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Abstract

The aim of this systematic review and meta-analysis was to estimate the relationship between cumulative adverse childhood
experiences (ACEs) and myocardial infarction (MI) in adulthood and to examine the role of potential confounding factors
that may have contributed to the association. Studies examining the association of cumulative ACEs with MI among adults
were identified by searching PubMed/MEDLINE, PsycINFO, ScienceDirect, and ProQuest Dissertations and Thesis. Indi-
vidual estimates of odds ratios were pooled using random effects meta-analysis. Articles were pooled separately according to
whether findings were adjusted for sociodemographic factors, cardiovascular disease (CVD) risk factors, and psychological
factors. Several moderators were also examined: age, gender, race/ethnicity, type of MI assessment, type of cumulative ACEs
assessment, and quality assessment of included studies. A total of 10 eligible studies met our inclusion criteria. The pooled
ORs for the magnitude of the relationship between ACEs and MI were OR =1.88; 95% CI, 1.40-2.53, before adjustment for
CVD risk factors, and OR =1.78; 95% CI, 1.24-2.57, after adjustment for CVD risk factors. The association between ACEs
and MI was OR =2.09; 95% CI, 1.43-3.06, after further adjustment for psychological factors. Effect sizes were larger when
studies included participants predominantly over 55 years of age than younger participants. Cumulative ACEs is associated
with an increased risk of MI in adulthood. However, further prospective studies are needed to better understand potential
moderators that attenuate or amplify observed relations.

Keywords Cardiac disease - Childhood trauma - Cumulative trauma - Meta-analysis - Myocardial infarction - Systematic
review

ACE:s are some of the most intensive stressors and traumatic
events that occur during the first 18 years of a child’s life.
They may be defined and characterized as recurring child-
hood maltreatment (physical, emotional, and sexual abuse,
and neglect), household dysfunction (witnessing violence
between parents or caregivers, parental separation, incarcera-
tion or substance abuse of a household member, mental ill-
ness, and attempted or complete suicide by a family member),
and community violence that deprive the sense of stability,
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safety and development of a child (World Health Organiza-
tion [WHO], 2018). In 1998, Felitti and his colleagues pio-
neered new thinking in an emerging area of research with
their landmark study in which they investigated the impact
of adverse childhood experiences (ACEs) on later-life health
and well-being (Felitti et al., 1998). The seminal work would
pave the way for a series of subsequent studies that have each
contributed to our understanding of the harmful effects of
ACEs on mental and physical health in adulthood, includ-
ing the relationship between these experiences and increased
risk for poor cardiovascular health outcomes in adulthood.
Despite the well-documented associations between the indi-
vidual contribution of some form of ACEs (physical abuse,
emotional abuse, and neglect) and cardiovascular diseases
(CVD) in adulthood (Norman et al., 2012), there are no sys-
tematic reviews summarizing specifically the relationships
between cumulative ACEs and the onset of MI (or heart
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attack); a coronary heart disease that affects nearly 790.000
people each year, in the United States (Benjamin et al., 2017).

Given ample evidence demonstrating that multiple form
of maltreatment frequently co-occur (Dong et al., 2004a, b),
a better understanding of how cumulative ACEs influence
MI risk is of high importance as it could potentially play a
critical role in assessing cardiovascular disease risk. Thus,
the primary aim of the present review is to estimate the asso-
ciation between cumulative ACEs and the risk of onset of MI
in adulthood. A secondary aim is to evaluate factors that may
modify this association, including participants’ demographic
characteristics (age, gender, race/ethnicity), type of ACEs
measurement, type of assessment of MI, and adjustment or
not for CVD risk factors or mental health factors. Finally,
we conclude by discussing identified limitations of the data
collected and suggest future research directions.

Method
Protocol and Registration

This systematic review was registered with PROSPERO
(Number: CRD42020184362) in an effort to avoid unnec-
essary replication of this project.

Study Identification and Selection

A literature search for all articles pertaining to these two issues
was performed according to PRISMA (Preferred Reporting
Items for Systematic reviews and Meta-Analyses) guidelines.
Three electronic bibliographic databases (PubMed/Medline,
PsycINFO and ScienceDirect) were consulted using the fol-
lowing keywords/phrases in various combinations: ‘adverse
childhood experiences’ OR ‘cumulative ACEs’ OR ‘early
trauma’ OR ‘childhood abuse’ AND ‘myocardial infarction’
OR ‘heart attack’ OR ‘MI” OR ‘acute coronary syndrome’, and
all equivalent terms in the French language. ProQuest Disserta-
tions and Theses will also be investigated for unpublished trials
(a form of grey literature).

Study Inclusion Criteria and Evaluation

The articles selected for this review included cross-sectional
and prospective studies, published in English or French
between January 1, 1988 and August 31, 2019. Publications
on adult myocardial infarction (MI) involving measures for
cumulative ACEs (i.e., an index that included at last three
adverse childhood experiences) were included. Investiga-
tions on MI in children or adolescents were excluded, as well
as studies on other forms of cardiovascular disease such as
stroke, congenital heart disease or high blood pressure. We
additionally excluded investigations on relatives of people
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who have suffered from MI or those studies that used ani-
mal models. We excluded also studies that measured single
items of adversity (e.g., sexual abuse). It should be noted
that some studies refer to MI as acute coronary syndrome
(ACS) or ischemic heart disease (IHD). For the purposes
of the present review, these terms are used interchangeably.

Data Extraction and Analysis

All articles identified by the initial search strategy were eval-
uated by two authors (MJS and MJB) to ensure that inclusion
criteria were met. Data extraction for the included studies
was then performed by the first author (MJS). The follow-
ing aspects of each study were then identified, abstracted,
and analyzed: 1) first author, year of publication, country of
publication, 2) sample size; sample demographics (age, sex
[i.e., % of women], race/ethnicity [i.e., % of white/no His-
panic]) 3) study design (prospective vs. retrospective report
of MI); 4) methods of assessment performed to measure
cumulative ACEs and whether cumulative adversity measure
included abuse household dysfunction (defined as domestic
violence, substance use, mental illness, and incarceration),
5) measurement of MI (independently-assessed disease [i.e.,
outcomes assessed in a laboratory and/or medical setting
or diagnosis made by a healthcare provider and indexed in
national registers, hospital registers, or medical records]) vs.
self-report of a previous diagnosis made by a physician or
other healthcare provider); and 6) type of covariates included
in analytic models, including traditional risk factors for CVD
(e.g., body mass index (BMI), smoking, alcohol use, diet,
physical activity, diabetes), and psychological risk factors
for CVD (e.g., depression). A list of study characteristics for
investigations conducted on the relationship between cumu-
lative ACEs and subsequent MI are presented in two tables
(Supplementary Tables S1 and S2).

Statistical Methods

To examine the association between cumulative ACEs and
MI, a meta-analysis was carried out when there were more
than three studies; otherwise, findings were described
narratively. Effect sizes were extracted and reported as
odds ratios (OR), or as hazard ratios (HR) and the related
95% confidence intervals (95% CIs) were extracted from
or calculated for each of the included studies. OR was
used because 9 of the available studies used it to estimate
associations and HR was used because 1 study used HR
in their results. Given differences in the interpretation of
OR versus HR and the inability to harmonize these effect
sizes statistically, these effects were pooled separately, as
has been the case in another meta-analysis (Bhattacharjee
et al., 2013). The direction of effects was consistently
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coded such that values indicate a relationship between
increased exposure to cumulative ACEs and greater risk
of MI.

It is common for studies examining cumulative ACEs to
test multiple comparisons within the same group (e.g., 0
adversities vs. 1-2 adversities vs. 3—4 adversities), then the
most extreme comparison was retained. Eight studies used
an extreme groups approach with a reference group of 0
adversities (OR studies: k="7; HR studies: k=1). Only two
studies did not use the extreme group approach. Instead,
these studies analysed dose—response associations between
a total ACEs severity score from an adversity scale without
a reference group and MI.

We generated forest plots showing the ORs and 95%
ClIs for each study, and the overall random-effects pooled
estimate. We used visual inspection of forest plots and
conducted the Cochran Q test and the I statistic to evalu-
ate heterogeneity among studies. The values of I? metric
25%, 50%, and 75% were considered as low, medium, and
high heterogeneity. If there were significant heterogeneity
among studies (>50%), then moderators were examined
as a potential explanation for variability of effect size. To
test for sources of heterogeneity for our primary outcome,
we performed mixed-effects subgroup analyses, in which
random-effects models were used to combine studies within
subgroups, that compared pooled ORs separately for articles
by quality assessment (poor, fair, or good quality), types of
patients (e.g., age, gender, race/ethnicity), ACEs measure-
ment, method of MI measurement, and inclusion of possible
confounders in their adjusted analyses. More specifically,
we pooled studies according to inclusion of 1) sociodemo-
graphic factors, 2) sociodemographic factors and risk factors
for CVD, and 3) all this factors and psychological factors as
a covariate.

We explored risk of publication bias using visual inspec-
tion of funnel plots (plots of effect estimates against its
standard error) when sufficient studies (at least four sam-
ples) can be included in the meta-analysis. Publication bias
may lead to asymmetrical funnel plots. Inn addition, we
will be assessing the potential for publication bias to have
influenced the results of this meta-analysis by calculating
the 'Fail-Safe N'. The ‘Fail-Safe N’ quantifies the number
of null studies (i.e. studies without statistically significant
results) that are needed to alter a meta-analytical result
from statistically significant to statistically non-significant.
The Fail-Safe N functions as a measure of robustness as it
quantifies the number of studies that are needed to change
results, with a low number being indicative for low robust-
ness. If the fail-safe number exceeds the critical value of
5 k+ 10 (k=number of studies), the meta-analytic finding
is considered robust. Conversely, if the fail-safe number falls
below this critical value, a publication bias problem may
exist (Orwin, 1983; Rosenthal, 1995).

Pooled effect sizes, moderator and publication bias anal-
yses were conducted using Comprehensive Meta-Analysis
Software, Version 3.0 (Borenstein et al., 2013).

Quality Assessment

The tools used to evaluate each study were the National
Heart, Lung and Blood Institute (NHLBI) Quality Assess-
ment Tool for Observational Cohort and Cross-sectional
Studies (NHLBI, 2014). The methodological criteria
for evaluate cohort and cross-sectional studies included:
research question, population definition, participation rate,
recruitment, sample size, analysis, timeframe, exposure
levels, measures and assessment, outcome measures and
blinding, loss to follow-up, and confounding variables. Each
study was rated as either good (i.e., most criteria met with a
low risk of bias), fair (i.e., some criteria met with a moderate
risk of bias), or poor (i.e., few criteria met and with a high
risk of bias). Rating of studies was independently performed
by two reviewers (MJS and CLT), and inconsistencies were
resolved by consensus or by consulting a third researcher
(MIJB).

Results

The initial search identified 667 potential studies, of which
166 duplicates and publications not written in either English
or French were excluded, and 461 articles were excluded
after screening based on the title and abstract for eligibility.
At the end of this first stage, 38 studies were retained and
read in full. Nine articles, identified from the bibliographic
indexes, were included. As a result of these readings, 37 arti-
cles were excluded. A total of 10 articles met the inclusion
criteria and were included in the present literature review.
The search strategy and reasons for excluding articles are
presented in Fig. 1.

Characteristics of the Included Studies

Detailed characteristics of the included studies and the par-
ticipants are summarized in Table 1. Ten studies included
in this review examined relationship between exposure
to cumulative potentially traumatic events before the age
of 18 and risk of MI in adulthood: 9 OR studies (total
N=244.175), and 1 HR studies (total N=3.882). Nine stud-
ies were conducted in the United States, and one study was
conducted in United Kingdom. The samples ranged from
394 to 79.810 participants and were largely made up of
women. Four studies included more than 50% of participants
over 55 years old. Of the 9 studies with racial information,
8 studies included more than 60% of white, no-Hispanic
participants.
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Fig. 1 Flow diagram of the
literature search strategy fol-
lowing the Preferred Reporting
Items for Systematic Reviews

Records identified through database searching (PubMed, PsycINFO,

ScienceDirect, ProQuest Dissertations and Theses) (n= 667)

and Meta-Analyses (PRISMA)

!

guidelines

Duplicate records and articles not written in English or French excluded

(n= 166)

Excluded by title and abstract
(n =461)

Full-text articles assessed for eligibility (n = 38)

Potentially relevant

records retrieved from

Full-text articles excluded (n = 37)

-No statistical test between
cumulative ACEs and Ml in

other sources (n = 9)

adulthood (n = 4)

- No assessment of childhood
exposure to cumulative ACEs (n =
4)

- the measurement of cumulative
ACEs did not include at least 3
types of ACEs (n=1)

-Not specifically related to MI (n =
28)

Studies included in the quantitative synthesis (meta-analysis) (n = 10)

Evaluation of Measures

All studies evaluated cumulative ACEs retrospectively using
validated assessment instruments. These included the Adverse
Childhood Experiences (ACEs) developed by Kaiser Perma-
nent and the Centers for Disease (Centers for Disease Control
and Prevention, 2020), the Childhood Trauma questionnaire
(CTQ), and the Early Trauma Inventory — Self Report (ETI-
SR) for measuring childhood abuse (Bremner et al., 2000).
Cumulative ACE were systematically studied in relation to the
assessment of subsequent occurrence of MI. Assessments of
this cardiovascular event largely rely on patient self-reporting
(k=28) and less frequently medically confirmed on the basis
of physician reports, included in the patient's medical record
(k=2). A number of studies additionally included assessments
of CVD risk factors (k=3), and assessments of psychologi-
cal factors such as depression or posttraumatic stress disor-
der (PTSD) (k=2) most likely to be involved in the asso-
ciation between exposure to potentially traumatic events and
increased risk of subsequent MI. Nine of these studies were
cross-sectional and only one measured MI prospectively (see
Supplementary Table S2).

@ Springer

Evaluation of Quality of Studies and Risk of Bias

Results from evaluation of quality of studies are presented
in Supplementary Table S3. Most of the studies were of
intermediate quality (90%; 9/10), and 10% (1/10) were of
high quality. The main limitations of the studies were the
lack of objective outcome measures (cardiac events were
self-reported by participants in 8 studies), and the retro-
spective assessment of the ACEs in all studies, and of MI
in 9 of 10 studies with respect to the risk of recall. Only
one study reported that the outcome assessors blinded to
the exposure status of participants. Considering ACEs as
the exposure status of participants, and MI as a conse-
quence of exposure status, blinding of outcome assessors
to the exposure status of participants was not possible in
most studies because participants are themselves outcome
assessors (they provide self-reported outcome data and
assess whether or not the cardiac event occurred) and are
aware of their exposure status (they provide self-reported
ACEs). Common strengths included accurate description
of objectives, large sample sizes, and inclusion of several
covariates in the analytic models.
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Principal Findings

The principal findings of studies that examined the asso-
ciation between cumulative ACEs and MI in adulthood are
shown in Table 1. These results are presented in several sta-
tistical formats such as hazard ratio (HR), or odd ratio (OR).
Only one study reported HR findings (Bellis et al., 2015).
In this study conducted on a sample of 3.882 participants
representative of the UK population, including 54% women,
a statistically significant association was observed between
cumulative ACEs and MI, after adjustment for demographic
and socioeconomic factors (HR=2.11; 95% CI, 1.59-6.24).
Nine studies reported results in the form of odd ratios (ORs).
Eight of these studies reported results unadjusted or adjusted
for sociodemographic variables (age, gender, ethnicity, edu-
cation level, etc.). Three studies reported findings adjusted
for sociodemographic variables and traditional risk factors
for CVD (smoking, high blood pressure, diabetes, etc.), and
two studies reported results adjusted for both sociodemo-
graphic variables, CVD risk factors, and psychological fac-
tors such as depression.

A meta-analysis was performed on 9 studies for which an
OR and its precision estimates were available or calculable.
The results revealed that exposure to cumulative ACEs were
associated with increased risk for MI, before adjustment for
CVD risk factors. The random-effects model yielded an
aggregated OR of 1.88 (95% CI, 1.40-2.53) (a forest plot
is available as Fig. 2). Heterogeneity between estimates was
high (Q=24.95; P=.0008; I*=72).

Publication Bias

Visual inspection of the funnel plot of studies focusing on
cumulative ACEs included in the meta-analysis indicated

that publication bias was probable (see funnel plot, Fig. 3).
However, there was no statistical evidence of publication
bias, as the fail-safe N (number of studies with null findings
that would be needed to increase the p-value of the meta-
analysis to>.05) was 129. Moreover, Orwin’s fail-safe N
suggested that 117 studies with null findings would yield a
trivial odd ratio of less than 1.04.

Possible Moderators

Gender There are sex differences in exposure to childhood
maltreatment and in cardio metabolic outcomes. The inci-
dence of MI was higher in men than in women (Millet et al.,
2018) and women have significantly higher ACEs than men
(Giano et al., 2020). We conducted an exploratory meta-
regression analysis to determine whether an association
between the gender compositions of each study sample and
its estimate of the association between cumulative ACEs and
MI by coding each study for the proportion of women. Stud-
ies ranged from O to 60% women. In the included studies, the
OR in those included more than 50% of women (k=7) was
1.81 (95% CI, 1.13-2.91) whereas the estimate for those that
included 50% or less (k=2) was 1.62 (95% CI, 1.42-1.84).
Although underpowered to detect a significant difference, a
mixed effects analysis suggested no difference in the associa-
tion of ACE:s to incident MI according to the gender compo-
sition of the studies (Q=.21; P=.65).

Age The prevalence of myocardial infarction has been shown
to increase with age, in both men and women (Rodgers et al.,
2019). We conducted an exploratory meta-regression analysis
to determine whether an association between the age composi-
tions of each study sample and its estimate of the association
between cumulative ACEs and MI by coding each study for

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% Cl IV, Random, 95% CI
Camphell {20186) 06206 01711 155% 1.86[1.33, 2.60] =
Chanlongbutra {2018) 03293 01287 17.0% 1.3901.08,1.79] =
Chou {2019) 11181 046227 58% 3.0511.08, 8.50] —
Dong (2004) 1.2809 0202 14.4% 360[2.42, 5.35] —
Felitti {1998) 0.7885 02669 120% 2.20101.30, 3.71] a—
Gilbert (2015) 06419 02877 11.3% 1.90101.08, 3.34] —
Iniguez (2016) -0478 0393 B83% 0.621[0.29,1.34] T
Rooks {2015) 06627 01646 157% 1.941.41, 2.68] —
Total {95% CI) 100.0% 1.88 [1.40, 2.53] ¢
Heterogeneity: Tau®=0.12; Chi*=24.95, df=7 (P=0.0008); F=72% 'U.m 011 110 le

Test for overall effect Z2=4.22 (P = 0.0001)

Lower risk Higher risk

Fig.2 Forest plot of the association between cumulative adverse childhood experiences (ACEs) and myocardial infarction in adulthood, before
adjustment for cardiovascular disease risk factors. CI = Confidence interval. Diamond represents the summary estimate and associated 95% CI
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Fig.3 Funnel plot of Odds Ratio of studies that investigated the association between cumulative adverses childhood experiences (ACEs) and

risk of myocardial infarction in adulthood

the proportion of participants who were more than 55 years
old. In the included studies, the OR in those with more than
50% of participants over the age of 55 (k=4) was 2.34 (95%
CI, 1.70-3.23) whereas the estimate for those that included
less than 50% of them (k=5) was 1.43 (95% CI 1.10-1.88).
Although underpowered to detect a significant difference, a
mixed effects analysis suggested no difference in the asso-
ciation of ACEs to incident MI when the composition of the
studies with respect to the age of the participants was taken
into account. (Q=5.42; P=.02).

Race/ethnicity Children of different races and ethnici-
ties do not experience ACEs equally. In the United-States,
61% of black non-Hispanic children and 51% of Hispanic
children have experienced at least one ACE, compared
with 40% of white non-Hispanic children and only 23%
of Asian non-Hispanic children (Sacks & Murphey, 2018).

@ Springer

Moreover, some studies suggest that minority race/ethnicity
status is associated with increased risk for MI (Chi et al.,
2020; Simon & Ho, 2020). We conducted an exploratory
meta-regression analysis to determine whether an associa-
tion between the racial compositions of each study sam-
ple and its estimate of the association between cumulative
ACEs and MI by coding each study for the proportion of
its participants who identified as non-Hispanic White.
Studies ranged from 2-100% non-Hispanic white. In the
included studies, the OR in those included more than 70%
of non-Hispanic white (k=6) was 1.81 (95% CI, 1.13-2.91)
whereas the estimate for those that included 70% or less
(k=2) was 1.62 (95% CI, 1.42-1.84). Although under-
powered to detect a significant difference, a mixed effects
analysis suggested no difference in the association of ACEs
to incident MI according to the racial composition of the
studies (Q=0.21; P=.65).
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Measurement of Cumulative ACEs Cumulative ACEs were
not consistently considered in all studies. In some studies,
household dysfunctions were considered among cumulative
ACEs, while in other studies they were not. In the included
studies, the OR in those included household dysfunctions
among cumulative ACEs (k=7) was 1.84 (95% CI, 1.10-
2.60) whereas the estimate for those who did not (k=2)
was 1.59 (95% CI, 1.16-2.26). Although underpowered
to detect a significant difference, a mixed effects analysis
suggested no difference in the association of cumulative
ACEs to incident MI according to the inclusion or exclu-
sion of household dysfunctions among the cumulative ACEs
(0=0.35; P=.55).

Type of Ml Assessment It may be that the method for deter-
mining a MI “case” (i.e., independently assessed disease
[i.e., outcomes assessed in a laboratory and/or medical set-
ting or diagnosis made by a healthcare provider and indexed
in national registers, hospital registers, or medical records])
vs. self-report of a previous diagnosis made by a physi-
cian or other healthcare providers) influences the estimate
of MI prevalence. In the included studies, the OR in those
that assessed MI independently (k=3) was 1.33 (95% CI,
0.86-2.07) whereas the estimate for those that used self-
reported assessment (k=6) was 2.10 (95% CI, 1.51-2.93).
Although underpowered to detect a significant difference, a
mixed effects analysis suggested no significant difference in
the association of cumulative ACEs to incident MI by type
of MI assessment (Q=2.65; P=.10).

Quality Assessment In the intermediate quality studies
(k=38), the OR was 1.88 (95% CI 1.40-2.53), while in the
good quality study, the OR was 1.53 (95% CI 1.27-1.83). A
mixed effects analysis suggested no significant difference in
the association of cumulative ACEs to incident MI by qual-
ity studies (Q=3.10; P=.07).

Subgroup Analyses

Adjustment for CVD Risk Across 3 studies (N=18.342),
results revealed that exposure to cumulative ACEs was
significantly associated with increased risk for MI, after
adjustment for health behavioural factors. The random-
effects model yielded an aggregated OR of 1.78 (95% CI,
1.24-2.57, p=.002). There was also high significant hetero-
geneity in the CVD risk-adjusted estimates (Q=8.313; P=
016; >=75.943).

Adjustment for Psychological Risk Factors There are well
established associations between childhood adversity and
the increases the risk of mood disorders (Green et al.,
2010), which are widely recognized as increasing the risk
for the subsequent onset of heart disease and other chronic

conditions (Goldstein et al., 2015; Nicholson et al., 2006).
The aggregate OR for the 2 psychological risk-adjusted
estimates (N=17.899) in a random effects model was 2.09
(95% CI, 1.43-3.06). There was also significant heterogene-
ity in the psychological risk-adjusted estimates (Q =2.067,
P=.15; ’=51.628). All studies that adjusted for psycho-
logical did so after adjustment for clinical and traditional
CVD risk factors. The method used for assessing psycho-
logical factors, such as depression are given in Supplemen-
tary Table S2.

Discussion

On the basis of the pooled analysis of OR, it was found
that cumulative ACEs is associated with an 88% increase in
risk for incident MI before adjustment for CVD risk factors
across 8 studies comprising more than 240.000 participants.
After further adjustment for CVD risk factors, and further
adjustment psychological factors, we found that associa-
tions between cumulative ACEs and MI were also positive
and statistically significant. In the only study reporting HR
results, the magnitude of the relation between cumulative
ACEs and MI was HR=2.11; 95% CI, 1.59-6.24, after
adjustment for demographic and socioeconomic factors.
Although these findings and conclusions seem to be rela-
tively consistent and robust, they should be interpreted con-
sidering a number of limitations of our analysis.

This meta-analysis may be subject to publication bias
because non-significant findings are less likely to be pub-
lished. This problem is increased when statistical models
are employed because often only significant estimates are
reported in many studies. This may result in the association
between cumulative ACEs and MI being overstated.

The analysis also suffers from inconsistencies in how
cumulative ACEs are defined across the studies, as shown in
Table 1. Indeed, cumulative ACEs in the CTQ-based study
comprised sexual, physical and emotional abuse, as well as
physical and emotional neglect (Roy et al., 2010), whereas
in other studies, cumulative ACEs also included various
forms of household dysfunction such as parental divorce/
separation or incarceration of a family member. Cumulative
ACEs could therefore refer to a variety of situations that
differ between studies and thus may not have the same poten-
tial effects on cardiovascular health. The harmful nature of
some of the events included in the cumulative ACEs could
be clarified by considering each of them individually to
determine whether they adversely affected cardiac health
or, conversely, whether they were protective or had little
or no impact at all. It should also be noted that measuring
the degree of exposure to maltreatment or other potentially
traumatic experiences is commonly based on dichotomous
questions (i.e., “yes” or “no” questions), without taking into
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account the duration or chronic nature of the exposure in
question, the severity of the events to which the child has
been exposed, the specific role of his or her potential abuser
(e.g., a family member) and the child’s age when the expo-
sure occurred. However, these variables may have a spe-
cific impact on the development of ischemic heart disease.
Another aspect to consider is the fact since most data on
cumulative ACEs are retrospective and self-reported, par-
ticipants may not be able to recall such events (traumatic
amnesia) or may not wish to report having been victimized
for various reasons (shame, embarrassment). These recall
biases could be correlated with an underestimation of the
frequency of trauma exposure and perhaps explains some
conflicting results (Iniguez & Stankowski, 2016). Similarly,
data on coronary heart disease, also retrospective and self-
reported, are likely to be underestimated or overestimated.
We dealt with this issue in the meta-analysis by performing
subgroup analyses (independent assessment versus self-
reported MI). Circumventing these methodological biases
could be achieved by integrating into the research assess-
ments aimed an in-depth objectification of coronary heart
disease based on specific tests or reliable diagnostic data.
On this basis alone, further epidemiological research is still
needed to better understand the possible association between
cumulative ACEs and ischemic heart disease. Possible future
investigations might include, for example, a thorough assess-
ment of both the nature and duration of exposure to trau-
matic events during childhood and adolescence based on
self-reported data and from other sources (medical, social,
legal), in conjunction with a joint prospective assessment of
psychological, behavioral and clinical risk factors for MI. An
additional line of questioning might examine if the degree
of risk of developing MI is different according to age, for
men and women exposed to cumulative ACEs, and whether
minority race/ethnicity modifies the association of cumula-
tive ACEs with incident MI. Although our study showed a
significant evidence of age in the cumulative ACEs/MI asso-
ciation, but no significant evidence of gender, race/ethnicity
differences in this association, the lack of age, gender or
racial/ethnic diversity both across and within studies high-
lights the need for future research in this area. Such future
investigations would allow for a more detailed understanding
of the complex nature of the mechanisms underlying the link
between early potentially traumatic events and heart disease,
and ultimately would bring us closer to identifying at-risk
populations with the view of providing appropriate and
timely care. Another limitation of our meta-analysis is that
the influence of confounding variables cannot be fully evalu-
ated. While most studies presented multivariable adjusted
ORs controlling for a range of socio-demographic and study
design variables, very few studies presented associations
between cumulative ACEs and MI controlling for age and
sex only, or for CVD risk factors, and psychological factors.

@ Springer

We again dealt with this issue in our meta-analysis by carry-
ing out separate analyses depending on data availability. Fur-
thermore, we cannot exclude that residual confounding or
unmeasured potential confounders may still remain. In this
regard, research indicates that several protective factors can
prevent or ameliorate the negative effects of ACEs (Moore
& Ramirez, 2016). A positive, supportive relationship with
one or more adults is of primary importance. Studies show
that children with secure attachment relationships with their
caregiver(s) are better able to regulate their responses to
upsetting situations, compared to children with less secure
caregiver attachments (Shonkoff et al., 2005). In addition to
supportive relationships, a child’s own intrapersonal skills
can be a buffer to the effects of ACEs. Children who have
experienced ACEs but demonstrate adaptive behaviours,
such as managing their emotions, are more likely to have
positive outcomes (Bethell et al., 2014). In view of these
features, it might be interesting to identify factors that may
contribute to reducing or protecting against the negative
effects of cumulative ACEs on cardiac health. Despite evi-
dence of associations between cumulative ACEs and MI,
further studies are needed that ensure adequate adjustment
for lifetime confounders, and to better understand the burden
that would be attributable to them.

Conclusion

Taken together, the studies examined in the present sys-
tematic review support the fact that early life exposure to
cumulative ACE:s is a risk factor for subsequent develop-
ment of ischemic heart disease, such as MI. Further research,
nonetheless, is still needed to identify in more precise terms
the mechanisms involved in the direct association between
exposure to cumulative potentially traumatic situations dur-
ing childhood or adolescence and the subsequent occurrence
of MI as well as protective factors of the effects of early
adverse experiences. These complementary studies can pro-
vide a fruitful area of research that could effectively inform
interventions.
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