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Abstract

Background: We aimed to examine psychiatric symptoms in adults born preterm with very low birthweight or
born at term small for gestational age compared with normal birthweight peers, and examine associations with
perinatal factors and childhood motor and cognitive function.

Methods: In this longitudinal cohort study, one preterm born group with very low birthweight (VLBW: birthweight
<1500 g), one term-born Small for Gestational Age (SGA: birthweight <10th percentile) group and one term-born
non-SGA control group, were assessed at 26 years of age. Primary outcomes were scores on self-reported
questionnaires: Achenbach System of Empirically Based Assessment - Adult Self-Report, The Autism-Spectrum
Quotient and Peters et al. Delusions Inventory. Exposure variables were perinatal data, while childhood motor and
cognitive function were examined as possible early markers.

Results: Both the preterm VLBW and the term SGA group reported higher levels of attention, internalizing and
externalizing problems compared to the control group. In addition, the VLBW participants reported more critical
items and a higher proportion had intermediate level autistic traits, while the SGA participants reported more
intrusive behavior. Increasing length of respiratory support and hospital stay in the neonatal period, and motor
problems in early adolescence, were associated with adult psychiatric symptoms in the VLBW group.

Conclusions: Psychiatric symptoms were frequent in the preterm VLBW group and also in the term-born SGA

group. Those who were sickest as babies were most at risk. Motor problems can possibly serve as an early marker
of adult psychiatric symptoms in low birthweight individuals.
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Background

Preterm birth and low birthweight are risk factors for later
neurodevelopmental difficulties, including psychiatric
symptoms, motor problems and poor cognitive and adap-
tive/social functioning [1-4]. The most common psychi-
atric symptoms involve anxiety and attention deficit, but
traits of autism spectrum disorder (ASD) and symptoms of
depression and schizophrenia are also reported in adult-
hood [5-8]. Motor problems in preterm/very low birth-
weight (VLBW: <1500g) individuals are most often
identified in childhood, and range from minor difficulties to
more severe outcomes, like cerebral palsy (CP) [2, 9]. Cog-
nitive function is reportedly below that of their term-born
and normal birthweight peers, but its relation to psychiatric
morbidity remains unclear [10]. Term-born small for gesta-
tional age (SGA) children are also reported to have reduced
neurodevelopmental function [11] compared with their
normal birthweight peers, with lower fine motor [12] and
cognitive function [13], and more emotional, behavioral
and attention deficit symptoms in adolescence [14].

To guide early intervention and limit unfavorable
neurodevelopmental outcomes in VLBW individuals,
attempts have been made to identify predisposing pre-
and perinatal factors. Intrauterine growth retardation,
maternal smoking and substance use, low birthweight,
low gestational age, birth asphyxia, neonatal respiratory
distress, perinatal infections and intraventricular
hemorrhage (IVH) are some of the proposed medical
risk factors [15, 16]. Childhood motor problems have
been associated with reduced cognitive abilities, social
skills and language development [17, 18], but the rela-
tion to adult psychiatric problems is less studied. Hence,
further knowledge about adult psychiatric outcomes and
possible predictive factors is needed.

This study aimed to assess self-reported psychiatric
symptoms in adults born either preterm with VLBW or
at term SGA, compared to a term-born control group
with normal birthweight. We also aimed to investigate
possible perinatal risk factors and early neurodevelop-
mental markers of unfavorable mental health outcome.

We hypothesized that the preterm born VLBW and term-
born SGA group would have a higher overall self-reported
psychiatric symptom load, and specifically more symptoms
of anxiety and depression, attention problems, autism
spectrum traits and minor psychotic manifestations/odd be-
liefs, compared to the control group. We anticipated that
perinatal risk factors, and reduced childhood motor and cog-
nitive function would be associated with more psychiatric
symptoms in adulthood in the VLBW and the SGA group.

Methods

Study design

As part of a prospective cohort study, a preterm born
VLBW group, a term-born SGA group and a term-born
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non-SGA control group were examined at age 26 years.
All participants were Caucasian and born between 1986
and 1988. A flow chart of participation is shown in Fig. 1.
The preterm VLBW subjects had all been admitted to
the Neonatal Intensive Care Unit (NICU) at the St.
Olavs University Hospital in Trondheim. They were
either born at this hospital (geographical cohort) or re-
ferred from a local hospital in the region of Central
Norway, thus constituting an extended sample, which
was used in this study. The term-born SGA and control
participants were born to women residing in the Trond-
heim area, and recruited as part of a multicenter study
[19]. At enrollment, a 10% sample of these women were
randomly selected for participation using a closed
envelope procedure. At birth, all children born term
non-SGA in this random sample were included as con-
trols for prospective follow-up. Children born term SGA
in this random sample, and all children born term SGA
in the remaining study population were included in the
SGA group. At follow-up at age 1 and 5 years, only chil-
dren born in 1988 were included from the VLBW group.
At follow-up at 14, 19 and 26 years, participants born
1986 to 1988 were included. All questionnaires used at
the 26-year assessment were authorized Norwegian
translations and were completed by the participants dur-
ing project attendance. An experienced clinician, blinded
to group adherence and previous results, was present to
clarify any question. For a few participants the question-
naires were sent and received by mail. The prevalence of
psychiatric diagnoses at 26 years in this cohort was pre-
viously published [20].

Participants

The VLBW group was defined by birthweight <1500 ¢g
and all were born preterm. Of the 121 VLBW children,
33 infants died in the neonatal period. Exclusion criteria
at birth were syndromes or congenital malformations
(two excluded). Further two with severe quadriplegia
and mental retardation were excluded at follow-up (not
testable). Hence, 84 individuals were eligible for the
study and invited, of whom 61 (73%) participated (33
males, 28 females).

The SGA group was born at term with birthweight <10th
percentile adjusted for gestational age, sex and parity.
Among the 1249 eligible women, 104 (8%) gave birth to a
SGA child at term. One was excluded at birth (according to
criteria), one died before follow-up and one was excluded
at follow-up (not testable). Of the 101 eligible, one could
not be reached, and 68 (67% of eligible) participated (33
males, 35 females).

The control group was born at term with birthweight
>10th percentile. This group comprised 120 children,
born to mothers in the 10% random sample. Two were
excluded according to exclusion criteria at birth. Of the
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Fig. 1 Flowchart of participation in the three study groups
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118 eligible, two could not be reached, and 88 (75% of
eligible) participated (38 males, 50 females).

Non-participants

Non-participant characteristics are presented in Additional
file 1: Table S1. Compared to participants, VLBW non-
participants had lower birthweight and SGA non-
participants had lower IQ score at 19years and lower
parental socioeconomic status (SES).

Clinical measures

The Achenbach System of Empirically Based Assess-
ment, Adult Self-Report [21] (ASEBA ASR) was used to
assess adaptive functioning and problems during the last
6 months. ASEBA ASR is a comprehensive, self-

administered questionnaire with 126 problem items
(rated 0; “not true”, 1; “sometimes true”, 2; “often true”)
generating eight syndrome scales: Anxious/Depressed,
Withdrawn, Somatic Complaints, Thought Problems,
Attention Problems, Aggressive Behavior, Rule-Breaking
Behavior and Intrusive. Three composite scales are
computed: Total Problems (all problem items), Internal-
izing (Anxious/Depressed, Withdrawn and Somatic
Complaints) and Externalizing Problems (Aggressive
Behavior, Rule-Breaking Behavior and Intrusive). A
Critical Items scale denotes items indicating severe psy-
chiatric symptoms of particular clinical relevance, i.e.
hallucinations, suicidal thoughts etc. Higher score indi-
cates more problems. Borderline/clinical level was de-
fined by raw score > 93rd percentile in the control group
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for problem scores and > 84th percentile for composite
scales, according to the manual.

The Autism-Spectrum Quotient (AQ) [22] is a self-
administered questionnaire designed for adults with
normal intelligence (IQ =85) and consists of 50 items
assessing five domains of autism spectrum traits: Social
skill, Attention switching, Attention to detail, Communi-
cation and Imagination. It is scored as 0 for “do not
agree” or 1 for “mildly or strongly agree”. A score of 20—
31 denotes intermediate level and > 32 denotes high level
autism spectrum traits.

Peters et al. Delusions Inventory (PDI) [23, 24] was
used for assessing odd beliefs and mild delusions. It is a
self-report questionnaire with 21 items covering multiple
categories of delusional ideation. PDI gives a Yes/No
score, three dimension scores for Distress, Preoccupa-
tion and Conviction, with single items ranging from a
low of 0 to a high of 5, and a Grand Total score sum-
ming all scores. Higher score indicates more symptoms.

Perinatal risk factors included birthweight, gestational
age at birth, days admitted to the NICU or pediatric
ward, days with respiratory support (ventilator or
continuous positive airway pressure), presence of IVH
on neonatal cerebral ultrasound, prenatal maternal
glucocorticoids and Apgar score at 5 min.

To assess childhood motor function the Psychomotor
Development index of the Bayley Scales of Infant
Development, first edition (BSID) [25] with age-adjusted
standard scores from 1 year of age was used (corrected
age for the VLBW group). At 5 years, three sub-scores of
the Peabody Developmental Motor Scales (PDMS) [26]
were used: Eye-hand coordination, Balance and Loco-
motor. Lower scores on the BSID and PDMS indicate
more motor problems. At 14years, the Movement
Assessment Battery for Children (Movement ABC) [27]
total score was used. Higher score on Movement ABC
indicates more motor problems.

The Wechsler Preschool and Primary Scale of
Intelligence (WPPSI) [28] was used to calculate full IQ at
5 years, the Wechsler Intelligence Scale for Children — 3rd
edition (WISC-III) [29] four subsets (Vocabulary, Arith-
metic, Block design and Picture arrangement) was used at
14 years and the full Wechsler Adult Intelligence Scale
3rd edition (WAIS-III) [30] was applied at 19 years.

Parental SES (ranging from low of 1 to high of 5) was
calculated according to Hollingshead’s two factor index
of social position, based on information on parents’ edu-
cation and occupation (adapted to today’s categories).
Parental SES was collected at 14 years and supplemented
at 19 years.

Statistics
Power was estimated prior to conducting the study and
was minimum 93% for the preterm VLBW group and
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78% for the term SGA group. Pearson’s chi-squared test
was used for comparing dichotomous outcomes between
groups. Skewed ordinal and continuous outcomes were
compared using nonparametric tests. In order to
preserve the familywise error rate due to comparisons
between three groups, we reported the maximum p-
values of the three-group comparison and pairwise com-
parisons [31]. In order to assess the effect of possible
confounders, we used linear regression with ASEBA
ASR Total Problems raw score as the dependent variable
and birthweight group as categorical covariate, and
adjusted separately for each of the potential con-
founders: sex, parental SES, maternal age at birth, and
maternal smoking at conception. We used an identical
approach to confounder analysis with AQ Sum score
and PDI Grand Total score as dependent variables.
Possible neonatal risk factors and childhood early
markers of adult psychiatric problems were assessed
separately in the VLBW and the SGA group, using linear
regression with the ASEBA ASR Total Problems raw
score, AQ Sum score and PDI Grand Total score as
dependent variables, and possible predictors as covari-
ates, one at a time. Normality of residuals was checked
by visual inspection of QQ plots. Ninety-five percent
confidence intervals (CI) are reported where relevant.
Two-sided p-values <0.05 were considered significant.
Due to multiple hypotheses, adjustments according to
Benjamini and Hochberg [32] was applied for Tables 2,
3, 4, Additional file 1: Table S2 and S5. Adjustments
were performed separately for each table and separately
for each questionnaire within one table.

Results

Clinical characteristics and previous follow-up results
Clinical characteristics are presented in Table 1. Birth-
weight, gestational age and head circumference at birth
differed between groups by study design. Mean Apgar
score at 5 min was lower in the VLBW group than in the
control group. IVH was visible on neonatal ultrasonog-
raphy in nine (15%) VLBW participants; four (7%) grade
1, two (3%) grade 2, one (2%) grade 3 and two (3%)
grade 4. Mean maternal age at birth was lower in the
VLBW group (28.4 years, SD =5.1) and the SGA group
(28.6 years, SD=3.9) compared to the control group
(30.6 years, SD =4.4), and a higher percentage of SGA
mothers (59%) smoked at time of conception com-
pared to controls (40%). CP had been diagnosed in
three VLBW participants at previous follow-up. Motor
scores at 1 and 5 years did not differ significantly be-
tween the VLBW or the SGA group and the control
group. Mean Movement ABC total score at 14 years
was higher in the VLBW group compared to the con-
trol group. When we excluded VLBW participants
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Table 1 Clinical characteristics of the participants in the three study groups

Preterm VLBW (N=61) p

Term SGA (N=68) p Control (N = 88)

Maternal smoking at conception, n (%) - - 34/58 (59) 029  34/85 (40)
Maternal age at birth, years (n =60/58/85) mean (SD) 284 (5.1) 009 286 (3.9) 007 306 (44)
Maternal glucocorticoid before birth, n (%) 29/59 (49) - - - -
Birth characteristics, mean (SD)
Birthweight, g 1203 (247) - 2938 (193) - 3702 (451)
Gestational age, weeks 289 (2.7) - 396 (1.2) - 398 (1.2)
Head circumference, cm (n =49/57/85) 27.0 (2.5) - 338 (1.1) - 354 (1.1)
Male sex, n (%) 33/61 (54) 420 33/68 (49) 420 38/88 (43)
Twins, n (%) ° 9/61 (15) - 0 (0) - 0 (0)
Perinatal factors, mean (SD)
Apgar at 5 min (n=59/57/83) 83 (1.8 <001  99(03) 564 98 (1.0)
Days in NICU (n =58/~/-) ® 676 (320) - - - -
Days with respiratory support (n =60/—/—) © 57 (12.1) - - - -
IVH, n (%) ¢ 9/59 (15) - - - -
Motor function, mean (SD)
BSID Psychomotor Developmental Index at 1year (n=22/48/75)  99.1 (184) 141 1044 (13.5) 141 107.8 (11.8)
PDMS Eye/hand coordination at 5 years (n =23/56/71) 794 (5.8) 734 785 (5.1) 033 809 (3.3)
PDMS Balance at 5 years (n=23/57/71) 573 (4.5) 286 583 (4.8) 286 590 (44)
PDMS Locomotion at 5 years (n =23/56/71) 100.7 (10.9) 264 104.1 (8.6) 264 1059 (54)
Movement ABC total score, at 14 years (n =41/48/68) 116 (84) <001 68(53) 770 6.0 4.1)
CP, n (%) 3/61 (5) - 0(0) - 0(0)
Cognitive function, mean 1Q (SD)
WPSSI 5 years (n=21/52/75) 949 (16.6) <001 100 (12.7) 001 1080 (12.7)
WISC 14 years (n = 44/49/69) © 81.0 (21.6) <001 920 (15.8) 171962 (16.7)
WAIS 19 years (n =46/46/68) 884 (11.9) <001 95792 004 1017 (12.3)
IQ <85, WAIS 19 years, n (%) 16/46 (35) <001  6/46 (13) 347 5/68(7)
Parental SES, mean (SD) (n = 50/55/74) © 35(1.2) 372 37 (1.2) 372 38(1.1)
Age at participation, years, mean (SD) 264 (0.7) 084 26.5 (0.6) 952 265 (0.5)

P-values vs. controls

Abbreviations: VLBW Very Low Birth Weight, SGA Small for Gestational Age, NICU Newborn Intensive Care Unit, /VH intraventricular hemorrhage, BSID Bayley Scales
of Infant Development, PDMS Peabody Developmental Motor Scales, CP Cerebral Palsy, WPPSI Wechsler Preschool and Primary Scale of Intelligence, WISC Wechsler
intelligence scale for children, WAIS Wechsler Adult Intelligence Scale, SES Socioeconomic Status

@ From 8 pairs
® Information on days in NICU or pediatric ward: n = 58 VLBW, max.: 160 days

¢ Information on days with respiratory support (Ventilator or Continuous Positive Airway Pressure): n =60 (No respiratory support: n =22 (37%); One day
respiratory support n =15 (25%) max: 63 days; among those with respiratory support >1 day: n = 23 (38%), mean (SD): 9,0 days (14.2))
¢ IVH Grading: No IVH: 50 (85%), grade 1: n=4; grade 2: n=2, grade 3: n=1; grade 4: n=2

€ WISC estimated from 4 subtests

f Parental SES collected at 14 years for: n =47 VLBW, 53 SGA, 72 control and supplemented at 19 years for n =3 VLBW, 2 SGA, 2 control

with CP, the mean (SD) total score of Movement ABC
was reduced from 11.6 (8.4) to 10.8 (7.6) but the dif-
ference between the VLBW and control group was still
statistically significant (p =.001). Mean IQ score was
lower in both the VLBW and the SGA group com-
pared to controls at 5 and 19 years, while at 14 years
in the VLBW group only. None of the participants
were blind or deaf. Mean parental SES was similar in
the three study groups.

Psychiatric symptom load

The VLBW group had higher mean score on ASEBA
ASR Total Problems compared to the control group;
mean (SD): 34.0 (24.5) vs 21.6 (17.4), Cohens d =0.71,
p=.012 (Table 2, Fig. 2). They also had higher mean
scores on Externalizing Problems as well as Withdrawn,
Somatic Complaints, Thought Problems, Attention
Problems, Intrusive and Critical Items, with small to
medium effect sizes (Cohens d) (Figs. 2 and 3). A higher
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Preterm VLBW (N=61) p Term SGA (N =68) p Control (N = 88)
Mean (SD) Cohen’s d Mean (SD) Cohen’s d Mean (SD)
ASEBA Raw Scores
Anxious/Depressed 6.6 (7.3) 0.60 069 6.8 (6.8) 0.64 039 39 (45)
Withdrawn 24 (24) 0.50 032 24(25) 0.50 047 15(1.8)
Somatic Complaints 2.7 (3.0) 040 032 324.0) 0.60 074 1.7 (2.5)
Thought Problems 1.7 (23) 0.75 032 14 (1.8) 0.50 039 08(1.2)
Attention Problems 70 (4.8 0.56 015 64 (5.2) 042 042 46 (4.3)
Aggressive Behavior 33 (4.0) 0.56 062 2.5 (3.0) 0.26 078 18 2.7)
Rule-Breaking Behavior 1.8 (2.6) 0.53 062 1.8 (2.6) 0.53 078 1.0 (1.5
Intrusive 1.7 (1.8) 043 037 2120 0.71 016 1.1(14)
Internalizing Problems 118 (10.8) 0.70 032 124 (12.1) 0.79 039 7.1 (6.7)
Externalizing Problems 6.8 (6.6) 0.73 015 6.4 (6.0) 0.63 016 3.9 (4.0)
Total Problems 340 (24.5) 0.71 012 34.1 (27.0) 0.72 016 216 (174)
Critical Items 33(3.5) 0.75 015 3235 0.70 039 1.8 (2.0)
AQ*®
Social skill 20(01.7) 047 028 2.1(23) 053 136 13(1.5)
Attention switching 44 (22) 0.55 012 43 (2.1) 0.50 012 33 (2.0)
Attention to detail 35(@2.1) 0.18 395 3419 0.14 395 3122
Communication 24(1.7) 035 156 23 (20) 0.29 156 18(1.7)
Imagination 32(1.8) 029 496 28(1.6) 0.00 496 28 (14)
Sum score 15.5 (6.3) 0.60 028 14.6 (6.1) 043 136 123 (5.3)
PDI°
Conviction 59(79) 0.23 590 51(58) 0.11 590 44 (6.6)
Preoccupation 3.8 (5.6) 0.29 454 3.7 (5.7) 0.26 454 26 (4.2)
Distress 4259 027 454 39 (59 0.20 454 3.0 (45)
Grand Total 15.7 (21.2) 0.27 454 143 (17.7) 0.18 454 113 (16.5)
Yes/no 19 (23) 0.29 A54 1.7.(1.7) 0.18 454 14 (1.7)

P values vs control by non-parametric test, adjusted for multiple comparison according to Benjamini and Hochberg [32] and for three group comparison

according to Levin et al. [31]

Abbreviations: VLBW Very Low Birth Weight, SGA Small for Gestational Weight, AQ Autism-Spectrum Quotient, PD/ Peters et al. Delusions Inventory
@ AQ Sum score: n =59 VLBW, 65 SGA, 85 control; Social Skill Subscale and Attention switching: n =59 VLBW, 66 SGA, 87 Control; Attention to detail: n =60 VLBW,
67 SGA, 87 Control; Communication: n =59 VLBW, 66 SGA, 85 Control; Imagination: n =59 VLBW, 65 SGA, 87 Control

P PDI: n =56 VLBW, 66 SGA, 86 control

proportion of VLBW participants were in borderline/
clinical range for Total Problems as well as Internalizing
and Attention Problems compared to controls (Table 3).

The AQ Attention switching score was higher in the
VLBW group compared to controls; 4.4 (2.2) vs 3.3 (2.0),
p=.012, as well as higher scores in the mean Sum score
and the subscale Social skill (Table 2). Effect sizes were
small to medium. When we excluded VLBW participants
with IQ below 85, these results were no longer statistically
significant (Additional file 1: Table S2). A higher number
of VLBW participants had an AQ Sum score > 20 points
than in the control group: 21 of 59 (36%) vs 8 of 85 (9%),
p =.007 (Table 3). When we excluded VLBW participants
IQ <85, 8 of 30 (27%) VLBW, vs 2 of 60 (3%) controls,

p=.035, had a Sum score >20 points (Additional file 1:
Table S2). None had Sum score > 32 points.

The higher PDI Grand Total score in the VLBW group
compared with the control group was not statistically
significant; 15.7 (21.2) vs 11.3 (16.5), p = 0.454, nor were
the subscales Conviction, Preoccupation nor Distress
scores (Table 2). Effect sizes were small. Still, a higher
number of VLBW participants had Yes-score>4 than
controls; 13 of 56 (23%) vs 5 of 86 (6%) p = .025 (Table 3).

When we adjusted for possible confounders, the
regression coefficients for VLBW vs controls remained
approximately unchanged for ASEBA ASR Total Prob-
lems score, AQ Sum score and PDI Grand Total score
(Additional file 1: Table S3).
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The SGA group had significantly higher mean score on
ASEBA ASR Total Problems compared to the control
group: 34.1 (27.0) vs 21.6 (17.4), Cohens d=0.72,
p =.016 (Table 2, Fig. 2). They also had higher scores on
Externalizing and Internalizing Problems as well as Anx-
ious/Depressed, ~ Withdrawn, = Thought Problems,
Attention Problems, Intrusive and Critical Items, with
medium effect sizes (Figs. 2 and 3). The number of SGA
participants in borderline/clinical range was non-
significantly higher compared with controls for Total
Problems and Internalizing Problems (Table 3).

The AQ Attention switching score was higher in the
SGA group compared to the control group: 4.3 (2.1) vs
3.3 (2.0), p=.012 (Table 2). Effect sizes were small to
medium. After excluding participants with IQ <85, the
group difference in Attention switching remained
statistically significant (Additional file 1: Table S2). The
frequency of SGA participants with Sum score >20
points was 13 of 65 (20%) vs eight of 85 (9%) control
participants, p =.100 (Table 3), and after exclusion of

participants with IQ <85, 5 of 38 (13%) vs 2 of 60 (3%),
p =.368 (Additional file 1: Table S2). None had Sum
score > 32 points.

On the PDI, differences between the SGA group and the
control group were not statistically significant (Table 3).

When we adjusted for possible confounders, the
regression coefficients for SGA vs controls remained ap-
proximately unchanged for ASEBA ASR Total Problems,
AQ Sum score and PDI Grand Total score (Additional
file 1: Table S4).

Perinatal risk factors and early neurodevelopmental
markers

In the preterm born VLBW group, increasing number of
days spent in NICU was associated with more overall
psychiatric symptoms (ASEBA ASR Total Problems
score), autistic traits (AQ Sum score) and odd beliefs
(PDI Grand Total score) (Table 4). Lower gestational age
and increasing number of days with respiratory support
were associated with more overall psychiatric symptoms
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J
Table 3 Number and percent of participants with borderline/clinical range symptom level in the three study groups
Preterm VLBW p Term SGA p Control
n/N (%) n/N (%) n/N (%)
ASEBA ASR borderline/clinical range
Anxious/Depressed 12 /61 (20) 070 15 /68 (22) 100 7 /88 (8)
Withdrawn 13 /61 (21) 182 18 /68 (27) 115 11 /88 (13)
Somatic Complaints 9 /61 (15) 201 15 /68 (22) 100 7 /88 (8)
Thought Problems 13 /61 (21) 219 13 /68 (19) 256 10 /88 (11)
Attention Problems 15 /61 (25) 042 14 /68 (21) 100 7 /88 (8)
Aggressive Behavior 13 /61 (21) 070 8 /68 (12) 284 6 /88 (7)
Rule-Breaking Behavior 14 /61 (23) 182 13 /68 (19) 224 10 /88 (11)
Intrusive 10 /61 (16) 155 15 /68 (22) .100 7 /88 (8)
Internalizing Problems 26 /61 (43) 007 24 /68 (35) 063 14 /88 (16)
Externalizing Problems 21 /61 (34) 096 23 /68 (34) 100 17 /88 (19)
Total Problems 23 /61 (38) 023 23 /68 (34) 063 14 /88 (16)
Critical Iltems 14 /61 (23) 096 17 /68 (25) 100 10/88 (11)
AQ 2 20 point 21 /59 (36) 007 13 /65 (20) .100 8/85(9)
PDI 24 yes 13 /56 (23) 025 7/66 (11) 284 5/ 86 (6)

P values vs control by chi square test, adjusted for multiple comparison according to Benjamini and Hochberg [32] and for three group comparison according to
Levin et al. [31]

Abbreviations: VLBW Very Low Birth Weight, SGA Small for Gestational Age, ASEBA ASR The Achenbach System of Empirically Based Assessment, Adult Self Report,
AQ Autism-Spectrum Quotient, PDI Peters et al. Delusions Inventory

ASEBA ASR borderline/ clinical level defines as >84th percentile (total problems, internalizing, externalizing) and > 93rd percentile (problem scores) in the

control group
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Table 4 Perinatal risk factors and neurodevelopmental markers in the preterm VLBW and the term SGA group; linear regression with
ASEBA ASR Total Problems score, AQ Sum score and PDI Grand Total score separately as dependent variables, and for each variable

one at a time as covariate

ASEBA ASR p AQ p PDI p
B (95% Cl) B (95% Cl) B (95% Cl)
Preterm VLBW

Perinatal factors
Gestational Age (weeks, n=61/59/60) —24 (—4.7 to —0.05) 161 -07(-13t0—-0.1) 102 —1.7 (-3.7t0 04) 259
Birthweight (pr. 100 g, n =61/59/60) —22 (=471 04) 184  —-05(-12t00.1) 212 -20(-421t002) 259
Days in NICU (n = 58/56/58) 03 (0.1 to 0.5) 014 008 (003 t0 0.12) 028 0.2 (0.04to 04) 224
Days with respiratory support (n = 60/58/59) * 09 (04 to 14) 014 0.2 (0.06 to 0.3) 028 04 (-0.1 to 0.8) 259
IVH (n=59/57/58) 41(-3.1t0 114 330 1.8 (0.03 to 3.6) 129 48 (-15t0 11.1) .266
Maternal glucocorticoid (n = 59/57/58) —44 (=172 to 84) 525 —0.8 (4.1 to 2.5) 736 —56 (-170t0 5.9) 466
Apgar 5 min (n=59/57/58) -23(-59t0 14) 308 -06 (- 1.5t0 04) 425 -15(-471t018) 467

Motor function
BSID Psychomotor Developmental Index —-02(—=07t004) 525 —-0.1(-02t00.1) 575 0.1 (=0.5 to 0.6) 813
score at 1year (n=22/21/22)
PDMS Eye/hand coordination at 5 years -17 (351002 184 —0.1 (-06to 04) 736 —1.7(-371t002) 259
(n=23/22/23)
PDMS Balance at 5 years (n = 23/22/23) -2.1(-441003) 184 02 (-09to 04) 575 -18(-441008) 305
PDMS Locomotion at 5 years -0.7 (-1.7t003) 258 0.1 (=04 to 0.1) 473 —-06 (—1.7t0 0.5) 446
(n=23/22/23)
Movement ABC total score at 14 years 1.2 (04 to 2.0) 019 0.3 (0.05 to 0.5) 089 0.8 (0.02to0 1.7) 259
(n=41/39/40)

Cognitive function
WPSSI at 5 years (n=21/20/21) -0.2 (<08 to 04) 525 -002(-02t002) 803  0.1(-041t00.7) 728
WISC at 14 years (n=44/42/43) b -02 (-05t00.1) 258 -0.1(-021t00.2) 212 -0.1 (=04 t0 0.2) 748

Term SGA

Perinatal factors
Gestational Age (weeks, n = 68/65/68) —6.1 (=115 to =0.7) 290 -10(-231t003) 270 -3.1(=7.11t00.8) 285
Birthweight (pr. 100 g, n = 68/65/68) -16(-=501t0 1.8) 778 =03 (=1.11t005) 514 —12(-37t012) 515
Apgar 5 min (n=57/55/57) 16.7 (—11.8 to 45.1) 778 —-08(—69to054) 806 46 (— 165 to 25.8) 734

Motor function
BSID Psychomotor Developmental Index -0.1(=071t005) 883 —0.1 (=02 1t00.02) 270 0.1 (-041t006) 734
score at 1year (n=48/47/48)
PDMS Eye/hand coordination at 5 years 04 (—=17t010) 778 —-03(=0.7to—-0071) 215 -10 (2.1 to 0.01) 283
(n = 56/54/56)
PDMS Balance at 5 years (n=57/54/57) -05(-191t0 09) 778 -0.1(-051t003) 746 —06 (—1.8t00.5) 515
PDMS Locomotion at 5 years (n = 56/54/56) -02(-=10to0 06) 778 =02 (=03 to 0.05) 270 -0.03 (- 0.7 to 0.6) 929
Movement ABC total score at 14 years 04 (-12t0 1.9) 778 0.2 (-0.2 to 0.6) 359 05 (0.7 to 1.8) 559
(n =48/45/48)

Cognitive function
WPSSI at 5 years (n=52/50/52) -04 (-1.0t0 0.2) 778 -02 (-04to —-0.1) 010 —04 (- 09 to 0.02) 283
WISC at 14 years (n = 49/46/49) ® —001 (-051t005) 956 —0.1 (-0.2to 0.04) 288 -03(-07t0 005 283

P values adjusted for multiple comparisons according to Benjamini and Hochberg [32]

Abbreviations: VLBW Very Low Birth Weight, NICU Neonatal Intensive Care Unit, IVH Intra Ventricular Hemorrhage, BSID Bayley Scales of Infant Development, PDMS
Peabody Developmental Motor Scales, WPPSI Wechsler Preschool and Primary Scale of Intelligence, WISC Wechsler intelligence scale for children
2 Respiratory support: Ventilator or Continuous Positive Airway Pressure

P WISC estimated from 4 subtests
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and autistic traits, while presence of IVH was associated
with more autistic traits. The corresponding adjusted R>
values were of small to moderate size (0.078 to 0.169).
Poor motor function at 14years was associated with
more overall psychiatric symptoms, autistic traits and
odd beliefs (adjusted R? 0.078 to 0.175). The associations
surviving adjustment for multiple comparisons were
those between increasing number of days spent in NICU
as well as increasing number of days with respiratory
support and more overall psychiatric problems as well as
autistic traits. Also the association between motor prob-
lems at 14 years and more overall psychiatric problems
survived adjustment for multiple comparison. When we
excluded VLBW participants with CP (Additional file 1:
Table S5), the regression coefficients for overall psychi-
atric symptoms and autistic traits as dependent variables
were essentially unchanged when adjusting for days
spent in NICU and days with respiratory support, but
was reduced when adjusting for gestational age and
motor function. The regression coefficients for odd be-
liefs were essentially unchanged when adjusting for days
spent in NICU, reduced for motor function, but statisti-
cally significant for days with respiratory support and
presence of IVH. After adjustment for multiple compari-
son, none of these coefficients was statistically
significant.

In the term-born SGA group, lower gestational age
was associated with more overall adult psychiatric
symptoms (ASEBA ASR Total score), although the cor-
responding adjusted R* was small (< 0.10) (Table 4).
Poorer eye/hand coordination at 5 years and lower IQ at
5years were associated with more autistic traits (AQ
Sum score), with adjusted R* 0.059 and 0.194 respect-
ively. After adjustment for multiple comparison, the
association between lower IQ at 5years and more adult
autistic traits was still statistically significant.

Discussion

At 26years of age, both the preterm VLBW and the
term SGA group had more overall self-reported psychi-
atric symptoms compared to the term non-SGA control
group. The VLBW and the SGA group were similar in
terms of reporting more attention, internalizing and
externalizing problems. However, the VLBW group re-
ported more somatic complaints and a higher propor-
tion had intermediate level of autistic traits, while the
SGA group reported more anxious/depressed symptoms
compared to controls. Effect sizes (Cohens d) were of
small to medium size. In the VLBW group, increasing
number of days spent in NICU and with respiratory
support were perinatal risk factors, while poor motor
function in early adolescence seemed to be a neurodeve-
lopmental marker.
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Symptom load

In the preterm VLBW group, the number of participants
with borderline/clinical symptom level was consistently
higher across symptom categories compared to controls.
Put together with the higher total problems and critical
items scores, this indicates a substantial burden of
mental health problems.

Our results are in line with a recent meta-analysis by
Pyhéla et al. [33], reporting more internalizing problems
in VLBW adults compared to their term-born peers. In-
ternalizing problems include anxiety and depression,
which are well documented in VLBW individuals both
in this and other cohorts [8, 20, 34]. However, we found
that anxiety and depression were less evident by self-
report than by the clinical diagnostic assessment pub-
lished previously [20]. Either, this discrepancy could be
due to the young adults under-reporting symptoms of
anxiety or that their disorders were well managed.

The externalizing problems reported in this study, is
contradictory to other studies [33, 35], and surprisingly,
a quite high proportion of VLBW participants reported
aggressive behavior in the clinical range. The ASEBA
ASR Aggression Behavior scale contains items related
mostly to verbal or relational aggression, as well as items
concerning mood changes and instability, and may thus
be related to anxiety and depression, and possibly bipo-
lar disorder, which was found with increased prevalence
in this VLBW group [20]. Further, subjective measures
on anger and aggression have been related to psychiatric
diagnoses and symptoms in general [36]. One may also
speculate whether the self-perceived aggression relates
to the lower cognitive abilities and attention problems in
the VLBW group, which may impede mental construc-
tion of a predictable and understandable reality, causing
slight confusion and aggression.

Attention problems was a conspicuous feature in the
VLBW group, and is well-known from the literature
where it rarely is accompanied by hyperactivity or im-
pulsivity. Attention deficit is likely to represent a chal-
lenge in academic performance and everyday life, and
attention problems and perhaps especially difficulties in
attention switching, may negatively influence social
functioning, particularly in group settings. This is sup-
ported by the poorer social skills reported by VLBW
participants and the higher frequency of intermediate
level of autistic traits compared to controls. These re-
sults imply difficulties in understanding social cues and
limited flexibility in social situations. Elevated rates of
autistic traits in children born preterm are consistently
reported [37], also when excluding participants with
severe impairments [38]. Our findings indicate that the
attention- and social problems of the VLBW group seem
not to subside with advancing age, but continue into
adulthood.
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Almost one in four VLBW individuals reported mul-
tiple odd beliefs according to PDI, and even though the
higher mean scores were not significantly different from
controls, this finding might indicate a higher frequency
of strange ideas or less ability to suppress and rationalize
such ideas.

In all, when reviewing the VLBW symptom profile in
this cohort, the diversity is striking, painting a broader
picture of a rather complex phenotype, possibly reflect-
ing aberrant brain development with a diffuse global
influence on mental health.

The term-born SGA group reported overall higher
level of psychiatric symptoms than the control group.
The degree of attention and attention switching prob-
lems was interestingly similar to the preterm VLBW
group. Increased risk of hyperkinetic disorder has been
reported in term-born SGA children [39], hence it seems
such difficulties continue into adult age, and may pos-
sibly account for the lower educational attainment seen
in this group [20, 40]. Emotional problems were preva-
lent in the SGA group, supporting the results of Berle et
al. [41] who found increased risk of anxiety and
depressive symptoms in term-born SGA adults. Emo-
tional and behavioral problems were however not seen
by Cornforth et al. [42] in preschool children, possibly
indicating that other aspects, such as genetics or envir-
onmental factors, are influential for adult psychiatric
symptoms in this group, or perhaps an age specific
expression of problems. Almost one in four had border-
line/clinical level of Somatic Complaints in the SGA
group, and a higher level of self-reported pain compared
to normal birthweight peers has been reported [43].
Both pain and other somatic complaints may be related
to emotional difficulties such as anxiety and depression,
but could also be connected to the well-established rela-
tionship between early life exposures and adult somatic
disorders in general [44]. Intrusive problems were a
prominent feature in the SGA group, indicating less self-
regulation of behavior and emotions, and poorer social
skills. Further, although not statistically significant, the
higher proportion with intermediate level of autistic
traits in the term SGA group call for more research.

Despite the overall more moderate severity of the
symptom profile in the SGA group, the similarities to
the preterm VLBW group is noteworthy. Being born
SGA is closely related to fetal growth restriction, but will
also include genetically small individuals, leaving the
reason for smallness even more important. We speculate
that the similarities may be related to some shared
prenatal exposure or developmental course.

Perinatal risk and neurodevelopmental markers
In the VLBW group, lower gestational age and increas-
ing number of days with respiratory support and days of
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stay in the NICU were risk factors for adult psychiatric
symptoms (although lower gestation age was non-
significant after adjustment for multiple comparison).
These factors are closely related to both immaturity and
overall neonatal morbidity. Several studies from the
same cohort have shown associations between gesta-
tional age, neonatal morbidity and brain pathology in
grey and white matter [45-47], as well as associations
between cerebral structural differences and psychiatric
symptoms in adolescence [48]. From a clinical viewpoint,
it is not surprising that the youngest and sickest babies
had an increased risk of adult mental health problems.
The lack of clear association between birthweight and
adult psychiatric problems might be related to the inclu-
sion criteria used in this study, with a cut-off for birth-
weight (<1500 g). As the cohort was born in 1986—88
fewer babies with birthweight <1000 g survived, result-
ing in a skewed distribution and thereby possibly mask-
ing an association.

There was no protective effect of prenatal steroids in
this study, despite that it has been shown to be rather
successful in prevention of neonatal respiratory prob-
lems [49] and one could thus expect a beneficial effect
also on long-term outcome. Van Lieshout et al. [50]
report increased risk of psychiatric disorders in adults
exposed to prenatal corticosteroids. Postnatal steroids,
given to alleviate ventilator weaning and prevent
bronchopulmonary dysplasia, have turned out to have
possible adverse neurodevelopmental side effects [51].
As cortisone is a stress-hormone and all steroids mimic
this effect to some degree, there might be a need for
further research on the long-term effect of pre- and
postnatal steroids on mental health.

Motor problems at 14 years were related to psychiatric
symptoms in VLBW adults, while motor function at 1 and
5 years were not associated. This can be explained by pre-
school motor tests inevitably being less specific than tests
in adolescence. Further, as adolescence and puberty comes
with extensive cerebral maturation, motor difficulties lin-
gering beyond puberty [52] could actually be more pre-
dictive of adult psychopathology. Poole et al. [53] report
an association between childhood motor problems and
adult anxiety, depression and attention deficit, although
weaker in extremely low birthweight individuals.

Contrary to our hypothesis, we did not find an associ-
ation between childhood cognitive function and adult
psychiatric symptoms. In line with our results, Westrupp
et al. [16] found that IQ estimated at 5 years of age in a
VLBW population could not predict adult psychiatric
disorders. Our findings might be related to the inherent
uncertainty of any cognitive test at this young age. It
may also be related to the use of an abbreviated version
of WISC at 14 years, leading to more uncertainty in the
estimation of IQ.
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In the term SGA group, lower gestational age was a
predictive factor for overall psychiatric symptoms in
adulthood, although not statistically significant after
adjustment for multiple comparisons. As all participants
in the SGA group were born at term (week 37 to 42),
one could expect a beneficial effect of being born at
early term for those subject to intrauterine growth re-
striction. However, some studies report negative effects
on long-term outcome of even late prematurity (week 32
to 36, [54]), hence our result might indicate an extension
of this gradient. Lower childhood cognitive function was
associated with more autistic traits as adults. However,
as the AQ subscale Attention switching is included in
the concept of executive functions, poor childhood cog-
nitive may indicate later problems in executive func-
tions, rather than autistic traits per se. This may also
apply to motor function, but the association between
poor childhood fine motor function and more autistic
traits was non-significant after adjustment. Nonetheless,
these results call for more research, as they may imply a
possibility of early detection of individuals in need of
tailored follow-up in school and social settings.

Limitations

The sample size was limited, which may influence the
external validity of our findings. Thus, random findings
may occur and negative findings should be interpreted
with caution. Especially, the limited sample size re-
stricted sub-analyses of SGA vs. Appropriate for Gesta-
tional Age status in the VLBW group, as well as
exploring sex differences. Further, there was a lower
number of participants at 1- and 5-year follow-up in the
VLBW group since only those born in 1988 were
enrolled, causing reduced power in the analysis of child-
hood cognitive and motor function. In addition, the
motor tests hold different characteristics: BSID Psycho-
motor Developmental Index and PDMS assess the opti-
mal motor performance, while Movement ABC seeks to
identify problem areas. Self-reports were used to
estimate psychiatric symptoms, and as cognitive abilities
are pertinent in self-administered questionnaires, the
lower IQ in the VLBW and SGA group may influence
results. There were differences between participants and
non-participants in birthweight (VLBW group), maternal
age at birth and parental SES (SGA group), however, in
the confounder analysis neither of the variables influ-
enced the results. Apart from parental SES, we do not
have information on childhood environmental factors,
nor from parents or partners, which would have comple-
mented the picture. The medical treatment and nursing
of newborns has improved substantially over the nearly
30years since this study commenced, as has public
health measures, such as prevalence of smoking. This
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may affect the applicability of our results for more re-
cently born VLBW infants, but results may still be rele-
vant to infants born at the present border of viability.
This study underlines that knowledge about adult diffi-
culties is important in order to plan for and enable tai-
lored follow-up and also for possible early intervention.
Further, low birthweight in the context of this study can
be viewed as a proxy for unfavorable exposures in fetal
life [55]. However, the term-born SGA group also
comprised constitutionally small but otherwise healthy
individuals, leaving the reasons for smallness more im-
portant for neurodevelopmental outcome. This study
therefore reinforces that continued efforts for improving
maternal health is warranted. For the VLBW group, the
additional burden of a complicated perinatal period
should further raise the awareness of possible later diffi-
culties. Additionally, there is reason to believe that iden-
tifying motor problems in VPT/VLBW children, could
be helpful in focusing extended health-care services to
those with the highest risk of later unfavorable outcome.

Conclusions

Both the preterm VLBW and the term SGA adults
reported more attention, internalizing and externalizing
problems and symptoms indicative of poorer social
skills, compared to the controls. Increased neonatal
morbidity and possibly lower gestational age were
perinatal risk factors, whereas motor problems in early
adolescence seemed to be a neurodevelopmental marker
of adult psychiatric symptoms in the VLBW group. Our
findings lend support to the idea that low birthweight
involve vulnerability to neurodevelopmental disadvan-
tages involving motor, cognitive and mental health prob-
lems. Further, symptoms seem to be expressed according
to advancing age and persist into adult life.
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