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Sequelae of preterm birth over the lifespan: an exploratory
analysis of behavioral problems in childhood and increased
risk of major depression and anxiety in adulthood from a
cohort study
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Summary

Background Existing research has shown that prematurity and low birth weight are associated with mental health in
children and adolescents, but their impact on mental health in adulthood and the mechanisms involved have been
less studied. This study investigated the impact of prematurity and abnormal fetal growth, as a marker for fetal
growth restriction, on mental health outcomes in adulthood.

Methods This retrospective cohort study examined adults aged 18-52 years, categorized by gestational age (extremely
preterm: <28 weeks; very preterm: 29-32 weeks; moderately preterm: 33-36 weeks; term: >37 weeks). The cohort
consists of individuals who were either born preterm or at term from 1969 to 2002. Data collection occurred between
2019 and 2021. This exploratory analysis used multivariable logistic regression to assess the impact of prematurity
and fetal growth restriction on adult mental health outcomes (measured by the “Patient Health Questionnaire”),
adjusting for age, gender, and socioeconomic status. The study also explored the relationship between childhood
behavioral problems, retrospectively described by the mothers of the participants (2-4 years), and adult mental
health, with separate analyses for preterm and term births.

Findings The multivariable logistic regression analysis of 606 participants (average age 28-96 + 8-9 years, 326
females) indicated that a low gestational age of <28 weeks was independently associated with an increased preva-
lence of major depressive disorder (OR = 4-14, CI: 1-43-11-77, p = 0-01) and anxiety disorder (OR = 5-17, CI:
1.51-17-37, p = 0-01) in adulthood compared to a gestational age of >37 weeks. A low birth weight percentile was not
associated with mental disorders. Further regression analysis revealed that peer problems and emotional problems
in childhood were significantly associated with major depression in adulthood in participants born preterm. The
sensitivity analysis revealed that the previously observed association between the gestational age group of <28 weeks
and major depressive disorder was no longer statistically significant (OR = 284, CI: 0-85-9-07, p = 0-08) when the
model was adjusted for maternal smoking and alcohol consumption during pregnancy. The association between the
extreme preterm group and generalized anxiety disorder remained significant (OR = 4-63, CI: 1.27-
16-22, p = 0-02).
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Interpretation This study provides exploratory insights into the complex impact of prematurity on mental health in
adulthood, highlighting the vulnerability of the extremely preterm group (<28 weeks) from a multi-informant,
lifespan perspective. It emphasizes the importance of continuous monitoring and psychosocial support for those
born extremely preterm, from infancy through adulthood, to mitigate potential adverse mental health outcomes.

Funding The Gutenberg Prematurity Study was supported by the Ernst und Berta-Grimmke Stiftung, Stufe 1
support of the UM and the Else Kroner-Fresenius-Stiftung.

Copyright © 2025 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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Research in context

Evidence before this study

Research links prematurity or low birth weight to mental
health issues in youth, but studies in adults rarely separate
the effects of prematurity and low birth weight or consider
their specific degrees. Further, the mechanisms through
which early developmental challenges influence mental
health outcomes later in life remained under-explored,
particularly the role of childhood behavioral issues. This study
aimed to fill these gaps by examining the long-term effects
of prematurity and abnormal fetal growth on adult mental
health outcomes, providing a comprehensive view from a
multi-informant, lifespan perspective.

Added value of this study

In this retrospective cohort study, which included a
prospective examination of 606 participants, we observed
that a gestational age of <28 weeks significantly increased
the risk of major depressive disorder (OR = 4-14, Cl:
1-43-11-77) and anxiety disorder (OR = 5-17, Cl: 1-51-17-37)
in adulthood compared to >37 weeks. The birth weight

Introduction

Prematurity and fetal growth restriction are distinct
conditions that present a significant global challenge
due to their profound impact on morbidity, mortality,
and socioeconomic outcomes.'”* Prematurity refers to
infants born before completing 37 weeks of gestation,*
while fetal growth restriction can manifest as fetuses
being small for gestational age (SGA), referring to
infants who weigh less than average for their gesta-
tional age irrespective of the cause.” The causes and
consequences of prematurity and fetal growth restric-
tion may differ, yet both are regarded as risk factors for
the subsequent impaired physical and psychological
development.

In particular, prematurity is the leading cause of
neonatal mortality worldwide, affecting approximately
13-4 million babies in 2020 and representing around
9-9% of all births.® Despite the increasing prevalence of
preterm births,” advances in medical care have
improved the survival rates of these infants, allowing

percentile was not associated with negative mental health
outcomes in adulthood. Childhood peer and emotional
problems, reported by mothers, were strongly associated
with adult major depression in preterm individuals. The
sensitivity analysis revealed that the previously observed
association between the gestational age group of <28 weeks
and major depressive disorder was no longer statistically
significant (OR = 2-84, Cl: 0-85-9-07, p = 0-08) when the
model was adjusted for maternal smoking and alcohol
consumption during pregnancy. The association between the
extreme preterm group and generalized anxiety disorder
remained significant (OR = 4-63, Cl: 1.27-16-22, p = 0-02).

Implications of all the available evidence

These findings suggest a significant impact of prematurity
but not fetal growth restriction on mental health in
adulthood, highlighting the importance of early emotional
and social development in mitigating long-term mental
health risks.

more of them to reach adulthood. However, the health
consequences of prematurity and fetal growth restric-
tion often persist throughout life, affecting both phys-
ical and psychological dimensions. Previous studies
have shown that premature birth or low birth weight
increased the risk of mental disorders in childhood and
adolescence,*"* highlighting the necessity for continued
research into the long-term mental health outcomes of
those born preterm.

Mood disorders are particularly prevalent, with
depression and anxiety disorders being the most com-
mon.""'"? Depression is a widespread and debilitating
mental disorder, with meta-analyses estimating it
affects approximately 2-8% of children under 13 years,"
5-6% of adolescents aged 13-18 years,” and 12-9% of
adults.”* Additionally, it has been increasing in preva-
lence in recent years.”” Moreover, depression is a sig-
nificant risk factor for suicide,’ highlighting the urgent
need to identify and comprehend its underlying causes.
Given the well-documented physical and psychological
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consequences of prematurity, research into the poten-
tial association between prematurity and fetal growth
restriction with the development of depression in later
life is of particular importance. A Finnish study of
37,682 cases and 148,795 matched controls found an
association between premature birth (below 28 weeks
gestation) and childhood depression.® A study of 2032
adolescents investigating the association between pre-
maturity (3 weeks prior to term)/low birth weight
(<2500 g) and depressive disorder found an 11-fold
increased odds for depressive disorder.” However, it
is still unclear to what extent preterm birth also affects
mental health in adulthood.

Burnett and colleagues assessed 297 extremely pre-
term/low birth weight (<1000 g) individuals and 260
controls with normal birth weight from 1991 to 1992
showing similar mental health outcomes at the age of
25 but the study did not distinguish between different
levels of prematurity and perinatal hypotrophy.'® There
is also an increased prevalence of anxiety symptoms in
childhood due to prematurity,”” with more internalizing
problems in preterm individuals, such as anxiety.”
Furthermore, a higher prevalence of addictions” or
eating disorders in individuals born preterm was
observed.”” A Danish study found that male individuals
born preterm or growth-restricted were more suscep-
tible to alcoholism,” while other studies report reduced
alcohol consumption in individuals born preterm.”
There are also contradictory results regarding the
association with eating disorders with some studies
reporting an association with preterm birth, while other
studies could not confirm this association.” In sum-
mary, while evidence suggests that prematurity and
fetal growth restriction influence mental health out-
comes in childhood and adolescence, their long-term
effects on adult mental health remain insufficiently
explored. Understanding these impacts requires con-
sideration of additional factors, such as maternal
behaviors during pregnancy. Maternal smoking and
alcohol consumption, known contributors to preterm
birth and fetal growth restriction, are well-established
risk factors for adverse neonatal and mental health
outcomes.

Maternal smoking during pregnancy has been
extensively studied as an independent risk factor for
preterm birth and fetal growth restriction, with studies
consistently demonstrating its adverse effects on neo-
natal outcomes.”” Prenatal alcohol exposure has sim-
ilarly been linked to increased risks of preterm birth
and fetal growth restriction.”®” Beyond these effects,
maternal smoking and alcohol consumption during
pregnancy are well-established predictors of adverse
mental health outcomes in offspring. For instance,
maternal smoking during pregnancy has been asso-
ciated with an increased risk of depression, anxiety, and
behavioral problems in children and adults.* Similarly,
prenatal alcohol exposure has been linked to
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heightened vulnerability to mental health disorders,
including anxiety, depression, and substance use dis-
orders.” These findings underscore the need to account
for prenatal exposures, such as maternal smoking and
alcohol consumption, when examining the devel-
opmental pathways shaping mental health outcomes.

In addition to these prenatal influences, research
increasingly highlights the role of early emotional and
behavioral problems in preterm infants as key con-
tributors to mental health risks later in life. Emotional
and behavioral difficulties observed in early childhood
(ages 2—4 years) often persist into adolescence and
adulthood, contributing to an elevated risk of develop-
ing depression and anxiety disorders. Linsell et al.*”
demonstrated that preterm infants experience higher
rates of emotional and behavioral problems across
childhood, adolescence, and into early adulthood.
Similarly, Eriksen et al.”* found that early behavioral
issues predict heightened emotional problems in
adulthood, particularly among preterm individuals.

This study explores whether emotional and behav-
ioral problems in early childhood (ages 2—4) are asso-
ciated with an increased risk of mental health disorders
in later life. By examining early-life emotional and
behavioral influences, the study seeks to shed light on
the elevated prevalence of mental health issues among
individuals born preterm and offer insights into
potential developmental pathways that impact adult
mental health. Theoretical frameworks, such as the
Developmental Origins of Health and Disease
(DOHaD) model,*** suggest that early life stressors,
including preterm  birth, can disrupt neuro-
development, creating long-term vulnerability to mental
disorders. Therefore, this study analyzed the associa-
tions between gestational age and birth weight per-
centile, as surrogate markers for fetal growth
restriction, with mental health outcomes in later life.
These outcomes are assessed using the psychological
dimensions of the Patient Health Questionnaire
(PHQ-D)** including somatoform syndrome, major
depressive disorder, other depressive syndromes,
anxiety disorder, and alcohol-related disorders. By
identifying whether associations previously observed
in childhood persist into adulthood, this research aims
to bridge a significant knowledge gap and enhance our
understanding of long-term mental health trajectories.
Specifically, we aimed to model the developmental
pathways from birth through adulthood by examining
how gestational age, birth weight percentile, maternal
smoking, and prenatal alcohol exposure influence
mental health outcomes from birth to adulthood (ages
18-52 years). These factors were included based on
robust evidence linking them to both prematurity and
long-term mental health risks. The PHQ-D allows for
precise differentiation between depressive and anxiety
disorders, a distinction that previous studies have not
always made.
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Methods

Study population

The Gutenberg Prematurity Study (GPS) is a retrospective
cohort study performed at the University Medical Center
of the Johannes Gutenberg University Mainz (UMCM) in
Germany. The GPS includes individuals who were either
born preterm or at term from 1969 to 2002, aged between
18 and 52 years on study entry. The research approach
merged elements of a retrospective cohort with the pro-
spective collection of data. Every second individual born
preterm at 33-36 weeks and all those born at 32 weeks or
less at UMCM from 1969 to 2002 were invited to partic-
ipate in this study. A matched control group by age and
sex was created by recruiting six term individuals (three
males, three females) within the 10th-90th birth weight
percentiles for each birth month from 1969 to 2002.”” To
stratify for perinatal fetal nutrition effects independent of
prematurity, 40 term participants were included with birth
weights: below the 3rd percentile (severely SGA), 3rd-
<10th percentile (moderately SGA), >90th-97th percentile
(moderately large for gestational age), and above the 97th
percentile (severely large for gestational age), matched by
age and sex. Inclusion and exclusion criteria are detailed
in Supplemental Figure S1.

The participants were grouped according to their
gestational age: Group 1 was composed of individuals
born at a gestational age of 37 + 0 weeks or more
(n = 296); Group 2 contained those born between 33 + 0
and 36 + 6 weeks of gestation (n = 137); Group 3
included those born between 29 + 0 and 32 + 6 weeks
(n = 116); Group 4 consisted of those born at or before
28 + 6 weeks of gestation (n = 57).

To further enrich the dataset, mothers of partic-
ipants were invited to complete a basic demographic
questionnaire and the Strengths and Difficulties
Questionnaire (SDQ), a standardized behavioral
assessment tool for children aged 2—4 years. A total of
217 mothers participated, with the following group
distribution: Group 1: 112 mothers; Group 2: 49
mothers; Group 3: 33 mothers; and Group 4: 23
mothers. Data collection from both participants and
their mothers occurred between 2019 and 2021.

Ethics

All participants and their participating mothers pro-
vided written informed consent in accordance with
Good Clinical Practice, Good Epidemiological Practice,
and the Declaration of Helsinki. The study protocol was
approved by the Medical Chamber of Rhineland-Pala-
tinate’s ethics committee (reference no. 2019-14161;
original vote: 29.05.2019, latest update: 02.04.2020).
Additional information regarding the study method-
ology and reported results are available elsewhere.***

Data collection
The adult participants underwent comprehensive
medical assessments conducted by trained healthcare

professionals between 2019 and 2021, which included
evaluations of physical health, such as measurements
of height, weight, Body Mass Index, waist-to-hip ratio,
and vital signs like blood pressure and heart rate. Blood
samples were also collected to determine relevant lab-
oratory parameters. The participants were first sub-
jected to detailed sociodemographic and clinical
phenotyping via a questionnaire and then invited to a
clinical interview with a physical examination during
which the questionnaire data were validated and miss-
ing information was added. Socioeconomic status (SES)
was assessed using the Robert Koch Institute’s Federal
Health Multidimensional Index for the National Health
Survey in Germany' and the three subdimensions,
education, occupation, and income, were transformed
into a sum score (3-21).*" Mental health status, along
with medical history, lifestyle factors, and psychosocial
variables, was assessed through structured personal
interviews conducted by qualified clinical interviewers,
with responses documented in written form. To
enhance the accuracy of neonatal information, birth
records were retrieved and cross-referenced with par-
ticipants’ reports, ensuring reliable early-life health
data. Additionally, all participants were encouraged to
bring current medical records to allow for cross-
referencing with health information from adulthood.
Participant recruitment and assessments were paused
for approximately eight weeks during the early phase of
the COVID-19 pandemic in 2020. The responsible
hygiene department evaluated our study procedures,
and after implementing appropriate protective meas-
ures (e.g., mask-wearing, enhanced hygiene protocols),
assessments were resumed. These measures were
intended to ensure participant and staff safety without
compromising the quality of the collected data.

Mothers of the adult participants were invited to take
part in the study alongside their children. They were
asked to attend in-person assessments at the study
center, where they completed a self-administered
questionnaire and participated in a structured clinical
interview conducted by trained interviewers. The
questionnaire included the SDQ to retrospectively
assess their child’s emotional and behavioral problems
during early childhood (ages 2—4 years). Additionally,
information on prenatal alcohol consumption and
maternal smoking during pregnancy was obtained
through self-reported data collected in the same ques-
tionnaire. These assessments were designed to capture
early-life risk factors relevant to the mental health out-
comes of the offspring.

Assessment of pre- and postnatal history

Data regarding gestational age (in weeks), birth weight
(in kilograms), placental insufficiency, maternal smok-
ing, preeclampsia, and breastfeeding were retrieved
from the participants’ medical records archived at the
UMCM. Birth weight percentiles were calculated
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according to the methodology outlined by Voigt et al.*
These percentiles are derived from a large dataset of
singleton births in Germany, covering gestational ages
from 20 to 42 weeks, and include detailed percentile
values for each week of gestation. This approach ena-
bles accurate classification of fetal growth restriction
and large-for-gestational-age (LGA) infants, adjusted for
gestational age, thus minimizing potential confounding
between birth weight and prematurity. By using these
gestational age-adjusted percentiles rather than abso-
lute birth weights, we account for the expected varia-
tions in birth weight across different gestational ages
and enhance the precision of growth assessments in
preterm as well as term infants.

Emotional and behavioral problems in early
childhood (maternal reports)

Emotional and behavioral problems during early
childhood were assessed using the Strengths and Dif-
ficulties Questionnaire (SDQ),”*** a behavioral ques-
tionnaire that assesses strengths and difficulties and is
available for ages 2—4 years. The questionnaire was
completed retrospectively by the participants’ mothers
and assessed five dimensions: conduct problems,
emotional problems, hyperactivity score, peer prob-
lems, and prosocial score. Each subscale contained five
items scored from 0 to 2, thus each subscale ranged
from 0 to 10. The total difficulties score, which excludes
the prosocial score, ranged from 0 to 40 and was cal-
culated by summing the scores from the first four
dimensions. The SDQ demonstrated an overall
Cronbach’s a of 0-76 (CI: 0-72-0-78) indicating good
reliability.” We chose the standardized SDQ over self-
reported mental health issues to ensure objectivity,
comparability, and comprehensiveness in our assess-
ment of emotional and behavioral difficulties. While
self-reported diagnoses are subject to recall bias and
may overlook undiagnosed or untreated conditions, the
SDQ provides a validated, systematic approach that
captures a broader spectrum of mental health issues,
including subclinical difficulties.

Mental health outcomes in adulthood

Mental health outcomes in adulthood were assessed
using the German version of the Patient Health
Questionnaire (PHQ-D).** This tool, developed for
screening mental disorders, encompasses seven mental
health conditions: somatoform syndrome, major
depressive disorder, other depressive symptoms, panic
syndrome, binge eating, bulimia nervosa, and alcohol-
related disorders. Generalized anxiety disorder was
assessed using the Generalized Anxiety Disorder 7-item
scale (GAD-7).” The PHQ-D and GAD-7 are widely
used in epidemiological research due to their strong
validity and reliability in identifying these mental health
disorders.”* Representative population studies have
also confirmed the good psychometric properties of its

www.thelancet.com Vol 85 July, 2025

dimensions.***' The scoring methods and cut-off values
for determining these disorders can be found in the
PHQ-D manual.*® It is important to note that the PHQ-
D and its modules assess mental health outcomes
based on different time frames. For instance, depres-
sive symptoms are measured over the past two weeks,
while anxiety symptoms (GAD-7) are assessed based on
a four-week period.

Exposures

The exposures considered as potential factors affecting
the main outcome measures were gestational age cat-
egories (<28 weeks, 29-32 weeks, and 33-36 weeks)
and birth weight percentile.

Statistical analysis
The absolute and relative frequencies were determined
for dichotomous parameters, with the mean and
standard deviation calculated for normally distributed
variables. Separate univariable logistic regressions were
conducted for the preterm and term birth groups to
assess the impact of early childhood emotional and
behavioral problems on mental health outcomes in
adulthood. In each group, the association between early
childhood issues and adult mental health outcomes was
examined. These analyses were adjusted for age, gen-
der, and socioeconomic status to control for their
potential influence on mental health. This approach
enables a comparison of the effects of early emotional
and Dbehavioral problems on adult mental health
between individuals born preterm and those born at
term. Multivariable logistic regression analyzed mental
health dimensions from the PHQ-D as primary out-
come, namely: somatoform syndrome, major depres-
sive disorder, other depressive syndromes, anxiety
disorder, and alcohol-related disorders. Bulimia nervosa
and binge-eating were excluded due to insufficient
cases (Bulimia: 5; Binge-eating: 17). Independent vari-
ables included gestational age categories (33—-36 weeks,
29-32 weeks, and <28 weeks) and birth weight per-
centile. Gestational age and birth weight percentile
were analyzed as continuous variables adjusting for
gender, age, and socioeconomic status to explore dose-
dependent effects. A sensitivity analysis was performed
by integrating the variables maternal alcohol con-
sumption during pregnancy and maternal smoking
during pregnancy into the model. This analysis was
conducted to evaluate whether the inclusion of these
factors alters the primary associations observed in
the main analysis. Additionally, a further sensitivity
analysis was carried out to assess the impact of the
COVID-19 pandemic on our study, including a variable
indicating whether participants were assessed before or
after the pandemic began.

This is an explorative study so no adjustment for
multiple testing was performed. R version 4-3-2 (R Core
Team) was used for the statistical evaluation.*?
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Role of funding source

The Gutenberg Prematurity Study was supported by the
Ernst und Berta-Grimmke Stiftung, Stufe 1 support of
the UM and the Else Kroner-Fresenius-Stiftung. The
funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the
manuscript.

Results

Participant characteristics

The sample was comprised of 606 individuals (age
28-96 + 8.9 years, 326 women) born preterm or term,
and their descriptive characteristics and perinatal
parameters are shown in Table 1. The earlier gestational
age at birth, the higher the frequency of intubation and

Group 1 Group 2 Group 3 Group 4 p-value
GA > 37 GA 33-36 GA 29-32 GA <28
Number of participants (n) 296 137 116 57

Age (y), M = SD
Female participants (%)
Socioeconomic status (SES)
Low SES (<9), n (%)
Moderate SES (9-15), n (%)
High SES (16-21), n (%)
Birth weight, M + SD
BW < 1500 g (yes), n (%)
BW < 1000 g (yes), n (%)
Birth weight percentile, M + SD
Birth weight percentile groups
Severe SGA <3 percentile
Moderate SGA 3-<10 percentile
Moderate LGA >90-97 percentile
Severe LGA > 97 percentile
Multiple birth (yes)
Gestational age (weeks), M + SD
Range (min-max)
Intubation (yes), n (%)
Stay in incubator (days), M + SD
Stay in intensive care unit (days), M + SD
Medical history in adulthood
Arterial Hypertension®, n (%)
Type 1 diabetes, n (%)
Type 2 diabetes, n (%)
Hyperlipidemia, n (%)
Myocardial infarction, n (%)
Autoimmune disease, n (%)
Epilepsy, n (%)
Preeclampsia (yes), n (%)
Placental insufficiency (yes), n (%)
HELLP syndrome (yes), n (%)
Gestational diabetes (yes), n (%)
Breastfeeding (yes), n (%)
Number of maternal participants
Age (y), M + SD
Maternal smoking during pregnancy (yes), n (%)
Maternal alcohol consumption during pregnancy (yes), n (%)

Seeking psychological help during pregnancy or after birth (yes), n (%)

BW-birth weight; GA-gestational age; SES-socioeconomic status; M-mean; SGA-small for gestational age; LGA-large for gestational age; SD-standard deviation; y-year.
?Arterial hypertension was defined by antihypertensive medication use, systolic blood pressure >140 mmHg, diastolic blood pressure >90 mmHg, or an established

diagnosis.

30-01 + 9-4 29-47 £ 92 27-88 + 8-0 2451 + 5.5 <0-001

156 (52:7%) 82 (59-9%) 60 (51-7%) 28 (49-1%) 0-41
<0-001

34 (11-5%) 24 (17-5%) 17 (14:7%) 16 (28-1%)

171 (57-8%) 81 (59-1%) 82 (70-7%) 39 (68-4%)

91 (30:7%) 32 (23-4%) 17 (14-7%) 2 (3-5%)

3436 + 900 2068 + 464 1500 + 364 855 + 215 <0-001

1(0-3%) 13 (9-5%) 55 (47-4%) 57 (100%) <0-001

0 (0-0%) 0 (0-0%) 10 (8-6%) 41 (71-9%) <0-001

49-48 +36-9 25-25 + 242 43-09 + 26-4 37-60 + 24-8  <0-001
<0-001

40 (13:5%) 20 (14-6%) 4 (3:4%) 1(1-8%)

38 (12-8%) 26 (19-0%) 6 (5-2%) 9 (15-8%)

38 (12-8%) 1 (0-7%) 2 (1-7%) 0 (0%)

40 (13-5%) 2 (1-5%) 0 (0%) 0 (0%)

18 (6-1%) 55 (40-1%) 37 (31:9%) 13 (22-8%) <0-001
3922 +15  3431+1.0 3047 +12 263214  <0-001
(37-43) (33-36) (29-32) (23-28)

3 (1-0%) 17 (12-4%) 67 (57-8%) 52 (91-2%) <0-001
127 + 49 872 +10-8 2547 +16-6 58.99 £ 22.9  <0-001
0-41 £ 2:0 530 + 133 2562 £ 253 7271323  <0-001

83 (28-0%) 40 (29-2%) 34 (29:3%) 15 (26-3%) 0-94

3 (1-0%) 1 (0-7%) 1 (0-9%) 0 (0-0%) 0-89
3 (1-0%) 2 (1-5%) 0 (0-0%) 0 (0-0%) 0-52
8 (2:7%) 2 (1-5%) 1 (0-9%) 0 (0-0%) 0-38
1 (03%) 0 (0-0%) 0 (0-0%) 0 (0-0%) 0-79
1 (0-3%) 2 (1-5%) 2 (1-7%) 2 (3-5%) 0-18
1 (03%) 3 (2:2%) 9 (7-8%) 8 (14-0%) <0-001
31 (10-5%) 24 (17-5%) 16 (13-8%) 11 (19-3%) 0-12
13 (4-4%) 16 (11-7%) 3 (2:6%) 3 (5:3%) 0-01
1 (0-3%) 6 (4-4%) 2 (1-7%) 3 (5:3%) 0-01
5 (1-7%) 7 (5:1%) 2 (1-7%) 1 (1-8%) 0-17
170 (57-4%) 75 (54-7%) 59 (50-9%) 25 (43-9%) 0-24
112 49 33 23

60-41 + 7-48 57-84 + 6-52 5834582 58:04%572 009
12 (4-1%) 4 (3-0%) 9 (7-8%) 8 (14-0%) 077
6 (2:0%) 2 (1-5%) 3 (2:6%) 5 (8-:8%) 0-32
7 (6-3%) 5 (10-2%) 5 (15-2%) 3 (13:0%) 0-39

Table 1: Demographic and neonatal characteristics of adult offspring (n = 606) and maternal characteristics (n = 217) by study group in the

Gutenberg Prematurity Study.

www.thelancet.com Vol 85 July, 2025
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the longer the duration of both incubator use and neo-
natal intensive care unit (NICU) stay during the neonatal
period. In adulthood, the prevalence of health conditions
across the groups was generally low, likely due to the
relatively young age of participants. However, arterial
hypertension was more frequently observed across all
groups, with rates of 28-0% in the term group (GA > 37),
29-2% in the GA 33-36 group, 29-3% in the GA 29-32
group, and 26-3% in the extremely preterm group
(GA < 28). Epilepsy showed a markedly higher preva-
lence in the <28 weeks gestational age group compared
to the other groups. Of the total sample (N = 606),
maternal reports on early childhood emotional and
behavioral problems using the SDQ were available for
217 participants (35-8%). The mothers had an average
age of 59-27 + 6-93 years. Regarding prenatal risk factors,
maternal smoking during pregnancy was reported by 12
mothers (4-1%) in the GA > 37 weeks groups and by 8
mothers (14-0%) in the extremely preterm group. Sim-
ilarly, maternal alcohol consumption during pregnancy
was reported by 6 mothers (2:0%) in the term group and
by 5 mothers (8-8%) in the extremely preterm group.
Additionally, seeking professional psychological help
during pregnancy or after birth was reported by 7
mothers (6-3%) in the term group and by 3 mothers
(13-0%) in the extremely preterm group.

Furthermore, descriptive variations in mental health
outcomes in adulthood were found among the study
groups (Table 2), with major depressive disorder being
most common in the <28 weeks group (16-3%), fol-
lowed by anxiety disorder (12-2%).

Uni- and multivariable regression analysis

Regarding the associations between early childhood
(2—4 years) emotional and behavioral problems reported
by mothers and adult mental disorders, which were
analyzed in a smaller subsample of 217 participants,
early peer problems (OR = 1.71, CL: 1.26-2-44,
p = 0-001) and emotional problems (OR = 1-42, CI:
1-00-2-05, p = 0-05) were linked to major depressive
disorder in adulthood but only in the preterm group
(<37 weeks gestation). No such associations were found
in the term group (>37 weeks gestation) (Supplemental
Table S4, Fig. 1). Individuals born with a gestational age
of <28 weeks were at higher risk of major depressive
disorder and generalized anxiety disorder in adulthood
(Table 3, Fig. 2). These associations remained relevant
after adding the birth weight percentile to the analysis
which was not associated with any of the mental out-
comes. Model 1 showed fewer alcohol-related disorders
with a gestational age of <28 weeks (OR = 0-13, CI:
0-01-0-64, p = 0-05), but this association was not sig-
nificant in Model 2 which included birth weight per-
centile. When considering SES, higher SES was found
to be significantly associated with a lower risk of expe-
riencing a somatoform syndrome (OR = 0-87, CI:
0-78-0-97, p = 0-01) and major depressive disorder
(OR = 0-84, CI: 0-73-0-96, p = 0-01) in adulthood. With
respect to gender, women were found to have a sig-
nificantly higher risk of somatoform syndrome
(OR =5-88, CI: 2-55-16-07, p < 0.001), other depressive
symptoms (OR = 1.79, CL: 1-11-2.96, p = 0-02) and
generalized anxiety disorder (OR = 3-89, CI: 1-:39-13-91,

Group 1 Group 2 Group 3 Group 4 p-value®
GA > 37 GA 33-36 GA 29-32 GA <28
Number of participants 296 137 116 57
Emotional and behavioral problems in childhood (SDQ)
Conduct problems, M (SD) 1-44 (1-15) 1-20 (1-01) 1-22 (1-23) 1-64 (1-52) 0-31
Emotional problems, M (SD) 1-22 (1-62) 1-89 (2-00) 2-17 (2-05) 2:96 (2-13) <0.001
Hyperactivity score, M (SD) 1-91 (1-98) 2:48 (2-09) 2-88 (2:38) 454 (2-38) <0.001
Peer problems, M (SD) 1-09 (1-38) 1-04 (1-06) 1-98 (2-27) 3-62 (2:67) <0-001
Prosocial score, M (SD) 8-21 (1-76) 8-32 (1-78) 8-12 (1-87) 7-28 (2:59) 0-12
Total difficulties score, M (SD) 579 (4-22) 6-14 (3-24) 8-06 (5-03) 12-96 (5-83) <0.001
Mental health outcomes in adulthood (PHQ-D)
Somatoform syndrome (yes), n (%) 21 (7-1%) 6 (4:5%) 7 (6:5%) 5 (10-0%) 0-58
Major depressive disorder (yes), n (%) 10 (3:4%) 4 (3:0%) 3 (2:8%) 8 (16:3%) <0-001
Other depressive symptoms (yes), n (%) 36 (12-2%) 22 (16:7%) 16 (15-0%) 11 (22-4%) 0-24
Generalized anxiety disorder (yes), n (%) 7 (2:4%) 3 (2:3%) 5 (4:7%) 6 (12-2%) 0-005
Bulimia nervosa (yes), n (%) 3 (1-0%) 1 (0-8%) 0 (0-0%) 1 (1-9%) 0-63
Binge-eating (yes), n (%) 10 (3:4%) 4 (3:0%) 2 (1-:9%) 1 (1-9%) 0-84
Alcohol-related disorders (yes), n (%) 29 (9:8%) 7 (5:3%) 6 (5:6%) 1 (1-9%) 0-10

Emotional and behavioral problems were assessed retrospectively via the SDQ at age 2-4 and mental health outcomes in adulthood were assessed via the PHQ-D and
GAD-7. ®p-values were calculated using one-way analysis of variance (ANOVA) for continuous variables and chi-squared tests for categorical variables.

18-52 years).

Table 2: Maternal-reported emotional and behavioral problems in childhood (ages 2-4) and self-reported mental health outcomes in adulthood (ages
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Fig. 1: Total Strength and Difficulties scores (SDQ, range 0-40) in childhood (2-4 years of age) stratified by the presence of major
depressive disorder in adulthood in participants born a) preterm and b) term. Higher values indicate more emotional and behavioral

problems during early childhood.

p = 0-02) compared to males. In contrast, males had an
increased likelihood of alcohol-related disorders
(OR = 0-23, CI: 0-10-0-46, p < 0-001). Analysis with
continuous parameters revealed that the risk of gener-
alized anxiety disorder increased by 11-4% per week
decrease in gestational age, depression risk increased
by 10% per week decrease, and alcohol-related disorder
risk increased by 11% per additional week of gestational
age (Supplemental Table S1). The first sensitivity
analysis revealed that the previously observed associa-
tion between the gestational age group of <28 weeks
and major depressive disorder was no longer statisti-
cally significant (OR = 2-84, CI: 0-85-9-07, p = 0-08)
when including maternal smoking and alcohol con-
sumption during pregnancy in the model
(Supplemental Table S2). A significant association was
shown between maternal alcohol consumption during
pregnancy and the occurrence of major depressive
disorder in offspring in adulthood (OR = 18-60, CI:
5-24-65-76, p < 0-001). However, these findings should
be interpreted with caution due to the small number of
mothers reporting alcohol consumption (n = 16) and
smoking (n = 33) during pregnancy, which limits the
statistical power of this analysis. The association
between gestational age and anxiety disorders remained
consistent. Additionally, an association between
GA < 28 weeks and the occurrence of other depressive
symptoms was identified, which was not apparent in
the primary analysis. A second sensitivity analysis
examining the impact of COVID-19 pandemic on our
study showed no association between mental disorders
and whether participants were surveyed before or after

begin of the pandemic (Supplemental Table S3). The
association between GA < 28 weeks and major
depressive disorder persisted. The previously sig-
nificant correlation with generalized anxiety disorder
narrowly missed significance (OR = 3.52, CI: 0-94,
1328, p = 0-06). No correlation with the pandemic
period was observed, suggesting that this change might
be due to lower statistical power.

Discussion

This study examined the complex associations between
premature birth, birth weight percentiles as a surrogate
marker for fetal growth restriction, and the prevalence
of various mental health outcomes in adulthood. Our
findings demonstrate that prematurity, particularly a
gestational age of <28 weeks, was associated with sig-
nificantly higher odds of major depressive disorder and
generalized anxiety disorder in adulthood. Each week
decrease in gestational age increased the risk for gen-
eralized anxiety disorders by 11% and for major
depressive disorder by 10%, highlighting a dose-
dependent relationship between prematurity and
these conditions. Importantly, fetal growth restriction,
as indicated by low birth weight percentiles, was not
independently associated with mental health outcomes.
This distinction suggests that previous studies linking
low birth weight to mental health issues may have
conflated its effects with those of prematurity. In a
sensitivity analysis adjusting for maternal alcohol con-
sumption during pregnancy, the association between
extreme prematurity and major depressive disorder was
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Model 1

No adjustment for fetal growth

OR (Clos)

Somatoform syndrome
GA < 28 weeks
GA 29-32 weeks
GA 33-36 weeks
Gender (female)

1-38 (0-42, 3-83)
0-94 (0-35, 2-24)
0-49 (0-17, 1-20)
5-87 (2-54, 16-07)
Socioeconomic status 0-87 (0-78, 0-97)
BW percentiles
Major depressive disorder
GA < 28 weeks
GA 29-32 weeks
GA 33-36 weeks

Gender (female)

4-06 (1-42, 11-40)
0-78 (0-17, 2-63)
0-75 (0-20, 2-31)
2-02 (0-85, 5-24)
Socioeconomic status 0-84 (0-73, 0-96)
BW percentiles
Other depressive symptoms
GA < 28 weeks
GA 29-32 weeks
GA 33-36 weeks

Gender (female)

2:07 (0-91, 4-47)
1-30 (0-67, 2-45)
1-32 (0-72, 2-35)
1-79 (1-11, 2-96)
Socioeconomic status 0-93 (0-86, 1-00)
BW percentile
Generalized anxiety disorder
GA < 28 weeks
GA 29-32 weeks
GA 33-36 weeks
Gender (female)

5-27 (1-55, 17-64)
2:04 (0-59, 6-60)
0-84 (0-18, 3-12)
386 (137, 13-73)
Socioeconomic status 0-95 (0-82, 1-11)

BW percentile
Alcohol-related disorders

GA < 28 weeks

GA 29-32 weeks

GA 33-36 weeks

Gender (female)

013 (0-01, 0-64)
0-48 (0-17, 1-13)

0-52 (0-21, 1-19)

0-22 (0-10, 0-45)
Socioeconomic status 0-92 (0-83, 1-01)
BW percentile

gestational age categories and the respective mental health outcomes.

Model 2
Adjusted for fetal growth
p OR (Clgs) p
0-56 1-40 (0-43, 3-90) 0-54
0-89 0-94 (0-35, 2-24) 0-89
0-14 0-51 (0-17, 1-29) 0-17
<0-001 5-88 (2:55, 16-07) <0-001
0-02 0-87 (078, 0-97) 0-01
1-00 (0-99, 1-01) 074
0-01 4-14 (1-43, 11-77) 0-01
0-71 0-78 (0-17, 2-65) 072
0-63 0-77 (0-20, 2:52) 0-69
0-12 2-01 (0-85, 5-22) 0-13
0-01 0-84 (0-73, 096) 0-01
1-00 (0-99, 1-02) 0-82
0-07 2:09 (0-91, 4-52) 0-07
0-42 1-31 (0-67, 2-46) 0-42
036 1-33 (0-72, 2:45) 0-36
0-02 1-79 (1-11, 2-96) 0-02
0-04 0-93 (0-86, 1-00) 0-05
1-00 (0-99, 1-01) 0-88
0-01 5-17 (1-51, 17-37) 0-01
0-24 2-03 (0-58, 6-59) 0-24
0-81 0-79 (0-16, 3-04) 0-75
0-02 3-89 (1-39, 13-91) 0-02
0-52 0-94 (0-82, 1-10) 0-49
1-00 (0-98, 1-01) 0-69
0-05 0-14 (0-01, 0-72) 0-06
0-12 0-52 (0-18, 1-24) 0-17
0-15 0-63 (0-23, 1-52) 032
<0-001 0-23 (0-10, 0-46) <0-001
0-10 0-92 (0-83, 1-02) 0-11
1-01 (1-00, 1-02) 0-17

Models 2 was adjusted for birth weight percentiles. Note: Adjustment for fetal growth did not alter the results, indicating that fetal growth had no significant impact on
mental health outcomes. GA-gestational age; BW Percentile-Birth weight percentile. Bold text indicates statistically significant associations (p < 0-05) between

Table 3: Association analyses of PHQ-D dimensions with gestational age groups and adult socioeconomic and demographic characteristics, with and
without adjustment for birth weight percentile as an indicator of fetal growth.

no longer significant, suggesting that prenatal alcohol
exposure may mediate this relationship. This finding
aligns with prior evidence linking maternal alcohol
consumption to an increased risk of depression in off-
spring. However, the persistence of the association
between extreme prematurity and generalized anxiety
disorder underscores the unique contribution of ges-
tational age to certain mental health outcomes.

In our cohort, the extremely preterm group has the
highest proportion of individuals with low SES, align-
ing with previously reported socioeconomic challenges
faced by preterm individuals.”*** Several studies have
shown that low SES is associated with a higher risk for
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mental health disorders due to chronic stress exposure,
limited access to healthcare, reduced educational
opportunities, and fewer social resources.”*® These
factors can contribute to increased psychological vul-
nerability and hinder coping mechanisms, making
individuals with low SES more susceptible to depres-
sion and anxiety. Our analyses indicate that higher SES
is associated with a reduced risk of somatoform syn-
drome and major depressive disorder in adulthood.
This suggests that socioeconomic resources may serve
as a protective factor. When including SES in the
multivariable model, the association between the
extremely preterm group and an elevated risk of mental
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Fig. 2: Prevalence of a) major depressive disorder, b) generalized anxiety disorder, and c) alcohol-related disorders stratified by

gestational age.

health issues remains significant. These findings sug-
gest that the impact of prematurity on mental health is
not solely attributable to socioeconomic factors.
Research showed an increased risk of depression in
children born preterm. A Swedish study of 86 preterm
infants born before 26 weeks gestation from the
1990-1992 cohort found higher rates of mental health
issues, such as depression and anxiety, in 11-year-olds
(adjusted OR = 2.56, p = 0-036) compared to the control
group.” Another Swedish study of 1,301,522 16-year-
olds found that those born at 32-36 weeks gestation and
before 32 weeks were 1-3 times and 2.9 times more
likely respectively to suffer from depressive disorders.
However, this association between preterm birth and
depression has not been confirmed in other studies.”
In adulthood, only a few studies so far have inves-
tigated the link between prematurity and depression. A
prospective cohort study of 86,925 postmenopausal
women in the Women’s Health Initiative found an
association between preterm Dbirth (>4 weeks

premature) and depression in adulthood (adjusted OR
of 1-18), and lower birth weight was also associated with
depression (adjusted OR = 1-21).” Jaekel et al. inves-
tigated a cohort of 200 adults born preterm with very
low birth weight, providing evidence of an increased
risk for mood disorders in adulthood. However, after
correcting for multiple testing, the association was not
evident.” Boyle et al. examined the prevalence of
developmental disabilities in U.S. children and high-
lighted an overall increase in developmental and
behavioral problems. While this study did not directly
analyze the impact of preterm birth, it suggests that the
improved survival rates of preterm infants may con-
tribute to the rising prevalence of these challenges.”” A
2014 study found that preterm birth was linked to a
significantly increased risk of affective disorders like
depression, even after adjusting for birth weight.”
Conversely, the Helsinki Birth Cohort Study found
that while men born late preterm had an increased risk
of suicide, late preterm birth did not generally impact
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adult psychopathology on a broader scale.** Most stud-
ies have been retrospective cohort studies linking birth
data with ICD codes in national health registries,
potentially missing undiagnosed depression. The asso-
ciation between premature birth and depression
observed in this study could arise from various factors,
and is notably present only in individuals born at or
before 28 weeks of gestational age (OR = 4-14, p = 0-01),
but not in those born prematurely after this threshold.
Additionally, no association was found between birth
weight percentile and the presence of major depressive
disorder in adulthood, with prematurity being the sole
contributing factor. Our findings regarding the associ-
ation between prematurity and depression in adulthood
align with theoretical frameworks such as the DOHaD
model. This model posits that early life stressors,
including preterm  Dbirth, can disrupt neuro-
development, creating long-term vulnerability to mental
disorders. Prenatal programming, a key component of
this framework, suggests that adverse intrauterine
conditions, such as nutrient deprivation or maternal
stress, induce permanent changes in the developing
brain and stress-regulatory systems. By integrating
these perspectives, our findings contribute to a growing
body of evidence that highlights the lasting impact of
prematurity on adult mental health. Several studies
show that psychosocial stressors during pregnancy
increase the risk of premature birth.** Babies born to
depressed mothers have significantly lower levels of
serotonin and dopamine, and higher levels of cortisol
compared to babies born to non-depressed mothers.***
Moreover, premature babies often suffer from neuro-
developmental challenges® and Dbehavioral issues™
which could impact mental health. Our analyses dem-
onstrated an association between emotional problems,
peer problems, and the total difficulties score at ages
24 years (as reported by mothers) and major depres-
sive disorder in adulthood but these associations were
only present in individuals born preterm. Other studies
report that emotional and peer problems are partic-
ularly common in children born preterm.”” The
association between behavioral problems and the
development of mental outcomes is posited by the
social defeat hypothesis that suggests that the risk of
psychiatric issues increases due to the influence of
socioemotional difficulties like social defeat in peer
groups.”””? This could provide another possible
explanation for the association between gestational age
of <28 weeks with major depressive disorder in adult-
hood in our study. This highlights the importance of
supporting extremely premature infants and their
parents to reduce the risk of major depressive disorder
later in life. Interviews with parents of infants born at
24 weeks of gestational age revealed difficulties in
managing their children’s special needs and a desire for
more support from healthcare and schools.” In the
sensitivity analysis, which included alcohol consumption
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during pregnancy, the association between preterm birth
and major depressive disorder was no longer observed.
This may be attributed to the small number of mothers
who smoked or consumed alcohol during pregnancy,
resulting in higher statistical model complexity. Alter-
natively, maternal alcohol consumption during preg-
nancy may act as a confounding factor, influencing both
the likelihood of preterm birth** and the subsequent
development of mental health disorders, such as
depression, in offspring.’’ Several studies have demon-
strated this association.’””*”” For instance, O’Connor
et al. reported that children exposed to alcohol prenatally
exhibited more depressive symptoms than their non-
exposed peers.” Similarly, longitudinal evidence from
Easey et al., based on a cohort of 13,480 participants,
demonstrated a significant association between prenatal
alcohol exposure and depression in young adulthood,
with effects persisting into later life.! These findings are
complemented by evidence linking maternal smoking
during pregnancy to an increased risk of mood and
anxiety disorders in offspring.*

Our study demonstrated an association between
prematurity at or before 28 weeks of gestational age and
the higher odds of having generalized anxiety disorder
in adulthood (OR = 5-17, p = 0-01). Fetal growth
restriction was not a contributing factor, and thus,
prematurity alone is associated with generalized anxiety
disorder in adulthood. A systematic review and meta-
analysis of six studies involving 1519 adolescents
found that those born very preterm (<32 weeks ges-
tation) had nearly twice the risk of clinically significant
anxiety (odds ratio 2-27) compared to the control group
but the study did not differentiate between prematurity
and fetal growth.”” A recent study by Kong et al.””
investigated the associations between preterm birth
with a wide spectrum of neurodevelopmental and psy-
chiatric disorders in children and adolescents aged 4-22
years. The authors reported that preterm birth was
significantly associated with increased risks for anxiety

disorders, intellectual disabilities, specific devel-
opmental disorders, autism spectrum disorders,
attention-deficit/hyperactivity disorders, and other

emotional and behavioral disorders. The association
shown could be due to several causes. Firstly, individ-
uals born preterm more often display disrupted brain
structures than individuals born at term,’*” therefore
abnormal brain development could contribute to dis-
rupted anxiety learning processes which may then
persist into adulthood.®® Schmitz-Koep et al. inves-
tigated MRI volumes of 101 preterm infants (<32 weeks
of gestational age and/or birth weight below 1500 g)
and 108 controls at the age of 26 years, showing sig-
nificantly lower whole amygdala volumes in the indi-
viduals born preterm. However, this anatomical change
showed no association with avoidant personality acting
as a surrogate marker for social anxiety traits.*' In
addition to brain development, post-birth conditions
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may be crucial. A rat study found that early pain expe-
riences, similar to those of premature infants in neo-
natal intensive care, can disrupt fear memory by
impairing hippocampal neural circuit development.®
The increased risk of anxiety disorder and behavioral
problems and thus possible isolation in peer circles
probably also play a role in premature infants.** This
finding highlights the need for early psychological
screening and intervention for extremely preterm
infants to reduce these risks.”>*

Our findings highlight the significant impact of pre-
term birth (gestational age of <28 weeks) on mental
health outcomes in adulthood but there was no associ-
ation between birth weight percentile and mental health
outcomes in adulthood. This suggests that, beyond
nutritional status, a complex interplay between abnormal
brain development and postnatal environmental factors
likely contributes to the development of mental health
disorders in preterm infants. Thus, the nutritional state
may not be as important as abnormal brain development
and postnatal conditions in the development of mental
health outcomes in preterm infants. The findings align
with the DOHaD theory, which suggests that early
stressors, such as premature birth, can disrupt neuro-
development and thereby create a long-term vulnerability
to mental disorders. Our study highlights that both
neurobiological and environmental challenges inherent
to preterm birth jointly influence mental health out-
comes later in life. More investigation is required to
disentangle how incomplete brain development and
postnatal environmental exposures interact to elevate
mental health risks. Further research is needed to dif-
ferentiate whether the heightened risk is primarily due
to incomplete brain development during premature
birth or if it stems more from environmental factors
encountered after birth. It is important to interpret the
study findings with caution, as the limited screening
timeframe may affect the generalizability of our con-
clusions. Replication of these findings in larger and
longitudinal cohorts is essential to deepen our under-
standing of the multifactorial relationship between pre-
term birth and mental health outcomes in adulthood.

This study has several limitations. Firstly, the find-
ings may not be generalizable as this was a single-
center, hospital-based cohort study. Difficulties in
contacting participants and some opting out may lead
to selection bias. Most participants were of white eth-
nicity limiting the applicability of the conclusions to
this group. The exploratory nature of the study means
no corrections for multiple testing were made. Reliance
on self-report questionnaires for mental outcomes and
retrospective reporting of behavioral difficulties by
mothers could introduce recall bias. One potential
consideration in our study is the reliance on a sub-
sample of 217 participants (35.8% of the total sample)
for whom maternal SDQ reports were available. While
this response rate may appear limited, it is consistent

with similar studies involving retrospective maternal
reports and long follow-up intervals. For instance,
studies on prenatal stress and childhood outcomes
often report response rates of approximately 30-40%,
reflecting the challenges of collecting retrospective data
decades after the initial events. Importantly, the abso-
lute size of our subsample (N = 217) remains one of the
largest to date in the field of preterm birth research
investigating early childhood behavioral characteristics
and adult mental health outcomes. This highlights the
relevance and potential generalizability of our findings,
even within the constraints of retrospective data col-
lection. Nevertheless, we acknowledge the potential for
selection bias and the limitations inherent in relying on
retrospective maternal recall, which may be subject to
inaccuracies due to the time elapsed. Future studies
with prospectively collected data could provide addi-
tional insights into these developmental pathways.
Moreover, while structured clinical interviews are the
gold standard for diagnosing mental disorders, they
were not used due to their burden on participants,
opting instead for personal medical history interviews
to clarify ambiguities. Additionally, it was not possible
to analyze longitudinal traits, as this was a cross-
sectional study, which limits the ability to observe
changes in mental health outcomes over time. Another
limitation of this study concerns the assessment of
mental health, which was based on current sympto-
matology. The instruments employed, the PHQ-D and
GAD-7, assess depressive and anxiety symptoms within
relatively short time frames, typically covering the past
two to four weeks. Although these tools are well-
validated and frequently used in epidemiological
research, their limited temporal scope may not capture
chronic or episodic mental disorders comprehensively.
Depressive and anxiety symptoms can fluctuate, and
participants who were symptom-free during the
assessment window may have experienced significant
psychiatric symptoms before or after this period. As
such, our findings may underestimate the true preva-
lence of persistent or episodic mental disorders in this
cohort. At the same time, the limited 2—4 week time-
frame of the questionnaires means that our findings
could also potentially overestimate the occurrence of
mental health symptoms among participants. Future
studies should consider using assessment tools that
capture longer-term mental health trends to provide a
more thorough understanding of participants’ psychi-
atric histories. In addition, another limitation is that
medical care for preterm infants changed substantially
during the study recruitment period, which may affect
the generalizability of results across participants born
in different periods of time. Advances in standards of
care and treatment of newborns during this period,
such as improved survival rates for preterm infants,
could lead to differences in long-term outcomes
between older and younger participants. In addition,

www.thelancet.com Vol 85 July, 2025



Articles

methods for estimating gestational age have evolved,
using maternal reporting in the early years and ultra-
sound in later years, leading to greater precision in
more recent cohorts. These changes could affect the
comparability of gestational age across birth years, but
we do not believe that they have significantly distorted
the conclusions of the study, as we adjusted for age in
our analyses to account for possible generational dif-
ferences. One potential limitation of our study is the
exclusion of neonatal acuity measures, such as length of
NICU stay, from the final analysis. Although gesta-
tional age and birthweight are commonly used pre-
dictors in studies of preterm birth outcomes, neonatal
acuity factors, such as NICU stay duration, might pro-
vide additional insights into the variability of adult
mental health outcomes. To address this, we conducted
a sensitivity analysis that incorporated NICU stay
duration as an indicator of neonatal health severity.
While we observed substantial variability in NICU stay
durations across groups (e.g., 72.7 days, SD = 32.3, for
Group 4 vs. 5-3 days, SD = 13-3, for Group 2), no sig-
nificant associations with major depressive disorder
(OR = 1-01, p = 0-57) or anxiety disorders (OR = 1.02,
p = 0-07) were found. Given these findings, and to
maintain model simplicity, we chose not to include this
variable in our final analysis. However, future research
may benefit from further exploration of neonatal acuity
measures and their potential interaction with other
predictors, such as gestational age and birth weight.
Despite its limitations, the current study examined an
extraordinarily large cohort of adults born preterm, with
varying degrees of prematurity, alongside a substantial
control group. A thorough assessment of perinatal
medical history was also performed through the review
of medical charts. Another strength of this study is the
use of external anamnesis, where mothers of partic-
ipants provided detailed questionnaires on childhood
emotional problems, adding a valuable perspective to
our findings.

A gestational age of <28 weeks was associated
with a higher prevalence of major depressive disorder
and generalized anxiety disorder in adulthood but not
somatoform syndrome or other depressive symptoms.
The association between major depressive disorder
and prematurity may be explained by higher rates of
maternal alcohol consumption during pregnancy
among preterm infants, while the association between
prematurity and generalized anxiety disorder remains
significant independent of this factor. Notably, fetal
growth restriction, indicated by birth weight percen-
tiles, does not seem to influence later mental health,
suggesting that previous analyses linking low birth
weight to mental health issues were likely con-
founded by the high correlation between prematurity
and low birth weight, rather than a direct effect of
hypotrophy. Overall, these findings highlight a pos-
sible vulnerability of the extremely preterm group to

www.thelancet.com Vol 85 July, 2025

mental health issues in adulthood. Consistent with
the DOHaD theory, our findings support the idea
that early life factors, such as extreme prematurity,
may contribute to an increased risk of mental health
disorders in adulthood.
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