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A B S T R A C T

Objective: Exposure to adverse childhood experiences (ACEs) is associated with a broad range of mental health-
related outcomes. Previous studies tended to use retrospectively reported ACEs, measure mental health out-
comes at a one time point in adulthood and focus on individual outcomes. Hence, this study aimed to examine the
association between prospectively and retrospectively measured ACEs and a wide range of mental health-related
outcomes, spanning ages 16 to55, using a prospective birth cohort, representative of those born around 1958 in
Great Britain.
Methods: The study used the 1958 National Child Development Study (n ¼ 7980). Adverse childhood experiences
were measured both prospectively and retrospectively, and combined into ACE scores. The associations between
the ACE scores and mental health were quantified with linear regression for continuous and robust Poisson
regression for binary outcomes.
Results: We found a dose-response association between prospectively and retrospectively reported ACEs and all
studied mental health-related outcomes, after accounting for multiple covariates. Among those with 2þ (vs 0)
prospective ACEs, the risk of clinically significant psychological distress was up to 2.14 times higher, and of seeing
a mental health specialist up to 2.85 times higher.
Conclusions: Our findings reiterate the need for early-life interventions to reduce inequalities in mental health.
1. Introduction

Exposure to adverse childhood experiences (ACEs) is associated with
a broad range of mental health-related outcomes (Ege et al., 2015;
Hughes et al., 2016, 2017; Selous et al., 2020). Cumulatively, adverse
childhood experiences can lead to dysregulating neurological and phys-
iological systems, for instance, associated with chronic stress, which in
turn results in increased vulnerability to poor mental health and well-
being (McLaughlin et al., 2019). Early adversities can also initiate a chain
of cumulative risks that eventually lead to poor mental health (Kuh& the
New Dynamics of Ageing Preparatory Network, 2007). For instance,
children exposed to neglect, which is associated with a lack of expected
cognitive and social inputs, may suffer from poorer cognitive abilities
that can translate into limited educational and occupational opportu-
nities (England, 2019; McLaughlin et al., 2019; Miller et al., 2018; Peng
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& Kievit, 2020). These, in turn, are often associated with worse wellbeing
and mental health (Allen et al., 2014).

The main limitation of previous studies examining the link between
ACEs and mental health is that they tended to rely on retrospective re-
ports of ACEs, which potentially suffer from recall bias. Moreover, studies
typically included outcomes measured at one time point in adulthood,
precluding understanding of the persistence of any impacts of ACEs on
mental health across adulthood (Hughes et al., 2017). Besides, existing
longitudinal research on ACEs is focused mainly on mental ill-health in
the form of general psychological distress and it tends to be limited to
studying individual mental health outcomes (Hughes et al., 2017; Kal-
makis & Chandler, 2015; Selous et al., 2020). Hence, the impact of ACEs
on other aspects of mental health throughout adulthood is less known, for
instance, wellbeing, utilisation of mental health services, or taking psy-
chotropic medications (Kalmakis & Chandler, 2015; Selous et al., 2020).
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These limitations can be addressed by taking advantage of rich lon-
gitudinal data available from the 1958 National Child Development
Study (NCDS) (Power & Elliott, 2006), a prospective birth cohort,
representative of those born around 1958 in Great Britain. The outcomes
available in the NCDS include utilisation of mental health services, taking
psychotropic medications, standardised measures of psychological
distress, life satisfaction, quality of life, and self-reported general health
(as it tends to correlate strongly with mental health) (Chang-Quan et al.,
2010). The use of healthcare andmedications are vital outcomes from the
public health perspective, as they capture the direct burden on health
services. However, as health is not merely an absence of disease (Slade,
2010), it is important to understand whether ACEs also affect one's
wellbeing. Following the approach of outcome-wide epidemiology
(VanderWeele et al., 2020), including multiple outcomes representing
the entire spectrum of mental health allows for greater efficiency for the
reader, more rapid expansion of knowledge and a direct comparison of
the relative magnitude of the association between ACEs and various
domains of mental health, which to our knowledge has not been studied
previously. The main objective of our study was to produce the most
comprehensive analysis of the association between ACEs and mental
health-related outcomes up to date – with ACEs reported both prospec-
tively and retrospectively, outcomes including various indicators of both
wellbeing and mental illness, which spanned four decades, while ac-
counting for a wide range of confounding factors.

2. Methods

2.1. Participants

The NCDS follows the lives of 17,415 people born in England, Scot-
land, and Wales in a single week of 1958, and it is representative of the
British population born around this year (Power & Elliott, 2006). It in-
cludes information on physical and educational development, economic
circumstances, employment, family life, health behaviours, wellbeing,
social participation, and attitudes. The history, design, and features of the
NCDS have been described elsewhere (Power& Elliott, 2006). The NCDS
has been granted ethical approval for each sweep from 2000 by the
National Health Service (NHS) Research Ethics Committee. All partici-
pants provided written informed consent after a thorough explanation of
the research procedures. We limited the sample of the NCDS to partici-
pants without missing information on retrospectively reported ACEs and
based in Great Britain at the last data wave (at age 55) (n ¼ 7980) (see
eFig. 1 for sample flow diagram).

2.2. Adverse childhood experiences

ACEs were defined, based on previous studies using the NCDS, as
traumatic and stressful psychosocial conditions that tend to co-occur,
persist over time and are outside of the child's control (Kelly-Irving
et al., 2013; Lacey et al., 2020). ACEs were measured prospectively
through reports by parents (usually the mother; at ages 7–16), health
visitors or teachers (at ages 7–16) and retrospectively by cohort members
(at ages 33 and 44/45). Prospectively reported ACEs included parental
separation/divorce, parental substance misuse, family conflict, death of a
parent, parental mental health problems, physical neglect, and parental
offending. Considering also retrospectively reported ACEs had the
advantage of including different forms of abuse that were not measured
prospectively in the cohort. In addition, prospective and retrospective
measures of ACEs tend to identify different groups of individuals, with
potentially varying pathways to adult mental health, hence it is impor-
tant to test sensitivity of findings to both modes of reporting (Baldwin,
Reuben, Newbury, & Danese, 2019). The full list of retrospectively re-
ported ACEs comprised parental separation/divorce, parental substance
misuse, family conflict, witnessing abuse, parental mental health prob-
lems, sexual abuse, physical abuse, psychological abuse, and emotional
neglect. See eTable 1 for more details on how they were measured.
2

We considered ACEs cumulatively as ACE scores. The prospective
ACE score ranged from ‘0 ACEs’ to ‘2þ ACEs’, and retrospective from ‘0
ACEs’ to ‘4þ ACEs’. The analyses were also rerun using ACE scores as
continuous variables.

2.3. Mental health outcomes

Continuous measures of psychological distress included the Malaise
Inventory (at ages 23, 33, 42, 50), General Health Questionnaire (GHQ-
12; at age 42), depression and anxiety subscales of Clinical Interview
Schedule - Revised (CIS-R; at age 44/45), psychological distress and well-
being subscales of the Short Form Health Survey (SF-36; at age 50).
Continuous measures of wellbeing comprised the Warwick-Edinburgh
Mental Wellbeing Scale (WEMWBS; at age 50), and Quality of Life
Scale (CASP; 12- item at age 50; 6-item at age 55) (Arseneault et al.,
2020). All measures were standardised into Z scores and
wellbeing-oriented scales were reversed in line with higher scores on
measures of psychological distress indicating worse mental health.

Binary outcomes included seeing a mental health specialist (at ages
16, 23, 33, 42, 50 55), poor/fair (vs good/very good/excellent) self-
reported general health (at ages 23, 33, 42, 46, 50 55), being not at
all/not very happy (vs fairly/very happy) (at age 33), indicators of
clinically significant psychological distress – the Malaise Inventory
(score�4), GHQ (score�4), CIS-R depression/anxiety (score�2), SF-36
(score�52), and WEMWBS (score�40) (Arseneault et al., 2020). See
eTable 2 for details on all outcome measures.

2.4. Analytical strategy

The associations between the ACE scores and mental health outcomes
were studied with linear regression for continuous and robust Poisson
regression for binary outcomes. The models were controlled for a range
of child and family characteristics (see Fig. 1 for the list of covariates and
eTable 3 for details of their measurement), which were likely to be
associated with the exposure and outcome and were not on the causal
pathway between these variables (VanderWeele, 2019).

The analyses used data after multiple imputation (MI) by chained
equations, generating 20 datasets, which helps to reduce selection bias
and maximise power (White et al., 2011). Detailed information on
attrition and its determinants in the NCDS has been published elsewhere
(Mostafa et al., 2021; Mostafa & Wiggins, 2015). The characteristics of
the samples with imputed data and complete cases only were very
similar, however with a marginally higher proportion of those with 2þ
ACEs in the imputed sample (6.2 % vs 4.4 %) (see eTable 3 for more
information). Participants with missing information on any outcome
tended to be men, more socioeconomically disadvantaged (e.g., based on
social class or housing tenure), and have more externalising problems at
age 7 (see eTable 4 for determinants of having missing information on
any outcome). More details on the missing data strategy applied in our
analyses can be found in eAppendix 1.

For all analyses, we combined men and women, as we found no ev-
idence for differential ACEs-mental health associations between genders.
The analysis was conducted in Stata 16 (StataCorp, 2020).

3. Results

Descriptive information about the study sample can be found in
eTable 3.

We found strong evidence for a dose-response association between
prospectively and retrospectively reported ACEs and all mental health-
related outcomes, after accounting for multiple covariates (Fig. 1). All
associations were “significant” at the conventional p-value threshold of
0.05, whilst under Bonferroni correction, 35 tests out of 39 for pro-
spective ACE score and 38 out of 39 for retrospective ACE score remained
“significant” at an alternatve threshold of p � 0.001. The magnitude of
associations was relatively consistent regardless of ACEs being reported



Fig. 1. The association between the ACE score and mental health – continuous (Panel A), binary (Panel B) outcomes.
Note. Prospectively measured ACEs included physical neglect (reported by teacher at ages 7, 11), parental separation/divorce, parental substance misuse, family
conflict, death of parent, parental mental health problems, parental offending (all reported by health visitor and/or parent at age 7–16).
Retrospectively measured ACEs were parental separation/divorce (reported by cohort member at age 33), parental substance misuse, family conflict, witnessing abuse,
parental mental health problems, sexual abuse, physical abuse, psychological abuse, emotional neglect (all reported by cohort member at age 44/45).
The estimates were adjusted for covariates – gender, father's occupational social class, maternal education, birthweight, gestational age, maternal age at birth and
breastfeeding duration.
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prospectively or retrospectively. For brevity, mainly findings on the
prospective ACE score are discussed (see Fig. 1 for all results).

The prospective ACE score of 2þ (vs 0) was associated with between
0.160 (95 % CI 0.044 to 0.276) and 0.293 (95 % CI 0.182 to 0.405)
standard deviation (SD) higher score onmeasures of wellbeing, including
life satisfaction, CASP, and WEMWBS. Scores on the measures of psy-
chological distress, including the Malaise Inventory, CIS-R, GHQ-12, and
SF-36, were between 0.203 (95 % CI 0.099 to 0.308) and 0.398 (95 % CI
0.290 to 0.505) SD higher. ACE score tended to have a somewhat
stronger association with psychological distress than wellbeing when
measured at the same age. For instance, at age 50 a retrospective ACE
score of 4þ (vs 0) was associated with 0.534 (95 % CI 0.448 to 0.621) SD
higher score on the Malaise Inventory, compared with 0.208 (95 % CI
0.114 to 0.301) on WEMWBS. The correlations between measures within
the same domains of mental health were moderate (r ¼ 0.56–0.68 for
psychological distress and r¼ 0.49–0.69 for wellbeing) when collected at
the same age (see eTable 5 for all correlations). The correlations between
wellbeing and distress measures tended to be weak (r¼ 0.16–0.54) when
collected at the same age, with SF-36 having a moderate correlation with
both wellbeing and distress measures (r ¼ 0.52–71).

wThe prospective ACE score of 2þ (vs 0) was associated with be-
tween 50 % (risk ratio, 1.50, CI 95 % 1.19 to 1.90) and 2.14 times (CI
95 % 1.60 to 2.86) higher risk of having clinically significant psycho-
logical distress and up to 2.85 times (CI 95 % 2.17 to 3.75) higher risk of
seeing a mental health specialist. The correlations between measures of
distress and seeing a mental health specialist were moderate
(rho ¼ 0.45–0.63) when collected at the same age. The correlations
3

between measures indicating clinically significant distress were mod-
erate to strong (rho ¼ 0.62–0.80).

Those with a prospective ACE score of 2þ (vs 0) had also a 3 times
higher risk of taking psychotropic medications at age 44/45 (CI 95 %
2.03 to 4.50). Taking medications had a weak correlation with CIS-R
depression (r ¼ 0.17) or anxiety (r ¼ 0.16). The prospective ACE score
of 2þ (vs 0) was associated with a 60% (CI 95 % 1.03 to 2.50) higher risk
of not being happy at all or not very happy (vs fairly/very happy) at age
33 and with up to 2.11 times (95 % CI 1.64 to 2.71 at age 23) higher risk
of poor or fair (vs good/very good/excellent) self-rated general health.
Having poor or fair self-rated general health had a weak to moderate
association with clinically significant psychological distress
(rho ¼ 0.35–0.53) and seeing a mental health specialist
(rho ¼ 0.32–0.56).

The analyses were also rerun using ACE scores as continuous vari-
ables, producing highly comparable findings (see eTables 6 & 7 for the
estimates).

4. Discussion

We found that being exposed to ACEs is associated, in a dose-response
fashion, with a range of mental health-related outcomes between age 16
and 55, thus replicating and extending previous research (Ege et al.,
2015; Hughes et al., 2017; Selous et al., 2020). These associations appear
to be somewhat stronger for psychological distress than wellbeing, are
robust to rich covariates-adjustment, and are not sensitive to ACEs being
measured prospectively or retrospectively, or outcomes being collected
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at specific ages. The effect sizes in our study for those with 4þ retro-
spective ACEs were comparable to the ones obtained by themeta-analysis
by Hughes and colleagues, for self-rated health, anxiety, depression, and
life satisfaction (Hughes et al., 2017).

ACEs were found to have a strong relationship with a greater uti-
lisation of healthcare services. This may be directly related to an
increased need for these services due to elevated mental health problems.
Individuals with experiences of ACEs might also have more contact with
other social and health services, which could increase their likelihood of
being referred for mental health support. However, there might also be
other mechanisms at play that affect help-seeking behaviours, which
overall would be expected to result in underestimating the association
between ACEs and the use of healthcare. For instance, ACEs are linked
with unfavourable socioeconomic circumstances in adulthood, such as
lower income or education (Currie & Widom, 2010), which in turn, are
associated with decreased utilisation of healthcare services (Olah et al.,
2013). For instance, a study based on a large survey, representative of
non-institutionalised adults in the USA, found that ACEs were linked with
lower odds of having a physician check-up (Alcala et al., 2018). The
hesitancy to access healthcare services may also stem from discomfort
associated with feeling of revictimisation (Ackerson, 2012; Cadman
et al., 2012) and potential distrust of services based on prior negative
experiences (Arias, 2004). Future research could use the 1958 British
birth cohort, among other cohorts, to examine potential mechanisms
linking ACEs and healthcare utilisation, while accounting for concurrent
mental health problems.

If the association between ACEs and mental health outcomes is
assumed to be causal, the most effective population health strategy
would involve acting early in childhood to prevent ACEs from happening.
This would potentially result in saving great economic and social costs
due to their link with increased use of healthcare services and medical-
isation, among other socioeconomic outcomes. As previously estimated,
up to a third of depression and anxiety is attributed to ACEs, with total
costs reaching £465.3 million in Wales and £10.7 billion in England
(Hughes et al., 2020). ACEs are highly prevalent and largely preventable,
with a large room for effective interventions, as estimated 2.3 million
children in England live in families with complex needs, out of whom
only a third receive established support from statutory services (Chil-
dren's Commissioner for England, 2019). Moreover, ACEs are not only
associated with poor mental health but also lower wellbeing. This is an
important distinction as wellbeing and mental health outcomes tend to
have low or moderate correlations with each other, as found in our study.
Hence, the absence of mental illness does not necessarily equate to a
happy and fulfilling life and ACEs appear to reduce the ability to live
one's life to their full potential.

The main strength of our study is that it used measures of various
domains of mental health spanning age 16 to 55, capturing self-reported
psychological distress, wellbeing and impact of ACEs on the utilisation of
mental health services, however, not all measures under investigation
were available at each age. Another limitation was a presence of missing
information. To mitigate potential bias due to non-response or attrition,
we multiply imputed missing values while including a rich set of pre-
dictors of missing information in the imputation model. This allowed for
replacing missing data with greater precision (Mostafa&Wiggins, 2015).
Another strength of our study was the inclusion of both prospectively and
retrospectively reported measures of ACEs, which tend to identify
different groups of individuals (Baldwin et al., 2019). Hence, it is bene-
ficial to examine the sensitivity of findings to both types of measures.
However, ACEs captured prospectively and retrospectively had little
overlap, with different respondents (e.g., health visitor vs cohort mem-
ber), preventing direct comparisons. Moreover, the measures of ACEs
were often relatively crude, for instance, based on observations by the
health visitors who conducted the interviews or self-reported without
using standardised and validated tools.

To sum up, we found a strong, graded and persistent link between
adverse childhood experiences and a vast array of wellbeing and mental
4

health outcomes, regardless of ACEs being measured prospectively or
retrospectively. Our findings reiterate the need to address early-life
adverse events to reduce inequalities in a broad range of mental health
outcomes across adulthood.
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