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Association of Childhood Psychosocial
Environment With 30-Year Cardiovascular
Disease Incidence and Mortality in Middle
Age

Jacob B. Pierce ', BA; Kiarri N. Kershaw, PhD, MPH; Catarina |. Kiefe, PhD, MD; David R. Jacobs Jr, PhD;
Stephen Sidney, MD, MPH; Sharon Stein Merkin, PhD, MHS; Joe Feinglass, PhD

BACKGROUND: Childhood adversity and trauma have been shown to be associated with poorer cardiovascular disease (CVD)
outcomes in adulthood. However, longitudinal studies of this association are rare.

METHODS AND RESULTS: Our study used the CARDIA (Coronary Artery Risk Development in Young Adults) Study, a longi-
tudinal cohort that has followed participants from recruitment in 1985-1986 through 2018, to determine how childhood
psychosocial environment relates to CVD incidence and all-cause mortality in middle age. Participants (n=3646) completed
the Childhood Family Environment (CFE) questionnaire at the year 15 (2000-2001) CARDIA examination and were grouped
by high, moderate, or low relative CFE adversity scores. We used sequential multivariable regression models to estimate
hazard ratios of incident (CVD) and all-cause mortality. Participants were 25.1+3.6 years old, 47% black, and 56% female at
baseline and 198 participants developed CVD (17.9 per 10 000 person-years) during follow-up. CVD incidence was >50%
higher for those in the high CFE adversity group compared with those in the low CFE adversity group. In fully adjusted
models, CVD hazard ratios (95% Cl) for participants who reported high and moderate CFE adversity versus those report-
ing low CFE adversity were 1.40 (0.98-2.11) and 1.25 (0.89-1.75), respectively. The adjusted hazard ratios for all-cause
mortality was 1.68 (1.17-2.41) for those with high CFE adversity scores and 1.55 (1.11-2.17) for those with moderate CFE
adversity scores.

CONCLUSIONS: Adverse CFE was associated with CVD incidence and all-cause mortality later in life, even after controlling for
CVD risk factors in young adulthood.
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periences during childhood and adolescence is
increasingly recognized as having a profound
impact on cardiometabolic disease throughout the
life course.'® These experiences are thought to af-
fect emotional and behavioral regulation, predispos-
ing individuals to higher rates of behavioral

Exposure to adverse emotional or traumatic ex-

cardiovascular disease (CVD) risk factors that per-
sist into adulthood such as smoking, anxiety, de-
pression, and sedentary lifestyle.?4® Exposure to
adverse childhood experiences is associated with
myriad known clinical CVD risk factors including in-
creased body mass index, diabetes mellitus,®'" in-
creased blood pressure,'? vascular dysfunction,'®4
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CLINICAL PERSPECTIVE

What Is New?

e QOur study demonstrates that adverse childhood
family environment is associated with increased
risk of cardiovascular disease over extended
follow-up through middle adulthood in the
CARDIA (Coronary Artery Risk Development in
Young Adults) Study.

e Exposure to even moderate adversity in child-
hood is associated with significantly increased
risk for all-cause mortality in adulthood.

What Are the Clinical Implications?

e Childhood family environment has a significant
impact on risk for cardiovascular events and
mortality throughout an individual’s life course.

e Traditional cardiovascular disease risk factors
present in young adulthood may partially me-
diate the relationship between adverse child-
hood environment and cardiovascular disease
events.

Nonstandard Abbreviations and Acronyms

ACE adverse childhood experience

CARDIA Coronary Artery Risk Development in
Young Adults

CES-D Center for Epidemiological Studies
- Depression

CFE childhood family environment

CRP C-reactive protein

CVD cardiovascular disease

HR hazard ratio

and inflammation.'®'® However, studies of the as-
sociation between childhood adversity and CVD
morbidity and mortality outcomes have largely been
limited to cross-sectional and retrospective studies,
with  few longitudinal studies reporting CVD
outcomes.'

The purpose of this study was to investigate
whether exposure to an adverse childhood family
environment (CFE) is associated with increased inci-
dence of CVD events in a diverse population of men
and women in the CARDIA (Coronary Artery Risk
Development in Young Adults) cohort. To our knowl-
edge, this is the first large longitudinal cohort study
to examine the effect of adverse childhood environ-
ment on CVD events and mortality in a population
with extended follow-up through early and middle
adulthood.
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METHODS

Study Population

The CARDIA Study is a population-based epidemio-
logical study that enrolled 5115 participants in 1985-
1986 (year 0). The original cohort was 18 to 30 years
old at the time of enrollment and was designed to
achieve a balance of demographic variables includ-
ing race (black and white), sex, age, and education
level at each participating center. The cohort was
recruited from 4 urban areas in the United States:
Birmingham, Alabama; Chicago, lllinois; Minneapolis,
Minnesota; and Oakland, California. Further details
of study design and cohort recruitment have been
previously described elsewhere.'® One participant
dropped out of CARDIA. Participants were excluded
from our analyses if data were missing or incom-
plete for mortality, CVD outcome, or CFE question-
naire, or if participants were pregnant at the baseline
examination (3646 participants of 3672 participants
[99.3%] at the year 15 examination were included).
All study participants provided written informed con-
sent. Institutional review boards at each participat-
ing institution approved study protocols (University
of Alabama Birmingham, Northwestern University,
University of Minnesota, and Kaiser Permanente).
The data, methods, and study materials used in this
analysis are available to investigators upon request
at the CARDIA Coordinating Center for the pur-
poses of reproducing the results or replicating the
procedure.?®

Assessment of CFE

CFE adversity was assessed at the 2000-2001
CARDIA examination by in-person administration
of the Risky Families questionnaire.’’ The Risky
Families questionnaire was adapted from the Adverse
Childhood Experiences (ACEs) questionnaire® and
assesses how often respondents experienced 7 ele-
ments of family environment: parental love and sup-
port, verbal abuse, physical affection, physical abuse,
presence of alcohol/drug abuser in the home, how
well-organized and well-managed the household
was, and parental/guardian knowledge of what par-
ticipants were up to during childhood (specific item
wording available in Data $1).'" Participants indicated
the frequency at which they experienced each ques-
tionnaire item on a 4-point Likert scale. Previous
studies using the Risky Families questionnaire in the
CARDIA cohort have polarized questionnaire items
(score 0-3 for each item) and summed all responses
to create an overall score with each response option
weighted equally (range 0-21).1322 However, because
of the diversity in the nature of each questionnaire
item and the distribution of Likert scale responses
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across items, we did not assume that each incremen-
tal increase on the Likert scale reflected a propor-
tional exposure to trauma or adversity in childhood.
We therefore empirically dichotomized each item of
the 7-item questionnaire individually on the basis of
the severity of adversity in the questionnaire item.
ltems similar to those included in the original ACEs
questionnaire including those reflecting physical, ver-
bal, or emotional abuse; neglect; or exposure to drug
or alcohol abusers were dichotomized if respond-
ents reported any level of exposure. All other sur-
vey items were dichotomized at the midpoint of the
4-point Likert scale (see Supplementary Materials).
Cronbach’s a for the 4-point survey responses and
the dichotomized responses were 0.76 and 0.73,
respectively.

To measure overall CFE adversity, we grouped par-
ticipants by the sum of dichotomized questions that
constituted an adverse CFE (range 0-7) into low (0—T1;
49% of sample), moderate (2-3; 29% of sample), or
high (4+; 22% of sample) relative CFE adversity scores.
This distribution mirrors population-based ACEs
scores with an almost identical proportion of respon-
dents reporting high CFE adversity scores as those
reporting 3 or more ACEs, and the low CFE adversity
group reflecting the approximate proportion of individ-
uals reporting zero ACEs.?®

Covariates

Covariates used in multivariable analyses were as-
sessed at the baseline (year 0) examination in 1985-
1986 with the exception of depressive symptoms,
which was first assessed in 1990-1991 (year 5). To
better investigate the longitudinal effect of adverse
CFE on CVD and mortality outcomes throughout
adulthood, covariates from the baseline examina-
tion were included in multivariable analyses to ad-
just for adverse CVD risk factors at the examination
in closest proximity to participants’ exposure to ad-
verse CFE. Age, sex, race, recent unemployment,
smoking status, participant education, and high-
est reported parental education (in years of school)
were self-reported. The highest level of parental
education achieved by either parent was used in
multivariable analyses. Trained examiners collected
data according to a standardized protocol across
examination sites including height and weight used
to calculate body mass index, waist circumference,
and blood pressure, plus a venous blood sample for
analysis of total cholesterol, high-density lipopro-
tein, triglycerides, and fasting glucose. Depressive
symptoms were assessed using the Center for
Epidemiological Studies-Depression (CES-D) scale,
using the validated cutoff of CES-D >16 to define
depression.?*
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Assessment of Clinical Outcomes
Participants were contacted by telephone every year
and periodically completed an in-person CARDIA
examination (conducted in years O, 2, 5, 7, 10, 15,
20, 25, and 30) to inquire about vital status, recent
hospitalizations, outpatient medical procedures, and
other pertinent medical history items. CVD events and
mortality end points were reviewed and adjudicated
by 2 physician CARDIA investigators using participant
death certificates and medical records with a commit-
tee of physicians providing final adjudication in case
of disagreement. The primary outcome of our investi-
gation was a composite of CVD events that included
fatal and nonfatal myocardial infarction, non—-myocar-
dial infarction acute coronary syndrome, stroke, heart
failure, carotid artery disease, peripheral arterial dis-
ease, and other fatal atherosclerotic or CVD events.
Because the Risky Family questionnaire refers to par-
ticipants’ childhood experiences, we included non-
fatal CVD event outcomes that occurred before the
administration of the questionnaire at the 2000-2001
CARDIA examination. All-cause mortality was used as
a secondary outcome in this investigation. Participants
who did not have events during the follow-up period
were censored on the date of last contact or the last
CARDIA examination they attended.

Statistical Analysis

We used descriptive statistics and nonparametric
tests for trend to compare participants across differ-
ent CFE adversity groups at baseline following impu-
tation of missing covariates using multiple imputation
with chained equations.?>?® Because CFE has been
shown to be associated with many of these covariates
at baseline, we report results of both unadjusted and
adjusted analyses, noting that because these baseline
covariates are potential mediators of the association
between adverse CFE and CVD outcomes, full adjust-
ment for these baseline covariates may dilute the true
association between CFE and the outcome measures.
As a result, the fully adjusted results may provide a
conservative estimate of true effects.

A series of Cox proportional-hazards models was
then estimated to analyze the effect of CFE adversity
group and time to CVD events or mortality outcomes
independent of several known CVD risk factors. Model
1 examined the association between CFE adversity
groups and the outcome of interest. Model 2 was ad-
justed for demographic covariates: race, age, sex, and
examination center, which were then included in all sub-
sequent models. Models 3 through 5 were each ad-
justed for a set of baseline characteristics related to CFE
and CVD/all-cause mortality: socioeconomic status
(model 3; recent unemployment, personal education,
and parental education), clinical health status (model 4;
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smoking status, body mass index, waist circumference,
systolic and diastolic blood pressure, total cholesterol,
high-density lipoprotein cholesterol, triglycerides, and
fasting glucose), and year 5 psychological status (model
5; depressive symptoms). Model 6 was adjusted for all
covariates included in all previous regression models.
The Cox proportional hazards assumption was tested
and found to be appropriate for all models.

Post hoc analysis of CVD events was performed
to assess the frequency of different CVD events
that were included in the composite CVD out-
come. A nonparametric test for trend was used to
test for significance across CFE adversity groups.
Post hoc analysis was also conducted on individ-
ual CFE survey items to evaluate whether any 1 item
had a disproportionate impact on CVD event risk.
Additional sensitivity analyses were performed using

Childhood Psychosocial Environment and CVD

complete-case analysis for all Cox-proportional haz-
ards regression models. STATA/IC software version
15.1 (College Station, TX) was used for all statistical
analyses.

RESULTS

Of the 3672 participants who attended the year 15
examination, 26 (0.7%) were excluded as described in
Methods. Differences between excluded participants
and the study population on any other baseline char-
acteristics utilized in our analyses are shown in Table
S1, and for the 3646 study participants, imputed ob-
servations for missing socioeconomic, clinical health
status, and psychological characteristics are enu-
merated in Table S2. Participants (25.1+3.6 years old

Table 1. Characteristics of Study Sample in 1985-1986 by Childhood Family Adversity Score, Ascertained in 2000-2001:
CARDIA, 1985-2001
CFE Adversity Group
Study Low CFE Medium CFE High CFE
Population Range: 0-1 Range: 2-3 Range: 4-7
(n=3646) (n=1781) (n=1043) (n=822) P for Trend
Demographic characteristics
Age, y, mean (SD) 251 (3.6) 25.0 (3.6) 251 (3.7) 25.2 (3.6) 0.05
Black race, no. (%) 1716 (47.1) 806 (45.3) 527 (50.5) 383 (46.8) 0.24
Female sex, no. (%) 2036 (55.8) 977 (54.9) 575 (55.1) 484 (58.9) 0.08
Socioeconomic characteristics
Recent unemployment, No. (%) 1011 (27.7) 452 (25.4) 313 (30.0) 246 (29.9) <0.01
Participant education, no. (%)
<12y 1297 (35.6) 527 (29.6) 397 (38.1) 373 (45.4) <0.001
13-15y 1969 (54.0) 1025 (57.4) 552 (53.0) 391 (47.6) <0.001
=16y 380 (10.4) 229 (12.9) 93 (8.9) 58 (7.1) <0.001
Parental education, mean (SD), y* 13.7 (3.1) 14.0 (8.1) 13.4 (3.0) 13.2 (3.1) <0.001
Clinical characteristics
Current smoker, no. (%) 990 (27.2) 406 (22.8) 297 (28.5) 287 (34.9) <0.001
Body mass index, mean (SD), kg/m? 24.9 (6.3 246 (5.2 24.7 (5.1) 25.5(5.8) 0.08
Waist circumference, mean (SD), cm 78.5 (12.0) 78.1 (11.7) 78.3 (11.9) 79.4 (12.6) 0.29
Blood pressure, mean (SD), mm Hg
Systolic blood pressure 110 (10.8) 111 (10.2) 11 (11.7) 109 (10.8) 0.03
Diastolic blood pressure 69 (9.7) 69 (9.6) 69 (10.3) 68 (9.3 013
Serum biomarkers
Total cholesterol, mean (SD), mg/dL 177.5 (33.7) 176.8 (33.7) 176.4 (32.9) 179.9 (34.2) 0.39
HDL cholesterol, mean (SD), mg/dL 53.0 (13.3) 53.1 (13.3) 53.0 (13.3) 53.0 (13.2) 0.43
Triglycerides, median (SD), mg/dL 74.5 (52.6) 73.8 (50.0) 74.3 (57.1) 76.1 (51.8) 0.87
Fasting glucose, mean (SD), mg/dL 82.6 (16.6) 82.7 (18.7) 82.5 (15.4) 82.6 (13.6) 0.12
Psychological characteristics
Depressive symptoms, no. (%) 858 (23.5) 303 (17.0) 279 (26.7) 276 (33.6) <0.001

CARDIA indicates Coronary Artery Risk Development in Young Adults Study; CES-D, Center for Epidemiological Studies-Depression; CFE, childhood family

environment; and HDL, high-density lipoprotein.
*Highest number of years achieved by any parental figure.

fParticipants were classified as having depressive symptoms if CES-D score reached the validated cutoff of 16 or greater (range 0-60). CES-D was first

measured during the year 5 examination (1990-1991).

J Am Heart Assoc. 2020;9:e015326. DOI: 10.1161/JAHA.119.015326
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at year 0 [1985-1986], 47% black, 56% female) had
a mean (SD) CFE adversity score of 1.7 (0.8). Across
CFE adversity groups, there was a significant trend
towards lower socioeconomic status (higher rates of
recent unemployment and lower personal and paren-
tal education levels), higher rates of smoking, lower
systolic blood pressure, and higher rates of depres-
sive symptoms for individuals with higher CFE adver-
sity scores (Table 1). Individuals with high versus low
CFE adversity scores had higher body mass index
and waist circumference (both P<0.0001 by pairwise
testing; data not shown).

Over a median follow-up period of 30.9 years since
the YO examination, 198 participants developed CVD
(17.9 per 10 000 person-years). Those with moder-
ate and high CFE adversity scores had higher inci-
dence of CVD over the follow-up period (20.1 and
22.2 events/10 000 person-years, respectively) com-
pared with those with low CFE adversity scores (14.7
events/10 000 person-years; Table 2). Kaplan—-Meier
analysis for both CVD and all-cause mortality during
the respective follow-up periods demonstrated signifi-
cant separation in unadjusted survival curves (P=0.03
and P=0.001, respectively; Figure). In unadjusted Cox
regression analysis, those with high CFE adversity
scores were more likely to experience CVD than those
with a low CFE adversity score (hazard ratio [HR]=1.52;
95% CI, 1.08 to 2.14; Table 2). This relationship re-
mained significant in multivariable adjusted models
including those adjusted for demographic (HR=1.58;
95% ClI, 112-2.24), socioeconomic (HR=1.46; 95%
Cl, 1.08-2.07), clinical (HR=1.31; 95% ClI, 1.06, 2.14),

Childhood Psychosocial Environment and CVD

characteristics. The fully adjusted model, however,
was not statistically significant (HR=1.40; 95% ClI,
0.98-2.01). All demographic characteristics (black
race, male sex, examination center, and examination
age) were significantly associated with increased CVD
risk in model 2 (data not shown). In the fully adjusted
model, black race, examination center, older age,
lower participant education, smoking status, higher
systolic blood pressure, and higher fasting glucose at
the baseline (YO) examination were significantly asso-
ciated with greater risk of CVD. Interestingly, male sex
was not significantly associated with CVD incidence in
fully adjusted models. Depressive symptoms at year 5
were not significantly associated with CVD incidence
despite significantly higher rates of depressive symp-
toms in higher CFE adversity groups at baseline. Those
with moderate CFE adversity scores were not shown
to have greater risk for CVD events than those with low
CFE adversity scores.

Post hoc analysis of individual events that were
included in the composite CVD outcome demon-
strated that rates of coronary artery disease were
significantly higher as CFE adversity score increased;
3.8% of participants with high CFE adversity scores
experienced coronary artery disease during the fol-
low-up period compared with 2.7% and 1.9% of those
in the moderate and low CFE adversity score groups,
respectively (P<0.01; Table 3). Stroke, heart failure,
carotid artery disease, and peripheral artery disease
each occurred less frequently than coronary artery
disease and were not statistically significantly higher
across CFE adversity score groups. Participants who
did not participate in the year 15 CARDIA examination

and psychological (HR=1.53; 95% CI, 1.08-2.18)
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Kaplan-Meier curves for the unadjusted association between CFE adversity group and (A) incident cardiovascular

CARDIA indicates Coronary Artery Risk Development in Young Adults Study; CFE, childhood family environment; CVD, cardiovascular

disease; YO0, year 0; and Y15, year 15.
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Table 3. Frequencies of CVD Events in Each CFE Adversity Group: CARDIA, 1985-2018

CFE Adversity Group
Study Low Moderate High
Population Range: 0-1 Range: 2-3 Range: 4-7
Outcome, No (%) (n=3646) (n=1781) (n=1043) (n=822) P for Trend
All-cause mortality 201 (5.5) 72 (4.0 71(6.8) 58 (7.1) <0.001
All CVD events* 198 (5.4) 80 (4.5) 63 (6.0) 55 (6.7) 0.01
Coronary artery disease 93 (2.6) 34 (1.9) 28 (2.7) 31(3.8) <0.01
Ml 80 (2.2) 31 (1.7) 24 (2.3) 25 (3.0) 0.03
Non-Ml acute coronary 13 (0.4) 3(0.2) 4 (0.4) 6 (0.7) 0.03
syndrome
Stroke 72 (2.0) 27 (1.5) 28 (2.7) 17 (21) 0.19
Heart failure 60 (1.7) 31 (1.7) 17 (1.6) 12 (1.5) 0.60
Carotid artery disease 1(0.03) 1(0.06) 0 0 0.36
Peripheral artery disease 7(0.2 4(0.2) 1(0.9) 2(0.2) 0.94

CFE indicates Childhood Family Environment; CVD, cardiovascular disease; and MI, myocardial infarction.
*Participants with more than 1 CVD event were included in all categories for which CVD events occurred.

experienced similar rates of CVD events over the fol-
low-up period despite a higher mortality rate (Table
S3). Sensitivity analysis demonstrated that only 1
CFE survey item (“Did your family know what you
were up to?”) was independently significantly related
to increased CVD hazard in unadjusted and fully ad-
justed analyses.

Over the 15-year follow-up period since the ques-
tionnaire was administered at the Y15 examination,
201 participants died across all CFE adversity groups
(Table 3). Participants with moderate or high CFE
adversity scores also had higher rates of all-cause
mortality (43.9 and 45.5 deaths/10 000 person-
years, respectively) compared with participants
with low CFE adversity scores (25.8 deaths/10 000
person-years; Table 2). Unadjusted regression anal-
ysis demonstrated that moderate and high CFE
adversity groups were at greater risk for mortality
when compared with the low CFE adversity group
(HR=1.65; 95% CI, 119-2.30 and HR=1.77; 95%
Cl, 1.25-2.50, respectively). This finding was con-
sistent across all analyses, with the fully adjusted
model demonstrating a greater risk of mortality for
the moderate (HR=1.55; 95% ClI, 1.11-2.17) and high
CFE adversity group (HR 1.68; 95% ClI, 1.17-2.41)
when compared with the low CFE adversity group.
No notable differences were found in the mortality
regression models for the alternative CFE question-
naire cutoffs or in complete case analyses. Similar
to CVD incidence, all demographic characteristics
were significantly associated with mortality in model
2. In fully adjusted analysis, examination center,
older age, smoking status, higher systolic blood
pressure, and higher fasting glucose at the baseline
(YO) examination were significantly associated with
greater mortality (data not shown). Both race and

J Am Heart Assoc. 2020;9:e015326. DOI: 10.1161/JAHA.119.015326

sex were not significantly associated with mortality
in fully adjusted models.

DISCUSSION

We demonstrated that adults at an average age of
40 years who report high levels of childhood psycho-
social adversity are at increased risk for both CVD
events and death from any cause in early middle
adulthood. It is well established that childhood ad-
versity and trauma affect a broad array of cardiovas-
cular disease risk factors in young adulthood. After
adjusting for known CVD risk factors and multiple
socioeconomic and psychosocial factors in young
adulthood, sequential regression models demon-
strated that higher reported CFE adversity scores
were consistently associated with higher risk of both
mortality and CVD events, primarily coronary artery
disease over a follow-up period of nearly 30 years.
The relationship between CFE adversity and CVD
outcomes was no longer statistically significant in the
fully adjusted analysis, indicating that demographic,
socioeconomic, clinical, and psychological factors
may collectively partially mediate this relationship.
These results suggest that unfavorable childhood
psychosocial environment not only affects baseline
health in young adulthood, but also continues to
increase risk well into middle age. This is particu-
larly concerning given the remarkable prevalence of
childhood adversity; >20% of our sample reported
4 or more out of 7 indicators of adverse childhood
environment.

Our results agree with previously published data
that investigated the relationship between adverse
CFE (measured as a 4-point Likert score) and prev-
alence of traditional CVD risk factors in the CARDIA
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cohort. Loucks and colleagues demonstrated that
CFE was associated with increased carotid intima
media thickness in adulthood among white partici-
pants as well as an increased 10-year Framingham
CVD risk score in the CARDIA cohort.'®?? Several
other studies have used pathway analyses to re-
late adverse CFE to poorer metabolic health status,
higher blood pressure, and increased serum CRP
(C-reactive protein) in adulthood.’®'2! This study
extends these findings by demonstrating the rela-
tionship between negative CFE on 30-year CARDIA
outcomes.

Our results are also consistent with retrospec-
tive and cross-sectional survey studies conducted
in other adult cohorts.?”?® Adult self-reported child-
hood adversity, measured using ACEs questions,
was also found to be associated with higher odds of
CVD prevalence. Using a different scale, the original
ACEs study by Felitti and colleagues found adjusted
odds ratios of 2.2 for ischemic heart disease and
2.4 for stroke among all age adult participants who
reported 4 or more ACEs as compared with those
reporting none.?' One other longitudinal study in-
vestigated the relationship between childhood ad-
versity and incident CVD and mortality; in a Finnish
population with median follow-up of 6.9 vyears,
Korkeila and colleagues demonstrated mixed results
based on the type of adversity and sex of study par-
ticipants.?® With significantly longer follow-up, our
results demonstrate a strong association between
high levels of childhood adversity and incident CVD
even among middle-age adults. Strikingly, our re-
sults suggest that even moderate exposure to child-
hood adversity is associated with increased risk of
mortality by >50% in middle age as compared with
low adversity individuals. Stated simply, regardless
of health status in young adulthood, exposure to
childhood adversity poses a significant lifelong risk
for cardiovascular disease and death. Our data are
consistent with the hypothesis that high CFE ad-
versity score specifically affects the cardiovascular
system.

Several mechanisms may contribute to the greater
risk for CVD events in those with high CFE adversity
scores. Childhood adversity is knownto cause behav-
ioral dysregulation related to several known CVD risk
factors both in childhood and adulthood.® For exam-
ple, childhood trauma disrupts ability for children to
appropriately cope with and respond to emotionally
stressful experiences. As a result, individuals often
utilize calorie-dense foods as a mechanism to cope
with psychosocial stress, which contributes to the
development of obesity.”® Neuroendocrine and im-
mune pathways have also been shown to contribute
to the association between childhood adversity and
CVD outcomes. Toxic stress, abuse, and neglect in
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childhood is thought to alter hypothalamic-pituitary-
adrenal axis function®-%2 and cause an increase in
the volume and activity of the amygdala, the cen-
ter of the brain responsible for fear and emotional
regulation.®® Individuals subsequently experience
increases in the stress hormone cortisol and are
predisposed to increased levels of inflammation and
autonomic dysfunction.'®'78435 Analyses of partici-
pants in both the CARDIA and MESA (Multi-Ethnic
Study of Atherosclerosis) cohorts demonstrate that
lower socioeconomic status and black race are as-
sociated with negative changes in cortisol levels,
likely at least in part because of psychosocial stress
and experiences of discrimination across an individ-
ual’s life-course.®®:3” DeSantis and colleagues also
showed that the same factors are associated with
negative cortisol changes in adolescents.®® A re-
cent prospective study by Tawakol and colleagues
demonstrated that amygdalar activity as a result of
emotional stress in adults was associated with ar-
terial inflammation, and as a result, individuals with
high amygdalar activity experienced higher rates
of CVD events over 5 years of follow-up (HR=4.2,
P=0.001).%° This association was found to be sub-
stantially mediated by increased bone-marrow ac-
tivity and inflammation,®® which are known to be
upregulated as a result of emotional stress in both
children and adults.'”®840 A recent meta-analysis
demonstrated that individuals who experienced high
levels of childhood trauma had significantly higher
levels of several serum inflammatory markers includ-
ing CRP and IL-6," which have been shown to be
associated with increased cortisol*? and higher inci-
dence of myocardial infarction and stroke in recent
large clinical trials.*®44 It is likely that a portion of
the greater CVD risk in high CFE adversity groups is
because of increased levels of cortisol and inflam-
mation over the life course in addition to behavioral
risk factors.

The results of our study demonstrate that the pre-
vention and treatment of childhood adversity is an
important aspect of reducing adult cardiovascular dis-
ease, and despite the original ACEs study being pub-
lished >20 years ago, little attention has been paid to
the consequences of childhood adversity outside of
the pediatrics and mental health communities. To our
knowledge, no interventions have yet been developed
to explicitly address cardiovascular disease risk in in-
dividuals with remote histories of childhood trauma.
Further research is needed to elucidate the behav-
ioral and physiologic mechanisms pathways involved
with the response to childhood adversity. Additionally,
public assistance programs such as the Supplemental
Nutrition Assistance Program (SNAP) and Women,
Infants, and Children (WIC) are important in reducing
experiences of adversity among low income children
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in whom childhood adversity is more prevalent.*> For
older children and adolescents, many effective psy-
chosocial intervention programs exist that focus on the
development of coping strategies and normalization of
their experiences.*® These interventions may be effec-
tive ways to reduce CVD risk in those exposed to ad-
verse experiences in childhood, yet funding for these
programs remains tenuous and long-term effects of
psychosocial interventions on cardiovascular risk are
not well studied.

The present study was limited to those CARDIA
participants who survived to undergo the year 15
examination. As such, mortality events before year
15 examination could not be included in the anal-
ysis. Participants who did not complete the Y15
CARDIA examination likely represent participants
with higher CFE given their lower socioeconomic sta-
tus. Because they were excluded from the present
study, our results likely underestimate the true asso-
ciation between adverse CFE and CVD and mortality
outcomes. Additionally, retrospective self-reported
childhood environment may be subject to recall bias
by survey respondents, and a recent meta-analysis
has found poor agreement between prospectively
and retrospectively measured childhood maltreat-
ment.* However, it is unclear whether prospectively
or retrospectively measured childhood adversity is
a more accurate reflection of childhood adversity.
Additionally, adults may be more likely to under-
report major adverse events in childhood rather than
over-report, which may dilute the true effect of child-
hood adversity on CVD incidence and mortality pre-
sented in this study.“® Because our results are likely a
conservative estimate of the true risk associated with
adverse CFE, these results should be interpreted as
hypothesis generating. Finally, the present study is
not intended to justify the use of the Risky Families
questionnaire for screening patients for childhood
adversity and trauma.

Overall, this study demonstrates that exposure to
adversity and trauma during childhood—including
child abuse, neglect, and household dysfunction—is
associated with greater risk of incident cardiovascular
disease, primarily coronary artery disease. This associ-
ation was not statistically significant in the fully adjusted
model, suggesting that it may be partially mediated by
participants’ collective demographic, socioeconomic,
clinical, and psychological risk factors. By contrast, the
association between childhood adversity and all-cause
mortality remained statistically significant in the fully ad-
justed model, and individuals exposed to even moder-
ate adversity in childhood psychosocial adversity are at
greater risk for all-cause mortality. This study highlights
the importance of this critical developmental period on
cardiometabolic disease and risk of death over the en-
tire life course.
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Supplemental Methods

Each question was dichotomized in order to capture responses that best reflected childhood

adversity. Responses that were included in overall CFE adversity score are denoted with an “x”

in the table below.

Rarely or
none of the
time

Some or
little of the
time

Occasionally
or moderate
amount of
time

Most or
all of the
time

1 | How often did a parent or other adult in the
household make you feel that you were
loved, supported, and cared for?

(similar to ACEs questionnaire item 4)

2 | How often did a parent or other adult in the
household swear at you, insult you, put you
down, or act in a way that made you feel
threatened?

(similar to ACEs questionnaire item 1)

3 | How often did a parent or other adult in the
household express physical affection for you
such as hugging or other physical gesture of
warmth and affection?

(not reflected by an ACEs questionnaire
item)

4 | How often did a parent or other adult in the
household push, grab, shove, or hit you so
hard you had marks or were injured?
(similar to ACEs questionnaire item 2)

5 | Did you live with anyone who was a problem
drinker or alcoholic, or who used street
drugs?

(similar ACEs questionnaire item 8)

6 | Would you say that the household you grew
up in was well-organized and well-managed?
(not reflected by an ACEs questionnaire
item)

7 | Did your family know what you were up to?
(not reflected by an ACEs questionnaire
item)




Table S1. Characteristics of the study population versus excluded participants: CARDIA,

1985-86.

Participants
not assessed

Participants at Y15
Study excluded for CARDIA
Population | missing data examination
(n=3,646) (n=21) P value | (n=1,440) P value
Demographic characteristics
Age, mean (SD) 25.1 (3.6) 25.9(3.3) 0.27 24.3 (3.7) <0.001
Black race, No. (%) 1,716 (47.1) | 11 (52.4) 0.63 904 (62.8) <0.001
Female sex, No. (%) 2,036 (55.8) | 12 (57.1) 0.91 732 (50.8) 0.001
Socioeconomic characteristics
Recent unemployment, No. (%) 1,011 (27.7) | 8(38.1) 0.29 517 (36.0) <0.001
Participant education, No. (%)
<12 years 1,297 (35.6) | 7(33.3) 0.83 724 (50.3) <0.001
13-15 years 1,969 (54.0) | 11 (52.4) 0.88 607 (42.2) <0.001
>16 years 380 (10.4) 3(143) 0.56 109 (7.6) <0.001
Parental education, mean (SD), yr” 13.7 (3.1) 14.8 (3.0) 0.28 13.4 (3.0) <0.001
Clinical characteristics
Current smoker, No. (%) 990 (27.2) 8(38.1) 0.26 552 (38.8) <0.001
Body mass index, mean (SD), kg/m 24.9 (5.3) 25.6 (5.6) 0.35 24.4 (5.2) 0.24
Waist circumference, mean (SD), cm 78.5 (12.0) 80.0 (15.8) 0.37 77.4 (11.5) 0.19
Blood pressure, mean (SD), mm Hg
Systolic blood pressure 110 (10.8) 109 (11.5) 0.50 111 (11.2) 0.43
Diastolic blood pressure 69 (9.7) 68 (10.6) 0.64 68 (9.8) 0.28
Serum biomarkers
Total cholesterol, mean (SD), mg/dL | 177.5(33.7) | 180.6 (28.4) 0.66 174.9 (34.8) 0.01
HDL cholesterol, mean (SD), mg/dL | 53.0 (13.3) 51.8 (12.8) 0.60 52.8 (13.7) 0.26
Triglycerides, median (SD), mg/dL 74.5 (52.6) 70.3 (30.7) 0.82 73.6 (51.2) 0.48
Fasting glucose, mean (SD), mg/dL 82.6 (16.6) 79.5(9.22) 0.35 83.2 (20.7) 0.11
Psychological Characteristics
Depressive symptoms, No. (%)? 858 (23.5) 5 (23.8) 0.84 251 (28.9) <0.001

CFE, childhood family environment; dL, deciliter; HDL, high density lipoprotein; mg,
milligrams; No, number; SD, standard deviation; Y15, year 15
“Highest number of years achieved by any parental figure.

Participants were classified as having depressive symptoms if CES-D score reached the

validated cutoff of 16 or greater (range 0 to 60). CES-D was first measured during the year 5

exam (1990-91).




Table S2. Number of observations imputed for each baseline covariate.

Number of
Imputed
Baseline characteristic Values
Recent unemployment 8
Parental education 266
Current smoker 19
Body mass index 12
Waist circumference 14
Total cholesterol 26
HDL cholesterol 26
Triglycerides 27
Fasting glucose 125
Depressive symptoms 248

HDL, high density lipoprotein



Table S3. Frequencies of CVD events in included versus excluded patients: CARDIA, 1985-
2018.

Participants not
Participants assessed at Y15
Study excluded for CARDIA
population | missing data examination
Outcome, No (%) (n=3,646) (n=21) (n=1,440)
All-Cause Mortality 201 (5.5) 3(14.3) 234 (16.3)
All CVD events! 198 (5.4) 1(4.8) 81 (5.6)
Coronary artery disease 93(2.6) 1(4.8) 40 (2.8)
Myocardial infarction 80 (2.2) 1(4.8) 35 (2.4)
Non-MI acute coronary
syndrome 13 (0.4) 0 (0.0) 5(0.4)
Stroke 72 (2.0) 0 (0.0) 19 (1.3)
Heart failure 60 (1.7) 0(0.0) 27 (1.9)
Carotid artery disease 1 (0.03) 0 (0.0) 0 (0.0)
Peripheral artery disease 7(0.2) 0 (0.0 5(0.4)

CVD, cardiovascular disease; MI, myocardial infarction; No, number; Y15, year 15



