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Negative symptoms can be divided into social amotivation (sa) and expressive deficits
(ed). We investigated i) the course of sa and ed over a period of six years, ii) whether sa
and ed were related to functioning (global functioning, social functioning, independent
living and engagement in work/study) and quality of life six years later, iii) whether
subgroups based on the course of sa and ed could be identified, and iv) we examined
the relationship between subgroups and outcomes over six years. Data from 1067
patients who participated in the Genetic Risk and Outcome of Psychosis (group) project
was used with measurements at study entry, three and six years. Using mixed models
analysis we investigated the course of sa and ed and regression analysis was used to
investigate the relationship between sa and ed and outcomes at six years. Trajectory
analysis was applied to identify subgroups within sa and ed with a different course of
symptom development over time. Mixed models analyses were used to investigate the
relationships of all subgroups with both the level and the course of outcomes over
time, accounting for positive symptoms and neurocognition. Results showed that
sa and ed both decreased over time. Higher levels of sa but not ed were related to
worse functioning and quality of life at six years. Within each subdomain a subgroup
following a steady low course (±60%), a subgroup following a course where symptoms
increased (±15%) and a subgroup following a course where symptoms decreased over
time (±15%) were identified. In addition, within sa we identified a subgroup following a
decreased course but starting at a higher level (±6%) and within ed a subgroup following
a course with relatively stable high ed scores (±6%). In general, the low sa and ed groups
showed better outcomes than the other subgroups within each domain. To conclude,
we demonstrated that sa and ed differentially relate to functioning and quality of life
six years later and that a substantial number of patients do not follow a stable course
of negative symptoms over time. Importantly, this heterogeneity is related to outcomes
later in life. This suggests that when evaluating treatments, the effects in subgroups
with fluctuating symptom levels may be masked by the larger groups showing steady
low negative symptom levels. Distinguishing these subgroups may thus be beneficial in
the treatment of patients.

Introduction

Methods
Study design
We used data from the Genetic Risk and Outcome of Psychosis (group) project, in
which outpatients and inpatients with psychotic disorder between 16 and 50 years
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Long-term course of negative symptom subdomains

Psychotic disorders such as schizophrenia are characterized by a variable presentation
of positive symptoms, negative symptoms and cognitive deficits1,2. Although positive
symptoms are usually most dominant in the acute phase of illness, negative symptoms
are considered to be most disabling, due to their persistent nature and profound
relationship with poor functional outcomes3,4. Despite the growing body of research,
negative symptoms are still difficult to treat: both pharmacological and psychosocial
interventions only have a limited effect, if any at all5. The development of treatments
for negative symptoms is difficult due to their heterogeneous nature. Current research
therefore aims to diminish this heterogeneity by grouping negative symptoms into two
subdomains: social amotivation (sa) and expressive deficits (ed)6,7.
sa encompasses social and emotional withdrawal and reflects diminished interest
in or affective commitment to the social environment. sa is thought to be the result
of a deficit in anticipating on pleasurable events and activities7,8. ed involves blunted
affect, poverty of speech, and motor retardation. ed reflects a diminished expressive
responsiveness that is observed in verbal and non-verbal communication, which
is thought to be caused by, or least related to, neurocognitive deficits9–12. There is
ample evidence for a strong relationship between sa and global functioning13–15. The
associations of ed with functioning seem to be less strong13,16. However, we recently
reported that ed, but not sa, predicted residential living status in a chronic population17,
indicating that ed is in fact related to daily functioning. The extent to which scores
on subdomains are consistent over time remains unclear. The few studies that have
investigated the longitudinal course of sa and ed showed mixed results, varying from
long-term stability of both domains18, of ed but not of sa11, and vice versa19.
In the current study, we first investigated whether study entry levels of sa and ed
were related to functioning (global functioning, social functioning, independent living
and engagement in work or study) and quality of life six years later. Secondly, we
examined whether subgroups with different longitudinal courses of sa and ed could
be identified. Finally, we tested whether changes in subdomain scores were associated
with changes in functioning and quality of life. In accordance with our previous
findings, we hypothesized that both subdomains would be related to global functioning
and engagement in work or study, that sa would be most strongly related to social
functioning and quality of life, while ed would be related to non-independent living
status.
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were recruited from 36 sites in the Netherlands, coordinated by the universities
of Amsterdam, Groningen, Maastricht and Utrecht. The procedure of recruitment,
informed consent, approval by the accredited Medical Ethics Review Committee (metc)
and population characteristics have been described in detail elsewhere20. Between
April 2004 and December 2013, participants were assessed at study entry, three and
six years thereafter.
Participants
The group sample consisted of 1120 patients and 586 healthy controls at baseline20.
Fifty-three patients were excluded from our analyses because their diagnosis was either
missing (n=5), unclear (n=21) or other than primary within the psychotic diagnosis
spectrum (n=27), so that 1067 patients were included in the analysis.
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The assessment protocol of group has been described elsewhere20. Briefly,
psychopathology was assessed with the Positive and Negative Syndrome Scale (panss21).
sa scores were calculated as the sum of three items: n2 (emotional withdrawal), n4
(passive/apathetic social withdrawal), and g16 (active social avoidance); ed was
the sum of six items: n1 (flat affect), n3 (poor rapport), n6 (lack of spontaneity),
g5 (mannerisms and posing), g7 (motor retardation), and g13 (avolition)9. Global
functioning was measured with the Global Assessment of Functioning Disability scale
(gaf-d), assessing the severity of disability over the past month on an anchored scale
from 1 (most severe: not capable of minimal personal hygiene) to 100 (excellent
functioning). The Social Functioning Scale22 (sfs) was filled out by the participant
as a measure of social functioning and was administered at the three and six years
measurement. The sfs score was computed as the mean of the seven subscales scaled
scores. Independent living (single or with partner or own family vs. living at parents
or other family members or sheltered living) and engagement in work or study (work/
study vs. no work/study) were also used as functional outcome measures. Quality of
life was assessed with the World Health Organization Quality of Life-bref (who-qolbref, 1998), including four domains of quality of life: physical health, psychological,
social relationships, and environment. We used a composite score for neurocognition
based on the following neuropsychological tests: the Continuous Performance Test and
their variance, Word Learning Task immediate recall and delayed recall and recognition,
and wais-iii Symbol Substitution, Information, Arithmetic and Block Design. The healthy
control subjects were used to obtain age and gender specific z-scores for patients on all
eight neurocognitive tests. Finally, composite scores for patients were computed by the
average of the z-scores of the tests.

Statistical analysis
Longitudinal course and subgroups of sa and ed

Multiple imputation
Multiple imputation was applied to address missing data in outcomes and independent
variables. Since our dataset showed arbitrary missing patterns, a fully conditional
specification (fcs) predicted mean matching (pmm) method was used to impute missing
values for both continuous and categorical variables25, and generated 10 imputed
datasets of 1067 patients. All variables (demographic, clinical and neurocognitive as
well as the outcomes) were included in the imputation model at three time points.
Subsequently, the analyses as described below were performed on each dataset with
our different proposed models and parameter estimates were pooled with Rubin’s
rule26. All analyses were done using two-tailed tests at a 5% significance level. The
statistical analyses were performed using Statistical Analysis System (sas), version 9.4.
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Long-term course of negative symptom subdomains

Baseline characteristics of completers versus non-completers (patients who did not
participate in the three and/or six year measurement) were compared using the KruskalWallis test for continuous variables and Chi-square tests for categorical variables.
Prior to investigating whether subgroups with a different longitudinal course
of sa and ed could be identified, we examined the change in overall sa and ed over
time. Therefore, an average profile as well as a linear mixed model was conducted
on the original (i.e. non-imputed) scores for sa and ed separately, including only the
independent variable time as a continuous fixed effect.
Group-based trajectory modeling23,24 was conducted using proc traj procedure in
order to identify clusters of patients following similar patterns within each subgroup
(i.e. separately for sa and ed) over time. Since sa and ed are continuous variables, a
normal distribution model was specified by identifying a minimum and maximum value
that was outside the range of the observed sa and ed values. The first order linear
and second order quadratic polynomial model was fitted to determine the number of
groups over time. Maximum likelihood method was applied to estimate parameters,
including group sizes and shapes of trajectories including patients with missing data.
Finally, the Bayesian Information Criterion (bic) and logged Bayes factor (2*Δbic) were
used to select the number of clusters/subgroups that best fit the data23.
Differences between the identified subgroups in baseline demographic and clinical
characteristics were examined using the Kruskal-Wallis test for continuous variables
and Chi-square or Fishers exact tests for categorical variables. We conducted pairwise
comparisons on these baseline variables between subgroups within each subdomain,
and corrected for multiple testing using Bonferroni correction.
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Predicting outcome at six years
In order to investigate the relationship between baseline sa and ed and outcomes at
six years on imputed datasets, multiple linear regression analysis was conducted on
gaf, sfs and who-qol scores as well as logistic regressions on living situation and
work activities. Baseline sa and ed were entered into the first block, and subsequently
accounted for by gender, duration of illness, positive symptoms (panss positive subscale)
and neurocognition (composite score) in the second block.
Subgroups predicting the level of functioning
Since observations within patients are correlated (repeated measures), linear mixed
models were performed on continuous outcomes and generalized linear mixed
models were conducted on categorical outcomes, examining whether changes in
subgroups within each subdomain were associated with changes in functioning and
quality of life over time. Therefore, a random intercept (patients) and random slope
(time as a continuous variable) mixed model was chosen on gaf, who-qol scores
and living situation. Only a random intercept model was performed for the sfs and
work activity outcome due to a convergence issue. For continuous outcomes, the
parameter estimates and their variance components were estimated with Restricted
Maximum likelihood (reml). Also a Gaussian quadrature with 10 quadrature points
was used to estimate the parameters and their associated standard errors for binary
outcomes. The independent variables (including subgroups of subdomains and time)
in the statistical model were all considered as fixed effects. Since we were interested in
changes in functioning and quality of life, the interaction of the categorical subgroups
of subdomains with time was one of our interests. Two blocks of variables were chosen
in the model. The first block contained the subgroups of subdomains and the second
block controlled for possible confounding factors (gender, duration of illness, panss
positive symptoms and composite score of neurocognition). Additionally, the mean
differences of sa or ed subgroups were compared and corrected for multiple testing
using Bonferroni correction.
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Baseline demographical and clinical characteristics of the study participants are shown
in Table 1. Compared to participants who completed the study, non-completers
on average had a significantly shorter duration of illness (3.78 vs 4.53 years), lower
education levels (3.75 vs 4.19) and higher sa scores (6.45 vs 6.00) and ed scores (11.34
vs 10.43).

Missing data
There were missing data for the sa and ed scores and all outcome measures for on
average 11% of the first measurement, 32% of the three year measurement and 46% of
the six year measurement (Table 2).
Longitudinal course of sa and ed
sa and ed both significantly reduced over time (B =-0.53, t =-8.04, p < .001; B =-0.81, t =
-9.43, p < .001), as can be seen in the average profile over time in Figure 1.

n
1059
1067
1015
823
1051
929
93
29
991
334
395
99
99
64
1067
722
120
113
62
50
1011
1067
895
1041
975
252
236
105
77
62
38
97
118

Mean (standard deviation)
or percentage
27.1 (7.24)
77.1
4.0 (2.06)
79.2
88.4
8.8
2.8
33.7
39.9
10.0
10.0
6.5
67.7
11.2
10.6
5.8
4.7
4.2 (3.83)
32.6
1.9
1.7
25.8
24.2
10.8
7.9
6.4
3.9
9.9
12.1

792

335.4 (295.43)

970
1014
1015
1012
1014
946

54.4 (16.03)
54.9 (16.77)
12.7 (5.33)
14.1 (6.01)
28.1 (8.40)
88.4 (14.82)

Table 1. Baseline
demographic and
clinical characteristics of participants
(n=1067). Education
(Verhage): range 1
(no education), 3–5
(school
diploma)
to 8 (university deb
gree). 32 Brief psychotic disorder (2.9
%), 22 delusional
disorder (2.1 %), 1
psychotic disorder
due to medical condition (0.1%). cfirst
psychotic episode
<2 years prior to
baseline measurement. dDose equivalents of chlorpromazine were evaluated
using the methods
of Gardner and colleagues27. ethe sfs
was only administered at the 3 and
6 year measurements.

Long-term course of negative symptom subdomains

Variable
Demographics
Age, years
Gender, male
Educationa
Caucasian
Marital status
Not married
Married/living together
Divorced/widowhood
Residential status
Single
With parent(s)
With partner/family
Sheltered living
Other
Clinical characteristics
Diagnosis
Schizophrenia
Schizo-affective disorder
Psychosis nos
Schizophreniform
Otherb
Duration of illness, years
Recent onset psychosisc
Number of hospitalizations
Number of psychotic episodes
Antipsychotic medication
Olanzapine
Risperidone
Clozapine
Aripiprazole
Quetiapine
Haloperidol
Other
No antipsychotics
Antipsychotic medication,
chlorpromazine equivalentd
gaf
sfs totale
panss total
panss positive
panss negative
panss general
who-qol total
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Table 2. Missing
data for subdomain
scores and outcome
variables (%).

Figure 1. Subgroups
with a different
course of symptoms
over a period of 6
years within SA and
within ED.
overall
low
decreased(-low)
increased
(decreased-)high

Social
Expressive
amotivation deficits
Study entry
6.2
6.7
3 years
29.2
29.4
6 years
43.1
43.5

gaf
9.1
32.4
45.9

Social amotivation
14
12
10
8
6
4
2
0

21.2%
58.0%

3 years

Work/
Living
study situation
10.8
7.1
27.5
28.0
40.7
44.5

Expressive deficits

14.6%
6.2%

study entry

sfs who-qol
11.3
31.6
31.3
45.5
45.8

6 years

22
20
18
16
14
12
10
8
6

5.9%
13.9%
16.6%
63.6%
study entry

3 years

6 years

Predicting outcome at six years
Lower sa scores at study entry predicted a higher level of global functioning (β = -0.60,
t = -2.68, p = .008) social functioning (SFS; β = -0.61, t = -4.49, p < 0 .001) and better
quality of life (β = -0.79, t = -3.85, p < .001) six years later. Study entry sa did not predict
independent living or engagement in work or study. Study entry ed levels did not predict
any outcomes six years later.
Longitudinal course of subgroups of sa and ed
Trajectory analyses revealed that within each subdomain, separate subgroups with
a different course of negative symptoms could be identified (see Figure 1). Model
selection and the number of clusters or subgroups for sa and ed are presented in
Supplementary Table 1.

Chapter 3
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The majority of the patients (58%) showed a steady low level of sa symptoms across
all time points (low sa group). However, in 21% of the patients sa scores started high at
study entry and decreased over time (decreased-low sa group). The same pattern but
on a higher level was found for 6% of the patients (decreased-high sa group). Fifteen
percent of the patients showed an opposite pattern and started out with low sa scores
that increased over time (increased sa group) (Figure 1).
Expressive deficits
Similarly, the majority of patients (64%) showed a steady and low ed score over time
(low ed group). One ed group (17%) starting out with high scores and decreasing ed

scores over time (decreased ed group), and one increased ed group (14%) starting out
low and increasing ed score over time (increased ed group) were also idenitified. In the
ed subdomain, an additional small group (6%) was identified that showed a steady high
ed score over time (high ed group) (Figure 1). Demographic differences between the
subgroups within each domain can be found in Table 3.
Relationship between subgroups and the level of functioning
Social amotivation

3

Pairwise comparisons (mixed models) of overall outcome levels (i.e. across the three
measurements) show that the low sa group had significantly higher (better) mean
scores for global functioning, social functioning and quality of life and that a higher
percentage of patients engaged in work or study (significant differences are indicated in
Figure 2; see also Supplementary Table 2 for details). Furthermore, the decreased-low
sa group scored significantly higher than the increased sa group on global and social
functioning and quality of life, as well as higher than the decreased-high sa group on
social functioning.
Expressive deficits

Relationship between subgroups and the course of functioning
Social amotivation
The increased sa group significantly worsened in global functioning, the number of
patients engaging in work or study decreased, as did quality of life (Figure 2, Table 4),
compared to the low sa group. There were no significant differences compared to the
low sa group for social functioning and living situation.
Expressive deficits
The decreased ed group significantly improved on global functioning, compared to the
low ed group (Figure 2, Table 4). Differences between the course of the subgroups on
other outcomes were not significant.

Long-term course of negative symptom subdomains

The low ed group showed significantly better global functioning. On the other outcomes
no overall differences were found, but the difference between the high and low ed
group with regard to the percentage of patients living independently was borderline
significant (B = -2.48, p = .054). Significant differences are indicated in Figure 2; see also
Supplementary Table 2 for details.
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Demograhic characteristics
Age, years
Gender, male
Education
Caucasian
Marital status
Not married
Married/living together
Divorced/widowhood
Residential status
Single
With parent(s)
With partner/family
Sheltered living
Other
Clinical characteristics
Diagnosis
Schizophrenia
Schizo-affective disorder
Psychosis nos
Schizophreniform
Other
Duration of illness, years
Recent onset psychosis
Number of hospitalizations
Number of psychotic
episodes
Chlorpromazine equivalent
sa scores
ed scores
gaf
panss total
panss positive
panss negative
panss general
who-qol-bref
Neurocognition

Chapter 3

Table 3. Baseline
demographic and
clinical
characteristics per subgroup.
Differences between the
subgroups
were
tested using the
Kruskal-Wallis test
for
continuous
variables, the Chisquare test for categorical variables
and the Fishers
exact test when expected counts were
less than five. P-values were multiplied
by the number of
comparisons (six) to
correct for inflated
experimentwise
error. *Statistically
significant
difference compared to
low group within
subdomain at α =
.05. #Statistically significant difference
compared to decreased(-low) group
within subdomain
at α = .05. †Statistically significant difference compared
to increased group
within subdomain
at α = .05. ‡Statistically significant difference compared
to (decreased-)high
group within subdomain at α = .05.
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26.8 (7.16)*
82.1
3.8 (2.11)
77.4
90.0
8.1
1.8
32.4
39.1
8.2
13.0
7.2

74.9*
10.3
10.3
2.2*
2.3
3.9 (3.23)
31.8
2.1 (2.72)
1.63 (1.07)
359.9 (342.03)
9.6 (1.57)*†‡
13.7 (4.84)*†‡
47.1 (12.16)*‡
67.5 (14.90)*†‡
14.8 (6.08)*
19.2 (4.98)*†‡
33.47 (8.08)*†
83.7 (13.92)*
-.64 (.64)*

86.6
10.0
3.3
33.9
39.7
11.7
8.4
6.3

61.6#†‡
12.5
12.5‡
7.0#
6.3
4.2 (3.82)
32.5
1.7 (1.92)
1.8 (1.16)
322.8 (283.25)
4.4 (1.48) #†‡
9.1 (3.61) #†‡
58.7 (16.41)#†‡
47.8 (12.98)#†‡
11.6 (4.61)#†‡
11.2 (4.10)#†‡
25.0 (6.86)#†‡
91.6 (14.50)#†‡
-.50 (.61)†

356.7 (275.86)
6.0 (1.83)* #‡
11.6 (4.30)* #
51.1 (12.95)*‡
57.6 (12.7)* #‡
13.3 (4.93)*
14.9 (4.67)*#‡
29.4 (6.73)*#‡
84.0 (13.0)*
-.55 (.69)

80.8*
5.8
5.0
5.8
2.5
4.7 (4.57)
35.8
2.2 (3.00)
1.6 (1.03)

34.5
40.9
7.3
11.8
5.5

92.4
6.8
0.8

28.4 (7.50)
81.7
3.7 (2.01)
70.1*

Social amotivation
Decreased-low Increased
(n=120)
(n=223)

26.9 (7.22)#
73.3‡
4.2 (2.03)‡
82.1†

Low
(n=670)

73.9*
7.8
10.6
5.6
2.1
3.8 (3.37)
36.1
2.2 (3.21)
1.7 (1.07)

27.5
43.9
5.3*
11.7
11.7*

82.2*
17.8
1.1

25.4 (6.43)*†
82.2
3.7 (2.04)*
80.1

79.8*
7.9
6.1
6.1
-*
4.5 (3.90)
33.3
1.8 (1.53)
1.6 (.86)

32.1
42.5
8.5
12.3
4.7

87.6
10.6
1.8

28.5 (7.14)#‡
76.3
3.7 (2.03)*
77.5

Expressive deficits
Decreased
Increased
(n=180)
(n=114)

84.5*
6.9
5.2
3.4
4.1 (3.79)
29.3
1.9 (2.32)
1.7 (1.24)

24.1
48.1
3.7
16.7
7.4

94.8
3.4
1.7

26.0 (7.70)†
89.7*
3.4 (2.10)*
66.1*

High
(n=58)

313.3 (291.64)‡ 383.2 (326.59) 356.9 (278.21) 420.4 (241.57)*
5.2 (2.57)#†‡
8.5 (2.67)*†
6.7 (2.68)*#‡
10.0 (3.64)*†
8.1 (2.12)#†‡
16.6 (2.41)*† 12.0 (2.65)*#‡
21.3 (3.39)*†
58.2 (15.69)#†‡ 46.1 (13.18)* 51.0 (14.25)*‡ 40.6 (12.39)*†
48.6 (13.57)#†‡ 68.4 (14.11)*† 58.5 (12.44)*#‡ 79.1 (16.69)*†
12.1 (5.17)#†‡
14.0 (5.68)*
13.4 (4.69)*
15.5 (5.7)*
11.1 (3.82)#†‡ 20.5 (3.95)*† 15.7 (4.09)*#‡
25.2 (5.66)*†
#
#
25.4 (6.97) †‡ 33.9 (8.33)*† 29.5 (6.61)* ‡
38.4 (9.05)*†
90.2 (15.15)#†‡ 85.5 (13.53)*
84.1 (12.58)*
84.1 (14.97)*
-.47 (.58)#†‡
-.74 (.66)*
-.67 (.70)*
-.73 (.62)*

62.8#†‡
13.0
11.7
6.0
6.5†
4.3
31.9
1.8
1.8

83.3*
11.1
-*
5.6
5.1 (4.27)
29.6
2.0 (2.21)
1.8 (1.33)
342.2 (280.65)
12.9 (2.26)*#†
16.7 (5.87)*#
40.4 (9.63)*#†
78.6 (16.85)*#†
16.3 (6.47)*
24.0 (5.80)*#†
38.2 (9.14)*#
78.9 (14.45)*
-.65 (.72)

36.4
37.7
12.0#
8.6
5.3#

34.6
42.3
1.9
13.5
7.7

86.6#
10.0
3.4

27.4#
75.0‡
4.2#†‡
80.3‡

28.4 (6.95)
94.4*
3.4 (1.95)*
71.7
94.4
1.9
3.7

Low
(n=715)

Decreased-high
(n=54)

70
65
60
55
50
45
40
35

gaf scores for sa groups
#
*†
study entry

3 years

6 years

70
65
60
55
50
45
40
35

sfs scores for sa groups
118
116
114
112
110
108
106
104
102

†
†
6 years

whoqol-bref scores for sa groups

study entry

3 years

6 years

3 years

6 years

whoqol-bref scores for ed groups
100

100

#

95

95
90

90
85

*†

80
75

#
*

sfs scores for ed groups
118
116
114
112
110
108
106
104
102

#

3 years

gaf scores for ed groups

study entry

3 years

6 years

Figure 2. Average
values of global and
social functioning
scores and quality
of life for sa and ed
overall scores and
for each subgroup,
based on imputed
data. Asterisks indicate a significantly
different six year
course of outcome
compared to the
low
subgroup,
hashtags indicate
a significant different overall level
of outcome compared to all other
subgroups
and
daggers
indicate
a significantly different level of outcome compared to
the decreased-low
group, controlling
for gender, duration
of illness, positive
symptoms and cognition (and using
Bonferroni correction for the pairwise
comparisons).
overall
low
decreased(-low)
increased
(decreased-)high

3

85
80
75

study entry

3 years

6 years

The aim of this study was fourfold. Firstly, we examined the course of sa and ed over
a period of six years. Secondly, we investigated whether scores of the subdomains of
negative symptoms, social amotivation (sa) and expressive deficits (ed), assessed at
study entry, were related to global and social functioning and quality of life six years
later. Thirdly, we examined whether we could disentangle the heterogeneity of negative
symptoms by classifying patients into different subgroups based on the course of sa
and ed over time. And finally, we investigated to what extent these subgroups differed
in their course of functioning over a period of six years. Most importantly we were able
to distinguish separate groups within the subdomains sa and ed, following a different
course of negative symptoms over time. Furthermore, we demonstrated that the
course of negative symptomatology over time was related to the level and courses of
functioning and quality of life over a period of six years.
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b
3.10
-0.78
-0.07
0.60
-0.31
-0.13
-0.16
0.11
-0.12
-0.13
-0.65
-0.01
0.06
0.02

b
97.75
-10.81
-6.95
-4.33
0.29
-1.64
-2.10
1.80
0.54
1.11
-2.26
0.62
0.42
0.61

Living situation
se
95% ci
p
0.70 [-2.86; -0.06] .041
1.51 [-2.66; 3.30] .834
0.77 [-0.66; 2.38] .267
1.00 [-1.11; 2.82] .393
1.57 [-4.96; 1.28] .245
0.86 [-3.91; -0.51] .011
0.99 [-2.76; 1.13] .410
0.38 [0.96; 2.53] <.001
0.81 [-2.17; 1.06] .492
0.39 [-1.35; 0.17] .129
0.50 [-1.46; 0.50] .331
0.84 [-2.02; 1.38] .706
0.41 [-0.21; 1.41] .148
0.48 [-1.22; 0.68] .578
sfs
se
95% ci
p
0.96 [117.02; 120.87] <.001
2.32 [-11.93; -2.71] .002
1.47 [-5.79; 0.18] .064
1.56 [-10.93; -4.78] <.001
2.56 [-9.84; 0.49] .075
1.37 [-5.92; -0.48] .022
1.62 [-5.90; 0.51] .099
0.34 [0.43; 1.80] .002
1.37 [-2.42; 3.07] .814
0.86 [-1.78; 1.75] .986
0.84 [-1.94; 1.38] .740
1.65 [-1.84; 4.99] .351
0.89 [-0.78; 2.83] .258
0.93 [-0.77; 2.92] .249

b
-1.46
0.32
0.86
0.86
-1.84
-2.21
-0.82
1.74
-0.56
-0.59
-0.48
-0.32
0.60
-0.27

b
118.95
-7.32
-2.80
-7.85
-4.68
-3.20
-2.69
1.11
0.32
-0.01
-0.28
1.57
1.02
1.07

Intercept
Decreased-high sa
Decreased-low sa
Increased sa
High ed
Decreased ed
Increased ed
Time
Decreased-high sa*time
Decreased-low sa*time
Increased sa*time
High ed*time
Decreased ed*time
Increased ed*time

Intercept
Decreased-high sa
Decreased-low sa
Increased sa
High ed
Decreased ed
Increased ed
Time
Decreased-high sa*time
Decreased-low sa*time
Increased sa*time
High ed*time
Decreased ed*time
Increased ed*time
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Table 4. Pooled parameter estimates
of mixed models
analyses adjusted
for gender, duration
of illness, neurocognition and positive
symptoms. Reference category for sa
is the low sa group.
Reference category
for ed is the low ed
group.
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who-qol-bref
se
95% ci
1.36 [95.05; 100.45]
2.90 [-16.51; -5.12]
1.60 [-10.09; -3.81]
2.07 [-8.40; -0.26]
3.08 [-5.81; 6.38]
1.73 [-5.05; 1.77]
2.14 [-6.31; 2.12]
0.36 [1.09; 2.50]
1.23 [-1.89; 2.97]
0.69 [-0.26; 2.48]
0.92 [-4.07; -0.44]
1.49 [-2.40; 3.63]
0.77 [-1.10; 1.94]
0.99 [-1.35; 2.57]

Work/study
se
95% ci
0.33 [2.46; 3.75]
0.66 [-2.07; 0.51]
0.40 [-0.85; 0.71]
0.52 [-0.43; 1.62]
0.66 [-1.60; 0.99]
0.45 [-1.02; 0.76]
0.55 [-1.23; 0.92]
0.11 [-0.11; 0.33]
0.33 [-0.77; 0.53]
0.19 [-0.51; 0.25]
0.23 [-1.09; -0.20]
0.31 [-0.62; 0.61]
0.20 [-0.34; 0.46]
0.27 [-0.52; 0.56]

p
<.001
<.001
<.001
.037
.926
.346
.328
<.001
.660
.111
.015
.681
.585
.537

gaf
b se 95% ci p
95% CI
p
74.99 1.21 [72.62; 77.36] <.001
<.001
.235
-9.00 3.13 [-15.14; -2.85] .004
.857
-5.54 1.65 [-8.78; -2.31] .001
.255
-2.29 2.19 [-6.59; 2.00]
.295
.641
-9.26 3.03 [-15.21; -3.30] .002
.771
-8.93 1.93 [-12.73; -5.13] <.001
.774
-2.70 2.30 [-7.22; 1.82]
.241
.318
1.08 0.43 [0.23; 1.94]
.014
.709
0.14 1.45 [-2.72; 2.99]
926
.500
0.56 0.76 [-0.94; 2.05]
.462
.004
-2.85 1.00 [-4.81; -0.89] .005
.977
2.00 1.53 [-1.05; 5.05]
.196
.777
2.96 1.00 [0.94; 4.97]
.005
.935
-0.36 1.09 [-2.52; 1.80]
.742

Longitudinal course and subgroups of sa and ed
In contrast with a report that suggests a stable course of sa and ed across five years18,
the current findings demonstrate that whilst this is the case for approximately two third
of the patients, approximately one third follows a less stable course. This one third is
divided into subgroups showing a decreased and increased sa and ed course over time.
According to the literature, improvement of negative symptoms takes place in the first
few years of illness28–30 and an increase in negative symptoms is predominantly found
in chronic patients31. By introducing subgroups we were able to demonstrate a more
detailed account of negative symptom development, namely a differential course for
subgroups of patients for both sa and ed over time. It is important to mention that
these subgroups did not differ with regard to duration of illness. Both the decrease
and increase of negative symptoms took place mainly in the first three years of the
study, indicating that the variability in symptom level does diminish with a longer
duration of illness. The identification of a stably high ed group, but not a stably high
sa group, supports previous suggestions that ed is more persistent9,11, although only
a small proportion of patients seems to suffer from stably high ed (6%). In sum, these
results show that, not only do the subdomains sa and ed provide more information with
regard to the heterogeneity in symptom presentation, the course of negative symptom
development over time seems to be more variable between subgroups of patients than
was previously assumed, when looking within each subdomain.

3

Associations with outcome
Long-term course of negative symptom subdomains

The evidence for different relationships between the subgroups and functioning and
quality of life suggests that distinguishing between the subgroups is clinically relevant
and may have implications for clinical practice and treatment development. Although
only overall sa was related to outcomes six years later, both the subgroups within sa and
ed were differentially related to overall levels and course of global functioning across six
years. Subgroups within sa also differed with regard to work or study activities during
that period. Our findings support and expand the evidence for the robust relationship
of sa with functioning and quality of life6,14,16,32, and are in line with our previous
study in which higher ed was associated with global functioning and residential living
in chronic patients17. The differences within ed with regard to living situation were
marginally significant in the current study, but deserve further attention since we used
a conservative correction for multiple testing.
The relationship between ed and outcomes is less consistent in the literature. Our
findings that current ed scores are not related to future functioning, but that such a
relationship is observed in some subgroups, can explain why previous cross-sectional
studies15,16 and studies predicting long-term outcomes11,14,18 have suggested that sa is
more important for predicting functioning and treatment evaluation than ed33. Indeed,
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our results indicate that sa is an important treatment target for improving functioning
and well-being, but they also point out the importance of ed and suggest that neglecting
this subgroup of negative symptoms may be disadvantageous for negative symptom
treatment development.
Implications
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Of the included patients in this study, about half could be classified in both the low
sa and low ed group. Thus, for these patients there is limited room (and need) for
improvement in negative symptoms. This poses another problem for treatment
development, as it causes an increased risk of false negative findings of treatment trials
aimed at improving negative symptoms (and accompanied improvement in functioning);
possibly improvement of the other 48% of the patients for whom improvement is
possible and necessary is masked. This is clearly visible in our graphical representation
of the overall and subgroup courses in Figures 1 and 2, where the low groups show
the same pattern as the overall group but at a slightly higher level of symptoms and
worse level of outcomes. Nevertheless, the finding that some of the different courses of
outcomes were not significant (such as the differences in engagement in work or study
within ed) indicates that other factors (such as positive symptoms and neurocognition)
are important for the level and course of the outcome variables as well.
To date, a few pharmacological studies have investigated the selective responsiveness
of both subdomains, but they do not yet provide enough information for a firm
conclusion about differential response to treatment34,35. Overall, there is only a small
number of studies investigating psychosocial interventions with negative symptoms as
a primary outcome36, and the differential effects on the subdomains are unclear. sa
has been related to the deficits in anticipatory pleasure7,8 which may make cognitive
behavioral therapy a suitable intervention to address defeatists beliefs37. ed has been
linked to cognitive deficits9–12, which may lead treatment development in the direction
of restorative and/or compensatory cognitive rehabilitation interventions. However, the
significant relation of ed with global functioning while controlling for cognition indicates
that cognition cannot fully explain this association. Possibly, interventions targeting
expressive skills, such as Social Skills Training38,39, could improve ed. As mentioned
above, studies evaluating such treatments should take into account the fact that a large
proportion of patients show steady low symptoms, which can mask treatment effects if
they are also included in these trials.
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Strengths, limitations and future directions
Strengths of this study are the large sample size, the longitudinal nature and the used
methodology. Furthermore, participants were included from representative inpatient
and outpatient services covering 75% of the population in the Netherlands20. Several

limitations should also be mentioned. We cannot infer causality from this observational
study. Furthermore, we do not know whether changes in negative symptoms are due
to relief of secondary negative symptoms, for example by reduced positive symptoms,
depressive symptoms or antipsychotic medication40, which may require a different
approach than the suggested treatment strategies described above41. Also, the current
results are most applicable for those with predominant sa and ed16, because we have
compared subgroups within each subdomain (while controlling for the subgroup of the
other domain). Lastly, due to the relatively demanding protocol of the group study,
participants may differ from participants in studies that are less demanding or from
patients that refuse to participate20. Notably, in the current study non-completers
showed more severe sa and ed, suggesting that patients with high levels of negative
symptoms may be less likely to complete and/or participate in the study. Although this
is not unique to our study, our findings should be interpreted in light of this possible
selection bias.
Thus, future research should investigate possible causal mechanism for the
variability in the subdomain levels over time, e.g. whether improvement in negative
symptoms facilitates improvements in outcome or vice versa42 and whether the groups
differ with regard to the care they (have) receive(d). For those with co-occurring sa and
ed, research into the influence of combinations of sa and ed subgroups is needed, but
this was beyond the scope of our study. Research on more specific diagnostic groups
could be of value as well, since the low sa and low ed group included significantly fewer
patients with schizophrenia.

In summary, our results show that there is a considerable amount of heterogeneity in
the course of the subdomains and suggest that negative symptoms are less stable than
was previously assumed. The subgroups that we identified within sa and ed showing a
different course of symptoms over time, are clinically relevant as they are differentially
related to the level and course of outcomes. Including the whole range of negative
symptoms instead of distinguishing subdomains of sa and ed may explain why efforts
to develop treatments for negative symptoms have been disappointing, as treatment
effects may have been masked. Thus, research on treatments for negative symptoms
could benefit from distinguishing subgroups within sa and ed.
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S u p p l e m e n ta r y
figure 1. Percentage of patients living independently
and percentage of
patients engaging
in work or study for
sa and ed overall
scores and for each
subgroup. Asterisk
indicates significantly different course
of outcome compared to the low
sa group, hashtags
indicate a significantly different level
of outcome compared to the low sa
group, controlling
for gender, duration
of illness, positive
symptoms and cognition are corrected
for and using Bonferroni correction.
overall
low
decreased(-low)
increased
(decreased-)high

58

Independent living for sa groups, %
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Independent living for ed groups, %
80
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Work/study for sa groups, %
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65
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*#
#
study entry

3 years

6 years

study entry

3 years

6 years

Work/study for ed groups, %
90
85
80
75
70
65
60

study entry

3 years

6 years

Number of groups
Social amotivation
(n=1039)
1
2
3
4
5

bic

Δbic

2*∆bic

-5898.15
-5727.81
-5654.44
-5609.96
-5626.20

170.34
73.37
44.48
-16.24

340.68
146.74
88.96
-32.48

Expressive deficits
(n=1040)
1
2
3
4
5

-6769.99
-6485.22
-6416.71
-6351.72
-6371.48

284.77
68.51
64.99
-19.76

569.54
137.02
129.98
-39.52

Evidence against H0

Very Strong

S u p p l e m e n ta r y
table 1: bic and
logged Bayes factor
(2*Δbic) for model
selection. This table
tabulates the BIC for
model fits to the sa
and ed data. Based
on the results, the
four-group model
is favored for sa
as well as for ed
because the bic is
the smallest and
2*∆°2>10 suggest
very strong evidence against the
null model.

3

Very Strong
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Social amotivation
decreased-high sa vs decreased-low sa
decreased-high sa vs increased sa
decreased-high sa vs low sa
decreased-low sa vs increased sa
decreased-low sa vs low sa
increased sa vs low sa
Expressive deficits
high ed vs decreased ed
high ed vs Increased ed
High ed vs low ed
decreased ed vs Increased ed
decreased ed vs low ed
increased ed vs low ed

Social amotivation
decreased-high sa vs decreased-low sa
decreased-high sa vs increased sa
decreased-high sa vs low sa
decreased-low sa vs increased sa
decreased-low sa vs low sa
increased sa vs low sa
Expressive deficits
high ed vs decreased ed
high ed vs Increased ed
High ed vs low ed
decreased ed vs Increased ed
decreased ed vs low ed
increased ed vs low ed
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Supplementary table 2. Pairwise comparison using mixed
models
analyses
adjusted for gender,
duration of illness,
neurocognition and
positive symptoms
and calculated using
Bonferroni correction.

60
1.38
1.32
1.35
1.09
0.79
0.94

-0.65
-1.24
-2.32
-0.58
-1.67
-1.08

se

b
1.29
1.36
1.23
0.94
0.67
0.90

0.91
0.91
0.93
0.68
0.52
0.63

-1.46
-1.13
-2.48
0.34
-1.02
-1.35

-4.01
1.44
-6.83
5.45
-2.83
-8.27

0.89
0.97
0.93
0.65
0.46
0.59

p

sfs
95% ci

[-3.40; 2.09]
[-3.84; 1.37]
[-5.01; 0.37]
[-2.76; 1.59]
[-3.24; -0.09]
[-2.95; 0.78]

1.000
1.000
.542
1.000
.229
1.000

[-6.56; -1.46] .014
[-1.23; 4.12] 1.000
[-9.26; -4.41] <.001
[3.61; 7.29] <.001
[-4.15; -1.50] <.001
[-10.05; -6.50] <.001

.664
1.000
.054
1.000
.309
.202

1.000
1.000
1.000
1.000
1.000
1.000

p

[-3.26; 0.34]
[-2.91; 0.66]
[-4.33; -0.63]
[-0.99; 1.67]
[-2.04; 0.01]
[-2.60; -0.11]

[-2.22; 1.27]
[-2.60; 1.23]
[-2.64; 1.05]
[-1.48; 1.07]
[-1.23; 0.59]
[-1.27; 1.05]

Living situation
se
95% ci

-0.48
-0.69
-0.80
-0.21
-0.32
-0.11

b

2.32
2.40
1.52
0.08
-0.80
-0.88

-5.00
-0.88
-9.73
4.12
-4.73
-8.85

b

-0.31
-0.21
-0.32
0.10
-0.02
-0.11

-0.69
-0.33
-1.02
0.36
-0.33
-0.70

b

[-1.11; 0.49]
[-1.03; 0.61]
[-1.16; 0.51]
[-0.51; 0.71]
[-0.46; 0.43]
[-0.58; 0.36]

[-1.38; -0.01]
[-1.01; 0.35]
[-1.73; -0.31]
[-0.11; 0.84]
[-0.72; 0.05]
[-1.17; -0.22]

1.88
1.96
1.81
1.48
1.03
1.30

1.91
1.98
1.82
1.49
0.99
1.32

[-1.37; 6.02]
[-1.46; 6.26]
[-2.04; 5.09]
[-2.83; 2.99]
[-2.82; 1.23]
[-3.42; 1.67]

[-8.75; -1.24]
[-4.77; 3.01]
[-13.29; -6.16]
[1.18; 7.06]
[-6.67; -2.79]
[-11.43; -6.26]

who-qol-bref
se
95% ci

0.40
0.41
0.41
0.31
0.22
0.24

0.34
0.34
0.36
0.24
0.20
0.24

Work activities
se
95% ci

1.000
1.000
1.000
1.000
1.000
1.000

.056
1.000
<.001
.037
<.001
<.001

p

1.000
1.000
1.000
1.000
1.000
1.000

.288
1.000
.032
.808
.548
.025

p

-2.24
-1.84
-5.26
0.40
-3.02
-3.42

-4.30
-0.73
-8.73
3.57
-4.42
-7.99

b

1.94
1.88
1.82
1.33
1.05
1.13

1.64
1.76
1.66
1.26
0.89
1.15

se

[-6.10; 1.62]
[-5.55; 1.88]
[-8.89; -1.63]
[-2.21; 3.02]
[-5.10; -0.94]
[-5.63; -1.21]

[-7.51; -1.10]
[-4.19; 2.73]
[-12.00; -5.46]
[1.11; 6.04]
[-6.17; -2.67]
[-10.26; -5.73]

gaf
95% ci

1.000
1.000
.031
1.000
.029
.014

.052
1.000
<.001
.028
<.001
<.001

p
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