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Abstract

Background/Aims—Asian Indians have a high prevalence of vitamin D deficiency and 

metabolic syndrome. Vitamin D deficiency is associated with increased risk of cardiovascular 

disease and diabetes.

Methods—We performed a cross-sectional study of 150 Asian Indians (50% male) from the San 

Francisco Bay Area. We assessed the association between 25-OH vitamin D (25-OHD) levels and 

vitamin D deficiency with body composition (anthropometric and radiographic measures) and 

metabolic outcomes.

Results—In both men and women, presence of vitamin D deficiency was associated with higher 

systolic (p=0.004) and diastolic (p=0.01) blood pressure, and fasting glucose (p=0.01). In women 

only, vitamin D deficiency status was associated with higher BMI, waist-to-hip ratio (WHR), 

visceral fat area, and hepatic fat content after adjusting for age, income, and physical activity level. 

In women, 25-OHD was also associated with fasting glucose after adjusting for age, income and 

physical activity and further adjusting for BMI and waist circumference (β −2.2, 95% CI −0.86 – 

−0.01, p=0.04). This association between vitamin D deficiency and metabolic parameters were not 

significant in men.

Conclusions—Lower level of 25-OHD and vitamin D deficiency was associated with higher 

levels of metabolic factors among Asian Indians. Our findings suggest that 25-OHD metabolism 

may differ by distribution of adipose tissue and involve previously unexplored pathways 

accounting for the variability in the role of vitamin D in cardiovascular disease.
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Introduction

A growing body of evidence suggests vitamin D deficiency is associated with increased risk 

for cardiovascular disease [1–3], insulin resistance, incidence of type 2 diabetes [4, 5], and 

hypertension [6]. The prevalence of vitamin D deficiency in South Asian populations is high 

(up to 38–40%) [7] possibly due to darker skin pigmentation and use of clothing which 

covers extensive areas of the skin [8]. Compared to other ethnic groups in the U.S., South 

Asians also have a higher prevalence of diabetes, visceral adiposity, and fatty liver 

associated with a higher risk for type 2 diabetes [9].

Most of the larger studies exploring the association between vitamin D levels and 

cardiovascular or metabolic risk have been done using white or ethnically diverse 

populations. A recent study found that there were racial/ethnic differences in the association 

of vitamin D and cardiovascular events [10], and this may well be the case for diabetes and 

the metabolic syndrome as well.

We performed a cross-sectional pilot study of South Asians in the San Francisco Bay Area 

to investigate the association of 25-OH D with metabolic risk factors and body composition.

Material and Methods

We used data collected in a cross-sectional study of 150 Asian Indians recruited from a 

population-based sample in the San Francisco Bay area from August 2006 to October 2007 

for the Metabolic Syndrome and Atherosclerosis in South Asians Living in America 

(MASALA) pilot study. The institutional review board at the site conducting the MASALA 

study approved the study protocol, and informed consent was obtained from all study 

subjects. The sampling methods have been described previously [9]. Briefly, participants 

who self-identified as Asian Indian between the ages of 45 to 84 years were eligible. We 

excluded those with a history of any cardiovascular disease, atrial fibrillation, stroke, cardiac 

surgery, life expectancy less than 5 years, and cognitive impairment. Participants living in a 

nursing home, did not speak English or Hindi, or with plans to move out of the study region 

were also excluded. Use of vitamin D supplements was not an exclusion criteria as we were 

interested in the association of serum vitamin D level and metabolic risk regardless of how 

the level was achieved.

Participants completed questionnaires with help from a trained research assistant. We 

measured sociodemographic information and health behaviors. Physical activity was 

measured using a modified questionnaire that has been validated in several ethnic minority 

groups [11]. Weight was measured on a digital scale. Waist circumference was measured 

with a Gullick II tape at site of maximum circumference midway between the lower ribs and 

the anterior superior iliac spine. Blood pressure was averaged from two seated 

measurements using an automatic monitor (Philips-Agilent V24C, Andover, MA). Total lean 
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and fat mass was measured using dual-energy X-ray absorptiometry (Hologic Discovery-Wi, 

Waltham, MA), and abdominal visceral and subcutaneous fat area was determined using 

computed tomography (CT, Philips Medical Systems, Best, The Netherlands) measuring the 

fat content between L4 and L5 while the participant was supine. Hepatic fat attenuation was 

also determined by CT after measuring the minimal, maximal, and mean attenuation of two 

liver sites and one spleen site. Liver to spleen attenuation ratio of <1 was used to define fatty 

liver [12–14]. Metabolic syndrome was defined as waist circumference of ≥80 cm for 

women and ≥ 90cm for men, using modified ATPIII guidelines [15, 16].

Lab Measurements

Blood samples for metabolic profiles were obtained after a 12-hour fast. Fasting plasma 

glucose was determined using the glucose oxidase method (YSI 2300, Yellow Sprints, OH), 

and total cholesterol, triglycerides, and HDL were measured using enzymatic methods 

(Quest, San Jose, CA). The LDL level was then calculated using the Friedewald formula.

Serum samples that were stored at −80°C and previously unthawed were used to measure 

25-OHD levels approximately 2 years after blood collection. 25-OHD was measured by use 

of a commercial iodinated radioimmunoassay (RIA) kit (DiaSorin, Stillwater, MN) with a 

preceding extraction step using acetonitrile to remove potentially interfering metabolites, as 

described previously. The performance characteristics of the RIA show parallelism of 

serially diluted patient samples, interassay coefficients of variation ranging from 8.2 – 

11.0%, and an assay sensitivity of 1.5 ng/ml. Vitamin D deficiency was defined by a 25-

OHD level of <20 ng/ml[17].

Statistical Analysis

We used ANOVA or chi-squared tests as appropriate for univariate analysis. We performed 

sex-stratified analysis to assess the relationship between vitamin 25-OH D levels and the 

body composition variables. We determined collinear body composition variables using the 

Spearman correlation. We used sequential multivariate logistic regression models that 

adjusted for age, income, exercise, and body composition variables using a stepwise 

approach. All statistical analysis was performed using STATA (version 13, 2013, StataCorp, 

College Station, TX).

Results

There were 150 participants in the MASALA pilot study cohort. The mean 25-OH D level in 

this cohort was 19.0 ± 7.1 ng/mL (range 5 to 55.5 ng/mL); approximately 55% of the 

participants had vitamin D deficiency; 13% of the cohort was using a vitamin D 

supplementation. In women, the mean 25-OH D level was 21.2 ± 7.7 ng/mL. The 73% 

postmenopausal women in this cohort had a mean 25-OHD level of 22.0 ± 7.8 compared to 

19.3 ± 7.3 among premenopausal women (p=0.64). In men mean 25-OH D level was 17.0 

± 5.7 ng/mL. 52% of participants with vitamin D deficiency met criteria for metabolic 

syndrome. Vitamin D deficiency (25-OH D <20 ng/mL) was significantly associated with 

younger age, sex, and lower family income (Table 1).
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In sex-stratified univariate analyses, vitamin D deficiency in women was associated with 

higher BMI (27.8 ± 6.3 kg/m2 vs 24.9 ± 3.7 kg/m2, p=0.02), waist circumference (98.9 

± 16.6 cm vs 91.2 ± 12.1 cm, p=0.02), abdominal visceral fat area (124 ± 49 cm2 vs 102 

± 46 cm2, p=0.05), abdominal subcutaneous fat area (325 ± 154 cm2 vs 260 ± 89 cm2, 

p=0.03), total fat (29.3 ± 10.4 kg vs 24.5 ± 5.7 kg, p=0.01), and lower hepatic fat attenuation 

as measured by liver to spleen attenuation ratio (1.1 ± 0.3 vs 1.3 ± 0.2, p<0.001). (Figure 1). 

On the other hand, in men, vitamin D deficiency was not significantly associated with any 

body composition factors.

In women, vitamin D deficiency was also significantly associated with a higher fasting 

glucose (97 ± 17 mg/dl vs 89 ± 12 mg/dl, p=0.03), and there was a trend toward association 

with higher triglyceride and lower HDL-cholesterol levels in women (Figure 2). In men, 

there was a trend toward higher incidence of diabetes, higher LDL, and higher diastolic 

blood pressure, though this was not significant.

We further investigated the association between vitamin D deficiency and body composition 

variables in women, creating multivariate models that were adjusted for age, family income, 

and exercise. (Table 2) Vitamin D deficiency remained associated with BMI (p=0.02), waist 

circumference (p=0.03), abdominal visceral fat area (p=0.05), subcutaneous fat (p=0.03), 

total fat (0.02), and hepatic fat content (p<0.01) after adjustment for covariates.

Among the entire sample, there was an inverse relationship between vitamin D levels and 

fasting glucose (p=0.02) which differed by sex (Table 3). The inverse relationship between 

vitamin D levels and fasting glucose was significant in women (p=0.03), but not in men 

(p=0.99). In women, the relationship remained robust after adjusting for age, income, and 

exercise. In both men and women, there was also an inverse relationship between serum 

vitamin D level and systolic blood pressure (SBP) (p=0.02) and diastolic blood pressure 

(DBP) (p=0.001).

Next, we did further sequential adjustments with each body composition variable to study its 

effect on the association of vitamin D levels with fasting glucose, SBP, and DBP. The inverse 

relationship between vitamin D levels and fasting glucose remained with adjustment for 

BMI (p=0.03), however, the inverse association was no longer significant after adjusting for 

waist circumference, abdominal visceral fat, or percent body fat. The inverse relationship 

between vitamin D level with both SBP and DBP remained robust after fully adjusting for 

BMI, waist circumference, and abdominal visceral fat (p=0.04 for both SBP and DBP) 

(Table 3). This relationship was attenuated with further adjusting with percent fat.

Discussion

In this cross-sectional study, we found that higher 25-OHD levels were significantly 

associated with lower blood pressure in Asian Indian men and women, and with lower 

fasting blood glucose. Lower 25-OHD levels were significantly associated with worse body 

composition measures such as higher BMI, visceral fat area, subcutaneous fat area, and 

hepatic fat attenuation in women alone. Furthermore, in women, 25-OHD levels were 
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inversely associated with fasting glucose after adjusting for demographic factors, BMI and 

waist circumference, but was attenuated after addition of visceral or percent fat.

Few studies have looked at the relationship between 25-OH D and body composition. Young 

et al. also described an inverse relationship between levels of 25-OHD and 1,25-(OH)2D and 

abdominal and visceral adiposity in Hispanics and African Americans [18]. Though our 

results largely agree with Young et al., using a different ethnic subgroup, another important 

difference in our study was that we sex-stratified our data for body composition, given 

important differences in adiposity and fat distribution in women. To our knowledge, this is 

the first study looking at sex-stratified data for the relationship between vitamin D levels and 

body composition or metabolic risk factors.

The finding that only among women was low 25-OHD associated with body composition 

suggests that a possible sex-specific pathway that may not have yet been elucidated, possibly 

through the vitamin D binding protein. Jiang et al. have demonstrated that there are 

polymorphisms found in the vitamin D binding protein which may be contributing to 

obesity, and these were more significantly associated in women [19]. Future studies may be 

warranted to look at vitamin D binding protein levels in men and women and whether this 

mediates the effect between 25-OHD and body composition. It would also be interesting to 

measure “free” 25-OHD levels and see if the associations with body composition and 

metabolic risk similarly differ by sex. Another hypothesis to consider would be that there is 

an interaction between estrogen and vitamin D level. However, in our cohort, there was not a 

significant difference in the 25-OHD levels between premenopausal and postmenopausal 

women. Furthermore, we did not find an interaction between 25-OHD deficiency status and 

menopausal status on the association between metabolic factors.

We found that 25-OHD deficiency is also significantly associated with worse cardiovascular 

and metabolic factors such as higher fasting plasma glucose and blood pressure, which 

remained robust after adjusting for age, family income, and exercise level. This result agrees 

with multiple previous retrospective studies also showing similar results [1–5, 8, 18, 20]. We 

further examined whether the relationship between 25-OHD and fasting glucose, SBP, and 

DBP was mediated by body composition. The association between 25-OHD and fasting 

glucose remained after adjusting for BMI, though it was attenuated with further adjusting 

with other body composition variables. The relationship between SBP, DBP and 25-OHD 

remained after adjusting for BMI, waist circumference, and visceral fat. This suggests that 

the relationship between 25-OHD and fasting glucose, SBP, and DBP is not completely 

explained by adiposity, but perhaps by other mechanisms. Previous study by 

Sulistyoningrum et al. also investigated whether the association of 25-OHD and blood 

pressure is mediated by adiposity [20]. Our results are consistent in that the relationship 

between 25-OHD and blood pressure was independent of adiposity. Future studies with 

larger sample sizes would provide further interesting insight into the role of adiposity in 25-

OHD and metabolic risk factors.

Randomized interventional trials of vitamin D supplementation have so far not shown to 

result in improved metabolic or cardiovascular risk factors [21, 22]. However, it is important 

to note that all of these studies have been done in mixed ethnic cohorts. Increasing data 
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regarding the ethnic differences in these correlations are now available [10, 23]. More data 

suggests that vitamin D may play a difference in racial differences in blood pressure. Various 

reasons may contribute to racial differences in the correlation between vitamin D and 

metabolic risk. One attractive hypothesis would be that racial differences in vitamin D 

binding protein levels contribute to differences in metabolic risk factors [24].

The strength of this study includes using a sex-stratified analyses to examine the relationship 

between 25-OH deficiency and body composition, which few studies have done in the past. 

This is also the first study to look specifically at vitamin D status and metabolic factors in 

South Asians. There are also several limitations that need to be acknowledged. Our study 

design was cross-sectional, therefore a causal relationship between vitamin D and metabolic 

factors and body composition could not be established. The relatively small sample size also 

raises the question of lack of power to detect smaller associations between 25-OHD and 

body composition, and other metabolic variables such as leptin, adiponectin, insulin levels, 

lipid levels, especially in the sex-stratified data. Finally, we acknowledge that there is some 

inherent systematic bias introduced by the RIA assay used for measuring 25-OHD compared 

to LC-MS measurements. However, the correlation between the two methods of 

measurement is quite high (0.97)[25] and therefore should have minimal effect on our 

reported results.

In this study, we have shown that 25-OHD deficiency is significantly associated with worse 

metabolic outcomes including higher blood pressure and fasting glucose. It is also associated 

with worse body composition profile in women. Future studies may involve obtaining 

quantitative measures of the vitamin D binding protein and “free” 25-OHD in our cohort. 

Furthermore, it would be interesting to compare levels of vitamin D binding protein in men 

versus women in our cohort as well as levels in South Asians versus levels reported for other 

ethnic groups. A next step would also be to see if there is a similar association between 

vitamin D binding protein and metabolic outcomes.
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Figure 1. 
Figure 1a and 1b. Vitamin D deficiency and Body Composition in women
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Figure 2. 
Vitamin D and metabolic factors in women
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Table 1

Baseline characteristics of MASALA study participants by Vitamin D deficiency status

25-OH D <20 ng/mL
n= 81

25-OH D ≥20 ng/mL
n= 69 p-value

Mean age (years) 56 ± 7 59 ± 9 0.02

Male sex 50 (62) 23 (35) 0.002

Education ≥Bachelor’s Degree 41 (51) 37 (57) 0.719

Annual family income

 ≤$40,000 12 (15) 10 (15) 0.03

 $40,000–$74,999 21 (26) 5 (8)

 ≥$75,000 48 (59) 50 (77)

Metabolic syndrome 42 (52) 23 (35) 0.047

Health-related behaviors:

 History of ever smoking 15 (18) 9 (14) 0.73

 Exercise, MET-min/week 1050 [420–2415] 1552 [945–2895] 0.02

Season of 25-OH D measurement 0.06

 Spring 16 (53) 14 (47)

 Summer 18 (42) 25 (58)

 Fall 23 (52) 21 (48)

 Winter 24 (73) 9 (27)

Postmenopausal 21 (40) 32 (60) 0.64

*
data shown are n (%) or median [interquartile range]
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