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a b s t r a c t

Little is known about whether the childhood family psychosocial environment (characterized by cold,
unaffectionate interactions, conflict, aggression, neglect and/or low nurturance) affects coronary heart
disease (CHD) risk. Objectives were to evaluate associations of childhood family psychosocial environ-
ment with carotid intima media thickness (IMT), a subclinical measure of atherosclerosis. The study
population included 2659 CARDIA study participants, aged 37e52 years. Childhood family psychosocial
environment was measured using a risky family questionnaire via self-report. Carotid IMT was calculated
using the average of 20 measurements of mean common carotid, bulb and internal carotid IMT, assessed
using high-resolution B-mode ultrasound images. Utilizing linear regression analyses adjusted for age, a
1-unit (range 0e21) increase in risky family score was associated with 0.0036 (95% CI:
0.0006,0.0066 mm) and 0.0020 (95% CI: 0.0002,0.0038) mm increase in mean IMT in white males and
females, respectively. Formal mediation analyses and covariate adjustments suggested childhood so-
cioeconomic position and smoking may be important mechanisms in white males and females, as well as
education and depressive symptomatology in white males. No associations were found in black partic-
ipants. Formal statistical tests for interaction between risky family score and sex, and between risky
family score and race/ethnicity, demonstrated borderline evidence of interactions for both sex (p ¼ 0.12)
and race/ethnicity (p ¼ 0.14) with risky family score for associations with mean IMT. In conclusion,
childhood family psychosocial environment was positively associated with IMT in white participants,
with little evidence of association in black participants. Mechanisms in white participants may include
potential negative impacts of socioeconomic constraints on parenting quality, potentially influencing
offspring’s cardiovascular risk factors (e.g. smoking), socioeconomic position (e.g. education), and/or
psychosocial functioning (e.g. depression), which may in turn lead to atherosclerotic processes.
Borderline racial/ethnic differences in findings should be replicated, but add to literature exploring race/
ethnicity-specific associations of parenting approaches with health outcomes.

� 2013 Elsevier Ltd. All rights reserved.
Introduction

Coronary heart disease (CHD) remains a major cause of mor-
tality world-wide (Mendis, Puska, & Norrving, 2011). There is
increasing evidence that early life factors may contribute to the
development of CHD, such as findings of early atherosclerotic
s).
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lesions in adolescents and young adults (Berenson et al., 1998),
development of CHD risk factors such as obesity, blood pressure
and cholesterol in infants and children (Lynch & Smith, 2005), and
evidence that early life markers such as birth weight and parental
socioeconomic position may be risk markers for CHD (Lynch &
Smith, 2005). An early life potential determinant of CHD that has
been minimally explored is the childhood family psychosocial
environment. “Risky families” is a term proposed and developed by
Taylor et al. which is defined as a childhood family environment
composed of cold, unaffectionate interactions, conflict, aggression,
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neglect and/or low nurturance (Taylor, Lerner, Sage, Lehman, &
Seeman, 2004). The risky family questionnaire measures the fam-
ily psychosocial environment including levels of family conflict,
harsh restrictive parenting styles, and chaotic or neglectful
parenting (Repetti, Taylor, & Seeman, 2002). This is distinct from
other measures of the family psychosocial environment such as the
Adverse Childhood Experiences (ACE) questionnaire that measures
only exposure to more extreme parenting styles including abuse
and neglect (Dong et al., 2004), and the Parental Bonding Instru-
ment (PBI) which focuses on measuring the degree of parental care
and overprotection (Parker, Tupling, & Brown, 1979). The risky
family questionnaire allows for the measurement of family psy-
chosocial environment along a continuum from caring and orga-
nized to harsh, disorganized, neglectful and abusive (Repetti et al.,
2002). Early evidence suggests that risky families, or other mea-
sures of the childhood family psychosocial environment, may be
associated with CHD (Dong et al., 2004; Felitti et al., 1998).
Furthermore, a small number of studies suggest that the childhood
family psychosocial environment may be associated with CHD risk
factors/riskmarkers such as smoking, blood pressure andmetabolic
syndrome (Almeida et al., 2010; Dong et al., 2004; Lehman, Taylor,
Kiefe, & Seeman, 2005, 2009; Loucks, Almeida, Taylor, & Matthews,
2011; Taylor, Lehman, Kiefe, & Seeman, 2006). However, associa-
tions of childhood family psychosocial environment with subclin-
ical estimates of atherosclerosis, such as carotid intima media
thickness (IMT), to our knowledge have not been explored.

Carotid IMT serves as a reasonable surrogate marker of athero-
sclerosis and biological marker of CVD risk (Lorenz, Markus, Bots,
Rosvall, & Sitzer, 2007; Pignoli, Tremoli, Poli, Oreste, & Paoletti,
1986). Ultrasonic carotid IMT measurements correlate well with
atherosclerotic histology (Pignoli et al., 1986). Carotid IMT is asso-
ciated with cardiovascular risk factors and coronary artery disease,
and serves as a strong predictor of future cardiovascular events
(Lorenz et al., 2007). A meta-analysis demonstrated that for a ca-
rotid IMT difference of 0.10 mm, the future risk of myocardial
infarction increased by 15% (RR ¼ 1.15; 95% CI, 1.12,1.17); and the
relative risk of stroke increased by 18% (RR ¼ 1.18; 95% CI, 1.16,1.21)
(Lorenz et al., 2007).

The primary objectives of this study were to evaluate whether
the childhood family psychosocial environment, measured with a
“risky family” questionnaire, is associated with carotid intima
media thickness in black and white participants of a large, pro-
spective study of United States adults, specifically the Coronary
Artery Risk Development in Young Adults (CARDIA) study. Previous
studies suggested possible sex differences in associations of early
family adversity with cardiovascular outcomes, with evidence of
stronger associations in females than males (Almeida et al., 2010;
Batten, Aslan, Maciejewski, & Mazure, 2004). There has been very
little exploration of racial/ethnic differences in the relation be-
tween childhood family psychosocial environment and cardiovas-
cular disease risk. We hypothesized there would be no racial/ethnic
differences in findings. It is important to understand sex- and race/
ethnicity-specific associations, consequently analyses were strati-
fied by sex and race/ethnicity.

Methods

Study sample

The CARDIA study is a multicenter, longitudinal study of CHD
risk markers. At baseline assessment (1985e1986) the cohort
included 5115 black and white adults aged 18e30 years, recruited
from 4 metropolitan areas (Birmingham, AL, Chicago, IL, Minne-
apolis, MN and Oakland, CA). Participants have been regularly
examined since baseline, including Examination 6 which occurred
at the 15-year follow-up during the years 2000e2001 (ages 33e45
years) and Examination 7 which occurred at the 20-year follow-up
during the years 2005e2006 (ages 37e52 years). Study protocols
were approved by institutional review boards at each institution,
and informed consent was obtained from participants.

Of the 3671 participants assessed at Examination 6, 21 partici-
pants were excluded for not having risky family score variables and
1 transgender participant was excluded, leaving 3649 participants.
Of these, 490 participants did not attend Examination 7 when ca-
rotid IMT was assessed; an additional 250 attended Examination 7
but were missing carotid IMT. A further 250 participants were
missing �1 covariate (171 of these were missing father and
mother’s education), and consequently were not included in ana-
lyses, leaving 2659 participants for complete case analyses. Due to
limited availability of all required variables at each exam period, all
study variables were ascertained at Examination 7, with the
exception of the exposure variable (risky family questionnaire),
family income, CES-D, anger expression and social support, which
were obtained at Examination 6.

Independent variable

Using a risky family questionnaire adapted from Felitti et al.
(Felitti et al., 1998) and further developed by Taylor et al. (Taylor
et al., 2004), participants answered questions about their parents
or other adults in the household during participants’ childhood and
adolescence (prior to age 18) using a 7-item scale, each item
ranging from 0 (rarely or none of the time) to 3 (most or all of the
time). The scale was created specifically in the context of the
CARDIA study, for which questions were developed for a
community-based sample, to assess family conflict, neglect and
cold non-nurturant behavior. Items were summed (after reverse
scoring where appropriate) leading to an overall scale range of 0e
21, where higher values represent more adverse experiences.
Questions included whether participants felt loved, supported and
cared for, were verbally abused, were shown physical warmth and
affection, were physically abused, lived with a substance abuser,
lived in a well-organized, well-managed household, and whether
their family knewwhat theywere up to as children and adolescents
(specific wording of questions shown in Appendix Table A).

In order to evaluate the discriminant validity of the risky family
variable, we investigated the variable’s independence from
other psychosocial variables (depressive symptomatology, social
support and anger-out expression) that could potentially alter the
accuracy of retrospective reporting on family environment, using a
confirmatory factor analysis. After evaluating a scree plot of eigen-
values, four derived factors were identified as (a) all risky family
questionnaire variables, (b) all anger-out expression questionnaire
variables, (c) all negative social contacts questionnaire variables, and
(d) all depressive symptomatology (CES-D) questionnaire variables
as well as all positive social contacts questionnaire variables, based
on which variables with orthogonally rotated factor loadings (i.e.
correlation coefficients) greater than 0.30 clustered together. A cor-
relation test was performed to confirm that these four derived fac-
tors were not correlated with one another. Pearson correlation
coefficients ranged from 0.00 to 0.13. Other literature has further
evaluated validity and reliability of retrospective reporting for con-
structs including childhood SES (Krieger, Okamoto, & Selby, 1998),
parental support and affection (Brewin, Andrews, & Gotlib, 1993;
Parker, 1989), and childhood abuse (Dill, Chu, Grob, & Eisen, 1991).

Dependent variable

At year 20 (2005e2006), carotid ultrasoundswere performed by
centrally-trained technicians using standard procedures (GE Logiq
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700, GE Healthcare, Issaquoah, IL.) and were read at a single center
(Tufts Medical Center, Boston, MA), described in more detail else-
where (Polak et al., 2010). High-resolution B-mode ultrasound
images were measured including the near and far walls of the
common carotid artery (CCA), the carotid artery bulb (bulb), and
the internal carotid artery (ICA), on the left and right sides of the
neck. One image was acquired for each side of the CCA, and two
images for each side of the bulb and ICA. The first image was taken
at 45� to the vertical, and the second imagewas taken at 20�e25� to
the vertical. Any atherosclerotic plaque was included as part of the
intimamedia and a note was made about the extent of stenosis that
existed anywhere in the right or left carotid artery. Pearson corre-
lation coefficients based on the 58 replicate studies were 0.86 for
CCA, 0.72 for the bulb, and 0.88 for the ICA (Polak et al., 2010).

Primary analyses utilized the mean of the mean measurements
across all segments (4 for the CCA and 8 segments for the bulb and
ICA, respectively) of both the right and the left sides, similar to the
approach used in the ARIC study (Nambi et al., 2010). Secondary
analyses utilized mean of the maximum measurements across all
segments described above, to evaluate maximum intima media
thickness, described in more detail elsewhere (Polak et al., 2010).

Covariates

With regard to race/ethnicity, the CARDIA study recruited par-
ticipants in 2 nonspecific racial/ethnic categories, specifically non-
Hispanic Black vs. non-Hispanic White. Race was self-reported as
non-Hispanic Black or non-Hispanic White. Childhood socioeco-
nomic position was assessed using self-reported father’s or
mother’s education, categorized as >16 vs. �16 years, utilizing the
highest education level when both variables were available.
Adulthood socioeconomic position was assessed by self-reported
educational attainment, using the categories �12 years
(approximating � high school degree), 13e16 years (estimating
college degree, associates degree or some college), and �17 years
(representing > college degree, such as MD, JD, PhD, MSc). Resting
systolic blood pressure (mean of second and third measurements)
was assessed by certified technicians at three 1-min intervals using
random zero sphygmomanometers (WA Baum Co, Copaigue, NY).
Fasting plasma total and HDL cholesterol were measured using
enzymatic assays described elsewhere (CV � 2% for total choles-
terol and �3% for HDL cholesterol) (Warnick, 1986). Participants
were considered to have diabetes if they reported having diabetes
or fasting glucose concentrations �126 mg/dL. Trained in-
terviewers obtained information on antihypertensive and
cholesterol-lowering medication use. Smoking was assessed via
self-report, as current smoker (yes/no) in regression analyses, and
current daily number of cigarettes smoked in mediation analyses.
Body mass index was derived from weight and height (kg/m2),
measured by certified technicians. Depressive symptomatology
was measured using the 20-item CES-D (Center For Epidemiolog-
ical Studies Depression) questionnaire. Anger-out expression was
measured by the anger-out subscale of the Spielberger Trait Anger
Expression Inventory (Cronbach’s a ¼ 0.77), where higher scores
represent greater anger-out expression (Spielberger, Syndeman,
Owen, & Marsh, 1999). Social support was assessed by an 8-item
summative scale adapted from Schuster et al. (Schuster, Kessler, &
Aseltine, 1990) that includes both supportive and negative social
interactions (Cronbach’s a ¼ 0.80), where elevated scores corre-
spond with lower social support.

Statistical analyses

Descriptive statistics were generated for dependent variables
and covariates in males and females, according to quartiles of risky
family score. Multivariable-adjusted linear regression analyses
evaluated associations of risky family score with mean carotid IMT.
The risky family score was entered as a continuous variable with a
range of 0e21 in primary analyses. Sensitivity analyses used sum-
med z-scores of individual risky family score items as a continuous
variable instead of the raw score range of 0e21 in order to allow
comparability with studies that used z-scores (Lehman et al., 2005,
2009; Taylor et al., 2006). In addition, secondary multivariable-
adjusted linear regression analyses were performed to assess as-
sociations of each of the seven individual risky family questions
(score range 0e3) with mean carotid IMT, which allowed the
evaluation of whether there are specific components of the risky
family questionnaire (e.g. felt loved, supported and cared for vs.
verbally abused) that may be particularly important for cardio-
vascular risk.

We assessed whether several CHD risk factors/markers were
potential mediators in the association between family psycho-
social environment and carotid IMT using a multiple mediation
model. This model simultaneously estimates associations be-
tween each mediator and the family psychosocial environment
exposure, along with difference in the outcome (mean carotid
IMT) associated with the mediator in the fully adjusted model,
and calculates indirect effects using the product of coefficients
method described elsewhere (Hayes, 2009; Preacher & Hayes,
2008). The indirect effect is the reduction in association of
exposure with outcome due to the tested mediator. Indirect ef-
fects attributed to each individual mediator are summed to es-
timate the total indirect effect. Examining individual indirect
effects provides evidence of whether childhood family psycho-
social environment may exert its effects uniquely through any of
the mediators examined in this study. Confidence intervals were
estimated by use of the bias-corrected bootstrapping procedure
with 5000 resamples (Hayes, 2009; Preacher & Hayes, 2008). This
approach does not allow for evaluation of dichotomous media-
tors, consequently mediation analyses did not evaluate potential
roles of antihypertensive medication use (yes/no) or cholesterol-
lowering medication use (yes/no). Secondary analyses adjusting
for these two variables provided some evidence on potential
contributions as mediators. Analyses were conducted using SAS
version 9.1.3 (SAS Institute, Cary, NC).

Results

Participants with missing data (n ¼ 2453) were more likely
(p < 0.05) to be male (47.8 vs. 43.4%), black race/ethnicity (62.2 vs.
41.8%), smoke (27.0 vs. 17.0%), have lower HDL cholesterol (53.2 vs.
54.7 mg/dL), higher systolic blood pressure (117.5 vs. 115.1 mmHg),
higher diastolic blood pressure (73.4 vs. 71.9 mmHg), take anti-
hypertensive medications (21.9% vs. 16.0%), have diabetes (7.4% vs.
4.9%), and less likely to have a parent with >16 years education
(13.5 vs. 14.1%), less likely to complete >16 years of education
themselves (13.3 vs. 25.5%), had lower annual family income
($55,700 vs. $72,800), higher CES-D score (10.5 vs. 8.7), higher
anger score (6.0 vs. 5.7), higher lack of social support (6.9 vs. 6.0),
and higher mean IMT (0.73 mm vs. 0.71 mm). Included and
excluded participants were similar (p > 0.05) with regard to
age, BMI, total cholesterol, and taking cholesterol-lowering
medications.

The age range of participants was 37e52 years (mean 45 years).
Bivariate analyses demonstrated that risky family score was asso-
ciated with smoking, parental education, own family income,
depressive symptomatology, anger expression and social support in
all racial/ethnic and gender groups. Other covariates were associ-
ated with risky family score, depending on race/ethnicity and
gender, shown in Tables 1 and 2.
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Using multivariable-adjusted regression analyses adjusting for
age, risky family score was positively associated with mean IMT in
white males and white females (Table 3). For example, a 1-unit
increase in risky family score (range 0e21) was associated with
0.0020 (95% CI: 0.0002,0.0038) and 0.0036 mm (95% CI:
0.0006,0.0066 mm) increase in mean carotid IMT in white females
and white males, respectively (Table 3). Further adjustment for
childhood socioeconomic position induced amoderate reduction in
effect size, specifically a 25% (i.e. 1�(0.0015/0.0020)) and 15% (i.e.
1�(0.0030/0.0036)) effect size reduction in white females and
white males, respectively (Table 3). Effects of adjustment for own
education, psychosocial variables and CHD risk markers are shown
in Table 3. There were no associations between risky family score
and carotid IMT in black males or black females. Similar findings
were shown using maximum carotid IMT instead of mean carotid
IMT (Appendix Table B), and using Z-scores instead of the ordinal
score for the risky family independent variable (Appendix Table C).
Formal statistical tests for interaction between risky family score
and sex, and between risky family score and race/ethnicity,
demonstrated borderline evidence of interactions for both sex
(p ¼ 0.12) and race/ethnicity (p ¼ 0.14) with risky family score for
the association with mean IMT.

In an effort to evaluate potential mechanisms by which child-
hood psychosocial family environment may influence IMT, multiple
mediation tests demonstrated that in females, smoking had indi-
rect effects, suggesting it may be a possible mediator between risky
family score and carotid IMT (Table 4). There was marginal
Table 1
Females: descriptive statistics of outcome (mean carotid intima media thickness) and co
estimates are means or percentages, with 95% confidence intervals in parentheses.

White Race/Ethnicity

Quartile of risky family score

1 2 3 4

Range: 0e1
(n ¼ 258)

Range: 2e3
(n ¼ 158)

Range: 4e6
(n ¼ 163)

Ra
(n

Age, y 45.5a 45.7 45.6 46
(45.1,45.9) (45.2,46.3) (45.0,46.1) (45

Smoker, % 8.9a 7.0 10.4 20
(5.7,13.1) (3.5,12.1) (6.1,16.2) (15

HDL cholesterol, mg/dL 62.6a 64.1 60.9 60
(60.8,64.4) (61.2,67.0) (58.4,63.4) (58

Total cholesterol, mg/dL 183.4a 191.0 189.3 18
(179.7,187.0) (185.9,196.0) (184.3,194.4) (18

Body mass index, kg/m2 26.4a 27.7 27.0 27
(25.6,27.1) (26.5,28.9) (25.9,28.1) (26

Systolic blood
pressure, mmHg

108.4 109.2 108.4 10
(107.2,109.8) (107.2,111.2) (106.4,110.3) (10

Diabetes, % 2.7 0.0 3.1 1.2
(1.1,5.5) e (1.0,7.0) (0.

Taking anti-
hypertensive
medication, %

7.4 5.1 9.8 7.7
(4.5,11.3) (2.2,9.7) (5.7,15.5) (4.

Taking cholesterol-
lowering medication, %

7.0a 2.5 4.9 3.7
(4.2,10.8) (0.7,6.4) (2.1,9.4) (1.

Parental education, y 15.3a 15.0 15.3 14
(15.0,15.7) (14.5,15.5) (14.8,15.9) (13

Own education, %>16 y 39.9a 42.4 37.4 27
(33.9,46.2) (34.6,50.5) (30.0,45.3) (22

CES-D score 5.9a 7.6 8.2 9.8
(5.2,6.7) (6.5,8.6) (7.2,9.2) (8.

Anger score 5.5a 6.4 6.4 6.4
(5.1,5.8) (5.9,6.9) (5.9,6.9) (6.

Social support score 4.0a 5.3 5.7 7.5
(3.7,4.3) (4.8,5.7) (5.2,6.2) (7.

Intima media thickness 0.65a 0.66 0.66 0.6
(0.64,0.67) (0.64,0.68) (0.64,0.69) (0.

CES-D, Center for Epidemiologic Studies Depression Scale; HDL, high density lipoprotein
a Represents point estimates for highest vs. lowest risky family score quartile where 9
evidence of indirect effects for HDL cholesterol, education and
anger-out expression in white females. In white males, smoking,
education and depressive symptomatology demonstrated signifi-
cant indirect effects consistent with being potential mediators
(Table 4).

In order to evaluate which of the 7 components of the risky
family questionnaire may be particularly strongly associated with
CHD risk, analyses evaluated associations of each questionnaire
item with mean carotid IMT (Appendix Table A). Parental moni-
toring (responses to question “Did your family know what you
were up to?”) was significantly associated with mean IMT in white
males after adjusting for age and childhood SEP (Appendix Table A).
Parental love, support and care (responses to question “How often
did a parent or other adult in the household make you feel that you
were loved, supported and cared for?”) was significantly associated
with mean IMT in white males and females after adjusting for age
and childhood SEP (Appendix Table A). Finally, parental aggression
(responses to question “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?”) was significantly associated with
mean IMT inwhitemales after adjusting for age (Appendix Table A).
Overall, this demonstrated that it was not only potentially abusive
factors (e.g. how often sworn at or insulted) that were associated
with carotid IMT, but also family situations related to parental
monitoring/attentiveness. There were no associations of any of the
individual risky family score components with mean carotid IMT in
black males or black females (data not shown).
variates according to quartile of risky family score, stratified by race/ethnicity. Point

Black Race/Ethnicity

Quartile of risky family score

1 2 3 4

nge: 7e21
¼ 247)

Range: 0e1
(n ¼ 176)

Range: 2e3
(n ¼ 153)

Range: 4e6
(n ¼ 169)

Range: 7e21
(n ¼ 180)

.2a 43.9 44.9 44.8 44.3
.8,46.6) (43.4,44.5) (44.3,45.5) (44.2,45.3) (43.7,44.9)
.7a 11.9a 19.0 23.7 24.4a

.8,26.2) (7.5,17.7) (13.1,26.1) (17.5,30.8) (18.4,31.4)
.3a 57.1 58.7 58.3 57.8
.1,62.5) (54.9,59.2) (56.3,61.1) (55.7,61.0) (55.1,60.5)
7.9a 181.8 188.1 185.3 183.4
4.0,191.8) (176.8,186.9) (182.5,193.8) (180.2,190.4) (178.5,188.3)
.7a 33.0 32.3 31.9 32.6
.9,28.6) (31.9,34.2) (31.0,33.7) (30.6,33.1) (31.5,33.8)
8.9 118.5 117.7 117.4 116.0
7.5,110.4) (115.9,121.0) (114.9,120.6) (114.9,119.8) (113.8,118.3)

6.3a 6.5 4.7 13.3a

3,3.5) (3.2,10.9) (3.2,11.7) (2.1,9.1) (8.7,19.2)
27.8 27.5 23.7 29.4

7,11.8) (21.4,35.1) (20.6,35.2) (17.5,30.8) (22.9,36.7)

a 8.0 6.6 5.3 7.8
7,6.8) (4.4,13.0) (3.2,11.8) (2.5,9.9) (4.3,12.7)
.1a 13.2a 13.1 12.4 12.3a

.7,14.5) (12.8,13.6) (12.6,13.5) (11.9,12.7) (11.9,12.7)
.5a 14.8 15.0 10.7 12.8
.1,33.6) (9.9,20.9) (9.8,21.7) (6.4,16.3) (8.3,18.6)
a 7.9a 9.0 11.4 15.1a

7,10.9) (6.8,8.9) (7.9,10.2) (10.0,12.8) (13.6,16.6)
a 5.0a 5.4 6.1 6.5a

0,6.8) (4.5,5.5) (4.8,5.9) (5.6,6.6) (5.9,7.0)
a 4.2a 5.8 7.1 9.6a

0,8.0) (3.8,4.7) (5.3,6.4) (6.6,7.7) (8.9,10.3)
8a 0.71 0.71 0.70 0.70
66,0.70) (0.69,0.73) (0.68,0.73) (0.68,0.72) (0.68,0.72)

; y, years.
5% confidence intervals do not overlap.



Table 2
Male descriptive statistics of outcome (mean carotid intima media thickness) and covariates according to quartile of risky family score, stratified by race/ethnicity. Point
estimates are means or percentages, with 95% confidence intervals in parentheses.

White Race/Ethnicity Black Race/Ethnicity

Quartile of risky family score Quartile of risky family score

1 2 3 4 1 2 3 4

Range: 0e1
(n ¼ 203)

Range: 2e3
(n ¼ 181)

Range: 4e6
(n ¼ 167)

Range: 7e21
(n ¼ 170)

Range: 0e1
(n ¼ 98)

Range: 2e3
(n ¼ 108)

Range: 4e6
(n ¼ 114)

Range: 7e21
(n ¼ 114)

Age, y 45.7 45.7 45.9 45.9 44.4 44.8 44.7 44.9
(45.3,46.2) (45.2,46.2) (45.5,46.4) (45.4,46.4) (43.7,45.1) (44.1,45.6) (44.0,45.4) (44.3,45.6)

Smoker, % 8.9a 13.8 13.8 21.8a 21.4a 20.4 29.0 32.5a

(5.3,13.6) (9.1,19.7) (8.9,20.0) (15.8,28.7) (13.8,30.9) (13.2,29.2) (20.8,38.2) (24.0,41.9)
HDL cholesterol, mg/dL 45.6 45.6 48.0 45.6 49.2 48.6 49.6 50.1

(43.9,47.3) (43.7,47.5) (46.0,50.0) (43.2,48.0) (46.5,51.9) (45.9,51.3) (46.0,53.3) (47.3,52.9)
Total cholesterol, mg/dL 186.6 186.1 191.1 187.7 181.9 183.8 184.6 183.4

(181.4,191.7) (180.8,191.5) (185.8,196.4) (181.8,193.7) (173.9,189.9) (175.9,191.7) (177.6,191.6) (177.8,189.0)
Body mass index, kg/m2 28.7 28.6 27.9 28.6 30.5 30.0 30.6 29.6

(27.5,29.9) (27.9,29.3) (27.2,28.6) (27.9,29.4) (29.1,32.0) (28.7,31.3) (29.2,31.9) (28.5,30.8)
Systolic blood

pressure, mmHg
116.3 116.9 116.5 115.5 119.4 123.6 122.6 121.5
(114.7,117.9) (115.1,118.7) (114.7,118.4) (113.8,117.2) (117.3,121.6) (120.8,126.3) (119.6,125.3) (119.3,123.7)

Diabetes, % 3.5 5.0 4.2 3.5 7.1 7.4 8.8 7.0
(1.4,7.1) (2.3,9.2) (1.7,8.5) (1.3,7.5) (2.9,14.2) (3.3,14.1) (4.3,15.5) (3.1,13.4)

Taking anti-
hypertensive
medication, %

9.9 17.2 15.0 11.2 19.4 19.4 21.2 17.5
(6.1,14.8) (12.0,23.6) (9.9,21.3) (6.9,16.9) (12.1,28.6) (12.5,28.2) (14.1,29.9) (11.1,25.8)

Taking cholesterol-
lowering medication, %

13.3 19.4 13.2 11.8 9.2 11.1 5.3 7.1
(9.0,18.8) (13.9,26.0) (8.5,19.4) (7.4,17.7) (4.3,16.7) (5.9,18.6) (2.0,11.1) (3.1,13.5)

Parental education, y 15.6a 15.2 14.7 14.7a 13.4a 13.0 13.1 12.6a

(15.2,16.0) (14.8,15.7) (14.2,15.1) (14.2,15.2) (12.8,13.9) (12.5,13.4) (12.7,13.6) (12.1,13.1)
Own education, %>16 y 43.8a 34.3 32.3 28.8a 10.2 3.7 10.0 9.7

(36.9,51.0) (27.4,41.7) (25.3,40.0) (22.2,36.3) (5.0,18.0) (1.0,9.2) (4.9,16.6) (4.9,16.6)
CES-D score 5.5a 7.1 7.9 9.6a 5.7a 8.0 9.3 12.0a

(4.8,6.2) (6.3,7.9) (7.0,8.9) (8.4,10.9) (4.8,6.6) (6.9,9.1) (8.0,10.5) (10.4,13.6)
Anger score 5.0a 5.7 5.8 6.4a 4.4a 5.0 5.3 5.5a

(4.6,5.4) (5.2,6.1) (5.3,6.2) (5.8,6.9) (3.8,5.0) (4.5,5.5) (4.7,5.8) (4.9,6.1)
Social support score 3.9a 5.2 5.9 8.1a 4.2a 5.3 6.4 8.7a

(3.5,4.3) (4.7,5.6) (5.4,6.3) (7.4,8.7) (3.6,4.9) (4.8,5.9) (5.7,7.0) (7.9,9.6)
Intima media thickness 0.72a 0.74 0.75 0.76a 0.75 0.77 0.76 0.76

(0.70,0.74) (0.72,0.76) (0.73,0.78) (0.73,0.78) (0.73,0.78) (0.74,0.81) (0.72,0.79) (0.74,0.79)

CES-D, Center for Epidemiologic Studies Depression Scale; HDL, high density lipoprotein; y, years.
a Represents point estimates for highest vs. lowest risky family score quartile where 95% confidence intervals do not overlap.
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Discussion

This study demonstrated that in white males and females,
increasingly adverse childhood family psychosocial environment
was positively associated with mean carotid IMT after adjusting for
age. Further adjustment for childhood SEP caused a moderate
reduction in effect sizes. Mediation analyses provided evidence that
smoking in white males and females, as well as education and
depressive symptomatology in white males, may be mechanisms
that explain how the childhood family psychosocial environment
could influence carotid IMT. No associations between family psy-
chosocial environment and carotid IMT were found in black
participants.

Prior literature

To our knowledge, this is the first study to evaluate associa-
tions of the childhood family psychosocial environment with
subclinical cardiovascular measures such as carotid IMT. Most
(Dong et al., 2004; Fuller-Thomson, Brennenstuhl, & Frank, 2010;
Russek & Schwartz, 1997) but not all (Korkeila et al., 2010) studies
that evaluated associations of the childhood family psychosocial
environment with prevalent/incident CHD used self-reported
measures of CHD. Carotid IMT provides a more direct assess-
ment than self-reported CHD, that has the benefit of being free
from biases due to self-report, although carotid IMT has the
limitation of being an imperfect predictor of CHD events (Lorenz
et al., 2007). With regard to other studies that evaluated asso-
ciations with risk for CHD (although these other studies did not
evaluate carotid IMT), this present study’s findings in white
participants are in general agreement with other studies that
showed adverse childhood psychosocial family environment was
related to higher risk for CHD after adjusting for age (Almeida
et al., 2010; Batten et al., 2004; Dong et al., 2004; Fuller-
Thomson et al., 2010; Korkeila et al., 2010; Loucks et al., 2011;
Russek & Schwartz, 1997). With regard to our findings of asso-
ciations in white but not black participants, most studies to date
on the relation between the childhood family psychosocial
environment with CHD risk have either performed analyses only
in white participants, or adjusted for race/ethnicity (Almeida
et al., 2010; Batten et al., 2004; Dong et al., 2004; Fuller-
Thomson et al., 2010; Korkeila et al., 2010; Loucks et al., 2011;
Russek & Schwartz, 1997). Consequently, little is known about
associations in black participants. In the CARDIA study, Lehman
et al. (Lehman et al., 2005, 2009) and Taylor et al. (Taylor et al.,
2006) evaluated race/ethnicity- and sex-specific associations of
the pathways between childhood SEP, risky family score and a
number of CHD risk markers using structural equation models,
with some evidence of better model fit for white than black
participants (Lehman et al., 2005, 2009; Taylor et al., 2006). The
reasons why effects were shown in our study for white but not
black participants are uncertain. Loss to follow-up was higher in
the CARDIA study for black compared with white participants,
and it is possible this influenced findings through bias. There is



Table 3
Associations of risky family score with mean carotid intima media thickness (IMT) measured at 20 sites of the bifurcation, internal and common carotid artery. Point estimates
represent regression coefficients (95% confidence intervals); units are mm increase in intima media thickness per one unit increase in risky family score (range of risky family
score 0e21).

Model adjustment

Age Age, childhood SEPa Age, adulthood SEPa Age, psychosociala Age, CHD risk
markersa

All covariates

White Females 0.0020b

(0.0002,0.0038)
0.0015
(�0.0003,0.0033)

0.0017
(�0.0001,0.0035)

0.0015
(�0.0005,0.0034)

0.0013
(�0.0004,0.0030)

0.0011
(�0.0007,0.0049)

White Males 0.0036b

(0.0006,0.0066)
0.0030
(0.0000,0.0060)

0.0020
(�0.0010,0.0050)

0.0032
(�0.0001,0.0066)

0.0030b

(0.0001,0.0059)
0.0017
(�0.0016,0.0049)

Black Females �0.0004
(�0.0027,0.0019)

�0.0004
(�0.0027,0.0020)

�0.0004
(�0.0027,0.0019)

�0.0009
(�0.0036,0.0018)

�0.0008
(�0.0030,0.0015)

�0.0003
(�0.0030,0.0024)

Black Males 0.0000
(�0.0038,0.0037)

�0.0003
(�0.0040,0.0035)

�0.0004
(�0.0041,0.0034)

�0.0005
(�0.0047,0.0037)

0.0003
(�0.0034,0.0040)

�0.0009
(�0.0050,0.0032)

a Childhood SEP was assessed using father’s and mother’s education. Adulthood SEP was assessed using own education. Psychosocial functioning variables include
depressive symptomatology, anger expression, positive social contacts and negative social contacts. CHD risk markers include smoking, body mass index, systolic blood
pressure, total cholesterol, HDL cholesterol, diabetes, cholesterol-lowering medications and antihypertensive medications.

b Represents point estimates for which 95% confidence intervals do not encompass null (0.0000 mm).

E.B. Loucks et al. / Social Science & Medicine 104 (2014) 15e2220
literature on racial/ethnic differences in associations of non-
abusive corporeal punishment with externalizing behaviors and
conduct problems in youth, and concern has been expressed that
much of the literature and recommendations are catered to
white, middle-class Americans (Lansford, Deater-Deckard, Dodge,
Bates, & Pettit, 2004; Pardini, Fite, & Burke, 2008). For example,
in a prospective study of 585 children from age 5 through 13
years, greater use of physical discipline was associated with
higher levels of subsequent externalizing behaviors in European
American adolescents, but lower levels of externalizing behaviors
in African American adolescents (Lansford et al., 2004). This
study suggested that different ecological niches may affect the
way in which parents use physical discipline, the meaning that
children attached to experiences of physical discipline, and its
effects on the adjustment of offspring. However racial/ethnic-
specific findings are not consistent in the literature, and more
research using prospective studies and representative racial/
ethnic groups will improve knowledge in this area (Pardini et al.,
2008). All studies to date, to the best of our knowledge, that have
evaluated contributions of the childhood family psychosocial
environment to CHD risk in black participants have been in the
CARDIA study (Lehman et al., 2005, 2009; Taylor et al., 2006);
replication using race/ethnicity-specific analyses in other study
populations will help further understand associations between
the childhood family psychosocial environment and carotid IMT
in African Americans as well as other racial/ethnic groups.
Table 4
Mediation tests evaluating indirect effects of risky family score on mean IMT, stratified b

Mediators White females White males

IE 95% CI IE 95% C

Body mass index 0.0002 (�0.0003,0.0007) �0.0000 (�0.0
Systolic blood pressure �0.0002 (�0.0006,0.0002) �0.0001 (�0.0
Smoking 0.0003a (0.0001,0.0007) 0.0005a (0.000
Total cholesterol 0.0001 (�0.0002,0.0004) 0.0001 (�0.0
HDL cholesterol 0.0003 (0.0000,0.0006) �0.0001 (�0.0
Fasting glucose 0.0001 (�0.0002,0.0005) 0.0001 (�0.0
Own education 0.0001 (0.0000,0.0004) 0.0013a (0.000
CES-D score 0.0001 (�0.0002,0.0006) 0.0010a (0.000
Anger-out expression score 0.0002 (0.0000,0.0005) 0.0000 (�0.0
Social support score 0.0005 (�0.0002,0.0011) 0.0003 (�0.0
Total indirect effect 0.0006a (0.0001,0.0012) 0.0021a (0.001

Models include all potential mediators, adjusted for age and childhood socioeconomic p
CES-D, Center for Epidemiologic Studies Depression Scale.
Indirect effect (IE) represents difference in mm mean IMT per unit increase of risky fam

a Represents point estimates for which 95% confidence intervals do not encompass nu
Mechanisms

How could a childhood family environment composed of cold,
unaffectionate interactions, conflict, aggression, neglect and/or low
nurturance causally influence thickening of the carotid artery,
atherosclerosis and eventual CHD? Studies have demonstrated that
exposure to emotional neglect, abuse, and cold, distant parente
child relationships increases the risk of depression and anxiety
(Francis, Champagne, Liu, & Meaney, 1999); depression itself is a
risk marker for CHD (Rugulies, 2002). Mediation analyses in this
study suggested that depressive symptomatology in white males,
and possibly anger-out expression in white females may be
explanatory mechanisms. Furthermore, certain behaviors (e.g.
smoking, binge drinking, overeating) can be used as mental health
coping strategies. Adverse early family psychosocial environments
are typically associated with elevated smoking (Dong et al., 2004;
Loucks et al., 2011), binge drinking (Kauhanen, Leino, Lakka,
Lynch, & Kauhanen, 2011) and obesity (Midei & Matthews, 2011);
smoking and obesity are established CHD risk factors, while early
evidence suggests binge drinking may be a CHD risk marker
(Bagnardi, Zatonski, Scotti, La Vecchia, & Corrao, 2008). Parental
monitoring and family connectedness can be important factors in
limiting adolescent smoking, alcohol consumption and overeating
(Cromley, Neumark-Sztainer, Story, & Boutelle, 2010; Mahabee-
Gittens, Xiao, Gordon, & Khoury, 2012; Simons-Morton, Haynie,
Crump, Eitel, & Saylor, 2001). For example, with regard to cigarette
y sex and race/ethnicity.

Black females Black males

I IE 95% CI IE 95% CI

004,0.0007) 0.0000 (�0.0004,0.0003) �0.0005 (�0.0013,0.0000)
007,0.0003) �0.0001 (�0.0005,0.0001) �0.0001 (�0.0005,0.0002)
1,0.0013) 0.0004a (0.0001,0.0090) �0.0001 (�0.0006,0.0001)
002,0.0006) �0.0000 (�0.0003,0.0002) 0.0002 (�0.0002,0.0001)
006,0.0002) �0.0000 (�0.0003,0.0001) 0.0001 (�0.0007,0.0002)
008,0.0009) 0.0001 (�0.0001,0.0004) �0.0001 (�0.0006,0.0003)
6,0.0021) 0.0000 (�0.0002,0.0004) 0.0002 (�0.0001,0.0010)
3,0.0020) �0.0006 (�0.0015,0.0003) 0.0003 (�0.0008,0.0014)
005,0.0006) 0.0003 (�0.0001,0.0009) 0.0001 (�0.0002,0.0007)
012,0.0018) 0.0008 (�0.0005,0.0023) 0.0006 (�0.0011,0.0024)
0,0.0036) �0.0004 (�0.0014,0.0006) 0.0002 (�0.0010,0.0015)

osition.

ily score due to the addition of mediator into the model.
ll (0.0000 mm).
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consumption, adolescence is recognized as a sensitive period in the
life course, as a large proportion of smokers start during this time
(American Lung Association Epidemiology and Statistics Unit,
2011). The addictive properties of cigarettes make it difficult to
quit for the remainder of the life course, leading to increased risk
for CHD. Parental monitoring and caring, positive parentechild
relationships can reduce the likelihood that youth initiate smoking,
thereby potentially limiting this important CHD risk factor for the
remainder of the life course (Mahabee-Gittens et al., 2012). Medi-
ation analyses in this study show fairly strong evidence for smoking
as a potential mechanism between the risky family score and ca-
rotid IMT in both white males and females, suggesting this may be
an important mechanism. Furthermore, adverse childhood family
environments including childhood neglect are associatedwith poor
educational outcomes (Chapple & Vaske, 2010). Education itself is a
risk marker for CHD and may causally influence CHD potentially
through pathways such as health literacy and income-related ac-
cess to health care, healthy environments and foods, amongst
others (Manrique-Garcia, Sidorchuk, Hallqvist, & Moradi, 2011).
Mediation analyses showed an indirect effect of education in white
males, suggesting it may be an additional mechanism.

It is important to note that the childhood psychosocial envi-
ronment, particularly parenting quality, is dependent on the larger
context in which the family is living. Low SEP of families, including
longitudinal descent of families into low SEP, is associated with
elevated risk for physical mistreatment or abuse, and appears to
move parenting to become more harsh, punitive, irritable, incon-
sistent and coercive (McLoyd, 1998). In animal models, similar
environmental conditions such as scarcity of food, social instability
and low dominance have also been shown to worsen quality of
maternal care (Francis et al., 1999). Adjusting for childhood SEP in
the current analyses moderately reduced effect sizes by 15e25%,
suggesting that the early life socioeconomic family context may be
an explanatory mechanism that could lead to worsened parenting,
thereby leading to CHD risks such as depression, smoking, obesity,
and low education, finally leading to increased carotid IMT. After
adjusting for childhood SEP, the 95% confidence intervals margin-
ally encompassed the referent category. Statistical power is very
much affected by sample size and measurement error, therefore
independent associations of risky family environment with carotid
IMTmay still be clinically meaningful, despite limitations of sample
size and ability to accurately measure childhood psychosocial
environment in this study. Structural equation modeling ap-
proaches have found associations consistent with the pathways by
which childhood SEP is related to risky family score, which in turn
is related to CHD risk markers such as metabolic syndrome
(Lehman et al., 2005), C-reactive protein (Taylor et al., 2006) and
blood pressure (Lehman et al., 2009). Overall, evidence suggests
that the early family socioeconomic environment has an impact on
the quality of parental care, which could then potentially influence
CHD risk.

Strengths and limitations

Limitations of the study include that there is the potential for
misclassification of items in the risky family questionnaire based on
factors such as retrospective reporting bias, or effects of mood/
affect. As described in the Methods section, we evaluated the
discriminant validity of the instrument through a confirmatory
factor analysis, and found no overlap of the risky family variable
with depressive symptomatology, social support or anger-out
expression. Other literature has further evaluated validity and
reliability of retrospective reporting for constructs including
childhood SES (Krieger et al., 1998), parental support and affection
(Brewin et al., 1993; Parker, 1989), and childhood abuse (Dill et al.,
1991). Overall, the possibility remains for misclassification by
retrospective reporting bias, or effects of mood/affect; however the
validation techniques demonstrated that the measure is reasonably
robust for independence from reporting on depression, social
support and anger-out expression.

With regard to strengths, this study used a fairly large sample
size (n¼ 2659), and was diverse in race/ethnicity (black andwhite),
sex, and socioeconomic position. It provided both race/ethnicity-
and sex-specific analyses, which are an important gap in the
literature. Furthermore, there is little available data on the relation
between childhood family psychosocial environment and CHD risk;
consequently, this study helps to move the field forward in
providing evidence of potential positive associations between
childhood psychosocial environment and a subclinical measure of
CHD (carotid IMT). The biological outcomemeasures and covariates
were measured utilizing rigorous quality control/quality assurance
protocols.

Clinical and population health implications

If the early family psychosocial environment does indeed
impact risk for CHD, there is substantial literature on interventions
to help prevent or mitigate the effects of these environments on
children, described in more detail elsewhere (Garner & Shonkoff,
2012; Mercy & Saul, 2009; Repetti et al., 2002). A number of spe-
cific programs such as the Nurse-Family Partnership, Perry Pre-
school, and Triple P programs have been evaluated for providing a
nurturing environment to children and their families to improve
developmental and health outcomes, described in further detail
elsewhere (Garner & Shonkoff, 2012; Mercy & Saul, 2009; Repetti
et al., 2002). Finally, it is important to consider the social context
inwhich the childhood family psychosocial environmentmanifests.
Parents living in poverty, with few employment opportunities, low
education and inadequate support systems are more likely to ex-
press more adverse parenting styles, such as neglect, abuse and
lower parental monitoring (Repetti et al., 2002). Efforts to address
some these potential upstream fundamental determinants of
health may help to break the intergenerational cycles that tend to
link early life adversity with later life disease.

With regard to the clinical significance of findings, according to
our results and those of the aforementioned meta-analysis (Lorenz
et al., 2007), a plausible 10-unit difference in risk family score (e.g.
for a child in a low vs. higher risk family; risky family score range 0e
21) represents an increased risk of 3.0e5.4% for myocardial
infarction and 3.6e6.5% increased risk for stroke. These represent
significant but fairly small increased risk for cardiovascular events,
which makes some sense given the multitude of risk factors for
cardiovascular disease (U.S. Department of Health and Human
Services, 2002).

Conclusions

This study demonstrated that in white males and females,
increasingly adverse childhood family psychosocial environment
was positively associated with mean carotid IMT after adjusting for
age. Further adjustment for childhood SEP induced a moderate
reduction in effect sizes. Mediation analyses suggested that smok-
ing in white males and females, in addition to education and
depressive symptomatology in white males, may be mechanisms
through which the childhood family psychosocial environment
could influence carotid IMT. No associations were found between
family psychosocial environment and carotid IMT in black partici-
pants. These findings suggest a possible role of the childhood family
psychosocial environment influencing carotid IMT in white
participants.



E.B. Loucks et al. / Social Science & Medicine 104 (2014) 15e2222
Grant support

The Coronary Artery Risk Development in Young Adults Study
(CARDIA) is conducted and supported by the National Heart, Lung,
and Blood Institute (NHLBI) in collaboration with the University
of Alabama at Birmingham (N01-HC95095 & N01-HC48047), Uni-
versity of Minnesota (N01-HC48048), Northwestern University
(N01-HC48049), and Kaiser Foundation Research Institute (N01-
HC48050). This manuscript has been reviewed by CARDIA for sci-
entific content and consistency of data interpretationwith previous
CARDIA publications.
Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.socscimed.2013.12.015.
References

Almeida, N. D., Loucks, E. B., Kubzansky, L., Pruessner, J., Maselko, J., Meaney, M. J.,
et al. (2010). Quality of parental emotional care and calculated risk for coronary
heart disease. Psychosomatic Medicine, 72, 148e155.

American Lung Association Epidemiology and Statistics Unit. (2011). Trends in to-
bacco use.

Bagnardi, V., Zatonski, W., Scotti, L., La Vecchia, C., & Corrao, G. (2008). Does
drinking pattern modify the effect of alcohol on the risk of coronary heart
disease? Evidence from a meta-analysis. Journal of Epidemiology & Community
Health, 62, 615e619.

Batten, S. V., Aslan, M., Maciejewski, P. K., & Mazure, C. M. (2004). Childhood
maltreatment as a risk factor for adult cardiovascular disease and depression.
Journal of Clinical Psychiatry, 65, 249e254.

Berenson, G. S., Srinivasan, S. R., Bao, W., Newman, W. P., 3rd., Tracy, R. E., &
Wattigney, W. A. (1998). Association between multiple cardiovascular risk
factors and atherosclerosis in children and young adults. The Bogalusa Heart
Study. The New England Journal of Medicine, 338, 1650e1656.

Brewin, C. R., Andrews, B., & Gotlib, I. H. (1993). Psychopathology and early expe-
rience: a reappraisal of retrospective reports. Psychological Bulletin, 113, 82e98.

Chapple, C. L., & Vaske, J. (2010). Child neglect, social context, and educational
outcomes: examining the moderating effects of school and neighborhood
context. Violence and Victims, 25, 470e485.

Cromley, T., Neumark-Sztainer, D., Story, M., & Boutelle, K. N. (2010). Parent and
family associations with weight-related behaviors and cognitions among
overweight adolescents. Journal of Adolescent Health, 47, 263e269.

Dill, D. L., Chu, J. A., Grob, M. C., & Eisen, S. V. (1991). The reliability of abuse history
reports: a comparison of two inquiry formats. Comprehensive Psychiatry, 32,
166e169.

Dong, M., Giles, W. H., Felitti, V. J., Dube, S. R., Williams, J. E., Chapman, D. P., et al.
(2004). Insights into causal pathways for ischemic heart disease: adverse
childhood experiences study. Circulation, 110, 1761e1766.

Felitti, V. J., Anda, R. F., Nordenberg, D., Williamson, D. F., Spitz, A. M., Edwards, V.,
et al. (1998). Relationship of childhood abuse and household dysfunction to
many of the leading causes of death in adults. The Adverse Childhood Experi-
ences (ACE) Study. American Journal of Preventive Medicine, 14, 245e258.

Francis, D. D., Champagne, F. A., Liu, D., & Meaney, M. J. (1999). Maternal care, gene
expression, and the development of individual differences in stress reactivity.
Annals of the New York Academy of Sciences, 896, 66e84.

Fuller-Thomson, E., Brennenstuhl, S., & Frank, J. (2010). The association between
childhood physical abuse and heart disease in adulthood: findings from a
representative community sample. Child Abuse & Neglect, 34, 689e698.

Garner, A. S., & Shonkoff, J. P. (2012). Early childhood adversity, toxic stress, and the
role of the pediatrician: translating developmental science into lifelong health.
Pediatrics, 129, e224ee231.

Hayes, A. F. (2009). Beyond Baron and Kenny: statistical mediation analysis in the
new millennium. Communication Monographs, 76, 408e420.

Kauhanen, L., Leino, J., Lakka, H. M., Lynch, J. W., & Kauhanen, J. (2011). Adverse
childhood experiences and risk of binge drinking and drunkenness in middle-
aged finnish men. Advances in Preventive Medicine, 2011, 478741.

Korkeila, J., Vahtera, J., Korkeila, K., Kivimaki, M., Sumanen, M., Koskenvuo, K., et al.
(2010). Childhood adversities as predictors of incident coronary heart disease
and cerebrovascular disease. Heart, 96, 298e303.

Krieger, N., Okamoto, A., & Selby, J. V. (1998). Adult female twins’ recall of childhood
social class and father’s education: a validation study for public health research.
American Journal of Epidemiology, 147, 704e708.

Lansford, J. E., Deater-Deckard, K., Dodge, K. A., Bates, J. E., & Pettit, G. S. (2004).
Ethnic differences in the link between physical discipline and later adolescent
externalizing behaviors. Journal of Child Psychology and Psychiatry, 45, 801e812.
Lehman, B. J., Taylor, S. E., Kiefe, C. I., & Seeman, T. E. (2005). Relation of childhood
socioeconomic status and family environment to adult metabolic functioning in
the CARDIA study. Psychosomatic Medicine, 67, 846e854.

Lehman, B. J., Taylor, S. E., Kiefe, C. I., & Seeman, T. E. (2009). Relationship of early life
stress and psychological functioning to blood pressure in the CARDIA study.
Health Psychology, 28, 338e346.

Lorenz, M. W., Markus, H. S., Bots, M. L., Rosvall, M., & Sitzer, M. (2007). Prediction of
clinical cardiovascular events with carotid intima-media thickness: a systematic
review and meta-analysis. Circulation, 115, 459e467.

Loucks, E. B., Almeida, N. D., Taylor, S. E., & Matthews, K. A. (2011). Childhood family
psychosocial environment and coronary heart disease risk. Psychosomatic
Medicine, 73, 563e571.

Lynch, J., & Smith, G. D. (2005). A life course approach to chronic disease epide-
miology. Annual Review of Public Health, 26, 1e35.

Mahabee-Gittens, E. M., Xiao, Y., Gordon, J. S., & Khoury, J. C. (2012). Continued
importance of family factors in youth smoking behavior. Nicotine & Tobacco
Research, 14, 1458e1466.

Manrique-Garcia, E., Sidorchuk, A., Hallqvist, J., & Moradi, T. (2011). Socioeconomic
position and incidence of acute myocardial infarction: a meta-analysis. Journal
of Epidemiology & Community Health, 65, 301e309.

McLoyd, V. C. (1998). Socioeconomic disadvantage and child development. Amer-
ican Psychologist, 53, 185e204.

Mendis, S., Puska, P., & Norrving, B. (2011). Global atlas on cardiovascular disease
prevention and control. Geneva: World Health Organization.

Mercy, J. A., & Saul, J. (2009). Creating a healthier future through early interventions
for children. Journal of the American Medical Association, 301, 2262e2264.

Midei, A. J., & Matthews, K. A. (2011). Interpersonal violence in childhood as a risk
factor for obesity: a systematic review of the literature and proposed pathways.
Obesity Reviews, e159e172.

Nambi, V., Chambless, L., Folsom, A. R., He, M., Hu, Y., Mosley, T., et al. (2010). Carotid
intima-media thickness and presence or absence of plaque improves prediction
of coronary heart disease risk: the ARIC (Atherosclerosis risk in communities)
study. Journal of the American College of Cardiology, 55, 1600e1607.

Pardini, D. A., Fite, P. J., & Burke, J. D. (2008). Bidirectional associations between
parenting practices and conduct problems in boys from childhood to adoles-
cence: the moderating effect of age and African-American ethnicity. Journal of
Abnormal Child Psychology, 36, 647e662.

Parker, G. (1989). The parental bonding instrument: psychometric properties
reviewed. Psychiatric Developments, 7, 317e335.

Parker, G., Tupling, H., & Brown, L. B. (1979). Parental bonding instrument. British
Journal of Medical Psychology, 52, 1e10.

Pignoli, P., Tremoli, E., Poli, A., Oreste, P., & Paoletti, R. (1986). Intimal plus medial
thickness of the arterial wall: a direct measurement with ultrasound imaging.
Circulation, 74, 1399e1406.

Polak, J. F., Person, S. D., Wei, G. S., Godreau, A., Jacobs, D. R., Jr., Harrington, A., et al.
(2010). Segment-specific associations of carotid intima-media thickness with
cardiovascular risk factors: the Coronary Artery Risk Development in Young
Adults (CARDIA) study. Stroke, 41, 9e15.

Preacher, K. J., & Hayes, A. F. (2008). Asymptotic and resampling strategies for
assessing and comparing indirect effects in multiple mediator models. Behavior
Research Methods, 40, 879e891.

Repetti, R. L., Taylor, S. E., & Seeman, T. E. (2002). Risky families: family social en-
vironments and the mental and physical health of offspring. Psychological
Bulletin, 128, 330e366.

Rugulies, R. (2002). Depression as a predictor for coronary heart disease. a review
and meta-analysis. American Journal of Preventive Medicine, 23, 51e61.

Russek, L. G., & Schwartz, G. E. (1997). Perceptions of parental caring predict health
status in midlife: a 35-year follow-up of the Harvard Mastery of Stress Study.
Psychosomatic Medicine, 59, 144e149.

Schuster, T. L., Kessler, R. C., & Aseltine, R. H., Jr. (1990). Supportive interactions,
negative interactions, and depressed mood. American Journal of Community
Psychology, 18, 423e438.

Simons-Morton, B., Haynie, D. L., Crump, A. D., Eitel, S. P., & Saylor, K. E. (2001). Peer
and parent influences on smoking and drinking among early adolescents.
Health Education & Behavior, 28, 95e107.

Spielberger, C. D., Syndeman, S. J., Owen, A. E., & Marsh, B. J. (1999). Measuring anxiety
and anger with the state-trait anger expression inventory (STAXI). In
M. E. Maruish (Ed.), The use and psychological testing for treatment planning and
outcomes assessment (2nd ed.) (pp. 993e1021). Lawrence Erlbaum Associates, Inc.

Taylor, S. E., Lehman, B. J., Kiefe, C. I., & Seeman, T. E. (2006). Relationship of early life
stress and psychological functioning to adult C-reactive protein in the coronary
artery risk development in young adults study. Biological Psychiatry, 60, 819e
824.

Taylor, S. E., Lerner, J. S., Sage, R. M., Lehman, B. J., & Seeman, T. E. (2004). Early
environment, emotions, responses to stress, and health. Journal of Personality,
72, 1365e1393.

U.S. Department of Health and Human Services. (2002). Third report of the National
Cholesterol Education Program (NCEP) Expert Panel on detection, evaluation, and
treatment of high blood cholesterol in adults (Adult Treatment Panel III) Final
report. pp. NIH Publication No. 02-5215. National Institutes of Health, National
Heart, Lung, and Blood Institute.

Warnick, G. R. (1986). Enzymatic methods for quantification of lipoprotein lipids.
Methods in Enzymology, 129, 101e123.

http://dx.doi.org/10.1016/j.socscimed.2013.12.015
http://dx.doi.org/10.1016/j.socscimed.2013.12.015
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref1
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref1
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref1
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref1
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref2
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref2
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref3
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref3
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref3
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref3
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref3
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref4
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref4
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref4
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref4
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref5
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref5
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref5
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref5
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref5
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref6
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref6
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref6
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref7
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref7
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref7
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref7
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref8
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref8
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref8
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref8
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref9
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref9
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref9
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref9
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref10
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref10
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref10
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref10
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref11
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref11
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref11
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref11
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref11
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref12
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref12
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref12
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref12
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref13
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref13
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref13
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref13
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref14
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref14
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref14
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref14
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref15
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref15
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref15
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref16
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref16
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref16
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref17
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref17
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref17
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref17
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref18
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref18
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref18
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref18
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref19
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref19
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref19
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref19
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref20
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref20
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref20
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref20
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref21
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref21
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref21
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref21
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref22
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref22
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref22
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref22
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref23
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref23
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref23
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref23
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref24
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref24
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref24
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref25
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref25
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref25
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref25
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref26
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref26
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref26
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref26
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref27
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref27
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref27
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref28
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref28
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref29
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref29
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref29
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref30
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref30
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref30
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref30
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref31
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref31
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref31
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref31
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref31
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref32
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref32
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref32
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref32
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref32
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref33
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref33
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref33
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref34
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref34
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref34
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref35
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref35
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref35
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref35
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref36
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref36
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref36
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref36
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref36
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref37
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref37
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref37
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref37
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref38
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref38
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref38
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref38
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref39
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref39
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref39
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref40
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref40
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref40
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref40
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref41
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref41
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref41
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref41
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref42
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref42
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref42
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref42
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref43
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref43
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref43
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref43
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref43
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref44
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref44
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref44
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref44
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref45
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref45
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref45
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref45
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref46
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref46
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref46
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref46
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref46
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref47
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref47
http://refhub.elsevier.com/S0277-9536(13)00691-6/sref47

	Childhood family psychosocial environment and carotid intima media thickness: The CARDIA study
	Introduction
	Methods
	Study sample
	Independent variable
	Dependent variable
	Covariates
	Statistical analyses

	Results
	Discussion
	Prior literature
	Mechanisms
	Strengths and limitations
	Clinical and population health implications

	Conclusions
	Grant support
	Appendix A Supplementary data
	References


