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Abstract

The menopausal transition is a time of accelerating cardiovascular disease (CVD) risk and
promoting cardiovascular health during midlife is an important window to prevent C\VD

in women. The association of menopause with cardiovascular risk factors or subclinical
atherosclerosis has not previously been evaluated in South Asian American women, a population
with disproportionately higher CVD burden compared with other race/ethnic groups. The objective
of this study was to evaluate the association of menopause with CVD risk factors and subclinical
cardiometabolic disease markers. Women ages 40-84 from the Mediators of Atherosclerosis in
South Asians Living in America (MASALA) Study were studied. The association of self-reported
menopausal status with multiple demographic and clinical variables was assessed with linear

and logistic regression adjusted for age and cardiovascular health behaviors. In a secondary
(“age-restricted”) analysis, post-menopausal participants outside the age range of pre-menopausal
participants were excluded. In the age-restricted sample, menopause was associated with a higher
adjusted odds of hypertension (OR 1.19 [95% CI 1.02-1.41]), and higher systolic blood pressure
(3 6.34 [95% CI 0.82-11.87]), and significantly higher subcutaneous fat area (B 42.8 [95% ClI
5.8-91.4]). No significant associations between menopause and ectopic fat deposition, CAC or
CIMT were observed. In South Asian American women in the MASALA Study, menopause was
associated with cardiovascular risk factors and higher subcutaneous fat deposition. Menopausal
status is an important factor to examine and address CVD risk factors.
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Introduction

Methods

Menopause has been associated with a change in cardiovascular risk profile, markers

of metabolic health, and subclinical atherosclerosis.! Past studies have shown higher
carotid intima-media thickness (CIMT), ectopic fat deposition and coronary artery calcium
(CAC) progression in post-menopausal compared with pre-menopausal women.2~* One
challenge in assessing the relationship between menopause and cardiovascular risk is

that observational associations may be influenced by the role of chronologic age on
cardiovascular risk factors. Previous longitudinal studies have demonstrated that pre- and
peri-menopausal risk factors can impact post-menopausal subclinical vascular disease and
lifetime cardiovascular risk.>® However, the contribution of menopause to cardiovascular
risk across race/ethnic groups is less well understood. In particular, individuals of South
Asian ethnicity have disproportionately more cardiovascular disease (CVD) compared with
White and other Asian populations.” The influence of menopause on clinical cardiovascular
risk factors and consequently assessments of CVD risk among South Asian people remains
unknown. To address this evidence gap, we evaluated the association of menopause with
traditional CVD risk factors, as well as measures of subcutaneous and ectopic fat, CAC,
and CIMT in pre- and post-menopausal women from the Mediators of Atherosclerosis in
South Asians Living in America (MASALA) Study, to inform clinical cardiovascular risk
assessment and stratification for South Asian American women.

We conducted a cross-sectional analysis examining data from both pre- and post-menopausal
women enrolled in the MASALA study, who were predominantly (98%) born outside the
United States. The MASALA study is a community-based cohort of South Asian adults
recruited from the San Francisco and Chicago metropolitan areas. The study design and
detailed methods have been published previously.8 Briefly, eligible participants were aged
40 to 84 years, self-identified as South Asian (having =3 grandparents born in India,
Pakistan, Nepal, Bangladesh, or Sri Lanka), without known CVD at enrollment. Study visits
were conducted in English, Hindi, or Urdu. For this analysis, 420 women were enrolled
from 2010-2013 and 136 women were enrolled from 2017-2018, for a total of 556 women
included. In a secondary “age-restricted” analysis, post-menopausal women outside the age
range of the pre-menopausal participants (40-54 years) were excluded (N=292 excluded),
to minimize the influence of age in comparisons across menopausal status. The institutional
review boards at the University of California, San Francisco and Northwestern University
approved the MASALA study protocol. All study participants provided written informed
consent.

Participants were categorized as pre-menopausal or post-menopausal, defined by self-report
in response to questions asking if the participant had already or was currently going through
menopause. Measurement of traditional CVD risk factors have previously been described in
detail®, and were defined as follows: systolic and diastolic blood pressure were measured
using an automated blood pressure monitor, and the average of the last two of three
readings was used. Hypertension was defined as a systolic blood pressure of 2140 mmHg
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or diastolic blood pressure =90 mmHg or use of a blood pressure lowering medication.®
Body mass index (BMI) was calculated as weight in kilograms divided by height in meters
squared. Obesity was defined according to the WHO Asian BMI cut-off point of BMI

> 27.5 kg/m.10 Hyperglycemia was based on hemoglobin Alc, and diagnosis of diabetes
was defined using the gold standard of a 75g oral glucose tolerance test (OGTT) with a
2-hour post-challenge glucose =200 mg/dL, or by either fasting serum or plasma glucose
=126 mg/dL or use of diabetes medication among participants. Cholesterol was assessed on
12-hour fasting samples for total cholesterol, triglycerides, high-density lipoprotein (HDL)
and LDL cholesterol levels. Hyperlipidemia was defined as a total cholesterol of > 200
mg/dl, triglycerides = 150 mg/dl, LDL-cholesterol = 160, or using a cholesterol-lowering
medication. Alcohol use was self-reported as number of drinks per week. Tobacco use was
self-reported as pack-years. Physical activity was assessed using a detailed, semi-qualitative
questionnaire adapted from the Cross-Cultural Activity Participation Study and reported as
MET-min/week.

Abdominal visceral, subcutaneous, and intermuscular fat areas were calculated using
abdominal computed tomography (CT) scans. Non-contrast gated cardiac CT images were
obtained to assess pericardial fat volume and hepatic fat content (measured as hepatic fat
attenuation). The gated cardiac CT was also used to calculated CAC Agatston scores for
each of the four major coronary arteries to obtain a summed score. In this study, CAC was
evaluated as present (score > 0) versus absent (score = 0). Further details on CT image
acquisition have previously been published.1! CIMT was measured via high resolution
B-mode ultrasonography of the right and left internal and common arteries. Further details
on image acquisition and CIMT calculation have previously been detailed.12

Participant characteristics were evaluated overall and by menopausal status as mean
(standard deviation), median (interquartile range), or frequency (percentage). Multivariable
linear or logistic regression were used to evaluate the association of menopause (the
primary independent variable) with traditional cardiovascular risk factors (hypertension,
systolic blood pressure, obesity, BMI, diabetes, hemoglobin Alc, hyperlipidemia, and total
cholesterol), subcutaneous fat, ectopic fat measures (visceral fat area, intramuscular fat area,
pericardial fat volume, and liver fat attenuation), and measures of subclinical atherosclerosis
(CAC, common and internal CIMT). For analysis of traditional cardiovascular risk factors
and fat measures, models were initially adjusted for age alone. A second model additionally
adjusted for smoking status, alcohol use, and physical activity. The fully adjusted model
additionally adjusted for hypertension, diabetes, hyperlipidemia, and obesity (e.g., where
hypertension was the independent variable of interest, the fully adjusted model adjusted

for diabetes, hyperlipidemia, and obesity). For evaluation of the association of menopause
with CAC and CIMT, the base model adjusted for age alone. A second model additionally
adjusted for BMI, diabetes, hypertension, smoking status, alcohol use, and physical activity.
A final model additionally adjusted for LDL, HDL, ectopic fat measures, and use of statin
medication.

For all regression analyses, secondary analyses were performed using the pre-menopausal
participants compared with the age-restricted post-menopausal participants. For these
models, age adjustment was still performed as in the primary analysis. All statistical
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analyses were performed with R version 4.0.3, R Foundation, Vienna, Austria. Two-sided
p-values <0.05 indicated statistical significance.

Participant characteristics are summarized in Table 1. There were 154 pre-menopausal
women (mean age 46.7 [standard deviation, SD 3.9] years) and 402 post-menopausal women
(mean age 59.4 [7.4] years). The age range of pre-menopausal women was 40-54 years,

and there were 110 post-menopausal women in this age range included in the secondary
“age-restricted” analysis (mean age 50.8 [3.0] years).

In the primary analysis (Table 2), menopause was associated with significantly higher
adjusted odds of hyperlipidemia (OR 1.22, 95% CI 1.03-1.44), BMI (B=1.90; 95% ClI
0.31-3.49), and subcutaneous fat area (=41.5; 95% CI 1.5-81.5) after adjustment for
smoking status, alcohol use, exercise, hypertension, and diabetes. While menopause was
associated with higher pericardial fat volume after adjustment for age in the initial model,
the association was not statistically significant in the fully adjusted model. There was

no association observed between menopause and other cardiovascular risk factors in the
adjusted analysis.

In secondary analysis (Table 3) restricting the age of post-menopausal women to the

age range of pre-menopausal women, menopause was associated with significantly higher
adjusted odds of hypertension (OR 1.19, 95% CI 1.02-1.41), higher systolic blood pressure
(p=6.34; 95% CI 0.82-11.87) and BMI (p=2.13; 95% CI 0.03-4.23), after adjustment for
both cardiovascular risk behaviors and concurrent metabolic disease. Menopause was also
associated with significantly higher subcutaneous fat area (§=42.8; 95% CI: 5.8-91.4) in
the fully adjusted model. No associations between menopause and any ectopic fat measures
were observed.

There were no associations observed between menopause and prevalent CAC, common
CIMT, or internal CIMT, after adjustment for age, cardiovascular risk factors and behaviors,
and statin medication use, in both the unrestricted and age-restricted cohorts (Table 4).

Discussion

In South Asian American women in the MASALA study, post-menopausal status was
significantly associated with hyperlipidemia, higher BMI, and greater subcutaneous fat
area. In a secondary age-restricted analysis, menopause was also associated with higher
systolic blood pressure and hypertension. These data indicate that MT is associated with
cardiovascular risk factors in South Asian American women.

Post-menopausal status was associated with a higher BMI in this study. While findings
have been mixed previously, some studies show that independent of age, BMI was
significantly higher in postmenopausal women than in premenopausal women.13 BMI

has also been shown to play a significant role in circulating lipoprotein levels during
transition to menopause.1 This study also implicates menopause as related to hypertension,
independent of other comorbidities. Previously, the relationship between blood pressure
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and menopause was thought to be explained by chronologic age rather than by menopause
independently.1>:16 However, a recent meta-analysis of ten studies involving women with
early menopause (defined as menopause at <45 years) demonstrated that women with early
menopause were at higher risk of arterial hypertension compared with those of normal age at
menopause.1’ Ultimately, BMI and blood pressure screening may be particularly important
to characterize cardiovascular risk in South Asian women after menopause.

There was an association between menopause and greater subcutaneous fat deposition in
this study. There has been limited past study on body fat deposition in menopause, which
has been primarily in animal models and small cohorts. In post-menopausal women with
an elevated BMI, a higher waist circumference was associated with higher total mortality
and incidence of both coronary artery disease and heart failure.18 Pericardial fat deposition
has been an area of particular interest, given its close proximity to the myocardium and

role in secreting inflammatory cytokines.1® Our study did not find any association between
any ectopic fat stores (including pericardial fat) and menopausal status. This finding is
important since South Asian adults have higher average levels of ectopic fat deposits
compared to other race/ethnic groups in MESA.20 The significant positive association we
observed of menopause with subcutaneous fat, but no association of menopause with ectopic
fat, may provide important context to how cardiovascular risk changes in South Asian
American women during the menopausal transition and after menopause. Previous studies
in MASALA have shown that ectopic fat deposition was strongly associated with incidence
of diabetes; diabetes, in turn, is one of the strongest predictors for incident CAC and CAC
progression.21:22 Thus the association of menopausal status with subcutaneous fat but not
ectopic fat may explain why no association was seen between menopause and diabetes,
CAC, or CIMT. Future directions should explore how dietary patterns may interact with
menopausal status in relationship with body fat distribution and CVD risk factors.

Overall, findings regarding CAC and CIMT in menopausal women have been mixed. The
multi-ethnic SWAN study showed menopause was independently associated with higher
levels of CIMT and carotid adventitial diameter.23 Another study of Chinese women showed
that post-menopausal status was associated with higher CIMT and higher rates of unstable
carotid plaque.2* Notably, neither of these studies included South Asian participants.
Previous studies examining female participants in MASALA compared to the MESA study
showed no significant difference in CAC incidence or progression between the two groups.2®
Our findings suggest that sub-clinical markers of atherosclerosis, such as CAC or greater
CIMT, may not be directly related to menopausal status in this population.

These data provide important insight into the role of sex-specific factors in CVD risk

across the lifespan in South Asian American women. Our findings suggest that traditional
risk factors such as hypertension and BMI are important in evaluating CVD risk in
menopausal South Asian women. In contrast to other studies, including those of multi-ethnic
populations, our study showed that sub-clinical markers of atherosclerosis, such as CAC,
greater CIMT, or ectopic fat may not be directly related to menopausal status in this
population. Such associations may have been observed because menopause occurs more
proximal to CVD risk factors in causal pathways than does atherosclerosis. However, it
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is still possible that there were no observed associations of menopause with measures of
subclinical atherosclerosis due to sample size.

This study has several limitations. First, only menopausal status was examined. Information
about the duration of menopausal transition, menopausal symptoms, previous treatment
with hormonal therapy, or estrogen/progesterone levels was not available. Further, few
participants had surgical oophorectomy or premature menopause. Future directions for
research in this population may focus on the potential contributions of these factors.
Second, there was a possibility of identifying significant associations due to multiple
comparisons. These observational findings should be considered hypothesis-generating for
future studies. Third, sample size limitations may preclude detection of smaller effect sizes.
However, MASALA represents the largest and most comprehensive available assessment
of cardiovascular health in South Asian American women. Despite these limitations,

these findings support understanding of how menopause may contribute to CVD risk in
women of South Asian ethnicity. In conclusion, menopause was associated with traditional
cardiovascular risk factors, particularly measures of cholesterol and higher BMI, in South
Asian American women in the MASALA study.
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Baseline characteristics of women participants in the MASALA study (2010-2018)

Pre-menopausal (N = 154)

Post-menopausal (N = 402)

Age-restricted post-menopausal groupal
(N =110)

Age (years) 46.7 £3.9 59.4+74 50.8+3.0
Alcohol Use (drinks/week) 1.23+2.13 0.96+1.74 0.88+1.52
Smoking (pack-years) 0.13+0.82 0.25+2.29 0.04 £0.39
Exercise (MET-min/week) b 1340 + 1764 1210 + 1423 1230 + 1699
Medication use

Antihyperglycemics 12 (7.8%) 67 (16.7%) 8 (7.3%)

Anti-hypertensives

18 (11.7%)

137 (34.1%)

21 (19.1%)

Statin 18 (11.7%) 124 (30.8%) 18 (16.4%)
BMI (kg/m 2) 25.7+3.81 26.6 + 4.46 27.0+54
Obesity c 50 (32.5%) 142 (35.3%) 34 (30.9%)
Hemoglobin Alc 5.73+0.43 6.07 £ 0.92 5.87+0.71
Diabetes mellitus d 24.4 (15.6%) 105 (26.1%) 21 (19.1%)
Systolic BP (mmHg) 116 +11.4 127 £179 122 +16.4
Diastolic BP (mmHg) 70+£8.7 71.2+10.3 72.9+9.34
Hypertension e 26 (16.9%) 183 (45.5%) 30 (27.3%)
Total Cholesterol (mg/dL) 190 + 34.8 195 + 36.5 200 +33.8
LDL (mg/dL) 114 + 28.8 114 £32.5 118 +29.1
HDL (mg/dL) 53.1+135 57.1+14.0 57.0+ 14.6
Triglycerides (mg/dL) 117 + 62 123 £59 124 £ 54
Hyperlipidemia ” 67 (43.5%) 295 (73.4%) 73 (66.4%)
Presence of CAC (score>0) 14 (9.1%) 149 (37.1%) 11 (10.0%)
Carotid-Intimal Thickness, mm
Common carotid 0.75+0.14 0.88 £0.21 0.79+0.13
Internal carotid 0.98+£0.21 1.23+0.44 1.07+£0.30
Ectopic fat

Subcutaneous fat area (cm?) 250 £90.2 265 +101.0 277 £127.0

Visceral fat area (cm?) 103 +38.8 120 £+ 46.4 117 +48.4

Intramuscular fat area (cm?)  18.4+6.8 23178 21.1+7.6

Pericardial fat volume (cm?3) 38.1+16.1 53.0+23.2 471224

Liver fat attenuation (HU) 58.6 +10.2 58.0 +11.2 56.0 +13.2

Data is represented as mean + SD or N (%) unless otherwise indicated

BP: blood pressure, CAC: coronary artery calcium, HDL: high-density lipoprotein, LDL: low-density lipoprotein

aAge range was 40-54 years old
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bData represented as mean (IQR)

c I 2

Obesity = BMI 227.5 kg/m

dDiabetes mellitus = by fasting glucose or glucose tolerance
EHypertension = SBP =140, or DBP >90, or anti-HTN medication use

nyperIipidemia =TC =200 or LDL =160 or Tg =150 or cholesterol lowering med use
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Table 2.

Association of menopause with cardiovascular risk factors and ectopic fat

Variable Adjusted for age alone Model 12 Model 2b

OR (95% CI) c 4 OR (95% CI) p OR (95% CI) p
Hypertension 1.05 (0.94, 1.17) 0.57 1.07(0.91, 1.26) 0.59 1.09(0.93,1.27) 0.58
Obesity 1.02 (0.90, 1.14) 0.38 1.08(0.92, 1.27) 0.38  1.08(0.92, 1.27) 0.38
Diabetes mellitus 0.98 (0.89, 1.09) 0.69 0.91(0.79, 1.04) 0.52 0.91(0.79, 1.04) 0.52
Hyperlipidemia 1.20 (1.07, 1.34) 0.03 1.21(1.02, 1.44) 0.04 1.22(1.03, 1.44) 0.03

Beta (95% CI) d p Beta (95% CI) p Beta (95% CI) p
Systolic BP (mmHg) 2.38 (-1.49, 6.25) 0.23 5.30(-0.16,10.76) 0.06 5.36 (—0.19,10.91) 0.06
BMI (kg/m?) 1.31 (0.26, 2.37) 0.02 2.15(0.50, 3.81) 0.01 1.90(0.31, 3.49) 0.02
HbAlc (%) 0.15 (-0.05, 0.35) 0.15 0.08(-0.20,0.36) 0.56 -0.01(-0.29,0.26) 0.92
Total Cholesterol (mg/dl) 10.46 (1.60, 19.31) 0.02 9.83(-2.88,22.53) 0.13 9.86(-2.94,22.66) 0.13
Subcutaneous fat area (cm?)  19.6 (=8.3, 47.4) 0.17 48.4(2.8,93.9) 0.04 415(15,815) 0.04
Visceral fat area (cm?) 9.1(-2.9,21.1) 0.14 6.2(-11.4,23.9) 0.49 0.6 (-14.3,15.5) 0.94
Intramuscular fat area (cm?) 1.3 (-0.7, 3.4) 0.19 2.8(-0.3,6.0) 0.08 2.2(-0.8,5.3) 0.15
Pericardial fat volume (cm®) 6.3 (0.7, 11.9) 0.03 4.3(-3.9 12.4) 030 2.3(-5.3,99) 0.56
Liver fat attenuation (HU) -2.2(-5.2,0.8) 0.14 -14(-6.1,34) 058 -0.3(-4.5,3.9) 0.89

Beta: beta coefficients, BP: blood pressure, BMI: body mass index, HU: Hounsfield unit, Cl: confidence interval, OR: odds ratio
aModeI 1: Adjusted additionally for smoking status, alcohol use, exercise

bModeI 2: Additionally adjusted for hypertension, obesity, diabetes, hyperlipidemia

COR (95% ClI) for odds of CV risk factor for post-menopausal (compared with pre-menopausal), in multivariable logistic regression

Beta (95% CI) for change in ectopic fat measure for post-menopausal (compared with pre-menopausal), in multivariable linear regression
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Table 3.
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Secondary analysis of the association of menopause with cardiovascular risk factors and ectopic fat in the

age-restricted sample

Variables Adjusted for age alone Model 12 Model 2b

OR (95% CI) c p OR (95% Cl) P OR (95% CI) P
Hypertension 1.10 (0.98, 1.23) 0.24 1.15(0.97, 1.36) 0.19 1.19(1.02, 1.41) 0.02
Obesity 0.98 (0.86, 1.12) 0.36  1.09 (0.90, 1.32) 0.47 1.10(0.91, 1.34) 0.45
Diabetes mellitus 1.00 (0.90, 1.12) 028 0.92(0.79, 1.08) 0.63 0.87(0.74, 1.01) 0.60
Hyperlipidemia 1.15 (1.00, 1.32) 0.03 1.17 (0.96, 1.43) 0.08  1.20(0.99, 1.48) 0.07

Beta (95% CI) a p Beta (95% CI) p Beta (95% CI) p
Systolic BP 2.6 (-1.3,6.4) 0.19 6.4(1.0,11.7) 0.02 6.34(0.82,11.87) 0.03
BMI 1.4(0.1,2.7) 0.03 25 (0.4, 4.6) 0.02 2.13(0.03, 4.23) 0.04
Alc 0.10 (~0.06, 0.26) 0.23 0.03(-0.23,0.29) 0.83 -0.04(-0.31,0.22) 0.74
Total Cholesterol 8.0 (-1.8,17.7) 0.1 7.04(-6.46,20.53) 0.30 7.12(-6.80,21.05) 0.31
Subcutaneous fatarea  22.7 (-10.8, 56.1) 0.18 48.9(-6.9, 104.7) 0.09 42.8(-5.8,91.4) 0.08
Visceral fat area 6.5 (-6.4,19.4) 0.32 6.4(-12.9,25.7) 051 0.3(-16.0,16.5) 0.98
Intramuscular fatarea 1.1 (-1.1,3.3) 0.32 27(-0.7,6.1) 012 21(-1.2,54) 0.21
Pericardial fat volume 5.7 (0.1, 11.3) 0.04 57(-3.1,145) 0.20 4.2(-3.7,0.3) 0.29
Liver fat attenuation -2.5(-6.0, 1.0) 0.16 -1.0(-6.8,4.8) 072 -0.1(-5.2,5.1) 0.98

Beta: beta coefficients, BP: blood pressure, BMI: body mass index, Cl: confidence interval, OR: odds ratio
a . - . .
Model 1: Adjusted additionally for smoking status, alcohol use, exercise

bModeI 2: Additionally adjusted for hypertension, obesity, diabetes, hyperlipidemia

COR (95% ClI) for odds of CV risk factor for age-matched post-menopausal (compared with pre-menopausal), in multivariable logistic regression

Beta (95% CI) for change in ectopic fat measure for age-matched post-menopausal (compared with pre-menopausal), in multivariable linear

regression
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Table 4.

Association of menopause with subclinical atherosclerosis

Full Sample
Variables Adjusted for age alone Model 12 Model i
cac OR (95% CI)\ p OR (95% Cl) p OR (95% Cl) p
Prevalent CAC 0.95 (0.86, 1.05) 0.36  0.95(0.82, 1.09) 0.44  0.92 (0.79, 1.08) 0.32
CIMT € Beta (95% CI)f Beta (95% CI) Beta (95% CI)
Common carotid IMT  0.02 (-0.03, 0.07) 043 0.00(-0.07,0.08) 092 -0.03(-0.11,0.06 0.53
Internal carotid IMT ~ 0.03 (-0.07, 0.12) 059 0.04(-0.08,0.16) 053 0.00(-0.13,0.13)  0.99
Secondary analysis. Age-restricted sample ¢
Unadjusted Model 1 Model 2
CAC OR (95% Cl) ) OR (95% Cl) p OR (95% CI) p
Prevalent CAC 0.95 (0.88, 1.03) 0.25 0.93(0.83,1.04) 0.19 0.92(0.82, 1.05) 0.22
CIMT Beta (95% Cl) p Beta (95% Cl) p Beta (95% CI) p
Common carotid IMT  0.00 (—0.04, 0.04) 0.87 -0.01(-0.07,0.05) 0.81 -0.05(-0.12,0.01) 0.10
Internal carotid IMT 0.02 (-0.05, 0.09) 0.63  0.05(-0.07, 0.16) 0.44 0.00(-0.12, 0.12) 0.96

Page 12

Beta: beta coefficient, CAC: Coronary artery calcium, CI: confidence interval, CIMT: carotid intima-media thickness, IMT: intima-media thickness,

OR: odds ratio

aModeI 1: Adjusted additionally for BMI, diabetes, hypertension, smoking status, alcohol use, exercise.

Model 2: Additionally adjusted for LDL, HDL, ectopic fat measures, and use of statin medications

c . .
Secondary analysis includes post-menopausal women only in the age range of pre-menopausal women
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