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CHAPTER 6
Stability of executive functioning of moderatelyand-late preterm children and fullterm children at
ages 11 and 19 in the TRAILS cohort study
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CHAPTER 6 | Stability of executive functioning of moderatelyand-late preterm children and fullterm children at ages 11 and
19 in the TRAILS cohort study
ABSTRACT

Objective: Moderately-and-late preterm children (MLPs, 32-36 weeks gestational age, GA)
have poorer executive functioning (EF) at primary school age than fullterm children (FTs).
However, evidence lacks on their EF at older ages. We assessed differences in EF between
MLPs and FTs at ages 11 and 19, and in changes in EF between these ages.
Methods: This study used data of 98 MLPs and 1832 FTs, born in 1989 and 1990.
from TRAILs, a community-based prospective cohort study. EF was assessed by the
Amsterdam Neuropsychological Tasks (ANT) at ages 11 and 19 years. We compared gender
specific z-scores based on FTs with z-scores of MLPs on the ANT tasks baseline speed,
pattern search, working memory, sustained attention, inhibition, and attentional flexibility.
Differences were analyzed in crude form, and adjusted for being small for GA, having a low
socioeconomic status, and intelligence.
Results: The performance on most EF components was comparable between MLPs and FTs
at ages 11 and 19, except for attentional flexibility. Attentional flexibility differed between
MLPs and FTs at age 19 (adjusted B 0.25; 95% confidence interval 0.00 to 0.50; P=0.047),
but not at age 11 (adjusted B 0.02;95% CI -0.19 to 0.22; P=0.87).
Conclusions: MLPs had comparable EF on most components as FTs, but attentional
flexibility was poorer for MLPs than for FTs only at age 19. These findings suggest a small
effect of MLP birth on long-term outcomes.
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INTRODUCTION

Birth below 37 weeks gestational age (GA) alters brain development,1,2 which may affect
long-term outcomes.3,4As the risk of altered brain development increases with the degree
of prematurity,5 most studies concerning the long-term outcomes of preterm children
have focused on early preterm children (EPs, <32 weeks GA).6 However, the majority of
the preterm children (>80%) are moderately-and-late preterm born (MLP, 32- 36 weeks
GA).7 Long-term outcomes of MLPs may be more favorable than of EPs, because the lower
degree of prematurity and the lower risk of postnatal complications of MLPs give the brain
more potential for recovery later in life.5 However, the overall community impact of the
problems of MLPs may be larger as by far most preterm children are MLP.7,8
Executive functioning (EF) is a core component of brain function and is essential for
optimal cognitive and behavioral performance, as it concerns cognitive skills which mediate
the ability to organize thoughts and behavior in a goal-directed manner.9,10 EF can be divided
into four domains, each consisting of different components: attentional control (such
as sustained attention and inhibition), information processing (such as baseline speed),
cognitive flexibility (such as working memory and attentional flexibility), and goal setting.11
Weak EF may be the underlying cause in MLPs for academic problems, and emotional and
behavioral problems at later age.11
MLPs have poorer EF between ages 3-8 years than fullterm children (FTs),12–14 but
evidence is lacking regarding the persistence of these executive problems during
adolescence. Adolescence is an important life stage which features the transition from
childhood to adulthood. One of the most prominent changes during this transition period
is the maturation of cognitive functioning, especially EF.10 In addition, adolescents are
confronted with several challenges, such as the transition from school to higher education
and working, the initiation of intimate relationships, and the transition to independent living
.15 These processes may either strengthen EF, or emphasize existing gaps. Studies during
adolescence regarding EPs and/or children with a very low birth weight (<1500g) showed EF
to be persistently poorer on all domains. 11,16–19 Evidence on MLPs lacks. Therefore, our aim
was to assess differences in EF between MLPs and FTs at ages 11 and 19, and in changes in
EF between these ages.

METHODS

Participants

We used data from the first and fourth wave of Tracking Adolescents’ Individual Lives
Survey (TRAILS); a prospective cohort study among 11-years old adolescents born between
October 1, 1989 and September 30, 1990. The study sample comprised children living in
urban and rural areas of this Northern Netherlands. Children were excluded (n=215) if they
had a severe psychical or mental handicap, language problems which made the completion
of a questionnaire impossible, or a neurological tumor.10,20 Of the eligible adolescents and
81
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their parents, 66% (n=2230) agreed to participate and were enrolled in the first wave, at
age 11 years.20 A detailed overview of the participation rates and inclusion at ages 11 and
19 years can be found elsewhere.10,20 Regarding this article, we only included MLPs (32-36
weeks GA) and FTs (37-41 weeks GA).
At age 11, EF data were available on 2169 children, from which were 239 (11%) outside
the GA range. Our sample at age 11 consisted of 98 (5.1%) MLPs and 1832 FTs, and at age
19 of 65 (4.6%) MLPs and 1333 FTs (Figure 1). Loss to follow-up did not differ significantly
between MLPs and FTs (33.7%. versus 27.2%; p=.165).
The TRAILS study was approved by the Central Committee on Research Involving Human
Subjects (Dutch CCMO). Parents’ and adolescents’ written informed consent was obtained.
Figure 1:Flow chart of inclusion at age 11, and loss to follow-up between age 11 and 19, stratified by
gestational age (GA).

Procedure and measures

EF of the children was tested at ages 11 and 19 by trained undergraduate psychology
students in their schools or in designated testing centers. Furthermore, parents or guardians
were interviewed and completed a questionnaire at home about perinatal aspects, family
characteristics, and school problems at children’s age of 11. In addition, most parents
(81.6%) also gave consent to use the reports of the child’s well-child visits, which gave us
more detailed information about the perinatal characteristics.
Executive functioning (EF) by the Amsterdam Neuropsychological Tasks
EF was assessed using the Amsterdam Neuropsychological Tasks (ANT),21 which has proven
to be a sensitive and valid tool in both non-referred and referred samples.22–24 We assessed
information processing, attention control and cognitive flexibility, divided in six components
(Table 1). The main outcome parameter of the six components was the computerized
82
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measured median reaction time (RT). A brief description of each task and the outcome
measurements is shown in Table 1; a detailed description can be found elsewhere.10,25
Socioeconomic status
Socioeconomic status was based on family income, highest maternal and paternal
educational level, and the occupational levels of both parents (using the International
Standard Classification for Occupations).26 An index of socioeconomic status was created
by averaging the standardized scores of these five indicators. The lowest 25% of the scores
were categorized as low socioeconomic status.
Perinatal factors
Birth weight and GA were based on the well-child visit reports, or if these lacked (18.4% of
the participants) on parent-reports. Small-for-gestational age (SGA) was defined as lighter
than the tenth percentile of the Dutch Kloosterman gender-specific growth chart.27
Intelligence quotient score: the WISC-DQ score
At age 11, children performed the Vocabulary and Block Design subtests from the Revised
Wechsler Intelligence Scales for Children (WISC-R).28 The scores on these subtests led to a
WISC-DQ score, which provides an estimate of their Full Scale IQ.

Analysis

First, we assessed differences between the characteristics of the MLPs and FTs of the study
sample at age 11 years, using Wilcoxon-Mann-Whitney tests and chi-square tests. Second,
we computed gender specific FT based z-scores for each task of the ANT separately at both
age 11 and 19, to adjust for differences in EF between boys and girls,10. Third, MLPs and
FTs were compared regarding their z-scores with independent t-tests (after checking if
data were normally distributed) and multivariable linear regression analyses, respectively.
The multivariable analyses were adjusted for being small-for-gestational age, having a
low socioeconomic status, and WISC-DQ score, because these factors also are associated
with executive performance.10,29 We repeated the multivariable analyses at age 19 with
adjustment for their performance at age 11, in order to determine maturation between
age 11 and 19 for preterm and FTs. All analyses were performed with IBM SPSS statistics
version 23; results were considered as significant with a P<.05
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Table 1: Description of the outcome measures from the Amsterdam Neuropsychological Tasks..
Information processing
Baseline speed: Simple visuo-motor time.
- Task: The task consists of one part with the left and one with the right index finger starting with
the nondominant index finger in the first part. Each part consists of 32 trials. On the computer
screen, a cross is depicted which changes, at unexpected moments, into a square. When the
participant sees the square s/he has to directly press the mouse button with the index finger.
Cognition is limited to the detection of the mere presence of the signal.
- Outcome: RT to detect and respond to a stimulus. A shorter RT indicates a better performance.
Attention control
Sustained attention
- Task: The participant is shown 600 pictures with 3, 4, or 5 dots (200 trials of each type of
stimulus). The target signal is the one with the 4 dots, and the participant has to indicate whether
this target signal is shown in the picture by pressing the mouse button with the dominant index
finger (“yes”) or nondominant index finger (“no”). The participant hears a sound when s/he
makes a mistake. Primary sustained attention index is fluctuation in tempo.
- Outcome: Within-subject SD per set of 50 trials. A smaller SD indicates a better performance.
Inhibition: Inhibition of prepotent responses.
- Task: A square jumping randomly left/right on a horizontal bar (containing 10 grey squares). The
task consists of two parts, each consisting of 40 trials. In the first part, one of the ten squares is
green and jumping randomly left/right on the horizontal bar. If the green square jumps left, the
participant has to press the left mouse button and the right mouse button if it jumps right; fixed
compatible response condition. In the second part, one of the ten squares is red and jumping
randomly left/right on the horizontal bar. If the red square jumps left, the participant has to press
the right mouse button and vice versa; fixed incompatible response condition.
- Outcome: Subtracting RT to fixed compatible response condition from RT to fixed incompatible
response condition. A smaller difference in RT is better.
Cognitive flexibility
Pattern Search: Automatic and controlled visuo-spatial pattern recognition.
- Task: A visuospatial target pattern is presented of 9 blocks in a 3x3 matrix. From the 9 blocks
3 are red and 6 are white colored, which are ordered in a certain way. In this task 4 patterns of
3x3 matrixes are presented. In half of the signals of the task the target pattern is one of the 4
presented patterns; the target condition, and in the other half the target pattern is not part of the
4 presented patterns; the non-target condition. The participant should press ‘yes’ in the target
condition and ‘no’ in the non-target condition. In half of the signals the target pattern is hard to
differentiate from the other presented patterns, and in the other half the target pattern is easy to
differentiate from the other patterns.
- Outcome: Difference in RT needed to identify non-similar patterns which are hard to
differentiate and which are easy to differentiate. A smaller difference in RT indicates a better
performance.
Working memory: Working memory capacity.
- Task: The task comprises three parts, and each part depicts pictures with four letters. In the
first part, consisting of 40 trials, participants have to indicate whether the letter “k” is present
in the picture by pressing the mouse button with the either dominant index finger (“yes”) or
non-dominant index finger (“no”). In the second part consisting of 72 trials, participants have to
indicate whether both letters “k” and “r” are present in the picture. In the third part consisting of
96 trials, they have to indicate whether all three letters (“k,” “r,” and “s”) are shown in the picture.
Half of the trials in each part contain a target. This task provides index for memory search capacity
(deterioration in speed as a function of memory load).
- Outcome: Difference in RT between the setting of a high working memory load task and of a low
working memory load task. A smaller difference in RT indicates a better performance
Table 1 continues on the next page
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Attentional flexibility
- Task: The first part is the fixed compatible response condition as described in the inhibition
task. The second part is a combination of the fixed compatible response condition and the fixed
incompatible response condition (as described for the outcome inhibition). The square will
randomly jump right/left and will turn green/red. When the square is green after the jump, the
participant has to press the button in the same direction while if the square becomes red after
the jump the participant has to press the opposite button; changing condition.
- Outcome: Subtracting RT to fixed compatible response condition from RT for compatible
responses in the changing condition. A smaller difference in RT indicates a better performance.
RT=reaction time

RESULTS

The characteristics of the MLPs and FTs at age 11 years are shown in Table 2. The MLPs
had a significantly longer postnatal hospital stay than FTs. WISC-DQ scores and the rate of
school problems were not different for MLPs and FTs.
Table 3 shows MLPs’ EF at ages 11 and 19 compared with FTs. The B scores in this table
represent the difference in mean z-scores of MLPs compared with mean z-scores of FTs, the
latter having a mean of 0.00 and a standard deviation of 1.00. A positive z-score means a
longer reaction time for MLPs than for FTs, and a negative z-score a shorter reaction time.
In the crude analyses, we found no significant difference in EF of MLPs and FTs. The adjusted
analyses showed a significant difference between attentional flexibility of MLPs and FTs at
age 19. However, there was no significant difference on attentional flexibility at age 11, and
neither a significant different maturation between ages 11 and 19 in comparison with FTs.
Table 2: Characteristics of the study sample categorized for fullterm children at age 11 years.
Moderately-andFullterm
late preterm
N=1832
N=98
P*
N (%)/mean (SD)
N (%)/mean (SD)
Male
904 (49.3)
45 (45.9)
.509
Gestational age
39.69 ( 1.1)
34.87 ( 1.4)
<.001
Low socioeconomic status
461 (25.2)
22 (22.4)
.546
Ethnicity – Dutch
1583 (86.4)
88 (89.8)
.789
- Moroccan/Turkish
23 ( 1.3)
0 ( 0.0)
- Other
227 (12.4)
10 (10.2)
Birth weight (grams)
3435 ( 490)
2435 ( 605)
<.001
Small-for-gestational age <10th percentile
245 (13.4)
19 (19.4)
.091
Postnatal days in hospital
4.05 ( 8.4)
15.27 (14.6)
<.001
School problems#
402 (21.9)
25 (25.5)
.407
WISC-R-DQ score, based on:
97.39 (14.9)
97.39 (15.0)
.997
- WISC-R vocabulary test (vocabulary score)
9.09 ( 2.8)
9.49 ( 2.8)
.172
- WISC-R block design test (spatial score)
10.05 ( 3.1)
9.64 ( 3.0)
.206
Median age at time point 11 years (N=1946)
11.10 ( 0.6)
11.07 ( 0.5)
.628
Median age at time point 19 years (N=1409)
19.19 ( 0.6)
19.11 ( 0.5)
.295
* P-values were assessed with Chi-square tests, unpaired T-tests, and Wilcoxon-Mann-Whitney U
tests. # Repeated a grade or following special education at primary school (till age 11/12)
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RT
Moderately-andlate preterms
Mean (SD)

RT z-score
Moderately-andlate preterms
Mean (SD)
Unstandardized
coefficient B (95%
CI)
P crude

P adjusted*

P adjusted
for age 11#

Age 11 years
Baseline Speed
309 (39)
307 (40)
-010 (0.95)
-0.09 (-0.29 to 0.11)
.39
.37
Pattern search
1469 (485)
1523 (534)
0.11 (1.09)
0.11 (-0.09 to 0.30)
.31
.28
Working memory
470 (259)
488 (268)
0.10 (1.06)
0.09 (-0.11 to 0.30)
.38
.37
Sustained attention
1.73 (0.90)
1.89 (0.94)
0.18 (1.07)
0.19 ( -0.01 to 0.38)
.07
.06
Inhibition
199 (161)
185 (136)
-0.9 (0.89)
-0.08 (-0.28 to 0.12)
.43
.45
Attentional flexibility
557 (221)
562 (205)
-0.03 (0.91)
0.02 (-0.19 to 0.22)
.88
.87
Age 19 years
Baseline Speed
237 (22)
235 (19)
-0.04 (-0.29 to 0.21)
.65
.76
.94
Pattern search
815 (269)
829 (286)
0.05 (1.05)
0.10 (-0.14 to 0.34)
.70
.43
.44
Working memory
236 (147)
231 (142)
-0.02 (0.94)
-0.01 (-0.23 to 0.26)
.86
.92
.81
Sustained attention
0.88 (0.45)
0.91 (0.41)
0.13 (1.01)
0.15 (-0.09 to 0.39)
.47
.22
.99
Inhibition
169 (141)
147 (128)
-0.13 (0.96)
-0.12 (-0.36 to 0.12)
.20
.34
.24
Attentional flexibility
337 (142)
371 (187)
0.15 (1.18)
0.25 (0.00 to 0.50)
.09
.047
.07
*p adjusted: Adjusted for being small-for-gestational age, having a low socioeconomic status, and for WISC-DQ score
# p adjusted for age 11: p-value after adjustment for score at age 11, i.e. to determine if the change in RT differs between age 11 and 19 for moderatelyand-late preterm and fullterm children. Further adjusted for the same variables as p adjusted*and the subdomain at age 11 (e.g. regarding baseline
speed at age 19 adjusted for baseline speed at age 11).
RT= reaction time; SD= standard deviation; 95% CI= 95% confidence interval

Measures

RT
Fullterms
Mean (SD)

Table 3: Association between moderately-and-late preterm birth and executive functioning: mean scores on the ANT tasks at ages 11 and 19 for fullterm
and moderately-and-late preterm children, differences in z-scores between them, regression coefficients resulting from crude linear regression analyses
on z-scores, and resulting p-values, crude, adjusted for covariates and additionally adjusted for scores at age 11.Z-scores were determined for boys and
girls separately based on the fullterm children.
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DISCUSSION

Our study showed that MLPs and FTs had a comparable EF on most subdomains at ages 11
and 19. MLPs only had poorer attentional flexibility in comparison with FTs at age 19, but
not at age 11. In addition, the maturation of attentional flexibility between age 11 and 19
was not significantly different between MLPs and FTs.
MLP and FT adolescents had a comparable EF on most components at age 11 as well
as 19. Tideman et al. examined cognitive development of 39 preterm children <35 weeks
GA and 23 FTs at ages 4, 9, and 19.30 They found poorer cognitive development (on the
Griffiths’ Total score) for preterm children in comparison with FTs at age 4, but a comparable
cognitive development (including WAIS subtests and visuomotor speed (TMT test part A))
at later ages. Our results confirm these findings in a larger study sample, but contrast with
findings on early preterm children. Early preterm children tend to have a poorer EF during
this age-period.11,16,18,31 These contrasting findings may be due to the different degree of
prematurity, and the increased risk of postnatal complications associated with a lower
GA.32 As a consequence, the risks of impaired white matter maturation and disturbed
development of neuronal connections will be lower for MLPs than for early preterm
children.5,33 This leads to an at average better starting positon for MLPs compared to early
preterm children and may give them more potential for recovery. Consequently, MLPs may
catch-up before preadolescence, 34 whereas executive problems persist in early preterm
children until in adolescence.
Another explanation for our finding of rather favorable outcomes for MLPs may be
that we have focused on more basic EF. Therefore, we may not have detected subtler
differences. Wehrle et al. showed that early preterm children with normal intellectual and
motor function only have poorer EF on more demanding levels and not on basic EF at age
13.19 MLPs may thus still have a poorer performance on more subtle EF tasks, but if so this
can be expected to be much less disabling.
Looking at the mean reaction times on the attentional flexibility tasks, both MLPs and
FTs showed maturation between ages 11 and 19, but FTs had a larger improvement than
MLPs. Consequently, attentional flexibility at age 19 was significantly poorer in MLPs than
in FTs. Attentional flexibility is a subcomponent of cognitive flexibility, which has shown to
be persistently poorer in early preterm adolescents in comparison with FT peers during
adolescence.35–37 The 19-year-old preterm adolescents <35 weeks GA (from the study
by Tideman et al.) also showed poorer cognitive flexibility on the TMT part B test, but
this was no more statistically significant after adjustment for intelligence and education
of the mother.30 The large maturation of attentional flexibility during adolescence is in
line with our findings.10 With the growing demands placed on the abilities of MLPs during
adolescence, they may have increasing difficulties with more challenging executive tasks
such as attentional flexibility in comparison with FTs.19,38 This evidently needs further
confirmation as well.
87
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The strengths of this study are the large community-based cohort with repeated
extensive measures of EF. Furthermore, we could correct for major confounders such as
socioeconomic status, small for GA, and WISC-DQ score. A limitation of this study is the
relatively small number of MLPs, which may have left some associations unnoted, though
we were able to detect most clinically relevant differences.
Our findings suggest a rather favorable prognosis of EF in MLPs. In contrast to EPs,11,16–
19
MLPs seem to catch-up somewhere between ages 8 and 11,12–14 leading to a largely
comparable EF for MLPs and FTs at ages 11 and 19. This implies a relatively favorable longterm prognosis for MLPs with most problems not persisting to later in life. However, our
findings need confirmation as this regards one of the first studies that was communitybased and assessed EF of MLPs in adolescence. Such a confirmatory study should preferably
also include other GA categories as comparison.

Conculsion

MLPs had a similar EF as FTs at ages 11 and 19, except for attentional flexibility at age 19.
Our findings give grounds for optimism regarding the long-term outcomes of MLPs, but
need confirmation before we can draw strong conclusions.
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