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Abstract  

 

Preterm birth research is poised to explore the mental health of adults born very preterm(VP;<32+0 

weeks gestational age) and/or very low birth weight(VLBW; <1500g) through individual 

participant data meta-analyses, but first the previous evidence needs to be understood. We 

systematically reviewed and assessed the quality of the evidence from VP/VLBW studies with  

mental health symptoms or disorders appearing in adulthood, excluding childhood onset disorders. 

Participants (≥18 years, born >1970) included VP/VLBW individuals with controls born at 

term(≥37+0 weeks) or with normal birth weight(NBW; ≥2500g). Thirteen studies were included. 

Studies consistently showed an increased risk for psychotropic medication use for VP/VLBW 

adults in comparison to NBW/term controls, but whether VP/VLBW adults have an increased risk 

for mental health disorders or symptoms appearing in adulthood remains uncertain. The quality of 

the evidence was moderate (65.8%) to high (34.2%). Further research in larger samples is needed. 

Keywords: European Union, EU, Horizon 2020, RECAP, PremLife, Preterm, Premature, very 

low birth weight, VLBW, very preterm, VP, review, mental disorder, psychiatric disorder, 

depression, anxiety, bipolar, eating disorder, schizophrenia, externalizing, internalizing, 

psychiatric diagnosis 



Rationale (A) 

 

Globally, 10.6% of all births are preterm (<37 weeks of gestation), equating to 14.8 million live 

preterm births annually—a statistic which has increased since 2000[1]. In light of the continued 

global prevalence, and in conjunction with a now critical mass of preterm born adults who survived 

following the modern neonatal medicine era (post 1970)[2–4], research has begun to unravel the 

long-term consequences of preterm birth. Facilitated by the maturation of preterm birth study 

cohorts, the literature now provides significant evidence of developmental adversities across the 

lifespan[5–9]. However, findings are mixed on whether or not individuals born preterm have 

increased risk of developmental problems or disorders. In part, mixed results may be due to the 

limited number of individuals born preterm at different gestational ages in existing cohort studies, 

preventing more gestational age specific analyses, as well as the ability to control for other macro 

and micro level factors, which may contribute to risk or resiliency in certain groups.  

 

Those Very Preterm (VP; <32+0 weeks’ gestation), constitute 15.3% of preterm births globally 

each year [1]. VP born individuals have been reported to have mean birth weight of 1810 (males) 

and 1750 (females) grams (g) at 31 completed weeks’ gestation, decreasing approximately to 1500 

g by week 30[10]. Hence, very low birth weight (VLBW; <1500g) is often synonymously used for 

exploring outcomes of VP born individuals. VP and VLBW born individuals have increased risks 

for physical and mental health adversities across the lifespan [5] corresponding to a significant 

economic burden in health and social care costs [11]. Mental health adversities, highlighted by 

high quality Nordic register studies, show VP born adults have increased risks for psychiatric 

hospitalization, nonaffective psychosis, depressive disorder, bipolar affective disorder, autism 



spectrum disorders, attention-deficit/hyperactivity disorders, major/minor psychiatric diagnoses 

and eating disorders [12–16] across the lifespan. However, these findings do not differentiate the 

outcomes of adults from adolescents.  

 

Three international projects RECAP Preterm[17], PremLife[18], and APIC (Adults Born Preterm 

International Collaboration)[19] are currently consolidating datasets from preterm birth cohort 

studies to afford gestational age specific meta-analyses of long term outcomes, which will allow 

for further adult preterm risk and resiliency research and for aggregate-data and individual 

participant data (IPD) meta-analyses. Accordingly, understanding the pre-existing evidence on 

mental health outcomes in VP/VLBW born adults, as well as discerning the quality of such 

evidence is a crucial and timely step for research. To our knowledge, no systematic reviews have 

focused on mental health outcomes of VP/VLBW born individuals that can have their onset in  

adulthood (≥18 years), namely on mood, anxiety, substance use, personality and schizophrenia 

spectrum disorders, nor has the overall quality of the existing evidence been assessed. Hence, this 

systematic review sought to crystalize the evidence on VP/VLBW born mental health outcomes 

appearing in adulthood and to explore the limitations and strengths of previous research as a way 

forward for the future. Disorders that by diagnostic definition have childhood onset, including 

psychological development disorders (e.g. autism spectrum disorders), behavioral and emotional 

disorders of childhood onset (e.g. attention-deficit/hyperactivity disorder), and intellectual 

development disorders were excluded. 

 

Methods(A) 

 



Inclusion criteria (B) 

 

Any longitudinal case-control studies, cohort studies, registry studies, meta-analyses and 

Randomized Controlled Trials with gestational age or birth weight as the exposure and mental 

health outcomes assessed in adulthood were eligible for inclusion. There were no language 

restrictions.  

 

Participants(B) 

 

Study participants included VP or VLBW participants, as well as participants classified as 

Extremely Preterm (EP; <28+0 weeks of gestation) or Extremely Low Birth Weight (ELBW; <1000 

g). The controls included participants born at term (≥37+0 weeks of gestation) or participants born 

with Normal Birth Weight (NBW; ≥2500 g). All participants were 18 years of age or older.  

 

Exposure(B) 

 

Exposure variables included VP birth status or VLBW defined in accordance with the WHO [20] 

and obtained from medical records or from medical birth registry data.   

 

Confounders/Covariates (B) 

 



We considered all covariates and confounders for eligibility and no exclusions were made based 

on these. However, we used predefined covariates for the quality of evidence assessment. Familial 

genetic confounding adjusted for via twin or sibling study design was the key covariate. 

Additionally, maternal age or parity, family/childhood socioeconomic status (SES; indexed by 

parental education, occupation or income), parental mental health, neonatal complications 

(perinatal asphyxia and birth traumas, neonatal hypoglycemia, neonatal respiratory disorders, low 

apgar scores, factors leading to NICU admission, brain injury), participant age/birth year and 

participant sex were considered important.  

 

Outcomes(B) 

 

Outcomes included diagnoses of mental health disorders or symptoms in adulthood. These 

included any outcome for mood disorders, depression, bipolar disorder, anxiety, internalizing 

symptoms or externalizing symptoms.  

Since the review sought to elucidate mental health disorders appearing in adulthood, disorders 

defined with onset in childhood by the International Classification of Diseases, Tenth Revision 

(ICD-10)[21] i.e. Attention-Deficit/Hyperactivity Disorder (ADHD) and Autism Spectrum 

Disorders (ASD), were out of the scope of this review.  

 

Timing(B) 

 



Only birth cohort and register studies including individuals born after 1970 were included, to 

account for the major changes in neonatal care.  

 

Setting(B) 

The study settings could be either hospital(s) or population based study groups.  

 

Exclusion Criteria(B) 

 

Study exclusion criteria included self-reported gestational age or birth weight of VP/VLBW 

groups, and study designs i.e. qualitative studies, poster sessions, conference abstracts, letters to 

the editor, reviews and retrospective studies. Additionally, any cohorts born before 1970 and 

studies with participants below the age of 18 years were excluded. Duplicate studies reporting the 

same outcome measure for the same cohort or population at the same follow-up time point were 

also excluded. In which case, the report with the largest sample size at that particular time point 

was considered the most relevant. In the case of the same results being reported by an individual 

cohort study and in an aggregate data or IPD meta-analysis, the meta-analysis was included if all 

of the studies in the meta-analysis met the inclusion criteria and the individual studies were 

excluded.  

 

Search & Study Selection(B) 

 

Systematic search strategies were applied in PubMed, Web of Science and PROQUEST from 

inception to October 2019. Studies identified from grey literature were also included. The search 



strategies are provided in Supplementary material A.1. All duplicate studies were removed. Study 

inclusion and exclusion were determined by the predefined criteria set out above. Study selection 

occurred in two rounds. First, title and abstract review for relevance; second, full-text review to 

determine final inclusion.  

See PRISMA flow diagram for more details (Figure 1).  

 

PRISMA FLOW DIAGRAM  HERE 

 

Data Extraction(B) 

 

The reviewers extracted pre-specified study characteristics, i.e. cohort name, sample size, exposure 

and outcome definitions, covariates, year of birth, location, age at assessment and study results 

from each study, using a uniform template.  

 

Quality of Evidence Assessment(B) 

 

Two reviewers (RR and MLP) independently assessed quality of evidence for all included studies 

using the Newcastle-Ottawa Scale (NOS) using pre-specified ‘acceptable’ criteria for each 

domain. The NOS assesses studies based on three domains: Selection, Comparability, and 

Outcome. Studies could receive up to nine stars, four stars in the ‘Selection’ for 1) 

Representativeness of the exposed cohort, 2) Selection of the non-exposed cohort, 3) 

Ascertainment of the exposure, and 4) Demonstration that the outcome of interest was not present 

at the start of the study exposure. Studies could receive another two stars for ‘Comparability’ for 



5) Comparability of cohorts based on the design or analysis, and 6) Study controls for at least 3 

additional risk factors. The final three stars for the ‘Outcome’ domain were awarded on the bases 

of 7) Assessment of outcome, 8) Was follow-up long enough for outcomes to occur, and 9) 

Adequacy of follow up of cohorts. The acceptable criteria used by both assessors for each item is 

reported in Supplementary Table B.2. If the assessors disagreed, then a consensus was reached 

with a third assessor (KH). Studies with ≥7 were rated as ‘High’ quality, studies with 4-6 received 

a ‘Moderate’ quality rating, and studies with <4 stars received a ‘poor’ quality rating. See 

Supplementary Table B.2 NOS Quality of Evidence Acceptable Criteria.  

 

Results(A) 

 

Summary of Included Studies (B) 

 

Thirteen studies met the inclusion criteria, with data from eight cohorts and two national register 

studies. The included studies comprise cohorts from Australia (Royal Women’s Hospital), Canada 

(McMaster), Finland (Helsinki Study of Very Low Birth Weight Adults, HeSVA), Germany 

(Bavarian Longitudinal Study, BLS), New Zealand (NZ VLBW), Norway (Trondheim), UK and 

the Republic of Ireland (EPICure), and USA (Cleveland) and populations from Sweden (Swedish 

MBR) and Norway (Norwegian MBR). The birth years range from 1977-1995 with follow-up ages 

ranging from 18-35 years in the included studies. Studies reported outcomes for any mental 

disorder, and total problems and related symptoms (n=10), mood, depression, bipolar and anxiety 

disorders, and internalizing problems and related symptoms (n=12), substance use disorders, and 

externalizing problems and related symptoms (n=7), eating disorders and symptoms (n=3), 



schizophrenia spectrum disorders and symptoms (n=3), and psychiatric medication use (n=3). Four 

studies reported exposures as EP or VP, while 10 studies reported exposures as ELBW or VLBW. 

Two studies indicated the control exposure as NBW, while 11 studies used term birth as the control 

exposure, and two studies defined the controls as NBW term born individuals. See Table 1 for 

included studies by outcome and publication year. Table 1 also shows the method of the outcome 

measurement. 

INSERT TABLE OF INCLUDED STUDIES HERE 

 

Any mental disorder and total problems and related symptoms (B) 

 

Two studies with participants aged 26-35 years reported an increased risk of any mental disorder, 

measured by structured clinical interviews, in VLBW/ELBW adults compared to term-born/NBW 

controls[22,23]. In contrast, one study showed no significant difference in the risk of any mental 

disorder, also identified from a structured clinical interview, between 24-29-year-old VLBW and 

NBW participants [24]. 

 

Seven cohorts with participants aged 19-29 years reported total problem scores with self-reported 

symptoms scales. Six of these studies were included in an IPD meta-analysis [25], which found no 

differences in self-reported total problem scores between 18-28-year-old VP/VLBW and term 

participants. However, one study [26] which was included in the IPD meta-analysis at a younger 

age (20 years), reported that VLBW participants had significantly higher total problem scores than 

term born appropriate for gestational age (AGA) controls in a follow-up at an older age (26 

years)[26]. Furthermore, the EPICure cohort, which was not included in the meta-analysis, also 



reported a significantly higher total difficulties score in 19-year-old EP  individuals compared with 

term controls[27]. 

 

Mood, depression, bipolar and anxiety disorders and internalizing problems and related symptoms 

(B) 

 

Two studies showed that the risk of mood disorders [22,28] and one showed that the risk of 

depression[24] in a structured clinical interview were higher in 26-29-year-old VLBW/VP 

participants compared to term/NBW controls. However, one of these studies reported that the 

group difference in mood disorders was not significant when accounting for multiple testing[28]. 

 

In contrast, three studies in 22-35-year-old participants [23,29,30] found no differences in the risk 

of major depressive disorder or self-reported depression diagnosis between VLBW/ELBW and 

term controls, and one study which focused on bipolar disorder did not test the differences because 

of small number of cases. However, in one of these studies [29] self-reported depression diagnosis 

was more frequent among VLBW small for gestational age (SGA) participants and less frequent 

among VLBW appropriate for gestational age (AGA) participants than among term born controls.  

 

One study [22] reported an increased risk of anxiety disorders in a structured clinical interview at 

age 26 years. Whereas, five other studies which measured anxiety disorders also via  structured 

clinical interview reported no differences for VLBW/ELBW/VP compared to term controls in any 

anxiety disorder [24,28,30], Generalized Anxiety Disorder (GAD), panic disorder, social phobia 

or obsessive-compulsive disorders [22,23]. However, one of these studies was not able to pursue 



testing differences in agoraphobia, social phobia, specific phobia, panic, obsessive compulsive and 

post-traumatic stress disorders between VLBW and term born controls because of lack or small 

number of cases[22]. 

 

The APIC IPD meta-analysis[25]found an increased risk of self-reported internalizing symptoms 

for VP/VLBW participants, and for subscales, including avoidant personality problems[25], but 

found no differences in its withdrawn, somatic complaints and anxious/depressive subscales. One 

study included in the IPD meta-analysis at 20 years, also reported increased internalizing 

symptoms and the withdrawn behavior and somatic complaints subscale scores later at 26 years, 

but did not report differences in a subscale measuring depressive/anxiety symptoms [26]. One 

other study also reported significantly increased emotional symptoms in EP  participants compared 

to term controls at age 19 [27].  

 

With regard to depressive symptoms, one study reported that VLBW adults scored higher than 

NBW controls at age 24-29 years [24].  However, one study reported that the depressive symptoms 

scores were higher for those born VLBW and SGA and lower for those born VLBW and AGA 

than for term controls at the age of 18-27 years [29]. Yet, another study [31] found no differences 

in depressive symptoms scores between VLBW participants and term born controls. One study 

reported no differences for anxiety, phobic anxiety and obsessive compulsive disorder symptoms 

in VLBW participants compared to NBW controls[24].  

 

Substance use disorders, and externalizing problems and related symptoms(B) 

 



Three studies[22–24] reported no differences in risk of substance use disorder between 

VLBW/ELBW participants compared to NBW/term controls at age 24-36 years. One of the 

studies[22] also reported separately no differences for alcohol or drug dependencies.  

 

One IPD meta-analysis[25] found a decreased risk for externalizing symptoms and for scales 

measuring rule-breaking, intrusive and antisocial personality problems in VLBW/EP  participants 

compared with term born controls. In contrast, the Trondheim study included in the meta-analysis 

at age 20, reported significantly increased externalizing problems in the VLBW participants 

compared to term born controls in a later follow-up at age 26, but found no difference in subscales 

measuring aggressive or rule-breaking behavior [26]).  One study found no differences in conduct 

problems between ELBW and term-born participants at age 19 [27]. 

 

Eating disorders and related symptoms(B) 

 

Three studies assessed eating disorders, or symptoms thereof, in VLBW born adults [22,24,32]. 

One study[22] found no cases with eating disorders in either the VLBW or term groups, another 

study[24] found no differences between VLBW participants and NBW controls in eating disorders, 

while another study [32] found a decreased risk of eating disorder symptoms in VLBW adults 

compared to term born controls at age 18-27 years.  

 

Schizophrenia spectrum disorders and related symptoms(B) 

 



Only three studies, two from the same cohort, assessed schizophrenia spectrum disorders or their 

symptoms [22,24,26]. One study reported no differences between VLBW and NBW controls in 

psychotic and bipolar disorders, measured with a clinical interview, as one clinical entity, or in 

psychoticism or paranoid ideation symptoms at age 24-29 years [24]. In the other study, 

differences in psychotic disorders could not be examined because of small number of cases[22], 

but individuals born VLBW had significantly more frequent delusion inventory scores above the 

clinical cutoff than term-born peers at age 26 years[26], although there were no difference in 

continuous delusion scores.  

 

Psychotropic medication use(B) 

 

Two large scale population-based studies [33,34] on psychotropic medication use with prescription 

register data from the Nordic countries reported an increased risk of being prescribed any 

psychotropic medications in both VP and EP  participants compared to term born controls at age 

24-35 years.  

 

One additional study has reported that self-reported antidepressant medication use is higher among 

VLBW participants born SGA than among term born controls, with no difference between all 

VLBW adults compared to controls at age 18-27 years[29]. 

 

Table of Excluded Studies(B) 

 



All studies excluded after full-text review are listed in the Table of Excluded Studies, along with 

a brief indication of the reason for exclusion. See Supplementary Table B.1 Excluded Studies.  

 

Quality of Evidence Assessment(B) 

 

As several studies reported multiple outcomes of varying quality, studies were rated individually 

by outcome. Hence, some studies have multiple quality ratings depending on the number of 

outcomes. Due to the systematic review study inclusion criteria, 0 studies were judged to have 

poor quality, 25 study outcomes were rated to have moderate quality(65.8%), and 13 were rated 

as high(34.2%). Notably, none of the included studies accounted for all of the important, pre-

specified covariates, namely genetic confounding, which could have been addressed for instance 

using a sibling or twin study design. Although, several studies did adjust for some of the predefined 

key covariates such as sex(n=10), age/birth year(n=9), and SES/parental education (n=13), while 

parental mental health(n=2), neonatal complications i.e. brain injury (n=1), or parity(n=1) were 

accounted for in far less studies. Hence, the comparability of the study findings downgraded the 

results in all studies. In spite of this, overall, we judged the quality of evidence for all outcome 

domains to be moderate to high quality. See Table 1 Summary of Main Findings for Included 

Studies and the Supplementary Table B.2 NOS Quality of Evidence Acceptable Criteria for more 

details.  

  

Discussion(A) 

 

Summary of Evidence(B) 



 

Our review found that the odds of any psychotropic medication use, derived from nationwide 

registers in two population-based studies, was 1.3[33] to 2.1-times [34]higher for VP adults, and 

in one cohort study self-reported antidepressant medication use was 4.0-times higher for VLBW 

adults born SGA than for term controls [29]. However, our review suggests, that the evidence on 

whether VP/VLBW adults have higher risk of mental health disorders appearing in adulthood than 

term/NBW controls and whether they differ in the symptoms of these disorders, remain uncertain 

[22–34].  Although, the findings lack consensus, it may not be for the lack of quality in the 

evidence in the studies we reviewed, as the studies were overall moderate to high quality, with 

none rated as poor quality. However, it does suggests the need for larger study samples.  

 

Of the three studies that tested the risk of any mental health disorder, a significantly higher risk for 

VP/VLBW adults in comparison to NBW/term controls was reported in two, while in one this risk 

was not significant. Of the six studies that tested the risk of mood disorders, three reported a 

significantly higher risk for any mood/depressive disorder, while three reported that the risk for 

depressive/major depressive disorder was not significant. Of the five studies that tested the risk of 

anxiety disorders, one reported a significantly higher risk for any anxiety disorder, three reported 

that this risk was not significant, and one reported that the risk for GAD, social phobia, panic or 

obsessive-compulsive disorders was not significant. Three studies focused on substance use 

disorders and found no significant elevation in the risk, and the two studies that focused on eating 

and schizophrenia spectrum disorders reported no significant elevation in the risk.  Moreover, in 

one of the studies, which suggested that the risk for any mood disorder was higher, the differences 

between VP/VLBW and term/NBW controls were no longer significant when accounting for 



multiple testing. As well as in four studies, which focused on depressive, bipolar, panic disorders, 

agoraphobia, social phobia, specific phobia, GAD, OCD, PTSD, eating, schizophrenia spectrum 

disorders, VP/VLBW and term/NBW comparisons could not be performed because the number of 

cases in the VP/VLBW and/or in NBW/term control groups were small or zero.  

 

Of the studies that tested differences between VP/VLBW adults and term controls in symptoms of 

mental disorders, significant differences in total, internalizing and/or externalizing problems were 

reported in nine, while no differences were reported in three. Among these studies is an IPD meta-

analysis of six cohort studies. It reported no differences between VP/VLBW adults and NBW/term 

controls in total problems, and higher levels of internalizing and lower levels of externalizing 

problems for VP/VLBW adults than for NBW/term controls. Furthermore, one study reported that 

VP/VLBW adult showed higher levels of clinically relevant schizophrenia spectrum disorder 

symptoms than NBW/term controls, one reported no such differences, and one additional study 

reported that VP/VLBW adults displayed lower levels of eating disorder symptoms than 

NBW/term controls.  

 

While this mixed pattern of findings in relation to mental health disorders appearing in adulthood 

and their symptoms is in contrast with the two population-based studies showing increased risk of 

any psychotropic medication use for VP/VLBW adults, the major reason for this discrepancy 

appears to relate to differences in sample sizes. While the two population-based samples included 

980 and 3670 VP adults and 243283 and 588410 term controls, respectively, in all but two 

individual cohort studies focusing on mental health disorders and symptoms were the VP/VLBW 

and/or NBW/term control group sizes less than 100. The IPD meta-analysis included 747 



VP/VLBW and 1512 term controls. Hence, these findings suggest that before any firm conclusions 

about longer-term mental health outcomes of VP/VLBW adults can be made, much larger 

individual cohort studies than those conducted thus far and aggregate-data and IPD meta-analyses 

are urgently needed. In favor of this view are the five large, population-wide studies of over 4.6 

million VP/VLBW adults and NBW/term controls, which have demonstrated an increased risk of 

a host of mental health disorders for VP/VLBW born adults [12,13,16,35,36], which however did 

not differentiate the outcomes for adults from adolescents.  

 

 

 

Limitations & Strengths(B) 

 

The limitations of this systematic review stem largely from the limitations in the current body of 

evidence. A key limitation in all included studies comes from a lack of control for familial genetic 

confounding, accountable for through sibling and twin study designs. Furthermore, the small 

sample sizes in most studies limits the generalizability of the findings, the limited statistical power 

increasing the likelihood of both false positive and false negative findings, as well as limiting the 

exploration of outcomes with lower prevalence rates and exploration of important covariates, 

confounders, and moderators. The lack of uniform adjustment for important covariates across 

studies, such as a genetic confounding, childhood SES, parental mental health, neonatal 

complications, parity, participant age, and sex, further reduces the comparability of the findings. 

Furthermore, three cohorts retrospectively recruited controls[23,25,27]and did not clearly report if 

their gestational age or birthweight was verified. Hence, these cohorts may have used retrospective 



self-reports which are prone to bias.  It is also important to note that although we excluded 

duplicate publications of the same outcome at the same age from the same cohort, most of the 

included cohorts provided multiple outcomes, either at a different time point or with a different 

measure. Therefore, a large portion of the findings reported in this review come from a select group 

of cohorts. Many of the studies also have used self-reports of mental health, not gold standard 

diagnostic interviews, precluding inferences to diagnosed disorders. 

 

Our review focused on mental health outcomes appearing in adulthood. While we excluded the 

mental disorders, which have childhood onset by definition, some of the included disorders with 

possible adulthood onset (e.g. anxiety disorders) also may have had their onset in childhood or 

adolescence[37]. Mental disorders and psychiatric symptoms show both homotypic and 

heterotypic continuity from childhood to adulthood, with childhood internalizing and externalizing 

problems predicting both internalizing and externalizing disorders and their symptoms in 

adulthood [27,37–40]. Such continuity is present also in EP children: the EPICure study, showed 

clinically significant total psychiatric problems at age 2.5 years predicted increased total 

psychiatric problems at ages 6, 11, 16 and 19 years[27]. A study from the McMaster cohort also 

shows a lack of normative age-related decline in internalizing problems from adolescence to 

adulthood in individuals born ELBW[41]. .Furthermore in the EPICure study the effects of EP on 

psychiatric symptoms on the SDQ stayed similar from childhood to young adulthood[27], and 

previous studies show similar effects of VP/VLBW on ADHD and ASD across childhood, and 

adolescence and young adulthood ages [42–44]. Hence, while we included only studies assessing 

mental health phenotypes after 18 years of age, we do not know at which age these mental health 



disorders or symptoms had begun. This limits the conclusions that can be made of our findings 

being specific to adult age.  

 

Moreover, the literature is almost devoid of large-scale studies focusing on VP or VLBW adult 

mental health, especially those that report results stratified by age or birth year. Although, a handful 

of large Nordic register studies [12,13,16,35,36]  have analyzed mental health across the lifespan 

by gestational age and birth weight, the studies did not report the findings separately by age, birth 

year, or time of diagnosis. In parallel, the majority of the participants in the included studies were 

born in the late 1970s and 1980s, and only one study included participants born in the 1990s [27]. 

In light of the continuous improvements in neonatal medicine [45,46],  the adult mental health 

findings in our review, may not be generalizable to more modern born preterm adults, although 

more modern childhood and adolescent studies also show high frequencies of neurodevelopmental 

disabilities [47], psychiatric symptoms [48] , ASD [49]  and ADHD [50,51]. Therefore, neonatal 

medicine improvements may not necessarily translate to improvements in lifespan mental health 

of those surviving after VP/VLBW births as the risks related to these births remain. Meta-analytic 

evidence shows that ELBW birth predicts similarly increased parent and teacher-rated 

internalizing and externalizing problems, conduct disorders and ADHD problems in childhood in 

cohorts born before 1990s and in cohorts born since 1990 [9]. In addition, with a special focus on 

VP or VLBW born adult mental health, the findings of this review are not generalizable to broader 

preterm or low birth weight populations. However, Nordic register studies suggest dose-response 

effects of gestation length on psychotropic medication use and mental health disorders 

[12,13,33,34], with the highest risks observed among individual born EP, but with increased risks 

of the psychiatric phenotypes observed across the degrees of prematurity[12]. Finally, in a letter 



to the editor, the EPICure study[52] (excluded for publication type), found EP did not predict 

offspring depression or anxiety disorders or ASR total  or externalizing problems or its subscale 

scores at age 19 years. EP was associated with increased internalizing problems and its subscale 

scores, but only associations with anxiety problems remained significant after corrections for 

multiple testing. Small sample size and high attrition were factors limiting the generalizability of 

these findings[52]. The contradictory findings further suggests the need for larger scale studies in 

order to clarify effects observed in different preterm subgroups.  

 

Implications(B) 

 

Our study has several important implications. While the data on mental health outcomes appearing 

in adulthood of VP/VLBW individuals remain limited and the pattern of findings between the 

different studies is mixed, the studies included in this systematic review encourage harmonizing 

and pooling data for aggregate-data and IPD meta-analyses using standardized measures and 

definitions. This will have several advantages over the individual studies that can help in 

overcoming the previous study limitations. These include increased statistical power to study rarer 

outcomes and to increase generalizability of the findings, and to study gestational age specific 

associations as well as identify factors fostering resiliency. This systematic review also points to 

the importance to follow-up the existing preterm cohorts as they age, to study if any mental health 

adversities extend to middle- or older-adulthood and to disorders that peak later in life e.g. 

Schizophrenia.  

 



While the current evidence is still limited, any longer-term mental health adversity following 

VP/VLBW birth will multiply the economic costs, especially given the high economic costs of 

mental health disorders for both the individual and the respective family. Besides mental health 

problems, VP/VLBW itself is the root of various direct (e.g. additional hospitalization) and indirect 

costs (e.g. labor market adjustments of the parents, more parenting time), which families and the 

respective preterm born individual have to bear. For example, using data from England and Wales 

in 2006 it has been estimated that the total cost of preterm birth to public sector was £2.946 billion 

(US $4.567 billion) and the incremental cost per VP child in comparison to term child surviving 

to 18 years was £61781 (US $95760) [11] . However, the costs depend on the actual development 

on the health care system and supply and hence are likely to differ from country to country. The 

same is true for the costs of mental health. The OECD estimates the costs of mental health 

problems at around 600 billion euro. This implies costs of ranging from two to more than five 

percent of the annual GDP in EU countries[53]. 

 

Conclusions(B) 

 

To our knowledge, this is the first systematic review focused on mental health outcomes appearing 

adults born VP or VLBW. The review provides a systematic, critical assessment of the quality of 

the evidence performed independently by two researchers, highlighting the key areas for 

improvement in future studies.  Our systematic review found consistent, moderate to high quality 

evidence that VP or VLBW born adults are at an increased risk for any psychotropic medication 

use, while in regards to their higher risk for mental health disorders appearing in adulthood and 

their symptoms the moderate to high quality evidence is mixed. The limitations in the current 



evidence signal a need for more high quality, large scale VP studies accounting for important 

covariates, through aggregate-data and/or IPD meta-analysis and register based studies.  
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Practice Points 

Adult mental health outcomes of individuals born VP/VLBW: 

 Lacks systematic reviews and assessment of the quality of evidence of the studies 

 Studies with moderate to high quality evidence 

 Use of psychotropic medication is higher, but evidence in regards to increased risk of 

mental disorders appearing in adulthood and symptoms remains uncertain. 

 



Research Directions 

Adult mental health outcomes of individuals born VP/VLBW: 

 Pooling and harmonizing data of exiting cohorts for aggregate-data and individual 

participant data meta-analyses and new large-scale studies to allow sufficient power 

for gestational age specific, year of birth- and age- stratified analyses and to allow 

studying outcomes with lower prevalence rates. 

 Extending follow-up of the preterm cohorts into middle- and older adulthood  

 Identification of sex-specificity and factors that foster resiliency
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Figure 1 PRISMA Flow Diagram of Included Studies  

From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097 
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Table 1 Summary of the findings of the included studies on mental health outcomes among adults born with very preterm (VP), extremely preterm(EP), very low birth weight 

(VLBW), extremely low birth weight (ELBW), at term or with normal birth weight (NBW) 

          Quality of evidence 

Cohort Location 
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Rating 

ANY MENTAL DISORDER                       

Trondheim

* 

Trondheim, 

Norway 

1986- 

1988 
Lærum et 

al. 2017 
26 

  
 MINI1 

3 1 3 7 High 

  
 Any Psychiatric Diagnosis 

44 VLBW <1500 n(%)=16(36) 

81 Term 
≥37+0 

≥10th 

Percentile  

Birthweight 

n(%)=11(14)  

p=.003 

McMaster 

* 

Ontario, 

Canada 

1977- 

1982 

Van 

Lieshout et 

al. 2015 

30-

35 

      MINI1 

2 1 3 6 Moderate 
      Any non–substance use disorder (current) 

84 ELBW <1000 n(%)=27(32.1) 

90 NBW >2499 n(%)=14(15.6%) 

                OR(95%CI): 2.30(1.01,5.24), p<0.05 

Royal 

Women's 

Hospital  

Melbourne, 

Australia  

1977-

1982 
Westrupp 

et al. 2011 

24-

29 

   SCID-1/NP2      
   

Any diagnosed disorder (current)      
108 VLBW <1500 n(%)=26(24.1) 3 0 3 6 Moderate 

32 NBW >2499 n(%)=4(12.5)      
      OR(95%CI): 2.22 (0.71, 6.92) p=0.16           

TOTAL PROBLEMS  AND RELATED SYMPTOMS               

Trondheim

* 

Trondheim, 

Norway 

1986- 

1988 
Lærum et 

al. 2019 
26 

      ASEBA3 ASR4      

      Total problems      

61 VLBW <1500 M(SD)=34.0 (24.5)  3 0 2 5 Moderate 

88 Term ≥37+0 

≥10th 

Percentile  

Birthweight 

M(SD)= 21.6 (17.4) 

p=0.015 
          

EPICure6 

UK & 

Republic of 

Ireland 

1995 
Linsell et al 

2019 
19 

   SDQ5 

3 0 1 4 Moderate 

   Total difficulties score 
   Symptom score Abnormal Range 

117 EP <26 M(95%CI)=12.2(10.9, 13.5) n(%)=35(30.2) 

55 Term ≥37 M(95%CI)=6.8(5.3, 8.4) n(%)=5(9.1) 

 

MD(95%)=5.3 (3.2, 7.5)  



                ASEBA3 YASR9 & ASR4 

3 1 1 5 Moderate 
APIC IPD 

Meta-

Analysis7 

Finland, 

UK, 

Canada, 

USA, 

Norway 

 

1977-

1989 
Pyhälä et 

al. 2017 

19-

29 

      Total problems  

747 VP/VLBW <32+0; 

≤1500 

 β(95%CI)=0.00 (-0.05, 0.04) 

p=n.s. 

1512 Term ≥37+0 

MOOD, DEPRESSION, AND BIPOLAR DISORDERS                       

BLS11 

* 

Southern 

Bavaria, 

Germany 

1985-

1996 
Jaekel et 

al. 2018 

 

26 

   M-CIDI8 

4 0 3 7 High 

   Any mood disorders 

200 VP/VLBW 
<32+0;  

<1500 
27.5% 

197 Term ≥37+0 18.8% 
  

 OR(95%CI)=1.65(1.02, 2.67)  
  

 p<0.05 

Trondheim

* 

Trondheim, 

Norway 

1986- 

1988 
Lærum et 

al. 2017 
26 

      MINI1 

3 1 3 7 High 

      Mood / Depressive / Bipolar 

44 VLBW <1500 n(%)= 8(18) / 4(9) / 4(9)  

81 Term ≥37+0 

BWT ≥10th 

Percentile 

n(%)= 0(0) / 0(0) / 0/(0)  

      p= 0.001/ n.a. / n.a. 

McMaster 

* 

Ontario, 

Canada 

1977- 

1982 

Van 

Lieshout et 

al. 2015 

30-

35 

   MINI1 

2 1 3 6 Moderate 
 

 
 MDD16 (Current) 

84 ELBW <1000  OR(95%CI)=1.71(0.26,11.08) 

90 Term ≥37+0 p=n.s. 

NZ 

VLBW12 

New 

Zealand 
1986 

Darlow et 

al. 2013 

22-

23 

      CIDI10      

      Major Depression (past 12 months)           

230 VLBW <1500 21% 3 1 3 7 High 

69 Term ≥37+0 18.80%           

      M/%(95%CI)= -2.0 (9.7, 11.4)            

      p=0.71           

Royal 

Women's 

Hospital  

Melbourne, 

Australia  

1977-

1982 
Westrupp 

et al. 2011 

24-

29 

  
 SCID-I/NP (Current) 2 

3 0 3 6 Moderate    Depressive disorder  

108 VLBW <1500 OR(95%CI) = 1.36 (1.22, 1.51) 

32 NBW >2499 p<0.02 

HeSVA13 

* 

Uusimaa, 

 Finland 

1978- 

1985 
Räikkönen 

et al. 2008 

18-

27 

      Self-reported depression diagnosis 

4 1 2 7 High 162 VLBW <1500 OR (95%CI)=0.7(0.4, 1.6) 

p=0 .44 172 Term ≥37+0 

ANXIETY DISORDERS                           

BLS11 

* 

Southern 

Bavaria, 

Germany 

1985-

1986 
Jaekel et 

al. 2018 

 

26 

  
 M-CIDI8 

4 0 3 7 Moderate 

   Any anxiety disorder 

200 
VP/ 

VLBW 

<32+0;  

<1500 
33.00% 

197 Term ≥37+0 28.40% 
  

 OR(95%CI) =1.27(0.82, 1.96) 



  
 p=n.s. 

Trondheim

* 

Trondheim, 

Norway 

1986- 

1988 
Lærum et 

al. 2017 
26 

      MINI1 

3 1 3 7 High 

    
  

Anxiety Disorders/ Panic Disorders/Agoraphobia/ 

Social Phobia/ Specific Phobia/ GAD/ OCD/ PTSD 

44 VLBW <1500 n(%)=12(27)/ 1(2) /4(5)/ 3(7)/ 5(11)/ 3(7)/ 2(5)/ 0(0) 

81 Term ≥37+0 

≥10th 

Percentile  

Birthweight 

n(%)=7(9)/  0(0)/  0(0)/ 3(4)/ 3(4) / 1(1)/ 1(1)/ 0(0) 

    
p=0.020/ n.a./ n.a./ n.a./ n.a./n.a./ n.a./ n.a. 

McMaster* 
Ontario, 

Canada 

1977- 

1982 

Van 

Lieshout et 

al. 2015 

30-

35 

   MINI1 

2 1 3 6 Moderate 

 
 

 Social Phobia GAD18 (Current) 

84 ELBW <1000 
OR(95%CI)=2.32(0.52, 

10.27) 

OR(95%CI)= 

0.90(0.28, 2.90)  

   
Panic Disorder 

Obsessive-

Compulsive Disorder 

90 Term 
>2499 

OR(95%CI)=6.56(0.69-

62.12) 

OR(95%CI)= 

0.91(0.14, 6.16)  

NZ 

VLBW12 

New 

Zealand 
1986 

Darlow et 

al. 2013 

22-

23 

      CIDI10 

3 1 3 7 High 

      Any anxiety disorder 

230 VLBW <1500 19.10% 

69 Term ≥37+0 18.80% 

      M/%(95%CI)=0.3(211.4, 9.6) 

                p=0.96           

Royal 

Women's 

Hospital  

Melbourne, 

Australia  

1977-

1982 
Westrupp 

et al. 2011 

24-

29 

   SCID-I/NP2 

3 0 3 6 Moderate 
   Anxiety (current) 

108 VLBW <1500 OR(95%CI)=1.49 (0.47,4.76)  

32 NBW >2499 p=0.50 

INTERNALIZING PROBLEMS AND RELATED SYMPTOMS                 

Trondheim

* 

Trondheim, 

Norway 

1986- 

1988 
Lærum et 

al. 2019 
26 

      ASEBA3 ASR4           

    
  

Total Internalizing symptoms/Depressive Anxiety 

Symptoms/Withdrawn Behavior/Somatic Complaints 

3 0 2 5 Moderate 

61 VLBW <1500  M(SD)=11.8(10.8)/6.6(7.3)/2.4(2.4)/2.7(3.0) 

88 Term 

≥37+0 

≥10th 

Percentile  

Birthweight 

 M(SD)=7.1(6.7)/3.9(4.5)/1.5(1.8)/1.7(2.5) 

    
  

cohen's d= 0.70; p=0.032/ d=0.60, p=0.069/ d=0.50, 

p=0.032/d=0.40, p=0.032 

EPICure6 

UK & 

Republic of 

Ireland 

1995 
Linsell et al 

2019 
19 

   SDQ5 

3 0 1 4 Moderate 

   Emotional Symptoms 
   Symptom score Abnormal Range 

117 EP <26+0 M(95%CI)=3.9(3.4, 4.4) n(%)=43(36.8) 

55 Term ≥37+0 M(95%CI)=2.1 (1.5, 2.8) n(%)=12(21.8) 



 

MD(95%CI)=1.7(0.9, 2.6)   

APIC IPD 

Meta-

Analysis7 

Finland, 

Canada, 

USA, 

Norway 

1977-

1989 
Pyhälä et 

al. 2017 

19-

29 

       

3 1 1 5 Moderate 

     ASEBA3 YASR9 & ASR4 

747 
VP/ 

VLBW 

<32+0; 

≤1500 

Total Internalizing symptoms 
β(95%)=0.06(0.01,0.11) 

1512 Term ≥37+0 
Depressive Symptoms/Anxiety symptoms/Avoidant 

personality problems 

      
 β(95%)=0.04(-0.01,0.09)/ 0.06(-0.02,0.15)/ 

0.11(0.05,0.17) 

      Anxious-depressed/Withdrawn/somatic complaints 

      
β(95%)=0.06(-0.01,0.12)/0.06(-0.02,0.14)/0.03(-

0.02,0.07) 

Trondheim 
Trondheim, 

Norway 

1986- 

1988 
Husby et al 

2016 
23 

   BDI15 

3 0 1 4 Moderate 

35 VLBW <1500 M(SD)=3.3(5.0) 

27 Term ≥37+0 

BWT ≥10th 

Percentile 

M(SD)=4.0(6.5) 

0.796 

Royal 

Women's 

Hospital  

Melbourne, 

Australia  

1977-

1982 
Westrupp 

et al. 2011 

24-

29 

      SCL-90-R17 

3 0 2 5 Moderate 

      Depressive symptoms / Anxiety /  

Phobic anxiety / OCD 

117 VLBW <1500 
OR(95%CI)=5.17(1.17,23.00)/1.44(0.46,4.57)/ 

 1.21(0.32,4.53)/1.62(0.52,5.01) 

32 NBW 
>2499 

p=0.02 / n.s / n.s / n.s 

HeSVA13 

* 

Uusimaa, 

 Finland 

1978- 

1985 
Räikkönen 

et al. 2008 

18-

27 

   CES-D14 BDI15      

162 VLBW <1500 %Diff(95%CI)=−20.1  

(−40.8, −5.1) p= 0.02  

%Diff(95%CI)=2.0  

(−20.9, 25.7) p= 0.85  

4 1 2 7 High 

172 Term ≥37+0    
 

 

SUBSTANCE USE DISORDER                      

Trondheim

* 

Trondheim, 

Norway 

1986- 

1988 
Lærum et 

al. 2017 
26 

  
 

  

3 1 3 7 High 

  
 MINI1 

  
 

Substance related disorders/Alcohol dependence or 

abuse/Drug dependence or abuse 

44 VLBW <1500 n(%)=0(0)/0(0)/0(0) 

81 Term 
≥37+0 

≥10th 

Percentile  

Birthweight 

n(%)=5(6)/4(5)/3(4) 

p=0.296 

McMaster 

* 

Ontario, 

Canada 

1977- 

1982 

Van 

Lieshout et 

al. 2015 

29-

36 

      MINI1           

      Any alcohol or substance use disorders           

84 ELBW <1000 OR(95%CI)=0.41(0.16, 1.04) 2 1 3 6 Moderate 

90 NBW >2499           



Royal 

Women's 

Hospital  

Melbourne, 

Australia  

1977-

1982 
Westrupp 

et al. 2011 

24-

29 

   SCID-1/NP2  

3 0 3 6 Moderate 
   Drug/Alcohol Disorder 

108 VLBW <1500 n(%)=6(5.6)  

32 NBW >2499 n(%)=2(6.2)  

  

  
OR(95%CI)=0.88(0.17,4.60) 

p=0.88 
  

        

EXTERNALIZING PROBLEMS AND RELATED SYMPTOMS           

Trondheim

* 

Trondheim, 

Norway 

1986- 

1988 
Lærum et 

al. 2019 
26 

    

  

ASEBA3 ASR4 

Total externalizing Problems score/Aggressive 

Behavior/Rule-Breaking Behavior 

         

61 VLBW <1500 M(SD)=6.8 (6.6)/3.3(4.0)/1.8(2.6) 3 0 2 5 Moderate 

88 Term 

≥37+0 

≥10th 

Percentile  

Birthweight 

M(SD)=3.9 (4.0)/1.8(2.7)/1.0(1.5) 

Cohen's d=0.73, p= 0.015/d=0.56, p=0.062/d=0.53, 

p=0.062 

          

APIC IPD 

Meta-

Analysis7 

Finland, 

UK, 

Canada, 

USA, 

Norway 

1977-

1989 
Pyhälä et 

al. 2017 

19-

29 

   ASEBA3 YASR9 & ASR4      

   Total externalizing 
     

747 
VP/ 

VLBW 

<32+0; 

≤1500 
 β(95%CI)= –.10 (–.15, –.06) 3 1 1 5 Moderate 

1512 Term ≥37+0 
 Aggressive/Rule breaking/ intrusive behavior 

/antisocial personality problems      

    β(95%CI)= -0.01(-0.06,0.04)/–0.10(–0.15,–0.05)/–

0.14(–0.19,–0.09)/–0.09 (–0.14,–0.04)       

EPICure 

UK & 

Republic of 

Ireland 

1995 
Linsell et al 

2019 
19 

      SDQ5 

3 0 3 5 Moderate 

      Conduct problems 

      Symptom score Abnormal Range 

117 EP <26 M(95%CI)=1.6(1.3,1.8) n(%)=12(10.3) 

55 Term ≥37 M(95%CI)=1.4 (1.0, 1.8) n(%)=4(7.3) 

  MD(95%CI)=0.2(-0.3, 0.6)    

EATING DISORDER                    

Trondheim

* 

Trondheim, 

Norway 

1986- 

1988 
Lærum et 

al. 2017 
26 

  
 MINI1      

  
 Eating Disorders      

44 VLBW <1500 n(%)=0(0) 3 1 3 7 High 

81 Term 

≥37+0 

≥10th 

Percentile  

Birthweight 

n(%)=0(0) 

 

p=n.a. 

     

Royal 

Women's 

Hospital  

Melbourne, 

Australia  

1977-

1982 
Westrupp 

et al. 2011 

24-

29 

      SCID-1/NP2           

      Eating disorder 

3 0 3 6 Moderate 

117 VLBW <1500 n(%)= 3(2.8) 

32 NBW >2499  n(%)=0(0.0)  

     RR (95% CI)=1.31( 1.19,1.43) 

       p=0.34 



EATING DISORDER SYMPTOMS                

HeSVA13 
Uusimaa, 

 Finland 

1978- 

1985 

Wehkalam

pi et al. 

2010 

18-

27 

   EDI-219 
     

   Men Women  4 1 2 7 High 

163 VLBW <1500 %Diff(95%CI)=-11.2 (-20.2, 

-1.3) 

%Diff(95%CI)=-11.0 

(-18.4, -2.2) 
     

189 Term ≥37+0           

SCHIZOPHRENIA SPECTRUM DISORDER AND PSYCHOSIS            

Trondheim

* 

Trondheim, 

Norway 

1986- 

1988 
Lærum et 

al. 2017 
26 

      MINI1      

      Psychotic disorders  
     

44 VLBW <1500 n(%)=1(2) 3 1 3 7 High 

81 NBW Term 

≥37+0 

≥10th 

Percentile  

Birthweight 

n(%)=0(0) 

p=n.a. 
     

Royal 

Women's 

Hospital  

Melbourne, 

Australia  

1977-

1982 
Westrupp 

et al. 2011 

24-

29 

   SCID-I/NP (Current) 2 

3 0 3 6 Moderate 

   Psychotic and bipolar disorder analyzed as a single 

outcome 

108 VLBW <1500 OR(95%CI)= 0.59(0.05,6.67) 

 p=0.66  32 NBW >2499 

SCHIZOPHRENIA AND PSYCHOSIS RELATED SYMPTOMS            

Trondheim

* 

Trondheim, 

Norway 

1986- 

1988 
Lærum et 

al. 2019 
26 

      PDI20           

      Borderline/clinical range PDI Total Score 

3 0 2 5 Moderate 

56 VLBW <1500  n(%)=13(23) M(SD)= 15.7(21.2) 

88 Term 

≥37+0 

≥10th 

Percentile  

Birthweight 

 n(%)=5(6) 

 

p=0.025 

M(SD)=11.16.5 

 

p= 0.454 

Royal 

Women's 

Hospital  

Melbourne, 

Australia  

1977-

1982 
Westrupp 

et al. 2011 

24-

29 

   SCL-90-R17 

3 0 2 5 Moderate 

   Paranoid Ideation Psychoticism 
   M(SD)=52.9(12.2) M(SD)=50.1(9.5) 

117 VLBW <1500 M(SD)=53.5(11.7) M(SD)=49.8(9.1) 

32 NBW >2499 

MD (95%CI)=2.8(-1.8, 7.4)  

Cohen's d=0.24 

p=0.23 

MD (95%CI)=3.7(-

0.2, 7.6)  

Cohen's d=0.33 

p=0.06 

    Binary Rates of Clinical Evaluation  

  

OR(95%CI)=4.08(0.91, 

18.23) 

p=0.05 

OR(95%CI)=3.87(0.8

6, 17.35) 

p=0.06 

USE OF PSYCHOTROPIC MEDICATIONS                

Norwegian 

National 

Register  

Norway 
1974-

1984 
Engeland 

et al. 2017 
30 

     Any psychotropic medication 

4 0 3 7 High 
   Males Females 

129 EP 
23+0 to 

27+6 
OR(95%CI)= 2.1(1.4-3.0) OR(95%CI)= 1.8(1.3-2.5) 



851 VP 
28+0 to 

31+6 
OR(95%CI)= 1.4(1.1-1.7) OR(95%CI)= 1.4(1.2-1.7) 

243283 Term ≥37+0   

Swedish 

National 

Register 

Sweden 
1973-

1979 
Crump et 

al. 2010 

 
 

 
 Any psychotropic medication      

 263 EP 
23+0 to 

27+6  OR(95%CI)= 1.70 (1.24,2.34)  4 1 3 8 High 

25-

34 
3367 VP 

28+0 to 

32+6 OR(95% CI)=1.33 (1.21-1.47)      
 588410 

Term 
37+0 to 

42+6       
               Antidepressants           

HeSVA13 Finland 
1978- 

1985 
Räikkönen 

et al. 2008 

18-

27 
162 VLBW <1500 

OR(95%CI)=1.9 (0.7- 5.5) 3 1 2 6 Moderate 

p=0.22           

          172 Term ≥37+0             
1 Mini-International Neuropsychiatric Interview 
2 Structured Clinical Interview for the DSM-IV Axis I Disorders 
3Achenbach System of Empirically Based Assessment 
4Adult Self Report 
5 Strengths and Difficulties Questionnaire 
6Population based studies of survival and later health status in extremely premature infants 
7Adults Born Preterm International Collaboration Individual Participant Data Meta-Analysis 
8Munich version Composite International Diagnostic Interview 
9Young Adult Self Report  
10Composite International Diagnostic Interview 

 

11Bavarian Longitudinal Study 
12New Zealand Very Low Birth Weight Study 
13Helsinki Study of Very Low Birth Weight Adults 
14Center for Epidemiologic Studies- Depression Scale 
15Beck Depression Inventory 
16Major Depressive Disorder 
17Symptom Checklist 90- Revised 
18Generalized Anxiety Disorder 
19Eating Disorder Inventory Version 2 
20Peter’s Delusional Inventory  

*APIC Cohorts (Previously published YASR/ASR data studies): ESTER, HeSVA, McMaster, Cleveland, BLS, Trondheim (Lund et. al 2012) and McMaster (Boyle et al. 2011; Poole 2015; Van 

Lieshout et al. 2018). Unless the individual study published other outcomes, the study was excluded and only the IPD meta-analysis was reported for that outcome. 

New Castle-Ottawa Scale Quality of Evidence Assessment: High quality ≥7, Moderate 4-6; Poor <4. The acceptable criteria in order to be awarded points per domain can be found in the 

supplementary material (Appendix 3). 

 



Appendix 1 

Search strategy: 

Search performed in PubMed on 31-10-2019 

Yielded 537 results.   

 

(((((((((((((((((((((Neuro* OR neuropsych* OR neurodevel*)) OR (ADHD OR 'attention deficit hyperactivity 

disorder' OR attention deficit/hyperactivity disorder')) OR (autism OR autistic OR 'autism spectrum 

disorders')) OR (Mood OR bipolar OR depress*)) OR (anxiety OR obsessive-compulsive)) OR (disruptive OR 

externalizing OR internalizing OR impulsiv* OR behavior OR conduct)) OR (attachment OR PTSD OR 

adjustment)) OR (pica OR rumination OR anorexia OR bulimia OR binge-eating disorders OR 'eating 

disorder*)) OR (schizophrenia OR schizotypal personality OR schizoaffective OR psych* OR pyschological 

OR pyschiartic OR personality) OR (elimination OR enuresis OR oncopresis)) OR (somatic OR 'illness anxiety 

conversion' OR conversion)) OR (substance related OR substance-related OR smok* OR alcohol* OR 

gambling)) OR ('sleep disturbance*' OR 'circadian rhythm' OR hypersomnolence OR narcolep* OR 

parasomnias OR 'sleep apnea')) AND (symptoms OR disorders)) AND (very preterm OR preterm OR <32 

weeks OR less than 32 weeks  OR 32 week* OR ELBW OR VPT OR gestational age OR)) AND (adulthood OR 

adult Or long-term OR long term)) AND english[Language])) NOT (animal OR rat*)) 

 

 

 

 

Searched performed in Web of Science on 1-11-2019. 

Yeilded 438 Results. // 
 

TOPIC: (Preterm born adults OR ELBW OR VPT OR extremely low birth weight OR 

SGA) AND TOPIC: (mental health OR behavior OR psych* Or depress* OR ADHD OR anx* OR attention 

OR schizo* OR personalit* OR internal* OR external* OR conversion OR substance* OR sleep OR alcohol 

OR impulsiv* OR bipolar OR mood OR obsessive OR attachment OR conduct OR 

disruptive) AND TOPIC: (symptom* OR disorder*) NOT TOPIC: (rat* OR mice* OR rodent* OR 

rabbit) NOT TOPIC: (maternal) 

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC 

Timespan=All years 

  

 

(neuro* OR ADHD OR Attention deficit hyperactivty disorder OR autis* OR mood OR bipolar OR depress* 

OR anxiety OR anxious OR obsessive-compulsive OR disruptive OR externali* OR internali* OR impulsiv* OR 

behavior OR attachment OR conduct OR schizophrenia OR schizo* OR psych* OR personality OR 

elminination OR enuresis OR oncopresis OR somatic OR conversion OR substance* OR smok* OR alcohol* 

OR gambl* OR sleep distrubance OR circadian rhythm OR hyperomnolence OR narcolep* OR parasomnias 

OR sleep apnea) AND TOPIC:(symptom* OR disorder*) AND TOPIC: (preterm OR very preterm OR VPT OR 

gestational age OR ELBW ) AND TOPIC: (adult*) NOT TOPIC: (animal OR rat) Indexes=SCI-EXPANDED, SSCI, 

A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC 

 

 

 



PROQUEST Search  

04-11-2019/ yielded 838 

((adult*) AND (mental health OR behavior OR psych* OR depress* OR ADHD OR anx* OR attention OR 

schizo* OR personalit* OR internal* OR external* OR conversion OR substance* OR sleep OR alcohol OR 

impulsiv* OR bipolar OR mood OR obsessive OR attachment OR conduct OR disruptive) AND (symptom* 

OR disorder*) NOT (rat OR mouse OR mice OR rabbit OR rodent) NOT diabetes NOT (pharma* OR 

medication OR intervention)) AND stype.exact("Conference Papers & Proceedings" OR "Encyclopedias & 

Reference Works" OR "Books" OR "Working Papers" OR "Scholarly Journals" OR "Dissertations & Theses" 

OR "Evidence-Based Medical Resources") AND at.exact("Book Chapter" OR "Research Topic" OR "Letter To 

The Editor" OR "Annual Report" OR "Dissertation/Thesis" OR "Government & Official Document" OR 

"Working Paper/Pre-Print" OR "Literature Review" OR "Correction/Retraction" OR "Conference Paper" OR 

"Speech/Lecture" OR "Conference" OR "Statistics/Data Report" OR "Review" OR "Case Study" OR 

"Conference Proceeding" OR "Standard" OR "Article") AND la.exact("English" OR "Finnish") AND PEER(yes) 

AND ti(('Preterm born adults' OR preterm OR ELBW OR VPT OR extremely low birth weight OR SGA)) 
Source type 
Books, Conference Papers & Proceedings, Dissertations & Theses, Encyclopedias & Reference Works, Evidence-Based Medical Resources, 
Scholarly Journals, Working Papers 

Document type 
Annual Report, Article, Book Chapter, Case Study, Conference, Conference Paper, Conference Proceeding, Correction/Retraction, 
Dissertation/Thesis, Government & Official Document, Letter To The Editor, Literature Review, Research Topic, Review, Speech/Lecture, Standard, 
Statistics/Data Report, Working Paper/Pre-Print 

Language 
English, Finnish 

 



Appendix 2 Table of Studies Excluded after full text review 

Author Title 
Reason of Exclusion 
(After Full-Text Review) 

Aarnoudse-Moens 2009 Meta-Analysis of Neurobehavioral Outcomes in Very Preterm and/or Very Low Birth 

Weight Children 

Not a psychological outcome 

measured in adulthood 

Abel et al. 2010 Birth Weight, Schizophrenia, and Adult Mental Disorder Not a psychological outcome 
measured in adulthood 

Agarwal et al. 2006 Long-term follow-up and outcome of extremely-low-birth-weight (ELBW) infants. Inappropriate study design 

Alford et al. 2013 

The association of fetal and early childhood growth with adult mental distress: evidence 

from the johns hopkins collaborative perinatal study birth cohort. 
Not VPT/VLBW Study 

Allen et al. 2002 Preterm outcomes research: A critical component of neonatal intensive care Inappropriate study design 

Allen et al. 2010 Preterm Birth: Transition to Adulthood Inappropriate study design 

Allin et al. 2006 Personality in Young Adults Who Are Born Preterm Not a psychological outcome 

measured in adulthood 

Allin et al. 2006b Neurological abnormalities in young adults born preterm. 

Not a psychological outcome 

measured in adulthood 

Allin et al. 2010 Preterm babies grown up: understanding a hidden public health problem Inappropriate study design 

Allin et al. 2008 Cognitive maturation in preterm and term born adolescents 

Not a psychological outcome 

measured in adulthood 

Alshaikh et al. 2013 
Coagulase-negative staphylococcus sepsis in preterm infants and long-term 
neurodevelopmental outcome 

Not a psychological outcome 
measured in adulthood 

Amani et al. 2019 

Exposure to caring parenting and adult mental health in extremely low birthweight 

survivors. 

Duplicate publication of a 

measure from a cohort 

Amani et al. 2019 
Exposure to caring parenting and adult mental health in extremely low birthweight 

survivors. 

Duplicate publication of a 

measure from a cohort 

Rommel et al. 2017 
Altered EEG spectral power during rest and cognitive performance: a comparison of 
preterm-born adolescents to adolescents with ADHD 

Not VPT/VLBW Study 

Rommel et al. 2019 

Impairments in error processing and their association with ADHD symptoms in 

individuals born preterm 
Not VPT/VLBW Study 

Baron et al. 2010 Extremely Preterm Birth Outcome: A Review of Four Decades of Cognitive Research 

Not a psychological outcome 

measured in adulthood 

Batstra et al. 2006 Psychiatric Morbidity Is Related to a Chain of Prenatal and Perinatal Adversities Not VPT/VLBW Study 

Batsvik et al. 2015 

Health-related quality of life may deteriorate from adolescence to young adulthood after 

extremely preterm birth 

Not a psychological outcome 

measured in adulthood 

Baumann et al. 2016 Health related Quality of Life into adulthood after very preterm birth  Not a psychological outcome 
measured in adulthood 

Bellingham-Young et al. 2004 Prematurity and adult minor illness Inappropriate study design 

Berle et al. 2006 

Outcomes in adulthood for children with foetal growth retardation. A linkage study from 

the Nord-Trondelag Health Study (HUNT) and the Medical Birth Registry of Norway 
Not VPT/VLBW Study 

Bjerager et al.1995 

Quality of life among young adults born with very low birthweights 

Not a psychological outcome 

measured in adulthood 

Bjorkqvist et al. 2014 
Advanced sleep-wake rhythm in adults born prematurely: confirmation by actigraphy-
based assessment in the Helsinki Study of Very Low Birth Weight Adults 

Not a psychological outcome 
measured in adulthood 

Botellero et. Al 2016 

Mental health and cerebellar volume during adolescence in very-low-birth-weight infants: 

a longitudinal study. 

Duplicate publication of a 

measure from a cohort 

Boyle et al. 2011 Psychopathology in young adults born at extremely low birth weight 

Duplicate publication of a 

measure from a cohort 

Breeman et. al 2016 
Attention Problems in Very Preterm Children from Childhood to Adulthood: The 
Bavarian Longitudinal Study 

Childhood onset disorder 

Brossard-racine et al. 2015 

Developmental Cerebellar Cognitive Affective Syndrome in Ex-preterm Survivors 

Following Cerebellar Injury 

Not a psychological outcome 

measured in adulthood 

Burnett et al. 2014 

Extremely preterm birth and adolescent mental health in a geographical cohort born in the 

1990s 

Not a psychological outcome 

measured in adulthood 

Burnett et al. 2018 Trends in executive functioning in extremely preterm children across 3 birth eras Not a psychological outcome 
measured in adulthood 

Burnett et al. 2011 
Prevalence of psychiatric diagnoses in preterm and full-term children, adolescents and 
young adults: a meta-analysis 

Not a psychological outcome 
measured in adulthood 

Byrne et al. 2007 Obstetric conditions and risk of first admission with schizophrenia: A danish national 

register study 
Not VPT/VLBW Study 

Cheong et al. 2019 Impact of extreme prematurity or extreme low birth weight on young adult health and 

well-being: the Victorian Infant Collaborative Study (VICS) 1991–1992 Longitudinal 

Cohort study protocol 

Inappropriate study design 

Chiorean et al. 2019 

Childhood Motor Coordination and Adult Affective Experience Among Extremely Low 

Birth Weight Survivors 

Duplicate publication of a 

measure from a cohort 

Cnattingius et al. 1999 Very preterm birth, birth trauma, and the risk of anorexia nervosa among girls.  
(7):634-638. 

Not a psychological outcome 
measured in adulthood 

Cooke et al. 2004 Health, lifestyle, and quality of life for young adults born very preterm Inappropriate study design. 

Cormack et al. 2019 

The Influence of Early Nutrition on Brain Growth and Neurodevelopment in Extremely 

Preterm Babies: A Narrative Review 
Inappropriate study design 

Costello et al. 2007 Prediction From Low Birth Weight to Female Adolescent Depression 

A Test of Competing Hypotheses 

Not a psychological outcome 

measured in adulthood 



Crump et al. 2019 Preterm birth and risk of sleep-disordered breathing from childhood into mid-adulthood. 
Not a psychological outcome 
measured in adulthood 

Crump et al. 2011 Gestational Age at Birth and Mortality in Young Adulthood Not a psychological outcome 

measured in adulthood 

Crump et al. 2015 Birth History Is Forever: Implications for Family Medicine Inappropriate study design 

Daamen et. al 2015 Neural correlates of executive attention in adults born very preterm. 

Not a psychological outcome 

measured in adulthood 
Dahl et al. 2006 Emotional, Behavioral, Social, and Academic Outcomes in Adolescents Born With Very 

Low Birth Weight 

Not a psychological outcome 

measured in adulthood 

Dalziel et al. 2005 
Psychological functioning and health-related quality of life in adulthood after preterm 
birth. 

Not VPT/VLBW Study 

Darcy-Mahoney et al. 2016 Maternal and Neonatal Birth Factors Affecting the Age of ASD Diagnosis. 

Not a psychological outcome 

measured in adulthood 
Darlow et al. 2015 The New Zealand 1986 very low birth weight cohort as young adults: mapping the road 

ahead 

Not a psychological outcome 

measured in adulthood 

Day et al. 2016 
Long-term Psychiatric Impact of Peer Victimization in Adults Born at Extremely Low 
Birth Weight 

Duplicate publication of a 
measure from a cohort 

Day et al. 2018a 

Exposure to overprotective parenting and psychopathology in extremely low birth weight 

survivors 

Duplicate publication of a 

measure from a cohort 

Day et al. 2018b 

Overprotective Parenting and Peer Victimization in Extremely Low Birth Weight 

Survivors 

Duplicate publication of a 

measure from a cohort 

Dinesen et al. 2001 
Quality of life in young adults with very low birth weight Not a psychological outcome 

measured in adulthood 

Done et al.1991 Complications of pregnancy and delivery in relation to psychosis in 

adult life: data from the British perinatal mortality survey sample 
Not VPT/VLBW Study 

D'Onofrio et al. 2013 Preterm Birth and Mortality and Morbidity A Population-Based Quasi-experimental 

Study 

Not a psychological outcome 

measured in adulthood 

Doyle et al. 2010 Pulmonary and Neurological Follow-Up of Extremely Preterm Infants Inappropriate study design 

Ericson et al. 1998 Very low birthweight boys at the age of 19 Not a psychological outcome 

measured in adulthood 

Eryigit-Madzwamuse et al. 2014 
PS-253 Autistic Features, Personality And Risk Taking Of A Very Preterm And/or Very 
Low Birth Weight Community Sample Of Adults 

Inappropriate study design 

Eryigit-Madzwamuse et al. 2014  Personality of adults who were born very preterm Not a psychological outcome 

measured in adulthood 

Fan et al. 2001 Longitudinal Study Assessing the Joint Effects of Socio-Economic Status and Birth Risks 

on Adult Emotional and Nervous Conditions 
Cohort born before 1970 

Feingold et al. 2001 
Eating disorder symptomatology is not associated with pregnancy and perinatal 
complications in a cohort of adolescents who were born preterm. 

Inappropriate study design 

Fernell et al. 2012 Preterm birth, ADHD and the ESSENCE in adult psychiatry Inappropriate study design 

Finke et al. 2015 

Visual attention in preterm born adults: Specifically impaired attentional sub-mechanisms 

that link with altered intrinsic brain networks in a compensation-like mode 

Not a psychological outcome 

measured in adulthood 

Fitzgerald et al. 2018 

Preterm Birth and the Risk of Neurodevelopmental Disorders - Is There a Role for 

Epigenetic Dysregulation? 
Inappropriate study design 

Franz et al. 2018 Attention-Deficit/Hyperactivity Disorder and Very Preterm/Very Low Birth Weight: A 
Meta-analysis 

Not a psychological outcome 
measured in adulthood 

Frye et al. 2010 

Preterm birth and maternal responsiveness during childhood are associated with brain 

morphology in adolescence 

Not a psychological outcome 

measured in adulthood 

Gale & Martyn et al. 2004 Birth weight and later risk of depression in a national birth cohort. Not VPT/VLBW Study 

Gardner et al. 2011 Perinatal and Neonatal Risk Factors for Autism: A 

Comprehensive Meta-analysis 

Not a psychological outcome 

measured in adulthood 
Geddes et al.1995 Obstetric Complications and Schizophrenia: A Meta-Analysis Not VPT/VLBW Study 

Georgsdottir et al. 2012 Disabilities and health of extremely low-birthweight teenagers: a population-based study 

Not a psychological outcome 

measured in adulthood 

Giedd et al.1999  Brain development during childhood and adolescence: a longitudinal MRI study. Nat 
Neurosci. 1999;2:861–863 

Not VPT/VLBW Study 

Gladstone et al. 2015 
Survival, Morbidity, Growth and Developmental Delay for Babies Born Preterm in Low 
and Middle Income Countries – A Systematic Review of Outcomes Measured 

Not a psychological outcome 
measured in adulthood 

Goel et al. 2015 

Evaluation of short-term use of nocturnal nasal continuous positive airway pressure for a 

clinical profile and exercise capacity in adult patients with obstructive sleep apnea-
hypopnea syndrome. 

Not VPT/VLBW Study 

Grunau et al. 2004 Psychosocial and Academic Characteristics of Extremely Low Birth Weight 

(<800 g) Adolescents Who Are Free of Major Impairment Compared With 
Term-Born Control Subjects 

Not a psychological outcome 

measured in adulthood 

Gustafsson et al. 2009 

Preterm birth or foetal growth impairment and psychiatric hospitalization in adolescence 

and early adulthood in a Swedish population-based birth cohort 
Not VPT/VLBW Study 

Gäddlin et al. 2009 Most very low birth weight subjects do well as adults Not VPT/VLBW Study 

Hack et al. 2002 Outcomes in Young Adulthood for Very-Low-Birth-Weight Infants Duplicate publication of a 

measure from a cohort 

Hack et al. 2004 Behavioral Outcomes and Evidence of Psychopathology Among Very Low Birth Weight 
Infants Age 20 Years 

Duplicate publication of a 
measure from a cohort 

Hack et al. 2009 Adult Outcomes of Preterm Children Inappropriate study design 

Hack et al. 2006 Young adult outcomes of very-low-birth-weight children. Inappropriate study design 



Hack et al. 2007 Self-Perceived Health, Functioning and Well-Being of Very Low Birth Weight Infants at 
Age 20 Years 

Not a psychological outcome 
measured in adulthood 

Hall et al. 2008 Long-term deficits of preterm birth: evidence for arousal and attentional disturbances. 

Not a psychological outcome 

measured in adulthood 

Hart et al. 2008 

Magnetic resonance imaging and developmental outcome following preterm birth: review 

of current evidence 
Inappropriate study design 

Healy et al. 2013 
Preterm Birth and Adolescent Social Functioning-Alterations in Emotion-Processing 
Brain Areas 

Not VPT/VLBW Study 

Heinonen et al. 2013 Self- and Parent-Rated Executive Functioning in Young Adults With Very Low Birth 

Weight 

Not a psychological outcome 

measured in adulthood 
Heinonen et al. 2015 Late Preterm Birth and Neurocognitive Performance in Late Adulthood: A Birth Cohort 

Study 
Cohort born before 1970 

Heinonen et al. 2016 Common mental disorders in young adults born late-preterm Not VPT/VLBW Study 

Hertz 2012 Personality in Adults Who Were Born Very Preterm 

Not a psychological outcome 

measured in adulthood 

Herva et al. 2008 
Birth measures and depression at age 31 years: the Northern Finland 1966 Birth Cohort 
Study 

Cohort born before 1970 

Hille et al. 2008 Social Lifestyle, Risk-Taking Behavior, and Psychopathology in Young Adults Born 

Very Preterm or With a Very Low Birthweight 
Inappropriate study design 

Hummer et al. 2013 Low birth weight and health expenditures from birth to late adolescence 

Not a psychological outcome 

measured in adulthood 

James et al. 2018 
Association of preterm birth with ADHD-like cognitive impairments and additional subtle 
impairments in attention and arousal malleability 

Not VPT/VLBW Study 

Johns et al. 2019 

Amygdala functional connectivity is associated with social impairments in preterm born 

young adults 

Not a psychological outcome 

measured in adulthood 

Johnson et al. 2013 Behavioural outcomes and psychopathology during adolescence Inappropriate study design 

Johnson et. al 2019 

Psychiatric Symptoms and Disorders in Extremely Preterm Young Adults at 19 Years of 

Age and Longitudinal Findings From Middle Childhood. 
Inappropriate study design 

Jois et al. 2019 

Understanding long-term neurodevelopmental outcomes of very and extremely preterm 

infants: A clinical review. 
Inappropriate study design 

Juul-Dam et al. 2001 
Prenatal, perinatal, and neonatal factors in autism, pervasive developmental disorder-not 
otherwise specified, and the general population. 

Not a psychological outcome 
measured in adulthood 

Kajantie et al. 2010 Early life predictors of the physiological stress response later in life Inappropriate study design 

Kalpakidou et al. 2012 

Neonatal Brain Injury and Neuroanatomy of Memory Processing following Very Preterm 

Birth in Adulthood: An fMRI Study 

Not a psychological outcome 

measured in adulthood 

Kalpakidou et al. 2014 

Functional Neuroanatomy of Executive Function after Neonatal Brain Injury in Adults 

Who Were Born Very Preterm 

Not a psychological outcome 

measured in adulthood 

Kaufman et al.1997 Schedule for Affective Disorders and Schizophrenia for School-Age Children-Present and 
Lifetime Version (K-SADS-PL): Initial Reliability and Validity Data 

Not a psychological outcome 
measured in adulthood 

Kelly et. al 2019 

The Influence of preterm birth beyond infancy: Umbrella review of outcomes of 

adolescents and adults born preterm. 
Not VPT/VLBW Study 

Kinney et al. 1993 Obstetrical complications in patients with bipolar disorder and their siblings Not VPT/VLBW Study 

Kroll et al. 2018 A dimensional approach to assessing psychiatric risk in adults born very preterm Not VPT/VLBW Study 

Kroll et al. 2017 

Real-Life Impact of Executive Function Impairments in Adults Who Were Born Very 

Preterm 

Not a psychological outcome 

measured in adulthood 

Lahat et al. 2014b 

Small for gestational age and poor fluid intelligence in childhood predict externalizing 

behaviors among young adults born at extremely low birth weight 

Duplicate publication of a 

measure from a cohort 

Lahat et al. 2016 

Extremely low birth weight babies grown up: Gene-environment interaction predicts 

internalizing problems in the third and fourth decades of life 

Duplicate publication of a 

measure from a cohort 

Lahat et al. 2014 

ADHD among young adults born at extremely low birth weight: the role of fluid 

intelligence in childhood. 
Childhood onset disorder 

Lawrence et al. 2010 The corpus callosum and empathy in adults with a history of preterm birth 

Not a psychological outcome 

measured in adulthood 

Leijon et al. 2019 

Self‐reported mental health and cortisol activity at 27‐28 years of age in individuals born 

with very low birthweight Not VPT/VLBW Study 

Lawrence et al. 2009 
The Neural Basis of Response Inhibition and Attention Allocation as Mediated by 
Gestational Age 

Not a psychological outcome 
measured in adulthood 

Levy-shiff et al.1994 Emotional and behavioral adjustment in children born prematurely Not a psychological outcome 

measured in adulthood 
Lindström et al. 2009 Psychiatric Morbidity in Adolescents and Young Adults Born Preterm: A Swedish 

National Cohort Study 

Not a psychological outcome 

measured in adulthood 

Lindtröm et. Al 2007 Preterm Infants as Young Adults: A SwedishNational Cohort Study Not a psychological outcome 

measured in adulthood 

Loret de Mola et al. 2014 Low birth weight, preterm birth and small for gestational age association with adult 

depression: systematic review and meta-analysis 
Not VPT/VLBW Study 

Loret de Mola et al. 2015 

The Effect of Fetal and Childhood Growth over Depression in Early Adulthood in a 

Southern Brazilian Birth Cohort 
Not VPT/VLBW Study 

Losh et. al 2012 
Lower birth weight indicates higher risk of autistic traits in discordant twin pairs 

Not a psychological outcome 
measured in adulthood 

Lund et al. 2019 

PSYCHIATRIC SYMPTOMS AND DISORDERS IN PRETERM VLBW AND TERM 

SGA YOUNG ADULTS 

Duplicate publication of a 

measure from a cohort 

Lund et al. 2011 

Psychiatric morbidity in two low birth weight groups assessed by diagnostic interview in 

young adulthood 

Not a psychological outcome 

measured in adulthood 



Lund et al. 2012 
Mental health, quality of life and social relations in young adults born with low birth 
weight 

Duplicate publication of a 
measure from a cohort 

Lund et al. 2016 

Adult mental health outcomes of child sexual abuse survivors born at extremely low birth 

weight 

Duplicate publication of a 

measure from a cohort 

Maitra et al. 2014 

Difficulty in Mental, Neuromusculoskeletal, and Movement-Related School Functions 

Associated With Low Birthweight or Preterm Birth: A Meta-Analysis 
Not VPT/VLBW Study 

Mallen et al. 2008 Birth factors and common mental health problems in young adults: a population-based 
study in North Staffordshire. 

Not VPT/VLBW Study 

Marlow et al. 2004 Neurocognitive outcome after very preterm birth. Inappropriate study design 

Maruyama et al. 2015 
Weight Growth Velocity and Neurodevelopmental Outcomes in Extremely Low Birth 
Weight Infants 

Not a psychological outcome 
measured in adulthood 

Mathewson et al. 2017 

Mental Health of Extremely Low Birth Weight Survivors: A Systematic Review and 

Meta-Analysis 

Duplicate publication of a 

measure from a cohort 

Mehta et al. 2019 

Psychiatric History in the Family Members of Adults Born at Extremely Low Birth 

Weight 

Not a psychological outcome 

measured in adulthood 

Micali et al. 2015 
Eating Disorder Psychopathology, Brain Structure, Neuropsychological Correlates and 
Risk Mechanisms in Very Preterm Young Adults 

Inappropriate study design 

Momany et al. 2018 A Meta-Analysis of the Association Between Birth Weight and Attention Deficit 

Hyperactivity Disorder 

Not a psychological outcome 

measured in adulthood 

Montagna et al. 2016 

Socio-Emotional Development Following Very Preterm Birth: Pathways to 

Psychopathology. 
Inappropriate study design 

Moster et al. 2009 Long-Term Medical and Social Consequences of Preterm Birth Cohort born before 1970 

Natalucci et 2013 Self-perceived health status and mental health outcomes in young adults born with less 
than 1000  

Inappropriate study design 

Nilsson et al. 2001 Increased susceptibility to stress at a psychological assessment of stress tolerance is 

associated with impaired fetal growth 
Not VPT/VLBW Study 

Nosarti et al. 2007 Impaired executive functioning in young adults born very preterm 

Not a psychological outcome 

measured in adulthood 
Nosarti et al. 2008 Grey and white matter distribution in very preterm adolescents mediates 

neurodevelopmental outcome. 

Not a psychological outcome 

measured in adulthood 

Nosarti et al. 2012  Preterm Birth and Psychiatric Disorders in Yound Adult life Not a psychological outcome 
measured in adulthood 

Nosarti et al. 2006 

Altered functional neuroanatomy of response inhibition in adolescent males who were 

born very preterm 

Not a psychological outcome 

measured in adulthood 

Nosarti et al. 2006 

Neural substrates of letter fluency processing in young adults who were born very 

preterm: Alterations in frontal and striatal regions 

Not a psychological outcome 

measured in adulthood 

O'Shea et al. 2013 Extreme prematurity and attention deficit: epidemiology and prevention Inappropriate study design 

Papini et al. 2016 
Altered resting-state functional connectivity in emotion-processing brain regions in adults 
who were born very preterm 

Duplicate publication of a 
measure from a cohort 

Papini et al. 2016 

PS-164 Resting State Functional Connectivity In Amygdala-prefrontal Networks And 

Emotion Processing In Adults Who Were Born Very Preterm 
Inappropriate study design 

Parets et al. 2014 Preterm birth and its long-term effects: methylation to mechanisms. Inappropriate study design 

Park et al. 2014 

Effects of Early Intervention on Mental or Neuromusculoskeletal and Movement-Related 

Functions in Children Born Low Birthweight or Preterm: A Meta-Analysis 
Not VPT/VLBW Study 

Parker et al. 2008 

Cerebellar growth and behavioural &amp; neuropsychological outcome in preterm 

adolescents 

Not a psychological outcome 

measured in adulthood 

Pesonen et al. 2008 Personality of young adults born prematurely: the Helsinki study of very low birth weight 
adults 

Not a psychological outcome 
measured in adulthood 

Pettersson et al. 2019 Association of Fetal Growth With General and Specific Mental Health Conditions Not VPT/VLBW Study 

Poole et al. 2017 

Childhood Motor Function, Health Related Quality of Life and Social Functioning among 

Emerging Adults Born at Term or Extremely Low Birth Weight 

Not a psychological outcome 

measured in adulthood 

Poole et al. 2018 

Early developmental influences on self-esteem trajectories from adolescence through 

adulthood: Impact of birth weight and motor skills 

Not a psychological outcome 

measured in adulthood 

Poole et al. 2015 
Motor coordination and mental health in extremely low birth weight survivors during the 
first four decades of life 

Duplicate publication of a 
measure from a cohort 

Poole et al. 2016 
Childhood motor coordination and adult psychopathology in extremely low birth weight 
survivors 

Duplicate publication of a 
measure from a cohort 

Preti et al. 2000 

Obstetric complications in patients with depression – a population-based case-control 

study 
Cohort born before 1970 

Pyhala et al. 2008 

Behavioral inhibition and behavioral approach in young adults with very low birth weight 

- The Helsinki study of very low birth weight adults 

Not a psychological outcome 

measured in adulthood 

Pyhälä et al. 2011 Neurocognitive abilities in young adults with very low birth weight Not a psychological outcome 
measured in adulthood 

Pyhälä et al. 2014 Very Low Birth Weight, Infant Growth, and Autism-Spectrum Traits in Adulthood Childhood onset disorder 

Räikkönen et al. 2007 Length of gestation and depressive symptoms 

at age 60 years 
Cohort born before 1970 

Raju et al.  Adults born preterm: a review of general health and system-specific outcomes Inappropriate study design 

Richards et al. 2018 Long-term affective disorder in people with mild learning disability Not VPT/VLBW Study 

Risnes et al. 2016 

Premature Adult Death in Individuals Born Preterm: A Sibling Comparison in a 

Prospective Nationwide Follow-Up Study 

Not a psychological outcome 

measured in adulthood 

Robson et al. 1998 Developmental consequences of intrauterine growth retardation Not VPT/VLBW Study 

Rommel et al. 2017 

Association of Preterm Birth With Attention-Deficit/Hyperactivity Disorder-Like and 

Wider-Ranging Neurophysiological Impairments of Attention and Inhibition 
Not VPT/VLBW Study 



Rowland et al. 2019 Does Preterm Birth Affect Psychosexual Development? A Preliminary Exploration 
Not a psychological outcome 
measured in adulthood 

Saigal et al. 2006 Self-Perceived Health-Related Quality of Life of Former Extremely Low Birth Weight 

Infants at Young Adulthood 

Not a psychological outcome 

measured in adulthood 

Saigal et al. 2016 Health-Related Quality of Life Trajectories of Extremely Low Birth Weight Survivors 

into Adulthood 

Not a psychological outcome 

measured in adulthood 

Saigal et al. 2003 
Psychopathology and social competencies of adolescents who were extremely low birth 
weight 

Not a psychological outcome 
measured in adulthood 

Saigal et al. 2008 

Preterm Birth 3: An overview of mortality and sequelae of preterm birth from infancy to 

adulthood 
Inappropriate study design 

Sammallahti et al. 2015 Infant Growth after Preterm Birth and Mental Health in Young Adulthood Inappropriate study design 

Sammallahti et al. 2017 Nutrition after preterm birth and adult neurocognitive outcomes Not VPT/VLBW Study 

Schmidt et al. 2010 

Frontal Electroencephalogram Asymmetry, Salivary Cortisol, and Internalizing Behavior 

Problems in Young Adults Who Were Born at Extremely Low Birth Weight 

Duplicate publication of a 

measure from a cohort 

Schmidt et al. 2008 Shyness and Timidity in Young Adults Who Were Born at Extremely Low Birth Weight 

Not a psychological outcome 

measured in adulthood 

Schothorst et al. 2007 
Psychiatric disorders and MND in non-handicapped preterm children: Prevalence and 
stability from school age into adolescence 

Not a psychological outcome 
measured in adulthood 

Scott et al. 2006 Exposure to obstetric com- 

plications and subsequent development of bipolar disorder: systematic review. 
Inappropriate study design 

Soleimani et al. 2014 Long-term neurodevelopmental outcomes after preterm birth. Inappropriate study design 

Stewart et al. 1999 

Brain structure and neurocognitive and behavioural function in adolescents who were 

born very preterm 

Not a psychological outcome 

measured in adulthood 
Strang-Karlsson et al. 2008 Very Low Birth Weight and Behavioral Symptoms of Attention Deficit Hyperactivity 

Disorder in Young Adulthood: The Helsinki Study of Very-Low-Birth-Weight Adults 

Not a psychological outcome 

measured in adulthood 

Strang-Karlsson et al. 2010 
Morningness propensity in young adults born prematurely: The Helsinki Study of Very 
Low Birth Weight Adults 

Not a psychological outcome 
measured in adulthood 

Strauss 2002 Adult Functional Outcome of Those Born Small for Gestational Age: Twenty-Six-Year 

Follow-Up of the 1970 British Birth Cohort 
Not VPT/VLBW Study 

Strømme et al. 2014 

Intrauterine growth restriction - a population-based study of the association with 

academic performance and psychiatric health 
Not VPT/VLBW Study 

Sullivan et al. 2012 17-Year Outcome of Preterm Infants with Diverse Neonatal Morbidities: Part 1, Impact 
on Physical, Neurological, and Psychological Health Status 

Not VPT/VLBW Study 

Tan et al. 2018 Epigenetic signature of preterm birth in adult twins Not VPT/VLBW Study 

Taylor et al. 2004 Long-term neuropsychological outcomes of very low birth weight: Associations with 
early risks for periventricular brain insults 

Not a psychological outcome 
measured in adulthood 

Taylor et al. 2006 Consequences and Risks of <1000-g Birth Weight for Neuropsychological Skills, 

Achievement, and Adaptive Functioning 

Not a psychological outcome 

measured in adulthood 

Thaler et al. 2012 

Comparative Effectiveness of Second-Generation Antidepressants for Accompanying 

Anxiety, Insomnia, and Pain in Depressed Patients: A Systematic Review 
Not VPT/VLBW Study 

Thompson et al. 2001 
Birth weight and the risk of depressive disorder in late life Cohort born before 1970 

Tideman et al. 2001 
Longitudinal follow-up of children born preterm, somatic and mental health, self-esteem 
and quality of life at age 19 

Not VPT/VLBW Study 

Urbain et al. 2019 

Converging function, structure, and behavioural features of emotion regulation in very 

preterm children 

Not a psychological outcome 

measured in adulthood 

Van der Pal et al. 2014 

O-003 Psychosocial Developmental Trajectory Of Young Adults Born Preterm In The 

Netherlands 
Inappropriate study design 

Van Lieshout et al. 2018a 

Trajectories of psychopathology in extremely low birth weight survivors from early 

adolescence to adulthood: a 20‐year longitudinal study 

Duplicate publication of a 

measure from a cohort 

Van Lieshout et al. 2018b 

Impact of extremely low-birth-weight status on risk and resilience for depression and 

anxiety in adulthood 

Duplicate publication of a 

measure from a cohort 

van Lunenburg et al. 2013 

Changes in quality of life into adulthood after very preterm birth and/or very low birth 

weight in the Netherlands 

Not a psychological outcome 

measured in adulthood 

Vasiliadis et al. 2008 Fetal growth restriction and the development of major depression Not VPT/VLBW Study 

Vasiliadis et al. 2008 Fetal growth restriction and the development of major depression Not VPT/VLBW Study 

Vederhus et al. 2015 

Health-related quality of life and emotional and behavioral difficulties after extreme 

preterm birth: developmental trajectories 

Not a psychological outcome 

measured in adulthood 

Verhaeghe et al. 2016 
Extremely Preterm Born Children at Very High Risk for Developing Autism Spectrum 
Disorder 

Not a psychological outcome 
measured in adulthood 

Verrips et al. 2012 Long Term Follow-Up of Health-Related Quality of Life in Young Adults Born Very 
Preterm or With a Very Low Birth weight  

Not a psychological outcome 
measured in adulthood 

Vohr et al. 2000 Neurodevelopmental and Functional Outcomes of Extremely Low Birth Weight Infants in 

the National Institute of Child Health and Human Development Neonatal Research 
Network, 1993–1994 

Not a psychological outcome 

measured in adulthood 

Walshe et al. 2008 
Psychiatric disorder in young adults born very preterm: Role of family history 

Not a psychological outcome 

measured in adulthood 
Walther et al. 2000 Looking back in time: outcome of a national cohort of very preterm infants born in The 

Netherlands in 1983 

Not a psychological outcome 

measured in adulthood 

Watson et al. 2019 
Prenatal and perinatal risk factors for eating disorders in women: A population cohort 
study. 

Not VPT/VLBW Study 

Waxman et al. 2013 Still cautious: Personality characteristics of extremely low birth weight adults in their 

early 30s 

Not a psychological outcome 

measured in adulthood 

Waxman et al. 2015 

Linking Extremely Low Birth Weight and Internalizing Behaviors in Adult Survivors: 

Influences of Neuroendocrine Dysregulation 

Duplicate publication of a 

measure from a cohort 



Wehkalampi et al. 2013 
Altered Methylation of IGF2 Locus 20 Years after Preterm Birth at Very Low Birth 
Weight 

Not VPT/VLBW Study 

Wehrle et al. 2014 

PS-160 Volume Of Cerebellum And Thalamus Is Associated With Working Memory 

Performance In Children And Adolescents Born Very Preterm 

Not a psychological outcome 

measured in adulthood 

White et al. 2014 Dysconnectivity of neurocognitive networks at rest in very-preterm born adults. 

Not a psychological outcome 

measured in adulthood 

Wiles et al. 2005 Birth weight and psychological distress at age 45 – 51 years: Results from the Aberdeen 
Children 

of the 1950s cohort stud 

Cohort born before 1970 

Wiles et al. 2006 Fetal Growth and Childhood Behavioral Problems: Results from the ALSPAC Cohort Not a psychological outcome 
measured in adulthood 

Wilson-Ching et al. 2013 

Attention Difficulties in a Contemporary Geographic Cohort of Adolescents Born 

Extremely Preterm/Extremely Low Birth Weight 

Not a psychological outcome 

measured in adulthood 
Winstanley et al. 2015 The subjective well-being of adults born preterm Not VPT/VLBW Study 

Wolke et al. 2016 Born Extremely Low Birth Weight and Health Related Quality of Life into Adulthood Inappropriate study design 

Wolke et al. 2019 
The Life Course Consequences of Very Preterm Birth Inappropriate study design 

Wolke et al. 2016 

IS-034 The Health, Wealth And Social Relationships Of Ex Very Preterm/very Low Birth 
Weight (vp/vlbw) Children At 26 Years Of Age? The Bavarian Longitudinal Study (best, 

1985–86 Cohort) 

Inappropriate study design 

Yang et al. 2015 Psychiatric Diagnoses, Emotional-Behavioral Symptoms and Functional Outcomes in 
Adolescents Born Preterm With Very Low Birth Weights 

Not a psychological outcome 
measured in adulthood 

Young et al. 2019 

Child sleep problems and adult mental health in those born at term or extremely low birth 

weight 

Not a psychological outcome 

measured in adulthood 

Young et al. 2019 

Adult Mental Health Outcomes of Preterm Survivors Experiencing Suicidal Ideation in 

Adolescence 
Childhood onset disorder 

Zwicker et al. 2008 Quality of Life of Formerly Preterm and Very Low 
Birth Weight Infants From Preschool Age to 

Adulthood: A Systematic Review 

Not a psychological outcome 

measured in adulthood 

 
Definitions of Reasoning 

 Duplicate publication of a measure from a cohort- Studies that report the same psychological outcome at the same follow-up time point as another study 

already included.  

 Inappropriate study design- The study design did not match the inclusion criteria, e.g. letters to the editor, reviews, poster sessions, conference abstracts, 

or the study did not have a control group, or if the VPT/VLBW participants were recruited retrospectively.  

 Not VPT/VLBW study- Studies which did not measure VPT/VLBW/ELBW/EPT participants specifically, or did not categorize them into these groups, 

e.g. studies which reported outcomes for Preterms (<37 weeks)/Low birth weight (<2500g) 

 Not a psychological outcome measured in adulthood- Studies which either did not measure a psychological outcome in scope of this review or the 

outcomes was not measured at 18 years or later. This also includes register and cohort studies that included diagnoses or outcomes before 18, e.g. lifetime 

history. Studies that looked at personality, brain development, and cognitive & executive functions were not in scope of this review.  

 Childhood onset disorder- Studies with outcomes which by definition begin in childhood, e.g. Autism and ADHD 

The studies listed in this table were excluded after full-text review. Therefore, studies which were excluded at the time of the title and abstract review are not 

listed here.  

 

 



Appendix 3 

 Newcastle–Ottawa scale for assessment of quality of cohort studies (If the Acceptable Criteria per domain was fulfilled then the study received a star.) 

 

 
 

 

 

 

 

 

 

Quality assessment criteria Acceptable Criteria (★) 

Selection ★★★★ 

Representativeness of the exposed cohort?  

Representative of VP/VLBW populations. Not specifically recruited 

based on a single risk factor for VP/VLBW e.g. preeclampsia, 

smoking, SES disadvantage...sample characteristics proportionate of 

the preterm population, no extreme disproportion—minimun 100 

particpants  

 

Selection of the non-exposed cohort? Drawn from same community as exposed cohort 

Ascertainment of exposure Medical records, birth registers. Not retrospective self/parent report.  

Demonstration that outcome of interest was not present at start of 

study 

Longitudinal follow-up study starting from birth. Outcome could not 

have occured before birth.  

Comparability ★★ 

Comparability of cohorts on the basis of the design or analysis 
Study controls for genetic confounding (using twin/sibling study 

design) 

Study controls for at least 3 additional risk factors? 

Family/childhood SES(parental education or occupation or income), 

parental mental health, neonatal complications, parity,  participant 

age/birth year, sex 

Outcome ★★★ 

Assessment of outcome Diagnostic Interview or medical record diagnosis 

Was follow-up long enough for outcomes to occur 
At least 18 years old.  

 

Adequacy of follow up of cohorts Complete follow-up, or subjects lost to follow-up unlikely to introduce 

bias (>50% follow up) based on those discharged alive after birth. 

Overall quality score (maximum=9)  


