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Abstract

Objective: We evaluated the associations of serum 25-hydroxyvitamin D [25(OH) D] levels with clinical,
biochemical, and anthropometric profiles and total abdominal adipose tissue (TAAT), subcutaneous abdominal
adipose tissue (SCAT), and intraabdominal adipose tissue (IAAT) depots in Asian Indians without diabetes
residing in north India.
Subjects and Methods: In this cross-sectional study (n = 137; 74 males and 63 females; 18–60 years of age),
anthropometric (body mass index, waist and hip circumferences, and skinfold thickness at four sites) and
biochemical (fasting plasma glucose, lipid profile, and fasting insulin levels) assessments were done. Mea-
surement of percentage body fat was done by dual energy x-ray absorptiometry, and areas of TAAT, SCAT and
IAAT were measured at the L2–L3 intervertebral level by single-slice magnetic resonance imaging. Levels of
25(OH) D were measured by radioimmunoassay. Correlation analysis was used to assess relationships among
clinical, biochemical, and anthropometric profiles, areas of TAAT, SCAT, and IAAT, and 25(OH) D levels.
Results: The mean concentration of 25(OH) D was 40.5 – 8.6 ng/mL. Overall, 6.6% had vitamin D deficiency
(< 10 ng/mL), 87.6% had insufficiency (<30 ng/mL), and 5.8% had a sufficient level (>30 ng/mL). Levels of
25(OH) D did not correlate with demographic, biochemical, and anthropometric profiles or with abdominal fat
depots (TAAT, SCAT, and IAAT). In the correlation regression model, 25(OH) D was associated with TAAT in
obese subjects.
Conclusions: In obese urban Asian Indians without diabetes, higher values of total abdominal fat at the L2–L3
intervertebral level were associated with low 25(OH) D levels.

Introduction

Nearly 1 billion people suffer from vitamin D in-
sufficiency globally.1 Several studies have demon-

strated low serum 25-hydroxyvitamin D [25(OH) D] levels in
people living in various regions of across India.2,3 In North
India, 94.3% of adults,2 96% of neonates,4 91% of healthy
schoolgirls,5 78% of healthy hospital staff,6 and 84% of
pregnant women4 were found to have low vitamin D levels.

Obesity is associated with low levels of serum 25(OH) D.
In healthy subjects, serum 25(OH) D concentration inversely
correlates to both fat mass and body mass index (BMI) in the
Austrian population.7,8 Arunabh et al.7 concluded that per-

centage body fat was inversely related to the serum 25(OH) D
levels in healthy women in North America. Ramel et al.8

reported that BMI was negatively associated with serum
25(OH) D in the Icelandic population.

Many studies have shown the relationships between
25(OH) D levels and insulin secretion and sensitivity.9,10

Forouhi et al.11 observed the baseline levels of 25(OH) D to
be inversely associated with fasting glucose, fasting insulin,
and homeostasis model of assessment for insulin resistance
(HOMA-IR) in a 10-year prospective study in whites. Pittas
et al.12 have reported that vitamin D deficiency influences
insulin secretion and sensitivity via its effects on intracellular
calcium in type 2 diabetes mellitus (T2DM).
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Abdominal obesity is widely prevalent in Asian Indians
and believed to be an important cause of insulin resistance
and T2DM.13 However, published data are not available re-
garding any relationship between abdominal obesity and
25(OH) D in Asian Indians. We hypothesized that general-
ized or abdominal adiposity is linked with low levels of
25(OH) D in Asian Indians. In the current study, we exam-
ined the association of 25(OH) D to adiposity in Asian In-
dians residing in a metropolitan city of North India.

Subjects and Methods

Study subjects

This cross-sectional population-based study involved 137
adults without diabetes (74 males, 63 females) and was
conducted at the All India Institute of Medical Sciences and
the Fortis Hospital, New Delhi, India, from April 2006 to
April 2011. The institutional ethics committee approved the
study, and informed consent was obtained. Subjects were
randomly selected to have approximate representation from
each income group (high-income group, approximately 10%;
middle-income group, approximately 65–70%; and low-
income group, approximately 15–20%) according to the
proportion living in a metropolitan city. Subjects with dia-
betes, any severe acute or chronic illness, known human
immunodeficiency virus seropositivity, and pregnant and
lactating women were excluded from the study.

Clinical and anthropometric measurements

Height, weight, waist circumference (WC), hip circum-
ference, and skinfold thickness at four sites (triceps, biceps,
suprailiac, and subscapular) were measured according to
standard protocols.14 BMI and waist–hip ratio were calcu-
lated. Total skinfold thickness was calculated as the sum of
the four skinfold thicknesses.

Biochemical assays

Venous blood samples were obtained after an over-
night fast for estimation of plasma glucose, total cholesterol,
triglycerides, and high-density lipoprotein cholesterol (HDL-
C) as mentioned previously.14 The low-density lipopro-
tein cholesterol value was calculated using the equation of
Friedewald et al.15 Fasting insulin levels were measured
using commercially available radioimmunoassay insulin kits
(Immunotech, Marseille, France) as described previously.16

The intra- and interassay variations for all assays were less
than 5%.

Percentage body fat, bone mineral density,
and abdominal fat depots

Body fat and bone mineral density were estimated by
whole-body dual-energy x-ray absorptiometry (DEXA) scan
(Lunar Prodigy� advanced whole body DEXA system; GE
Medical Systems, Madison, WI). Measurement of abdominal
adipose tissue was done by single-slice magnetic resonance
imaging (1.5 T; Signa high-definition MR; GE Medical
Systems) at the L2–L3 intervertebral level. Magnetic reso-
nance imaging was done with the patient in the supine po-
sition with arms by the side. The abdominal region was
scanned using axial 8-mm-thick slices during the breath-

holding spell. We used a T1-weighted spin echo sequence
(TR/TE/NEX-300 ms/15 ms/1). Adipose tissue areas were
easily identified on the images because fat has short T1 and
long T2 proton relaxation times compared with other tissues.
Specifically, the short T1 time of fat is characteristic, result-
ing in high signal intensity (increased brightness) on T1-
weighted images. Areas (in mm2) of intraabdominal adipose
tissue (IAAT) and subcutaneous adipose tissue (SCAT) were
measured on the computer screen using a trackball. The area
of total abdominal adipose tissue (TAAT) was calculated as
the sum of IAAT and SCAT.

Vitamin D assay

Serum 25(OH) D levels were measured by radioimmuno-
assay (25-OH D assay; DiaSorin, Stillwater, MN). The intra-
assay coefficient of variation was 1.61%, and the inter-assay
coefficient was 2.19%.

Definitions

Overweight and obesity were defined as BMI of ‡ 23–
24.9 kg/m2 and BMI ‡ 25 kg/m2, respectively.17 WC cutoffs
of ‡ 90 cm for males and ‡ 80 cm for females were con-
sidered an indicator of abdominal obesity.17 Values for
fasting blood glucose of ‡ 100 mg/dL, serum triglycerides
of ‡ 150 mg/dL (or on lipid-lowering drugs), blood pres-
sure ‡ 130/85 mm Hg (or on antihypertensive therapy), and
HDL-C in males of < 40 mg/dL and in females of < 50 mg/
dL17 were defined as abnormal. Insulin resistance was mea-
sured by HOMA-IR. The value of HOMA denoting insulin
resistance was termed HOMA-IR and was calculated as
(fasting insulin [in lU/mL] · fasting glucose [in mmol/L]/
22.5).18,19 Cutoffs for percentage body fat (25.5% for
males and 38% for females20), TAAT (‡245.6 cm2 for males
and ‡75.73 cm2 for females), SCAT (‡135.3 cm2 for males
and ‡134.02 cm2 for females), and IAAT ( >203.46 cm2 for
males and >110.74 cm2 for females) were used from previous
studies on Asian Indians.20,21 Vitamin D status was defined as
deficient (£10 ng/mL), insufficient (10.1–30 ng/mL), or suffi-
cient (30.1–100 ng/mL).22

Statistical analysis

Data were recorded on an Excel� worksheet (Microsoft
Corp., Redmond, WA). Statistical analysis was performed
using STATA software (version 9; StataCorp, College Sta-
tion, TX). After the normality aspect of quantitative variables
was confirmed, descriptive statistics were computed using
mean – SD, median (minimum–maximum), and Student’s
t test. An independent-sample t test was used to examine
significant changes in clinical, anthropometry, and body
composition profiles and in vitamin D levels between males
and females. Correlations of vitamin D with demographic,
biochemical, anthropometry, and body fat parameters were
performed. Regression analyses were carried out to evaluate
the independent association of 25(OH) D with body fat var-
iables. A P value of < 0.05 was considered as statistically
significant.

Results

The clinical, anthropometric, biochemical, and body com-
position profiles are summarized in Table 1. The mean – SD
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for age was 40.2 – 7.9 years. Males had significantly higher
values of serum triglycerides (P = 0.02), WC (P = 0.01),
and waist–hip ratio (P = 0.001) compared with females.
Mean values of HDL-C (P = 0.008), hip circumference
(P = 0.0005), skinfolds (biceps [P = 0.05], triceps [P = 0.001],
subscapular [P = 0.05], and suprailiac [P = 0.05]), and total
skinfold (P = 0.0004) were significantly higher in females
compared with males. The values of TAAT (P = 0.0001),
SCAT (P = 0.0001), percentage body fat (P = 0.0001), and
bone mineral density (arm [P = 0.001], leg [P = 0.0001], and
trunk [P = 0.0001]) were significantly higher in females. IAAT
was not significantly different between males and females.

The mean concentration of 25(OH) D was 40.5 – 8.6 ng/
mL. Overall, 6.6% had vitamin D deficiency, 87.6% had in-
sufficiency, and 5.8% had sufficient levels. No significant
correlation was observed between levels of 25(OH) D with
demographic, biochemical, and anthropometric variables,
bone mineral density and body fat parameters (SCAT, IAAT,
and TAAT) (Table 2). In correlation regression analysis,

levels of 25(OH) D were negatively associated with TAAT in
obese subjects (Table 3).

Discussion

In this cross-sectional study, we observed an association of
higher TAAT values with low 25(OH) D levels and no as-
sociation of 25(OH) D with SCAT and IAAT. Although some
previously published studies7–9 have shown that serum
25(OH) D levels were inversely correlated with body fat, in
almost all of them serum 25(OH) D levels were studied in
either morbidly obese or nonobese subjects. Similar to our
study, some data suggest that abdominal obesity is signifi-
cantly associated with vitamin D deficiency.23–25 Further-
more, Moy and Bulgiba23 have reported that vitamin D
insufficiency was independently associated with greater ab-
dominal obesity in Malaysian subjects. Cheng et al.24 re-
ported that lower 25(OH) D levels were strongly associated
with greater regional adiposity in the Framingham Heart

Table 1. Demographic, Biochemical, Anthropometric, and Body Composition Profiles

Parameter Total (n = 137) Males (n = 74) Females (n = 63) P value

Age (years) 40.2 – 7.9 40.8 – 8.8 39.4 – 6.9 0.3
BMI (kg/m2) 24.8 – 5.5 24.4 – 7.6 25.2 – 4.5 0.1
FBG (mmol/L) 5.3 – 1.1 5.3 – 1.05 5.23 – 1.22 0.7
25(OH) D (ng/mL) 18.9 – 6.7 18.5 – 5.7 19.4 – 6.3 0.4

Lipid profile (mmol/L)
S. TG 1.8 – 0.56 2.13 – 0.51 1.41 – 0.48 0.02a

Total cholesterol 4.99 – 1.24 5.11 – 1.33 4.86 – 1.11 0.2
HDL-C 1.07 – 0.25 1.02 – 0.23 1.13 – 0.19 0.008a

LDL-C 3.1 – 1.07 3.26 – 1.10 3.06 – 1.03 0.2
VLDL 0.86 – 0.28 1.03 – 0.19 1.01 – 0.14 0.1

Fasting insulin (lU/L) 8.2 – 2.3 7.9 – 3.2 8.5 – 3.4 0.6
HOMA-IR 1.8 – 0.9 1.9 – 0.8 1.6 – 0.6 0.3

Circumference (cm)
Waist 87.8 – 10.6 90.5 – 9.5 85.3 – 10.6 0.01a

Hip 97.5 – 11.7 95.5 – 12.5 101.0 – 11.5 0.0005a

Waist–hip ratio 0.90 – 0.09 0.95 – 0.76 0.84 – 0.92 0.001a

Skinfold (mm)
Biceps 16.9 – 5.7 15.3 – 4.2 18.4 – 6.9 0.05a

Triceps 24.4 – 8.7 21.8 – 7.7 27.5 – 8.8 0.001a

Subscapular 30.2 – 8.7 29.1 – 7.8 34.5 – 8.8 0.05a

Suprailiac 32.8 – 9.8 30.2 – 7.3 35.7 – 7.9 0.05a

TSF 104.3 – 32.8 95.6 – 26 115.9 – 28.5 0.0004a

Area of adipose tissue (cm2)b

TAAT 391.48 – 130.5 321.07 – 119.03 461.9 – 141.99 0.0001a

SCAT 256.35 – 76.08 189.05 – 53.40 323.65 – 98.76 0.0001a

IAAT 135.13 – 54.43 132.02 – 65.63 138.25 – 43.23 0.1

Body composition by DEXA scan
Body fat (%) 36.0 – 10 29.5 – 7.4 43.4 – 7.3 0.0001a

BMD (g/cm2)
Arms 29.2 – 10.1 19.4 – 7.6 40.3 – 13.2 0.001a

Legs 33.8 – 12.6 24.9 – 8.4 44.1 – 7.8 0.0001a

Trunk 39.7 – 10.8 34.3 – 10.1 45.9 – 8.2 0.0001a

Data are mean – SD values. An independent-sample t test was used to examine significant changes in clinical, anthropometric, and body
composition profiles and vitamin D levels between males and females.

aP value of < 0.05 was considered statistically significant.
bAt the L2–L3 intervertebral level by single-slice magnetic resonance imaging.
25(OH) D, 25-hydroxyvitamin D; BMD, bone mineral density; BMI, body mass index; DEXA, dual-energy X-ray absorptiometry; FBG,

fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homoeostasis model of assessment for insulin resistance;
IAAT, intraabdominal adipose tissue; LDL-C, low-density lipoprotein cholesterol; S. TG, serum triglycerides; SCAT, subcutaneous
abdominal adipose tissue; TAAT, total abdominal adipose tissue; TSF, total skinfolds; VLDL, very low-density lipoprotein.
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Study. These authors further showed that the association of
25(OH) D and visceral fat was stronger than that of 25(OH) D
and subcutaneous abdominal fat.

Association of obesity with low levels of serum 25(OH) D7

may be attributed to decreased exposure to sunlight because
of limited mobility of obese people and negative feedback
from elevated 1,25-dihydroxyvitamin D and parathyroid
hormone levels on hepatic synthesis of 25(OH) D.25 Liel
et al.26 have suggested that the serum 25(OH) D level in-
creases appropriately in response to ultraviolet radiation in
obese subjects, implying that low 25(OH) D levels do not
result from impaired dermal production and delivery. The
association between 25(OH) D and adipose tissue was un-
changed by adjustment for physical activity and was present
even in analyses restricted to lean individuals.27 Furthermore,

experimental studies indicate that differences in sunlight
exposure are not enough to account for the differences in
25(OH) D concentrations seen between obese and nonobese
volunteers.28 Thus, confounding by differences in sunlight
exposure is unlikely to be an explanation for poorer vitamin
D status with greater adiposity. Skin synthesis of vitamin D
accounts for the majority of vitamin D in the human body;
thus, it is possible that body fat has a lower impact in blacks
because there is less vitamin D formed in the skin to se-
quester. In this context it is important to note that a sys-
tematic review by Renzaho et al.,29 which focused on the
association between 25(OH) D status and obesity, cardio-
vascular disease, the metabolic syndrome, and T2DM in
ethnic minorities (immigrants from low- to high-income
countries), showed that this subgroup of people had sig-
nificantly higher rates of vitamin D insufficiency (<50 nmol/
L) than their white counterparts (for children, 43.6–48.7%
vs. 10%; for adults, 30.3–53% vs. 13.7–26%) respectively.
However, the strength of this association varies across
ethnic groups depending on the index used to measure ad-
iposity, T2DM, and cardiovascular disease. It was suggested
in the review that further research specific to migrant pop-
ulations using randomized controlled trials is required to
establish whether causal links between 25(OH) D and
obesity-related chronic diseases exist. Finally, the authors
also raised research question whether vitamin D supple-
mentation could be useful in the prevention or treatment of
obesity-related diseases.

Obesity, abdominal obesity, and associated metabolic con-
sequences are a burgeoning problem in Asian Indians. We have
previously shown that Asian Indians have relatively higher
truncal and abdominal fat mass compared with white and black
populations30 and that high subcutaneous adiposity is an in-
dependent risk factor for metabolic syndrome.31 Increasing
abdominal adiposity, at a younger age, is significantly contrib-
uting to the burden of T2DM and cardiovascular disease in
Asian Indians. It is important to note that in preliminary pub-
lications, we have shown higher prevalence of severe vitamin D
deficiency in patients of T2DM33 and nonalcoholic fatty liver
disease34 in north India. Overall observations of low vitamin D
levels with abdominal obesity are important for Asian Indians

Table 2. Correlations of Mean – SD

25-Hydroxyvitamin D Levels with Demographic,

Biochemical, Anthropometric, and Body

Fat Parameters

Parameter
Correlation
coefficient P valuea

Body mass index (kg/m2) - 0.064 0.51
Fasting blood glucose (mg/dL) 0.021 0.23

Lipid profile (mg/dL)
Serum triglycerides - 0.003 0.39
Total cholesterol - 0.087 0.30
HDL-C 0.02 0.79
LDL-C - 0.085 0.32
VLDL - 0.06 0.4

Fasting insulin (lU/L) 0.093 0.34
HOMA-IR - 0.040 0.67

Circumference (cm)
Waist 0.001 0.92
Hip 0.045 0.65

Waist–hip ratio - 0.059 0.5

Skinfold (mm)
Biceps 0.043 0.67
Triceps 0.059 0.56
Subscapular - 0.084 0.40
Suprailiac - 0.0006 0.91
TSF 0.016 0.87

Area of adipose tissue (cm2)b

TAAT 0.070 0.47
SCAT 0.087 0.37
IAAT 0.053 0.60

Body composition by DEXA scan
Body fat (%) 0.017 0.83
BMD (g/cm2)

Arms - 0.036 0.69
Legs - 0.007 0.93
Trunk - 0.002 0.90

aA P value of < 0.05 was considered statistically significant.
bAt the L2–L3 intervertebral level by single-slice magnetic

resonance imaging.
BMD, bone mineral density; DEXA, dual-energy X-ray absorp-

tiometry; HDL-C, high-density lipoprotein cholesterol; HOMA-IR,
homoeostasis model of assessment for insulin resistance; IAAT,
intraabdominal adipose tissue; LDL-C, low-density lipoprotein
cholesterol; SCAT, subcutaneous abdominal adipose tissue; TAAT,
total abdominal adipose tissue; TSF, total skinfolds; VLDL, very
low-density lipoprotein.

Table 3. Correlation of Serum 25-Hydroxyvitamin

D Levels with Total Body Fat and Adipose Tissue

Depots According to Body Mass Index

Categories (Obese and Nonobese)

Variable
Obese

(BMI ‡ 25 kg/m2)
Nonobese

(BMI < 25 kg/m2)

Body fat (%) 0.014 0.26
TAAT (cm2) - 0.44a - 0.006
SCAT (cm2) 0.069 - 0.002
IAAT (cm2) 0.014 - 0.24

Correlation regression analyses was carried out to evaluate the
independent association of 25-hydroxyvitamin D with body fat
variables. Coefficients represent the change in 25-hydroxyvitamin D
level (ng/mL) for an increase in the value of the predictor variables.

aP < 0.05.
IAAT, intraabdominal adipose tissue; SCAT, subcutaneous

abdominal adipose tissue; TAAT, total abdominal adipose tissue.
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because both contribute to resistance to action of insulin and
may also increase CVD risk.

Vitamin D is emerging as an important correlate of obe-
sity. Other important factors include gut hormones like
ghrelin and glucagon-like peptide-1, which have been
shown to be important in energy balance and weight loss,
and their dysregulation may be important in obesity. De-
creased plasma levels of active ghrelin are significantly
associated with abdominal adiposity, hyperinsulinemia,
and insulin resistance in T2DM subjects.35,36 It would
be interesting to research the effects of various gut hor-
mones (ghrelin, glucagon-like peptide-1, etc.) and vitamin
D in regulation of adipose tissue mass in humans.

The limitations of the study include small sample size as
well as the cross-sectional nature of the study. More subjects in
all age groups in both genders in urban and rural areas in dif-
ferent parts of the country should be studied in the future. Other
potential protective factors, such as exposure to sunlight and
nutritional status, were not assessed. Data regarding exposure
to sunlight would have been helpful. Furthermore, no cause–
effect relationship inferences can be drawn from the present
study as it is a cross-sectional study. Longitudinal studies are
warranted to study the interplay between vitamin D deficiency,
obesity, insulin resistance, and T2DM in Asian Indians.

Conclusions

This study suggests that higher value of total abdominal fat
at the L2–L3 level was associated with low 25(OH) D levels
in obese urban Asian Indians without diabetes.
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