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Subclinical cardiovascular diseases (CVDs), including 
carotid atherosclerosis and arterial stiffness, are asymp-

tomatic stepping stones to clinical CVDs and stroke1 and pre-
dict a variety of poor health outcomes, including accelerated 
aging, frailty, cognitive decline, and all-cause mortality.2–4 
For example, individuals in the highest quintile of carotid 
intimal medial thickness (IMT) are up to 4.5× as likely to 
experience a stroke.4 Prevalence of any subclinical CVD is 
typically described as 35% to 40% of community-dwelling 
older adults.5 There are substantial race and socioeconomic 
status (SES) discrepancies in CVD and stroke prevalence,6,7 
but less is known about differential patterns of subclinical 
CVDs among sociodemographic groups.

Subclinical disease rates increase with age, male sex, racial 
minority status, and lower SES.5,8–12 None of these directional-
ities are surprising given their parallels with the clinical CVD 

literature. However, little is known about interactive relations 
of these sociodemographic factors to subclinical disease prev-
alence. Investigations of interactive patterns are critical given 
frequent confounding among different characteristics (eg, 
race and SES13) that may lead to inaccurate presumptions of 
risk. Early data from the ARIC study (Atherosclerosis Risk in 
Communities) failed to show interactive race–sex or race–SES 
interactions in relation to carotid atherosclerosis, although 
there was a trend for whites to benefit more from higher SES 
than African Americans.12 More recently, a race–sex interac-
tion was identified among ≥65-year-old ARIC participants for 
a marker of arterial stiffness, such that white men had higher 
carotid–femoral pulse wave velocities (PWVs) than white 
women, with no significant sex difference between African 
Americans.14 In a different population-based study (MESA 
[Multi-Ethnic Study of Atherosclerosis]), low SES was 
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associated with greater carotid atherosclerosis, but African 
American women were most vulnerable to greater exposure 
to neighborhood poverty.15 A separate analysis of MESA data 
showed no statistically significant race by sex interactions for 
IMT, but did show more pronounced sex differences in coro-
nary artery calcification among non-Hispanic whites than in 
other racial/ethnic groups.16 Although these studies represent 
important steps toward understanding subgroup-specific pat-
terns of subclinical CVDs, to our knowledge, no study has 
comprehensively addressed interactive associations between 
multiple sociodemographic indicators and multiple subclini-
cal CVDs. Most, if not all, studies have assessed racially or 
socioeconomically homogenous samples, included only men 
or women, focused on fewer sociodemographic characteris-
tics, measured just 1 subclinical disease, or have not examined 
interactive terms.

The present study evaluated interactive associations among 
4 sociodemographic risk factors (age, sex, race, and SES) and 
2 common subclinical CVDs, carotid atherosclerosis and arte-
rial stiffness, in participants in the HANDLS study (Healthy 
Aging in Neighborhoods of Diversity Across the Life Span). 
The HANDLS study design presents a unique opportunity to 
assess the synergistic influences of age, sex, race, and poverty 
status. We also explored whether other SES indicators and 
clusters of pertinent biopsychosocial risk factors mediated 
these findings.

Methods

Participants
HANDLS enrolled a fixed cohort of participants (August 2004 to 
March 2009) in a prospective, population-based, longitudinal study 
examining the influences and interaction of race and SES on develop-
ment of health disparities. Data for the present analyses were exclu-
sively cross-sectional because repeat subclinical disease data are not 
yet available. Comprehensive information regarding HANDLS study 
design and procedures has been published elsewhere.17 Participants 
were recruited from separate clusters of contiguous census tracts 
containing sufficient numbers of residents to fill a factorial cross 
of age (30–64 years), sex, race (African American or white), and 
poverty status. Of 8150 eligible individuals, 3720 participants met 
study criteria. Inclusion criteria were age 30 to 64 years and able to 
give informed consent, perform ≥5 measures on the mobile medical 
research vehicle, and provide picture identification. Exclusion criteria 
were pregnancy, AIDS, and within 6 months of active cancer treat-
ment. Examinations were deferred when blood pressure(s) exceeded 
160/100. HANDLS was approved by the MedStar Institutional 
Review Board and National Institute of Environmental Health 
Science of the National Institutes of Health. All participants provided 
informed consent.

Among 2707 individuals who completed the HANDLS pro-
tocol, 2670 participants completed subclinical CVD assessment. 
Exclusions specific to carotid ultrasonography were blood pressure 
>200/100 at ultrasound, bruit, and weight ≥295 pounds. We further 
excluded individuals with stroke, dementia, carotid endarterectomy, 
heart failure, dialysis, HIV, and other neurological/psychiatric illness. 
The final sample included 2270 participants: 1903 and 2003 of whom 
underwent IMT and PWV assessment, respectively.

Carotid IMT Assessment
High-resolution B-mode ultrasonography of the left common carotid 
artery was performed with standard transducer (5.OL45) and equip-
ment (Acuson CV 70, Siemens). At a region 1.5 cm proximal to 
carotid bifurcation, far-wall IMT was evaluated as the distance 

between intimal–luminal and medial–adventitial interfaces in areas 
devoid of plaque, at 5 contiguous sites at 1 mm intervals, with the 
mean used in the analyses. A single sonographer performed measure-
ments. Intraobserver correlation between repeated IMT measure-
ments on 10 participants was 0.96 (P<0.001).18

PWV Assessment
To measure carotid–femoral PWV, a minimum of 10 arterial flow 
waves from the right common carotid and femoral arteries were 
recorded using nondirectional transcutaneous Doppler probes (Model 
810A, 9- to 10-MHz probes; Parks Medical Electronics, Inc) and 
averaged using QRS for synchronization. PWV was calculated as 
distance traveled by the flow wave divided by the time differential. A 
single technologist assessed PWV.

Demographic Characteristics
Demographic characteristics of interest included age, sex, self-iden-
tified race, and SES assessed by household income above or below 
125% of poverty threshold, based on household size and reported 
family income relative to the 2004 federal guidelines (eg, $18 850 
per year for family of 4) published by the Department of Health and 
Human Services. In Baltimore, 125% of the poverty threshold better 
approximates economic hardship because of the city’s higher cost of 
living relative to the national average.

Covariates
Covariates included years of education, literacy, depressive symptoms, 
substance use, body mass index, total cholesterol, lipid-lowering medi-
cation use, hypertension, diabetes mellitus, and CVD. Literacy was 
estimated via the reading subtest of the Wide Range Achievement Test–
3rd edition,19 and depressive symptoms were measured by the 20-item 
Center for Epidemiological Studies-Depression scale.20 Fasting venous 
blood specimens for total cholesterol and glucose assay were analyzed 
at the NIA Clinical Research Branch Core Laboratory (Baltimore, MD) 
and Quest Diagnostics Inc (Baltimore, MD, and Chantilly, VA) using a 
spectrophotometer (AU5400 Immuno Chemistry Analyzer; Olympus, 
Center Valley, PA). Body mass index was calculated as the ratio of 
weight (kg) to height (m) squared. Resting brachial systolic and dia-
stolic blood pressure was measured bilaterally with an aneroid manom-
eter and stethoscope and averaged across arms. The assessor recorded 
any diagnosable medical conditions and medication use. Individual 
hypertension and diabetes mellitus diagnostic variables were coded 
as positive when the participant self-reported the condition, was tak-
ing medications for the condition, or produced a resting systolic blood 
pressure average of ≥140 mm Hg/diastolic blood pressure average of 
≥90 mm Hg or a fasting glucose of ≥126 mg/dL, respectively. Lipid-
lowering medication use was coded dichotomously. A CVD cluster 
variable was based on diagnoses of coronary artery disease, myocar-
dial infarction, peripheral artery disease, atrial fibrillation, angioplasty, 
and coronary artery bypass surgery. Each medical condition was coded 
dichotomously, and a summation score was calculated to represent the 
cluster variable. Self-reported alcohol, cigarette smoking, and illicit 
drug status were each coded dichotomously as not current user (ie, 
never tried, never used regularly, or used >6 months ago) or used within 
the past 6 months.

Statistical Analyses
Statistical analyses were performed using SAS v9.3 (Cary, NC). 
Hierarchical multiple regression analyses (PROC GLM) evaluated 
interactive and independent associations of age, sex, race, and pov-
erty status with subclinical CVD measures, IMT, and PWV, which 
served as outcome variables. IMT and PWV were examined in sepa-
rate models. Age was analyzed continuously. Dichotomous variables 
were coded as follows: sex (0=female and 1=male), race (0=white 
and 1=African American), SES (0=high SES and 1=low SES), sub-
stance use (0=not current user and 1=current user), and lipid-lower-
ing medications, hypertension, and diabetes mellitus as 0=absent and 
1=present.
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Consistent with HANDLS’ factorial design, initial models examined 
interactions of age×sex×race×SES and all possible lower-order inter-
active and independent terms. In the absence of any significant 4-way 
or 3-way interactions, these terms were backward eliminated from all 
models for the sake of parsimony. (Post-hoc power analysis showed 
>99% power to detect a significant 3- or 4-way interaction in step 1 
models with P=0.05 and f2=0.02.) Final step 1 models, thus, included 
age, sex, race, SES, and interactive terms of race×SES, race×sex, and 
SES×sex (n

IMT
=1903 and n

PWV
=2003). Additional clusters of variables 

were entered in subsequent steps as follows: step 2: education, literacy; 
step 3: alcohol use, smoking, illicit drug use; step 4: depressive symp-
toms; and step 5: body mass index, total cholesterol, lipid-lowering 
medication use, hypertension, diabetes mellitus, and CVD (n

IMT
=1704 

and n
PWV

=1811 because of missing covariate data). Coefficients with 
P<0.05 were considered statistically significant.

Results
Sample Characteristics
Table 1 presents descriptive statistics for the full sample, as 
well as stratified by race and SES. Please see online-only Data 
Supplement for further descriptive stratification and the find-
ings of Waldstein et al21 for information regarding variability 
of cardiovascular risk factors across groups. Overall, partici-
pants were ≈44% men, 57% African American, and ranged in 
age from 30 to 64 years (mean=48 years). Approximately 39% 
of participants reported having a household income below the 
125% federal poverty threshold.

Hierarchical Regression Models
Tables  2 and 3 present results from each of the 5 steps of 
hierarchical regression models predicting IMT and PWV, 
respectively.

Race×SES
Significant interactive race×SES effects were identified for 
IMT (b=−0.026, SE=0.012; P<0.05) and PWV (b=−0.619, 
SE=0.241; P<0.05) in step 1 models. These effects remained 
significant through step 4 for both IMT (b=−0.028, SE=0.012; 
P<0.05) and PWV (b=−0.629, SE=0.252; P<0.05). For both 
IMT and PWV (Figure 1), high SES African Americans had 
significantly thicker IMTs and faster PWVs than all other sub-
groups (ie, low SES African Americans, low SES whites, and 
high SES whites; all P<0.01). For IMT only, low SES African 
Americans also had thicker IMTs than both white subgroups 
(P<0.05).

Race×Sex
A significant interactive race×sex effect was identified for IMT, 
but not for PWV, in the step 1 model (b=−0.028, SE=0.011; 
P<0.05). This effect persisted through step 4 of the IMT hierar-
chical regressions (b=−0.029, SE=0.012; P<0.05). As depicted 
in Figure  2A, African Americans had thicker IMTs than 
whites, and men had thicker IMTs than women. Interestingly, 
the IMT discrepancy between white men and women was 
more pronounced (M

men
=0.69 mm [0.007], M

women
=0.65 mm 

[0.006], F=18.09; P<0.0001) than the discrepancy between 
African American men and women (M

men
=0.71 mm [0.006], 

M
women

=0.70 mm [0.005], F=4.20; P=0.041).

SES×Sex
A significant interactive SES×sex effect arose for IMT, but not 
for PWV, in step 1 models only (b=0.024, SE=0.012; P<0.05). 
Figure 2B shows that men had significantly thicker IMTs than 
women. The IMTs of high SES and low SES men did not 

Table 1.  Descriptive Statistics

Mean (SD) or %

Full Sample 
(n=2270)

African American 
Low SES (n=592)

African American 
High SES (n=705)

White Low SES 
(n=287)

White High SES 
(n=686)

Age, y 47.7 (9.3) 46.7 (9.1) 48.3 (9.4) 47.1 (9.4) 48.2 (9.4)

Male, % 43.7 42.2 45.0 37.6 46.4

African American, % 57.1 N/A N/A N/A N/A

SES, % below poverty line 38.7 N/A N/A N/A N/A

Education, y 12.6 (3.0) 11.7 (2.3) 12.9 (2.6) 11.5 (3.0) 13.5 (3.6)

WRAT-3 reading (total) 42.4 (8.1) 39.4 (8.2) 41.5 (7.2) 41.9 (8.3) 46.2 (7.3)

Alcohol, % ever 54.9 52.2 54.9 50.9 59.0

Cigarettes, % ever 44.3 56.3 38.0 55.4 35.9

Illicit drugs, % ever 15.5 22.5 15.0 13.6 10.8

CES-D (total) 14.1 (10.9) 16.2 (11.1) 12.5 (10.0) 17.0 (11.6) 12.8 (10.7)

Body mass index, kg/m2 29.9 (7.6) 28.8 (7.7) 30.6 (7.5) 30.7 (8.5) 29.6 (7.2)

Total cholesterol, mg/dL 187.6 (42.3) 183.4 (41.9) 185.8 (43.7) 188.3 (43.2) 192.5 (40.3)

Lipid-lowering medications, % 12.1 8.6 11.9 10.5 16.0

Hypertension, % 42.6 46.2 47.1 36.9 37.4

Diabetes mellitus, % 15.3 14.2 17.8 17.8 12.6

Cardiovascular disease, %≥1 disease 4.0 4.7 3.7 5.2 3.1

Intimal medial thickness, mm 0.69 (0.13) 0.69 (0.14) 0.71 (0.12) 0.67 (0.13) 0.67 (0.13)

Pulse wave velocity, m/s 8.05 (2.66) 7.81 (1.96) 8.49 (3.29) 7.85 (1.93) 7.89 (2.65)

CES-D indicates Center for Epidemiologic Studies Depression scale; SES, socioeconomic status; and WRAT-3, Wide Range Achievement Test-3rd edition.
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significantly differ (M
highSES

=0.70 mm [0.005], M
lowSES

=0.71 
mm [0.008], F=0.42; P=0.517), while high SES women had 
marginally thicker IMTs than low SES women (M

highSES
=0.68 

mm [0.005], M
lowSES

=0.67 mm [0.006], F=2.97; P=0.085). In 
a sensitivity analysis that eliminated participants with CVD 
(n=90), overall results were identical, except SES×sex became 
nonsignificant for IMT (b=0.020, SE=0.012; P>0.05).

Discussion
We identified multiple 2-way interactive effects of sex, race, 
and SES in relation to carotid atherosclerosis and arterial stiff-
ness. We found that high SES African Americans had signifi-
cantly greater subclinical CVD, in the form of thicker IMTs 
and faster PWVs, than any other subgroup. Cardiovascular risk 
factors and comorbidities at least partially accounted for this 
race×SES effect for both IMT and PWV, given nonsignificance 
of the interaction in fully adjusted models. Sex-specific inter-
active effects for IMT also showed individual subgroup vulner-
abilities. The typical sex difference in IMT (with men>women) 
was present for both whites and African Americans, but the 
discrepancy was more pronounced among whites, suggesting 
that African American women may be at heightened risk rela-
tive to white women. African American men, nevertheless, had 
the greatest IMTs overall. Additionally, high SES women had 
marginally thicker IMTs than low SES women, a pattern that 

was absent among men. Taken together, our results underscore 
the importance of including interactive terms when assessing 
sociodemographic risk for subclinical CVD.

Our finding that high SES African Americans had sig-
nificantly thicker IMTs and faster PWVs than all other sub-
groups may seem unexpected at first glance, given known 
health-related correlates of low SES (eg, reduced healthcare 
access, food insecurity, reduced leisure-time physical activ-
ity because of neighborhood safety concerns). However, the 
diminishing returns hypothesis posits that African Americans 
often do not experience commensurate health benefits (or 
returns) of higher SES as whites.13 Experiences of unfair 
treatment and racial discrimination are significantly associ-
ated with poor cardiovascular outcomes, including increased 
IMT22 and heightened cardiovascular reactivity,23,24 and higher 
SES minorities often report greater discrimination than lower 
SES minorities, potentially because of more extensive expo-
sure to majority groups (ie, reduced segregation in higher SES 
neighborhoods and occupational environments).25,26 Higher 
SES African Americans may also reasonably expect reduced 
discrimination with achievement of higher SES, which may 
lead to increased emotional and physiological reactivity to 
discrimination if/when this expectation proves false.

To our knowledge, a significant race×sex effect has not pre-
viously been identified for IMT, although subgroup differences 
have been examined individually in at-risk cohorts.27 Similar 

Table 2.  Results From Hierarchical Regression Models Predicting Carotid Intimal Medial Thickness

 

b (SE)

Step 1 Step 2 Step 3 Step 4 Step 5*

Age, y 0.004 (0.0003)† 0.004 (0.0003)† 0.005 (0.0003)† 0.005 (0.0003)† 0.004 (0.0004)†

Sex 0.032 (0.009)† 0.033 (0.009)† 0.032 (0.010)† 0.033 (0.010)† 0.033 (0.010)†

Race 0.061 (0.009)† 0.064 (0.009)† 0.064 (0.009)† 0.064 (0.009)† 0.056 (0.010)†

SES 0.0002 (0.010) 0.002 (0.011) 0.003 (0.011) 0.002 (0.011) 0.001 (0.011)

Race×SES −0.026 (0.012)‡ −0.028 (0.012)‡ −0.029 (0.012)‡ −0.028 (0.012)‡ −0.021 (0.013)

Race×sex −0.028 (0.011)‡ −0.029 (0.012)‡ −0.029 (0.012)‡ −0.029 (0.012)‡ −0.013 (0.012)

SES×sex 0.024 (0.012)‡ 0.021 (0.012) 0.021 (0.012) 0.021 (0.012) 0.018 (0.012)

Education … −0.0004 (0.001) −0.0005 (0.001) −0.0004 (0.001) 0.0004 (0.001)

WRAT-3 … 0.0004 (0.0004) 0.0004 (0.0004) 0.0004 (0.0004) 0.0005 (0.0004)

Alcohol … … 0.005 (0.006) 0.006 (0.006) 0.006 (0.006)

Smoking … … −0.0004 (0.006) −0.0006 (0.006) 0.009 (0.006)

Illicit drugs … … −0.002 (0.008) −0.002 (0.008) 0.004 (0.009)

CES-D … … … 0.0002 (0.0003) 0.0001 (0.0003)

Body mass index … … … … 0.003 (0.0004)†

Total cholesterol … … … … 0.0002 (0.0001)†

Lipid-lowering medications … … … … 0.005 (0.010)

Hypertension … … … … 0.019 (0.007)†

Diabetes mellitus … … … … 0.012 (0.009)

Cardiovascular disease … … … … 0.007 (0.006)

CES-D indicates Center for Epidemiologic Studies Depression scale; SES, socioeconomic status; and WRAT-3, Wide Range Achievement Test-3rd edition.
*Significance of Step 5 results remained unchanged after removal of nonsignificant covariates.
†P<0.01, ‡P<0.05. by guest on M
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to the race×SES effect described earlier, cardiovascular risk 
factors and comorbidities at least partially mediated the inter-
action, given nonsignificance of the interactive race×sex term 
in fully adjusted models. Meyer et al14 demonstrated a pattern 
similar to our results among older adult ARIC participants, 
but for PWV. They found white men had significantly faster 
PWVs than white women, but there was no significant sex 
difference among African Americans. In our study, a signifi-
cant sex difference in IMT arose for both whites and African 

Americans. However, the significant interaction was driven by 
a more substantial sex discrepancy among whites than among 
African Americans. One interpretation of our findings, com-
bined with Meyer et al’s14 results, is that African American 
women are at heightened risk for increased subclinical CVD 
given the sex difference was less pronounced than expected 
(or absent). This is consistent with observations of heightened 
risk of clinical CVD among African American women com-
pared with white women.6,28,29 Such a pattern could potentially 

Figure 1. Unadjusted interactive associa-
tions of race×socioeconomic status (SES) 
to (A) carotid intimal medial thickness and 
(B) pulse wave velocity.

Table 3.  Results From Hierarchical Regression Models Predicting Pulse Wave Velocity

 

b (SE)

Step 1 Step 2 Step 3 Step 4 Step 5*

Age 0.084 (0.006)† 0.083 (0.006)† 0.083 (0.006)† 0.083 (0.006)† 0.071 (0.007)†

Sex 0.215 (0.186) 0.187 (0.195) 0.188 (0.196) 0.200 (0.196) 0.258 (0.197)

Race 0.768 (0.179)† 0.770 (0.190)† 0.765 (0.190)† 0.781 (0.191)† 0.553 (0.193)†

Poverty status −0.040 (0.210) −0.121 (0.222) −0.095 (0.223) −0.115 (0.224) −0.252 (0.224)

Race×SES −0.619 (0.241)‡ −0.627 (0.251)‡ −0.627 (0.252)‡ −0.629 (0.252)‡ −0.391 (0.255)

Race×sex −0.395 (0.233) −0.372 (0.243) −0.350 (0.243) −0.361 (0.244) −0.165 (0.246)

SES×sex 0.312 (0.238) 0.340 (0.247) 0.338 (0.248) 0.353 (0.248) 0.392 (0.251)

Education … −0.083 (0.022)† −0.090 (0.023)† −0.086 (0.023)† −0.062 (0.023)†

WRAT-3 … 0.013 (0.009) 0.013 (0.009) 0.013 (0.009) 0.009 (0.009)

Alcohol … … 0.088 (0.125) 0.091 (0.125) 0.177 (0.126)

Smoking … … −0.170 (0.129) −0.176 (0.129) 0.082 (0.133)

Illicit drugs … … −0.049 (0.172) −0.057 (0.173) 0.015 (0.176)

CES-D … … … 0.007 (0.006) 0.005 (0.006)

Body mass index … … … … 0.062 (0.009)†

Total cholesterol … … … … 0.001 (0.001)

Lipid-lowering medications … … … … 0.033 (0.199)

Hypertension … … … … 0.239 (0.139)

Diabetes mellitus … … … … 0.829 (0.178)†

Cardiovascular disease … … … … −0.007 (0.120)

CES-D indicates Center for Epidemiologic Studies Depression scale; SES, socioeconomic status; and WRAT-3, Wide Range Achievement Test-3rd edition.
*Significance of Step 5 results remained unchanged after removal of nonsignificant covariates.
†P<0.01, ‡P<0.05. by guest on M
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be explained by the double jeopardy experienced by women 
of color who cope with discrimination on ≥2 fronts.7

We found that high SES women had marginally greater 
IMTs than low SES women, whereas there was clearly no sig-
nificant SES-related difference in men. This pattern ostensibly 
contrasts with data from at least 3 epidemiological studies that 
identified inverse associations between other SES indices (eg, 
occupational status,9 childhood SES as measured by parental 
education,15 neighborhood SES as measured by proportion of 
residents with secondary education30) and IMT in women. The 
variability in directionality may be explained by our use of 
poverty status as an index of SES. Specifically, the interactive 
SES×sex term was rendered nonsignificant after the addition 
of education and literacy to the model, suggesting that other 
aspects of SES may be more pertinent or mediate the signifi-
cant interactive effect. The interaction was also rendered non-
significant in a sensitivity analysis without prevalent CVD, so 
differential survival may have biased this finding.

Replication in other racially and socioeconomically diverse 
samples is recommended prior to clinical application of these 
findings. African Americans are most likely to experience 
temporal delays in endarterectomy for carotid stenosis, and 
socioeconomic disadvantage does not seem to explain this pat-
tern entirely.31 Accordingly, if replicated, the present findings 
suggest counterintuitively that high SES African Americans 
may require increased clinical attention. While carotid ultra-
sonography is not recommended for widespread screening of 
asymptomatic individuals, in part because of limited guide-
lines,6 knowing who to target could help facilitate the creation 
of such guidelines and, thus, augment stroke prevention on 
both individual and population levels.32,33 Regardless, a sub-
stantial portion of the variance in carotid atherosclerosis can-
not be explained by demographic or traditional risk factors 
(>60%),34 and variable cardiovascular risk profiles are associ-
ated with subclinical CVD across subgroups,35 so researchers 
and clinicians alike are reminded to avoid generalizations that 
overlook individual differences and presently unknown con-
tributors to subclinical diseases. Early intervention is also crit-
ical because sex and race/ethnicity differences are detectable 
as early as young adulthood,36 and African Americans develop 
cardiovascular risk factors such as obesity and hypertension 
earlier and more severely than other groups37—a finding 

that may help explain disproportionate subclinical CVD and 
stroke in this group. Nevertheless, the present study extends 
the dearth of information regarding subgroup vulnerability to 
subclinical CVD. Future mechanistic investigations are cru-
cial to understand the reasons for differential vulnerability. 
Consideration of cumulative risk for aggregated subclinical 
diseases, rather than individual diseases, are also worthwhile 
to identify those at exceptionally heightened risk.

The primary strength of this investigation involves its com-
prehensive assessment of up to 4-way interactive associations 
among age, sex, race, SES, and subclinical CVDs. Inclusion 
of both IMT and PWV allowed examination of 2 different 
subclinical diseases, carotid atherosclerosis and arterial stiff-
ness, respectively. The HANDLS study design also provided 
an unusual opportunity to disentangle typically confounded 
sociodemographic characteristics. Our use of far-wall IMT also 
represents a strength because near-wall IMT is known to be less 
reliably assessed. An important limitation of the present study 
is the absence of data regarding other operationalized defini-
tions of SES, such as continuous household income, occupa-
tional status, or early childhood SES indicators. These findings 
also may not extend (and should not be directly applied) to 
other ethnic minorities within the United States or worldwide. 
Finally, longitudinal data regarding subclinical CVDs were not 
available, although HANDLS will provide such opportunities 
in the future. The cross-sectional nature of our analyses, thus, 
limits our ability to account for differential survival and other 
intraindividual time-dependent variables.

Summary
In this population-based, biracial, socioeconomically diverse 
cohort, high SES African Americans demonstrated the great-
est subclinical CVD assessed by thickest IMTs and fastest 
PWVs. These findings suggest that singular consideration of 
male sex, low SES, or African American ancestry may prompt 
an imprecise conception of risk for subclinical CVD and, thus, 
downstream clinical events, such as stroke.
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SUPPLEMENTAL MATERIAL 

  



Supplemental Table I. Descriptive Statistics, Stratified by Race, Sex, and SES 

 Intimal Medial Thickness (mm) Pulse Wave Velocity (m/s) 

 High SES Low SES High SES Low SES 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

African-American men 0.716 (0.129) 0.710 (0.152) 8.35 (3.89) 7.88 (2.08) 

African-American women 0.714 (0.113) 0.679 (0.135) 8.62 (2.68) 7.76 (1.86) 

White men 0.686 (0.127) 0.699 (0.132) 8.03 (2.00) 8.17 (2.00) 

White women 0.652 (0.122) 0.650 (0.120) 7.77 (3.11) 7.66 (1.88) 

 

 

Supplemental Table II. Descriptive Statistics, Stratified by Race, Sex, and Age 

 Intimal Medial Thickness (mm) Pulse Wave Velocity (m/s) 

 <48 years old ≥48 years old <48 years old ≥48 years old 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

African-American men 0.671 (0.117) 0.756 (0.147) 7.45 (1.56) 8.82 (4.18) 

African-American women 0.670 (0.109) 0.728 (0.134) 7.59 (2.44) 8.82 (2.15) 

White men 0.645 (0.116) 0.729 (0.125) 7.31 (1.50) 8.67 (2.14) 

White women 0.621 (0.099) 0.681 (0.134) 6.94 (1.38) 8.47 (3.43) 

 

 




