlier studies showed correlated change between neuroticism and extraversion and conscientiousness [1309], but other studies failed to observe correlated change [231,1071].
106. Personality psychology lacks a firm theoretical core or unifying and overarching personality theory
such as the theory of evolution by natural selection does for biology [16]. Some theorists explicitly
argue that natural selection serves this function for psychology as well [78,97,1310], in which case we
still miss a framework (see chapter 1).
107. For example, extraversion is often conceived of as the tendency to experience positive affect, and to
comprise the components gregariousness, dominance, and experience seeking [1311]. However, one
studied showed that after control for positive affectivity the dominance and gregariousness component

Discussion |

255

react differently to therapy [1068], and are probably a more feasible target for therapy
than a fundamental personality structure like neuroticism at broad [93,253]108. Finally,
it is even conceivable that some facet traits are functionally adaptive, but that the total
composite neuroticism is not, as a fallacy of composition.

The Red Queen Personality Principle
The red queen refers to a character in Lewis Carroll’s book ‘Through the Looking
Glass’ who describes her country as a place where “it takes all the running you can
do, to keep in the same place” [1074]. The queen does not get very far because the
landscape moves with her, a process that is known as the Red Queen Theory [7,1075].
In analogy, over our life course we keep pace with a changing environment that follows a biosocial clock that shapes the fabric of our personal atmosphere (e.g. our social
convoy). The biosocial life script drives the occurrence, timing, sequencing, duration,
and interaction of life events and social processes that we pass across our lifespan (see
chapter 4), which I minted the Red Queen personality principle. For example, with age
people are pressed to decrease their neuroticism setpoint in order to keep their relative
standing in their birth cohort the same, because their peers decrease with almost d=
0.80 between age 10 and 40 [163,163-165,230,249,264,264,521].
The red queen personality principle implies that our neuroticism emerges from
a balance (or mutual accommodation) we find with the changing environment in
which we live and grow [100,1039,1076], as part of a complex dynamic system
[25,255,460,1059,1077] that comprises all personal characteristics including our
physique [177-180,1078-1080], intellect [108,211,587], gender and age [463], goals
and expectations [677,678], personality [75], but also noxious environmental stimuli
and our social and material resources [18,25,25,100,103,447,460,517]109. Individuals

were no longer correlated. This suggests that extraversion, like neuroticism, is fundamentally an affective trait [1299].
108. For example, mindfulness-based cognitive therapy or cognitive behavioral therapy (CBT) may effectively desensitize networks of negative cognitions or inhibit reactivity to specific events that activate
specific negative cognitive schemes [1035,1036,1312]. Such approaches may be more feasible for
specific associations than for whole personality domains at broad.
109. We also have to adapt or cope with changes in the social convoy that escorts us as fellow travelers through time, viz., parents, spouse, children, friends, colleagues, neighbors, and acquaintances
[73,204,445,448,1313], and also our social status and material resources change [24,107,245,1017].
No genome has an unconditionally highest fitness [25,191,1314-1317] and natural selection probably
favored genes that equip a phenotype with the optimal compromise between all internal and external
pressures; the point where all additional (non-essential) growth would call on the organism’s developmental budget [191,1315,1317,1318]. The setpoint of neuroticism is part of this balance or optimal
compromise to maintain a dynamic steady state [460].
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may change in some aspects in order to remain stable in others in a search for an
approximately Pareto optimal allocation of their energy budged, given their genome
and context, viz. the balance between all factors where no internal or external changes
can be made without increasing the costs somewhere else [1059,1081-1084]110. However, because the environment changes continuously, continuous little adaptations are
required to maintain a Pareto balance.
The social investment principle or functional maturation hypothesis posits that the
normative decrease in the neuroticism setpoint (about d= 0.80) is partly driven by
social pressures, expectations, and contingencies that follow investment in social
roles as student, partner, parent, and colleague [24,27,142,163-165,251,433,450]111.

110. Change from this Pareto criterion would degrade one of your objectives or desired end-states, if
only because of opportunity costs [665,1092,1135]. Multi-objective problems like the one proposed
often have a set of Pareto solutions - called a Pareto frontier, and the selection for “the best” balance along this frontier remains a subjective human decision, and is dependent on historical-cultural
contingencies [162,683,1081,1082,1084,1110]. Change from one state to another requires energy and
has a transaction cost [1039,1135]. The Red Queen Personality Principle roots in the second law of
thermodynamics which holds that isolated systems spontaneously evolve towards a thermodynamic
equilibrium, viz., the state of maximum entropy or chaos [97,1077,1077,1315,1319]. Organisms differ
from other natural phenomena in terms of their maintenance of a thermodynamically improbable internal organization including disequilibria with their environments in terms of temperature, acidity, water
content, or electric potential, which are balances that require continuous work [97,1077,1315,1319].
Such highly ordered and functional internal states comport with the Second Law of thermodynamics
because this internal organization causes a net increase in disorder in the environment [25,97]. In
other words, the body is not an isolated system, and we form one unified system with our environment [25,191,255,256,263,310,991]. Heritable effects on the immune system [1320] or phenotypic
expression are overshadowed by environmental effects [24,25,470,1026,1102,1124,1314,1321]. In the
field of psychology this may be reflected in concepts like stress, which is transactional, and perhaps
stress cannot be found in the objective circumstances themselves nor in the person but only in an
ongoing interaction between both [459,460,462,1322]. The second law of thermodynamics has been
postulated as the first law of psychology because it implies that the apparent organization of the psychological realm (see Figure 1) requires an explanation [97,1323]. Part of this explanation may be
found with approaches that explore differences and similarities between factors (or nodes) in a dynamic
system, the interactions between them, and the processes that hold the various components together
[1039,1059,1076]. Network theory may help to discover fundamental laws that determine and limit the
behavior of the components in such complex systems [1039,1059]. Multi-cellular creatures are ecological networks rather than single living entities [1077] and even sex indicates that we are (reproductively
speaking) incomplete, and that individuality is actually non-existent [973,1077]. In some deeper sense
we are one with all other living things on our planet.
111. For example, neuroticism levels are lower in twins who are reared religiously than in secular twins,
which suggests that religious upbringing modifies the genetic determinants of neuroticism, such that
neuroticism becomes more heritable in twins without religious upbringing [546,1324]. Furthermore,
experiences and sociocultural factors can imprint sociocultural display rules that govern when, how,
and to whom emotions may be expressed [123,195,198,876], e.g. boys become increasingly less
emotional expressive between age four to six, while girls do not change, which suggests that cultural
gender socialization dampens boys’ initial emotional expressivity [195,876,1325]. This process of
environmental canalization may explain part of the variance in heritability estimates of neuroticism
over populations, time, space, cultures, age, levels of social control, and part of the variation in indirect
genetic effects [41,85,92,565,567,568,1101,1326].
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The social investment principle is supported by associations between the timing of
social events and the normative decrease in neuroticism across cultures [93,227] and
the accelerations of this normative change after social investment in the family or
occupational environment (chapter 4). In sum, the major social roles influence the
neuroticism setpoint, especially when successes or failures in the relationship, family,
and occupational domain accumulate over time [18,64,251,427,535,672].
The normative mean-level decrease in neuroticism does not preclude an increasing
rank-order consistency with age [163,227]112. The genetic influences on the neuroticism setpoint stabilize during childhood (test-retest correlation, r= .75), and approach
unity near age 30 (r> .90 [93]). Environmental influences on the setpoint, in contrast,
are unstable during infancy (adjusted for measurement error, r= .25), but continue
to stabilize over the majority of the lifespan (at age 15, r= .50), and reach a plateau
during middle age (age 45, r= .80), when the neuroticism setpoint is most stable
[18,85,91,93,163,234-238,253]113. The increase in stability for the neuticism setpoint
with age dovetails with an increasingly stable personal environment, which suggest
that most people experience fewer social pressures to change with age [85,91,93,164,2
34,236,247,445]114. Prior work thus showed that a substantial amount of variance in the
neuroticism setpoint is truly environmentally mediated [75,93,253] and unrelated to
state-like fluctuations [18,85,91-93,234-238]. About a third of the general population
shows intra-individual increases or decreases of d= 0.50 in the setpoint of neuroticism
over midlife [231,232].
The neuroticism setpoint seems most sensitive to environmental influences that are
not shared with our siblings [18,85,91,93,234-238] and relate to the core aspects of our
identity and status: mainly in our role as partner (marriage/divorce) and employee (job
loss, promotions), in line with the social investment theory (chapter 4). We outlined
that also severe SLEs that were unpredictable, uncontrollable, unexpected, undesir112. It is therefore important to note that continuity and change are not natural opposites [64,1327]. A
true understanding of the developmental stability and change in neuroticism requires a combination
of analytic approaches [1195,1328], and a focus on differential change, or individual differences in
change, which combines mean-level and rank-order stability [249] as well as change in the magnitude
of individual differences in neuroticism over time [1195,1329].
113. A clear personality structure does not appear before the preteen period [19], and as outlined in chapter 1, most trait differentiation takes place between age 12 and 18 [19,207-209]. Furthermore, the
magnitudes of genetic influences on neuroticism differ across environmental contexts [453,1330]. The
increasing stability of environments may in part reflect identity development and cumulative selection
of specific environmental niches, which we called the personal atmosphere [93,164,230-232,434,441].
Note that substantial heritability of neuroticism does not rule out strong environmental-effects across
cultures [106,427,565,567,568]. For example, in Morocco women score much higher on neuroticism
than males (d= 0.80), whereas in Indonesia and Botswana males score higher on neuroticism (d> 0.10)
than women [463].
114. Functional explanations for increasing stability in the setpoint of neuroticism include benefits of
predictability, constraint, and positive feedback loops between state and behaviour [15,24,433].
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able, and ‘off time’ from a life history perspective predicted changes in the setpoint
of neuroticism, especially when they were characterized by interpersonal stress and
conflict (chapter 4). In sum, if we aim to understand individual differences in the
setpoint of neuroticism our social life context matters.
Corresponsive Principle

The corresponsive principle holds that the effect of life experiences on personality is to deepen the characteristics that lead people to those experiences in the
first place, for example, via the selection of specific friends, spouses, occupations,
experiences and hobbies [29,64,67,172,248,263,411,436-441,1085]. In other words,
individuals with high neuroticism setpoint levels select/evoke experiences that lead
to even higher setpoint levels, an accumulative model (or snowballing effect). The
accumulative model is often invoked to argue that individuals respond differently
to non-normative SLEs, because responses depend on their pre-existing neuroticism
levels [38,399,626,666,667], and this would result in person-specific outcome patterns
[249,451,554]. The corresponsive principle has been a key theory in this thesis, but has
certain shortcomings as well (e.g., with regard to timing, mechanism, and specificity).
Accumulation versus Balance Models

As discussed above, after severe SLEs most individuals increase in their neuroticism
setpoint, but this higher level tends to regress slowly back towards previous neuroticism levels over the next decade (see Figure 11). This process is not directly reconciled
with an accumulative model. The corresponsive principle also lacks information about
the timing of this increasingly stronger neuroticism-environment correlation, about
the underlying mechanism, about differences between positive and negative effects on
neuroticism (in magnitude or persistence), or their interaction [38,399,626,666,667].
Many observations in this thesis do not concur with a snowballing process (see
chapter 2, 4 and 9, or [603,673,812]). For example, early life challenges may, when
overcome, induce adaptations that lead to resilience to SLEs later in life, compared
to individuals without a history of adversity (see chapter 2), which is known as a
“steeling effect” [222,461,1086,1087]. Adjudicated individuals tend to score high on
neuroticism over young adulthood, but often shift rapidly towards more normative
developmental trajectories when they invest in a romantic partnership or an occupation
[603]. Furthermore, neuroticism does not occur in vacuum, and individuals high on
neuroticism and high on conscientiousness may develop very differently from peers
high on neuroticism but low on agreeableness [99,185], while high cognitive ability
may buffer for high neuroticism [211,1088,1089]. Finally, the corresponsive principle
is based upon the observation that personality effects on the social environment are
stronger than vice versa (chapter 3). However, recent studies, with more sophisticated
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designs and instruments, suggest that neuroticism and environmental effects are more
in balance than previously assumed [100,246,249].
The Red Queen personality principle is simplified explanation for all observations in
terms of a balance between our neuroticism setpoint level (and other characteristics) and
our personified environment. However, the Red Queen personality principle implies
function, viz. benefits and costs associated with the gradient from high neuroticism
to emotional stability in a given context. This balance theory predicts that a certain
predisposition for neuroticism may lead to a relatively low neuroticism setpoint in
favorable environments, but to higher setpoint levels in more risky and unpredictable
environments [24,165,1026,1090-1092]115. This may also reflect in higher neuroticism
levels during more vulnerable phases, e.g. childhood [78,98,123,195] and old age [75].
Further research should seek to determine the specific environmental conditions that
influence the neuroticism setpoint and the mechanisms that drive such calibrations.
The balancing model is supported by fluctuations in the distribution of neuroticism
within populations around the globe [379,449,463,565-568,1093] and over generations [41,228,333,334,434,562-564]. For example, in the south and east of Europe
populations tend to score higher on neuroticism than in the other European countries
[1094,1095], while Northern and Southeast populations in the United States score
higher on neuroticism than Midwest and Western populations [1096-1098]116. Cultural
differences have also been observed regarding inter-individual variance in neuroticism
115. For example, during childhood [78,98,123,195]. The moment when physical changes enable children
to crawl and to extend their range coincides with the emergence of separation anxiety [98,119,192].
Furthermore, it has been speculated that young women tend to score higher on neuroticism than young
men in order to keep young females in groups for mutual support, i.e. neuroticism as a protective device
[1318,1331], in keeping with the ‘staying-alive-theory’, which holds that it is imperative for mothers
(rather than fathers) to survive long enough to take physical care of their offspring and ensure their
survival to sexual maturity [78,1331,1332]. Women should therefore also be more risk-aversive than
men [78,191,1331], everything else equal.
116. Populations in Japan and Argentina show relatively high national neuroticism levels and in Congo and
Slovenia relatively low levels [568]. Even bordered countries can show subtle differences, e.g. monozygotic twins males in Sweden score lower on neuroticism (d= -0.19) than in Finland [172]. The most
parsimonious explanation seems that environmental impediments are able to suppress genetic predispositions for neuroticism, thus “canalize” the reaction norm for neuroticism, that is, the ways in which
neuroticism will be expressed [25,31,255,463,1101,1321,1333]. In other words, stable environmental
conditions around an individual influence the way in which this individual expresses his inherited propensities (and therewith inter-individual variance), just as genotypes can [262,1026,1101,1321]. Note
that heritability estimates capture the proportion of individual differences in neuroticism that can be
attributed to actualized genetic potential but the degree of non-actualized potential remains unknown
[103,453,547,1229]. The neuroticism setpoint thus refers to an average personal level of neuroticism,
and not to a biological setpoint. Theorists could assess genetic covariance between specific conditions
and neuroticism levels to map ‘genetic capture’, which refers to the theory that traits capture the genetic
variance in condition [25,453,1317]. Perhaps personality theorists might focus more on correlations
between genes and environments (see chapter 4) or environmentally contingent behavioral patterns or
conditional adaptations [1090], given observations in related fields [453,470,547,1320].
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[463,565-568,1093,1099] and gender differences in neuroticism [463,565,1100]. The
neuroticism setpoint levels and gender differences appear to increase along a continuum
towards more prosperous [255,463,565,566], non-religious [546], urban [1101], and
egalitarian human socio-ecologies [41,331,333,334,562-564]117. This suggests that the
costs of neuroticism are condition dependent, and different environments may favour
different neuroticism levels (and different facet combinations) for different segments
of the human population [11,134,145,1102-1108]. Remarkably little is known about
such processes [95,227,228,628,658]. Notably, not only neuroticism levels seem to
differ across cultures [463,565,566], also CMDs manifest themselves differently at
different continents [17,116,305,307,761,1109]118, and the incidence and impact of
SLEs differs as well [608,1017,1110]. The perspective on the setpoint of neuroticism
as a balance of our inner and outer worlds, in order to adapt to or cope with changes in
our personal atmosphere, led to two hypotheses that have been outlined before:
A). Perhaps SLEs such as divorce or dismissal alter the proximal processes in our
personal atmosphere, that is, the daily patterned interactions within our family or
occupational environment, e.g. in terms of social support, resources, identity, habits,
or secondary life events. These changes may spark feedback loops until these newly
structured proximal processes anchor the neuroticism setpoint and prevent regression
towards previous averages. Consequently the changed neuroticism setpoint can persist
beyond the transient effect of the initial experience (>6 months). As outlined above,
this could be tested with frequent sampling of these proximal processes.
B). Individuals may increase rapidly in neuroticism after severe SLEs (in terms of
months) but this setpoint change may be followed by slower external adaptation processes in the personal atmosphere (in terms of years and decades), e.g. via substitution
of resources, which enable the neuroticism setpoint to gravitate slowly back towards
the - generally more normative - neuroticism levels to which one was accustomed
117. In other words, gender differences in neuroticism tend to be larger in more developed Western cultures
with less traditional gender roles [463,565]. The widening gender-gap in neuroticism is accompanied
by a widening sex-difference in blood pressure and height [463], which may suggest that enhanced
sexual dimorphism is part of the explanation [1334]. This would align with the observation that men
show more variance in neuroticism across cultures [463,565], akin to the general rule that males are
most sensitive to environmental differences and selection pressures [11,78,615]. Most species reach
their sex-specific optima only under favorable environmental conditions [78,78,255,1334,1335].
Increasing human sexual dimorphism has also been shown within human cultures in high versus low
socioeconomic strata (SES, cf. [1336]). Moreover, this effect is mirrored in epidemiological data on
gender differences in depression [1337]. Perhaps differences in the use of mental reference categories
(e.g., comparison of the self with others of the same gender versus all others) can explain part of the
gender or global differences in neuroticism [565], but artifact reference categories are less likely to
vary consistently within countries or federations like the USA.
118. The point prevalence of anxiety disorders, for example, appears to range from 2.1% in East Asia (1.82.5%) to 6.1% (5.1-7.4%) in North Africa and the Middle East, and to be more common in regions with
a history of recent conflict [1109].
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(cf. pareto optima, perhaps a different locus along the pareto frontier). Testing this
hypothesis also requires frequent sampling of the personal environment, but now in
terms of months and years.
Environmental Taxonomy

Testing hypotheses about the balance between the neuroticism setpoint and environmental influences requires a taxonomy of environmental influences, alike personality
taxonomies, to measure and compare specific environmental influences on neuroticism and changes in our personal atmosphere [103,244,245,265-267,409]119. Such a
taxonomy would “complement, enrich, and spur forward the relatively advanced
psychology of personality so that persons thinking, feeling, and acting in situ can be
studied” [245]. In chapter 4 we outlined that the Bioecological system theory may be
used as a stepping stone [103,447], but also the socioanalytic personality approach
[95,409], social production functions [574,665], and the DIAMOND model [245]
could be consulted. This approach may also help psychiatry to attend to context in a
systematic fashion [305,322,1111-1113].
Our results suggest that it may be worthwhile to chart and dissect the transactions
between environmental influences and neuroticism in more detail, and to take all
surrounding factors, conditions, or external influences that affect a given individual
at a given time into account. A core question remains which factors render a personal atmosphere a risk factor (vulnerability) for high neuroticism after SLEs, and
which environmental factors enable for stability, and function as an insulating layer
(resilience)120. In sum, we feel that a strict demarcation between the individual and the
environment is largely based on statistical methodology (chapter 4). Improvements in
social and psychological functioning require a consideration of both the person and the
personified environment in which the person lives an grows, and which function as one
unified and highly personalized system.

119. Our human nature has been carefully crafted by cumulative natural selection for use by a social, bipedal,
African ape, which assesses probabilistic risks against the background of our subjective timescale (median lifespan) and conditions that may happen to us individually or the narrow social circle around us,
which makes us more sensitive to specific threats and less to others [7,78,96,97,152,191,613,1315,13381340]. The literature suggests that environmental cues that signal loss of limited reproductive resources
(spouse, friend, skills, appearance, roles, and status), loss of social competition for these resources
(and threat thereof) reliably elicit increases in neuroticism. This might have been an adaptive response
because loss is reliably related to threat/danger, and vice versa. The goal might have been to avoid
similar or additional (immediate) losses [7,78,96,97,152,191,613,1315,1338-1340].
120. The extent to which specific experiences can be regarded as generally noxious, or only noxious for specific individuals, is largely a function of our level of abstraction, thus we might aim for characteristics
or properties (types of signals or symbols) that predict change in neuroticism, while the exact attributes
themselves may differ across time and context and for different people, cf. the concept of a secondary
reinforcer [16,22,78,96,260,460,612,1310].
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Conclusion
Our work showed that life event driven changes in the neuroticism setpoint persisted
for years to decades. Neuroticism refers to negative affect accompanied by the pervasive perception that the world is a dangerous and threatening place and beliefs about
one’s inability to cope with this environment [53,54,62,63,238,1114,1115]. Albeit we
should be careful to ensure that treatment for high neuroticism has no consequences
that would make the cure worse than the ailment, prior work has shown that interventions treating high neuroticism are feasible [351,354,355,391,726-728,1037,1116],
both psychological and pharmacological (d= 0.40 to 1.25). Therapists could focus on
cognitive vulnerabilities that are associated with neuroticism such as a pessimistic
inferential style, dysfunctional attitudes, rumantive style, anxiety sensitivity, intolerance of uncertainty, and fear of negative evaluation [32,54,166,1117]. Therapy may
help individuals to structure their lives and social interactions in ways that anchors a
decrease in neuroticism in their daily environment. This thesis suggests that a decrease
in the setpoint of neuroticism would impact on most life domains and would certainly
be worth the bother in terms of effort and time. Perhaps it is most cost-effective to
implement population-wide intervention strategies at school during childhood
[1114,1118,1119], e.g. by teaching children that their personality has the potential to
change [1120], and to provide coping skills before symptoms of anxiety or depression
cascade into other spheres of functioning during adolescence, and at a point when the
environmental anchors of the neuroticism setpoint seem most malleable.
This thesis showed that high neuroticism is an important prospective indicator of
risk for the development of full-blown psychological disorders, and can, to some
extent, be viewed as sub-threshold psychopathology. We conclude that the neuroticism
setpoint is environmentally embedded, sensitive to stressful life events, consequential,
and more malleable than researchers originally believed.
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Figure 14. A summary of this thesis
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APPENDIX

Figure A1. Histogram of the distribution of neuroticism at the third assessment wave (chapter 3).

Figure A2. Histogram of the distribution of exogenous long-term difficulties at the second assessment wave (chapter 3).
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Figure A3. The association between temperamental frustration (plotted as standardized values and
grouped in parcels of 33.3%) at baseline, Endogenous or Exogenous SLEs, and Psychopathology
at follow-up (chapter 6).

Figure A4. The association between temperamental frustration at baseline, Endogenous or Exogenous SLEs, and change in psychopathology between baseline and follow-up, reported in standardized values, and grouped in thirds (parcels of 33.3%) (chapter 6).
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Figure A5. The association between Frustration, concurrent Psychopathology (T1, left), or Psychopathology at follow-up (T2, right), reported in standardized values, and grouped in thirds (parcels
of 33.3%) (chapter 6)

Figure A6. The association between Frustration and Psychopathology at follow-up (T2) for women
(left) or for men (right), reported in standardized values, and grouped in thirds (parcels of 33.3%)
(chapter 6)
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Table A1. Regression with neuroticism at T2 as outcome, and neuroticism at T1 (N1), gender and age, and
interactions thereof with weighted LE-measures as predictors (chapter 2).

Predictors

Beta

(P)

Beta

(P)

Beta

(P)

N1

.763

(.001)

.763

(.001)

.763

(.001)

Gender

.013

(.328)

.032

(.727)

.017

(.779)

-.022

(.139)

.000

(.996)

-.010

(.871)

Recent NLEs

.050

(.001)

.050

(.001)

.002

(.976)

Recent PLEs

-.044

(.001)

-.043

(.001)

-.055

(.376)

Distant NLEs

.043

(.001)

.043

(.001)

.093

(.176)

Distant PLEs

-.077

(.001)

-.077

(.001)

-.105

(.129)

-.028

(.644)

-.012

(.858)

.007

(.880)

Gender*recent PLEs

.058

(.264)

Gender*distant NLEs

-.013

(.802)

Gender*distant PLEs

-.004

(.940)

Age*recent NLEs

-.043

(.337)

Age *recent PLEs

-.047

(.231)

Age *distant NLEs

-.042

(.364)

Age *distant PLEs

.031

(.425)

Age

Gender*Age
Gender*recent NLEs

Note. N= 2356, significant beta’s in bold (p< .001).

Table A2. Correlations between Neuroticism (N), Depression (D), or Anxiety (A) at baseline (T1) and followup (T2), and partial correlations adjustment (Adj.) for one-another, or for stressful life events (SLEs) between T1
and T2 (mediation), and the magnitude of the adjustment as percentage (%) of the total association (chapter 2).
Adj. for A1
(%)

Adj. for D1
(%)

Adj. for N1
(%)

Adj. for both
(%)

Adj. for
SLEs (%)

T1

T2

r

N1

N2

.78

.68

(13%)

.59

(24%)

D2

.60

.36

(40%)

.12

(81%)

.11

(82%)

.60

(1%)

A2

.51

.13

(75%)

.10

(81%)

.05

(91%)

.50

(2%)

D1

D2

.72

.51

(29%)

A1

A2

.69

.44

(36%)

.59

(24%)

.77

(1%)

.50

(30%)

.40

(44%)

.70

(3%)

.55

(21%)

.43

(37%)

.67

(2%)

Note. n= 2347, all associations significant at p< .01, two-sided.
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Table A3. Neuroticism items of the Amsterdamse Biografische Vragenlijst (chapter 3).
1.

Do you often feel lonely?

2

Does it often happen that you make a decision too late?

3

Do you ever feel unhappy without knowing why?

4

Are you often kept awake by troubles?

5

Are you usually so burdened by disappointments that you cannot put them out of your mind?

6

Do you ever have nightmares?

7

Do you sometimes have the feeling that your life is meaningless and pointless?

8

Do you sometimes feel that when it matters you are on your own in life?

Table A4. All distinguished paths and their labels (chapter 3).
Path Description

Type

1

N1→N2

3

N1→PLEs (T3)

Tx+2 N

LTDendo→N2

Tx+1 E* Direct

2
4
5
6
7
8
9

10

N1→LTDendo

N1→NLEs (T3)
LTDexo→N2

Tx+1 N* Stability

Tx+1 N* Direct

Tx+2 N
Tx+2 E

Delayed
Delayed
Delayed

LTDendo↔LTDexo

Tx

LTDexo→N3

Tx+2 E* Delayed

LTDendo→N3

E

Concurrent

Tx+2 E* Delayed

N2→ PLEs (T3)

Tx+1 N

12

N2→ NLEs (T3)

Tx+1 N* Direct

14

N2→Neg∆QoL

Tx+2 N

11

13
15
16
17
18
19
20
21
22
23
24

25

N2→N3

N2→Pos∆QoL

(T3) PLEs↔NLEs
(T3) PLEs→N3

(T3) NLEs→N3
(T3) PLEs→N4

(T3) NLEs→N4

Direct

Tx+1 N* Stability

Tx+2 N
Tx

Delayed
Delayed

E* Concurrent

Tx+1 E

Direct

Tx+2 E

Delayed

Tx+1 E
Tx+2 E

Direct

Delayed

N3→Pos∆QoL

Tx+1 N

N3→Neg∆QoL

Tx+1 N* Direct

N3→N4

N3→PLEs (T5)

N3→NLEs (T5)

Direct

Tx+1 N* Stability

Tx+2 N
Tx+2 N

Pos∆QoL↔Neg∆QoL Tx

Delayed
Delayed

Path Description

Type

26

Pos∆QoL→N4

Tx+1 E* Direct

28

Pos∆QoL→N5

Tx+2 E* Delayed

27
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

Neg∆QoL→N4
Neg∆QoL→N5
N4→PLEs (T5)
N4→N5

N4→NLEs (T5)

(T5) PLEs↔NLEs

Tx+1 E* Direct
Tx+2 E

Delayed

Tx+1 N* Direct

Tx+1 N* Stability
Tx+1 N* Direct
Tx

E* Concurrent

(T5) PLEs→N5

Tx+1 E

Direct

N1→LTDexo (T2)

Tx+1 N

Direct

(T5) NLEs→N5

N1→Pos∆QoL(T4)

Tx+1 E

Tx+3 N

N1→Neg∆QoL(T4) Tx+3 N
N1→ PLEs(T5)

Tx+4 N

N2→PLEs(T5)

Tx+3 N

LTDendo→N4

Tx+3 E

LTDendo→N5

Tx+4 E

N1→NLEs(T5)
N2→NLEs(T5)
LTDexo→N4
LTDexo→N5

(T3) PLEs→N5

(T3) NLEs→N5

Tx+4 N
Tx+3 N

Tx+3 E
Tx+4 E
Tx+3 E
Tx+3 E

Direct
Delayed
Delayed
Delayed
Delayed
Delayed
Delayed
Delayed
Delayed
Delayed
Delayed
Delayed
Delayed

E* Concurrent

Note. The bold paths 1-35 are depicted in Figure 3, but all paths are described in the method section (including
36-48).
Legend: E= Environment; N= Neuroticism; N1= neuroticism at T1 (N2 at T2 etc.); LTDs= long-term difficulties,
Endo= endogenous, Exo= exogenous, Pos∆QoL= improved life quality; Neg∆QoL= diminished life quality.
*=estimated in the Final model (see Appendix Table A5or the significant paths). The method section gives all
details
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Tx+1

Tx

Tx+1

Tx+2

Tx+3

Exogenous

Direct

Delayed

Lagged

Span

Stability

Neuroticism

Baseline

Effects

-7361.60
(102.64)

37
(6)

(164.28)

-7366.63
(112.62)

-7394.20

50

(7)

49
(6)

-7364.15
(108.61)

(595.01)

42
(1)

-7638.09

47

-7364.54
(108.25)

Log
Likelihood
(X2)

(4)

43

Df
(∆df)‡

1.27
(1.42)

1.32
(1.53)

(1.54)

1.33

1.30
(1.12)

(1.05)

1.27

1.29

CF
(Cd)

4.13n 14853
(.66) 15093

2.74n 14839
(.84) 15034

(>.0001) 16988

38.66* 16770

0.71 14848
(.40) 15070
n

(>.0001) 15589

523.41* 15386

14847
15065

∆X2SB§
AIC
(P value) BIC
↓

0.077

0.066

0.701

0.073

0.198

0.072

RMSEA
<.10/.05

-7365.57
-7365.21

N2→NLE (T3)

-7365.35
-7365.19
-7366.42

22n N3→Neg∆QoL (T4)
30n N4→PLE (T5)
32n N4→NLE (T5)

n

20n N3→Pos∆QoL (T4)

12

-7364.92

2* N1→LTDendo (T2)
10n N2→PLE (T3)

-7388.48

-7433.69

31* N4→N5
N1→LTDexo (T2)

-7413.19

21* N3→N4
36

-7455.79

n

-7430.59

1* N1→N2

Log
Likelihood

11* N2→N3

Path† Description

Table A5. Model testing and path estimates of neuroticism and environment effects (chapter 3).

1.30

1.30

1.29

1.29

1.30

1.30

1.30

1.29

1.27

1.29

1.29

CF

1.56

1.42

1.38

1.29

1.42

1.51

1.60

1.12

0.46

1.37

1.25

Cd

2.42

0.91

1.18

1.03

1.45

0.50

.12

.34

.28

.31

.23

.48

29.92 < .0001

123.93 < .0001

213.40 < .0001

136.61 < .0001

105.72 < .0001

TRd§ P value
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Lagged

Delayed

Direct

Concurrent

Environment

Effects

(204.58)

-7390.27

(154.48)

-7387.56

(151.30)

-7359.46
(101.90)

(4)

51

(8)

49

(6)

37
(6)

Tx+3

Tx+2

Tx+1

-7416.38

47

Tx+0

Log
Likelihood
(X2)

Df
(∆df)‡

Span

1.29
(1.30)

(1.50)

1.32

(1.43)

1.31

(1.46)

1.31

CF
(Cd)

7.79 14849
(.25) 15089

(>.0001) 15077

30.77* 14881

(>.0001) 15071

35.93* 14883

(>.0001) 15146

71.19* 14943

∆X2SB§
AIC
(P value) BIC
↓

0.077

0.084

0.083

0.106

RMSEA
<.10/.05

-7365.13
-7365.54
-7367.39
-7369.20

26* Pos∆QoL→N4
27* Neg∆QoL→N4

-7364.56
-7366.68
-7372.52
-7375.51
-7364.58
-7365.25
-7367.99
-7364.56

PLE (T5)→N5

8* LTDendo→N3
9* LTDexo→N3
18n PLE (T3)→N4
NLE (T3)→N4
28* Pos∆QoL→N5
29n Neg∆QoL→N5

n

19

n

35* NLE (T5)→N5

34

n

16
PLE (T3)→N3

-7372.43

5* LTDendo→N2

17n NLE (T3)→N3

-7378.16

33* PLE↔NLE (T5)
-7366.14

-7390.95

6n LTDexo→N2

-7376.14

15* PLE↔NLE (T3)

-7364.77

Log
Likelihood

25* Pos∆QoL↔Neg∆QoL

7n LTDendo↔LTDexo

Path? Description

Table A5. Model testing and path estimates of neuroticism and environment effects (chapter 3). (continued)

1.29

1.30

1.29

1.30

1.30

1.29

1.29

1.30

1.29

1.29

1.30

1.30

1.29

1.29

1.29

1.31

1.29

1.29

CF

1.38

1.64

1.38

1.51

1.64

1.25

1.16

1.64

1.34

1.20

1.60

1.60

1.25

1.38

1.03

2.13

1.20

1.38

Cd

0.04

4.20

1.03

0.05

13.35

12.80

3.69

0.03

6.98

4.74

1.26

0.74

2.57

11.43

26.49

24.82

19.25

0.34

TRd§

.85

<.05

.31

.82

<.0005

<.0005

.05

.86

<.01

<.05

.26

.39

.11

<.001

<.0001

<.0001

<.0001

.56

P value
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CF
(Cd)

-7320.39 1.39

-7371.98 1.38
(122.92) (1.20)

-7374.19 1.38
(126.19) (1.60)

Log
Likelihood
(X2)

14723
14874

3.67 14830
(.0553) 14989

12.04 14832
(.80) 14987

∆X2SB§
AIC
(P value) BIC
↓

0.061

0.061

RMSEA
<.10/.05

Path? Description
Log
Likelihood

CF

Cd

TRd§

P value

Note. *two-tailed significance p< .05; ‡ Change in X2 from the baseline model; †= Path as depicted in Figure 3 (and Appendix Table A4 and A7); §= change in X2SB(∆df)
compared to baseline model; df= degrees of freedom; LTDendo= endogenous long-term difficulties; LTDexo= exogenous long-term difficulties; NLEs= negative life events;
PLEs= positive life events; Pos∆QoL= improved quality of life; Neg∆QoL= diminished life quality; Tx+1= at subsequent measurement wave; Tx+2 is over two intervals; Tx+3
is over three intervals; The method section gives details on the variables in the description row, the effect types, and model-fit indices BIC, AIC, and RMSEA. The sequence
wherein paths of the between model are constrained to derive at the final model can be found in Appendix Table A7.
Modeling robustness check. A valid interpretation of the fit indices requires a sample-size/free-parameter ratio >5 [423], this was >7 in our study. We checked robustness using
MLR-models with T4 improved or diminished life quality as categorical (either 0, 1, or 2) and all other LE-variables as censored from below (floor-effect). Doing so neither
allowed for comparison of nested models (via ∆X2SB(∆df) tests), nor for concurrent associations, nor for standardized results (impeding path comparison within a model);
hence, would not serve our purposes. Furthermore, z-standardizations of data before modeling would impact the covariance metric, and thereby the integrity of relative meanlevel change estimations [1121], while the heterogeneity of LE-measures impeded transformations to an across time grand mean and SD reference. However, comparison of
so derived model indices (and unstandardized estimates) references the robustness of our primary findings.
Model “catch-35” wherein the direct effect of NLEs (T5) on N5 was estimated freely, instead of fixation at zero, fitted slightly better than the Final model (X2SB(1)=3.674, p=
.0553, -1 df, +2 BIC, -2 AIC, rest identical). However, path 35 itself would have been non-significant (β= 0.043, SE= 0.02, p= .07). Furthermore, robustness checks like a linear
(ML) estimation of the Final model fitted slightly worse (see Appendix Table A5) but showed all paths, comparable estimates, and somewhat higher p-values. However, the
model selection procedure would have been slightly different; whereas the effect from N4 on PLEs/NLEs at T5 would have been discarded in the Final model, but the effect of
NLEs at T5 on N5 would have been significant (β= 0.10, p< .05) and incorporated. Finally, the Final model with improved and diminished life quality (QoL) fitted as categorical
(montecarlo) required deletion of path 25, their correlation. Results showed a non-significant direct E-effect of improved life quality on N4, but increased N4 for participants
who experienced diminished life quality (OR= 1.19, d= 0.11). Theoretically, this is an unlikely result, given that improved life quality associated r= -.21 (p< .001) with N4 (see
Table 8) and the β= -0.13 (p< .05) in the Final model. Second, the deleted association between improved and diminished life quality measures was estimated at r= -.49 (see
Table 8) and β= -0.44 in the Final model (both p< .001). Together, this supports the presented Final model as the best representation of the data.

Categorical

59
(1)

Catch-35 model

Df
(∆df)‡

60
(17)

Span

Final Model

Effects

Table A5. Model testing and path estimates of neuroticism and environment effects (chapter 3). (continued)
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Table A6. Indirect effects of neuroticism, positive and negative life events (PLEs/NLEs), long-term difficulties (LTDs), and improved or diminished life quality (QoL) (chapter 3).
Predictor

Outcome

Span Years

N1

N3

Tx+2

6

Type effect

Effects SE

Indirect

0.439* 0.039

<.001

0.391* 0.042

<.001 N2

0.048* 0.016
N1

N4

Tx+3

14

Indirect

<.001

0.215* 0.031

<.001 N2, N3

0.011

N5

Tx+4

16

Indirect

Tx+3

11

Indirect

0.001n 0.001

.148 LTDendo, N2, N3, Neg∆QL

0.183* 0.027

<.001

0.155* 0.024

<.001 N2, N3, N4

0.004

N5

Tx+2

10

Indirect

.006 LTDendo, N2, N3, N4

0.001n 0.001

.157 LTDendo, N2, N3, Neg∆QL, N4

0.275* 0.036

<.001

0.262* 0.034

<.001 N3, N4

LTDendo

N3

N4

Tx+2

Tx+3

3.5

11.5

<.001

0.397* 0.042

<.001 N4

N5

Tx+4

13.5

0.296* 0.054

<.001

Direct

0.172* 0.045

<.001

Indirect

0.124* 0.034

<.001 N2

Total

0.171* 0.036

<.001

Indirect

0.171* 0.036

<.001

0.095* 0.027

<.001 N3

0.068* 0.020

.001 N2, N3

0.005n 0.003

.094 N3, Neg∆QL

N5

Tx+2

6

.125 N2, N3, Neg∆QL

Total

0.123* 0.028

<.001

Indirect

0.123* 0.028

<.001

0.068* 0.020

Pos∆QL

.079 Neg∆QL, N4

Total

0.003n 0.002
LTDendo

.082 N3, Neg∆QL, N4

0.417* 0.045
0.020n 0.011

LTDendo

.083 N2, N3, Neg∆QL, N4

0.019* 0.007

0.013n 0.008
N3

.076 N2, N3, Neg∆QL
.004 LTDendo, N2, N3

0.008

N5

0.006

0.027* 0.009

n

N2

.003 (T2)LTDendo, N2

0.253* 0.033
n

N1

P value Mediators

.001 N3, N4

0.049* 0.015

.001 N2, N3, N4

0.003n 0.002

.100 N3, Neg∆QL, N4

0.002n 0.002

.133 N2, N3, Neg∆QL, N4

Total

0.043n 0.064

.504

Direct

0.135* 0.050

.007

Indirect

-0.093* 0.047

.050 N4
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Table A6. Indirect effects of neuroticism, positive and negative life events (PLEs/NLEs), long-term difficulties (LTDs), and improved or diminished life quality (QoL) (chapter 3). (continued)
Predictor

Outcome

Span Years

Neg∆QL

N5

Tx+2

LTDendo

Neg∆QoL

Tx+2

6
7.5

Type effect†

Effects SE

Total

0.132* 0.049

.007

Indirect

0.132* 0.049

.007 N4

Total

0.225* 0.074

.002

Direct

0.207* 0.083

.013

Indirect

0.018n 0.023

.415 N3

0.008

.430 N2, N3

n

LTDendo

Pos∆QoL

Tx+2

7.5

Total
Indirect

Neg∆QoL NLEs (T5)

Pos∆QoL

PLEs (T5)

P value Mediators

0.010

-0.051n 0.059
0.000n

.394
Ns.

Total

-0.037

Direct

-0.068n 0.070

.337

Indirect

0.031* 0.016

.053 N4

Total

-0.005n 0.069

.942

Direct

0.018n 0.067

.790

Indirect

n

-0.022

n

0.068

0.014

.589

.119 N4

Note. p= two-tailed significance (Ns.= non-significant); †= path as depicted in Figure 3 or described in the
method section; N1= neuroticism at T1 (N2 at T2 etc); LTDs= long-term difficulties, Endo= endogenous, Exo=
exogenous, Pos∆QoL= improved quality of life; Neg∆QoL= diminished life quality. The method section gives
all details.

Table A7. Path Constraints to derive the Final Model (chapter 3).
Step

Path

P-value

Estimate

Effect

1

29

Neg∆QoL→N5

.84

0.01

E

Direct

2

34

PLE (T5)→N5

.81

0.01

E

Direct

3

18

PLE (T3)→N4

.77

0.01

E

Delayed

4

7

LTDendo↔LTDexo

.53

0.04

E

Concurrent

5

20

N3→Pos∆QoL

.52

0.05

N

Direct

6

16

PLE (T3)→N3

.25

-0.04

E

Direct

7

17

NLE (T3)→N3

.24

0.04

E

Direct

8

19

NLE (T3)→N4

.20

0.07

E

Delayed

9

10

N2→PLE (T3)

.13

0.09

N

Direct

10

6

LTDexo→N2

.12

0.08

E

Direct

11

35

NLE (T5)→N5

.08

0.10

E

Direct

Note. LTDendo= endogenous long-term difficulties; LTDexo= exogenous long-term difficulties; N1= neuroticism at baseline, N2 at follow up; NLEs= negative life events; PLEs= positive life events; Pos∆QoL= improved
life quality; Neg∆QoL= diminished life quality. The method section gives definitions of each type of effects.
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Table A8. Intercepts and residual variances Final Model (chapter 3).
Neuroticism

Intercept

SE

Residual
Variance

SE

R2

| 335

SE

N2

2.02**

0.26

0.53**

0.05

0.47**

0.05

N3

1.31

**

0.22

0.41

**

0.05

**

0.60

0.05

N4

2.47**

0.29

0.60**

0.06

0.40**

0.06

N5

**

0.05

**

0.50

0.05

0.05

0.15**

0.05

0.83

0.29

0.50

LTD Endo (T2)

-1.11**

0.30

0.85**

LTD Exo (T2)

**

0.78

0.04

PLEs (T3)

0.88**

0.04

NLEs (T3)

0.21

0.33

Pos∆QoL (T4)

0.84**

0.05

Neg∆QoL (T4)

-0.24  

0.31

0.98**

0.02

0.02

0.08  

0.33

0.98**

0.02

0.00

0.30

0.98**

0.02

0.02

*

PLEs (T5)
NLEs (T5)

0.05

0.00
0.00
0.98

**

0.02

0.02

0.02

0.00
0.02
0.02

Note. Two-sided significance = p< .001, = p< .005. LTDendo= endogenous long-term difficulties; LTDexo=
exogenous long-term difficulties; N1= neuroticism at baseline, N2 at follow up; NLEs= negative life events;
PLEs= positive life events; Pos∆QoL= improved life quality; Neg∆QoL= diminished life quality; SE= standard error; R2= proportion explained variance.
**

*
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Table A9. Frustration Model Fit Indices (chapter 6).

N
Variables
Χ2
df
Loglikelihood model (H1)

Baseline
Model

Frustration
Model

Baseline
Model

Change
Model

957

957

957

957

7

6

7

7

1100.17

1196.45

1300.49

1586.88

7

8

9

12

-10779.25

-10779.25

-10967.44

-10967.44

CFI

0.41

0.36

0.46

0.34

TLI

-0.27

-0.21

-0.26

-0.16

RMSEA

0.40

0.39

0.39

0.37

AIC

26557.65

26556.84

26941.59

26939.39

BIC

26654.93

26649.25

27068.05

27051.26

1858.51

1858.51

2404.48

2404.48

15

15

21

21

-13258.83

-13259.42

-13444.80

-13446.70

1.7314

1.74

1.58

1.64

20

19

26

23

X2 independence model
df
Loglikelihood H0
Scaling factor (TRd)
Free parameters
∆df
TRd
p

1

3

0.74

3.56

.39

.31

Note. X = Chi-square; df= degrees of freedom; AIC= Aikaike information criterion (information entropy);
BIC= Bayesian information criterion (most sensitive to parsimony); CFI= comparative fit index; TLI= TuckerLewis index; RMSEA= root-mean-square error of approximation. Note that the secondary fit-indices (CFI,
TLI, RMSEA) could not be estimated reliably, see method section, as well as for information about all variables, model-fit indices, and modelling procedures. ∆df= degrees of freedom between both models; X2= result
of Santorra-Bentler corrected chi-square difference test given the mentioned difference in df; p= significance
test. Each baseline model is unstructured, see Figure 7 for the frustration model, and Figure 8 for the change
model (chapter 6).
2

***

-0.10 to -0.43

-0.27

-0.25
**

Fr*Exo → Psych T2

0.20 to 0.35

0.28

0.21
***

0.20 to 0.48

0.17 to 0.30

0.34***

0.24

**

0.33***

0.24

Fr*Endo → Psych T2

Exo SLEs → Psych T2

Endo SLEs → Psych T2

Endo ↔ Exo SLEs
***

-0.24

***

0.19

**

0.25***

0.21
***

-0.25

***

0.19***

0.26***

0.21

***

-0.12 to -0.37

0.12 to 0.26

0.15 to 0.36

0.14 to 0.27

0.13 to 0.26

***

0.18 to 0.30
0.20***

0.19

Psych T1 → Exo SLEs

0.02

0.43 to 0.55

0.49

0.24***

0.00 to 0.14

0.07

0.49

***

0.07*

0.07 to 0.21
0.22***

0.07*

Fr → Exo SLEs

0.14***

***

0.05 to 0.17

0.20 to 0.33

0.27
0.11***

[95% CI]
***

Beta

Change in Psychopathology
Model

Psych T1 → Endo SLEs

0.13***

Fr → Endo SLEs

Psych T1 → Psych T2

0.11***
***

0.27
0.15 to 0.27

Beta

Fr → Psych T2
0.21***

[95% CI]

Fr ↔ Psych T1
0.22***

Beta

Baseline
Model

Note. T1= baseline, T2= follow-up; df= degrees of freedom; CI= confidence interval; Endo=endogenous SLEs; Exo= exogenous SLEs; Fr= frustration; Psych= psychopathology; SLEs= stressful life events; X2= Chi-square. All paths in both final models were tested (in the Jöreskog tradition, see Table A12), and all paths added significantly to
model fit (all p< .0001). The method section provides information about all variables, model-fit indices, and modelling procedures. Each baseline model is unstructured, see
Figure 7 for the frustration model and Figure 8 for the change model (chapter 6).
Significance ***p< .001, **p< .01, *p< .05, two-tailed.

Stress Sensitivity

Stress Generation

Prospective

Baseline

Beta

Frustration
Model
***

Path

Baseline
Model

Table A10. Path Coefficients for Frustration Model (chapter 6)
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Table A11. Path Constraints in the Frustration model (chapter 6)
#

Path

Variable in model

Test of nested model

p

β

∆X2

∆df

p

Baseline model
1.

SLEs Endo → Psych T2

.93

0.01

0.01

1

.93

2.

Fr → SLEs Exo

.62

0.02

0.22

2

.90

3.

Fr → SLEs Endo

.05

0.07

3.56

3

.31

.37

0.07

0.74

1

.39

Change model
1.

SLEs Endo → Psych T2

Note. If the X2 difference value is not significant, this indicates that constraining the parameters of the nested
model did not significantly worsen the fit of the model, which indicates measurement invariance of the parameters constrained to be equal in the nested model. The frustration model is visualized in Figure 7 and the
change model in Figure 8. All X2-tests with ∆df= 1 are significant from 3.84 (p< .05), 6.64 (p< .01), and 10.83
(p< .001).

Table A12. Jöreskog tests for all paths in Final Models (chapter 6)
Frustration
Model

∆X2

Change in Psychopathology
Model
∆X2

p

56.1

.001

0.11***

14.4

.001

0.49***

186.1

.001

Psych T1 → Endo SLEs

0.24***

49.5

.001

Psych T1 → Exo SLEs

0.20***

29.6

.001

Endo ↔ Exo SLEs

0.21***

33.4

.001

Exo SLEs → Psych T2

0.26***

16.8

.001

Fr*Endo → Psych T2

0.19

***

28.7

.001

Fr*Exo → Psych T2

-0.25***

13.4

.001

β
Baseline

Fr ↔ Psych T1

Prospective

Fr → Psych T2

p

0.27

***

0.21***

33.5

.001

Psych T1 → Psych T2
Stress Generation

β

Fr → Endo SLEs

0.14

14.7

.001

Fr → Exo SLEs

0.07*

3.8

.05

***

Endo SLEs → Psych T2
Stress Sensitivity

Note. Significant X differences indicate that constraining this parameter to zero in a nested structure had significantly worsened the fit of the model. The frustration model is visualized in Figure 7 and the change model
in Figure 8 (chapter 6). All tests with ∆df= 1, which are significant from 3.84 (p< .05), 6.64 (p< .01), and 10.83
(p< .001).
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Table A13. Change in psychopathology model: All Indirect Effects Between Frustration and Psychopathology at Follow-up (chapter 6)

Source

Beta

95% CI

Total effect

***

0.26

0.19 to 0.32

100.0%

Total direct effect

0.11***

0.11 to 0.17

43.5%

Total indirect effect

0.14***

0.11 to 0.18

56.5%

  Psychopathology T1

0.13

0.09 to 0.17

51.4%

  Psychopathology T1*Exogenous SLEs

0.01**

0.01 to 0.02

5.1%

***

Percentage

Note. SLEs= Stressful Life Events; T1= baseline; CI= Confidence Interval. The model is visualized in Figure
8. The method section provides information about all variables, model-fit indices, and modelling procedures.
Significance ***p< .001, **p< .01, *p< .05, two-tailed.

Table A14. Fit indices Models Internalizing Tendencies (chapter 6)

N
Variables
Χ2

Baseline
Model

Internalizing
Model

Baseline
Model

Change
Model

957

957

957

957

6

6

7

7

1044.28

1326.40

1253.99

1686.45

7

10

9

14

-10172.59

Equal

-10005.01

Equal

CFI

0.40

0.24

0.46

0.27

TLI

-0.28

-0.14

-0.27

-0.10

0.39

0.37

0.38

0.35

AIC

25342.38

25344.22

25018.59

25016.74

BIC

25439.66

25426.90

25145.04

25118.88

1749.01

Equal

2306.70

Equal

15

Equal

21

Equal

-12651.19

-12655.11

-12483.29

-12487.37

1.71

1.76

1.56

1.66

20

17

26

21

df
Loglikelihood model (H1)

RMSEA

X independence model
2

df
Loglikelihood H0
Scaling factor (TRd)
Free parameters
∆df
TRd
p

3

5

5.67

7.22

.13

.21

Note. X = Chi-square; df= degrees of freedom; AIC= Aikaike information criterion (information entropy);
BIC= Bayesian information criterion (most sensitive to parsimony); CFI= comparative fit index; TLI= TuckerLewis index; RMSEA= root-mean-square error of approximation. Note that the secondary fit-indices (CFI,
TLI, RMSEA) could not be estimated reliably, see method section (also for information about all variables,
model-fit indices, and modelling procedures). ∆df= degrees of freedom between both models; X2= result of
Santorra-Bentler corrected (TRd) chi-square difference test given the mentioned difference in df; p= significance test. Each baseline model is unstructured; the nested internalizing model is structured like Figure 7, the
nested change model like Figure 8 (chapter 6).
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Table A15. Path coefficients Internalizing Models (chapter 6)
Baseline
Model
Path
Baseline

Fr ↔ Internalizing T1

Prospective

Fr → Internalizing T2

Beta

Internalizing
Model
Beta

[95% CI]

0.06

Beta
0.11***

0.04 to 0.19

0.54***

0.55***

0.51 to 0.60

0.12***

0.05 to 0.19

0.14***

0.15***

0.09 to 0.21

0.24

0.24***

0.18 to 0.31

0.15**

0.05 to 0.25

0.13

0.13

0.06 to 0.20

0.13

Fr → Exo SLEs

0.07*

0.07*

0.01 to 0.14

0.06

***

***

Internalizing T1 → Endo SLEs

Endo SLEs → Internalizing T2
Exo SLEs → Internalizing T2

[95% CI]

***

0.01

Internalizing T1 → Exo SLEs

Stress Sensitivity

Beta
0.11**

Fr → Endo SLEs

Endo ↔ Exo SLEs

Change
Model

-0.01

Internalizing T1 → T2
Stress Generation

Baseline
Model

0.24

***

0.24

***

0.17 to 0.30

-0.13

***

-0.12*

0.29***

Fr*Endo → Internalizing T2

0.09

Fr*Exo → Internalizing T2

-0.24**

0.23***

0.09 to 0.36

0.18***

-0.16***

-0.02 to -0.31

-0.19***

0.10
-0.17** -0.06 to -0.27

Note. T1= baseline, T2= follow-up; df= degrees of freedom; CI= confidence interval; Endo=endogenous SLEs;
Exo= exogenous SLEs; Fr= frustration; SLEs= stressful life events; X2= Chi-square. All paths in both final
models were tested in the Jöreskog tradition and added significantly to model fit (all p< .0001), while absent
paths were constrained to zero (see Table A11). The method section provides information about all variables,
model-fit indices, and modelling procedures, but in short: each baseline model is unstructured, the nested internalizing model is structured like Figure 7, the nested change model like Figure 8 (see chapter 6). Significance
***
p< .001, **p< .01, *p< .05, two-tailed.

Table A16. Path Constraints Internalizing Model (chapter 6)

Variable in model

#

Path

p

Test of nested model
β

∆X2

∆df

p

Frustration Model
1.

Fr → Internalizing T2

.11

0.06

2.82

1

.09

2.

Fr* SLEs Endo

.23

0.12

1.36

1

.24

3.

SLEs Endo → Internalizing T2

.17

-0.05

1.87

1

.17

Change in Internalizing Model
1.

Fr → Internalizing T2

.86

-0.01

0.03

1

.85

2.

Internalizing T1 → SLEs Endo

.76

0.01

0.13

2

.94

3.

Fr*Endo → Internalizing T2

.13

0.10

2.86

3

.41

4.

SLEs Endo → Internalizing T2

.19

-0.04

4.70

4

.32

5.

Fr → SLEs Exo

.09

0.06

7.22

5

.21

Note. Significant X2 differences indicate that constraining this parameter to zero in a nested structure had significantly worsened the fit of the model. The nested internalizing model is structured like Figure 7, the nested
change model like Figure 8. All tests with ∆df= 1, which are significant from 3.84 (p< .05), 6.64 (p< .01), and
10.83 (p< .001).
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Table A17. Model Fit Indices Externalizing Model (chapter 6)
Model
N
Variables
Χ2
df
Loglikelihood model (H1)
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Baseline
Model

Externalizing
Model

Baseline
Model

Change
Model

957

957

957

957

6

6

7

7

1060.41

1330.76

1264.15

1669.19

7

10

9

14

-9940.65

-9940.65

-9631.18

Equal

CFI

0.41

0.26

0.44

0.26

TLI

-0.27

-0.11

-0.31

-0.11

RMSEA

0.40

0.37

0.38

0.35

AIC

24890.77

24887.39

24285.96

24281.77

BIC

24988.05

24970.07

24412.42

24383.91

1799.40

1499.40

2261.12

Equal

15

15

21

Equal

-12425.39

-12426.69

-12116.98

-12119.89

1.72

1.75

1.61

1.69

20

17

26

21

X2 independence model
df
Loglikelihood H0
Scaling factor (TRd)
Free parameters
∆df
TRd
p

3

5

1.71

4.59

.64

.47

Note. X = Chi-square; df= degrees of freedom; AIC= Aikaike information criterion (information entropy);
BIC= Bayesian information criterion (most sensitive to parsimony); CFI= comparative fit index; TLI= TuckerLewis index; RMSEA= root-mean-square error of approximation. Note that the secondary fit-indices (CFI,
TLI, RMSEA) could not be estimated reliably, see method section (also for information about all variables,
model-fit indices, and modelling procedures). ∆df= degrees of freedom between both models; X2= result of
Santorra-Bentler corrected (TRd) chi-square difference test given the mentioned difference in df; p= significance test. Each baseline model is unstructured, the nested externalizing model is structured alike Figure 7, the
nested change model like Figure 8.
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Table A18. Path Coefficients in Change in Externalizing Tendencies Model (chapter 6)
Baseline Externalizing
Model
Model
Path
Baseline

Fr ↔ Externalizing T1

Prospective

Fr → Externalizing T2

Beta

Baseline Change
Model
Model

Beta

0.14***

0.16***

[95% CI]
0.10 to 0.23

Externalizing T1 → T2
Stress Generation Fr → Endo SLEs
Fr → Exo SLEs

Beta

0.20*** 0.13 to 0.27

0.08*

0.09**

0.03 to 0.15

0.44

0.44

0.37 to 0.50

***

0.13***

0.13***

0.06 to 0.20

0.08*

0.07*

0.07*

0.00 to 0.14

0.06

Externalizing T1 → Endo SLEs
Externalizing T1 → Exo SLEs

Stress Sensitivity

Beta
0.20***

***

[95% CI]

0.24***

0.26*** 0.19 to 0.33

0.06

0.07*

0.01 to 0.14

Endo ↔ Exo SLEs

0.24

0.24

0.17 to 0.30

0.23

0.23*** 0.17 to 0.30

Endo SLEs → Externalizing T2

0.23**

0.29***

0.22 to 0.36

0.16*

0.19*** 0.12 to 0.26

***

***

***

Exo SLEs → Externalizing T2

-0.03

-0.01

Fr*Endo → Externalizing T2

0.09

0.04

Fr*Exo → Externalizing T2

0.05

0.02

Note. T1= baseline, T2= follow-up; df= degrees of freedom; CI= confidence interval; Endo=endogenous SLEs;
Exo= exogenous SLEs; Fr= frustration; SLEs= stressful life events; X2= Chi-square. All paths in both final
models were tested in the Jöreskog tradition and added significantly to model fit (all p< .0001), while absent
paths were constrained to zero (see Table A16). The method section provides information about all variables,
model-fit indices, and modelling procedures, but in short: each baseline model is unstructured, the nested externalizing model is structured like Figure 7, the nested change model like Figure 8 (chapter 6).
Significance: ***p< .001, **p< .01, *p< .05, two-tailed.

Table A19. Constraints in Externalizing Model (chapter 6)

Variable in model

#

Path

p

Test of nested model

β

∆X2

∆df

p

Frustration Model
1.

SLEs Exo → Externalizing T2

.70

-0.03

0.15

1

.70

2.

Fr*SLEs → Externalizing T2

.66

0.02

0.19

1

.66

3.

Fr*SLEs → Externalizing T2

.28

0.10

1.24

1

.27

Change in Externalizing Model
1.

SLEs Exo → Externalizing T2

.88

-0.01

0.02

1

.89

2.

Fr*Exo SLEs → Externalizing T2

.85

0.01

0.04

1

.85

3.

Fr*Endo SLEs → Externalizing T2

.55

0.05

0.36

1

.55

4.

Fr → SLEs Exo

.14

0.06

2.21

1

.14

5.

Fr → SLEs Endo

.09

0.36

3.07

1

.08

Note. All X2-tests with ∆df= 1 are significant from 3.84 (p< .05), 6.64 (p< .01), and 10.83 (p< .001). If the X2
difference value is not significant, the parameters of the nested model did not significantly worsen the fit of
the model, indicating measurement invariance of the parameters constrained to zero in the nested model. The
nested internalizing model is structured like Figure 7, the nested change model like Figure 8 (chapter 6).
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Table A20. Fit indices for Gender-stratified Frustration Models (chapter 6)
Psychopathology

Baseline

Final

Internalizing

Baseline

Externalizing

Final

Baseline

N

957

957

957

Women

523

523

523

7

7

7

Variables
Χ

2

Final

1460.85

2657.20

1484.31

2055.31

1444.58

2117.09

18

42

18

31

18

34

df
Loglikelihood model (H1)
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-10876.63

-9832.81

-9531.99

CFI

0.45

0.21

0.43

0.208

0.431

0.17

TLI

-0.29

-0.04

-0.34

-0.073

-0.327

-0.03

RMSEA

0.41

0.37

0.41

0.369

0.407

0.36

AIC

26847.94

26836.19

24766.27

24759.99

24178.07

24165.68

BIC

27100.85

27021.01

25019.19

24949.68

24430.99

24340.78

X2 independence model

2657.20
42

df
Loglikelihood H0

2598.09

2551.27

42

42

-13371.97

-13380.09

-12331.14

-12340.99

-12037.03

-12046.84

1.53

1.70

1.55

1.675

1.55

1.73

52

38

52

39

52

36

Scaling-factor (TRd)
Free parameters
∆df

14

TRd
p

16.99

16

15.21

13

17.10

.36

.20

.38

Note. N= number of participants; X = Chi-square; df= degrees of freedom; AIC= Aikaike information criterion
(information entropy); BIC= Bayesian information criterion (most sensitive to parsimony); CFI= comparative
fit index; TLI= Tucker-Lewis index; RMSEA= root-mean-square error of approximation. Note that the secondary fit-indices (CFI, TLI, RMSEA) could not be estimated reliably, see method section (as well as for information about all variables, model-fit indices, and modelling procedures). ∆df= degrees of freedom between both
models; X2= result of Santorra-Bentler corrected (TRd) chi-square difference test given the mentioned difference in df; p= significance test. Each baseline model is unstructured, the structure of the nested final models
are visualized in Figure 8.
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Table A21. Path Coefficients for Gender-stratified Psychopathology Model (chapter 6)
Paths

Baseline

♀

♂

Final

♀

♂

Baseline

Fr ↔ Psych T1

0.25***

0.30***

0.26***

0.30***

Prospective

Fr → Psych T2

0.05

0.17***

0.10***

0.12***

Psych T1 → Psych T2

0.51

0.45

0.51

***

0.44***

Fr → Endo SLEs

0.08

0.06

Fr → Exo SLEs

0.01

Psych T1 → Endo SLEs

0.19

0.25***

0.25***

0.21***

Psych T1 → Exo SLEs

0.18

0.11

0.16

***

0.15***

Endo ↔ Exo SLEs

0.21***

0.24***

0.20***

0.24***

Stress Generation

Endo SLEs → Psych T2
Stress Sensitivity

***

***

0.05
***
***

-0.03

*

0.10

Exo SLEs → Psych T2

0.29***

0.18*

0.28***

0.25***

Fr*Endo → Psych T2

0.30***

0.01

0.25***

0.13**

Fr*Exo → Psych T2

-0.30

***

-0.11

-0.27

***

-0.25***

Note. T1= baseline, T2= follow-up; df= degrees of freedom; CI= confidence interval; Endo=endogenous SLEs;
Exo= exogenous SLEs; Fr= frustration; SLEs= stressful life events; X2= Chi-square. All paths in both final
models were tested in the Jöreskog tradition and added significantly to model fit (all p< .0001), while absent
paths were constrained to zero (see Table A22). The method section provides information about all variables,
model-fit indices, and modelling procedures, but in short: each baseline model is unstructured, the nested final
model is structured alike Figure 8. Significance ***p< .001, **p< .01, *p< .05, two-tailed.
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Table A22. Constraints and Jöreskog tests of gender-equality in Psychopathology Model (chapter 6)
Variable in model
♀

Test of nested model
And gender differences

♂
β

∆X2

∆df

Baseline

Fr ↔ Psych T1

7. .001

0.25

.001

0.30

0.030

1

.86 Equal

Prospective

Fr → Psych T2

4. .15

0.06

.001

0.16

1.716

1

.19 Equal

Psych T1 → Psych T2

8. .001

0.51

.001

0.45

0.058

1

.81 Equal

Fr → Endo SLEs

3. .20

0.07

.30

0.05

3.013

2

.22 Redundant

Step p

Stress
Generation

Stress
Sensitivity

β

p

p

Result

Fr → Exo SLEs

1. .81

0.11

.33

0.05

0.893

2

.64 Redundant

Psych T1 → Endo SLEs

9. .001

0.21

.001

0.27

2.416

1

.12 Equal

Psych T1 → Exo SLEs

10. .001

0.19

.03

0.11

1.168

1

.28 Equal

Endo ↔ Exo SLEs

11. .001

0.20

.001

0.24

0.005

1

.95 Equal

Endo SLEs → Psych T2

2. .63

-0.03

.30

0.10

1.268

2

.53 Redundant

Exo SLEs → Psych T2

12. .001

0.26

.001

0.28

0.940

1

.33 Equal

Fr*Endo → Psych T2

6. .001

0.26

.01

0.12

7.192

1

.01 Genders differ

Fr*Exo → Psych T2

5. .001 -0.32

.24

-0.11

3.739

1

.05 Equal

Note. If the X difference value is not significant, constraining the parameters of the nested model did not significantly worsen the fit of the model, which indicates measurement invariance of the parameters constrained
to be equal in the nested model. The “Step” column indicates the sequence of model modification, in which we
started with the worst fitting paths. All X2-tests with ∆df= 1 are significant from 3.84 (p< .05), 6.64 (p< .01),
and 10.83 (p< .001).
2

Table A23. Change in internalizing tendencies model stratified by gender (chapter 6)
Baseline

♀

♂

Baseline

Fr ↔ Internalizing T1

0.11*

0.13*

Prospective

Fr → Internalizing T2

-0.00

-0.04

Internalizing T1 → T2

0.49***

Fr → Endo SLEs

Stress Generation

Stress Sensitivity

Final
♀

♂

0.10***

0.13***

0.49***

0.53***

0.47***

0.12*

0.15***

0.11***

0.12***

Fr → Exo SLEs

0.06

0.07

Internalizing T1 → Endo SLEs

0.09

*

Internalizing T1 → Exo SLEs

0.08

†

Endo ↔ Exo SLEs

0.22***

Endo SLEs → Internalizing T2

-0.06

Exo SLEs → Internalizing T2

0.20***

Fr*Endo → Internalizing T2
Fr*Exo → Internalizing T2

-0.14***

0.06

-0.18***

0.08
0.27***

0.23***

0.27***

0.08

0.14*

0.15*

0.15

0.11

0.09

-0.15*

-0.26

-0.03

-0.21

-0.08

-0.24
†

***

***

Note. T1= baseline, T2= follow-up; df= degrees of freedom; Endo=endogenous SLEs; Exo= exogenous SLEs;
Fr= frustration; Psych= psychopathology; SLEs= stressful life events; X2= Chi-square. The method section
provides information about all variables, model-fit indices, and modelling procedures. All paths in both final
models were tested (Jöreskog tradition), and all paths added significantly to model fit (all p< .0001). Significance ***p< .001, **p< .01, *p<.05, †= .052, two-tailed.
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Table A24. Constraints and Jöreskog Tests of Gender-Equality for Change in Internalizing Tendencies Model
Stratified by Gender (chapter 6)
Variable in model
♀
Step
Baseline

Fr ↔ Internalizing T1

p

14. .03

Test of nested model

♂
β

p

0.11 .02

β
0.13

15.
Prospective

Fr → Internalizing T2
Internalizing T1 → T2

1. .96

-0.00 .43

-0.04

16. .001 0.51 .001 0.51
17.

Stress Generation Fr → Endo SLEs

18. .06

0.10 .005 0.13

19.

∆X2 ∆df p

Result
Genders equal

0.03

1

.86

10.92

2

.00

Path required

0.63

2

.73

Redundant
Genders equal

1.36

1

.24

222.36

2

.001 Path required

0.08

1

.78

11.74

2

.003 Path required

Genders equal

Fr → Exo SLEs

3. .25

0.06 .14

0.07

3.43

2

.18

Internalizing T1 → Endo SLEs

8. .11

1.00 .00

-3.69

23.96

1

.001 Genders differ

20.29

2

.001 Path required

0.01 .81

0.00

0.03

1

.87

Genders equal

4.23

2

.12

Redundant

0.00

1

1.00 Genders equal

9.
Internalizing T1 → Exo SLEs

6. .01
7.

Endo ↔ Exo SLEs

20. .001 0.23 .001 0.27
21.

Endo SLEs → Internalizing T2
Exo SLEs → Internalizing T2

46.62

2

.001 Path required

-0.06 .08

-0.23

3.78

2

.15

Redundant

12. .002 0.19 .73

0.04

1.31

1

.25

Genders equal

6.88

2

.03

Path required

12.58

1

.001 Genders differ

10.64

2

.005 Path required

4.26

1

.04

Genders differ

11.35

2

.00

Path required

2. .29
13.

Stress Sensitivity Fr*Endo → Internalizing T2

10. .10

0.09 .00

-0.15

11.
Fr*Exo → Internalizing T2

Redundant

4. .001 -0.24 .85
5.

0.03

Note. Fr= frustration; Endo= endogenous; Exo= exogenous; SLEs= stressful life events; T1= baseline (age
16); T2= follow-up (age 19). If the X2 difference value is not significant, constraining the parameters of the
nested model did not significantly worsen the fit of the model, which indicates measurement invariance of the
parameters constrained to be equal in the nested model. The “Step” column indicates the sequence of model
modification. All X2-tests with ∆df= 1 are significant from 3.84 (p< .05), 6.64 (p< .01), and 10.83 (p< .001).
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Table A25. Gender stratified change in externalizing tendencies model (chapter 6)
Path

Baseline

♀

♂
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Final
♀

♂

Baseline

Fr ↔ Externalizing T1

0.21***

0.20***

0.22***

0.19***

Prospective

Fr → Externalizing T2

0.03

0.15***

0.10***

0.10**

Externalizing T1 → T2

0.47

0.33

0.43

***

0.41***

Stress Generation

Stress Sensitivity

***

***

Fr → Endo SLEs

0.09

0.06

Fr → Exo SLEs

0.03

0.07

Externalizing T1 → Endo SLEs

0.15***

0.36***

0.16***

0.40***

Externalizing T1 → Exo SLEs

**

0.13

0.05

0.09

0.12**

Endo ↔ Exo SLEs

0.22

***

Endo SLEs → Externalizing T2

0.08

Exo SLEs → Externalizing T2

-0.02

0.06

Fr*Endo → Externalizing T2

0.08

-0.05

Fr*Exo → Externalizing T2

0.08

-0.06

**

0.26

0.21

***

0.26***

0.30***

0.20***

0.18***

***

Note. T1= baseline (age 16), T2= follow-up (age 19); df= degrees of freedom; Endo=endogenous; Exo= exogenous; Fr= frustration; SLEs= stressful life events; X2= Chi-square. The method section provides information
about all variables, model-fit indices, and modelling procedures. All paths in both final models were tested
(Jöreskog tradition), and all paths added significantly to model fit (all p< .0001).
Significance ***p< .001, **p< .01, *p< .05, two-tailed.
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Table A26. Gender stratified change in externalizing tendencies model: Constraints and Jöreskog tests of
gender-equality (chapter 6)
Variable in model
♀
Step

p

Test of nested model

♂
β

p

β

∆X2 ∆df

p

Result

Baseline

Fr ↔ Externalizing T1

6.

.001 0.21

.001 0.21

0.12

1

.73

Genders equal

Prospective

Fr → Externalizing T2

7.

.12

0.07

.005 0.13

1.22

1

.27

Genders equal

Externalizing T1 → T2

8.

.001 0.46

.001 0.35

1.42

1

.23

Genders equal

Fr → Endo SLEs

3.

.14

0.09

.35

0.04

3.54

2

.17

Redundant

Fr → Exo SLEs

2.

.57

0.03

.18

0.07

1.99

2

.37

Redundant

Externalizing T1 → Endo SLEs

9.

.001 0.17

.001 0.38

8.35

1

.005 Genders differ

59.93

2

.001 Path required

Stress Generation

10.
Externalizing T1 → Exo SLEs

11.

.001 0.14

.23

0.07

12.
Endo ↔ Exo SLEs
Endo SLEs → Externalizing T2

Stress Sensitivity

13.
14.

.001 0.22
.005 0.43

.001 0.25
.001 0.25

1.93

1

.165 Genders equal

10.62

2

.005 Path required

0.05

1

.82

44.15

2

.001 Path required

Genders equal

3.58

1

.06

32.45

2

.001 Path required

Genders equal

Exo SLEs → Externalizing T2

1.

.82

-0.02

.46

0.06

0.38

2

.83

Redundant

Fr*Endo → Externalizing T2

5.

.32

0.10

.40

-0.07

1.78

2

.41

Redundant

Fr*Exo → Externalizing T2

4.

.26

0.06

.91

-0.01

1.37

2

.51

Redundant

Note. Fr= frustration; Endo= endogenous; Exo= exogenous; SLEs= stressful life events; T1= baseline (age
16); T2= follow-up (age 19). If the X2 difference value is not significant, constraining the parameters of the
nested model did not significantly worsen the fit of the model, which indicates measurement invariance of the
parameters constrained to be equal in the nested model. The “Step” column indicates the sequence of model
modification. All X2-tests with ∆df= 1 are significant from 3.84 (p< .05), 6.64 (p< .01), and 10.83 (p< .001).
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Table A27. Proportion explained variance (R2) in outcome predicted by frustration (chapter 6)
Outcome

Wave

Full sample

R
Psychopathology

T1

Women

Test

2

R

0.07*** F(775)=

Men

Test

2

R

55.37 0.06*** F (424)=

Test

2

27.18 0.08*** F (350)=

32.15

Internalizing tendencies T1

0.01

F (350)=

5.97

Externalizing
tendencies

T1

0.04*** F (775)=

31.35 0.04*** F (424)=

18.98 0.04*** F (350=

14.18

Severity marker

T1

0.06*** F (809)=

52.72 0.06*** F (424)=

25.68 0.08*** F (350)=

31.99

F (775)=

**

9.16 0.01

F (424)=

*

4.59 0.01

*

Endogenous SLEs

T1- T2

0.01

F (809)=

12.49 0.01

F (440)=

6.11 0.01

Exogenous SLEs

T1- T2

0.00

F (809)=

3.69 0.00

F (440)=

1.52 0.00

Psychopathology

T2

0.06*** F (798)=

7.61 0.03*** F (435)=

Internalizing tendencies T2

0.00

F (798)=

0.24 0.00

F (435)=

0.03 0.00

F (362)=

0.07

Externalizing
tendencies

T2

0.04

F (798)=

32.44 0.03

F (435)=

13.53 0.06

F (362)=

21.90

Severity marker

T2

0.06*** F (809)=

16.89 0.09*** F (368)=

38.36

***

***

*

***

F (368)=

6.28

F (368)=

1.95

16.13 0.09*** F (362)=

37.12

*

***

52.51 0.04*** F (440)=

Note. Results were derived with linear regression analyses in SPSS 20. We report the adjusted R . F(df)= the
result of a F-test with a certain degrees of freedom (df). Significance ***p< .001, **p< .01, *p< .05, two-tailed.
2

Table A28. Spearman correlations of the study variables stratified by gender: Males below, women on top
(chapter 6).

Variable

Wave

1.

2.

3.

4.

5.

1.

Age

2.

Frustration

T1

−

-.04

-.03

-.01

-.04

T1

-.00

−

3.

Psychopathology T1

-.04

.29*** −

4.

  Internalizing

T1

-.02

.23

5.

  Externalizing

T1

-.05

6.

Endogenous
SLEs

T1

7.

6.

7.

8.

9.

10.

-.02

-.03

-.00

.05

-.04

.17***

.25***

.12*

.06

.19***

.13**

.22***

.89***

.78***

.24*** .19*** .65***

.59***

.58***

−

.43

.18

.62

***

.44***

.24*** .82***

.39***

−

.24*** .21*** .48***

.33***

.58***

.07

.13

.22

.05

.32

−

.33

.27

***

.34***

Exogenous SLEs T1-T2

.03

.07

.06

.04

.06

.23*** −

.21***

.18***

.20***

8.

Psychopathology T1-T2

.01

.31*** .58***

.55***

.41***

.23*** .13*

−

.92***

.87***

9.

  Internalizing

T2

.01

.24

.61

.26

.08

.88

−

.63***

10.   Externalizing

T2

.00

.31*** .51***

.38***

.48***

.33*** .16*** .89***

.60***

−

.25***
***

*

***

.82

***

***

.52

***

***

***

***

***

***

.14

**

.23

***

.09

.60

***

***

***

Note. N=957 (women=0, N= 523, 54.6%). Sx= symptoms; SLEs= stressful life events; T1= baseline, T2= follow-up.
Significance ***p< .001, ** p< .01, * p< .05, two-tailed.
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Table A29. Elaborated Correlation table: Spearman correlations in the lower half, Pearson correlations in the
upper half (chapter 6).
Wave

1.

2.

3.

4.

5.

9.

10.

12.

13.

14.

1.

Variable
Gender

Tx

−

-.00

.02

.07

-.02

-.22*** -.36*** .06

.06

-.10** -.20*** .04

-.01

-.16***

2.

Age

T1

.01

−

-.04

-.05

-.03

-.03

-.00

-.05

.68*** -.01

3.

Frustration

T0/T1

.01

-.07

−

.88

.89

.25

.18

.23

-.07

4.

  Frustration

T0

.06

-.07

.87

−

.56

.18

.12

.18

5.

  Frustration

T1

-.01

-.05

.88

.55

−

.26

.18

6.

Psychopathology

T1

-.21

-.04

.25

.17

.26

−

7.

  Internalizing

T1

-.36

-.01

.20

.12

.19

8.

  Externalizing

T1

.06

-.06

.24

.18

9.

Age

T2

.07*

***

*

10. Psychopathology

T2

-.11

11.   Internalizing

T2

12.   Externalizing

T2

6.

7.

8.

11.
-.01

-.00

.06

-.01

.28

-.22

.28

.12

.08*

-.09

.22

.19

.21

.07

.07*

.24

-.04

.24

.18

.26

.12

.07

.86

.76

-.06

.60

.56

.51

.22

.19***

.86

−

.31

-.07

.55

.62

.34

.12

.19***

.24

.76

.36

−

-.01

.41

.25

.52

.27

.12***

.66*** -.09* -.10** -.06

-.05

-.07*

-.00

−

.01

-.01

.04

.14*** .06

.92

.87

.30*** .21***

.60

.19*** .20***

−

.36*** .18***

*

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***

***
***

***

***

***

***

***

***
***

***

***

***

*
**

*

***

***

***
***

***
***

***
***

***
***

***

***

***

***

***
***

***
***

***
*

***

***
***

***

-.02

.26

.19

.23

.62

.58

.44

-.01

−

-.22

-.02

.19

.16

.16

.57

.63

.28

-.04

.90

−

.03

-.01

.28

.19

.26

.53

.38

.54

.04

.87

.59

T1- T2 -.03

.04

.10**

.07*

.10**

.23*** .12*** .28*** .13*** .28*** .18*** .33*** −

14. SLEs exogenous T1- T2 -.16

-.03

.08*

.07*

.06

.17*** .16*** .13*** .07*

13. SLEs
endogenous

***
***

***

***

***

***

***

***

***
***

***

***
***

***

***
***

***

***

***

***

***

***

***

***
***

***

.24***

.20*** .18*** .18*** .24*** −

Note. N= 957 (women= 0, N=523 (54,6%)). T0 refers to the first TRAILS wave (age 11); T1 refers to the study
baseline (age 16); T2 refers to follow-up (age 19). Notably, the internalizing and externalizing psychopathology
measures presented are not mutually adjusted (in contrast to the rest of the paper, cf. Table 21). Significance
***
p< .001, ** p< .01, * p< .05, two-tailed.

Table A30. Correlations between baseline (T1) frustration and internalizing and externalizing symptoms at
follow-up (T2), and partial correlations adjusted internalizing and externalizing symptoms at T1 (chapter 6).
Unadjusted

Adjusted for T1
Internalizing
(% reduction)

Adjusted for T1
Externalizing
(% reduction)

Adjusted for both
(% reduction)

Psychopathology

.244***

.183***

(25%)

.168***

(31%)

.131***

(46%)

Internalizing

.178***

.094**

(47%)

.128***

(28%)

.080*

(55%)

Externalizing

.264

.227

(14%)

.168

(36%)

.155

(41%)

***

***

Note. N= 799, all associations significant at

p< .001,

***

**

***

p< .01, p< .05, two-sided.
*

***
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Table A31. Mediation analyses of the effect of temperamental facets on conflicts in the romantic relationship

domain for adolescents who reported at least one romantic relationship; all analyses adjusted for gender (chapter 7).
Adolescents with ≥1 Romantic Relationship
Direct effects
Facet

Conflict

Affection

Fear

Partner

Parental

Frustration

Partner

Affiliation

Partner

beta

Indirect effects

SE

p

R

.046

.030

.13

.04

.016

.033

.64

.00

.046

.041

.26

.00

2

Peer
Parental
Peer
Parental
Peer
Shyness

Partner

Parental

.011

.025

.61

00

Peer
Surgency

Partner

Parental

.041

.023

.07

01

Peer
Effortful
Control

Partner

Parental
Peer

.017

.031

.60

.00

Boot

SE

95% CI

-.000

.002

-.006 to .004

-.000

.002

-.007 to .003

.005

.005

-.003 to .018

-.005

.005

-.017 to .003

-.005

.006

-.020 to .004

.007

.007

-.006 to .024

-.000

.002

-.004 to .004

-.002

.002

-.011 to .001

-.000

.002

-.005 to .002

-.001

.002

-.007 to .002

-.005

.006

-.019 to .004

.004

.004

-.001 to .014

Note. The sample is n= 703. R refers to the adjusted proportion explained variance.
Values in bold represent significant associations (p<.05).
2
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Table A32. Single event analyses (chapter 7)
Facet

Conflict (stressful event)

Direct Effect
Perceived
affection Beta
SE

Fear

Parents

Parental

Thrown out of parental home

Indirect Effect
p Boot SE

-.465 .337 .17 -.016 .022

-.089 to .022

.004 .017

-.016 to .063

.173 .155 .26 -.003 .009

-.039 to .008

.000 .007

-.012 to .017

.409 .200 .03 -.017 .019

-.068 to .009

.001 .008

-.023 to .013

-.015 .136 .92 -.009 .011

-.043 to .005

Peer
Having a serious fight with parents

Parental
Peer

Running away from home

Parental
Peer

Peer

Losing good friend because of fight or
argument

Parental
Peer

Being bullied

Parental

-.000 .005

-.016 to .009

.248 .101 .01 -.000 .006

-.017 to .010

-.004 .011

-.032 to .014

-.004 .111 .97 -.006 .009

-.036 to .004

.003 .008

-.009 to .026

-.036 .084 .67 -.005 .006

-.026 to .003

.003 .009

-.011 to .028

Peer
Partner

Being dumped

Parental
Peer

Breaking up (self) after a relationship

Parental
Peer

Frustration Parents

Thrown out of parental home

Parental

.455 .348 .19

Peer
Having a serious fight with parents

Parental

.585 .176 .01

Peer
Running away from home

Parental

.785 .229 .01

Peer
Peer

Losing good friend because of fight or
argument

Parental

.265 .153 .08

Peer
Being bullied

Parental

Being dumped

Parental
Parental
Peer

-.021 to .199
-.180 to .052

.001 .025

-.050 to .056

-.007 .026

-.057 to .046

.069 .036

.006 to .154

-.010 .035

-.085 to .059

.035 .025

-.006 to .093

-.003 .023

-.051 to .043
-.039 to .037

.042 .020

.008 to .089

-.039 .121 .75

Peer
Breaking up (self) after a relationship

.057 .054
-.050 .057

.271 .111 .01 -.002 .018

Peer
Partner

95% CI

.102 .092 .27

.027 .021

-.009 to .075

-.029 .021

-.082 to .008

.019 .015

-.007 to .053

-.038 .016 -.077 to -.012
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Table A32. Single event analyses (chapter 7) (continued)
Facet

Conflict (stressful event)

Affiliation Parents

Thrown out of parental home

Direct Effect
Perceived
affection Beta
SE
Parental

Indirect Effect
p Boot SE

-.253 to .040

.056 .074

-.060 to .246

.033 .215 .88 -.011 .032

-.080 to .049

.004 .034

-.068 to .069

Peer
Having a serious fight with parents

Parental
Peer

Running away from home

Parental

-.224 .281 .43 -.093 .043 -.209 to -.029

Peer
Peer

Losing good friend because of fight or
argument

Parental

.000 .045

Parental

-.005 .028

-.063 to .054

.012 .134 .93 -.001 .022

-.046 to .042

-.055 .026 -.114 to -.012

Peer
Partner

Being dumped

Parental

.246 .148 .10 -.035 .024

-.090 to .009

.035 .026

-.007 to .096

.156 .111 .16 -.026 .017

-.066 to .005

Peer
Breaking up (self) after a relationship

Parental

.044 .019

.013 to .088

.003 .014

-.012 to .049

-.019 .027

-.090 to .023

-.101 .047 .01 -.026 .017

-.066 to .005

Peer
Shyness

Parents

Thrown out of parental home

Parental

.128 .258 .62

Peer
Having a serious fight with parents

Parental

.044 .019

.013 to .088

.005 .014

-.042 to .031

-.000 .017

-.042 to .031

.002 .008

-.009 to .022

.000 .012

-.022 to .025

.033 .083 .69 -.000 .003

-.006 to .008

Peer
Running away from home

Parental

-.221 .173 .20

Peer
Peer

Losing good friend because of fight or
argument

Parental

-.039 .113 .73

Peer
Being bullied

Parental
Peer

Partner

Being dumped

Parental

-.266 .094 .01

Peer
Breaking up (self) after a relationship

Parental
Peer

-.090 to .091

.142 .192 .46 -.049 .029 -.120 to -.001

Peer
Being bullied

95% CI

-.281 .420 .50 -.072 .071

-.189 .070 .01

.019 .011

.003 to .047

.002 .005

-.006 to .019

-.011 .010

-.040 to .002

.001 .004

-.004 to .014

-.016 .009 -.039 to -.003
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Table A32. Single event analyses (chapter 7) (continued)
Facet

Conflict (stressful event)

Direct Effect
Perceived
affection Beta
SE

Surgency

Parents

Parental

Thrown out of parental home

Indirect Effect
p Boot SE

.649 .275 .02

Peer
Having a serious fight with parents

Parental

.123 .123 .32

Peer
Running away from home

Parental

.183 .162 .26

Peer
Peer

Losing good friend because of fight or
argument

Parental

.168 .108 .12

Peer
Being bullied

Parental

-.116 .077 .13

Peer
Partner

Being dumped

Parental

.248 .087 .00

Peer
Breaking up (self) after a relationship

Parental

.277 .066 .00

Parents

Thrown out of parental home

Control

Parental
Parental
Parental

Losing good friend because of fight or
argument

Parental

Parental
Peer

Partner

Being dumped

Parental
Peer

Breaking up (self) after a relationship

Parental
Peer

-.009 to .010

.000 .005

-.010 to .013

.001 .013

-.030 to .026

-.000 .007

-.017 to .013

.000 .008

-.014 to .019

-.000 .005

-.013 to .007

.000 .003

-.006 to .006

-.005 .008

-.026 to .008

.000 .005

-.010 to .012

.004 .007

-.006 to .024

-.583 .336 .08 -.043 .046

-.210 to .014

.026 .036

-.027 to .132

.001 .020

-.043 to .038

.001 .016

-.030 to .041

-.682 .171 .00

-1.08 .230 .00 -.049 .029 -.112 to -.003
.004 .020

-.038 to .046

-.072 .147 .65 -.029 .020

-.077 to .002

.000 .014

-.027 to .031

.004 .014

-.022 to .033

Peer
Being bullied

.000 .004

-.007 to .011

Peer
Peer

-.009 to .077

-.008 to .020

Peer
Running away from home

.004 .014

.004 .007

Peer
Having a serious fight with parents

-.034 to .031

.003 .004

Peer
Effortful

95% CI

.001 .015

-.393 .107 .00

-.024 .015 -.062 to -.003
.065 .116 .58 -.022 .016

-.063 to .002

.017 .013

-.001 to .051

-.134 .088 .13 -.015 .012

-.047 to .005

.022 .012

.005 to .055

Note. The conflicts in the parent domain were being “thrown out of parental home” (n= 20), “having a serious
fight with parents” (n= 92), and “running away from home” (n= 52); conflicts in the peer domain were “losing
a good friend because of fight or argument” (n= 128) and “being bullied” (n= 256); and conflicts in the partner
domain were “being dumped” (n= 204) and “breaking up (self) after a relationship” (n= 538).
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Table A33. Bootstrap results for indirect relationships: bias-corrected and accelerated CI’s, all adjusted for
gender (chapter 7)

Facet

Conflict

Affection

Fear

Parents

Parental

Partner
Frustration

Parents

Effortful
Control

Parent
Peer

-.008 to .000

.001

-.001 to .005

-.002

.002

-.009 to .002

-.003

.003

-.011 to .000

-.004

.003

-.015 to .000

.005

.004

-.001 to .016

.003

.003

-.001 to .011

-.001

.002

-.006 to .004

Parental

-.002

.003

-.010 to .001

Peer

.001

.003

-.005 to .010

Parental

.009

.005

-.001 to .021

-.003

.005

-.013 to .006

.004

.005

-.005 to .015

.047

.027

.08

.04

.002

.004

-.003 to .012

.009

.005

.001 to .023

.026

.033

.44

.03

.007

.005

.000 to .020

-.012

.023

.61

.04

Parental
Parental

.009

.005

.000 to .022

-.013

.005 -.028 to -.005

-.009

.005 -.023 to -.001

.011

.030

.71

.03

.054

.020

.01

.04

.006

.004

.000 to .017

-.010

.005

-.025 to -.003

-.004

.003

-.013 to .001

.001

.003

-.004 to .007

.005

-.017 to .004

.026

.031

.41

.04

-.004

.004

.004

-.019 to -.001

-.010

.005 -.022 to -.002

.021

.039

.60

.03

-.009

.006

-.021 to .001

-.017

.015

.23

.04

-.001

.000

-.004 to .000

-.000

.001

-.003 to .001

.000

.020

.99

.04

-.001

.001

-.005 to .001

.002

.002

-.001 to .007

-.002

.002

-.008 to .001

-.003

.003

-.010 to .002

.000

.001

-.001 to .003

-.000

.001

-.002 to .001

.000

.001

-.001 to .004

.000

.002

-.003 to .004

.001

.002

-.002 to .005

-.001

.002

-.006 to .004

-.002

.002

-.009 to .001

.000

.001

-.001 to .004

-.002

.003

-.010 to .002

-.003

.002

-.009 to .000

-.002

.003

-.010 to .002

-.003

.002

-.009 to .000

-.011

.006 -.026 to -.001

Parental

.001

.002

-.003 to .007

-.001

.003

-.007 to .005

.000

.002

-.001 to .007

Peer

.006

Parental

.001

-.007

.004
.002

.001 to .017

-.003 to .007

.000

.002

-.005 to .005

Peer

.000

.001

-.002 to .004

Parental

.000

.002

-.003 to .003

-.001

.003

-.009 to .002

Parental

.000

.002

-.005 to .005

Peer

.002

.003

-.004 to .010

-.003

.003

-.111 to .001

Peer

.001

.003

-.004 to .008

Parental

.003

.004

-.013 to .004

-.005
-.007

.008

-.055

.025

.03

.03

.004 -.017 to -.001

Parental

Peer

.04

-.005

.005 to .025

Parental

.58

-.009 to .011

.005

Parental

.024

.005

.013

Parental

.013

.001

Peer

Peer
Partner

.002

.000

-.009 to .003

Peer
Partner

-.001

.003

Peer

Peer

.04

-.001

Peer

Parents

.92

Peer

Peer

Surgency

SE 95% CI

.018

-.009 to .001

Peer

Partner

R2

.002

Parental

Peer

R2

-.001

Parents

Parent

p

Parental

Parental

-.002

Indirect effects

SE

-.002 to .004

Peer

Shyness

beta

.001

Parental

Partner

95% CI

.000

Partner

Peer

SE

-.010 to .001

Peer

Affiliation

Direct effects

Boot

.003

Peer
Peers

Facet effects adjusted for all other facets

Indirect effects
-.002

Peer
Peers

Independent facet effects

.028
.001
.089
-.077
-.051

.013
.018
.022
.018
.025

.04
.97
.00
.00
.04

.04
.04
.03
.04
.04

.003 -.014 to -.000
.004 -.018 to -.001
.004

.001 to .017

-.027

.031

.38

.03

-.007
.011

.005

-.015 to .004

.003 to .024

Note. Values in bold represent significant associations (p<.05). All models were adjusted for gender, but the
adjusted models were also adjusted for the five other temperamental facets. The sample is n= 1154, R2 refers to
the adjusted proportion explained variance.
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Table A34. Spearman partial rho coefficients either adjusted for gender (main effects) or also adjusted for
perceived relationship affection (PA) (chapter 7).
Total effect
Facet

Conflict

Fear

Parents
Peers
Partner

Frustration

Parents
Peers

rp
.032
.061
-.018
.133
.092

Adjusted

p Control: PA

rp

p

%∆

.034

.24

5.9

Peers

.032

.27

Peers

.061

.04

.27 Parental
.04 Parental
.53 Parental

.53

-.019

.52

Peers

.133

.01

.087

.01

5.7

Peers

.086

.01

7.0

.033

.26

.01 Parental
.01 Parental

Partner

.033

.25 Parental

Parents

-.020

.49 Parental

Peers

.016

.59 Parental

Partner

.040

.17 Parental

Parents

-.035

.23 Parental

Peers
Peers
Peers
Peers
Partner

.005
-.111

.87 Parental
Peers

.00 Parental
Peers

Surgency

Parents

.048

.10 Parental

-.008

.80 Parental

Peers
Peers

Effortful

Peers

Partner

.146

.00 Parental

Parents

-.135

.00 Parental

Control
Peers
Partner

-.096
-.034

6.2

-.018

Peers

Shyness

.03

Peers

Peers
Affiliation

.065

.131

.01

5.3
1.5

.041

.16

19.5

-.015

.61

33.3

-.019

.51

5.2

.025

.39

36.0

.025

.39

36.0

.040

.17

.030

.30

33.3

-.037

.21

5.5

-.035

.23

.001

.97

.000

.99

-.106

.00

.048

.10

-.111

.00

.048

.10

-.008

.79

-.007

.80

.146

.00

4.7

14.3

.146

.00

-.132

.00

2.3

Peers

-.134

.00

0.7

-.092

.00

4.3

Peers

-.091

.00

5.5

-.034

.25

-.040

.17

Peers

.00 Parental
.24 Parental
Peers

15.0

Note. All effects in bold were significant at p< .05. Sample sizes differed slightly for total effects (n= 1193)
and effects adjusted for parental affection (n= 1158) and peer affection (n= 1179). PA= perceived affection;
n= number of participants; p= significance; rp= non-parametric partial correlation; %∆= percentage change in
correlation after additional adjustment for perceived affection versus only adjustment for gender, suggesting
mediation effects. Spearman partial rho (rsp) coefficients are robust against data that deviates from the normal
distribution (see [419]).
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Table A35. Biserial correlations between temperament and presence of at least one romantic relationship (0,
1) (chapter 7).

Temperament

rb

p

Fear

-.01

.83

Frustration

-.00

.93

Affiliation

.10

.001

Shyness

-.15

.001

Surgency

.12

.001

Effortful control

.01

.87

Note. N= 1975, Bootstrapped Pearson correlations (k=1000, BCA, 95% CI, or point-biserial correlations) were
adjusted  to derive biserial correlations because romantic relationships are a continuous dichotomy, viz. rb= (rpb
* (√p*q) / y), in which p is the largest proportion, q the smallest, and y the ordinate of their balance point in
the normal distribution [1122,1123].

Table A36. Frequencies for School Progress and Socioeconomic status (SES) Stratified over Relative Age
Distribution in Quartiles (chapter 8)

Relative age:
Birth month:

Relative
Young

2nd Quartile

3th Quartile

Relative Old

1 to 3

4 to 6

7 to 9

10 to 12

Sept, Aug, July June, May, April March, Feb, Jan Dec, Nov, Oct

Total sample

2230

100.0%

624

100%

569

100%

537

100% 500

100%

Normative
development

1681

75.4%

398

63.8%

441

77.5%

443

82.5% 399

79.8%

Repeated grade

377

16.9%

185

29.6%

90

15.8%

61

11.4%

41

8.2%

Skipped grade

48

2.2%

2

0.3%

4

0.7%

7

1.3%

35

7.0%

4.8%

Special education

124

5.5%

39

6.3%

34

6.0%

26

25

5.0%

Low SES quartile

547

25.0%

135

24.7%

142

26.0%

149

27.2% 121

22.1%

High SES quartile

547     25.0%

150

27.4%

141

25.8%

139

25.4%

21.4%

117

Note. N= 2230 (50.8% women); %= percentage.

A

358

| Appendix

Table A37. Relative Age Effects on Multiple Domains, Adjusted for Actual Age at Testing and Socioeconomic Status (SES) of the Family of Origin, for Adolescents with a Normative School Progress (n=1681), and
Adolescents who Repeated a Grade (n= 377) (chapter 8).

Variable

Normal School Progress

Repeated Grade

Relative age effect

Relative age effect

Wave

rp

B

95% CI

rp

B

95% CI

Length (cm)

2

-.04

-0.10

(-0.24 to 0.04)

-.01

0.09

(-0.25 to 0.42)

Weight (kg)

2

-.04

-0.13

(-0.30 to 0.05)

.08

0.60*

(0.02 to 1.11)

BMI

2

-.02

-0.02

(-0.07 to 0.03)

.10

0.19*

(0.03 to 0.36)

Pubertal status

2

-.02

-0.04

(-0.10 to 0.02)

.08

0.07

(-0.07 to 0.19)

Intellectual Development

2

.04

0.06

(-0.01 to 0.13)

-.12

-0.19*

(-0.36 to -0.02)

Sport Competence

2

.01

0.00

(-0.01 to 0.02)

-.01

-0.00

(-0.03 to 0.03)

Fear

1

.01

0.01

(-0.01 to 0.02)

.09

0.04

(-0.00 to 0.08)

Frustration

1

.05

0.02

(-0.00 to 0.03)

.04

0.02

Depressive symptoms

1

.01

(-0.03 to 0.06)

0.00

(-0.02 to 0.02)

.18

0.02

(0.02 to 0.11)

∆ Fear

1-3

-.06a -0.02

(-0.04 to 0.00)

-.11

-0.06

(-0.13 to 0.02)

∆ Frustration

1-3

-.01

-0.00

(-0.03 to 0.02)

-.04

-0.03

(-0.09 to 0.04)

∆ Depressive symptoms

1-3

.01

0.00

(-0.02 to 0.02)

-.08

-0.03

(-0.09 to 0.04)

***

**

Note. = p was .052; ∆= change between T1 (age 11) and T3 (Age 16); BMI= body mass index;  rp= partial correlations between relative age and outcome, adjusted for real age at time of testing. Regression estimates were
bootstrapped (k=10,000, bias corrected intervals), and indicate change in outcome per month in relative age,
after adjustment for age at testing. Note that for change variables we also adjusted for change in age between
T1 and T3. Details on all measures and procedures can be found in the method section. All correlations between
all variables are given in Table 29. Significance: ***p<.001, **p<.01, *p<.05, two-tailed.
a

Table A38. Relative Age Effects on School Progress (Normative Development is Reference) (chapter 8).
Adj. for real age & SESb

Adj. for real agea

Binary Outcome

OR

Repeated grade

0.83***

(0.80 to 0.86)

(95% CI)

0.82***

OR

(0.79 to 0.86)

(95% CI)

Skipped grade

1.47***

(1.30 to 1.67)

1.66***

(1.44 to 1.92)

Special education

0.96

(0.91 to 1.01)

0.81

(0.75 to 0.87)

***

Note. N= 2230 (50.8% women). The odds are based on bootstrapping (k= 10.000); odds are not based on
bootstrapping. CI= bias corrected confidence interval; OR= Ratio of the probability that an event will happen
to all possible cases for that event. Adolescents who repeated a grade were almost three times more often from
the low than the high SES quartile (33.4% vs. 12.7%), but those who skipped a grade were three times more
often from the high SES quartile (10.6% vs. 36.2%), see Appendix Table A36. Significance ***p<.001, **p<.01,
*
p<.05, two-tailed.
a

b
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Table A39. Relative Age as the Predictor of the Odds of Being Popular or Rejected (Normative Develop-

ment is Reference) in Adolescents with a Normative School Progress and Adolescents who Repeated a Grade,
Adjusted for Real Age at Testing (chapter 8).

School progress

Social Status

Normative

Popular

Repeated a grade

rp

OR

(95% CI)

p

B

-.00

1.00

(0.94 to 1.06)

.90

-0.00

(95% CI)
(-0.07 to 0.06)

Rejected

.09***

1.12

(1.05 to 1.19)

.00

0.11

(0.04 to 0.18)

Popular

.04

1.11

(0.83 to 1.49)

.55

0.11

(-0.53 to 0.66)

Rejected

.02

1.04

(0.85 to 1.28)

.67

0.04

(-0.20 to 0.24)

Note. N= 2230 (50.8% women). In total 137 (8.1%) adolescents with a normative school progress were rated
rated as popular and 132 (7.9%) as rejected. Regression estimates are based on bootstrapping (k= 10,000), the
confidence intervals (95% CI) bias corrected; OR= Ratio of the probability that an event will happen to all
possible cases for that event; rp= partial correlations between relative age and outcome, adjusted for real age
at time of testing. The values for the presented correlations and regression remained almost identical after additional adjustment for family SES. Note that the estimations for the group who repeated a grade are based on
very few subjects (see Appendix Table A36), therefore rather unreliable thus not reported in the manuscript.
Significance ***p< .001, **p< .01, *p< .05, two-tailed.

Table A40. Social Status Stratified over Relative Age Position in Quartiles and School Progress (chapter 8).
Normative school progress

Repeated a grade

Rejected

n

Popular

n

Rejected

n

Popular

n

Relatively young

9.3%

37

7.5%

30

2.7%

5

1.6%

3

Second

6.1%

27

9.5%

42

3.3%

3

1.1%

1

Third

6.5%

29

8.4%

37

4.9%

3

1.6%

1

Relatively old

9.8%

39

7.0%

28

4.9%

2

2.4%

1

Total

7.9%

132

8.1%

137

3.4%

13

1.6%

6

Note. The frequencies of subjects with a rejected and popular status stratified for adolescents with a normative
school progress and for the group of adolescents who repeated a grade. n= number of subjects.

Table A41. Quartiles of Socioeconomic Status (SES) stratified over School Progress (chapter 8).
Normative

Repeated a grade

Skipped a grade

Special education

%

n

%

n

%

n

%

Low SES

65.3%

357

22.7%

124

0.9%

5

11.2%

61

Second Q

72.0%

394

21.4%

117

0.7%

4

5.9%

32

n

Third Q

77.1%

422

15.2%

83

3.8%

21

3.8%

21

High SES

87.6%

479

8.6%

47

3.1%

17

0.7%

4

1652

371

47

118

Note. n= number of subjects; Q= Quartile. The adolescents who repeated a grade were almost three times more
often from the lowest than the highest SES quartile (n= 124 vs. 47 or 33.4% vs. 12.7% of 371), but adolescents
who skipped a grade were three times more often from the highest than the lowest SES quartile (36.2% vs.
10.6%).
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Omgevingsinvloeden op neuroticisme:
Een studie van emotionele (in)stabiliteit
Een hoog niveau van neuroticisme is een belangrijke risico factor voor zowel psychische als lichamelijke problemen. Bovendien is neuroticisme niet alleen geassocieerd
met problemen op het gebied van persoonlijk welbevinden maar ook met substantiële
kosten voor de maatschappij: Studies hebben laten zien dat de totale extra kosten van
de hoogst scorende 25% van de populatie ongeveer 1 miljard euro per 1 miljoen Nederlanders bedragen. Dat is bijna 2.5 maal zoveel als de extra kosten van angststoornissen
en depressies samen. Het is daarom belangrijk om zowel de oorzaken als de gevolgen
van neuroticisme beter te begrijpen.
Gedrags-genetische studies suggereren dat ongeveer de helft van de verschillen tussen
mensen in neuroticisme veroorzaakt wordt door omgevingsinvloeden. In dit proefschrift
heb ik onderzocht welke omgevingsinvloeden vooraf gaan aan een verandering in
neuroticisme, en hoe lang zulke veranderingen stand houden. Hiertoe heb ik een aantal
longitudinale studies uitgevoerd waarin ik het verband tussen levensgebeurtenissen en
veranderingen in neuroticisme heb onderzocht. Ook heb ik de literatuur samengevat over
verschillen in neuroticisme in eeneiige tweelingen. Voordeel van onderzoek met  eeneiige tweelingen is dat de genetische invloed op het meemaken van levensgebeurtenissen
kleiner is dan in studies met andere populaties. Daarnaast heb ik in kaart gebracht welke
levensgebeurtenissen bij volwassen voorafgaan aan veranderingen in neuroticisme. De
resultaten laten zien dat stressvolle levensgebeurtenissen (en in het bijzonder sociale
stress en conflict), die gekarakteriseerd kunnen worden als onvoorspelbaar, oncontroleerbaar, onverwacht, onwenselijk, of niet passend bij de normale levensloop, vaak
worden gevolgd door een langdurige toename in neuroticisme. Echter, positieve levensveranderingen kunnen ook leiden tot een afname van neuroticisme.
Tenslotte heb ik de betekenis onderzocht van de, in eerder onderzoek gevonden,
sterke relatie tussen neuroticisme en veelvoorkomende psychische problemen, zoals
angst, depressie, en middelenmisbruik. Hiervoor heb ik zowel een aantal longitudinale studies uitgevoerd als bevolkingsstudies in kaart gebracht waarin neuroticisme
veelvoorkomende psychische problemen voorspelt. De resultaten laten zien dat hoog
neuroticisme inderdaad een belangrijke voorspeller is voor de ontwikkeling van veelvoorkomende psychische problemen, en tot op zekere hoogte gezien kan worden als
een maat voor meer milde problemen.
De conclusie van dit proefschrift is dat het neuroticisme niveau van mensen mede
afhankelijk is van zijn of haar omgeving, gevoelig is voor positieve en negatieve levensgebeurtenissen, consequenties heeft voor psychische gezondheid, en veranderlijker is dan lang werd gedacht. Mogelijk kunnen we beter nadenken over behandelingen
die zich richten op hoog neuroticisme, in plaats van op haar afzonderlijke negatieve
uitkomsten en klinische manifestaties.
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‘Environmental Influences on Neuroticism’
High neuroticism is the single most important risk factor in public mental health, a
personal burden, and a substantial cost to society. About half of the individual differences
in neuroticism have a non-genetic origin. In this PhD thesis I investigated whether and
how environmental influences associate with change in neuroticism, and how long such
changes persist. To do so, I performed a series of longitudinal studies. Additionally, I
reviewed studies on monozygotic twin pairs discordant for neuroticism (a design that
reduces genetic confounding of life event occurrences) and longitudinal studies on
within-individual changes in neuroticism in adults. Results indicate that increases in
the setpoint of neuroticism tend to follow stressful life events (especially social stress
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of longitudinal studies and a review of population studies in which neuroticism predicts
CMDs. The key observation is that high neuroticism is, indeed, an important prospective
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some extent, be viewed as sub-threshold psychopathology.
In conclusion, this thesis indicates that the neuroticism setpoint is embedded in the
environment, sensitive to both positive and negative life events, consequential for
future mental health, and more malleable than researchers originally believed.

