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Abstract

Objectives

Faster growth after preterm birth benefits long-term cognitive functioning. Whether these
benefits extend to mental health remains largely unknown. We examined if faster growth in
infancy is associated with better self-reported mental health in young adults born preterm at
very low birth weight (VLBW) (<1500g).

Study Design

As young adults, participants of the Helsinki Study of Very Low Birth Weight Adults self-
reported symptoms of depression and attention deficit/hyperactivity disorder (ADHD) (n =
157) and other psychiatric problems (n = 104). As main predictors of mental health out-
comes in linear regression models, we used infant weight, length, and head circumference
at birth, term, and 12 months of corrected age, and growth between these time points.
Growth data were collected from records and measures at term and at 12 months of cor-
rected age were interpolated. Additionally, we examined the moderating effects of intrauter-
ine growth restriction.

Results

Size at birth, term, or 12 months of corrected age, or growth between these time points were
not associated with mental health outcomes (p-values >0.05). Intrauterine growth restriction
did not systematically moderate any associations.

Conclusions

Despite the high variability in early growth of VLBW infants, the previously described associ-
ation between slow growth in infancy and poorer cognitive functioning in later life is not
reflected in symptoms of depression, ADHD, and other psychiatric problems. This suggests
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that the development of cognitive and psychiatric problems may have dissimilar critical peri-
ods in VLBW infants.

Introduction

Decreasing the burden of preterm birth (<37 gestational weeks) has been deemed a public
health priority[1] in developed countries, where every 10™ birth is preterm: not only does it
represent the current leading cause of perinatal mortality[2], but it also poses a risk for poorer
long-term cognitive[3-6] and social and emotional[7-9] functioning, and increases the risk of
clinical and sub-clinical mental disorders[10-14]. Particularly those preterm individuals who
have experienced restricted growth in utero may be at risk of poorer mental health[11,12,15],
including internalizing problems[9], depression[16], and symptoms of attention deficit/hyper-
activity disorder (ADHD)[17,18].

However, many individuals born preterm do not suffer from poorer long-term cognitive
functioning and mental health. These differences may arise from factors that both underlie
and result from being born too early, including the degree of immaturity, variations in intra-
uterine growth, maternal pregnancy disorders, and immaturity-associated illnesses and com-
plications. Another factor behind these differences may be postnatal growth. A scant literature
suggests that faster growth in infancy and in childhood may protect some individuals from
risks associated with preterm birth. The literature on long-term consequences has thus far
mainly concentrated on benefits that faster growth may offer for cognitive functioning[19-
22]. We are aware of only three studies to date that have tested associations specifically
between growth after preterm birth and mental health outcomes. One study reported that
growth in head circumference during the first two years after preterm birth at extremely low
birth weight (<1000g) was not associated with parent-/teacher-reported ADHD symptoms in
childhood[23]. Another study found that weight gain from preterm birth to 4-7 years was not
consistently associated with parent-rated internalizing or externalizing problems in childhood
[24]. In contrast, we have recently reported that faster growth from birth to term, but not
from term to 12 months of corrected age (CA) after preterm birth at very low birth weight
(VLBW) (<1500g) was associated with lower self-reported autism-spectrum traits in young
adulthood[25].

We now extend these studies by investigating if faster growth in weight, length, and head
circumference from birth to term and thereafter to 12 months of CA in individuals born pre-
term at VLBW predicts better self-reported mental health, including lower depressive and
ADHD symptoms and other psychiatric problems in young adulthood. Additionally, we com-
pare the effects of growth in individuals who were born small- (SGA) (<-2 standard devia-
tions [SD] according to Finnish growth charts) or appropriate for gestational age (AGA)
(>-28SD).

Methods
Participants

The original Helsinki Study of Very Low Birth Weight Adults cohort consisted of 335 VLBW
infants born consecutively between January 1978 and December 1985 and discharged alive
(survival rate 70.7%) from the Neonatal Intensive Care Unit of Children’s Hospital at Helsinki
University Central Hospital in Finland. The cohort has been described elsewhere.[26] In 2004-
2005, 255 individuals residing in the greater Helsinki area were invited to the first clinical
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follow-up visit[16,18]: 166 participated and were invited to the second follow-up visit
[22,27,28] in 2007-2008. During the first and second visit, 164 and 108 participants, respec-
tively, completed the mental health questionnaires. We excluded three participants who
reported a developmental disability and four participants with no growth data available, which
resulted in 158 VLBW participants in total, of whom 157 and 104 had available data on mental
health outcomes on the first and second visit, respectively.

Ethics statement

All participants gave their written informed consent as adults, and the Ethics Committee for
Children and Adolescents’ Diseases and Psychiatry at the Helsinki University Central Hospital
approved the study protocol. In order to protect the privacy of the cohort members, the data
were anonymized during collection and provided to the researchers of the current study in a
format where official personal identification numbers and other personal information such as
names and addresses had been removed, and participants could only be identified using study
identification codes.

Growth measures

Weight, length, and head circumference measurements came from hospital and child welfare
clinic records. To obtain measures at term (40+0 weeks+days postmenstrual age), we interpo-
lated between true measurements, provided a measurement had been made within 28 days.
Median time period between term and closest true measurement point was 1 day for weight, 5
days for length, and 4 days for head circumference. We interpolated size at 12 months (52
weeks) CA if a measurement had been made within 42 days, allowing a wider range to increase
sample size. Median time period between 12 months CA and closest true measurement point
was 14 days for weight, and 15 days for length and head circumference.

We converted size at birth and at term into z scores by sex and age according to Finnish
charts[29]. Finnish infant growth charts from that time[30,31] provide z scores for length and
head circumference, and a percentage score of current weight in relation to expected weight for
sex and CA. Therefore, we converted length and head circumference at 12 months CA into
standardized z scores by sex and age, whereas weight at 12 months was first converted into per-
centage scores for sex and age and thereafter, to facilitate comparison of effect sizes, into z
scores within the VLBW cohort.

Outcome measures

During the first clinical visit, the participants completed the Beck Depression Inventory (BDI)
[32] and the Center for Epidemiological Studies Depression Scale (CES-D)[33], which measure
the severity and frequency of depressive symptoms, respectively. They also completed the
Adult Problem Questionnaire (APQ)[34], which measures behavioral symptoms of ADHD.
During the second clinical visit, the participants completed the Achenbach System of Empiri-
cally Based Assessment Adult Self Report (ASR)[35]. This questionnaire yields a Total Prob-
lems score reflecting overall psychosocial adjustment, and two subscores, the Internalizing
Problems subscore reflecting symptoms of anxiety, depression, withdrawal, and somatic com-
plaints, and the Externalizing Problems subscore reflecting delinquent and aggressive behavior
symptoms. The mental health questionnaires used in this study have been used extensively in
epidemiology and have good psychometric properties [34-36]. On all scales, a higher score
reflects a higher number or more frequent/severe symptoms.
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Covariates and confounders

From medical records, we extracted sex (male/female), gestational age (weeks), date of birth for
calculating age during the visit (years), time period between closest true measurement point
and term /12 months CA (days), self-reported maternal smoking during pregnancy (yes/no),
and neonatal complications/illnesses (septicemia, bronchopulmonary dysplasia, indomethacin
treatment, surgery due to patent ductus arteriosus, and blood exchange transfusion due to
hyperbilirubinemia [each yes/no]; duration of ventilator treatment [days]; and intraventricular
hemorrhage [grade]). 47 participants lacked data on intraventricular hemorrhage, and 10 par-
ticipants lacked data on maternal smoking during pregnancy, and were considered separates
groups when dummy coding the variables. None of the participants were diagnosed with nec-
rotizing enterocolitis. During the first clinical visit, participants reported diagnosed neurosen-
sory impairments (cerebral palsy/blindness; none reported severe hearing impairment) and
highest education of either parent (basic /secondary /lower tertiary /upper tertiary).

Statistical analyses

As main outcomes in linear regression models, we used BDI and CES-D (after logarithmic
transformation to attain normality), and APQ sumscores, and ASR Total Problems score and
Internalizing and Externalizing Problems subscores (after square root transformation to attain
normality). We standardized these outcomes by sex within the sample (mean =0, SD = 1) to
facilitate interpretation of effect sizes.

As main predictors of mental health outcomes, we used infant growth in weight, length, and
head circumference from a) birth to term and b) from term to 12 months CA. We used stan-
dardized residual change scores from linear regression models where a) body size z scores at
term were regressed on the corresponding measure at birth and b) body size z scores at 12
months CA were regressed on the corresponding measure at term, creating uncorrelated resid-
uals that reflect growth conditional on previous history.[37,38] In supplementary analyses, we
used body size z scores at birth, term, and 12 months CA to predict outcome variables. We con-
sidered two-tailed p-values <0.05 significant.

To control for covariates and confounders, we included gestational age at birth, sex, age dur-
ing the visit in question, time period between closest true measurement point and term (and 12
months CA, when analyzing growth after term), and parental education (as a proxy of socio-
economic background) in all analyses. In additional models, we further adjusted for neonatal
complications/illnesses and maternal smoking during pregnancy, and excluded those with
cerebral palsy (n = 13) and blindness (n = 2).

We first performed the analyses in the whole VLBW group. We then tested if the effects of
growth on mental health varied by SGA/AGA status. We did this by including the interaction
term ‘SGA vs. AGA status for weight /length /head circumference x corresponding growth
measure’ into the regression equation followed by main effects. All participants were <+2SD in
birth weight and head circumference. The two participants scoring >+2SD in birth length
were classified as AGA for length.

Results
Participant characteristics and attrition

Data on participants’ growth in infancy and on neonatal and adult characteristics and mental
health outcomes are presented in Table 1.

Sample size varied according to growth data availability (Table 1). We found no differences
in mental health questionnaire scores between those with and without growth data available in
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Table 1. Growth and infant and young adult characteristics of individuals born preterm at very low birth weight (<1500g).

Participants of the 2"
clinical visit 2007-2008*

Participants of the 1t
clinical visit 2004-2005*

M (SD) N M (SD) N
Characteristics at birth
Weight, kg 1.1 (0.2) 157 1.1 (0.2) 104
Length, cm 37 (2.4) 155 37 (2.5) 102
Head circumference, cm 26 (2.0) 155 26 (2.1) 101
SGA for weight: birth weight <-2 SD, n (%) 51 (32) 157 39 (38) 104
SGA for length: birth length <-2 SD, n (%) 49 (32) 155 30 (29) 102
SGA for head circumference: birth head circumference <-2 SD, n (%) 35 (23) 155 23 (23) 101
Extremely low birth weight: <1000 grams, n (%) 47 (30) 157 28 (27) 104
Gestational age, weeks 29 (2.2) 157 29 (2.4) 104
Very preterm: gestational age <32 weeks, n (%) 139 (89) 157 88 (85) 104
Extremely preterm: gestational age <28 weeks, n (%) 40 (25) 157 29 (28) 104
Mother reported smoking during pregnancy, yes, n (%) 28 (19) 147 16 (16) 97
Sex, male, n (%) 66 (42) 157 45 (43) 104
Neonatal complications and illnesses
Duration of ventilator treatment, median days (25th to 75th percentile) 4.5 (0to 14) 154 4.0 (0to 15) 101
Septicemia, yes, n (%) 12 (8) 154 9(9) 101
Bronchopulmonary dysplasia, yes, n (%) 29 (19) 152 25 (25) 100
Received indomethacin, yes, n (%) 44 (28) 155 33 (32) 102
Surgery due to patent ductus arteriosus, yes, n (%) 8 (5) 155 8 (8) 102
Blood exchange transfusion due to hyperbilirubinemia, yes, n (%) 25 (16) 155 15 (15) 102
Intraventricular hemorrhage, n (%) 111 77
none 90 (81) 65 (84)
grade | or Il 16 (14) 9(12)
grade lll or IV 5(5) 3 (4)
Characteristics at term
Weight, kg 2.5(0.5) 157 2.5(0.5) 104
Length, cm 46 (2.6) 150 46 (2.7) 101
Head circumference, cm 34 (1.9) 149 34 (2.0) 99
Growth from birth to term
Weight change, kg 1.4 (0.4) 157 1.4 (0.5) 104
Length change, cm 9.0 (2.6) 148 9.0 (2.9) 99
Head circumference change, cm 7.6 (2.1) 147 7.5 (2.2) 96
Characteristics at 12 months of corrected age
Weight, kg 8.5 (1.1) 131 8.6 (1.1) 87
Length, cm 73 (2.8) 127 73 (2.8) 84
Head circumference, cm 46 (1.4) 98 46 (1.4) 64
Growth from term to 12 months of corrected age
Weight change, kg 6.0 (1.0) 131 6.0 (1.0) 87
Length change, cm 27 (2.7) 120 27 (2.6) 81
Head circumference change, cm 12 (1.5) 93 12 (1.6) 61
Characteristics in adulthood
Age during clinical visit, years 22 (2.1) 157 25 (2.2) 104
Higher education of a parent, n (%) 157 104
basic/primary or less 17 (11) 11 (11)
upper secondary 34 (22) 21 (20)
(Continued)
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Table 1. (Continued)

Participants of the 15! Participants of the 2"
clinical visit 2004-2005* clinical visit 2007-2008 *
M (SD) N M (SD) N
lower tertiary 62 (39) 39 (38)
upper tertiary 44 (28) 33 (32)
Mental health outcomes
Adult Problem Questionnaire sum score 38 (18) 157
Beck Depression Inventory sum score 4.5 (5.4) 157
Center for Epidemiologic Studies Depression Scale sum score 9.5 (7.5) 157
ASEBA Adult Self Report Total Problems T-score 49 (10) 104
Internalizing Problems T-score 52 (13) 104
Externalizing Problems T-score 48 (9.7) 104

Abbreviations: AGA—appropriate for gestational age; CA—age corrected for prematurity; cm—centimeters, kg—kilograms, M—mean; N—number of
participants for whom data were available; n—number of participants; SD—standard deviation; SGA—small for gestational age

* 158 VLBW individuals in total had data available on growth in infancy and adult mental health (after excluding those with developmental disability), and
were thus included in the study. 157 participants had mental health data available from the 1% visit, 104 had data available from the 2" visit, and 103 had

data available from both visits.

doi:10.1371/journal.pone.0137092.t001

weight, length, and head circumference from birth to term or from term to 12 months CA (p-
values >0.12). Those with weight growth data from birth to term (n = 158) did not differ in
any available measures of body size or covariate / confounder data (p-values >0.12) from those
without these data (n = 4), either. Those with length growth data from birth to term (n = 149)
were less likely to have mothers who smoked during pregnancy (17% vs. 42%, p = 0.04) than
those without these data (n = 13). Those with head circumference growth data from birth to
term (n = 147) less often reported lower tertiary level as highest parental education (37% vs.
73%, p = 0.01) than those without these data (n = 15). Those with weight growth data from
term to 12 months CA (n = 132) were more likely to be women (61% vs. 40%, p = 0.03) and
more often had undergone blood exchange transfusion (19% vs. 3%, p = 0.04) than those with-
out these data (n = 30). Those with length growth data from term to 12 months CA (n = 121)
were also more likely to be women (64% vs. 39%, p = 0.01) and more often had undergone
blood exchange transfusion (21% vs. 3%, p = 0.01) than those without these data (n = 41).
Those with head circumference growth data from term to 12 months CA (n = 94) had higher
SD scores for birth weight (mean [M] = -1.0 vs. M = -1.5, p = 0.04), birth length (M = -1.0 vs.
M =-1.6,p =0.04), and term length (M = -2.3 vs. M = -2.7, p = 0.05) than those without these
data (n = 68).

Infant growth and adult mental health in the VLBW group

Firstly, we tested if growth from birth to term and from term to 12 months CA were associated
with adult mental health outcomes. Fig 1 presents the main findings: associations between
growth and APQ, BDI, CES-D, and ASR Total Problems sumscores. Additional results con-
cerning ASR Internalizing and Externalizing subscales are shown in S1 Table. These associa-
tions were not statistically significant (Fig 1, SI Table). The results remained similar after
adjusting for neonatal complications/illnesses or maternal smoking during pregnancy, or
excluding participants with neurosensory impairments.
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Panel A: Growth in weight

Effect size
APQ sum score -0.07
0.13
BDI sum score 0.01
-0.08
CES-D sum score 0.05
-0.00
ASR Total Problems score -0.05
-0.02
Panel B: Growth in length
Effect size
APQ sum score 0.05
0.10
BDI sum score 0.03
0.07
CES-D sum score 0.08
0.04

ASR Total Problems score -0.06
0.02
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Panel C: Growth in head circumference

Effect size
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0.07
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Fig 1. Growth in infancy and mental health questionnaire sumscores in very low birth weight adults.
Change in mental health questionnaire sumscores (in SD units) in young adulthood per one SD faster growth

from birth to term, and from term to 12 months of corrected age, in individuals with very low birth weight

(<1500g). We adjusted for gestational age at birth, sex, age at completing questionnaire, highest education of

a parent, and time period between closest true measurement point and term (and 12 months CA, when

analyzing growth after term). Outcomes were standardized within the study group. Terms and abbreviations:
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APQ—Adult Problem Questionnaire, reflecting symptoms of attention deficit / hyperactivity disorder; BDI—
Beck Depression Inventory; CES-D—Center for Epidemiologic Studies Depression scale; ASR—ASEBA
Adult Self Report; SD—standard deviation; Effect size—standard deviation change in questionnaire score.

doi:10.1371/journal.pone.0137092.g001

We then tested if body size at birth, at term or at 12 months CA (S2 Table) were associated
with adult mental health outcomes. These associations were not significant either (S2 Table),
except when we made adjustments for neonatal complications/illnesses or maternal smoking
during pregnancy, larger head circumference at term was associated with a lower Internalizing
Problems subscore (-0.14 SD units per 1SD larger head circumference, 95% Confidence Inter-
val [CI] -0.26 to -0.02, p = 0.02), and when we excluded participants with neurosensory impair-
ments, larger head circumference at 12 months CA was associated with a lower Total Problems
score (-0.33 SD units, 95% CI -0.66 to -0.01, p = 0.04) and Externalizing Problems subscore
(-0.31 SD units, 95% CI -0.62 to -0.00, p = 0.05).

Effects of growth in SGA and AGA subgroups

The effects of growth on mental health outcomes did not differ according to SGA/AGA status
for weight or length (p-values>0.05 for small/appropriate birth weight for gestational age x
weight growth interactions, and for small/appropriate birth length for gestational age x length
growth interactions) (S3 Table). Faster growth in head circumference from birth to term was
associated with higher depressive symptoms scores in individuals born SGA for head circum-
terence (CES-D scores increased by 0.61 SD units per 1SD faster growth [95% CI 0.13 to 1.09,
p = 0.02]) but not in individuals born AGA for head circumference (p = 0.16) (p-value for
small/appropriate head circumference for gestational age x head circumference growth from
birth to term interaction = 0.001). The same interaction was significant when examining
depressive symptoms measured by BDI (p = 0.047), but growth in head circumference from
birth to term was not significantly associated with BDI scores in either SGA or AGA group (p-
values>0.05) (S3 Table).

Discussion

We show that self-reported symptoms of depression, ADHD, and other psychiatric problems
in young adulthood were not associated with growth from birth to term or from term to 12
months CA after preterm birth at VLBW. We conducted 36 analyses examining associations
between growth in weight, length, and head circumference during two time periods, and men-
tal health questionnaire scores, and 54 analyses examining associations between body size at
birth, at term, and at 12 months CA, and mental health questionnaire scores, and found no sta-
tistically significant effects. Further, we examined 36 interactions with intrauterine growth
restriction, and found only two statistically significant interactions. In sub-analyses following
one of them, we found statistically significant main effects: faster growth in head circumference
from birth to term in those born SGA was related to higher depressive symptoms in young
adulthood.

Our findings are contrary to what we expected based on previous literature, which has how-
ever concentrated on cognitive functioning as the long-term outcome. These studies have
shown that faster growth after preterm birth may provide long-term benefits for intelligence
and executive functioning[19-22]. Our recent findings in a subsample of this Helsinki Study of
Very Low Birth Weight Adults cohort have shown that faster growth from birth to term, but
not from term to 12 months of CA, particularly in head circumference, was associated with bet-
ter general neurocognitive abilities, executive functioning, and visual memory in young adult-
hood[22]. We also recently demonstrated that among these VLBW participants, faster growth
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in weight, length, and head circumference from birth to term, but not from term to 12 months
of CA, was associated with lower self-reported autism-spectrum traits[25]. Although cognitive
functioning and mental health are often correlated, the conclusion from this study of individu-
als born preterm at VLBW with high variability in early growth is that the underlying mecha-
nisms of resilience and pathways to better cognitive functioning and mental health seem at
least partly different. In line, it has recently been suggested that also the underlying mecha-
nisms responsible for the associations between preterm birth and morbidity may be outcome-
specific[14,39].

Our findings are in agreement with the two previous studies that we are aware of, which
reported that growth in head circumference during the first two years of life after preterm birth
at extremely low birth weight was not associated with parent- or teacher-reported ADHD
symptoms in childhood[23], and weight gain from preterm birth to 4-7 years was not associ-
ated with parent-rated behavioral symptoms in childhood[24]. Since publication bias favors
reporting of false positive findings, null findings from our and previous studies are particularly
important for understanding the factors and pathways that underlie individual variations in
cognitive and mental health outcomes after preterm birth. Clearly, further studies that either
confirm or refute these null findings are warranted.

We did not find that the effects of growth on mental health among the preterm VLBW
group would vary systematically by intrauterine growth restriction, as reflected by AGA/SGA
status, either, and cannot rule out that the few significant associations reflect type 1 error. This
finding is in agreement with our own previous reports on cognitive functioning[22] and
autism-spectrum traits[25]: in these studies, we showed that faster growth after preterm birth
at VLBW benefitted those born SGA or AGA equally well.

In addition to neurocognitive outcomes, earlier studies have shown increased cardiometa-
bolic risk factors such as higher blood pressure and impaired glucose regulation in adults born
preterm[40]. In relation to early growth, some authors have suggested a “tradeoff”, meaning
that faster postnatal growth in preterm infants would improve neurodevelopment, but also
increase risk factors for later cardiovascular disease[41]. Others have suggested that promoting
faster growth immediately after preterm birth may benefit both brain development and cardio-
metabolic health, whereas rapid weight gain after term may have harmful cardiometabolic con-
sequences[42,43]. Among this cohort of VLBW adults, we have previously shown that those
who gained weight more rapidly between birth and term had a favorable cardiometabolic pro-
file, including lower blood pressure[44], higher brachial artery flow-mediated dilatation indi-
cating better endothelial function[45], and smaller carotid artery intima-media thickness[45].
However, in the relatively small group of participants who had suffered from intrauterine
growth restriction, those with more rapid weight gain from birth to term had higher fasting
insulin concentrations[26]. Taken together, the studies conducted in this cohort of VLBW
adults who, by the standards of today, grew on average slowly, seem to indicate that faster
growth immediately after preterm birth may benefit some, but not all long-term physical and
mental health outcomes.

Strengths of this study include the longitudinal study design, extensive early life and adult
mental health data, and the use of well-validated mental health questionnaires. Limitations
include sample size: while these 157 and 104 adults provide insight into the associations
between early growth and mental health in the VLBW population as a whole, postnatal growth
may be associated with adult mental health in some VLBW individuals (e.g. those born to
mothers who had hypertensive pregnancy disorders, which complicate approximately 4-10%
of all pregnancies[46]) and not others, yet larger samples would be needed to show these
group-specific effects. Since small sample size and multiple statistical testing may introduce
type 1 and type 2 errors, especially the findings in the SGA group should be interpreted with
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caution. Also, follow-up attrition may have caused over-representation of healthier partici-
pants, even though we did not find that mental health would have differed between those who
had and those who did not have data available on early growth. Self-reported symptomatology
and problems of mental health are screening tools, and do not provide diagnoses. Therefore,
the findings do not generalize to groups with diagnosed mental disorders. We also stress that
we examined growth after preterm birth, with a particular interest in the time period the term-
born infant spends in utero: associations between growth and mental health in term-born pop-
ulations, and conclusions about potential differences between preterm and term-born individ-
uals were beyond the scope of our study. Finally, the participants in this study were born
between 1978 and 1985, and thus the findings may not be representative of preterm infants
born today in high-income settings, whose postnatal care and nutrition have much improved,
and who grow on average substantially faster than the infants we have studied. This is an
unavoidable limitation, when examining adult outcomes. This can also be considered a study
strength, as the group showed high variability in early growth, and thus provided a unique
opportunity for studying variation in early growth.

In conclusion, we show that growth in infancy after preterm birth at VLBW seems largely
unrelated to self-reported symptoms of depression, ADHD, and other psychiatric problems in
young adulthood. We also show that intrauterine growth restriction, as reflected by SGA and
AGA status, did not systematically moderate effects of growth. Further studies are clearly war-
ranted that unravel factors explaining why some individuals born preterm at VLBW are ren-
dered vulnerable to mental disorders, while others remain resilient.

Supporting Information

S1 Table. Growth in infancy and ASR Internalizing and Externalizing subscale scores.
Change in ASR Internalizing and Externalizing subscale scores (in SD units) per one SD faster
growth in weight (Panel A), length (Panel B), and head circumference (Panel C) during two
time periods in infancy: birth to term, and term to 12 months CA, in individuals born at very
low birth weight (<1500g).

(PDF)

S2 Table. Size in infancy and mental health questionnaire scores in very low birth weight
adults. Change in mental health questionnaire scores (in SD units) in young adulthood per
one unit difference in relative weight (Panel A), length (Panel B), and head circumference
(Panel C) at birth, at term equivalent age, and at 12 months of corrected age in individuals with
very low birth weight (<1500g).

(PDF)

§3 Table. Growth in infancy and adult mental health: comparisons between SGA and AGA
preterm individuals. Change in adult mental health questionnaire scores (in SD units) per one
SD faster growth in weight (Panel A), length (Panel B), and head circumference (Panel C) dur-
ing two time periods in infancy: birth to term, and term to 12 months CA. Results are shown
separately for small-for-gestational-age (SGA) and appropriate-for-gestational-age (AGA)
individuals, who were all born preterm at very low birth weight (<1500g).

(PDF)

Author Contributions

Conceived and designed the experiments: SS ML RP JL AP KH PH JE SS-K AJ SA EK KR. Per-
formed the experiments: ML RP JL AP KH PH SS-K AJ SA EK KR. Analyzed the data: SS ML
RP JL AP KH PH SS-K SA EK KR. Contributed reagents/materials/analysis tools: SS ML RP JL

PLOS ONE | DOI:10.1371/journal.pone.0137092 September 1,2015 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0137092.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0137092.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0137092.s003

@’PLOS ‘ ONE

Infant Growth after Preterm Birth and Mental Health in Young Adulthood

AP KH PH JE SS-K A] SA EK KR. Wrote the paper: SS ML RP JL AP KH PH JE SS-K AJ SA
EK KR.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

March of Dimes, PMNCH, Save the Children, WHO. Born Too Soon: The Global Action Report on Pre-
term Birth. Eds Howson CP, Kinney MV, Lawn JE. Geneva: World Health Organization; 2012.

Goldenberg RL, Culhane JF, lams JD, Romero R. Epidemiology and causes of preterm birth. Lancet.
2008; 371: 75-84. doi: 10.1016/S0140-6736(08)60074-4 PMID: 18177778

Aarnoudse-Moens CSH, Weisglas-Kuperus N, van Goudoever JB, Oosterlaan J. Meta-analysis of neu-
robehavioral outcomes in very preterm and/or very low birth weight children. Pediatrics. 2009; 124:
717-728. doi: 10.1542/peds.2008-2816 PMID: 19651588

Lohaugen GCC, Gramstad A, Evensen KAI, Martinussen M, Lindqvist S, Indredavik M, et al. Cognitive
profile in young adults born preterm at very low birthweight. Dev Med Child Neurol. 2010; 52: 1133—
1138. doi: 10.1111/j.1469-8749.2010.03743.x PMID: 21175467

Nosarti C, Giouroukou E, Micali N, Rifkin L, Morris RG, Murray RM, et al. Impaired executive functioning
in young adults born very preterm. J Int Neuropsychol Soc. 2007; 13: 571-581. PMID: 17521479

Hallin A-LL, Hellstrém-Westas L, Stjernqvist K. Follow-up of adolescents born extremely preterm: Cog-
nitive function and health at 18 years of age. Acta Paediatr. 2010; 99: 1401-1406. doi: 10.1111/j.1651-
2227.2010.01850.x PMID: 20456279

Lund LK, Vik T, Lydersen S, Lohaugen GC, Skranes J, Brubakk AM, et al. Mental health, quality of life
and social relations in young adults born with low birth weight. Health Qual Life Outcomes. 2012; 10:
146. doi: 10.1186/1477-7525-10-146 PMID: 23216805

Hack M, Youngstrom EA, Cartar L, Schluchter M, Taylor HG, Flannery D, et al. Behavioral outcomes
and evidence of psychopathology among very low birth weight infants at age 20 years. Pediatrics. Am
Acad Pediatrics. 2004; 114: 932—940.

Boyle MH, Miskovic V, van Lieshout R, Duncan L, Schmidt LA, Hoult L, et al. Psychopathology in
young adults born at extremely low birth weight. Psychol Med. 2011; 41: 1763-1774. doi: 10.1017/
S0033291710002357 PMID: 21134317

Nosarti C, Reichenberg A, Murray RM, Cnattingius S, Lambe MP, Yin L, et al. Preterm birth and psychi-
atric disorders in young adult life. Arch Gen Psychiatry. 2012; 69: 610.

Lund LK, Vik T, Skranes J, Lydersen S, Brubakk A-M, Indredavik MS. Low birth weight and psychiatric
morbidity: Stability and change between adolescence and young adulthood. Early Hum Dev. 2012; 88:
623-629. doi: 10.1016/j.earlhumdev.2012.01.006 PMID: 22325843

Abel KM, Wicks S, Susser ES, Dalman C, Pedersen MG, Mortensen PB, et al. Birth weight, schizophre-
nia, and adult mental disorder: Is risk confined to the smallest babies? Arch Gen Psychiatry. 2010; 67:
923-930. doi: 10.1001/archgenpsychiatry.2010.100 PMID: 20819986

Moster D, Lie RT, Markestad T. Long-term medical and social consequences of preterm birth. N Engl J
Med. 2008; 359: 262-273. doi: 10.1056/NEJM0a0706475 PMID: 18635431

D’Onofrio BM, Class QA, Rickert ME, Larsson H, Langstrém N, Lichtenstein P. Preterm birth and mor-
tality and morbidity: A population-based quasi-experimental study. JAMA Psychiatry. 2013; 70: 1231—
1240. doi: 10.1001/jamapsychiatry.2013.2107 PMID: 24068297

Monfils Gustafsson W, Josefsson A, Ekholm Selling K, Sydsjoé G. Preterm birth or foetal growth
impairment and psychiatric hospitalization in adolescence and early adulthood in a Swedish popula-
tion-based birth cohort. Acta Psychiatr Scand. 2009; 119: 54-61. doi: 10.1111/j.1600-0447.2008.
01267.x PMID: 18822091

Réikkdnen K, Pesonen A-K, Heinonen K, Kajantie E, Hovi P, Jarvenpaa A-L, et al. Depression in young
adults with very low birth weight. Arch Gen Psychiatry. 2008; 65: 290-296. doi: 10.1001/
archgenpsychiatry.2007.40 PMID: 18316675

Heinonen K, Raikkénen K, Pesonen A-K, Andersson S, Kajantie E, Eriksson JG, et al. Behavioural
symptoms of attention deficit/hyperactivity disorder in preterm and term children born small and appro-
priate for gestational age: A longitudinal study. BMC Pediatr; 2010; 10: 91. doi: 10.1186/1471-2431-10-
91 PMID: 21159164

Strang-Karlsson S, Raikkdnen K, Pesonen A-K, Kajantie E, Paavonen EJ, Lahti J, et al. Very low birth
weight and behavioral symptoms of attention deficit hyperactivity disorder in young adulthood: The Hel-
sinki Study of Very Low Birth Weight Adults. Amerd Psychiat. 2008; 165: 1345—-1353.

Belfort MB, Gillman MW, Buka SL, Casey PH, McCormick MC. Preterm infant linear growth and adipos-
ity gain: Trade-offs for later weight status and intelligence quotient. J Pediatr. 2013; 163: 1564—1569.
doi: 10.1016/j.jpeds.2013.06.032 PMID: 23910982

PLOS ONE | DOI:10.1371/journal.pone.0137092 September 1,2015 11/183


http://dx.doi.org/10.1016/S0140-6736(08)60074-4
http://www.ncbi.nlm.nih.gov/pubmed/18177778
http://dx.doi.org/10.1542/peds.2008-2816
http://www.ncbi.nlm.nih.gov/pubmed/19651588
http://dx.doi.org/10.1111/j.1469-8749.2010.03743.x
http://www.ncbi.nlm.nih.gov/pubmed/21175467
http://www.ncbi.nlm.nih.gov/pubmed/17521479
http://dx.doi.org/10.1111/j.1651-2227.2010.01850.x
http://dx.doi.org/10.1111/j.1651-2227.2010.01850.x
http://www.ncbi.nlm.nih.gov/pubmed/20456279
http://dx.doi.org/10.1186/1477-7525-10-146
http://www.ncbi.nlm.nih.gov/pubmed/23216805
http://dx.doi.org/10.1017/S0033291710002357
http://dx.doi.org/10.1017/S0033291710002357
http://www.ncbi.nlm.nih.gov/pubmed/21134317
http://dx.doi.org/10.1016/j.earlhumdev.2012.01.006
http://www.ncbi.nlm.nih.gov/pubmed/22325843
http://dx.doi.org/10.1001/archgenpsychiatry.2010.100
http://www.ncbi.nlm.nih.gov/pubmed/20819986
http://dx.doi.org/10.1056/NEJMoa0706475
http://www.ncbi.nlm.nih.gov/pubmed/18635431
http://dx.doi.org/10.1001/jamapsychiatry.2013.2107
http://www.ncbi.nlm.nih.gov/pubmed/24068297
http://dx.doi.org/10.1111/j.1600-0447.2008.01267.x
http://dx.doi.org/10.1111/j.1600-0447.2008.01267.x
http://www.ncbi.nlm.nih.gov/pubmed/18822091
http://dx.doi.org/10.1001/archgenpsychiatry.2007.40
http://dx.doi.org/10.1001/archgenpsychiatry.2007.40
http://www.ncbi.nlm.nih.gov/pubmed/18316675
http://dx.doi.org/10.1186/1471-2431-10-91
http://dx.doi.org/10.1186/1471-2431-10-91
http://www.ncbi.nlm.nih.gov/pubmed/21159164
http://dx.doi.org/10.1016/j.jpeds.2013.06.032
http://www.ncbi.nlm.nih.gov/pubmed/23910982

@’PLOS ‘ ONE

Infant Growth after Preterm Birth and Mental Health in Young Adulthood

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

Weisglas-Kuperus N, Hille ETM, Duivenvoorden HJ, Finken MJJ, Wit JM, van Buuren S, et al. Intelli-
gence of very preterm or very low birthweight infants in young adulthood. Arch Dis Child Fetal Neonatal
Ed. 2009; 94: F196—F200. doi: 10.1136/adc.2007.135095 PMID: 18805824

Brandt |, Sticker EJ, Lentze MJ. Catch-up growth of head circumference of very low birth weight, small
for gestational age preterm infants and mental development to adulthood. J Pediatr. 2003; 142: 463—
470. PMID: 12756374

Sammallahti S, Pyhala R, Lahti M, Lahti J, Pesonen A-K, Heinonen K, et al. Infant growth after preterm
birth and neurocognitive abilities in young adulthood. J Pediatr. 2014; 165: 1109-1115. doi: 10.1016/].
jpeds.2014.08.028 PMID: 25262301

Stathis SL, O’Callaghan M, Harvey J, Rogers Y. Head circumference in ELBW babies is associated
with learning difficulties and cognition but not ADHD in the school-aged child. Dev Med Child Neurol.
1999; 41: 375-380. PMID: 10400171

Huang C, Martorell R, Ren A, Li Z. Cognition and behavioural development in early childhood: The role
of birth weight and postnatal growth. Int J Epidemiol. 2013; 42: 160—-171. doi: 10.1093/ije/dys207 PMID:
23243117

Pyhéala R, Hovi P, Lahti M, Sammallahti S, Lahti J, Heinonen K, et al. Very low birth weight, infant
growth, and autism-spectrum traits in adulthood. Pediatrics. 2014; 134: 1075-1083. doi: 10.1542/peds.
2014-1097 PMID: 25367538

Hovi P, Andersson S, Eriksson JG, Jarvenpaa A-L, Strang-Karlsson S, Méakitie O, et al. Glucose regula-
tion in young adults with very low birth weight. N Engl J Med. 2007; 356: 2053-2063. PMID: 17507704

Heinonen K, Pesonen A-K, Lahti J, Pyhala R, Strang-Karlsson S, Hovi P, et al. Self- and parent-rated
executive functioning in young adults with very low birth weight. Pediatrics. 2013; 131: e243—e250. doi:
10.1542/peds.2012-0839 PMID: 23209110

Pyhala R, Lahti J, Heinonen K, Pesonen AK, Strang-Karlsson S, Hovi P, et al. Neurocognitive abilities
in young adults with very low birth weight. Neurology. 2011; 77: 2052—2060. doi: 10.1212/WNL.
0b013e31823b473e PMID: 22146921

Pihkala J, Hakala T, Voutilainen P, Raivio K. Characteristic of recent fetal growth curves in Finland.
Duodecim. 1989; 105: 1540-1546. PMID: 2680445

Sorva R, Perheentupa J, Tolppanen EM. A novel format for a growth chart. Acta Paediatr Scand. 1984;
73:527-529. PMID: 6464740

Sorva R, Tolppanen EM, Perheentupa J. Variation of growth in length and weight of children. I. Years 1
and 2. Acta Paediatr Scand. 1990; 79: 490—-497. PMID: 2386040

Beck AT, Ward C, Mendelson M. Beck Depression Inventory (BDI). Arch Gen Psychiatry. 1961; 4:
561-571.

Radloff LS. The CES-D scale: A self-report depression scale for research in the general population.
Appl Psychol Meas. 1977; 1: 385—-401.

Quiros GB, Kinsbourne M. Adult ADHD: Analysis of self-ratings on a behavior questionnaire. Ann N'Y
Acad Sci. 2001; 931: 140-147. PMID: 11462738

Achenbach TM, Rescorla LA. Manual for the ASEBA adult forms & profiles. Burlington, VT: University
of Vermont, Reseach Center for Children, Youth and Families; 2003.

Stockings E, Degenhardt L, Lee YY, Mihalopoulos C, Liu A, Hobbs M, et al. Symptom screening scales
for detecting major depressive disorder in children and adolescents: A systematic review and meta-
analysis of reliability, validity and diagnostic utility. J Affect Disord. 2015; 174: 447—-463. doi: 10.1016/].
jad.2014.11.061 PMID: 25553406

Osmond C, Kajantie E, Forsén TJ, Eriksson JG, Barker DJP. Infant growth and stroke in adult life: The
Helsinki Birth Cohort Study. Stroke. 2007; 38: 264—270. PMID: 17218608

Adair LS, Fall CHD, Osmond C, Stein AD, Martorell R, Ramirez-Zea M, et al. Associations of linear
growth and relative weight gain during early life with adult health and human capital in countries of low
and middle income: findings from five birth cohort studies. Lancet. 2013; 382: 525-534. doi: 10.1016/
S0140-6736(13)60103-8 PMID: 23541370

Class QA, Rickert ME, Larsson H, Lichtenstein P, D’Onofrio BM. Fetal growth and psychiatric and
socioeconomic problems: Population-based sibling comparison. Br J Psychiatry. 2014; 205: 355-361.
doi: 10.1192/bjp.bp.113.143693 PMID: 25257067

Kajantie E, Hovi P. Is very preterm birth a risk factor for adult cardiometabolic disease? Semin Fetal
Neonatal Med. 2014; 19: 112-117. doi: 10.1016/j.siny.2013.11.006 PMID: 24332842

Singhal A, Fewtrell M, Cole TJ, Lucas A. Low nutrient intake and early growth for later insulin resistance
in adolescents born preterm. Lancet. 2003; 361: 1089-1097. PMID: 12672313

PLOS ONE | DOI:10.1371/journal.pone.0137092 September 1,2015 12/183


http://dx.doi.org/10.1136/adc.2007.135095
http://www.ncbi.nlm.nih.gov/pubmed/18805824
http://www.ncbi.nlm.nih.gov/pubmed/12756374
http://dx.doi.org/10.1016/j.jpeds.2014.08.028
http://dx.doi.org/10.1016/j.jpeds.2014.08.028
http://www.ncbi.nlm.nih.gov/pubmed/25262301
http://www.ncbi.nlm.nih.gov/pubmed/10400171
http://dx.doi.org/10.1093/ije/dys207
http://www.ncbi.nlm.nih.gov/pubmed/23243117
http://dx.doi.org/10.1542/peds.2014-1097
http://dx.doi.org/10.1542/peds.2014-1097
http://www.ncbi.nlm.nih.gov/pubmed/25367538
http://www.ncbi.nlm.nih.gov/pubmed/17507704
http://dx.doi.org/10.1542/peds.2012-0839
http://www.ncbi.nlm.nih.gov/pubmed/23209110
http://dx.doi.org/10.1212/WNL.0b013e31823b473e
http://dx.doi.org/10.1212/WNL.0b013e31823b473e
http://www.ncbi.nlm.nih.gov/pubmed/22146921
http://www.ncbi.nlm.nih.gov/pubmed/2680445
http://www.ncbi.nlm.nih.gov/pubmed/6464740
http://www.ncbi.nlm.nih.gov/pubmed/2386040
http://www.ncbi.nlm.nih.gov/pubmed/11462738
http://dx.doi.org/10.1016/j.jad.2014.11.061
http://dx.doi.org/10.1016/j.jad.2014.11.061
http://www.ncbi.nlm.nih.gov/pubmed/25553406
http://www.ncbi.nlm.nih.gov/pubmed/17218608
http://dx.doi.org/10.1016/S0140-6736(13)60103-8
http://dx.doi.org/10.1016/S0140-6736(13)60103-8
http://www.ncbi.nlm.nih.gov/pubmed/23541370
http://dx.doi.org/10.1192/bjp.bp.113.143693
http://www.ncbi.nlm.nih.gov/pubmed/25257067
http://dx.doi.org/10.1016/j.siny.2013.11.006
http://www.ncbi.nlm.nih.gov/pubmed/24332842
http://www.ncbi.nlm.nih.gov/pubmed/12672313

@’PLOS ‘ ONE

Infant Growth after Preterm Birth and Mental Health in Young Adulthood

42,

43.

44.

45.

46.

Lafeber HN, Van De Lagemaat M, Rotteveel J, Van Weissenbruch M. Timing of nutritional interventions
in very-low-birth-weight infants: Optimal neurodevelopment compared with the onset of the metabolic
syndrome. Am J Clin Nutr. 2013; 98: 556-560.

Yeung MY. Postnatal growth, neurodevelopment and altered adiposity after preterm birth—from a clini-
cal nutrition perspective. Acta Paediatr. 2006; 95: 909-917. PMID: 16882561

Hovi P, Andersson S, Raikkdnen K, Strang-Karlsson S, Jarvenpaa A-L, Eriksson JG, et al. Ambulatory
blood pressure in young adults with very low birth weight. J Pediatr. 2010; 156: 54—59. doi: 10.1016/j.
jpeds.2009.07.022 PMID: 19796771

Hovi P, Turanlahti M, Strang-Karlsson S, Wehkalampi K, Jarvenpaa A-L, Eriksson JG, et al. Intima-
media thickness and flow-mediated dilatation in the Helsinki Study of Very Low Birth Weight Adults.
Pediatrics. Am Acad Pediatrics; 2011; 127: e304—e311.

Roberts CL, Ford JB, Algert CS, Antonsen S, Chalmers J, Cnattingius S, et al. Population-based trends
in pregnancy hypertension and pre-eclampsia: an international comparative study. BMJ Open. 2011: 1;
€000101. doi: 10.1136/bmjopen-2011-000101 PMID: 22021762

PLOS ONE | DOI:10.1371/journal.pone.0137092 September 1,2015 13/13


http://www.ncbi.nlm.nih.gov/pubmed/16882561
http://dx.doi.org/10.1016/j.jpeds.2009.07.022
http://dx.doi.org/10.1016/j.jpeds.2009.07.022
http://www.ncbi.nlm.nih.gov/pubmed/19796771
http://dx.doi.org/10.1136/bmjopen-2011-000101
http://www.ncbi.nlm.nih.gov/pubmed/22021762

