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ORIGINAL RESEARCH

Association of Exposure to Abuse, Nurture, 
and Household Organization in Childhood 
With 4 Cardiovascular Disease Risks 
Factors Among Participants in the CARDIA 
Study
Liliana Aguayo , PhD, MPH; Diana A. Chirinos, PhD; Nia Heard- Garris, MD, MSc; Mandy Wong , MS; 
Matthew M. Davis, MD, MAPP; Sharon Stein Merkin, PhD, MHS; Teresa Seeman, PhD;  
Kiarri N. Kershaw , PhD

BACKGROUND: We investigated associations of childhood abuse with 4 cardiovascular disease risk factors in adulthood, and 
whether exposure to nurturing and household organization in childhood mitigated these associations.

METHODS AND RESULTS: The CARDIA (Coronary Artery Risk Development in Young Adults) study (baseline examination, 1985– 
1986) was used to examine associations of childhood exposures (measured retrospectively at the year 15 examination) with 
incident obesity, type 2 diabetes, hypertension, and hyperlipidemia (assessed from baseline to year 30). Race-  and sex- 
stratified Cox proportional hazards models were used to examine associations of exposure to childhood abuse with incident 
cardiovascular disease risk factors. Interaction terms between exposure to abuse and exposure to nurturing relationship and 
household organization were included to test for effect modifications. Exposure to occasional/frequent abuse (versus no 
abuse) was associated with incident type 2 diabetes among White men (hazard ratio [HR], 1.81; 95% CI, 1.06– 3.08). Exposure 
to low versus no abuse was associated with incident hyperlipidemia among White men (HR, 1.35; 95% CI, 1.09– 1.67) and 
White women (HR, 1.26; 95% CI, 1.01– 1.56). Risks of incident hyperlipidemia were higher for White women who experienced 
abuse and lived in dysfunctional households (HR, 3.61; 95% CI, 1.62– 8.05) or households with low levels of organization (HR, 
2.05; 95% CI, 1.25– 3.36) compared with White women who experienced abuse but lived in well- organized households (HR, 
0.66; 95% CI, 0.41– 1.06). Similar patterns were seen for Black men who lived in dysfunctional households (HR, 3.62; 95% CI, 
1.29– 10.12) or households with low organization (HR, 2.01; 95% CI, 1.08– 3.72).

CONCLUSIONS: We identified race-  and sex- specific associations of childhood exposures with incident cardiovascular disease 
risk factors. The associations of household organization and dysfunction with cardiovascular disease risks merits further 
investigation.

Key Words: childhood ■ childhood exposures ■ hyperlipidemia ■ hypertension ■ obesity ■ type 2 diabetes

Early life experiences can initiate behavioral and 
cardiometabolic processes that increase the risks 
for cardiovascular events in adulthood, including 

myocardial infarction, stroke, and death.1– 5 Exposure 

to childhood physical and psychological abuse is as-
sociated with the development of obesity, type 2 dia-
betes (T2DM), hypertension, and hyperlipidemia.4,6– 15 
In contrast, exposure to nurturing relationships in 
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childhood is associated with optimal self- reported 
physical and mental health and lower odds of smok-
ing and depression in adulthood.16,17 Similarly, growing 
up in a well- organized household environment during 
childhood is associated with secure attachment, cog-
nitive functioning, healthier eating behaviors, and lower 
risk of obesity.18– 20

Findings from a limited number of studies suggest 
that beyond these direct benefits, exposure to nurtur-
ing relationships and well- organized household envi-
ronments during childhood may mitigate the negative 
health effects associated with experiencing different 
forms of abuse or adversity in childhood. Previous 
studies among children who experienced abuse or ne-
glect found that exposure to nurturing and responsive 
relationships (with caregivers or mentors) introduced 
substantial cognitive improvements and attenuated 
the toxic effects abuse had on children’s odds of 

developing resilience, reporting mental distress, and 
likelihood of smoking in adulthood.5,17,21,22 Among 
participants from the CARDIA (Coronary Artery Risk 
Development in Young Adults) study cohort, a previous 
study found that exposure to higher warmth and affec-
tion during childhood from a parent or other adult (ie, 
nurturing relationships) was associated with the low-
est increase in multiple biomarkers of cardiovascular 
disease (CVD) among participants who experienced 
abuse in childhood.6

Although research is limited, there is evidence 
showing the associations of childhood exposures 
with CVD risks vary by race and sex.23 For example, 
researchers found parental psychological abuse and 
parental monitoring were associated with mean carotid 
intima- media thickness, a subclinical measurement of 
atherosclerosis, but only among White men.23 Parental 
nurture was associated with lower carotid intima- 
media thickness in White men and women.23 No as-
sociations were found between childhood exposures 
and carotid intima- media thickness among Black male 
or female participants.23 Because of systemic racism, 
Black and White individuals have different access to 
adaptive and maladaptive coping resources and strat-
egies.24 Thus, it can be suggested that race and sex 
differences in coping options available for children who 
experienced abuse may lead to divergent mechanisms 
linking similar childhood exposures with different CVD 
risk. However, race and sex differences in the influence 
of exposure to childhood abuse on major CVD risk fac-
tors are largely understudied.

In this study, we examined the associations of ex-
posure to abuse in childhood (physical and psycholog-
ical) with the incidence of 4 major risk factors of CVD: 
obesity, T2DM, hypertension, and hyperlipidemia, and 
whether exposure to nurturing relationships and well- 
organized households in childhood moderates these 
associations. In the context of this study, nurturing re-
lationships refer to relationships in which a parent or 
other adult in the household responds sensitively to 
meet the needs of the child by making the child feel 
loved, supported, and cared for, and/or expressing 
physical affection, as opposed to feeling neglected. 
Household organization refers to a household that was 
regarded as organized and well managed, where fam-
ily members were involved in children’s lives and knew 
what they were up to. The concept of household or-
ganization is contrasted with household dysfunction. 
Several studies have estimated the cumulative prev-
alence of abuse, neglect and household dysfunction 
in childhood, in part because adverse experiences 
co- occur among >13% of children.25 Although this ap-
proach is useful, it has been noted that it fails to capture 
the individual contribution of each type of childhood 
adversity to future health.26 As a consequence, less 
is also known about the co- occurrence of abuse with 

CLINICAL PERSPECTIVE

What Is New?
• We found race and sex differences in the as-

sociations of childhood abuse with future risk 
of incident type 2 diabetes, hypertension, and 
hyperlipidemia.

• Among White men, exposure to abuse in child-
hood was associated with higher risk of incident 
type 2 diabetes and hyperlipidemia.

• Among White women and Black men, higher 
risk of incident hyperlipidemia associated with 
exposure to abuse in childhood was attenuated 
by exposure to well- organized households.

What Are the Clinical Implications?
• Our findings highlight the need to further inves-

tigate the differential association of abuse in 
childhood and cardiometabolic health by race 
and sex to better understand the early life fac-
tors associated with known health disparities in 
cardiovascular disease.

• Identification and better understanding of the 
factors that mitigate the development of major 
cardiovascular disease risk factors for children 
exposed to abuse could inform cardiovascular 
disease prevention efforts.

Nonstandard Abbreviations and Acronyms

ACEs adverse childhood experiences
CARDIA Coronary Artery Risk Development in 

Young Adults
T2DM type 2 diabetes
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nurturing and household organization and whether 
these positive exposures can limit the vulnerability to 
chronic disease in adulthood.

This study uses a life course approach and an in-
tersectionality framework to understand how early- life 
experiences at the intersection of race and sex shape 
adult cardiovascular risks.27 To identify race-  and sex- 
specific lifelong associations, analyses were stratified 
by race and sex. We hypothesized that (1) exposure to 
nurturing relationships would mitigate the association 
of experiencing abuse in childhood with incidence of 
obesity, T2DM, hypertension, and hyperlipidemia; (2) 
exposure to well- organized household environments 
during childhood would mitigate the association of 
experiencing abuse in childhood with incidence of 
obesity, T2DM, hypertension, and hyperlipidemia; and 
(3) analyses will evidence race and sex differences by 
showing stronger associations among White men and 
women, consistent with previous studies.23

METHODS
Study Design and Data Source
This study uses data from the ongoing CARDIA study. 
In 1985, the CARDIA study longitudinal cohort began 
following up 5115 Black and White adults to investigate 
the evolution of coronary heart disease during young 
adulthood.28,29 Study design and methods have been 
previously described.28,29 Briefly, from 1985 to 1986, 
participants aged 18 to 30 years were recruited in 4 
urban areas: Birmingham, AL; Chicago, IL; Minneapolis, 
MN; and Oakland, CA.28,29 Participants were recruited 
using stratified random sampling procedures to recruit 
an equal number of participants by race, sex, age sub-
group (18– 24 years and 25– 30 years), and education. 
Additional in- person clinical examinations were held 
after 2, 5, 7, 10, 15, 20, 25, and 30 years; the retention 
rates across examinations were 91%, 86%, 81%, 79%, 
74%, 72%, 72%, and 71%, respectively. As part of the 
study, childhood environments (ie, exposure to abuse, 

nurturing, and well- organized households) were exam-
ined retrospectively during the assessment conducted 
15 years after the baseline examination (when partici-
pants were aged 33– 45 years). Incidence of obesity, 
T2DM, hypertension, and hyperlipidemia outcomes 
was examined prospectively from baseline. The data 
used in this study are available from the CARDIA study 
(https://www.cardia.dopm.uab.edu/) on reasonable 
request.

For the present study, each outcome was exam-
ined separately. Participants were excluded if they did 
not complete the year 15 examination, or had obesity, 
T2DM, hypertension, or hyperlipidemia at baseline. 
Following exclusions, the study sample sizes for the 
analyses of each respective outcome were as follows: 
3208 participants for obesity, 3492 participants for 
T2DM, 3458 participants for hypertension, and 2973 
participants for hyperlipidemia analyses. Institutional 
review board approval was obtained by each study 
site, and participants provided informed consent 
during each examination.

Measurements
During the year 15 visit, participants were asked 
to respond to the Childhood Family Environments 
Questionnaire, an instrument derived from the in-
ventory of adverse childhood experiences (ACEs) by 
Felitti et al.30 This instrument is distinct from the ACE 
questionnaire, and was designed to capture different 
dimensions of CARDIA study respondent’s family and 
social environment, including exposure to physical or 
psychological abuse, nurturing or neglectful relation-
ships, and household organization or dysfunction dur-
ing childhood and adolescence (before the age of 18 
years).6,23 Each question is rated on a 4- point Likert 
scale, composed of the responses “rarely or none of 
the time,” “some or little of the time,” “occasionally or 
moderate amount of time,” and “most or all of the time.”

Table  1 introduces the specific items included in 
each dimension. To create the dimension of abuse, we 

Table 1. Questions From the Childhood Family Environment Questionnaire Used at Year 15 (2000– 2001) to Assess 
Childhood Exposure to Abuse, Nurturing, and Household Organization

Childhood exposure Score, mean (SD) Questions

Abuse 0.46 (0.66) 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?

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?

Nurturing 2.19 (0.83) How often did a parent or other adult in the household make you feel that you were loved, 
supported, and cared for?

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?

Household organization 2.24 (0.81) Would you say the household you grew up in was well organized and well managed?

Did your family know what you were up to?

https://www.cardia.dopm.uab.edu/
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first examined the distribution of this exposure, which 
revealed that prevalence of abuse in childhood was low 
among CARDIA study participants and the measure 
was skewed. Thus, responses to the abuse questions 
were grouped into 3 categories. Category 1 rep-
resents “no abuse” (childhood abuse=0) and includes 
participants who answered they experienced abuse 
in childhood “rarely or none of the time.” Category 2 
represents “low abuse” (childhood abuse>0 and ≤1) 
and includes participants who answered they experi-
enced abuse “some or little of the time” to either 1 of 
the 2 questions or to both. Category 3 represents “oc-
casional or frequent abuse” (childhood abuse>1) and 
includes participants who answered they experienced 
abuse “occasionally or moderate amount of time” and/
or “most or all of the time.” Nurturing and household 
organization were not skewed, so they were mod-
eled continuously. The dimensions of nurturing and 
household organization were calculated by averaging 
the responses to selected questions included in the 
Childhood Family Environments Questionnaire scale 
such that scores for each childhood exposure ranged 
from 0 (indicating “rarely or none of the time”) to 3 (in-
dicating “most or all of the time”). Respectively, the 
dimension of nurturing ranged from “no nurturing or 
neglect” (score of 0) and “low nurturing” (score of 1) to 
“higher nurturing” (scores of 2– 3), and the dimension 
of household organization ranged from “household 
dysfunction” (score of 0) and “low organization” (score 
of 1) to “well- organized households” (scores of 2– 3). 
Previous research conducted among CARDIA study 
participants has estimated similar subscales with the 
same selected items from this instrument to examine 
childhood abuse and nurturing.6

Outcomes
Data on CVD risk factors were collected at each exam-
ination. Trained examiners collected measurements of 
height and weight, waist circumference, resting blood 
pressure, and a venous blood sample for analysis of 
fasting glucose and lipids, including total cholesterol, 
low- density lipoprotein, high- density lipoprotein, and 
triglycerides. Obesity was defined as body mass index 
(BMI) ≥30 kg/m2.31 T2DM was defined on the basis of 
the American Diabetes Association criteria as having 
measurements of fasting serum glucose of ≥126 mg/
dL, 2- hour- postload serum glucose of ≥200 mg/dL, a 
hemoglobin A1c of ≥6.5%, or use of antihyperglyce-
mic medications.32 Hypertension was defined on the 
basis of the guidelines that were current at the time 
of data collection.33 Individuals with systolic blood 
pressure ≥140 mm Hg and/or diastolic blood pressure 
≥90  mm  Hg and/or taking antihypertensive medica-
tions were considered hypertensive.33 Hyperlipidemia 
was defined on the basis of serum total cholesterol 

levels of ≥240 mg/dL, low- density lipoprotein choles-
terol ≥160 mg/dL, triglycerides ≥200 mg/dL, or high- 
density lipoprotein cholesterol of ≤40  mg/dL, and/or 
taking a cholesterol- lowering medication.34,35

Covariates
At the time of enrollment, participants self- reported 
their age, race, sex at birth, years of education for 
themselves, and average years of education of both 
parents. Study site and these demographic charac-
teristics were included as covariates. Average parental 
education was calculated on the basis of the number 
of years of education for the number of parents re-
ported. These potential confounders were selected on 
the basis of previous studies documenting that these 
factors could influence the association of childhood 
exposures with incidence of obesity, T2DM, hyper-
tension, and hyperlipidemia.36– 41 Although obesity is 
a major risk factor for hypertension and T2DM, BMI 
measurements were not assessed in childhood or 
adolescence, the time period the exposure refers to. 
Thus, baseline BMI was examined as a covariate only 
in supplementary analyses (Table  S1). Supplemental 
analyses also include the assessment of the risks 
for abdominal adiposity, to document cardiometa-
bolic risks that measurements of BMI may not show. 
Although BMI is the most widely used measurement 
of weight status, studies suggest that when compared 
with waist circumference assessment, this measure-
ment of abdominal adiposity is a better predictor of the 
CVD and mortality.42 For the purpose of our analyses, 
abdominal adiposity was defined as having a waist cir-
cumference >94 cm for men and >80 cm for women.42

Statistical Analysis
Participant demographic characteristics were stratified 
by race, sex, and categories of abuse. Continuous var-
iables were summarized as mean (SD), and category 
variables were summarized as count (percentage). 
Participants were considered at risk of developing 
CVD risk outcomes (obesity, T2DM, hypertension, and 
hyperlipidemia) from baseline examination until either 
the follow- up examination at which CVD risk outcome 
was identified or censored at the last attended exami-
nation. Participants who died or were lost to follow- up 
were censored at the next examination. Cox propor-
tional hazards models with discrete failure time were 
used to estimate adjusted hazard ratios (HRs) and 95% 
CIs for the associations of exposure to abuse with in-
cidence of (1) obesity, (2) T2DM, (3) hypertension, and 
(4) hyperlipidemia. Models adjusted for age, race, sex 
at birth, years of education for themselves, and aver-
age years of education for both parents. Additional 
models were used to test the interactions of abuse 
with nurturing relationships and abuse with household 
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organization. Interactions between exposure to abuse 
and exposure to nurturing relationship and between 
exposure to abuse with household organization were 
tested for differences in incidences of CVD risk out-
comes. All models were stratified by race and sex and 
adjusted for all study covariates. Proportional hazard 
assumptions were tested using Kaplan- Meier curves 
and log- log survival plots. On the basis of the patterns 
of missing covariates for each major CVD risk outcome 
(Table S2), we assumed the missing covariates to be 
missing at random. We used multiple imputation by 
chained equations to impute data for missing covari-
ates.43 A total of 10 imputed data sets were created. All 
statistical analyses were done using SAS version 9.4 
(SAS Institute, Cary, NC).

RESULTS
Participant Characteristics
The mean age of participants at baseline was 
25.08±3.62 years, 56% of participants were women, 
and 47% of participants were Black. Overall, most 
participants experienced no abuse (56%) and were 
exposed to high levels of nurture (2.19±0.83) and 
household organization (2.24±0.81) during childhood. 
Baseline characteristics, stratified by race and sex, are 
presented by categories of abuse in Table 2.

Obesity
Over a median follow- up of 25.49  years, there were 
a total of 1419 participants who developed obesity 
(200.72 per 10  000  years). Multivariate adjusted HR 
and 95% CI of the associations of abuse in childhood 
with incident obesity, stratified by race and sex, are 
presented in Table 3. After adjustments for age, study 
site, participants’ years of education, and average 
years of parental education, having experienced abuse 
in childhood was not associated with an increased risk 
of developing obesity. Childhood exposure to nurtur-
ing relationships and household organization did not 
modify the null associations of abuse with incidence 
of obesity. Furthermore, the obesity risks associated 
with exposure to abuse in childhood did not vary when 
examined with measurement of abdominal obesity 
(Table S1).

Type 2 Diabetes
There were 539 T2DM cases over 29.80 median fol-
low- up years (57.46 per 10 000 years). Analyses of the 
associations of abuse in childhood with incident T2DM 
are presented in Table 3. Among White men, exposure 
to occasional/frequent abuse in childhood was associ-
ated with higher risk of incident T2DM (HR, 1.81; 95% 
CI, 1.06– 3.08) than no abuse exposure in childhood. 

Among White women and Black men and women, ex-
posure to abuse in childhood did not associate with 
incident T2DM. Nurturing relationships and household 
organization in childhood did not modify the associa-
tion of abuse with incidence of TD2M among CARDIA 
study participants.

Hypertension
Over 29.47 median follow- up years, 1452 people devel-
oped hypertension (167.96 per 10 000 years). Exposure 
to abuse in childhood was not significantly associated 
with incident hypertension (Table 3). Nurturing relation-
ships and household organization in childhood did not 
modify these associations of abuse with incidence of 
hypertension among CARDIA study participants.

Hyperlipidemia
During 20.67 median follow- up years, 1570 people 
developed hyperlipidemia (276.02 per 10 000  years). 
Table 3 introduces the adjusted multivariable Cox mod-
els that examine the associations of childhood experi-
ences with incident hyperlipidemia. When compared 
with no abuse in childhood, exposure to low abuse 
was associated with higher risk of incident hyperlipi-
demia among White men (HR, 1.35; 95% CI, 1.09– 
1.67) and White women (HR, 1.26; 95% CI, 1.01– 1.56). 
The association of exposure to childhood abuse with 
incident hyperlipidemia was not significant for Black 
men and women. Among White women, there was a 
significant interaction between exposure to abuse and 
household organization (P=0.008). Figure 1 shows that 
experiencing occasional/frequent abuse in childhood 
associated with higher risk of incident hyperlipidemia 
among White women who grew up in households rated 
as dysfunctional (score of 0; HR, 3.60; 95% CI, 1.62– 
8.02), or with low organization (score of 1; HR, 2.04; 
95% CI, 1.24– 3.35), but not among White women who 
grew up in more organized (score of 2; HR, 1.16; 95% 
CI, 0.88– 1.61) or well- organized households (score of 
3; HR, 0.66; 95% CI, 0.41– 1.06).

Among Black men, there was a similar interaction 
between exposure to abuse and household organiza-
tion (P=0.037). Figure 2 shows that when compared 
with Black men who grew up in organized households 
(HR, 0.62; 95% CI, 0.34– 1.11), risk of incident hyper-
lipidemia was higher for Black men who experienced 
occasional/frequent abuse in childhood and grew up 
in dysfunctional households (score of 0; HR, 3.62; 95% 
CI, 1.29– 10.12) or households with low organization 
(score of 1; HR, 2.01; 95% CI, 1.08– 3.72). Childhood 
abuse was not associated with risks of developing 
hyperlipidemia among Black female participants, and 
exposures to nurturing relationships or household or-
ganization did not modify these null associations of 
abuse with incident hyperlipidemia.
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DISCUSSION
We found that, among CARDIA study participants, the 
risks of developing T2DM and hyperlipidemia associated 

with experiencing abuse in childhood varied by race and 
sex. White men who experienced occasional/frequent 
abuse in childhood had higher risks of developing T2DM 
than White men who experienced no abuse. Higher risks 

Figure 1. Risk of incident hyperlipidemia associated with the exposure to occasional/frequent 
abuse across different levels of household organization among White women.
Effect that exposure to occasional/frequent abuse during childhood has on incident hyperlipidemia by 
different levels of exposure to household organization in childhood among White women. Hyperlipidemia 
events were examined from baseline (year 0 [1985– 1986]) to year 30 (2015– 2016). Models adjusted for 
age, study site, participant’s years of education, and average parental years of education at baseline.
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Table 3. Multivariate Adjusted HRs and 95% CIs of CVD Risk Factors Associated With Exposure to Abuse in Childhood, by 
Race and Sex

Variable

White race† Black race†

White men White women Black men Black women

Obesity*

No abuse Reference Reference Reference Reference

Low abuse 1.14 (0.90– 1.45) 1.06 (0.82– 1.37) 1.12 (0.87– 1.43) 1.14 (0.94– 1.40)

Occasional/frequent abuse 1.02 (0.70– 1.48) 1.02 (0.73– 1.42) 0.94 (0.61– 1.44) 1.03 (0.78– 1.36)

Type 2 diabetes*

No abuse Reference Reference Reference Reference

Low abuse 0.92 (0.58– 1.45) 0.88 (0.56– 1.39) 1.11 (0.76– 1.61) 1.09 (0.80– 1.49)

Occasional/frequent abuse 1.81 (1.06– 3.08) 0.91 (0.51– 1.62) 1.14 (0.64– 2.03) 1.22 (0.83– 1.80)

Hypertension*

No abuse Reference Reference Reference Reference

Low abuse 0.90 (0.69– 1.17) 0.87 (0.65– 1.17) 1.23 (0.99– 1.53) 1.03 (0.85– 1.25)

Occasional/frequent abuse 1.00 (0.68– 1.47) 1.00 (0.70– 1.43) 0.88 (0.60– 1.29) 1.09 (0.85– 1.40)

Hyperlipidemia*

No abuse Reference Reference Reference Reference

Low abuse 1.35 (1.09– 1.67) 1.26 (1.01– 1.56) 1.09 (0.87– 1.37) 0.87 (0.69– 1.10)

Occasional/frequent abuse 1.21 (0.89– 1.66) 0.91 (0.68– 1.22) 0.91 (0.62– 1.32) 1.02 (0.75– 1.37)

Data are given as HR (95% CI). CVD indicates cardiovascular disease; and HR, hazard ratio.
*Incident obesity events examined from baseline (year 0 [1985– 1986]) to year 30 (2015– 2016).
†Models adjusted for age, study site, participant’s years of education, and average parental years of education at baseline.



J Am Heart Assoc. 2022;11:e023244. DOI: 10.1161/JAHA.121.023244 9

Aguayo et al CVD Risk Factors and Childhood Exposures

for hyperlipidemia were associated with exposure to low 
abuse among White men and women. However, when 
compared with same sex and race participants who ex-
perienced abuse in childhood, interaction tests show that 
among White women, higher risks of incident hyperlipi-
demia were attenuated if they grew up in well- organized 
households. Similarly, for Black men who experienced oc-
casional/frequent abuse, risks of incident hyperlipidemia 
were attenuated if they grew up in well- organized house-
holds. White men and women did not exhibit stronger as-
sociations with exposure to abuse, nurturing relationships, 
or household organizations, as originally hypothesized. 
Exposure to higher levels of household organization dur-
ing childhood mitigated the association of childhood abuse 
with hyperlipidemia, but not other major CVD risk factors in 
adulthood.

Findings suggest that the pathways linking child-
hood experiences with CVD events and all- cause 
mortality in adulthood differ by race, sex, and level of 
household organization or dysfunction in childhood. 
Among CARDIA study participants, exposure to ad-
verse childhood family environments has been associ-
ated with higher risk of carotid intima- media thickness, 
myocardial infarction, stroke, all CVD events, and all- 
cause mortality in adulthood.23,44– 46 Several psycho-
social (eg, depressive symptoms, anger expressions, 
and socioeconomic position) and behavioral factors 

(eg, smoking) have been identified as mediators in 
these associations of childhood exposures with adult 
cardiometabolic problems.23,46 For example, a previ-
ous study among CARDIA study participants found 
that adverse family environments were associated with 
less adaptive psychosocial functioning.45 Psychosocial 
functioning was, in turn, associated with elevated CRP 
(C- reactive protein).45 The associations of CRP with 
T2DM, hypertension, and lipids, particularly with low- 
density lipoprotein cholesterol, have been previously 
recognized.47– 50 A different study among CARDIA 
study participants showed that childhood abuse was 
associated with chronic inflammation.6 Chronic in-
flammation can be induced by persistent stress, and 
can trigger a variety of alterations in lipid metabolisms, 
such as decreases in high- density lipoprotein and in-
creases in low- density lipoprotein and triglycerides. 
These pathways may explain the increased risk of in-
cident hyperlipidemia among White men and women, 
and Black men who experienced frequent abuse.47,51

Miller and colleagues proposed 3 mechanisms 
through which adversity in early life influences the de-
velopment of cardiometabolic disease in adulthood. 
According to their Biological Embedding Model, epi-
genetic markings, posttranslational modifications, and 
tissue remodeling combine to explain how adversity 
experienced in early childhood “gets under the skin,” 

Figure 2. Risk of incident hyperlipidemia associated with the exposure to occasional/frequent 
abuse across different levels of household organization among Black men.
Figure shows the effect that exposure to occasional/frequent abuse during childhood has on incident 
hyperlipidemia by different levels of exposure to household organization in childhood among Black men. 
Hyperlipidemia events were examined from baseline (year 0 [1985– 1986]) to year 30 (2015– 2016). Models 
adjusted for age, study site, participant’s years of education, and average parental years of education at 
baseline.
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incubates during decades, and manifests through car-
diometabolic diseases in adulthood.52 Others have 
shown that the stress from experiencing physical 
or psychological abuse in early life can trigger mito-
chondrial dysfunction and increased vascular reactive 
oxygen species production.53 Miller and colleagues 
advance this and propose that stress particularly af-
fects the proinflammatory phenotype of the monocyte/
macrophage lineage, triggering excessive inflamma-
tory responses and the resistance to hormonal anti- 
inflammatory signals.52 Beyond these molecular and 
biological processes, the adoption of unhealthy be-
haviors, such as smoking or excessive drinking, also 
associated with experiencing abuse in childhood, will 
contribute to exacerbate the chronic inflammatory 
state.52 Over time, chronic inflammation will promote 
the development of high blood pressure, insulin re-
sistance, and plaque growth.52 In the context of this 
study, it is likely that the abuse experienced in child-
hood contributes to the development of T2DM among 
White men, and hyperlipidemia among White men and 
women, and Black men. Furthermore, although the 
model does not address the role of nurturing, authors 
acknowledge that maternal nurturance may offset 
some of the hormonal, metabolic, inflammatory, and 
cardiovascular risks associated with childhood adver-
sity.52 Lower inflammatory responses have been docu-
mented among participants in the CARDIA study who 
experienced higher levels of nurturing in childhood.6

Beyond the associations of exposures to physical 
or psychological abuse in childhood with CVD risk fac-
tors in adulthood, our results advance the literature by 
showing that exposure to well- organized households 
may attenuate CVD risks. Previous studies have shown 
that exposure to abuse and household dysfunction in 
childhood is associated with chronic inflammation.6 
In a recent review, authors found that exposure to 
household dysfunction in childhood was associated 
with elevated cortisol, and higher prevalence of obe-
sity and psychosocial stress.54 However, the mecha-
nisms through which protective exposures attenuate 
CVD risks are less understood. Exposure to physical 
or psychological abuse in childhood can affect car-
diometabolic health through behavioral, mental health, 
and biological mechanisms.4 Drawing from the litera-
ture of psychosocial factors and chronic diseases, it 
can be suggested that the associations of childhood 
environments with major cardiovascular risk factors 
followed divergent mechanisms. Divergent pathways 
may have been facilitated by childhood exposures to 
household organization and social implications of race 
and sex differences. For example, researchers have 
proposed that as a consequence of the barriers of 
access to mental health care, Black individuals may 
be more likely than White individuals to rely on nega-
tive behavioral coping strategies (eg, smoking or binge 

drinking or eating) associated with lower psychological 
damage, but higher cardiometabolic harm.55 These 
differences are introduced to explain why, when com-
pared with White participants, Black participants have 
higher prevalence of chronic medical conditions but 
lower than expected prevalence of depression.55

Sex differences in coping strategies have been pre-
viously identified. A study found that when compared 
with men, women reported depressive symptoms more 
frequently and were more likely to use emotional sup-
port and positive reframing as coping mechanisms.56 
Higher levels of positive reframing were, in turn, asso-
ciated with lower depression scores among women, 
but not among men.56 In the current study, race and 
sex differences in coping strategies may explain why 
household organization was associated with lower 
risks for hyperlipidemia among White women and Black 
men who experienced abuse. However, the lack of in-
formation on the temporality and source of abuse or 
dysfunction experienced in childhood or adolescence 
precludes us from further investigating any behavioral 
pathways. A better understanding of the resilience- 
promoting mechanisms implemented by White women 
and Black men who grew up in more organized house-
holds could inform future CVD prevention efforts.

It is important to consider the associations identi-
fied could be attributed to limited statistical power and 
the lower prevalence of abuse in childhood among 
CARDIA study participants rather than any differences 
in biological, behavioral, or psychological responses 
to childhood experiences. In the landmark ACE study 
among 17  337 adults, Felitti et al found that >50% 
of participants had at least one adverse experience 
in childhood.30 Participants who had ≥4 ACEs had 
higher odds of T2DM, stroke, and ischemic heart dis-
ease than participants who had no ACEs.30,57 When 
compared with the study by Felitti et al, in our study, 
occasional/frequent abuse was experienced by about 
30% of participants. However, the lower prevalence 
may be explained because we limited our examina-
tion to physical and psychological abuse in childhood. 
Instead, Felitti et al explored 10 categories of abuse 
and dysfunction.30 Similar prevalence of abuse in child-
hood has been reported in previous studies. In a pro-
spective study of 972 participants from New Zealand 
followed up from age 3 to 32 years, researchers found 
that one potential category of abuse was experienced 
by 27% of children and 9% experienced ≥2 indicators 
of abuse.58 Findings from this study demonstrated that 
exposure to ≥1 categories of abuse was not associ-
ated with more cardiovascular risk factors.58 In a sam-
ple of 2510 German adults, Clemens et al found that 
30% of participants experienced child maltreatment.59 
In this retrospective cross- sectional study, participants 
who experienced child maltreatment had increased 
odds of having obesity, diabetes, hypertension, and 
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myocardial infraction.59 Additional studies have also 
found exposure to childhood abuse is associated with 
cardiometabolic outcomes.4,7 However, findings from 
a meta- analysis suggest the associations of abuse in 
childhood with obesity and T2DM are overall weak or 
modest.7 On the basis of our findings, it can be sug-
gested that these modest findings could be driven by 
race and sex differences in the associations or in the 
coping mechanisms adopted. Research is needed 
to better understand the mediating factors that may 
explain race and sex disparities in the associations 
of abuse in childhood with CVD risk factors in adult-
hood, particularly among diverse children. The lack of 
research that examines the contribution from unique 
social and historical positions to CVD risks is an im-
portant gap in the literature.

The findings of this study should be interpreted 
within the context of its limitations. The relatively small 
size of the associations caution against overinterpre-
tation of the study findings. Data on childhood family 
environments were collected retrospectively among 
participants who were aged 33 to 45 years. As a result, 
the true magnitude of the exposures could be under-
estimated because of recall bias or the sensitivity of the 
questions. To the extent that respondents did not re-
call or chose not to reveal childhood abuse, the power 
to detect significant associations may have been re-
duced or the strength of our findings may have been 
underestimated. In addition, as shown in the supple-
mentary analyses of T2DM and hypertension, we were 
only able to adjust for BMI measured at baseline, rather 
than during childhood or adolescence. This limits our 
ability to determine the extent to which BMI was a con-
founder or a potential mediator of these associations. 
Furthermore, although we adjusted our analyses by in-
cluding variables related to childhood exposures asso-
ciated with cardiovascular risks, we cannot exclude the 
possibility of residual confounding. It is important to 
recognize that the source and timing of abuse, nurture, 
and household organization or dysfunction were not 
identified in the CARDIA study cohort. These preclude 
our ability to investigate how the source or temporality 
could have influenced our study findings. In addition, 
data on coping strategies adopted following the expo-
sure to abuse in childhood were not collected as part 
of the CARDIA study. We are not able to evaluate the 
different coping mechanisms adopted and their car-
diometabolic consequences. Future epidemiological 
prospective studies should investigate the long- term 
consequences to cardiovascular health associated 
with different sources of physical or psychological 
abuse, nurturing, and household organization or dys-
function in childhood and how these associations dif-
fer by race and sex in samples of diverse children.

In conclusion, this study demonstrated that 
among CARDIA study participants, the association 

of exposure to abuse in childhood with risks of inci-
dent T2DM and hyperlipidemia differs by race and 
sex. Significant interactions suggested that for White 
women and Black men, risks of hyperlipidemia were 
attenuated by exposure to well- organized households. 
Together, these findings demonstrate childhood neg-
ative and positive experiences have long- term con-
sequences for adult cardiovascular health and may 
explain key disparities by race and sex in CVD risks. 
Further research is needed to better understand the 
mechanisms that drive the race-  and sex- specific as-
sociations identified.
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Table S1. Multivariate Adjusted Hazard Ratios and 95% Confidence Intervals of Cardiovascular Disease Risk Factors 
associated with Exposure to Abuse in Childhood, by Race and Sex.

White Race Black Race 

White Male White Female Black Male Black Female 

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) 

Type 2 Diabetes Mellitus* 

      No abuse Ref. Ref. Ref. Ref. 

      Low Abuse 0.85 (0.53, 1.35) 0.86 (0.55, 1.36) 1.23 (0.84, 1.79) 1.03 (0.75, 1.40) 

      Occasional/Frequent abuse 1.92 (1.12, 3.29) 0.97 (0.54, 1.73) 1.02 (0.57, 1.83) 1.12 (0.76, 1.65) 

Hypertension* 

      No abuse Ref. Ref. Ref. Ref. 

      Low Abuse 0.88 (0.68, 1.15) 0.80 (0.60, 1.08) 1.23 (0.99, 1.53) 0.98 (0.81, 1.19) 

      Occasional/Frequent abuse 0.94 (0.64, 1.39) 1.01 (0.70, 1.44) 0.80 (0.55, 1.18) 1.04 (0.81, 1.33) 

Abdominal Obesity* 

      No abuse Ref. Ref. Ref. Ref. 

      Low Abuse 1.05 (0.87, 1.27) 1.05 (0.86, 1.27) 0.98 (0.79, 1.21) 1.13 (0.94, 1.36) 

      Occasional/Frequent abuse 0.70 (0.50, 0.96) 1.18 (0.92, 1.51) 0.91 (0.63, 1.30) 1.04 (0.81, 1.34) 
HR, Hazard Ratio; CI, Confidence Interval 
*Incident obesity events examined from baseline (year 0 [1985-1986]) to year 30 (2015-2016).  
† Models adjusted for age, study site, participant’s years of education and average years of parental years of education at baseline 



Table S2. Missing values for each outcome examined. 

Obesity 
Type 2 Diabetes 

Mellitus  
Hypertension Hyperlipidemia Abdominal Adiposity 

Final Analytic Sample 3208 3492 3458 2973 3034 

Age (years) 0 0 0 0 0 

Study Center 0 0 0 0 0 

Participant’s years of education 1 1 1 1 1 

Parental years of education 167 193 196 168 157 

Body mass index (BMI, kg/m2) 0 12 11 9 2 

Missing values for each variable were imputed using multiple imputation by chained equations. 
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