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Objectives: Attention deficit hyperactivity disorder (ADHD) is a common neurode-
velopmental disorder in childhood, which may be related to adverse childhood
experiences (ACEs). Our study aims to explore the association between ACEs and
subsequent ADHD, and analyze the potential moderators.

Methods: Literature search was conducted by a combined computer-assisted and man-
ual method. Studies were included if they had reported the association between ACEs
and subsequent ADHD. Overall estimates of odds ratios (ORs) were obtained using
random-effects meta-analyses, meta-regressions and further stratified analyses were
conducted to examine potential moderator variables.

Results: Totals of 70 studies involving nearly 4 million participants from among 6,452
unique articles were included. In the primary analyses, ACEs were found to be associ-
ated with subsequent ADHD (OR = 1.68, 95% Cl: 1.54-1.83), and the negative effects
of different forms of ACEs for ADHD were nonequivalent. Such as lived in the step-
family, been adopted or fostered, and experienced sexual abuse were more deleterious
than others. It was found that individuals who had experienced multiple ACEs or who
are female were more vulnerable to ADHD.

Conclusions: The findings provide critical evidence for understanding the association
between ACEs and ADHD. ACEs could increase the susceptibility of ADHD, especially
for individuals who ever experienced multiple ACEs and females.

KEYWORDS
adverse childhood experiences, attention deficit hyperactivity disorder, meta-analysis, systematic
review

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2022 The Authors. Brain and Behavior published by Wiley Periodicals LLC.

Brain Behav. 2022;12:€32748.
https://doi.org/10.1002/brb3.2748

wileyonlinelibrary.com/journal/brb3 | 1of11


mailto:okfrom2008@hotmail.com
mailto:drjhwang@bucm.edu.cn
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/brb3
https://doi.org/10.1002/brb3.2748

. Brain and Behavior
2 | WILEY fOpen Access)

Open Access

1 | INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is a common neu-
rodevelopmental disorder typically characterized by symptoms in the
inattentive, hyperactive, or (and) impulsive domains (Posner et al.,
2020). This disease mainly diagnosed in childhood, which is estimated
to affect approximately 5.5% of children and adolescents and 2.1%-
3.1% of adults (Erskine et al., 2017; Simon et al., 2018). Individuals
with ADHD frequently suffer from multiple psychiatric comorbidities,
including externalizing disorders (e.g., Oppositional Defiant Disorder
[ODD], Conduct Disorder [CD]) and internalizing disorders (e.g., Anx-
iety Disorder [AD], Depression Disorder [DD]) (Humphreys et al.,
2012; Mitchison & Njardvik, 2015). This embarrassing situation not
only increases the risk of educational and occupational failure (Brook
et al,, 2013; Jangmo et al., 2019), accidents (Vaa, 2014), and criminal-
ity (Retz et al., 2021), but also imposes a substantial burden on social
economy and stability (Erskine et al., 2014). Given the multiple neg-
ative impacts of ADHD on the major global public health problem,
there is a pressing need to identify factors that contribute to risk for
ADHD.

Although the etiology and pathology have not been clearly identified
yet, ADHD is recognized as a highly intergenerational and multifac-
torial psychobehavioral disorder, which arises from several genetic
and environmental risk factors that act in conjunction (Faraone et al.,
2015). Adverse childhood experiences (ACEs) have been found to be
probably significant predictors of many health conditions (Hughes
et al, 2017). ACEs are defined as experiences that threaten the
child’s bodily, familial, or social safety or security (Jones et al., 2020),
range from broad categories of experiencing or witnessing violence,
maltreatment, bullying, crime or discrimination, to growing up in
a dysfunctional household with parental separation, mental health
problems, and economic disadvantage (Suglia et al., 2018). These neg-
ative experiences have wide-ranging effects on the neuroendocrine,
immune, and metabolic systems, and subsequently trigger the onset
and development of ADHD (Berens et al., 2017).

Specifically, ACEs are able to induce toxic stress, which is capable
of inducing significant changes in development of the central nervous
system (CNS) and mainly concentrated in essential stress and emotion
regulation related brain regions, such as prefrontal cortex, amygdala,
and hippocampus (Calem et al., 2017; McLaughlin et al,, 2019). The
abnormal “top-down” effects of these brain regions for attentional and
behavioral control may cause ADHD symptoms (Katsuki & Constan-
tinidis, 2013; Liu et al., 2020). Furthermore, ACEs may sensitize the
mesostriatal dopamine system to later challenges, and this neurotrans-
mitter system is one of the most important targets of methylphenidate
(Dahoun et al., 2019; del Campo et al., 2011). ACEs can also make the
hypothalamic-pituitary-adrenal (HPA) axis hyper- or hypo- reactivity
and generate downstream responses (Koss & Gunnar, 2018), including
neurotoxicity, inflammation, and certain bioactive factors metabolism
dysregulation (Chang et al., 2020; Rose et al., 2010). More importantly,
there might be a pathway for the perpetuation of adversity, exposure
to ACEs increases ADHD susceptibility, and ADHD patients are more
likely to suffer from more ACEs similarly (Lugo-Candelas et al., 2021).
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Over the past three decades, numerous observational studies have
been carried out worldwide with the aim of clarifying the association
between ACEs and health conditions, with the association between
ACEs and ADHD being an important component. The results among
these studies may be highly variable, and different ACEs may have
varieties of negative psychological effects (Vachon et al., 2015). Fur-
thermore, the association between ACEs and ADHD may also be
strengthened or weakened by genetic background and developmental
stage. Because there are significant differences in the etiology, pathol-
ogy, and clinical presentation of ADHD in childhood or adolescence
and ADHD in adulthood (Schoeler et al., 2019; Zwicker et al., 2020).
Most existing evidence-based studies, however, were based on ADHD-
related behavioral problems assessed by questionnaire, such as the
Child Behavior Checklist, and did not indicate clinically meaningful dif-
ferences in diagnosis (Juffer & van ljzendoorn, 2005; Maguire et al.,
2015; Malvaso et al., 2021; Qu et al., 2018; Wu et al., 2019). The asso-
ciation between ACEs and ADHD that some evidence supports to a
certain extent, has a sound theoretical basis. Therefore, to qualitatively
and quantitatively assess the association between ACEs and ADHD
using systematic review and meta-analysis is critical to understand the
nature of the influence of ACEs on the onset of ADHD.

2 | METHODS

2.1 | Registration of protocol

This systematic review and meta-analysis was conducted according to
the Meta-analysis of Observational Studies in Epidemiology (MOOSE)
guidelines and preferred reporting items for systematic reviews and
meta-analyses (the PRISMA statement) (Moher et al., 2009; Stroup
et al., 2000). The protocol of this study was registered in advance on
the International Prospective Register of Systematic Reviews (PROS-
PERO) (ID: CRD42020202041).

2.2 | Search strategy

Potentially relevant studies were identified by computer-assisted lit-
erature searches in the Embase, Medline (Ovid), PsycINFO (Ovid),
CINAHL (EBSCOhost), and Web of Science in August 2020. Moreover,
the reference lists of potentially eligible articles and systematic review
papers were hand-searched. Medical subject headings and free text
terms of ACEs, ADHD, and study design of interest were used. Searches
were updated in June 2021, and example of search strategy in Ovid

Medline was available in Appendix 1.

2.3 | Inclusion and exclusion criteria
Original studies were included if they were cohort studies, case-control
studies, or cross-sectional studies that were published in English and

reported: (1) Dichotomous or continuous measurement of any form
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of ACEs. (2) Diagnosis of subsequent ADHD or ADD according to
any standardized criteria, such as DSM-III, DSM-I1I-R, DSM-IV, DSM-
IV-TR, DSM-5, or ICD-10; or diagnostic information for ADHD could
be obtained from reliable records, like vaccine-related records, clinic
registers, hospital records, and the like; or self-report and informed
guardian-reported diagnosis for ADHD made by a professional. (3) At
least the effect estimates with 95% confidence intervals (95% Cls) or
standard error (SE) were reported, including odds ratio (OR), relative
risk (RR), or hazard ratio (HR). (4) A non-ADHD control group or a
nonexposed control group was set up in the original study.

The following types of studies were excluded: (1) reported ADHD-
related symptoms, rather than any ADHD diagnosis; (2) studies in
which did not specifically report any risk estimates for the outcome
of our interest; (3) duplicate reporting on findings from the same pop-
ulation; (4) studies that did not provide detailed information, and the
author did not give us feedback or could not provide detailed informa-
tion to us. It is important to note that we also excluded these studies in
which the diagnosis was only based on medication records. Since these
studies may contribute to underestimating the diagnosis of ADHD or
ADD as only about 60% of ADHD patients are treated with pharma-
cotherapy (Danielson et al., 2018) and there may be another known
and unknown interconnections between ACEs and ADHD medication
(Forster et al., 2017; Tang et al., 2021).

2.4 | Data extraction and quality assessment

Duplicate records were removed after the search results were
imported into Endnote X7. Titles and abstracts, and full texts of the
potentially relevant records were independently screened by two
researchers (Jinglong Yu, Qiang Zhang). A third researcher (Man Gao)
checked the included literature.

A validated Excel table in prestudy was used to extract relevant
data from eligible studies by two trained researchers (Lingjia Liu, Ting
Sun). For all studies, we extracted information on the name of the first
author, year of publication, effect sizes, and moderator codes, all of
which were checked by Weiguang Wang. Disagreements were solved
by the reviewers’ consensus (with Xing Liao and Junhong Wang).

As recommended by Cochrane Handbook of Systematic Reviews,
the Newcastle-Ottawa Quality Assessment Scale (NOS) was used for
quality assessment of eligible cohort studies and case-control studies,
and an adapted version for cross-sectional studies (Beran & Lupart,
2009). It is important to note that we rated the quality of cross-
sectional study as 2 points and 1 point, respectively, if ADHD was
diagnosed by blinded or nonblinded diagnostic interviews and vali-
dated scales or questionnaires based on accepted diagnostic criteria,
because ADHD is usually not diagnosed using laboratory methods as a

mental disorder.

2.5 | Statistical analysis

The effect estimates that generated from binary variables were
converted to ORs, which were used as the common measurement

of the association between ACEs and subsequent ADHD. For any
eligible study, the average OR was calculated if the relationships
between various forms of ACEs and ADHD were reported. Since
RRs and ORs provide similar estimates of risk when the outcome
was rare (<10%), and HRs were similar to RRs (McNutt et al., 2003;
VanderWeele, 2020); thus, we approximated the adjusted RRs and
HRs provided by the included studies to be equivalent to the adjusted
ORs. For continuous variables, the total effect size of the standardized
mean difference was calculated. The effect sizes were pooled using a
random-effects model, in which heterogeneity was taken into account
(Borenstein et al., 2010). Standard Cochran’s Q test and 2 statistic
were calculated to assess statistical heterogeneity that reflects real
differences in effect sizes, with an 12 values of 25% or less, near
50%, and more than 75% that could be considered low, moderate,
and high, respectively. A meta-regression was conducted to explore
whether demographic factors (including gender composition, ADHD
classification by period, and setting of location) and methodological
factors (including sample size, study type, study design, study quality,
effect estimation, and measures of ADHD or ACEs) across eligible
studies moderated the association between ACEs and subsequent
ADHD. When high heterogeneous was observed and the number of
included studies was not less than 10, targeted stratified analysis
was performed if a moderator mediated the association. The funnel
plot was used to evaluate the possible publication bias, and further
with the Begg’s tests as recommended (Begg & Mazumdar, 1995).
Leave-one-out method was used for sensitivity analysis, and the trim
and fill method was conducted if the funnel plot revealed significant
asymmetry and Begg's test identified the evidence of publication bias.
All statistical analyses were conducted using Stata version 15.0, and p
values were two-tailed, with a significance level of .05.

3 | RESULTS

3.1 | Study inclusion

The literature searches identified 6452 unique records, which con-
tained 1275 duplicates records, and 861 potential relevant articles
were selected for full-text screening by reading titles and abstracts.
Among these articles, 803 were excluded and the reasons were pre-
sented in Figure 1. Moreover, six articles were identified through
screening the reference lists in included studies. A total of 70 inde-
pendent studies were eligible for inclusion and finished the quality

assessment.

3.2 | Study characteristics

Eligible studies, with data on no less than 3,901,712 individuals,
were mainly conducted in Europe, North America, Asia, and Ocea-
nia, besides three studies in Africa, one study in South America, and
two multicenter studies conducted in Europe, North America, and
Asia.
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FIGURE 1 PRISMA flow chart

As shown in Appendices 2-4, all the included studies were cohort
studies, case-control studies, or cross-section studies. Of all included
studies, 30, 30, and 10 studies reported associations of ACEs with
childhood ADHD, adult ADHD, and childhood and adult ADHD, respec-
tively. Measures for the diagnosis of ADHD and ACEs in these studies
also differed, included diagnostic interview/questionnaire/scale based
on ICD or DSM diagnostic criteria, record-based information, or self-
/caregiver-report of the diagnosis by a health professional, clinician
or psychiatrist. However, the sample size and study quality varied
widely across the included studies. Specifically, all studies had sample
sizes ranging from 58 to 870,017, with 14 studies containing fewer
than 500 participants. The methodological quality of all studies scored
between 3 and 8, containing 7 unsatisfactory studies, 27 satisfactory
studies, and 36 good studies. The references of all included studies

were presented in Appendix 5.

4 | OUTCOMES
4.1 | All 17 forms of common ACEs

Figure 2 presents the results of random-effects meta-analysis for the

association between ACEs and ADHD, and 70 studies were included in

the analysis. The result indicated that individuals who had experienced
any forms of ACEs were more susceptible to ADHD than individuals
unexposed to ACEs (OR = 1.68,95% Cl: 1.54-1.83,z=11.894,p < .05),
and high heterogeneity was observed (Q (69) = 1173.34, 12 = 94.1%,
p <.05).

4.2 | Each form of common ACEs

As shown in Appendices 6 and 7, which presents the results of meta-
analyses using random-effects model for the associations between
each form of ACEs and ADHD, individuals who experienced any form of
ACEs were significantly more likely to develop ADHD than individuals
without a history of ACEs.

Specifically speaking, medium-size association (1.50 < OR < 3.00)
were detected between exposure to physical abuse, sexual abuse,
emotional abuse, childhood neglect, economic adversity, stepfam-
ily/adoption/foster placement, familial criminality/incarceration,
household substance abuse, household mental illness, family dis-
cord, bullying, or other violence and ADHD. Low-size association
(1.00 < OR < 1.50) between other forms of ACEs and ADHD, such
as single parent/parental separation/divorce, familial death, domestic

violence, discrimination, and accident/injury/illness trauma.



Brain and Behavior

ZHANGET AL.
%
Study OR(95% Cl)  Weight
Russell 2014 1.09(0.73,1.63) 1.45

Bjorkenstam 2016
Stern 2018a

1.54 (1.41,1.70) 212
1.91(1.06,3.43) 1.07

*J

Stern 2018 b K 3 2.74(2.20,3.41)  1.90
Lehmann 2013 —e 0.90 (0.28,2.84) 0.44
Malone 2002 a . 1.39 (0.80,2.42) 1.13
Malone 2002 b E 1.55(0.77,3.09) 0.89
Bjorkenstam 2018 1.50 (1.39,1.63) 2.13
Feder 2009 +——— 4.30 (0.70, 26.40) 0.20
Ouyang 2008 L J 1.70 (1.39,2.09) 1.93
Gifford 2019 — — 2.30 (1.00,5.50)  0.68
Day 2016a ¢ 1.39 (1.06,1.83) 1.77
Day 2016 b | 1.09 (0.83,1.43) 1.78
Hunt 2017 1 1.21(1.04,1.41) 203
Kasen 1996 +— — 2.33(0.73,7.44) 043
Choi 2016 5 1.71(1.10,2.66) 1.38
Gonzalez 2019 - 1.89(1.24,2.86) 1.43
Ebejer 2012 L 3 1.92 (1.65,2.25) 2.02
Sciberras 2011 2.20 (1.11,4.36)  0.90
Heiervang 2007 - 1.77 (0.75,4.20)  0.67
Dstergaard 2016 A 3 3.10 (2.54,3.77) 1.94
Ostergaard 2016 b & 2.68(2.29,3.14)  2.02
Nomura 2012 ™ 2.41(1.53,3.79) 134
Keyes 2008 - - 267 (1.78,4.02) 1.45
Sagiv 2013 19— 1.77 (0.87,3.62) 0.86
Lee 2013 {} 1 0.98 (0.74,1.29)  1.77
Marmorstein 2009 —l.— 2.21(1.17,4.18) 0.98
McCoy 2014 1 1.46 (1.28,1.67) 2.06
Choi 2017 1.48 (1.05,2.08) 1.61
Assari 2019 p ! 0.99 (0.98,1.01)  2.17

Jimenez 2017 a
Jimenez 2017 b

1.28(0.93,1.76) 166
1.98(1.47,266) 1.72

,a.;f‘

Guhn 2020 1.43(1.21,1.69) 2.00
Chen 2020 1.75(1.55,1.98) 2.07
Bejerot 2013 —4 — 1.47(0.67,3.22) 0.76
Pheula 2011 1.15(1.04,1.27) 211

Isaksson 2013 —
du Prel Carroll 2012

1.86 (0.50,6.90) 0.35
2.33(1.25,4.35) 1.00

;{!

Ford 1999 — 4.94 (0.30, 82.57) 0.09
Carballo 2013 &3 1.36(1.08,1.72) 1.87
Joelsson 2017 2.38(1.61,3.53) 1.49
Park 2014 —— 3.61(1.51,8.65) 0.66
Mhalla 2018 f S 7.28 (1.45,36.62) 0.25
Fuller-Thomson 2014 _t — 1,67 (0.35,7.95) 0.26
Fuller-Thomson 20152 -f— 1.58 (0.94,2.63) 1.21
Fuller-Thomson 2015 b -t 2.00(1.51,2.64) 1.76
Konstenius 2017 1.62(1.09,2.40) 1.48
Rowland 2018 I —9— 9.89 (3.75,26.09) 0.57
Lara 2009 1® 256 (1.92,3.42) 1.74
Sugaya 2012 I’ 2.28(1.75,2.97) 1.80
Kim 2009 e 3.36(2.27,4.98) 1.49
Islam 2020 L - 1.38(0.99, 1.95) 1.61
Uddin 2020 1 1.21(1.15,1.27) 215
Brown 2017 1.33(1.25,1.42) 2.14
Perales 2017 1.87 (1.56,2.26) 1.97
Flisher 1997 — 3.00 (0.70, 12.50) 0.30
Lola 2019 -—— 2.86 (1.36,6.05)  0.81
Sawyer 2018 b o 1.68(1.16,2.43) 1.55
Bomysoad 2020 —&- 2.36(1.48,3.77) 1.31
Farahat 2014 J- 1.40 (1.22,1.95) 1.86
Walker 2021 1.27 (1.13,1.43) 2.08
Crouch 2021 L3 1.56 (1.30, 1.88)  1.96
Bielas 2016 1.12(0.79,1.59)  1.60
Calthorpe 2021 2.65(1.81,3.87) 1.52
Montes 2018 1.85(0.71,4.82) 0.58
Machado 2017 1.20 (0.94, 1.49)  1.87
Fulton 2015 1.73 (1.46,2.05)  2.00
Bauermeister 2007 1.19(1.07,1.33)  2.10
Ferrer 2017 1.15(1.03,1.27) 2.1

Siddique 2011
Overall, DL (I* = 94.1%, p = 0.000)

.015625 1 64

1.23(1.03,2.09) 1.58
1.68 (1.54, 1.83) 100.00

NOTE: Weights are from random-effects model

FIGURE 2 Meta-analysis for the association between any forms
of ACEs and ADHD

4.3 | Number of ACEs and ADHD diagnosis

We pooled the results of studies that investigated the association
between the number of ACEs exposed and ADHD, and the results were
presented in Figure 3 and Appendix 8. Meta-analysis revealed that indi-
viduals who had experienced ACEs (one ACE, two ACEs, and three or
more ACEs) were more susceptible to ADHD compared with those
unexposed to ACEs, with the pooled ORs were 1.51 (95% Cl: 1.28-

WILEY- >

1.77,z=5.011, p <.05), 1.99 (95% Cl: 1.63-2.45, z = 6.630, p < .05),
and 2.87(95% Cl: 2.31-3.57,z= 9.532, p <.05), correspondingly.

4.4 | Effect of ACEs on the core symptoms and the
subtype of ADHD

The influences of ACEs on the core symptoms and the type of ADHD
was also analyzed to further reveal the association between ACEs and
ADHD. The results of meta-analysis showed that ACEs are associated
with higher scores of ADHD symptom (the pooled effect sizes ranged
from 0.20 to 5.96) and increased vulnerability to different subtypes of
ADHD (the pooled ORs ranged from 1.44 to 2.12). The detailed results

of meta-analysis could be found in Appendices 9 and 10.

4.5 | Moderator analysis

Significant heterogeneity was observed in meta-analyses, except for
the meta-analyses for the association between sexual abuse, famil-
ial death, discrimination, or accident/injury/illness trauma, and ADHD.
The Knapp-Hartung random-effect meta-regressions for moderators
that mentioned above were conducted to explain variation in effect

sizes, and the results were presented in Appendices 11 and 12.

4.6 | Publication bias

Substantial asymmetry was observed in the visual inspection of the
funnel plots, and the evidence of substantial publication bias was iden-
tified by Begg’s test in meta-analysis for the association between all
forms of common ACEs and ADHD. As shown in Figure 4, visible asym-
metry and potential publication bias were detected in funnel plot and
Begg's test (p <.05).

47 | Sensitivity analysis

Leave-one-out method sensitivity analyses revealed that no single
study could independently significantly influence the pooled OR value
of the association between all 17 forms of ACEs and the diagno-
sis of ADHD. However, Gonzalez et al. (2019), Ouyang et al. (2008),
and Lara et al. (2009) may statistically significantly influence the
results of meta-analyses for emotional abuse, childhood neglect,
and accident/injury/illness trauma, correspondingly. In addition, we
found a significant decrease in the pooled ORs of the meta-analyses
of the associations between discrimination or other violence and
ADHD.

Trim and fill method sensitivity analysis showed that no statisti-
cally significant changes in the results of meta-analysis for all 17 forms
of ACEs in relation to any ADHD diagnosis after filled the 35 possi-
ble missing studies, and the details of trim and fill method sensitivity

analysis were presented in Figure 5 and Appendix 13.
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FIGURE 3 Results of meta-analysis for the association between the number of ACEs and ADHD

5 | DISCUSSION literature searches, we finally identified 64 published journal articles,

including 70 independent studies involving nearly 4 million partici-
To our knowledge, this is the first systematic review and meta- pants. It was found that individuals who experienced any form of ACEs
analysis that comprehensively examined existing observational stud- had a 1.68-fold increased vulnerability of ADHD, compared to those

ies to assess the association between ACEs and ADHD. Following without a history of ACEs.
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Begg's funnel plot with pseudo 95% confidence limits
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FIGURE 4 Begg's funnel plot of meta-analysis for the association between any forms of ACEs and ADHD
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FIGURE 5 Trim and fill method sensitive analysis of meta-analysis for the association between any forms of ACEs and ADHD

Although we included observational studies that adjusted for poten-
tial confounders, significant heterogeneity was observed, which may
pose risk of residual confounding. ADHD was revealed to have a high
degree of genetic predisposition with gender difference and preva-
lence declines with age in the general population. We used the gender
composition of the study population, the period for ADHD diagnosis,

and the continent in which the studies were conducted as demographic
moderators consequently. Despite thoroughly examining the potential
mediation to influence the association between ACEs and ADHD, no
evidence supported that the location of studies moderated the size of
the obtained effects. In contrast, we found that individuals who had suf-
fered ACEs in studies with a proportion of males below inferior quartile
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(1Q) were more likely to be diagnosed with ADHD, compared to those
above 1Q which calculated based on detailed data provided by included
studies. This phenomenon may be correlated with sex differences in
neurodevelopment and sensitivity to ACEs (Bath, 2020) and could be
explained further by the fact that females may receive greater lev-
els of ACEs and adopt low positive coping styles (Keller et al., 2019;
Wan et al., 2020). The period of ADHD diagnosis might moderate the
association between ACEs and ADHD, the pooled effect size of studies
that reported only childhood or adulthood ADHD were 1.65 and 1.57,
which were lower than studies that reported the association between
ACEs and ADHD in both childhood and adulthood.

Additionally, we attempted to trace and analyze the heterogeneity
through independent meta-regressions for methodological character-
istics, including sample size, indicator of effect estimate, study design
and type, measures of ACEs and ADHD, and study quality. Since the
eligible studies varied widely in these respects, which may mediate
the association between ACEs and ADHD. The findings of meta-
regressions did not support the hypothesis that study quality affects
the association between ACEs and ADHD and confirm the mediat-
ing roles of these other methodological moderators mentioned above.
Sample size may have a positive correlation effect on the association,
as poor association between ACEs and ADHD was observed in the sub-
group of studies with sample sizes below 1Q. This finding reflects the
limitations of small sample studies that the bias caused by sampling
error and sensitivity of logOR to sample size restricts sharp inferences
from small samples to large populations (Lin, 2018; Tipton et al., 2016).
The random-effects model increases the weight of the small sam-
ple study and the result are more conservative than the fixed-effects
model (Nikolakopoulou et al., 2014), and no statistical difference was
observed between the results of fixed-effects and random-effects or
in stratified analysis for sample size. Only low-size effects were identi-
fied in the subgroup of self-/guardian-reported ACEs or ADHD, while
medium-size effects in other subgroups. The data collected based
on self-/guardian-reported may have been subject to recall biases,
because the recall lengths varied from a few months to a dozen years
and information collected by this method may be limited (Colman
et al.,, 2015; Mannuzza et al., 2002). Stratified analyses for effect esti-
mate, study design, and type did not provide sufficient evidence for
mediated effects, although the mediated effects are theoretically and
methodologically feasible.

We had examined the effects of 17 different forms of ACEs, since
ACEs have a deleterious effect on health outcomes that is nonequiv-
alent and specific, which means each form of childhood adversities
has a specific effect on ADHD and some forms of ACEs are more
harmful than others (Vachon et al., 2015). Single parent/parental sep-
aration/divorce, familial death, domestic violence, discrimination, or
accident/injury/illness trauma were associated with lower-level effects
(1.00 < OR < 1.50) than other forms of ACEs (OR > 1.50). While leave-
one-out method sensitivity analyses uncovered significant variation
in the results of the association between child sexual abuse, neglect,

discrimination, other violence, or accident/injury/illness trauma and

ZHANGET AL.

ADHD. Due to fewer studies included and higher heterogeneity, it is
not enough to draw convincing conclusions for these forms of ACEs
based on the existing evidence.

Dose-response meta-analysis requires a sufficient amount of com-
plete data (Orsini et al., 2012), the necessary data in many original
studies has not yet been provided, and the results calculated by some
estimation methods often vary from the original data. And almost all
eligible studies have not comprehensively analyzed each form of ACEs,
and certain form of ACEs (e.g., sex abuse) is a rare event almost always
cooccurrence with other forms of ACEs. Hence, the real number of
ACEs ever exposed may be greater than reported, despite the fact that
some studies have analyzed the association between multiple ACEs
and ADHD. This rarity and lopsided cooccurrence feature is likely to
result in overestimation of the effect size to reduce the convincing-
ness of the subsequent results in linear and nonlinear meta-regression.
After prudent consideration, we chose to stratified analyses based
on the number of ACEs, rather than a dose-response meta-analysis
according to the protocol. The findings indicated that exposure to one,
two, and three or more ACEs increased the vulnerability of ADHD by
1.51, 1.99, and 2.87 times, suggesting that individuals exposed to mul-
tiple ACEs are more likely to develop ADHD. Analysis of the effects of
ACEs on specific core symptoms and subtypes of ADHD will contribute
to further understanding of the association between ACEs and ADHD.

This study contained a large population and wide geographical
variation that make the results representative, and targeted meta-
regressions and subsequent stratification and sensitivity analyses
enabled the findings to be more accurate and reliable. Potential limi-
tations should be noted: First, considerable numbers of cross-sectional
and case-control studies were included, and the information on expo-
sure to ACEs was collected when or after assessment of ADHD. Strong
causal claims cannot yet be made regarding the role of ACEs in the mor-
bidity of ADHD. Second, fewer included studies in the meta-analyses
for the association between some forms of ACEs and ADHD may
not enable reliable and convincing conclusions to be drawn in these
aspects. Third, the search strategies might have not covered all possible
forms of ACEs and no grey literature database was retrieved specially,
all of which may lead to bias. Fourth, the publication bias reduces the
persuasiveness of this study, in spite of the fact that we confirmed the
stability of the results by the leave-one-out method and the trim and fill
method sensitivity analyses.

In addition to all of these, we believe that several critical issues need
to be explored indepthin future research. Most importantly, the under-
lying protective factors that allow some individuals exposed to ACEs to
achieve better than expected adaptation outcomes need to be clarified.
Next, comorbidities in ADHD occur frequently, affecting the prognosis
of ADHD, and so little knowledge is already acquired about whether
and how ACEs might affect comorbidities in ADHD. Finally, there is a
paucity of research on the association between special forms of ACEs
and severity and clinical manifestation of subsequent ADHD. Research
in this field has positive implications for the prevention and treatment
of ADHD given the specificity of the toxic effects of ACEs.
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6 | CONCLUSIONS

This study indicates a negative effect of ACEs on ADHD, with the
effect size varying depending on the form of ACEs. Our findings sup-
port the hypothesis that ACEs are associated with ADHD to a certain
extent, especially for individuals who ever experienced multiple ACEs
and females.
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