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Background: South Asians are a high-risk ethnic group for cardiovascular disease despite having lower
levels of conventional cardiovascular risk factors such as obesity and smoking. Ethnic differences in pulse
wave reflections, arterial stiffness, and subclinical atherosclerosis as measured using augmentation index
(AIX), pulse wave velocity (PWV), and carotid intima-media thickness (CIMT) may reflect some of this
excess risk.
Methods: We conducted a cross-sectional analysis of pooled data from three community-based sources
in Atlanta, Georgia, USA. Data on 530 South Asians collected from local health fairs was compared with
data on 507 White and 192 African Americans from the Emory Predictive Health Initiative and 351 White
and 382 African Americans from the Morehouse and Emory Team up to Eliminate Health Disparities
Study.
Results: Linear regression models adjusted for age, sex, smoking, MAP, fasting glucose, TC, HDL-C, crea-
tinine, and body mass index were used to assess the relationship between ethnicity and vascular function
measures. In fully adjusted models, South Asians had higher heart rate corrected AIX as compared with
Whites and African Americans (by 5.47%, p < 0.01 and 3.50%, p < 0.01; respectively), but lower PWV (by
0.51 m/s, p < 0.01 and 0.72 m/s, p < 0.01; respectively) and lower CIMT (by 0.02 mm p = 0.03 and 0.04 mm
p < 0.01; respectively).
Conclusions: Systemic pulse wave reflections, independent of other risk factors, are higher in South
Asians as compared with Whites and African Americans. Future research is needed to determine whether
higher AIX explains the increased cardiovascular risk among South Asians.
� 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

South Asians, or people tracing their ancestry to India, Pakistan,
Bangladesh, or Sri Lanka, are a rapidly growing population in the
United States. Between the years 2000 and 2010 the U.S. South
Asian population increased by 68% and currently totals 3.2 million
[1]. South Asians are a high risk special population for cardiovascu-
lar diseases (CVD) in that they have a higher CVD related morbidity
and mortality compared with Whites and African Americans,
despite having lower levels of traditional risk factors such as body
mass index (BMI) and smoking [2–5]. Furthermore, differences in
conventional risk factors, such as diabetes mellitus, obesity, and
hypertension, fail to completely account for this excess risk [4].

Pulse wave reflections estimated as augmentation index (AIX)
[6], arterial stiffness measured as pulse wave velocity (PWV), and
subclinical atherosclerosis measured as carotid intima-media
thickness (CIMT) are markers of subclinical vascular disease and
are important predictors of cardiovascular morbidity and mortality
[7–9]; and abnormalities in these measures usually precede the
development of overt symptomatic CVD [10]. However, to date,
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little comparative data exists on the independent relationship
between ethnicity and subclinical vascular disease measures
among asymptomatic South Asians, Whites, and African Americans
living in the United States. We therefore determined the associa-
tion of ethnicity (South Asian, White, and African American) with
vascular function measures (AIX, PWV, and CIMT) among individ-
uals living in the greater Atlanta metropolitan area.
2. Methods

We conducted a cross-sectional analysis of pooled data from
three community-based sources. Data on 530 South Asian individ-
uals were recruited from community health fairs in which partici-
pants provided demographic and clinical data. This was compared
with 507 White and 192 African American individuals from the
Emory Predictive Health Institute Center for Health Discovery
and Well Being cohort [11], and 351 White and 382 African Amer-
icans from the Morehouse and Emory Team up to Eliminate Health
Disparities (META-Health) Study [12]. Individuals who were preg-
nant and those with acute illnesses were excluded. All studies were
approved by the Emory University Institutional Review Board and
informed consent was obtained from all individuals prior to partic-
ipation in the study.

2.1. Community health fair

A total of 530 participants who identified as South Asian were
recruited at bi-annual community health fairs in Atlanta, Georgia
from 2009 to 2014. Health fairs were often conducted in a clinic
setting and were open to all individuals regardless of income or
immigration status. The overall intent of the health fairs was to
provide medical education and to address prevalent health con-
cerns in an underserved South Asian population. Prior to study
enrollment, community health fair attendees were informed about
the study. Those individuals who were aged 18 and older and who
expressed interest were enrolled by an authorized member of the
research team. While individuals of any race/ethnic group were
permitted to enroll in the study, for the purposes of analysis, we
analyzed data only from individuals who self-identified as South
Asian. After an overnight fast, venous blood was collected and
pulse wave reflection testing with AIX was performed in 462 par-
ticipants and arterial stiffness testing with PWV measurement was
performed in 105 participants. In a subgroup of 138 individuals,
ultrasound imaging was used to measure CIMT.

2.2. The Emory Predictive Health Initiative

Recruitment and data collection methods of the Emory Predic-
tive Health Initiative have been previously described [13]. In short,
healthy individuals aged between 20 and 79 years who were
employees of Emory University or Georgia Institute of Technology
were recruited by advertisement or invitation. All participants gave
informed consent that was approved by the Emory and Georgia
Tech Institutional Review Boards. Participants were given compre-
hensive clinical evaluations at baseline as well as at 1-year and 2-
year visits. For the purposes of this analysis, only data from the
baseline visit on 507 White individuals and 192 African American
individuals was analyzed. Individuals enrolled in the study
received vascular function testing, using AIX, PWV, and CIMT.

2.3. The Morehouse and Emory Team up to Eliminate Health
Disparities (META-Health) study

Information regarding participant recruitment and data collec-
tion of the META-Health study has been previously published
[14]. In brief, the META-Health study was designed as a two-
stage cross-sectional community sample. The first stage consisted
of a random digit dialing survey of White and African American
individuals (N = 3,391) aged 30–65 years residing in the metropoli-
tan Atlanta area. The second stage consisted of a subset of partici-
pants (N = 733) who consented to come to either Emory University
or Morehouse School of Medicine for a detailed study visit. Vascu-
lar function testing and blood draws were performed after a 12 h
fast. AIX was measured in 726 participants and PWV analysis
was performed in 439 participants. However, CIMT was not mea-
sured in this study.

2.4. Vascular function testing

In all studies, vascular function testing was performed at rest in
the supine position in a quiet, temperature-controlled environ-
ment set at 22� Celsius after an overnight fast. These included mea-
surements of AIX and PWV using the SphygmoCor device (AtCor
Medical, Australia) [11,15,16].

2.4.1. Augmentation index
AIX was measured using a derived central aortic pressure wave-

form, which is a composite of the forward pressure wave from ven-
tricular systole and a reflected wave from the periphery [17]. The
SphygmoCor device then applies a transfer function to these
peripheral measures to estimate aortic pressure parameters and
the degree of pressure augmentation secondary to reflected waves
from the periphery [18]. This is used to derive AIX (augmented
pressure/total central pulse pressure), a ratio expressed as %, which
is considered a complex composite marker of arterial stiffening.
We performed pulse-wave analysis using the radial artery pressure
waveforms and applied a generalized transfer function to derive
the central aortic pressure waveform. AIX was standardized to a
heart rate of 75 beats per minute yielding a heart rate-corrected
AIX for each participant. Reproducibility studies in our laboratory
on 9 Predictive Health Initiative subjects on consecutive days have
demonstrated a coefficient of variation of 20.3% for AIX [11].

2.4.2. Pulse wave velocity
In brief, PWV measures the velocity at which pressure wave-

forms travel down the vasculature and serves as a measure of arte-
rial stiffness [19]. PWV was assessed using the subtraction method
[20]. Proximal and distal pulses (common carotid and femoral)
were recorded using the SphygmoCor device to calculate transit
time between the two arterial sites which was determined in rela-
tionship to the R-wave of the electrocardiogram. The ‘‘foot-to foot”
method was used to calculate velocity (meters/second), measuring
the interval between the R wave on the ECG and the foot of the
recorded pressure waveform at each site. Distance between sites
was measured manually by the operator, [6] and a coefficient of
variation of 3.8% for PWV was observed on 9 Predictive Health Ini-
tiative subjects on consecutive days [11].

2.4.3. Carotid intima media thickness
CIMT was measured in millimeters (mm) with B-mode ultra-

sonography operating at 7 MHz using standardized techniques as
described previously [21]. Longitudinal images of the distal com-
mon carotid arteries, proximal to the carotid bulb were obtained
using multiple scanning angles at a standardized depth of 4 cm.
Images were stored digitally, and measurements were made off-
line using a semi-automated computerized analytical software
(Carotid Tools, MIA Inc., Iowa City, Iowa) by two observers blinded
to the test results. Average values of the CIMT of each of the four
segments of the distal 1.0 cm of both common carotid arteries
were used to define the CIMT values for each subject. The inter-
observer variability for CIMT was 0.03 ± 0.02 mm.
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2.4.4. Blood pressure measurement
In all three studies, blood pressure was measured three times

while seated in the right arm using an automatic blood pressure
monitor (A&D Medical, Model TM-2655). Blood pressure was mea-
sured after 5 min of rest and was based on the average of the final 2
of 3 readings measured 5 min apart. Mean arterial pressure (MAP)
was calculated by adding the systolic blood pressure to two times
the diastolic blood pressure reading and dividing this sum by three.
2.4.5. Cardiovascular risk factors
After the data was pooled, we used standard definitions for

hypercholesterolemia, hypertension, type 2 diabetes, and obesity.
Hypercholesterolemia was defined as LDL cholesterol >3.4 mmol/
L, use of lipid lowering medication, or previous physician diagnosis
[22]. Hypertension was defined as blood pressure �140/90 mmHg,
any use of antihypertensive medication, or previous physician
diagnosis [22]. Type 2 diabetes was defined as fasting plasma glu-
cose �7.0 mmol/L, any use of glucose lowering medication, or pre-
vious physician diagnosis [23]. Obesity was defined as a body mass
index �30 kg/m2.
2.5. Statistical methods

Analyses were conducted using pooled data from the Commu-
nity Health Fair, the Emory Predictive Health Initiative, and the
META-Health cohorts. Participant characteristics were described
as percentages, means, and geometric means by race/ethnicity. Dif-
ferences in participant characteristics across race/ethnic groups
were assessed using v2 test, one-way analysis of variance, and
Kruskal-Wallis analysis of variance (non-parametric continuous
variables) as appropriate. Statistically significant differences in
continuous variables between South Asians and Whites, and South
Asians and African Americans were determined post-hoc.

Linear regression models were used to assess the unadjusted
relationship between vascular function measures and a 3-level cat-
egorical race/ethnicity variable (Model 1). We subsequently
adjusted the models for age and sex in Model 2; followed by fur-
ther adjustment for current smoking, MAP, plasma glucose, total
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C),
serum creatinine, and body mass index (BMI) (Model 3). Models
evaluating AIX were further adjusted for height (in meters) given
its known confounding effect on ethnic differences in AIX [24].
Missing values for covariates were imputed using the Visualization
and Imputation of Missing Values R package by employing the k-
nearest neighbor approach [25]. Linear regression analyses in
Model 4 were performed using covariates with imputed missing
values.

As a sensitivity analysis, study participants were divided into
two groups, ‘healthy’ (without diabetes, hypertension, hyperlipi-
demia, smoking, and BMI < 30 kg/m2) and ‘unhealthy’ (with any
of the aforementioned risk factors). The mean (95% confidence
interval) values of PWV, AIX, and CIMT for healthy and unhealthy
individuals in each racial/ethnic group were plotted and compared.
Furthermore, the association of race/ethnicity (South Asian vs
White and South Asian vs African American) with indices of vascu-
lar function was assessed in linear regression models adjusted for
age, sex, study site, and health status, following which the multi-
plicative interaction of ethnicity with healthy status was tested.
Finally, the association of ethnicity with vascular function mea-
sures in both healthy and unhealthy participants was tested using
linear regression models adjusted for age, sex, study site, current
smoking, MAP, plasma glucose, TC, HDL-C, serum creatinine, and
BMI. All analyses were performed using IBM SPSS Statistics Version
25 (Armonk, NY, US) and R version 3.3.3 (R Foundation for statisti-
cal computing, Vienna, Austria).
3. Results

On average, South Asian participants were younger than White
participants, and had lower BMI and height than both White and
African American participants. In addition, South Asian partici-
pants were more likely to be men, had higher mean systolic blood
pressure, fasting glucose, triglycerides and prevalence of diabetes,
and lower prevalence of hypertension, hyperlipidemia and obesity
as well as lower mean total, low density lipoprotein and HDL-C
levels compared to Whites and African Americans (Table 1).

The independent predictors of vascular function are listed in
Table 2. PWV was measured in 1230 participants (105 South Asian,
728 White, 397 African American), AIX in 1881 participants (462
South Asian, 851 White, 568 African American), and CIMT in 833
participants (138 South Asian, 506 White, 189 African American).
Age, sex, MAP, fasting glucose and HDL-C were all independently
associated with PWV, with men having greater PWV compared
with women. Age, smoking, and MAP were all independently pos-
itively associated with AIX. Women had greater AIX compared to
men. BMI was inversely associated with AIX, as was height
(�2.34%; 95% CI �2.83%, �1.85%, p < 0.01 per 0.1-meter increase).
Age, MAP, fasting glucose, and BMI were all independently associ-
ated with CIMT.
3.1. Ethnic differences in vascular function measures

In univariate analyses, South Asians had higher AIX as com-
pared with both Whites and African Americans (Table 3, Model
1). However, CIMT was similar across ethnicities, and PWV was
lower in South Asians as compared with African Americans
(Table 3, Model 1). Ethnic differences in vascular function mea-
sures became apparent after controlling for cardiovascular risk fac-
tors (Table 3, model 4). After adjustment for age, sex, smoking
status, MAP, fasting glucose, TC, HDL-C, creatinine, and BMI, South
Asians continued to have higher AIX as compared with Whites and
African Americans (by 5.47%; 95% CI: 4.30, 6.65, p < 0.01 and 3.50%,
95% CI: 2.15, 4.84, p < 0.01; respectively). In fully adjusted models,
South Asians had lower PWV (by 0.51 m/s, 95% CI: �0.84, �0.17,
p < 0.01 and 0.72 m/s, 95% CI: �1.08, �0.36, p < 0.01; respectively)
and lower CIMT (by 0.02 mm, 95% CI: �0.04, �0.003), p = 0.04 and
0.04 mm, 95% CI: �0.07, �0.02, p < 0.01 respectively) as compared
with Whites and African Americans.

The association of ethnicity with AIX was modified by age (p-i
nteraction < 0.01), however, such an interaction was not noted
with PWV and CIMT (p-interactions > 0.15). Among younger par-
ticipants (age < 50 years), South Asians had higher AIX (by 7.63%,
95% CI: 5.86, 9.40, p < 0.01 and by 5.67%, 95% CI: 3.85, 7.50,
p < 0.01; respectively) as compared withWhites and African Amer-
icans. However, among those age � 50 years, the magnitude of this
difference was smaller (3.58%, 95% CI: 2.14, 5.03, p < 0.01 and
1.89%, 95% CI: 0.26, 3.52, p = 0.02; respectively).
3.2. Subgroup analyses in the ‘healthy’ cohort

The study cohort was divided into healthy individuals without
diabetes, hypertension, hyperlipidemia, smoking, and over-
weight/obesity (N = 602) and unhealthy individuals defined as
those with any of the aforementioned factors (N = 1360). Health
status is defined as ‘healthy’ or unhealthy individuals. The differ-
ences in vascular function measures by health status across ethnic
groups are depicted in Fig. 1. After adjustment for age, sex, smok-
ing status, MAP, fasting glucose, TC, HDL-C, creatinine, and BMI,
healthy South Asians had higher AIX, lower PWV, but similar CIMT
as compared with healthy White participants and similar AIX and
CIMT but lower PWV compared to healthy African American par-



Table 1
Characteristics of participants by race/ethnicity.

Characteristics South Asian White African American P-value

N 530 858 574
Men (%) 53.8 40.8 35.9 <0.01
Age (years) 48.2 (12.3) 50.5 (10.5) 48.1 (9.4) <0.01*
Systolic blood pressure (mm Hg) 131.1 (19.4) 119.6 (15.9) 124.4 (18.4) <0.01*y

Diastolic blood pressure (mm Hg) 77.8 (13.5) 76.3 (10.5) 79.2 (11.7) <0.01*
Mean arterial pressure (mm Hg) 95.6 (14.0) 90.8 (11.4) 94.2 (13.1) <0.01*
Hypertension (%) 14.7 31.2 45.8 <0.01
Fasting glucose (mmol/L) 5.9 (2.2) 5.1 (1.0) 5.2 (1.5) <0.01*y

Diabetes (%) 20.0 7.9 16.2 <0.01
Total cholesterol (mmol/L) 4.9 (0.9) 5.1 (1.0) 5.1 (1.0) <0.01*y

LDL-cholesterol (mmol/L) 2.8 (0.7) 2.9 (0.8) 3.0 (0.9) <0.01*y

HDL-cholesterol (mmol/L) 1.3 (0.3) 1.6 (0.5) 1.5 (0.4) <0.01*y

Triglycerides (mmol/L)– 13.8 (1.3) 11.6 (1.2) 10.1 (1.0) <0.01*y

Current Smoking (%) 7.9 7.7 20.3 <0.01
Creatinine (mg/dL) 0.9 (0.2) 0.8 (0.2) 0.9 (0.6) <0.01y

BMI (kg/m2) 26.0 (4.7) 27.5 (5.8) 31.2 (8.1) <0.01*y

Obesity (%) 18.0 26.4 49.0 <0.01
Height (m) 1.6 (0.1) 1.7 (0.1) 1.7 (0.1) <0.01*y

Pulse Wave Velocity (m/s) 7.1 (2.0) 7.2 (1.6) 7.5 (1.7) <0.01y

Augmentation Index (%) 27.1 (10.7) 20.5 (10.5) 22.7 (11.5) <0.01*y

Carotid Intima Media Thickness (mm) 0.6 (0.1) 0.6 (0.1) 0.6 (0.1) 0.63

P-Pvalues for chi-square test (categorical variables), one-way ANOVA (parametric continuous variables), and Kruskal-Wallis ANOVA (non-parametric continuous variables)
across race/ethnic groups.
Abbreviations: LDL = low-density lipoprotein, HDL = high-density lipoprotein, BMI = body mass index.

* Post-hoc p-value < 0.05 for South Asian vs White.
y Post-hoc p-value < 0.05 for South Asian vs African American.
– Geometric mean.

Table 2
Independent predictors of vascular function.

Augmentation Index (%) Pulse Wave Velocity (m/s) Carotid Intima-Media Thickness (mm)

Estimate 95% CI p-value Estimate 95% CI p-value Estimate 95% CI p-value

South Asian vs White 5.47 (4.30, 6.65) <0.01 �0.51 (�0.84, �0.17) <0.01 �0.02 (�0.04, �0.003) 0.03
South Asian vs African American 3.50 (2.15, 4.84) <0.01 �0.72 (�1.08, �0.36) <0.01 �0.04 (�0.07, �0.02) <0.01
Age (per year) 0.37 (0.34, 0.41) <0.01 0.04 (0.03, 0.04) <0.01 0.006 (0.006, 0.007) <0.01
Sex �6.72 (�7.82, �5.62) <0.01 0.31 (0.09, 0.52) <0.01 0.02 (�0.001, 0.03) 0.06
Smoking Status 3.27 (2.05, 4.50) <0.01 0.16 (�0.13, 0.44) 0.28 0.03 (�0.001, 0.06) 0.06
MAP (per mm Hg) 0.20 (0.17, 0.23) <0.01 0.03 (0.03, 0.04) <0.01 0.001 (0.000, 0.002) <0.01
Fasting glucose (per mmol/L) 0.04 (�0.21, 0.30) 0.75 0.12 (0.06, 0.18) <0.01 0.007 (0.003, 0.012) <0.01
Total Cholesterol (per mmol/L) 0.15 (�0.26, 0.56) 0.47 �0.08 (�0.17, 0.02) 0.10 �0.001 (�0.08, 0.06) 0.81
HDL Cholesterol (per mmol/L) 0.48 (�1.00, 1.10) 0.93 0.25 (0.03, 0.47) 0.03 �0.07 (�0.025, 0.011) 0.45
BMI (per kg/m2) �0.17 (�0.23, �0.10) <0.01 0.08 (�0.006, 0.02) 0.26 0.003 (0.002, 0.005) <0.01
Creatinine (per mmol/L) �0.002 (�0.01, 0.01) 0.69 0.004 (�0.03, 0.10) 0.25 0.000 (0.000, 0.0001) 0.38
Height (per 0.1 m) �2.35 (�2.84, �1.85) <0.01 – – – – – –

Abbreviations: MAP = mean arterial pressure, HDL = high-density lipoprotein, BMI = body mass index.

Table 3
Multivariable associations between race/ethnicity and vascular function.

Augmentation Index (%)* Pulse Wave Velocity (m/s) Carotid Intima-Media Thickness (mm)

Estimate 95% CI p-value Estimate 95% CI p-value Estimate 95% CI p-value

Model 1 South Asian vs White 6.55 (5.32, 7.78) <0.01 �0.19 (�0.52, 0.15) 0.27 �0.01 (�0.03, 0.02) 0.49
South Asian vs African American 4.37 (3.03, 5.70) <0.01 �0.48 (�0.84, �0.13) 0.01 �0.01 (�0.04, 0.01) 0.33

Model 2
South Asian vs White 8.85 (7.70, 9.92) <0.01 �0.11 (�0.44, 0.21) 0.50 �0.003 (�0.02, 0.02) 0.79
South Asian vs African American 5.97 (4.70, 7.23) <0.01 �0.55 (�0.90, �0.19) <0.01 �0.04 (�0.06, �0.02) <0.01

Model 3
South Asian vs White 6.43 (4.77, 8.10) <0.01 �0.58 (�0.96, �0.20) <0.01 �0.02 (�0.05, �0.000) 0.05
South Asian vs African American 4.62 (2.83, 6.40) <0.01 �0.85 (�1.25, �0.44) <0.01 �0.04 (�0.07, �0.02) 0.02

Model 4
South Asian vs White 5.47 (4.30, 6.65) <0.01 �0.51 (�0.84, �0.17) <0.01 �0.02 (�0.04, �0.003) 0.03
South Asian vs African American 3.50 (2.15, 4.84) <0.01 �0.72 (�1.08, �0.36) <0.01 �0.04 (�0.07, �0.02) <0.01

Model 1: Unadjusted.
Model 2: Adjusted for age, sex.
Model 3: Adjusted for age, sex, smoking status, mean arterial pressure, fasting glucose, total cholesterol, high density lipoprotein cholesterol, creatinine, and BMI.
Model 4: Imputed model.

* Augmentation index models 3 and 4 further adjusted for height.
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Fig. 1. Mean measures of vascular function among healthy and unhealthy participants by race ethnicity.
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ticipants (Fig. 1). Ethnicity based differences in AIX persisted
among unhealthy participants. Interestingly, differences in PWV
decreased in magnitude while differences in CIMT became evident
in this subgroup as shown in Fig. 1. There was no interaction
between ethnicity and health status in linear regression models
adjusted for age, sex, and presence of risk factors (all p-interac
tion > 0.09).

4. Discussion

In this cross-sectional analysis of three community-based sam-
ples including participants from three race/ethnic groups in the
United States, we found differences in pulse wave reflections mea-
sured as AIX, arterial stiffness measured as PWV, as well as in arte-
rial wall thickness as captured by CIMT in South Asian participants
compared to White and African American participants. In particu-
lar, after adjustment for relevant covariates, South Asians had sig-
nificantly higher AIX as compared with Whites and African
Americans, while having relatively lower PWV and CIMT. The
ethnicity-based differences in vascular function measures per-
sisted even in a subset of ‘healthy’ individuals free of risk factors,
particularly regarding PWV and AIX.

Few studies have assessed differences in vascular function by
race/ethnicity after taking into account differences in traditional
cardiovascular risk factors [26]. The ‘‘DASH study” assessed differ-
ences in PWV in a multi-ethnic cohort of young adults aged 21–
23 years and found that PWV was slightly lower in South Asians
compared to Whites and Black Caribbean young adults [27]. The
results of this study also reported higher AIX in South Asians com-
pared to Whites, differences that persisted after adjustment for
confounding variables [28]. Our results confirm the findings of
lower PWV, a measure of arterial stiffness, and higher AIX, a mea-
sure of pulse wave reflection, in a middle-aged population of South
Asian adults living in the United States compared to their White
and African American counterparts. These associations remained
significant after adjusting for demographics, cardiovascular risk
factors, as well as height in case of AIX.

Two small studies from the United Kingdom found that South
Asians had higher PWV compared to Europeans after adjustment
for relevant risk factors [29,30] which are contrary to our findings
and could possibly be attributed to the relatively small sample
sizes of the aforementioned studies, differences in socio-
economic status, and other geographical factors. Another study in
a multi-ethnic population-based sample from the Netherlands
found that unadjusted PWV was higher in South Asians compared
to individuals of European or African descent. However, these dif-
ferences were no longer significant after adjustment for cardiovas-
cular risk factors [24]. The pathophysiologic reason underlying
these observations is unclear. However, it is well established that
AIX and PWV capture different aspects of vascular function [31].
AIX is an index of pulse wave reflectance and PWV estimates aortic
compliance/stiffness. There is also a weak or no correlation
between these two indices [32]. Pulse wave reflections are also
influenced by earlier changes in vessel size and branch points, that
in turn are influenced by height and body size. Although we
adjusted AIX for height, mean AIX was still significantly higher
among SAs. Impaired glucose metabolism and insulin resistance
are associated with higher AIX [33], this is particularly relevant
among SA [10], an ethnic group with high risk of type 2 diabetes.
Moreover, a higher AIX is an independent risk factor for cardiovas-
cular disease and mortality [31,32]. Whether this observed higher
AIX among SA predisposes them to higher relative risk of CVD
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needs to be further investigated. Furthermore, in our study we
found that the association of ethnicity and AIX was modified by
age, such that the magnitude of ethnic differences in AIX was
higher among younger participants (age < 50 years) as compared
with those age �50 years. These observations are in line with an
analysis of the Anglo-Cardiff Collaborative Trial which showed that
AIX is a more sensitive marker of arterial stiffness up to the age of
50 years [34].

These results suggest that it is plausible that pulse wave reflec-
tance, and not arterial stiffness, is responsible for the excess car-
diovascular disease risk observed in South Asians, and studies
have identified measures wave reflectance as independent risk fac-
tors for cardiovascular disease and mortality [35,36]. These possi-
bly divergent prognostic implications of PWV and AIX across
racial groups should be evaluated in future studies.

Limitations of our study include its cross-sectional nature that
precludes conclusions regarding temporal relationships between
risk factors and vascular function. Furthermore, South Asians were
older than Whites and African Americans even in the ‘healthy’
cohort. Therefore, despite adjusting for age in the models, age
may remain a confounding factor. However, despite having a
higher age, PWV and CIMT were lower in South Asians compared
to Whites and African Americans. Furthermore, socio-economic
data was not collected consistently across South Asian health fairs.
Therefore, while socio-economic status may influence vascular
function [37,38], we were not able to adjust for this in our analysis.
Future studies should consider the influence of socio-economic
status on the differences in vascular function between race/ethnic
groups. We also had limited data on CIMT and may have found dif-
ferent results in a larger sample. Furthermore, in our analysis we
noted that despite having a lower prevalence of hypertension,
SAs had higher mean SBP compared to Whites and African Ameri-
cans. This may be due to a longer duration of anti-hypertemisive
medication use in Whites and African Americans. However, we
did not have the data available to assess this.

Additionally, while this is the first study to compare multiple
measures of vascular function in South Asian, African American
and White populations and includes both men and women in the
analysis, the data is from three differing data sources that varied
in recruitment methods. It is possible that individuals enrolled
from an employment-based recruitment may have different health
outcomes than those attending a community health fair. Further-
more, the sample size of South Asians included in the study was
smaller than that of African Americans andWhites, which is in part
a function of the differing data sources. Therefore, additional stud-
ies using a single data source to compare subclinical vascular
health across multiple race/ethnic groups are needed to better
assess this association.

In conclusion, we found that compared to Whites and African
Americans, South Asian participants had a significantly higher
AIX, indicating greater pulse wave reflections, even after adjust-
ment for height and other relevant covariates, despite having lower
arterial stiffness and lower carotid arterial wall thickness. These
differences were also present in the ‘healthy’ subset of individuals
free of conventional CVD risk factors. It remains to studied as to
how increased pulse wave reflections in South Asians contribute
to the increased cardiovascular risk in this population. Future
research is needed to determine whether increased AIX in South
Asians is associated with poorer cardiovascular disease incidence
and mortality outcomes.
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