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Abstract

Background. For infants born in the contemporary era of neonatal care, little is known about
adult mental health outcomes of extremely preterm birth (EP; <28 weeks’ gestation) or
extremely low birthweight (ELBW; <1000 g). This study aimed to compare attention deficit
hyperactivity disorder (ADHD), anxiety, mood, and substance use disorder prevalence in
young adults born EP/ELBW and normal birthweight (NBW; >2499 g) controls, and to com-
pare change in prevalence of mental health symptoms and disorders from 18 to 25 years.
Methods. Participants were a prospective geographical cohort of 297 consecutive survivors
born EP/ELBW during 1991-1992 and 260 NBW controls. At age 25 years, 174 EP/ELBW
and 139 NBW participants completed the Adult ADHD Rating Scale, Structured Clinical
Interview for DSM-IV Disorders, Beck Anxiety Inventory, and Center for Epidemiologic
Studies Depression Scale-Revised. Data from follow-up at 18 years were also utilized.
Multiple imputation was used to account for attrition.

Results. Mental health outcomes at 25 years were similar between groups: prevalence rates
were ADHD 7% v. 5%; anxiety 32% v. 27%; mood 38% v. 35%; substance use 12% v. 14%
in the EP/ELBW and NBW groups, respectively. In both groups, ADHD declined between
18 and 25 years [odds ratio (OR) per year =0.87, 95% confidence interval (CI) 0.79-0.95],
and generalized anxiety disorder and major depressive episode became more common
(OR 1.22, 95% CI 1.10-1.35 per year; OR 1.20, 95% CI 1.10-1.30 respectively).
Conclusions. This contemporary EP/ELBW cohort has comparable young adult mental
health outcomes to controls, and similar patterns of change in mental health from late
adolescence.

Introduction

Extremely preterm birth (EP; birth <28 weeks’ gestation) and extremely low birthweight (ELBW;
birthweight <1000 g) are risk factors for behavioral and emotional difficulties in childhood, par-
ticularly attention deficit hyperactivity disorder (ADHD) and anxiety (Johnson & Marlow, 2014).
Many mental health disorders emerge in adolescence and symptoms may evolve during the tran-
sition to adulthood (Caspi et al., 2020). Adults born EP/ELBW may be more vulnerable to men-
tal health problems compared with those born normal birthweight (NBW; >2499 g) (Anderson
et al., 2021; Mathewson et al., 2017; Nosarti et al., 2012). However, studies to date are from adult
EP/ELBW cohorts with low survival rates. EP/ELBW infants’ survival more than doubled in the
1990s compared with pre-1990, with survival particularly increasing for the smallest and most
immature infants (Doyle & Victorian Infant Collaborative Study Group, 2004). As the earliest
surviving infants born EP/ELBW in the contemporary era of neonatal care are only now reaching
adulthood, it has become possible to ascertain whether they are at increased risk of adult mental
health difficulties compared with their NBW peers, and whether this picture changes from ado-
lescence to young adulthood.

Aspects of adult mental health have been examined in studies of people born EP/ELBW or
very preterm/very low birthweight (VP; <32 weeks’ gestation/VLBW; <1500 g) before the
1990s. Individual participant data (IPD) meta-analysis indicates a strong association between
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VP/VLBW birth and ADHD, with around a fivefold increase in
risk compared with controls (Anderson et al., 2021). VP/VLBW
cohort studies have not conclusively found an increased preva-
lence of anxiety and mood disorders in the adult period compared
with their NBW peers (Lerum et al., 2017; Mathewson et al,
2017; Robinson et al., 2020), but an IPD meta-analysis indicates
a marginal increase in the odds of these disorders in VP/VLBW
adults compared with controls, suggesting cohort studies may be
underpowered to detect small effects in this domain (Anderson
et al, 2021). While adults born VP/VLBW may face increased
risk in some mental health domains, their rates of alcohol and
substance use disorders (SUD) may be lower than controls’
(Strang-Karlsson et al, 2008; Van Lieshout, Boyle, Saigal,
Morrison, & Schmidt, 2015). However, it is possible that mental
health outcomes for adults born EP/ELBW in the contemporary
era may differ to the findings outlined above for two main reasons.
Firstly, EP/ELBW birth confers an increased biological vulnerability
compared with VP/VLBW birth, and secondly, as noted above, the
profile of survivorship for babies born EP/ELBW changed dramat-
ically in the contemporary era of neonatal care. Thus, it remains to
be determined whether those born EP/ELBW in the contemporary
era experience similar adult outcomes to those born in earlier eras.

There are limited longitudinal data examining mental health in
EP/ELBW cohorts from adolescence to adulthood. In one of the
earliest geographical cohorts of the contemporary era, we found
elevated ADHD but similar anxiety, mood, and SUD prevalence
in older adolescents born EP/ELBW in 1991-1992 compared
with  NBW controls at 18 years (Burnett et al, 2014).
Longitudinal evidence from pre-1990 cohorts indicates rates of
ADHD decrease from adolescence to adulthood, although the
risk remains elevated for VP/VLBW adults (risk ratio 3.29, 95%
confidence interval 1.39-7.81) (Breeman, Jaekel, Baumann,
Bartmann, & Wolke, 2016). Evidence is mixed as to whether
the trajectory of internalizing symptoms (i.e. anxiety and/or
depression symptoms) from adolescence into adulthood differs
between ELBW and NBW young people (Bachmann, Risnes,
Bjorngaard, Schei, & Pape, 2021; Van Lieshout et al., 2018; cf.
Jaekel, Baumann, Bartmann, & Wolke, 2018; Laerum et al,
2017). Evidence on mental health outcomes for contemporary
EP/ELBW individuals is needed in order to provide up-to-date
guidance for mental health surveillance and service provision.

We aimed to compare the prevalence of ADHD, anxiety, and
mood symptoms and disorders, and SUD in young adults born
EP/ELBW in 1991-1992 with NBW controls at 25 years. Based
on our findings in the same cohort in adolescence, we hypothesized
that young people born EP/ELBW would have higher rates of
ADHD, but similar anxiety, depression, and substance use out-
comes compared with NBW controls. Our second aim was to
determine whether the prevalence of symptoms and diagnoses of
key mental health conditions changed in each group from late ado-
lescence to adulthood, and whether this varied by birth group. We
expected that ADHD symptoms and prevalence would decline with
age in both groups but do so more slowly in the EP/ELBW group
than the NBW group, while current anxiety, mood, and SUDs
would increase similarly with age in both groups.

Methods
Participants

Participants were part of a prospective geographical cohort study,
comprising all 297 surviving infants born EP/ELBW in the state
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of Victoria, Australia, during 1991 and 1992. A control group
of 260 surviving NBW infants was recruited contemporaneously
at birth and matched to the EP/ELBW group for sex, expected
due date, maternal health insurance status (private/none), and
maternal country of birth (primarily English-speaking/not).
Participants included 31 families where two twins were both
enrolled in the study [28 families (56 participants) in the
EP/ELBW group, and 3 families (6 participants) in the NBW
group]. The cohorts have been previously assessed at 2, 5, 8, and
18 years of age (Anderson & Doyle, 2003; Burnett et al., 2014;
Doyle, 2001; Victorian Infant Collaborative Study Group, 1997).

Measures and procedure

At 25 years of age, participants were reassessed for a study of
young adult health outcomes (Cheong et al.,, 2019). Current and
previous study waves were approved by the Human Research
Ethics Committees at the Royal Women’s Hospital, Mercy
Hospital for Women, Monash Medical Centre, and the Royal
Children’s Hospital. Participants’ parents consented to the ori-
ginal study and follow-up waves during childhood, and partici-
pants themselves gave informed consent to participate in the
young adult phase. Medical data collected in the newborn period
included gestational age, birthweight, birthweight standard devi-
ation score (BW-SDS), major brain injury (grade III/IV intraven-
tricular hemorrhage or cystic periventricular leukomalacia),
postnatal corticosteroid treatment, and neonatal surgery.
Demographic and developmental information was recorded,
including maternal education (lower: <12 years of schooling;
higher: 12+ years), the presence of major neurosensory disability
[any of blindness, deafness, moderate/severe cerebral palsy, and
IQ more than 2 standard deviations (s.0.) below the control
group mean], and IQ at age 8 and 18 years. Adolescent mental
health outcomes were collected at 18 years (Burnett et al,
2014), using the ADHD module of the Children’s Interview for
Psychiatric Syndromes (ChIPS) (Weller, Weller, Rooney, &
Fristad, 1999), the Beck Anxiety Inventory (BAI) (Beck & Steer,
1990), the Center for Epidemiologic Studies Depression
Scale-Revised (CESD-R) (Eaton, Muntaner, Smith, Tien, &
Ybarra, 2004), and the Structured Clinical Interview for
DSM-1V (SCID-1V) (First, Spitzer, Gibbon, & Williams, 2002).
At 25 years, mental health was assessed via questionnaires and
clinical interviews conducted by research assistants who had
Masters-level training in clinical psychology and had provisional
or full registration as psychologists. Assessors were blinded to
birth group and previous data. Current ADHD symptomatology
was captured using the Adult ADHD Self-Rating Scale (Kessler
et al.,, 2005). Participants reporting symptoms meeting the Part
A threshold of this scale were considered to show increased
ADHD symptoms and a follow-up interview was used to deter-
mine whether the other diagnostic criteria were met. Current anx-
iety and depression symptoms were again reported using the BAI
and CESD-R. In cases of missing data, scores on these question-
naires were prorated where a sufficiently small number of items
were missing as per the manuals (Beck & Steer, 1990; Eaton
et al,, 2004). The total scores of the BAI and CESD-R were highly
positively skewed, making the mean difficult to interpret, and the
distributions of these scores were similar between birth groups
(online Supplementary Table S1). In light of these factors, and
to ensure comparability with the report of these outcomes at 18
years (Burnett et al.,, 2014), the total scores were dichotomized
at the standard clinical cut-off for further analysis (Beck &
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Steer, 1990; Eaton et al., 2004), with scores of 16+ considered to
reflect elevated symptoms for both scales. Composite outcomes
reflecting the presence of either high BAI or CESD-R scores at
each timepoint were also examined to address heterotypic con-
tinuity amongst internalizing symptoms. The SCID-IV was used
to identify past or current symptoms meeting criteria for a mental
health diagnosis in the domains of anxiety, mood, and substance
use. DSM-IV disorders were assessed to ensure comparability
with 18-year data. Specific disorders assessed are listed in online
Supplementary Table S2.

Analysis

Odds ratios (ORs) were estimated to compare 25-year outcomes
in the EP/ELBW and NBW groups (aim 1) using logistic regres-
sion models, fitted using generalized estimating equations (GEE)
with exchangeable correlation structure, and are reported with
robust (sandwich) standard errors to account for clustering of
multiple births (i.e. twins) within families. This approach takes
into account the correlation (non-independence) between the sib-
lings (Carlin, Gurrin, Sterne, Morley, & Dwyer, 2005). Analyses
for aim 1 were conducted using multiple imputation by chained
equations to minimize the impact of missing data, with imput-
ation performed separately for each outcome and by EP/ELBW
or NBW group (except for ADHD diagnosis, where the groups
were combined due to low cell counts). Imputation models
included the outcome, covariates included in the sensitivity ana-
lysis (listed below), and additional auxiliary variables from the
8- and 18-year follow-ups that were correlated with the outcome
(see online Supplementary Table S3). Variables were imputed
using either logistic or linear regression models for binary and
continuous variables respectively, with a total of 50 imputations
produced and final OR estimates obtained using Rubin’s rules
(Rubin, 1987).

In order to examine the group-level change in the odds of mental
health symptomatology between 18 and 25 years (aim 2), we esti-
mated the OR of experiencing current mental health symptoms
per 1l-year increase in age for ADHD outcomes, high BAI and
CESD-R scores, the prevalence of generalized anxiety disorder
(GAD), current major depressive episode (MDE), and current
SUD (any of alcohol or non-alcohol dependence or abuse). ORs
were estimated using logistic mixed-effects models applied to the
18- and 25-year data with a random intercept to account for correl-
ation among repeated measures, or GEEs with an exchangeable cor-
relation structure and robust standard errors to allow for repeated
observations within individuals if mixed models failed to converge.
A group-by-age interaction term was used to examine differential
effects of time in the two groups and the interaction term was
dropped from the model if the evidence for an interaction
was weak (p>0.05). Multiple imputation was not performed
when analyzing changes in mental health difficulties over time as
mixed-effects models use all available outcome data, including indi-
viduals with a measurement at just one timepoint. Sensitivity ana-
lysis was conducted for both aims. In the sensitivity analysis, models
were adjusted for sex (due to its associations with mental health),
BW-SDS (as a marker of intrauterine growth relative to gestational
age), and lower maternal education (as a proxy for socioeconomic
status), and excluded participants with low IQ scores (to address
any impact of intellectual difficulties on results). Low IQ was
defined as <—2 s.n. from the control mean at 18 years (or at 8
years if 18-year data were missing). Supplementary analyses report
estimates from complete case analyses, including a descriptive
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examination of intra-individual stability. Analyses were conducted
using Stata 16 (StataCorp, 2019).

Results
Sample characteristics and loss to follow-up

At 25 years, 59% of the EP/ELBW cohort and 53% of the NBW
cohort had available mental health outcome data (Table 1). The
two groups were similar in age [EP/ELBW: 25.4 years (s.p. 0.7);
NBW: 25.3 years (s.0. 0.9)]. The EP/ELBW participants were
broadly representative of the original cohort in their perinatal
characteristics, although those with major neonatal brain injury
were less likely to have data at 25 years (Table 1). In both birth
groups, females were more likely to participate than males, as
were those with higher IQ at 18 years. In the EP/ELBW group,
those who participated at 25 years had similar or slightly higher
rates of psychopathology at 18 years compared with non-
participants. In the control group, however, the reverse was
true, with those who participated at 25 years having better mental
health in adolescence compared with non-participants.

Mental health at 25 years in young people born EP/ELBW
compared with NBW

At 25 years of age, there were only minimal group differences in
any outcomes of interest (Table 2). The point estimates of group
differences were consistent with a small effect of birth group but
the confidence intervals were wide. Adjustment for BW-SDS, sex,
and maternal education, and excluding participants with low 1Q
scores did not appreciably change the results. A similar pattern was
observed in the complete case analysis (online Supplementary
Table S4).

Changes in mental health outcomes from 18 to 25 years

The effects of increasing age on the odds of current mental health
difficulties were similar between the EP/ELBW and NBW groups
(Table 3). The odds of ADHD symptoms remained stable over
time but the odds of participants meeting diagnostic criteria for
ADHD reduced over time. There was some evidence of a slight
increase over time in the odds of questionnaire-reported anxiety
symptoms, which weakened after adjustment, and a more marked
increase in the odds of GAD. A similar pattern was observed in
relation to depression. Prevalence of current SUDs remained
very low in both groups from adolescence to young
adulthood. From the descriptive analysis in the complete cases
(online Supplementary Table S5), mental health symptomatology
in late adolescence did not appear particularly consistent into
young adulthood.

Discussion

This study reports encouraging mental health outcomes in a con-
temporary cohort of adults born EP/ELBW, with similar out-
comes for ADHD, anxiety, mood, and substance use to NBW
controls at 25 years of age. Although some aspects of mental
health changed in prevalence from adolescence to adulthood,
the patterns over time were similar between EP/ELBW and
NBW young people, indicating that EP/ELBW birth was not a
strong risk factor for a poor transition into adulthood in terms
of mental health.
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Table 1. Characteristics of extremely preterm/extremely low birthweight (EP/ELBW) and normal birthweight (NBW) control participants assessed and not assessed

at 25 years
EP/ELBW NBW controls

Perinatal Assessed n=174 Not assessed n=123 Assessed n =139 Not assessed n=121
Gestational age (weeks) M (s.p.) 26.6 (2.0) 26.8 (1.8) 39.2 (1.5) 39.2 (1.4)
Birthweight (g) M (s.p.) 884 (157) 894 (167) 3375 (463) 3400 (408)
Birthweight s.o.-score M (s.p.) —0.34 (1.13) —0.39 (1.16) 0.14 (0.94) 0.15 (0.89)
Maternal age at birth (y) M (s.0.) 28.8 (5.8) 28.2 (5.8) 29.9 (4.8) 28.4 (5.6)
Female 97 (56%) 63 (51%) 89 (59%) 53 (44%)
Singleton birth 117 (67%)? 90 (73%) 135 (97%)° 117 (97%)
Small for gestational age 28 (16%) 18 (15%) 1 (1%) 0 (0%)
Major neonatal brain injury 14 (8%) 18 (15%) 0 (0%) 0 (0%)
Postnatal corticosteroids 58 (33%) 39 (32%) 0 (0%) 0 (0%)
Neonatal surgery 44 (25%) 33 (27%) 0 (0%) 0 (0%)

Age 8 years

Maternal education >12 years 81/168 (48%)

47/100 (47%) 96/135 (71%) 40/84 (48%)

Major neurosensory disability 17/171 (10%) 35/120 (29%) 1/138 (1%) 9/104 (9%)

Full-scale 1Q M (s.0.) 98 (16) 92 (15) 108 (11) 100 (16)
Age 18 years

Full-scale 1Q M (s.0.) 97 (16) 91 (15) 109 (13) 100 (14)

ADHD symptoms 36/152 (24%) 6/54 (11%) 8/114 (7%) 7/38 (18%)

ADHD diagnosis 26/152 (17%) 4/55 (7%) 4/116 (3%) 7/38 (18%)

Current anxiety symptoms© 28/146 (19%)

6/48 (13%) 16/113 (14%) 4/33 (12%)

Current depression symptoms? 34/144 (24%)

9/47 (19%) 21/113 (19%) 11/35 (31%)

Any lifetime anxiety disorder 22/153 (14%)

1/55 (2%) 11/116 (9%) 5/39 (13%)

Any lifetime mood disorder 26/153 (17%)

7/55 (13%) 13/116 (11%) 10/39 (26%)

Any lifetime substance use disorder 8/153 (5%)

1/54 (2%) 3/116 (3%) 2/38 (5%)

Data are n (%), unless stated otherwise. Major neonatal brain injury: grade I1l/IV intraventricular hemorrhage/cystic periventricular leukomalacia; M, mean; s.o., standard deviation; small for

gestational age: birthweight more than 2s.0. below the mean for gestational age and sex.
?Includes n =17 pairs of twins (34 participants).

PIncludes n=1 pair of twins (2 participants).

“BAIl, Beck Anxiety Inventory score in moderate/severe range (16+).

‘Center for Epidemiologic Studies Depression Scale Revised score in elevated range (16+).

At 25 years of age, ADHD prevalence was similar between
young people born EP/ELBW and NBW and declined with age
from adolescence in both groups. Our EP/ELBW group had
lower ADHD prevalence than that reported in IPD meta-analysis
(Anderson et al., 2021) and in the Bavarian Longitudinal Study of
VLBW young adults using parental report (Breeman et al.,, 2016),
but similar to that reported in another longitudinal study with a
relatively modest VLBW sample size (n=44) (Lerum et al,
2017). For both groups, the estimated prevalence of ADHD was
broadly similar to the 4.2% prevalence in adults in high-income
countries (Fayyad et al., 2007). The small group difference in
ADHD symptoms was somewhat surprising given the strong
association of preterm birth with childhood attention difficulties,
but does align with some reports from pre-1990 cohorts (Boyle
et al., 2011; Strang-Karlsson et al., 2008). Our finding of decreas-
ing odds of ADHD over time is in line with the pattern reported
in the Bavarian Longitudinal Study (Breeman et al, 2016).
However, we also found that the odds of elevated ADHD symp-
toms remained consistent with age. This may suggest a reduced
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functional impact or compensation for attention difficulties due
to change in contextual factors, such as an increased capacity in
adulthood to choose employment and education options that fit
with one’s skills and weaknesses (Nigg, Sibley, Thapar, &
Karalunas, 2020), as opposed to a resolution of attention difficul-
ties by cognitive maturation. Further research is needed to under-
stand the consistency of attention problems at the level of the
individual over this important maturational period.

The young adult outcomes in other mental health domains
were also generally positive. Although experiences of anxiety
and depression were relatively common, the odds of these difficul-
ties did not vary substantially by birth group. This finding stands
in contrast to evidence of childhood outcomes, generally reflect-
ing parental reports, and to much of the literature amongst adults
born ELBW or VLBW prior to 1990, which highlights modest
increases in mental health symptomatology, particularly for
internalizing behaviors in adulthood (Boyle et al., 2011; Laerum
et al.,, 2017, 2019; Mathewson et al., 2017; Nosarti et al., 2012).
Regarding the associations of preterm birth and disorders
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Table 2. Comparison of mental health outcomes at 25 years between extremely preterm/extremely low birthweight (EP/ELBW) and normal birthweight (NBW)
control groups

EP/ELBW proportion NBW proportion QOdds ratio Adjusted odds ratio
(95% ClI) (95% ClI) (95% ClI) p (95% ClI) p

ADHD symptoms 19% (14-25%) 12% (6-18%) 1.71 (0.88-3.32) 0.11 1.77 (0.82-3.83) 0.15
ADHD diagnosis 7% (2-12%) 5% (1-9%) 1.34 (0.44-4.09) 0.60 1.74 (0.48-6.31)° 0.40°
Current anxiety symptoms® 27% (21-33%) 25% (18-32%) 1.10 (0.67-1.81) 0.70 1.09 (0.56-2.13) 0.79
Current depression 31% (23-38%) 32% (24-40%) 0.94 (0.58-1.54) 0.82 0.83 (0.44-1.58) 0.58
symptoms®

Current anxiety or 51% (44-58%) 46% (38-55%) 1.20 (0.79-1.82) 0.40 1.12 (0.66-1.92) 0.68
depression symptoms®©

Any lifetime anxiety disorder 32% (25-39%) 27% (19-35%) 1.31 (0.77-2.21) 0.32 1.50 (0.82-2.76) 0.19
Any lifetime mood disorder 38% (31-45%) 35% (26-44%) 1.12 (0.69-1.82) 0.65 1.01 (0.55-1.87) 0.98
Any lifetime substance-use 12% (7-16%) 14% (8-21%) 0.80 (0.39-1.67) 0.56 0.84 (0.34-2.12)? 0.727

disorder

®Results are from logit regression due to failure of GEE models to converge.
0n Beck Anxiety Inventory.
“On Center for Epidemiologic Studies Depression Scale-Revised.

Estimates are obtained using multiple imputation. Adjusted results are adjusted for sex, birthweight s.o. score, lower maternal education, and exclude those with IQs more than 2s.0. below

the control group mean. Cl, confidence interval.

reported in IPD meta-analysis (Anderson et al., 2021), we found
similar point estimates for the associations of EP/ELBW birth
with lifetime anxiety disorders but lower odds for mood disorders,
and weaker associations for current symptoms of anxiety and
depression. This discrepancy could reflect limited power in the
current study, although our sample is of reasonable size in the
context of the wider literature and used multiple imputation to
minimize the impact of biased attrition. Furthermore, our results
are broadly in keeping with those of the Bavarian Longitudinal
Study, who found VP/VLBW birth was associated with very
weak evidence of increased rates of anxiety and a small increase
in risk for mood disorder at 26 years which was attenuated
after adjustment for multiple comparisons (Jaekel et al., 2018).
Another longitudinal cohort study found increased mood disor-
ders amongst VLBW 26-year-olds compared with controls, but
noted an unexpectedly low prevalence of these disorders in
their control group (Leerum et al., 2017). The prevalence of life-
time anxiety disorders in our control group (27%) was consistent
with that reported from the Australian Bureau of Statistics’ 2007
National Survey of Mental Health and Wellbeing (NSMHW) in
Australian adults (26%) (Slade, Johnston, Oakley Browne,
Andrews, & Whiteford, 2009). However, we did find a higher life-
time prevalence of mood disorder (35% of controls) than in the
NSMHW (15%) (Slade et al., 2009). The confidence intervals
around the prevalence estimates in the current study were wide,
making direct comparisons with community prevalence some-
what challenging. Nevertheless, the rates of anxiety and depres-
sion symptoms on questionnaire were broadly similar to recent
population-level rates of psychological distress reported on the
Kessler Psychological Distress Scale, or K10. For instance, the
2017-18 Australian National Health Survey reported that 37%
of people aged 25-34 had moderate or greater psychological dis-
tress, and 13% had high or very high levels of distress (Australian
Bureau of Statistics, 2018). In the present study, rates of current
symptoms in the control group were 32% for depression symp-
toms and 25% for anxiety symptoms. Our findings of similar out-
comes for EP/ELBW and NBW young people may differ from the
evidence in childhood as a result of developmental shifts in
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emotional functioning, and the use of self-report rather than par-
ental ratings (De Los Reyes & Kazdin, 2005). Future studies would
benefit from examination of resilience factors to understand het-
erogeneity in adult mental health outcomes.

In both birth groups, the pattern of change in depression and
anxiety prevalence from adolescence to adulthood was similar.
More participants reported symptoms consistent with a MDE
and GAD in young adulthood than adolescence, although there
was less change in the rates of high symptoms of anxiety or
depression on questionnaires. Cohorts born before 1990 have
had varying findings on this front; Van Lieshout et al. found a
gradual increase in internalizing symptoms over time amongst
their ELBW cohort compared with a decrease in controls from
adolescence to the mid-30s (Van Lieshout et al., 2018), while
others have reported that young people born VLBW and full-term
experience similarly increasing trajectories of anxiety and mood
disorders into their mid-20s (Jaekel et al., 2018; Leerum et al,,
2017). It is therefore likely that the change over time found in
our study reflects a genuine increase in mood and anxiety difficul-
ties across this important developmental period. It is worth noting
that we found limited evidence of individual-level consistency
over time in the complete cases. However, this is interpreted
with some caution given the potential for bias due to attrition,
and further research is needed to better delineate the individual-
level trajectories of mental health over time.

Our finding that young people born EP/ELBW were not more
vulnerable to SUDs than their NBW peers is consistent with pre-
vious studies from pre-1990 cohorts that have indicated VP or EP
birth does not elevate the odds of substance use problems and
risk-taking behaviors (Lerum et al.,, 2017; Nosarti et al., 2012).
While earlier reports indicated there may be a notable decrease
in the risk of current and lifetime substance use problems
amongst adults born ELBW (Van Lieshout et al, 2015), the
group difference in the present study was much less pronounced.
Current SUDs were infrequent in both groups at both time points,
and were of lower prevalence than in some other reports from the
ELBW population (Van Lieshout et al., 2015). The lifetime preva-
lence was also lower than the 25% prevalence in Australian
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?Analysis used GEE with exchangeable correlation matrix to account for repeated measures on individuals and robust standard errors due to non-convergence of mixed model.
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population estimated from the NSMHW (Slade et al., 2009). This
may reflect a broader social shift in Australia away from risky sub-
stance use in youth over recent years (Australian Institute of
Health and Welfare, 2020).

The current study reports a long-term follow-up of an
extremely well-characterized, geographical cohort of EP/ELBW
survivors and matched NBW controls. It used robust clinical mea-
sures to examine outcomes of interest dimensionally and categor-
ically. This study was conducted prior to the COVID-19
pandemic and so this was not an interpretive consideration. We
also acknowledge some limitations. Like many longitudinal stud-
ies, some participants were lost to follow-up. However, by virtue
of the longitudinal nature of this cohort, we were able to identify
variables collected prior to the 25-year follow-up that were asso-
ciated with loss to follow-up, which were subsequently used in our
multiple imputation procedure. For comparison, we also con-
ducted a complete case analysis, which showed a generally similar
pattern of results. We utilized self-report measures, and future
studies may benefit from the use of multi-informant approaches
to yield more robust data. We did not have measures of parental
mental health. Given that preterm birth can affect parents’ mental
health, this information may provide important context to the
psychiatric outcomes of premature birth. It was also beyond the
scope of this paper to examine other aspects of mental health
within families, such as exploring the association of twin-ship
with mental health outcomes. Future studies exploring mental
health experiences at the level of the family unit would be a valu-
able addition to the literature. Differences in healthcare around
the world are an additional consideration regarding outcomes
of prematurity. This study and much of the relevant existing evi-
dence report on cohorts born in countries and regions with
broadly comparable universal public health systems (e.g.
Australia, UK, Canada, Western Europe). Interestingly, although
there are limited data comparing mental health outcomes between
international samples, a previous paper has demonstrated there is
consistency in the emotional and behavioral outcomes of children
born ELBW in the USA, Canada, the Netherlands, and Germany
(Hille et al., 2001). Finally, we acknowledge issues of power, as
referenced above. This study was also not powered to examine
heterotypic trajectories of specific diagnoses, patterns of
comorbidity, or to identify subgroups of individuals with differing
courses of mental health. These are important avenues for future
research (Copeland, Angold, Shanahan, & Costello, 2014).

In conclusion, this long-term follow-up of one of the earliest
geographical cohorts of EP/ELBW infants born in the contempor-
ary era indicated generally positive young adult mental health out-
comes compared with NBW peers. However, ADHD, anxiety,
depression, and SUDs were still relatively common experiences,
and our findings highlight the importance of mental health sup-
port for young adults generally.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291722002276
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