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Abstract  South Asians have the highest rates of pre-
mature atherosclerotic cardiovascular disease amongst all
ethnic groups in the world; however this risk cannot be
fully explained by traditional risk factors. Participants from
the Mediators of Atherosclerosis in South Asians Living in
America Study were included in this cross-sectional anal-
ysis. The purpose of this study was to investigate the
association of psychosocial factors (including anger, anx-
iety, depressive symptoms, current and chronic stress, and
everyday hassles) with carotid intima-media thickness
(CIMT). Three multivariate models were examined to
evaluate the association between the psychosocial factors
and CIMT. Findings suggest that the impact of psychoso-
cial factors on subclinical atherosclerosis is differential for
South Asian men and women. For men, anxiety and
depression were associated; while for women, stress was
associated with common carotid intima media thickness,
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independent of traditional CVD risk factors, diet and
physical activity.
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Background

A number of studies have demonstrated that South Asians
(SAs) have an increased risk for diabetes, cardiovascular
disease and the metabolic syndrome [1—4]. SAs have the
highest rates of premature atherosclerotic cardiovascular
disease (ASCVD) amongst all ethnic groups in the world
[2, 5]. In addition, ASCVD occurs about 10 years earlier
among SAs than among other populations worldwide [3,
5]. Myocardial infarction (MI), the major complication of
ASCVD presents among SAs with a median age of
52 years compared to 62 years in Europeans and 63 years
among the Chinese [6]. In North America, SAs have the
highest prevalence of ASCVD with age-adjusted mortality
rates two to three times higher than those of Caucasians [9,
71.

This increased risk of ASCVD and related mortality
cannot be fully explained by the traditional risk factors for
ASCVD [7]. SAs have a lower body mass index (BMI) and
lower body weight than Caucasians. In addition, SAs
immigrants to the United States tend to have high educa-
tional attainment and a high socioeconomic status—both of
which traditionally protect against ASCVD mortality. This
calls for an investigation into other modifiable risk factors
which may contribute to ASCVD among this population.

Several studies have shown a link between psychosocial
factors and clinical ASCVD, however few studies have
reported associations with subclinical ASCVD [8, 9].

@ Springer


http://orcid.org/0000-0002-2742-7579
http://crossmark.crossref.org/dialog/?doi=10.1007/s10903-016-0367-5&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10903-016-0367-5&amp;domain=pdf

J Immigrant Minority Health

Findings from the Multi-Ethnic study of Atherosclerosis
(MESA) have shown that psychosocial factors such as
anger, anxiety and depression may be associated with the
development of cardiovascular disease as measured by
intima media thickness and coronary artery calcium [10,
11]. In a study by Ohira and colleagues, anger scores were
associated with the presence of higher carotid intima media
thickness even after adjustment for age, sex and ethnicity.
These associations were stronger in men compared to
women and also varied by ethnicity [10]. In another study,
life stress was found to be associated with the development
of subclinical atherosclerosis through unhealthy coping
behaviors such as smoking, sedentary lifestyle and caloric
intake [12]. However, there is currently no information
available regarding the relationship of these factors with
early indicators of subclinical cardiovascular disease in the
high risk SA population.

In this analysis, we investigated the relationship
between psychosocial factors and subclinical cardiovascu-
lar disease as measured by carotid intima media thickness
(IMT). Since prior literature indicates that the effect of
psychosocial factors on ASCVD varies by sex, we con-
ducted separate analyses for men and women [8, 10, 11,
13-15].

Methods
Study Design and Population

The MASALA prospective cohort study includes 906 South
Asian men and women recruited from two clinical sites—
the University of California, San Francisco (UCSF) and
Northwestern University [16]. To be included in MASALA,
participants had to have South Asian ancestry, be between
the ages of 40-84 years old, and be able to speak and/or
read English, Hindi, or Urdu. The baseline clinical exami-
nation was done between 2010 and 2013 and study enroll-
ment was stratified by age and sex at both sites [16]. Those
with physician diagnosed MI, stroke, transient ischemic
attack, heart failure, angina, use of nitroglycerin, active
treatment for cancer or history of cardiovascular procedures
(such as coronary artery bypass, graft surgery, angioplasty,
valve replacement, pacemaker or defibrillator implantation,
or any surgery on heart or arteries) were excluded. Addi-
tionally, participants who have atrial fibrillation, have
impaired cognitive ability, have life expectancy less than
5 years due to serious medical illness, plan to move out of
the study region within the next 5 years, or live in a nursing
home/on waiting list for one were also excluded. Additional
details pertaining to study design have been published
elsewhere [16]. The study was approved by the IRB at
UCSF and Northwestern University.
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Psychosocial Measurements

Symptoms of anger, anxiety, depression, stress, chronic
stress, and hassle were studied for their potential role as
CVD risk factors. The psychosocial status of each partici-
pant was self-reported by a coordinator-administered
questionnaire. Each measurement instrument used below
has been widely used and validated [11, 16-20].

Anger/Anxiety

Anger and anxiety symptoms were measured using the
10-item Spielberger trait anger and anxiety scales
(STAXI). These scales measure patients’ anger and anxiety
using items such as “I am quick tempered” and “I have a
fiery temper” and response options include: almost never
(1); sometimes (2); often (3); almost always (4). The scores
range from 10 to 40 and are categorized as followed: low
(10-14), moderate (15-21), and high (22—40) for anger and
anxiety [18, 20].

Depression

Depressive symptoms were measured using the 15-item
Center for Epidemiologic Studies—Depression Scale
(CES-D). This scale measures a subject’s depressive
symptoms through questions such as “I felt fearful” and “I
felt depressed”. Response options include: rarely or none
of the time (1); some or a little of the time (2); a moderate
amount of the time (3); most of the time (4). The scale’s
scores range from 0 to 60, with a score of 16 or greater
indicating depressive symptoms [11].

Current/Chronic Stress

Feelings of current stress and chronic stress were measured
using the five-item chronic stress burden scale, which
measures current life stress and life stress over the past
6 months. Burden is assessed using questions such as, “Are
you having serious ongoing health problems?” For each
question with an affirmative response, subjects must then
answer how stressful the experience is on a scale from “not
very stressful (0); moderately stressful (1); to very stressful
(2).” Subjects must also indicate if the experience has been
a problem for 6 months or more. Subjects who answer yes
for two or more questions are considered to have ‘“high
stress level” [11, 18].

Everyday Hassles
The everyday hassles score was measured using the nine-

item scale from the everyday discrimination scale, adapted
from The Detroit Area Study. This scale captures the daily
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minor incidents of unfair treatment through questions such
as, “People act as if they think you are not smart” and
“You are called names or insults.” The range of responses
include: almost every day (1); at least once a week (2); a
few times a month (3); a few times a year (4); less than
once a year (5); never (6). Score ranges continuously from
9-54, and higher scores are indicative of more everyday
hassles [19].

Outcome Variables

Subclinical atherosclerosis was determined through mea-
surements of the internal and common CIMT. High reso-
lution B-mode ultrasonography was used to capture images
of the right and left internal CIMT (ICA) and common
CIMT (CCA). To perform carotid ultrasound recordings,
the GE Vivid 7 ultrasound system with an 8-MHz linear
array transducer (General Electric Healthcare) and the
Acuson Sequoia C256 system (Siemens Healthcare,
Mountain View, CA) were used at NWU and UCSF,
respectively. All wall thickness measurements were calcu-
lated at the Reading Center in Wake Forest University. The
measurement of CIMT consisted of 12 predefined segments
(6 per side), including 1 transverse scan sequence of the
common carotid through the bulb and 5 longitudinal images
taken from both the right and left carotid arteries for each
subject [16]. We studied both common CIMT and internal
CIMT because prior literature indicated that the two mea-
surements are related to different CVD risk factors [16].

Covariates

Participants’ systolic blood pressure (SBP), hypertension
medication use (yes/no), current smoking behavior (yes/no),
body-mass index (in kg/mz), diabetes mellitus (yes/no),
cholesterol ratio, education level, and physical activity were
included as covariates in the multivariable analyses. Physical
activity was measured in metabolic equivalent of tasks (MET)
in minutes per week using the Typical Week’s Physical
Activity Questionnaire [21]. SBP was measured using the
automated blood pressure monitor (V100 Vital Signs Moni-
tor; GE Healthcare, Fairfield, CT) with the average of the last
2 readings being used for analysis. BMI was measured using a
standard balance beam scale or digital weighing scale and
stadiometer. Cholesterol ratio was calculated as a partici-
pant’s total cholesterol/HDL cholesterol [16].

Participants’ level of social support was measured using
the six-item scale from the Enhancing Recovery in Cor-
onary Heart Disease Patients Study Social Support Instru-
ment. This scale measures the range of emotional social
support a subject has. Questions in this scale include: “Is
there someone available to you who shows you love and
affection?” and “Is there someone available to help you

with daily chores?” The range of responses include: none
of the time (1); a little of the time (2); some of the time (3);
most of the time (4); all of the time (5). The overall score
ranges from 6-30, with a score less than or equal to 18
indicative of the highest risk category for lack of social
support (low vs. high) [17, 18].

The covariates were selected because of their role as
potential confounders in the association between psy-
chosocial factors and subclinical atherosclerosis and CIMT
[10]. In addition, these same covariates were used in the
study by Ohira et al. [10] which studied the association
between anger, anxiety, and depression on subclinical
atherosclerosis in non-Hispanic Whites, African American,
Hispanic, and Chinese populations in the MESA Study.

Dietary Data

Dietary data was collected using a validated Food Fre-
quency Questionnaire (FFQ) from the Study of Health
Assessment and Risk in Ethnic (SHARE) groups South
Asian FFQ [22]. This FFQ (163 total items) contains 61
items that are unique to the South Asian diet and assesses
usual eating habits, frequency and portion sizes over the
last 12 months.

Analysis of the dietary data among MASALA partici-
pants showed that three major dietary patterns were
prevalent among SA—Western/animal protein; fried snacks,
sweets and high-fat dairy; and fruits, vegetables, nuts and
legumes [23]. Of these, the animal protein and fried snacks,
sweets and high-fat dairy patterns were associated with
adverse metabolic outcomes whereas the fruits, vegetables,
nuts and legumes pattern was associated with a decreased
prevalence of hypertension and metabolic syndrome [23].
Therefore, we included dietary pattern and total caloric
intake as additional covariates in our multivariate model.

Statistical Analysis

Descriptive statistics (Chi square, ¢ test) were used to
compare baseline demographic data, and to compare dif-
ferences between men and women for all psychosocial
measures, outcome variables, and covariates. A Mann—
Whitney U test was used for variables with a skewed data
distribution. Linear regression models estimating mean
differences in CCA and ICA per-standard deviation
increase in psychosocial factors were performed to deter-
mine the relationship between psychosocial variables and
the continuous CCA and ICA variables. We developed
three models to assess the relationship between psychoso-
cial factors and CIMT—(1) an age-adjusted model; (2) a
multivariate model adjusting for age and for the traditional
CVD risk factors (SBP, hypertension medication use,

@ Springer
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current smoking, BMI, diabetes, cholesterol ratio and
education level); (3) a multivariate model adjusting for
factors above and further adjusting for total caloric intake,
dietary pattern and physical activity. Regression diagnos-
tics were checked on the regression models, specifically
looking at studentized residuals, leverage, cook’s D, and df
beta to determine influence and outliers. All statistical tests
were two-sided with a 5 % significance level.

Prior research has shown that central obesity (measured
as waist circumference in cm) is predictive of diabetes and
CVD in the South Asian population and may be a better
marker than BMI [24]. Therefore, we ran variations of
models 2 and 3 for all psychosocial variables including
waist circumference instead of BMI as a covariate. We also
explored the possibility that social support may serve as a
mediator or moderator between the psychosocial factors
and CCA/ICA.

Prior studies have reported that the effect of psychosocial
variables on subclinical cardiovascular disease markers varies
by sex [8, 10, 11, 1315, 25]. Furthermore, it has been shown
that the sex difference in atherosclerosis in the coronary ves-
sels is large, particularly for younger patients and that these
differences persist at older ages [26]. In our study, interactions
of sex with psychosocial measures were significant for anxiety
and depression (p < 0.05) but not for other psychosocial
variables. However, our data showed that there were signifi-
cant sex differences in the common and internal CIMT scores,
demographic and clinical characteristics and psychosocial
variable scores. Therefore, we present results based on sex
stratified age-adjusted and multivariable-adjusted models.

When taking into consideration that all psychosocial
variables were measured using different questionnaires, we
standardized them prior to the regression analyses. By
doing this, our psychosocial variables were rescaled to
have a mean of zero and a standard deviation of one, thus
analyzing all psychosocial variables on one scale. All
analyses were conducted using Stata (version 13.1, 2014,
StataCorp, College Station, TX).

Results

Of the 906 participants in the MASALA study, 4 participants
were excluded due to intervening CHD events, two partici-
pants had missing CIMT measurements and six participants
(three men and three women) were deemed to be outliers
resulting in a final analytic sample of 894 participants. Three
men and two women were outliers for depression and one
woman was an outlier for the stress outcome. Participants
were deemed to be outliers based on univariate and bivariate
plots, were >4 SD’s away from the mean, and were influ-
ential based on regression diagnostics. Outliers that were not
influential were retained in the analysis.

@ Springer

We analyzed data from 894 South Asian men and
women (477 men, 417 women) free of any ASCVD at the
baseline MASALA Study examination. Baseline variables
are presented in Table 1. Significant differences were
observed between men and women on most demographic,
clinical and psychosocial characteristics. Overall, men
were slightly older than women in this study (56.0 & 9.9
vs. 54.4 £+ 8.7, p < 0.01). Men had a greater average CCA
(0.91 vs. 0.84 mm, p < 0.001) and greater ICA (1.26 vs.
1.14 mm, p < 0.001) compared to women. Women had
greater average mean scores of anxiety (p = 0.04),
depression (p = 0.05), current stress (p = 0.03), and
chronic stress (p = 0.02) compared to men (Table 1). A
higher percentage of men were currently smoking
(p < 0.001), had type 2 diabetes and hypertension and were
taking hypertension medications (p = 0.001 for all). A
greater proportion of men followed the Western diet while
a greater proportion of women followed the fruits/vegeta-
bles/nuts/legumes diet (p < 0.001). Overall, women had a
healthier profile with lower rates of smoking, diabetes and
hypertension while having higher HDL cholesterol, greater
physical activity and a healthier diet. Table 2 shows cor-
relations between the psychosocial measures used in the
study.

Table 3 presents sex stratified mean differences in CCA
per 1-SD increase in psychosocial factors for the 3 mod-
els—(1) age-adjusted, (2) multivariable-adjusted (for tra-
ditional CVD risk factors) and (3) multivariate, diet, and
physical activity adjusted. In all 3 models for women,
current life stress and life stress over the past 6 months
remained positively associated with CCA [mean difference
per-SD increase (CI) was 0.018 (0.002-0.035; p = 0.03)
and 0.017 (0.001-0.034; p = 0.04), respectively] in the
final model adjusted for traditional CVD risk factors, diet
and physical activity. There was no relationship between
stress and CCA for males.

We found that among men, anxiety was positively
associated with CCA [mean difference per 1-SD increase
(CI) was 0.023 (0.004-0.041; p = 0.02)] in the final model
adjusted for traditional CVD risk factors, diet and physical
activity. Depressive symptoms were also positively asso-
ciated with CCA among men, [mean difference per 1-SD
increase (CI) was 0.022 (0.003-0.042; p = 0.03)] in the
model adjusting for traditional CVD risk factors. However,
once the model was adjusted for diet and physical activity,
these results were no longer significant (Table 2). None of
the other psychosocial factors were significantly associated
with CCA in the age adjusted, or multivariable adjusted
models. ICA was not associated with any psychosocial
factor in age-adjusted or multivariable adjusted models
(data not shown).

Given that waist circumference is a well-known risk
factor for South Asians we ran additional analysis for all
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Table 1 Baseline characteristics of the MASALA study population, 2010-2013

Variable Overall (n = 894) Men (n = 477) Women (n = 417) P value
Age 553 +94 56.0 +£ 9.9 544 + 8.7 0.01
Marital status (%)

Married 91.4 96.4 85.7

Divorced 2.8 1.7 4.1

Widowed 4.0 1.1 7.4

Single 1.8 0.8 29 <0.001
Education (%)

< Bachelor’s degree 12.3 10.1 14.9

> Bachelor’s degree 87.7 89.9 85.1 0.03
Family Income (%)

<$75,000 26.4 27.1 25.6

>$75,000 73.6 72.9 744 0.61
Current Smoking (%) 3.2 5.2 0.96 <0.001
Physical Activity (MET-min/week) 9409 (7335-11,970) 9150 (7343-11,393) 9690 (7335-12,720) 0.01
Total alcoholic drinks/wk 254+43 344+£5.0 1.0+ 1.8 <0.001
BMI (kg/m?) 26.0 + 4.3 259 + 4.4 26.1 + 4.2 0.50
Total cholesterol, mg/dL 188 + 37 183 + 37 193 + 35 <0.001
HDL cholesterol, mg/dL 50 + 13 45 £ 11 56 + 14 <0.001
SBP (mm Hg) 125 £ 16 126 £ 15 123 £ 17 <0.001
Antihypertensive med use (%) 30.9 354 25.6 0.001
Diabetes prevalence (%) 25.4 28.7 21.6 0.001
Hypertension prevalence (%) 40.5 449 355 0.001
Total caloric intake 1669.3 £+ 520.7 1758.2 £ 570.5 1567.6 £+ 436.2 <0.001
Dietary pattern (%)

Western 33.6 39.4 27.1

Sweets/refined grains 34.0 35.6 32.1

Fruits/vegetables 325 25.0 40.8 <0.001
Common carotid IMT (mm) 0.87 £ 0.22 091 £0.23 0.84 £ 0.20 <0.001
Internal carotid IMT (mm) 1.20 £ 0.44 1.26 + 0.48 1.14 £ 0.39 <0.001
Anger® 16.0 + 3.9 159 + 3.8 16 .2 £ 4.0 0.32
Anxiety” 16 .1 £44 15.8 £ 4.5 164 + 4.2 0.04
Depression® 7.6 +69 72 +6.7 81+£7.1 0.05
Current stress? 0.81 = 1.0 0.74 £ 1.0 0.89 + 1.1 0.03
Chronic stress’ 0.72 £+ 0.96 0.65 + 0.9 0.80 + 1.0 0.03
Social support® 249 £ 49 252+ 49 247 £ 4.8 0.12
Hassle" 15.0 + 6.0 152 +£55 148 £ 6.5 0.26

Results in bold are statistically significant

*n (%) or mean £ SD is displayed; median (interquartile range) is shown for skewed variables

* Spielberger trait—Anger Scale
" Spielberger trait—Anxiety Scale

d

Center for Epidemiologic Studies Depression Scale (CES-D): >16 (depressive symptoms)
Chronic Stresss Scale: 0 (low), 1 (moderate), >2 (high)

¢ Social Support Score as measured by ENRICHD (enhanced recovery in coronary heart disease) instrument: low emotional support (<18), high (>18)

£ Everyday Discrimination Scale: range from 9 to 54, measured continuously with higher score indicating more everyday hassles

psychosocial variables including waist circumference
instead of BMI as a covariate for models 2 and 3. The
results were essentially unchanged (data not shown).

Table 4 shows associations between tertiles of anxiety
and depressive symptoms and demographic/clinical char-
acteristics. We found that among men, exercise time

@ Springer
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Table 2 Correlations between

the psychosocial measures Anger Anxiety Depression Current stress 6-month stress Hassle
(n = 894) Anger 1.00

Anxiety 0.36%#* 1.00

Depression 0.35%%%* 0.67%#%%* 1.00

Current Stress 0.14%#%% 0.25%%%* 0.30%** 1.00

6-month stress 0.13#%* 0.25%%%* 0.29%%* 0.94#5%% 1.00

Hassle 0.25%%* 0.347#5%* 0.38%** 0.207%%* 0.18%%* 1.00

% p < 0.001

Table 3 Sex-stratified association between psychosocial factors and CCA (n = 894)

Psychosocial Measures

CCA

Age adjusted model

CCA

Multivariable® adjusted model

CCA

"MV + diet/exercise adjusted

Men Women Men Women Men Women

Anger

Mean difference in 1-SD 0.013 (—=0.006  0.009 (—0.008 to 0.013 (—0.005  0.004 (—0.012 to 0.009 (—0.010  0.004 (—0.013 to
increase (95 % CI) to 0.032) 0.025) to 0.032) 0.021) to 0.029) 0.020)

p value 0.19 0.30 0.16 0.60 0.33 0.65

Anxiety

Mean difference in 1-SD 0.023 (0.005- —0.013 (=0.031  0.022 (0.004— —0.014 (—-0.032  0.023 (0.004— —0.011 (—0.029
increase (95 % CI) 0.041) to 0.005) 0.040) to 0.004) 0.041) to 0.006)

p value 0.01 0.15 0.02 0.12 0.02 0.19

Depression

Mean difference in 1-SD 0.024 (0.004 to —0.009 (—0.026  0.022 (0.003- —0.011 (-0.028 0.019 (—0.001  —0.011 (—0.028
increase (95 % CI) 0.043) to 0.008) 0.042) to 0.006) to 0.039) to 0.006)

p value 0.02 0.31 0.03 0.21 0.063 0.21

Current stress

Mean difference in 1-SD 0.007 (—0.012  0.024 (0.007— 0.005 (—0.014  0.018 (0.002— 0.003 (—0.016  0.018 (0.002—
increase (95 % CI) to 0.026) 0.040) to 0.024) 0.035) to 0.022) 0.035)

p value 0.48 0.01 0.62 0.03 0.73 0.03

6-Month stress

Mean difference in 1-SD 0.010 (—0.010  0.021 (0.005— 0.007 (—0.012  0.018 (0.002— 0.006 (—0.013  0.017 (0.001—
increase (95 % CI) to 0.029) 0.038) to 0.026) 0.034) to 0.025) 0.034)

p value 0.33 0.01 0.47 0.03 0.53 0.04

Hassle

Mean difference in 1-SD 0.010 (—=0.010  —0.005 (—0.021 0.012 (—0.008  —0.009 (—0.024 0.012 (—0.007  —0.010 (—0.025
increase (95 % CI) to 0.030) to 0.010) to 0.032) to 0.007) to 0.033) to 0.006)

p value 0.33 0.50 0.24 0.27 0.23 0.20

Results in bold are statistically significant

? Model adjusted for the traditional CVD risk factors—SBP, hypertension medication use, current smoking, BMI, diabetes, cholesterol ratio and

education level

° Model adjusted for factors above + dietary pattern and physical activity

(MET-mins/week) decreased (p-trend = 0.01) and TV
watching (in mins) (p-trend = 0.03) increased as anxiety
scores increased. We also found that time spent watching
TV increased significantly as depressive symptom scores
increased (p-trend = 0.01) and exercise time (MET-mins/
week) decreased, although not significantly (p-
trend = 0.10). Additionally, we found that social support
scores were inversely correlated with anxiety and
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depressive symptom scores among men (p-trend < 0.001
for both). We also found an increased prevalence of
hypertension and unhealthy diet as anxiety levels increased
(p-trend = 0.04 for both).

Table 5 shows associations between high stress and
6 month stress symptoms and demographic/clinical char-
acteristics among women. Once again we found that
exercise time decreased as stress (p-trend = 0.04) and
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Table 5 Means or prevalence of cardiovascular risk factors for females with stress/chronic stress

Female characteristics Stress 6 month stress

Low (n = 191) High (n = 226) P-trend Low (n = 207) High (n = 210) P-trend
Age 55.0 £ 84 53.8 + 8.8 0.14 549 + 8.5 53.8 + 8.8 0.18
Exercise (MET-mins/week) 1419.9 £ 1407.0 1148.0 £+ 1282.6 0.04 1446.2 + 1440.6 1101.4 £ 1225.7 0.02
TV watching (mins) 557.7 £ 449.5 613.3 £ 529.3 0.48 565.4 £+ 448.5 609.9 + 536.2 0.71
Alcohol consumption/week 09+£15 1.1£19 0.42 08+14 1.1 £2.0 0.19
Total calories 1543.1 £ 451.9 1588.3 £+ 422.3 0.21 1541.9 £ 447.8 1592.9 £ 424.0 0.18
Social support 254 + 43 24.1 £ 5.0 0.01 255 + 42 239 £ 5.1 <0.05
Total cholesterol 193.6 £+ 36.8 192.7 £ 343 0.86 1939 £ 373 192.4 £ 33.6 0.75
HDL 56.1 + 12.6 55.1 £ 14.8 0.11 55.7 £ 12.5 55.5 £ 15.0 0.30
SBP 1232 £ 17.3 122.1 £ 16.0 0.35 123.0 £ 17.2 122.2 £ 16.0 0.47
BMI 25.6 + 3.8 26.5 + 4.5 0.02 25.6 + 3.8 26.6 + 4.6 0.04
Waist circumference 88.3 £ 9.6 89.9 + 104 0.11 88.6 £ 9.7 89.7 + 104 0.28
Hypertension (%) 33.1 38.3 0.87 33.8 37.1 0.48
Metabolic syndrome (%) 30.1 40.5 0.08 30.9 37.5 0.16
Diabetes (%) 18.6 23.5 0.68 20.5 22.6 0.60
Smoking (%) 0.0 2.0 0.40 0.5 1.4 0.32
Total calories 1543 £ 451 1588 + 422 0.21 1541 £+ 447 1593 + 423 0.18
Dietary pattern (%)
Western 242 26.6 242 30.0
Snacks/sweets 30.6 37.0 30.4 33.8
Fruits/vegetables 45.2 36.4 0.08 45.4 36.2 0.06
Anger 159 £ 43 16.5 + 3.8 0.01 159 £ 42 164 + 3.8 0.07
Anxiety 157+ 4.0 17.0 £ 4.2 <0.05 159 £ 4.1 169 + 4.2 0.01
Depression 6.7 £ 6.5 93+74 <0.001 6.8 £ 6.5 94 +75 <0.001
Hassle 13.5 £ 6.0 15.8 + 6.8 <0.001 13.8 £ 6.5 157 + 6.4 <0.001
Common CIMT 0.8 £ 0.2 0.9+ 0.2 0.50 0.8 +£0.2 0.9 + 0.2 0.59
Internal CIMT 1.1 +£03 1.2+04 0.25 1.1 +£03 1.1 £04 0.07

Results in bold are statistically significant

chronic stress increased (p-trend = 0.02). Additionally, we
found that social support scores were inversely correlated
with stress (p-trend = 0.01) and 6-month stress scores
among women (p-trend < 0.05). We also found that BMI
increased as stress (p-trend = 0.02) and chronic stress
increased (p-trend = 0.04).

We explored the possibility that social support may
serve as a mediator or moderator between the psychosocial
factors and CCA/ICA. However, we did not find any evi-
dence to support this in the overall population or after sex
stratification.

Discussion
Although a number of studies have investigated psy-
chosocial factors for their role in predicting CVD and

subclinical atherosclerosis, these data are limited to certain
ethnic groups. The present study sought to examine the

@ Springer

relationship of psychosocial factors with carotid intima
media thickness in the high risk South Asian population.
Our study shows that the impact of psychosocial factors on
subclinical atherosclerosis differs between men and
women. Anxiety and depressive symptoms were related to
increased common carotid intima media thickness among
men while stress and chronic stress were associated with
increased CCA IMT thickness in women. The magnitude
of these effects was comparable to that of a 2 year increase
in age for the South Asian participants in our study.

The results of our study can be directly compared to
those from the MESA study which examined the associa-
tions of anger, anxiety and depressive symptoms with
subclinical atherosclerosis in non-Hispanic Whites, African
American, Hispanic, and Chinese populations [10]. The
MESA Study results found trait anger was positively
associated with higher carotid artery IMT. When stratified
by sex, associations of anger with CIMT were seen in men
but not in women. Further, these associations were only



J Immigrant Minority Health

significant among non-Hispanic Whites. No associations
were seen among African American, Hispanic and Chinese
participants. In our study we found that among South
Asians anger was not significantly associated with CCA, or
ICA. Prior work on the relationship of anger to CIMT has
also showed mixed results with another study showing that
trait anger was associated with carotid IMT in black men
not among black women or Whites [27]. These results
show that the effects of trait anger on subclinical
atherosclerosis are inconsistent among racial/ethnic groups
and even among men and women.

Because prior literature has suggested that psychosocial
factors may differentially impact men and women, we
examined the associations of psycholocigal factors in sex-
stratified models. We found that anxiety and depressive
symptoms were significantly associated with CCA in South
Asian men but not among women. In contrast, the MESA
Study did not find any association of anxiety or depressive
symptoms with subclinical atherosclerosis in any race/
ethnic group. In a cross-sectional analysis of the Brazilian
longitudinal study of adult health, the authors found that
both anxiety and depressive symptoms were associated
with carotid intima media thickness in a sample of middle
aged adults (the authors did not stratify results based on
race/ethnicity or sex) [28]. Further, longitudinal studies
have shown that depressive symptoms are associated with
accelerated progression of subclinical atherosclerosis over
a 3-5 year follow-up [29, 30].

The mechanisms by which anxiety and depressive
symptoms may impact carotid wall thickness are not
entirely clear. Bonnet et al. [31] proposed that anxiety and
depressive symptoms are associated with an unhealthy
lifestyle—physical inactivity, unhealthy diet, and smoking
in individuals at risk of cardiovascular disease. They found
that both anxiety and depressive symptoms were signifi-
cantly associated with physical inactivity and smoking in
both sexes. In their study, unhealthy diets were seen among
men with anxiety and depressive symptoms but not in
women. In our study, South Asian men with high anxiety
and depressive symptoms had significantly less physical
activity and spent more time watching TV. Men with
increased anxiety and depressive symptoms also reported
significantly lower levels of social support. We also found
higher rates of hypertension and unhealthier diets in men
with higher levels of anxiety. It is possible that unhealthy
behaviors tend to cluster in individuals at high risk of
cardiovascular disease and modify the impact of psy-
chosocial factors on subclinical atherosclerosis, and we
were unable to fully adjust for these behavioral differences.
In the study by Mainous et al. they found that although
chronic stress did not directly impact subclinical
atherosclerosis, it had an indirect effect through unhealthy
coping behaviors such as smoking, physical inactivity and

a high caloric intake. The results from these studies indi-
cate the importance of modifying lifestyle behaviors and
coping mechanisms in individuals with poor psychosocial
well-being, due to an increased risk of developing CVD.

South Asian women with higher stress/chronic stress had
increased atherosclerosis in our study. These results can be
compared to those from another MESA Study where the
relationship between stress/chronic stress and atheroscle-
rosis (as measured by coronary artery calcium) was exam-
ined. Their results showed that there was no relationship
between chronic stress and atherosclerosis, when adjusted
for unhealthy life behaviors such as smoking, excessive
alcohol use, high caloric intake, sedentary lifestyle and
obesity [12]. The authors did not stratify the results based on
sex or ethnicity. However, they did find significant indirect
pathways between chronic stress and atherosclerosis
through smoking, sedentary lifestyle and high caloric
intake. In our analysis, we found that women with high
stress/chronic stress reported less exercise time, high BMI
and low social support. In the literature, work-related stress
has been studied in relation to the risk for CVD for men and
women [8]. However, for women, it has been hypothesized
that stress due to multiple roles, family responsibilities and
lack of supportive relationships may be more important.
More studies are needed to understand the complex rela-
tionships between stress and atherosclerosis for women and
elucidate the pathways through which it acts.

Others have found an association between low social
support and an increased risk for future cardiac events in
participants with low social support [32-35]. In this study
of South Asian adults, we did not find an independent
association between social support and CIMT; further,
social support did not appear to mediate or moderate the
association of psychological variables and CIMT. Overall,
participants in our study reported fairly high levels of
social support [mean for men and women was 25 (range
6-30); with >18 indicating high social support], possibly
obscuring the effect of social support on subclinical
atherosclerosis. In addition, the social support measure
used in the MASALA Study focused on general forms of
support (feeling listened to, getting help when needed) and
perhaps more specific types of support are needed. There-
fore, to detect mediation/moderation effects in future
studies, measurements that evaluate specific types and
quality of support may be needed.

This study had several strengths. First, this study
included a large cohort of South Asian participants
recruited from two major geographic locations in the US
Second, high resolution ultrasonography was used to pre-
cisely capture images of the CIMT, allowing for accurate
measurements. Third, all psychosocial scales were stan-
dardized prior to analyses, thus increasing the internal
validity of the study. Limitations to the study include that it
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was cross-sectional, and all psychosocial factors were
potentially subject to recall or social bias, and these scales
were not created or validated in South Asians. However,
the scales used in this study are reliable and valid in other
race/ethnic populations [10-12, 16, 18]. Psychosocial
measures in this study were studied as individual entities,
however these factors tend to cluster together, thereby
increasing the detrimental effect on a person’s health.
Future studies should consider studying how a combination
of these factors may affect subclinical atherosclerosis.

In summary, our results show that the effects of psy-
chosocial factors are differential for men and women.
Anxiety and depressive symptoms are potentially modifi-
able risk factors that contribute to subclinical atheroscle-
rosis among South Asian men. For women, stress is an
independent contributor to subclinical atherosclerosis.
Further research is needed to find the mechanisms through
which these psychosocial factors affect atherosclerosis, as
early detection may allow for risk-reduction interventions,
such as lifestyle changes and/or pharmacotherapy, to limit
the progression of atherosclerosis to cardiovascular disease.
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NIH/NCRR UCSF-CTSI Grant Number UL1 RR024131. The spon-
sors did not play a significant role in the analysis, interpretation, and
presentation of these results.

References

1. Lee JW, Brancati FL, Yeh HC. Trends in the prevalence of type 2
diabetes in Asians versus whites: results from the United States
National Health Interview Survey, 1997-2008. Diabetes Care.
2011;34(2):353-7.

2. Enas EA, Mohan V, Deepa M, Farooq S, Pazhoor S, Chennikkara
H. The metabolic syndrome and dyslipidemia among Asian Indi-
ans: a population with high rates of diabetes and premature coro-
nary artery disease. J Cardiometab Syndr Fall. 2007;2(4):267-75.

3. Enas EA, Yusuf S, Mehta J. Meeting of the international working
group on coronary artery disease in South Asians. 24 March
1996, Orlando, Florida, USA. Indian Heart J. 1996;48(6):727-32.

4. Misra R, Patel T, Kotha P, et al. Prevalence of diabetes, meta-
bolic syndrome, and cardiovascular risk factors in US Asian
Indians: results from a national study. J Diabetes Complications.
2010;24(3):145-53.

5. Enas EA, Chacko V, Pazhoor SG, Chennikkara H, Devarapalli
HP. Dyslipidemia in South Asian patients. Curr Atheroscler Rep.
2007;9(5):367-74.

6. Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially
modifiable risk factors associated with myocardial infarction in
52 countries (the INTERHEART study): case—control study.
Lancet. 2004;364(9438):937-52.

7. Bainey KR, Jugdutt BI. Increased burden of coronary artery disease
in South-Asians living in North America. Need for an aggressive
management algorithm. Atherosclerosis. 2009;204(1):1-10.

8. Low CA, Thurston RC, Matthews KA. Psychosocial factors in the
development of heart disease in women: current research and
future directions. Psychosom Med. 2010;72(9):842-54.

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. Everson-Rose SA, Lewis TT. Psychosocial factors and cardio-

vascular diseases. Annu Rev Public Health. 2005;26:469-500.
Ohira T, Diez Roux AV, Polak JF, Homma S, Iso H, Wasserman
BA. Associations of anger, anxiety, and depressive symptoms
with carotid arterial wall thickness: the multi-ethnic study of
atherosclerosis. Psychosom Med. 2012;74(5):517-25.

Diez Roux AV, Ranjit N, Powell L, et al. Psychosocial factors
and coronary calcium in adults without clinical cardiovascular
disease. Ann Intern Med. 2006;144(11):822-31.

Mainous AG 3rd, Everett CJ, Diaz VA, Player MS, Gebregzi-
abher M, Smith DW. Life stress and atherosclerosis: a pathway
through unhealthy lifestyle. Int J Psychiatry Med. 2010;40(2):
147-61.

Ruijter HM, Haitjema S, Asselbergs FW, Pasterkamp G. Sex
matters to the heart: a special issue dedicated to the impact of sex
related differences of cardiovascular diseases. Atherosclerosis.
2015;241(1):205-7.

Rozanski A, Blumenthal JA, Kaplan J. Impact of psychological
factors on the pathogenesis of cardiovascular disease and impli-
cations for therapy. Circulation. 1999;99(16):2192-217.
Appelman Y, van Rijn BB, Ten Haaf ME, Boersma E, Peters SA.
Sex differences in cardiovascular risk factors and disease pre-
vention. Atherosclerosis. 2015;241(1):211-8.

Kanaya AM, Kandula N, Herrington D, et al. Mediators of
atherosclerosis in South Asians Living in America (MASALA)
study: objectives, methods, and cohort description. Clin Cardiol.
2013;36(12):713-20.

The ENRICHD investigators. Enhancing recovery in coronary
heart disease patients (ENRICHD): study design and methods. Am
Heart J. 2000;139(1 Pt 1):1-9.

Jensen RA, Shea S, Ranjit N, et al. Psychosocial risk factors and
retinal microvascular signs: the multi-ethnic study of
atherosclerosis. Am J Epidemiol. 2010;171(5):522-31.

Williams DR, Yan Y, Jackson JS, Anderson NB. Racial differ-
ences in physical and mental health: socio-economic status—
stress and discrimination. J Health Psychol. 1997;2(3):335-51.
Williams JE, Paton CC, Siegler IC, Eigenbrodt ML, Nieto FJ,
Tyroler HA. Anger proneness predicts coronary heart disease
risk: prospective analysis from the atherosclerosis risk in com-
munities (ARIC) study. Circulation. 2000;101(17):2034-9.
Ainsworth BE, Irwin ML, Addy CL, Whitt MC, Stolarczyk LM.
Moderate physical activity patterns of minority women: the
Cross-Cultural Activity Participation Study. ] Women’s Health
Gender Based Med. 1999;8(6):805-13.

Kelemen LE, Anand SS, Vuksan V, et al. Development and
evaluation of cultural food frequency questionnaires for South
Asians, Chinese, and Europeans in North America. ] Am Diet
Assoc. 2003;103(9):1178-84.

Gadgil MD, Anderson CA, Kandula NR, Kanaya AM. Dietary
patterns are associated with metabolic risk factors in South asians
living in the United States. J Nutr. 2015;145(6):1211-7.
McKeigue PM, Shah B, Marmot MG. Relation of central obesity
and insulin resistance with high diabetes prevalence and cardio-
vascular risk in South Asians. Lancet. 1991;337(8738):382-6.
Barrett-Connor E. Sex differences in coronary heart disease. Why
are women so superior? The 1995 Ancel keys lecture. Circula-
tion. 1997;95(1):252-64.

Kardys I, Vliegenthart R, Oudkerk M, Hofman A, Witteman JC.
The female advantage in cardiovascular disease: Do vascular
beds contribute equally? Am J Epidemiol. 2007;166(4):403—12.
Williams JE, Couper DJ, Din-Dzietham R, Nieto FJ, Folsom AR.
Race-gender differences in the association of trait anger with
subclinical carotid artery atherosclerosis: the Atherosclerosis
Risk in Communities Study. Am J Epidemiol. 2007;165(11):
1296-304.



J Immigrant Minority Health

28.

29.

30.

31.

Santos IS, Goulart AC, Brunoni AR, Kemp AH, Lotufo PA,
Bensenor IM. Anxiety and depressive symptoms are associated
with higher carotid intima-media thickness. Cross-sectional
analysis from ELSA-Brasil baseline data. Atherosclerosis.
2015;240(2):529-34.

Stewart JC, Janicki DL, Muldoon MF, Sutton-Tyrrell K,
Kamarck TW. Negative emotions and 3-year progression of
subclinical atherosclerosis. Arch Gen Psychiatry. 2007;64(2):
225-33.

Pizzi C, Costa GM, Santarella L, et al. Depression symptoms and
the progression of carotid intima-media thickness: a 5-year fol-
low-up study. Atherosclerosis. 2014;233(2):530-6.

Bonnet F, Irving K, Terra JL, Nony P, Berthezene F, Moulin P.
Anxiety and depression are associated with unhealthy lifestyle in
patients at risk of cardiovascular disease. Atherosclerosis.
2005;178(2):339-44.

32.

34.

35.

Berkman LF, Leo-Summers L, Horwitz RI. Emotional support
and survival after myocardial infarction. A prospective, popula-
tion-based study of the elderly. Ann Intern Med. 1992;117(12):
1003-9.

. Williams RB, Barefoot JC, Califf RM, et al. Prognostic impor-

tance of social and economic resources among medically treated
patients with angiographically documented coronary artery dis-
ease. JAMA. 1992;267(4):520-4.

Rosengren A, Wilhelmsen L, Orth-Gomer K. Coronary disease in
relation to social support and social class in Swedish men. A
15 year follow-up in the study of men born in 1933. Eur Heart J.
2004;25(1):56-63.

Pedersen SS, van Domburg RT, Larsen ML. The effect of low
social support on short-term prognosis in patients following a first
myocardial infarction. Scand J Psychol. 2004;45(4):313-8.

@ Springer



	Psychosocial Factors Associated with Subclinical Atherosclerosis in South Asians: The MASALA Study
	Abstract
	Background
	Methods
	Study Design and Population
	Psychosocial Measurements
	Anger/Anxiety
	Depression
	Current/Chronic Stress
	Everyday Hassles

	Outcome Variables
	Covariates
	Dietary Data


	Statistical Analysis
	Results
	Discussion
	Funding
	References




