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Abstract

Background: Quantifying the cumulative effect of social risk factors on cardiovascular disease (CVD) risk can help to
better understand the sources of disparities in health outcomes.

Method and results: Data from the Heart Strategies Concentrating on Risk Evaluation (HeartSCORE) study were used
to create an index of cumulative social risk (CSR) and quantify its association with incident CVD and all-cause mortality.
CSR was defined by assigning a score of 1 for the presence of each of 4 social factors: i) racial minority status (Black
race), ii) single living status, iii) low income, and iv) low educational level. Hazard ratios (HRs) were computed using
Cox-regression models, adjusted for CVD risk factors. Over a median follow-up period of 8.3 years, 127 incident events
were observed. The incidence of the primary outcome for subgroups of participants with 0, 1, and ≥2 CSR scores was
5.31 (95% CI, 3.40–7.22), 10.32 (7.16–13.49) and 17.80 (12.94–22.67) per 1000 person-years, respectively. Individuals with
CSR score of 1 had an adjusted HR of 1.85 (1.15–2.97) for incident primary outcomes, compared to those with score of
0. The corresponding HR for individuals with CSR score of 2 or more was 2.58 (1.60–4.17).

Conclusion: An accumulation of social risk factors independently increased the likelihood of CVD events and deaths in
a cohort of White and Black individuals.
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Background
Racial disparities in cardiovascular disease (CVD) risk
and mortality is an important challenge for health care
in the United States and worldwide [1–4]. The Eight
Americas Study indicated that CVD represents the main
driver of disparities in life expectancy across various ra-
cial/ethnic groups in the United States [5]. We have pre-
viously reported that Black race is associated with CVD
risk independent of several novel and traditional CVD
risk factors [6]. While studies of biological determinants
of such disparities are important, current evidence sug-
gests that racial differences in CVD incidence are mainly
related to social and environmental factors, such as so-
cioeconomic deprivation (e.g., low family income, low
education level). Myriad, complex and interacting down-
stream social and psychological constructs such as

access to healthcare, medical compliance, eating habits,
depression and stress are thought to play role in this re-
lationship [7–11].
Socially disadvantaged individuals often have multiple

types of social risk factors. However, few studies to date
have investigated the cumulative effect of multiple social
risk factors on CVD risk [7, 8]. Identification of the cu-
mulative effect of various social risk factors on CVD risk
can provide insight into the real-world effects of social
disadvantage on CVD and may inform approaches to ad-
dressing CVD disparities that extend beyond strategies
focusing on a single risk factor. For example, a recent
study of NHANES III data reported the cumulative ef-
fect of four social risk factors (i.e., belonging to an ethnic
minority group, low income, low education, single living
status) on risk of CVD mortality and all-cause mortality
[7]. Each additional social risk score was found to be as-
sociated with a 17% higher risk of CVD mortality and
43% higher risk of under 65-year old mortality [7].
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However, the NHANES report did not include non-fatal
CVD events in the outcome. In order to further understand
the role of socio-environmental factors in CVD disparities,
we used data from the Heart Strategies Concentrating on
Risk Evaluation (HeartSCORE) study to create an index of
cumulative social risk (CSR) and quantify its association
with incident CVD events and all-cause mortality. We also
assessed the cross-sectional association between CSR and
carotid intima-media thickness (CIMT), which is a non-
invasive intermediate marker of atherosclerosis.

Methods
Study population
HeartSCORE is an ongoing community-based prospective
cohort study of racial disparities of CVD comprised of
2000 participants with approximately equal representation
of Blacks (44%) and Whites (56%). Fifty-one participants
(2.6%) were identified to be of other minority group (other
than Black) and were excluded from the present paper, as
data were too small for meaningful analyses. The methods
of HeartSCORE have been described previously [12, 13].
Eligibility criteria included age 45 to 75 years at study
entry, residence in the greater Pittsburgh metropolitan
area, ability to undergo baseline and annual follow-up
visits, and absence of known co-morbidities expected to
limit life expectancy to less than 5 years.

Social risk factors assessment
Demographic and medical histories were collected at the
baseline visit. Race was self-reported. Participants com-
pleted a detailed questionnaire about their marital/coha-
bitating status, maximum education level achieved,
annual income and ability to pay for basic needs. Single
living status was defined as individuals who are not mar-
ried or not cohabitating with a partner. Low income was
defined as individuals with an annual income of less
than $20 K or those reporting difficulty paying for their
basic needs. Low educational level was defined as those
who did not complete a high school diploma.

Cumulative social risk
The components of CSR were defined by assigning a
score of 1 for the presence (0 in their absence) of the fol-
lowing 4 social factors: i) racial minority status (Black
race), ii) low income and, iii) low educational level, and iv)
single living status. The individual scores were summed to
give the CSR score (range 0 to 4). Participants with a score
of 2, 3 or 4 were combined into one category for analyses
due to small numbers in each of these categories. Subsid-
iary analyses were performed by combining only partici-
pants with score of 3 or 4 into one category, while leaving
the rest as separate categories.

Outcomes
Participants were assessed for incident hospitalization
and CVD events by semi-annual questionnaires and dur-
ing annual follow-up study visits. Incident CVD events
were pre-defined as non-fatal myocardial infarction, acute
coronary syndrome, stroke, coronary revascularization, or
cardiac death. The primary outcome of interest was a
composite of CVD events and all-cause mortality. We se-
lected all-cause mortality as component of the primary
outcome because social risk factors likely influence not
only CVD risk but also global risk of mortality. The larger
number of composite outcome events also allows for suffi-
cient power to determine the association more precisely.
A secondary outcome was composed of nonfatal and fatal
CVD events. Events were confirmed and classified by
reviews of medical records, including death certificates
obtained from the Commonwealth of Pennsylvania.
Additionally, we investigated the presence of significant
subclinical atherosclerosis defined as maximal carotid
artery intima-media thickness (CIMT) > 1 mm. Carotid
artery imaging was carried out using a GE VIVID7
(General Electric Corp.) ultrasound imaging system and
a 7 MHz linear array vascular ultrasound probe, using
methods described previously [14].

Covariates assessment
Depression, stress and perceived discrimination were
assessed using validated questionnaires. Depression was
assessed using the Center for Epidemiologic Studies De-
pression Scale (CES-D) [15] and the assessment of per-
ceived stress was based on the Cohen Stress Scale
[16].Perceived discrimination was assessed using a standard
questionnaire that has been previously validated for popula-
tion research [17]. The total scores were calculated by
summing the “Yes” or “No” responses for the individual
questions within the respective questionnaires. Depression
was defined as CES-D score ≥ 16 [15].
Physical activity was assessed using the Lipid Research

Clinic questionnaire [18], which includes questions about
type and frequency of physical activity at work and during
leisure time and permits classification of individuals as
very active, moderately active, and inactive. The question-
naire provided approximations of ideal physical activity as
defined by the American Heart Association (AHA) Life’s
Simple 7 (LS7) [19, 20]. Consumption of fruits and vegeta-
bles was assessed using PrimeScreen questionnaire [21].
This self-administered questionnaire evaluates diet quality
using average frequency of consumption of specific foods
and food groups during the previous year. A value of 3
servings/d of fruits and vegetables on the PrimeScreen
questionnaire has been shown to correlate closely with 5
servings/d when derived from more extensive food fre-
quency questionnaires [21]. The questionnaire was used
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to define ideal consumption of fruits and vegetables
according to AHA LS7 [19, 20].
Physical examination included measurement of vital

signs and anthropometric measures of body fat distribu-
tion. Body mass index (BMI) was calculated as weight/
height2 (kg/m2). Diabetes mellitus was defined as fasting
glucose >126 mg/dL (the definition for diabetes at the
time of study initiation) or a history of previously diag-
nosed diabetes. Fasting blood glucose was measured
using the glucose oxidase method. Measurement of high-
sensitivity C-reactive protein (hsCRP) was performed
using an immunoturbidimetric assay on the Roche P
Modular system (Roche Diagnostics - Indianapolis, IN),
using reagents and calibrators from DiaSorin (Stillwater,
MN). Serum interleukin-6 (IL6) concentrations were
measured using commercially available ELISA assay
kits (R&D Systems, Minneapolis, MN). To confirm re-
producibility as reported by the kit manufacturer, a
random subset of samples (10%) was assayed in
duplicate.

Statistical methods
We first created an index of CSR score for each Heart-
SCORE participant. We then assessed factors associated
with CSR including socio-demographic, biophysical and
biochemical variables. Test parameters were derived
from analyses of variance for continuous variables, and
chi-squared tests for categorical variables.
Cox-regression models were fit to examine the

associations of CSR with incident outcomes. Adjust-
ment was made for traditional CVD risk factors (i.e.,
age, sex, smoking status, blood pressure, diabetes,
BMI, total and high-density lipoprotein cholesterol
[HDL-c]). Further adjustments were made for vari-
ables that could potentially mediate the putative
association between CSR and CVD/mortality out-
comes, i.e., inflammatory variables (hsCRP and IL6),
psychological variables (depression, stress and per-
ceived discrimination scores), and statin use. We also
constructed an alternative model by adjusting for
ideal physical activity, and fruit and vegetable con-
sumption as defined by AHA, in addition to the
basic model comprised of the traditional CVD risk
factors.
The cross-sectional association of CSR with signifi-

cant CIMT (i.e., CIMT > 1 mm) was assessed using
logistic regression models, adjusting for traditional
CVD risk factors. We conducted a sensitivity analysis
to examine the effect of various ways of defining and
categorizing the CSR score. All analyses were per-
formed using Stata software (Stata Corp., version 11,
Texas, USA). P-values <0.05 were considered statisti-
cally significant.

Results
Baseline characteristics and correlates of race and CSR
The baseline characteristics of participants and factors
associated with CSR are shown in Table 1. In total, 1731
(out of 1949) participants with complete information on
all variables were included in the analyses. Among these
participants, 35%, 30% and 35% had CSR scores of 0, 1
and ≥2, respectively. The proportions of current smokers
and individuals with diabetes, hypertension, or family
history of coronary artery disease increased across cat-
egories of CSR from 0, 1, and ≥2. Mean systolic blood
pressure, diastolic blood pressure and BMI, as well as
hsCRP and IL6 concentrations increased across categor-
ies of CSR. Similarly, depression, stress and perceived
discrimination scores increased across the categories of
CSR (Table 1). Thus, the CSR index was univariately as-
sociated with a broad spectrum of CVD risk factors.
Analyses of baseline characteristics by race showed

that White participants were older than Black partici-
pants on average (mean age 60 vs 58 years), and were
less likely to be current smokers (8% vs 14%), have
diabetes (5% vs 16%), or have hypertension (31% vs
56%). Black participants were less likely to be male
(30% vs 37%) and had higher BMI (mean 32 vs
29 kg/m2), hsCRP (3.7 vs 2.4 mg/l), and IL6 (2.7 vs
1.9 pg/ml) levels. (Additional file 1: Table S1).

Incidence of CVD event and mortality outcome
Among 1671 participants with nonzero follow-up time,
127 incident events (18 fatal CVD events, 41 other
deaths and 68 nonfatal CVD events) were observed over
a median follow-up period of 8.3 years (interquartile
range: 7.2–9.2; 13,093 person-years of follow-up). The
unadjusted and age-, sex- adjusted incidence rates of the
primary (CVD events and mortality) and secondary
(nonfatal and fatal CVD events) are shown in Table 2.
The overall age-, sex- adjusted incidence of the primary
outcome was 9.91 (95% CI, 8.19–11.64) per 1000
person-years (PYRS). The corresponding incidence rates
for subgroups of participants with 0, 1, and ≥2 CSR
scores were 5.31 (3.40–7.22), 10.32 (7.16–13.49) and
17.80 (12.94–22.67) per 1000 PYRS, respectively. A simi-
lar pattern of linear increase in event rates with increas-
ing number of CSR score was noted for the secondary
outcome (Table 2).

Cumulative social risk and incident CVD and mortality
outcome
Figure 1 shows Kaplan Meier event-free survivor curve
by CSR (CSR 0, 1, or ≥2) with adjustment for CVD risk
factors. Compared to those with a CSR score of 0, individ-
uals with a CSR score of 1 had an age- and sex adjusted
HR of 1.94 (95% CI 1.21, 3.11) for incident primary out-
comes (composite of CVD events and mortality). This
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Table 1 Study characteristic by cumulative social risk (3 categories)

Traditional risk factors Overall
N = 1731

CSR = 0
N = 607

CSR = 1
N = 520

CSR ≥2
N = 604

p-value

Age (yrs) 59.1 (7.4) 59.7 (7.3) 59.2 (7.6) 58.3 (7.4) 0.004

Male 593 (34.3%) 270 (44.5%) 185 (35.6%) 138 (22.9%) <0.001

Smoker 188 (10.9%) 43 (7.1%) 44 (8.5%) 101 (16.7%) <0.001

SBP (mmHg) 136.2(19.4) 133.1 (18.1) 134.9 (18.2) 140.9 (20.9) <0.001

DBP (mmHg) 80.7 (10.4) 79.0 (10.0) 80.4 (9.8) 82.6(10.9) <0.001

Diabetes 169 (9.8%) 31 (5.1%) 43 (8.3%) 95 (15.7%) <0.001

Hypertension 727 (42.0%) 190 (31.3%) 205 (39.4%) 332 (55.0%) <0.001

BMI (kg/m2) 30.0 (6.1) 28.3 (5.3) 29.8 (5.8) 31.7 (6.8) <0.001

TC (mg/dL) 213.2 (42.6) 214.3 (41.4) 213.6 (41.3) 211.9 (44.9) 0.613

HDL-c (mg/dL) 57.6 (14.8) 56.8 (15.2) 57.1(14.2) 58.9 (14.9) 0.029

TG (mg/dL) 122.6 (73.3) 130.8 (74.9) 122.6 (70.9) 114.3 (72.8) <0.001

Components of CSR

Race - Black 715 (41.3%) 0 (0.0%) 208 (40.0%) 507 (83.9%) <0.001

Low income 500 (28.9%) 0 (0.0%) 104 (20.0%) 396 (65.6%) <0.001

Single living 722 (41.7%) 0 (0.0%) 197 (37.9%) 525 (86.9%) <0.001

< High school 38 (2.2%) 0 (0.0%) 11 (2.1%) 27 (4.5%) <0.001

Other variables

Statin 361 (20.9%) 141 (23.2%) 108 (20.8%) 112 (18.6%) 0.14

Family hx CAD 628 (36.3%) 194 (32.0%) 182 (35.0%) 252 (41.7%) <0.001

Depressiona 204 (11.8%) 39 (6.4%) 54 (10.4%) 111 (18.4%) <0.001

CESD score 6.86 (8.0) 5.29 (6.26) 6.50 (7.66) 8.74 (9.30) <0.001

Cohen score 4.26 (3.01) 3.71 (2.68) 4.28 (2.99) 4.78 (3.26) <0.001

DIS score 11.23 (6.2%) 9.58 (6.03) 11.43 (6.10) 12.73 (5.90) <0.001

Creatinine (mg/dl) 0.92 (0.27) 0.91 (0.18) 0.93 (0.33) 0.93 (0.29) 0.419

HsCRP (mg/l) 2.91 (4.98) 2.34 (4.62) 2.64 (3.65) 3.73 (6.10) <0.001

IL6 (pg/ml) 2.21 (2.02) 1.78 (1.48) 2.20 (1.63) 2.66 (2.62) <0.001

CSR cumulative social risk score, Hx history, BP blood pressure, BMI body mass index, < High school – did not complete high school, TC total cholesterol,
HDL-c high-density lipoprotein cholesterol, TG triglycerides, HsCRP high-sensitivity C-reactive protein, IL6 interleukin-6, CESD Center for Epidemiologic Studies
Depression Scale, Cohen stress scale, DIS discrimination score. aDepression was defined as CES-D score ≥ 16. NB. The p-value is a test for statistical significant difference
in the distribution of the respective variables across the categories of CSR. A p-value <0.05 is considered statistically significant

Table 2 Adjusted and unadjusted event rates for primary and secondary outcome

Outcome Group Person-time (PYRS) No. Event Unadjusted rate (95% CI) per 1000 PYRS Age- & sex- adjusted rate (95% CI)
per 1000 PYRS

Mortality + CVD event Overall 13093 127 9.7 (8.15–11.54) 9.91 (8.19–11.64)

CSR =0 4900 30 6.12 (4.28–8.76) 5.31 (3.40–7.22)

CSR =1 3989 41 10.28 (7.57–13.96) 10.32 (7.16–13.49)

CSR ≥2 4204 56 13.32 (10.25–17.3 17.80 (12.94–22.67)

CVD event Overall 13093 86 6.57 (5.32–8.11) 6.93 (5.28–8.11)

CSR =0 4900 22 4.49 (2.96–6.82) 4.00 (2.32–5.67)

CSR =1 3989 28 7.02 (4.85–10.17) 7.07 (4.45–9.69)

CSR ≥2 4204 36 8.56 (6.18–11.87) 10.77 (7.11–14.43)

PYRS person years, CI confidence interval, CVD cardiovascular disease, CSR cumulative social risk
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association was only mildly attenuated after adjustment
for traditional CVD risk factors (1.85 [95% CI, 1.15–2.97])
(Table 3). The corresponding unadjusted and adjusted
HRs for individuals with a CSR score of ≥2 were 3.35
(2.12–5.29) and 2.58 (1.60–4.17), respectively. The

association between CSR and incident primary out-
comes was attenuated by <5% after additional adjust-
ment for variables that could potentially mediate the
relationship, including inflammatory markers (hsCRP,
IL6), psychological factors (depression, stress, perceived

Fig. 1 Kaplan Meier even-free survivor curve by Cumulative Social Risk (CSR 0, 1, or ≥2) with adjustment for CVD risk factors*. *Adjusted to mean
values of age, sex, smoking status, systolic blood pressure, body mass index, diabetes, and total high-density lipoprotein cholesterol

Table 3 Association of cumulative social risk (3 categories) with combined cardiovascular disease and mortality outcome (1671 participants,
127 cases) with adjustment for traditional CVD risk factors and psychosocial factors

Progressive
adjustmenta

CSR = 1, N = 501 CSR ≥2, N = 573 Per Unit score (trend)

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Crude 1.68(1.05,2.68) 0.03 2.17(1.39,3.38) <0.001 1.45(1.17,1.80) <0.001

Age & sex 1.94(1.21,3.11) 0.01 3.35(2.12,5.29) <0.001 1.82(1.45,2.28) <0.001

Above + smoking 1.94(1.21,3.12) 0.01 3.00(1.89,4.76) <0.001 1.72(1.37,2.15) <0.001

Above + SBP 1.90(1.19,3.05) 0.01 2.70(1.69,4.31) <0.001 1.63(1.30,2.04) <0.001

Above + diabetes 1.83(1.14,2.95) 0.01 2.47(1.54,3.96) <0.001 1.55(1.24,1.95) <0.001

Above + BMI 1.84(1.15,2.96) 0.01 2.51(1.56,4.04) <0.001 1.57(1.24,1.98) <0.001

Above + TC 1.86(1.16,2.98) 0.01 2.50(1.55,4.03) <0.001 1.56(1.24,1.97) <0.001

Above + HDL-c 1.85(1.15,2.97) 0.01 2.58(1.60,4.17) <0.001 1.59(1.26,2.01) <0.001

Above + HsCRP 1.85(1.15,2.98) 0.01 2.56(1.59,4.14) <0.001 1.59(1.26,2.00) <0.001

Above + IL6 1.82(1.13,2.92) 0.01 2.50(1.55,4.05) <0.001 1.57(1.24,1.98) <0.001

Above + CESD 1.80(1.12,2.90) 0.01 2.42(1.49,3.93) <0.001 1.54(1.22,1.95) <0.001

Above + Cohen 1.80(1.12,2.89) 0.02 2.41(1.48,3.91) <0.001 1.54(1.21,1.95) <0.001

Above + DIS 1.81(1.12,2.93) 0.02 2.43(1.48,4.00) <0.001 1.54(1.21,1.97) <0.001

Above + statin 1.81(1.12,2.93) 0.02 2.48(1.51,4.08) <0.001 1.56(1.22,1.99) <0.001
aThe first model is a univariate model; the second model is adjusted for age and sex; each of the subsequent models is constructed by adding the variable listed
in corresponding line plus all the variables found in the model in the line above it
CSR cumulative risk score, SBP systolic blood pressure, BMI body mass index, TC total cholesterol, HDL-c high-density lipoprotein cholesterol
HsCRP high-sensitivity C-reactive protein, IL6 interleukin-6, CESD Center for Epidemiologic Studies Depression Scale, Cohen stress scale, DIS discrimination score
NB. The p-value is a test of statistically significant association between CSR and the clinical outcome. P-value for trend (last column) indicates if the association of
CSR with clinical outcome, per unit changes in CSR scores, is statistically significant. A p-value <0.05 is considered statistically significant
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discrimination), and statin use (Table 3). There was evi-
dence of a graded increase in CVD risk as the CSR
score increased from 0 to 1 and ≥2 or more (p-value
for trend <0.001 for all models) (Table 3).
For the secondary outcome (i.e., fatal and nonfatal

CVD events), individuals with a CSR score of 1 had
an age- and sex adjusted hazard ratio of 1.74 (95% CI
0.99–3.05), which was borderline statistically significant
(p-value 0.05). (Table 4) This association was attenuated
after adjustment for traditional CVD risk factors (1.66
[95% CI 0.95–2.91, p-value 0.08]) The corresponding
hazard ratios for individuals with a CSR score of ≥2
were 2.60 (1.50–4.49) and 2.12 (1.19–3.76), respectively.
The association was only modestly attenuated upon
further adjustment for potential mediators described
above. There was evidence of a graded increase in CVD
risk as the CSR score increased from 0 to 1 and ≥2 or
more (p-value for trend <0.05) (Table 4).
In a subset of participants with available informa-

tion on fruit and vegetable consumption, and physical
activity (1569 individuals) the association of CSR with
the primary or secondary outcome were similar (albeit
weaker). (Tables 5 and 6). The associations were only
modestly attenuated by adjustment for ideal fruit and
vegetable consumption and ideal physical activity
(Tables 5 and 6).

Cumulative social risk and carotid artery intima-media
thickness
In cross sectional analyses of the association between CSR
and presence of significant CIMT (defined as CIMT
>1 mm), individuals with a CSR score of 1 had an odds ra-
tio of 1.31 (0.83–2.07) compared to those with a CSR score
of 0 in a model adjusted for age, sex and traditional CVD
risk factors. The corresponding odds ratio for individuals
with CSR score of ≥2 was 1.86 (1.15–3.02). Thus, there
was evidence of a graded increase in risk as the CSR score
increased from 0 to 1 and ≥2 (odds ratio = 1.36; 1.07–1.73
in adjusted model; p-value for trend = 0.001) (Table 7).

Subsidiary analyses
To examine any effect of categorization of CSR score
used in the main analyses (i.e., 0, 1 and ≥2, we performed
a sensitivity analyses by categorizing CSR scores into 4
categories (0, 1, 2, ≥3), which yielded broadly similar
results (Additional file 1: Tables S2 and S3).

Discussion
Using prospective data from a cohort composed of com-
parable proportions of Black and White participants
followed for an average of 8.3 years, we demonstrated
that accumulation of four social risk factors (belonging
to racial minority group, low social income, low education,

Table 4 Association of cumulative social risk (3 categories) with combined fatal and nonfatal cardiovascular disease outcome
(1671 participants and 86 cases) with adjustment for traditional CVD risk factors and psychosocial factors

Progressive adjustmenta CSR = 1, N = 501 CSR ≥2, N = 573 Per Unit score (trend)

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Crude 1.54(0.88,2.70) 0.13 1.85(1.09,3.15) 0.02 1.35(1.04,1.74) 0.02

Age & sex 1.74(0.99,3.05) 0.05 2.60(1.50,4.49) <0.001 1.60(1.23,2.10) <0.001

Above + smoking 1.74(0.99,3.04) 0.05 2.44(1.41,4.24) <0.001 1.55(1.18,2.03) <0.001

Above + SBP 1.71(0.97,2.99) 0.06 2.18(1.25,3.82) 0.01 1.47(1.12,1.92) 0.01

Above + diabetes 1.65(0.94,2.89) 0.08 1.99(1.13,3.49) 0.02 1.40(1.06,1.84) 0.02

Above + BMI 1.66(0.95,2.91) 0.08 2.03(1.14,3.59) 0.02 1.41(1.07,1.87) 0.02

Above + TC 1.67(0.95,2.93) 0.07 2.02(1.14,3.57) 0.02 1.41(1.07,1.86) 0.02

Above + HDL-c 1.66(0.95,2.91) 0.08 2.12(1.19,3.76) 0.01 1.45(1.09,1.92) 0.01

Above + HsCRP 1.67(0.95,2.93) 0.07 2.10(1.18,3.74) 0.01 1.44(1.09,1.91) 0.01

Above + IL6 1.66(0.95,2.92) 0.08 2.08(1.17,3.72) 0.01 1.43(1.08,1.90) 0.01

Above + CESD 1.65(0.94,2.90) 0.08 2.04(1.14,3.65) 0.02 1.42(1.07,1.88) 0.02

Above + Cohen 1.62(0.92,2.85) 0.09 2.00(1.12,3.58) 0.02 1.41(1.06,1.87) 0.02

Above + DIS 1.59(0.89,2.82) 0.12 1.92(1.05,3.50) 0.03 1.38(1.03,1.85) 0.03

Above + statin 1.59(0.89,2.82) 0.11 1.96(1.07,3.57) 0.03 1.39(1.04,1.87) 0.03
aThe first model is a univariate model; the second model is adjusted for age and sex; each of the subsequent models is constructed by adding the variable listed
in corresponding line plus all the variables found in the model in the line above it.
CSR cumulative risk score, SBP systolic blood pressure, BMI body mass index, TC total cholesterol, HDL-c high-density lipoprotein cholesterol
HsCRP high-sensitivity C-reactive protein, IL6 interleukin-6, CESD Center for Epidemiologic Studies Depression Scale, Cohen stress scale, DIS discrimination score
NB. The p-value is a test of statistically significant association between CSR and the clinical outcome. P-value for trend (last column) indicates if the association of
CSR with clinical outcome, per unit changes in CSR scores, is statistically significant. A p-value <0.05 is considered statistically significant.
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and single living status) is associated in a gradient manner
with increased risk of combined all-cause mortality and
CVD events, as well as with presence of significant CIMT,
which is a marker of subclinical atherosclerosis. Cumula-
tive social risk was associated with several traditional
CVD risk factors including smoking, blood pressure, dia-
betes, BMI, and family history of coronary artery disease,
as well as with high levels of inflammatory marker (hsCRP,
IL6) and adverse psychosocial factors (depression, stress,
perceived discrimination). Adjustment for traditional
CVD risk factors, as well as for inflammatory and psycho-
social factors, several of which may be in the causal path-
way of the association, did not materially attenuate the
relative risks for the primary outcome of mortality or non-
fatal CVD events. These findings suggest a strong inde-
pendent effect of CSR on risk of mortality and CVD.
Previous studies have shown that the presence of single

measures of socioeconomic disadvantage, such as ethnic
minority status, low education or low income, is associated
with adverse cardiovascular outcomes [3, 6, 7, 22–24]. It

has also been demonstrated that these different measures
are not necessarily interchangeable [25]. Furthermore,
studies have also shown that the duration of time that indi-
viduals spent living in a disadvantaged socioeconomic pos-
ition increases the risk of adverse CVD outcomes [8, 26].
However, few studies have evaluated the cumulative
effect of the simultaneous presence of multiple social
risk factors on the risk of non-fatal CVD outcomes
and mortality and the construct of cumulative social
risk has been defined differently in studies [7, 27].
Our findings complement and supplement findings
from previous studies by using a 4-variable construct of
CSR, assessing its association with several traditional
and novel CVD risk factors, as well as its associations
with risk of non-fatal CVD events and all-cause mortal-
ity. For instance, while extant studies have only investi-
gated mortality [7], we also investigated incident CVD
events and subclinical disease, thus providing a more
robust and comprehensive assessment of the relation of
CSR to CVD.

Table 5 Association of cumulative social risk (3 categories) with combined cardiovascular disease and mortality outcome
(1569 participants, 134 cases) with adjustment for traditional CVD risk factors, plus ideal fruit and vegetable consumption, and
physical activity

Progressive adjustment CSR = 1, N = 478 CSR ≥2, N = 576 Per Unit score (trend)

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Crude 1.35(0.86,2.10) 0.19 1.75(1.16,2.64) 0.01 1.32(1.08,1.62) 0.01

Age & sex 1.51(0.97,2.37) 0.07 2.55(1.67,3.91) <0.001 1.60(1.29,1.98) <0.001

Traditional CV factors 1.42(0.91,2.23) 0.12 1.92(1.22,3.01) <0.001 1.38(1.11,1.73) <0.001

Above + ideal dieta 1.38(0.88,2.17) 0.16 1.85(1.17,2.91) 0.01 1.36(1.08,1.70) 0.01

Above + ideal activityb 1.39(0.88,2.18) 0.16 1.85(1.17,2.91) 0.01 1.36(1.08,1.70) 0.01

CSR cumulative risk score, CV cardiovascular, Ideal diet – refers to ideal consumption of fruit and vegetables; Ideal activity – refers to ideal physical activity
according to AHA definition of Life’s Simple 7
Traditional CV factors - adjusted for age, sex, smoking, systolic blood pressure, diabetes, body mass index, total cholesterol and high-density lipoprotein cholesterol
aThis model is adjusted for traditional CV risk factors above plus ideal fruit and vegetable consumption
bThis model is adjusted for traditional CV risk factors above, and ideal fruit and vegetable consumption, plus ideal physical activity
NB. The p-value is a test of statistically significant association between CSR and the clinical outcome. P-value for trend (last column) indicates if the association of
CSR with clinical outcome, per unit changes in CSR scores, is statistically significant. A p-value <0.05 is considered statistically significant

Table 6 Association of cumulative social risk (3 categories) with combined fatal and nonfatal cardiovascular disease outcome
(1569 participants, 92 cases) with adjustment for traditional CVD risk factors, plus ideal fruit and vegetable consumption, and
physical activity

Progressive adjustment CSR = 1, N = 478 CSR ≥2, N = 576 Per Unit score (trend)

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Crude 1.34(0.78,2.28) 0.29 1.63(0.99,2.69) 0.05 1.27(1.00,1.63) 0.05

Age & sex 1.48(0.87,2.53) 0.15 2.27(1.36,3.79) <0.001 1.51(1.17,1.95) <0.001

Traditional CV 1.42(0.83,2.42) 0.2 1.81(1.05,3.12) 0.03 1.34(1.03,1.76) 0.03

Above + ideal dieta 1.36(0.79,2.32) 0.27 1.71(0.99,2.95) 0.05 1.31(1.00,1.71) 0.05

Above + ideal activityb 1.35(0.79,2.31) 0.27 1.70(0.99,2.94) 0.06 1.30(0.99,1.71) 0.06

CSR cumulative risk score, Ideal diet – refers to ideal consumption of fruit and vegetables; Ideal activity – refers to ideal physical activity according to AHA
definition of Life’s Simple 7
Traditional CV factors - adjusted for age, sex, smoking, systolic blood pressure, diabetes, body mass index, total cholesterol and high-density lipoprotein cholesterol
aThis model is adjusted for traditional CV risk factors above plus ideal fruit and vegetable consumption
bThis model is adjusted for traditional CV risk factors above, and ideal fruit and vegetable consumption, plus ideal physical activity
NB. The p-value is a test of statistically significant association between CSR and the clinical outcome. P-value for trend (last column) indicates if the association of
CSR with clinical outcome, per unit changes in CSR scores, is statistically significant. A p-value <0.05 is considered statistically significant
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The associations between CSR and several traditional
CVD risk factors, inflammatory factors, depression, per-
ceived discrimination, and stress suggest that these factors
may potentially mediate or confound the primary associ-
ation between CSR and CVD and mortality outcomes. In
particular, there is a growing evidence supporting the role
of psychosocial factors such as perceived discrimination,
stress and depression in mediating and modifying the
relationship between disadvantageous social exposures
(such as ethnic minority status and low income) and
clinical outcomes [9–11]. That the association was minim-
ally attenuated after adjustment for the factors discussed
above, may suggest a strong independent effect of CSR.
Important related considerations, however, include meas-
urement error in mediators and confounders, as well as
unidentified effect modifications and interactions.
We also investigated the effect of adjustment for ideal

fruit and vegetable consumption in attempt to partially
account for more proximal potential effect-mediating so-
cial constructs, which did not materially attenuate the
association. These proximal social constructs which in-
clude, but are not limited to, factors such as health be-
havior (e.g., medical compliance, healthy eating index,
physical activity) and access to health care (e.g., having
medical insurance and primary care follow-up) are not
likely to be fully captured by the limited adjustment that
was possible in the current analyses. Behavioral risk fac-
tors are of importance, as it has been hypothesized that
social stressors adversely affect health behaviors, such as

diet, physical activity, smoking habit, and alcohol use,
partly accounting for the high rates of obesity and CVD
seen among minorities and lower social status popula-
tions who may experience a greater number of stressors
than non-minority populations.
Epigenetic modifications, i.e., heritable and potentially

modifiable markers that regulate gene expression with-
out changing the underlying DNA sequence, provide po-
tential mechanistic explanation for social determinants
of CVD. Epigenetic markers are responsive to non-
biological and environmental exposures, particularly those
encountered in early life [28]. Indeed, existing evidence
suggests an association between socioeconomic circum-
stances and global and genome-wide DNA methylation
[29–32]. Hence, further studies should investigate the
interrelation of social and biological risk factors and CVD
outcomes.
The contribution of access to health care to racial dis-

parities observed among the US general population was
demonstrated by a recent study of a large cohort of US
veterans, which showed that African-American veterans,
in contrast to non-veteran African-Americans, do not
have an increased risk of CVD and mortality outcomes
[33]. On the other hand, a nationwide study of the associ-
ation between income and life expectancy in the US using
deidentified tax data and Social Security Administration
death records found that differences in life expectancy be-
tween geographic locations for individuals in the lowest
income quartile were correlated to health behavior factors

Table 7 Association of cumulative social risk (3 categories) with significant CIMT (CIMT >1 mm, 689 participants)

Progressive adjustmenta CSR = 1, N = 209 CSR ≥2, N = 190 Per Unit score (trend)

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Crude 1.16(0.76,1.77) 0.5 1.46(0.96,2.23) 0.08 1.21(0.98,1.49) 0.08

Age & sex 1.37(0.88,2.14) 0.16 2.15(1.36,3.40) <0.001 1.46(1.16,1.84) <0.001

Above + smoking 1.37(0.88,2.13) 0.16 2.15(1.36,3.39) <0.001 1.46(1.16,1.84) <0.001

Above + SBP 1.31(0.84,2.05) 0.24 1.86(1.16,2.97) 0.01 1.36(1.08,1.72) 0.01

Above + diabetes 1.32(0.84,2.07) 0.23 1.87(1.17,3.00) 0.01 1.37(1.08,1.73) 0.01

Above + BMI 1.30(0.83,2.04) 0.26 1.79(1.11,2.89) 0.02 1.34(1.05,1.70) 0.02

Above + TC 1.31(0.83,2.07) 0.24 1.86(1.15,3.01) 0.01 1.36(1.07,1.73) 0.01

Above + HDL-c 1.31(0.83,2.07) 0.25 1.86(1.15,3.02) 0.01 1.36(1.07,1.73) 0.01

Above + HsCRP 1.31(0.83,2.07) 0.24 1.86(1.15,3.02) 0.01 1.36(1.07,1.73) 0.01

Above + IL6 1.31(0.83,2.07) 0.25 1.86(1.15,3.02) 0.01 1.36(1.07,1.74) 0.01

Above + CESD 1.30(0.82,2.05) 0.27 1.81(1.11,2.95) 0.02 1.34(1.05,1.71) 0.02

Above + Cohen 1.30(0.82,2.06) 0.27 1.81(1.11,2.95) 0.02 1.34(1.05,1.72) 0.02

Above + DIS 1.35(0.84,2.14) 0.21 1.89(1.14,3.13) 0.01 1.37(1.07,1.77) 0.01

Above + statin 1.34(0.84,2.14) 0.22 1.88(1.13,3.13) 0.01 1.37(1.06,1.77) 0.01
aThe first model is a univariate model; the second model is adjusted for age and sex; each of the subsequent models is constructed by adding the variable listed
in corresponding line plus all the variables found in the model in the line above it
CSR cumulative risk score, SBP systolic blood pressure, BMI body mass index, TC total cholesterol, HDL-c high-density lipoprotein cholesterol
HsCRP high-sensitivity C-reactive protein, IL6 interleukin-6, CESD Center for Epidemiologic Studies Depression Scale, Cohen stress scale, DIS discrimination score
NB. The p-value is a test of statistically significant association between CSR and the clinical outcome. P-value for trend (last column) indicates if the association of
CSR with clinical outcome, per unit changes in CSR scores, is statistically significant. A p-value <0.05 is considered statistically significant
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such smoking rate and exercise rate, and local area charac-
teristics such as fraction of college graduates, fraction of
immigrants, and government expenditures. This import-
ant study, which found a life expectancy difference of
14.8 years for men and 10.1 years for women between the
richest 1% and the poorest 1% individuals, highlighted the
intricate nature of wealth-health relationship [34].
Our findings indicate the need to take into account a

construct for defining social disadvantage in CVD pre-
vention and control strategies. The social environment
should be considered as important target for reducing
the risk and burden of CVD. Socially disadvantaged indi-
viduals may require more attention in addressing the
risk of CVD and adverse clinical outcomes. The inclu-
sion of a CSR index in CVD risk assessment tools may
help improve the identification of at-risk individuals for
targeting with interventions. For instance, in the UK, so-
cial deprivation has been included in CVD risk assess-
ment tools, resulting in improvement in risk prediction
[35]. Also, in analyses combining data from the Athero-
sclerosis Risk in Communities (ARIC) Study and
NHANES, improvements in calibration of CVD risk pre-
diction models were noted after including data on social
risk factors [36]. Evidence indicates that not accounting
for social factors may lead to inaccurate CVD risk esti-
mation. For example, the Framingham risk score over-
estimates the risk of coronary heart disease in high-
socioeconomic status individuals and underestimates
the risk in low–socioeconomic status individuals. Thus,
recent studies have begun to evaluate the potential benefit
of including socioeconomic status in risk prediction
models [37]. Accounting for the totality of social disadvan-
tage may therefore improve the prediction of CVD risk.
Our findings also have policy implications. Given the

multidimensional and intricate nature of social risk fac-
tors, multi-lateral collaboration among various sectors to
address root causes of social disadvantage such as lack
of education, unsafe neighborhood, and unhealthy behav-
ior is needed. For instance, a multi-pronged approach in-
volving governmental and nongovernmental organizations
and communities to target early childhood education and
foster supportive community environments can help to
shift life-course trajectories, equipping children with tools
to break the cycle of illiteracy and poverty. Such interven-
tions promote health and would be cost saving in the
long-term.
Our study has a number of limitations. First, because

of modest statistical power, we merged categories of CSR
in order to avoid low prevalence groups and provide for
more precise estimates of effect. Second, we were unable
to investigate clinical outcomes (e.g., mortality, coronary
disease, stroke) separately. Third, we did not assess poten-
tial up-stream effect mediators that may be associated
with CSR, such as health-access, health-care seeking

behavior and medical compliance. Fourth, the definition
of CSR can vary between studies and the current CSR
construct may not be applicable in other settings. In
addition, it is not clear if the various components of CSR
carry equal weight. Therefore, further studies are needed
to assess the generalizability of these findings. Neverthe-
less, the strengths of our study include an examination of
a range of social risk factors, and their cumulative deleteri-
ous effects in a cohort composed of Black and White par-
ticipants, accounting for various aspects of social
disadvantage, as well as their combined effect on sub-
clinical cardiovascular disease, which has not been ex-
tensively examined previously.

Conclusion
In summary, we found that an accumulation of social
risk factors increased the likelihood of CVD events and
deaths in a cohort composed of comparable proportions
of Whites and Blacks; we also found a graded association
between CSR and presence of significant CIMT in cross-
sectional analyses. The sizable toll that simultaneous ex-
posure to a multitude of social risks factors take on
CVD risk points toward the need for appropriate clinical
and preventive strategies that allocate sufficient and specific
resources to address the needs of socially disadvantaged
groups.
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