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Significance of this study

What is already known about this subject?
 ► Previous research has shown that subjects with 
pre-diabetes and low circulating 25(OH)D lev-
els are insulin resistant and have impaired β  cell  
function.

What are the new findings?
 ► This is first study (in context of pre-diabetes and vi-
tamin D ) on carefully selected large sample of Asian 
Indian women, showing significant relationship of 
lower vitamin D levels with higher fasting blood glu-
cose levels.

How might these results change the focus of 
research or clinical practice?

 ► In view of above association, intervention trials 
with vitamin D are needed in Asian Indian women 
with pre-diabetes to evaluate if diabetes could be 
prevented.

AbStrAct
Background Asian Indian women are predisposed to 
develop obesity, metabolic syndrome and vitamin D 
deficiency. Relationship of vitamin D deficiency with blood 
glucose levels has not been explored in Asian Indian 
women with pre-diabetes.
Objective We evaluated the associations of serum 
25-hydroxy vitamin D (25(OH)D) concentrations among 
adult women with the pre-diabetes residing in North India 
(Delhi).
Methods This cross-sectional population-based study 
involved 797 women with pre-diabetes aged 20–60 years. 
Blood pressure, body mass index (BMI), fasting blood 
glucose (FBG), extent of sun exposure and serum 25(OH)
D levels were assessed. For purpose of analysis, serum 
25(OH)D levels (nmol/L) were categorized in quintiles 
as follows: 0–21.5 (first quintile), 21.51–35.60 (second 
quintile), 35.61–46.50 (third quintile), 46.51–62.30 (fourth 
quintile) and >62.31 (fifth quintile).
Result The prevalence (%) of vitamin D deficiency, 
insufficiency and sufficiency was 68.6, 25.9 and 5.5, 
respectively. Mean age (p=0.004), systolic (p=0.05) and 
diastolic (p=0.04) blood pressure, weight (p=0.03), BMI 
(p=0.04) and FBG (p=0.02) were significantly higher in 
subjects with vitamin D deficiency as compared with those 
with vitamin D insufficiency and sufficiency. Unadjusted 
mean values of FBG were significantly decreased in 
fourth (p=0.02) and fifth quintiles (p=0.030) of 25(OH)
D levels as compared with second quintile. Furthermore, 
after adjusting for age and family income FBG levels 
were significantly increased in first quintile (compared 
with fourth (p=0.012) and fifth (p=0.018) quintiles) and 
second quintile (compared with fourth (p=0.003) and fifth 
(p=0.004) quintiles) of 25(OH)D levels, respectively.
Conclusion Lower vitamin D levels are associated with 
higher blood glucose values in Asian Indian women with 
pre-diabetes. These findings need confirmation in case–
control and prospective studies.

InTROduCTIOn
Vitamin D deficiency is a major public health 
problem worldwide. The Indian subconti-
nent, situated between 8.40 -N and 37.60 N 

latitude, is exposed to adequate sunshine 
and ultraviolet B rays throughout the year. 
Because of such abundant exposure to 
sunlight, it has been presumed that Indians 
have adequate levels of vitamin D. Several 
studies in India show high prevalence of 
vitamin D deficiency in different popula-
tions1 and related to abdominal obesity.2 
Previously, we had shown that patients with 
type 2 diabetes mellitus (T2DM) have lower 
levels of vitamin D as compared with non-di-
abetic individuals.3

Specifically, women in India are more 
likely to have vitamin D deficiency because 
many of them are confined to households 
and have high coverage of body part with 
clothes, thus they may not be exposed to 
sufficient sunlight. In a study in North 
India (Delhi), the prevalence of vitamin 
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D deficiency was high in women, particularly those 
belonging to low socioeconomic status.4 Similar 
results have been reported for postmenopausal 
women in South India.5 It is important to note that 
low vitamin D levels and inadequate intake of calcium 
may predispose postmenopausal Indian women to 
bone fractures.6

Pre-diabetes is associated with abdominal obesity, 
insulin resistance, non-alcoholic fatty liver disease and 
metabolic syndrome, and such individuals are at an 
increased risk for developing T2DM and cardiovascular 
disease.7 A recent study in 15 states of India showed 
that the prevalence of pre-diabetes and T2DM was 
10.3% (95% CI 10.0 to 10.6) and 7.3% (95% CI 7.0 to 
7.5), respectively.8 Specifically, pre-diabetes was more 
prevalent than T2DM in all states in India excluding 
north (Punjab) and in the northeast. Importantly, 
Asian Indians with pre-diabetes are at a heightened 
risk for conversion to T2DM as compared with British 
Caucasians.9 In a previous study in North India (Delhi), 
we showed that the women and men had similar preva-
lence of diabetes (13.8% and 13.3%, respectively) but 
average blood glucose levels (mg/dL) were higher in 
women as compared with men (147.3±46.3 vs 141+46.8, 
respectively).10

The relationship between vitamin D and develop-
ment of pre-diabetes has not been well understood. 
Cross-sectional and longitudinal studies have shown 
inverse association between vitamin D levels and inci-
dent diabetes.11 In Nurses’ Health Study (age, 30–55 
years), living in USA, after multivariate adjustments, 
women who consumed more than 800 IU/day of 
vitamin D had a 23% lower risk for developing incident 
T2DM compared with women who consumed less than 
200 IU/day (RR 0.77, 95% CI 0.63 to 0.94; p<0.01).12

Only a few studies have been done in India regarding 
insulin resistance, hyperglycemia and vitamin D defi-
ciency. No association has been reported between 
vitamin D levels, body mass index (BMI), T2DM and 
hemoglobin A1C across the spectrum of glucose intol-
erance in Asian Indians residing in Western India.13 In 
a cross-sectional study in East India, individuals with 
pre-diabetes (n, 157) were investigated for vitamin D 
deficiency and insulin resistance. In this study, indi-
viduals with vitamin D deficiency showed significant 
inverse correlation to insulin resistance and positive 
correlation with insulin sensitivity.14 Further, same 
authors showed significantly lower levels of serum 
adiponectin and serum 25-hydroxy vitamin D (25(OH)
D) and higher serum insulin levels in persons with 
pre-diabetes or T2DM as compared with controls.15 Of 
note, all above studies in India involved limited number 
of subjects and have included individuals from both 
genders. In view of propensity of Indian women to have 
obesity, metabolic syndrome and consequent hypergly-
cemia and low serum 25(OH)D levels, an investigation 
on larger number of women at high risk for develop-
ment of diabetes is required.

MeTHOds
subjects
We conducted a cross-sectional population-based study 
approved by the institutional ethics committee. Subjects 
were randomly selected to have approximate represen-
tation from each income group (high-income group 
~10%, middle-income group ~65%–70%, and low-in-
come group ~15%–20%) from 35 residential locations 
according to the approximate proportion of individuals 
living in Delhi. After informed consent, fasting blood 
glucose (FBG) levels were done in 1361 women (20–60 
years of age) from June 2012 to June 2017. Among this 
group, 797 women were categorized as having pre-di-
abetes (figure 1). Subjects who received vitamin D or 
calcium supplementation in the previous 6 months, any 
medication which could affect insulin sensitivity, vitamin 
D or calcium metabolism (eg, metformin, thiazolidinedi-
ones, steroids, and so on) within the last 1 month, those 
with pregnancy, severe end-organ damage or chronic 
diseases, malignancy, and known diabetes mellitus and 
other endocrine disorders were excluded from the study.

demographic, clinical and anthropometric measurements
Demographic and clinical profiles, medical history 
(personal and family), socioeconomic characteristics, 
skin exposure to sun and overall duration of sunlight 
exposure were determined with the use of prevalidated 
questionnaire. Skin exposure was recorded by per cent 
of body surface area (face/hands, face/hands and arms, 
and face/hands and legs) exposed to sunlight. The dura-
tion of sunlight exposure (min/day) was assessed in the 
following manner: <5 min, 5–15 min, 15–30 min and >30 
min. Blood pressure was measured by a standard mercury 
sphygmomanometer, over the right arm in sitting posi-
tion. Weight and height were recorded, and BMI was 
calculated.

Biochemical analysis
FBG was analyzed as previously described.16 Serum 
25(OH)D levels were measured by chemilumines-
cence method (DiaSorin LIAISON 25-OH D, Stillwater, 
Minnesota, USA). The LIAISON 25(OH)D assay is a 
direct competitive chemiluminescence immunoassay for 
quantitative determination of total 25(OH)D in serum 
sample.17 The intra-assay coefficient of variation was 
1.61% and the interassay coefficient was 2.06%.

definitions
Overweight and obesity were defined as BMI 22–24.9 
kg/m2 and >25 kg/m2, respectively.18 Blood pressure 
≥130/85 mm Hg (or on antihypertensive therapy) was 
defined as abnormal. Pre-diabetes was defined as FBG 
levels >100 and 125.9 mg/dL.19 Serum 25(OH)D levels 
were categorized as follows: deficiency <49.9 nmol/L, 
insufficiency 50–75 nmol/L, and normal more than 75 
nmol/L.20 Serum 25(OH)D levels (nmol/L) were catego-
rized in quintiles as follows: 0–21.5 (first quintile), 21.51–
35.60 (second quintile), 35.61–46.50 (third quintile), 
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Figure 1 Study design and workflow.
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46.51–62.30 (fourth quintile) and >62.31 (fifth quintile). 
Because many values of 25(OH)D were clustered around 
cut-off values of quintiles, slightly different numbers of 
subjects were segregated in each quintile.

statistical analysis
Data were entered in an Excel spreadsheet (Microsoft, 
Washington, USA). The distribution of demographic, 
clinical, medical history (personal and family), socio-
economic and behavioral characteristics, sun and skin 
exposure and biochemical parameters was confirmed 
for approximate normality. We used mean and SD and 
number (%) to summarize the variables. Comparison of 
general characteristics, mean of variables and proportion 
of risk factors by serum 25(OH)D status groups including 
mean of serum 25(OH)D levels were performed using 
Fisher’s exact test and non-parametric statistics such as 
Kruskal-Wallis tests (post hoc by Bonferroni’s method). 
The correlation regression was calculated using Spear-
man’s test. After adjusting for age and family income 
(surrogate of socioeconomic status of the family), 
one-way analysis of variance (ANOVA) and analysis of 
covariance were carried out. All statistical analyses were 
performed using SPSS (V.21.0, SPSS). For all above, p 
value of<0.05 was considered as statistically significant.

ResulTs
demographical, socioeconomic, and clinical profiles
Educational status (p=0.004), employment status 
(p=0.003), family income (p=0.05), skin exposure (face 
and hands) (p=0.05) and sun exposure (5–15 min/day) 
(p=0.04) were significantly higher in subjects with vitamin 
D sufficiency as compared with those with vitamin D defi-
ciency and insufficiency (p=0.030). We did not find any 
significant association of 25(OH)D with demographic, 
personal and family medical history, and tobacco and 
alcohol consumption (p>0.05) (table 1).

Body composition and biochemical profile
Among the total subjects:
A. BMI less than 22.9 kg/m2 (normal BMI): 193 (24.2%).
B. BMI between 22.9 and 24.9 kg/m2 (overweight): 112 

(14.1%).
C. BMI equal to or more than 25 kg/m2 (obese): 492 

(61.7%).
Hence, total number who are non-obese (A plus B): 

305 (38.3%).
The mean±SD  for age was 42.02±11.4 years. Mean 

age (p=0.003), systolic (p=0.05) and diastolic (p=0.04) 
blood pressure, weight (p=0.003), BMI (p=0.04) and 
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Table 1  Demographic profile, family history and duration of sun exposure

Variables
Deficiency
(0–49.998 nmol/L)

Insufficiency
(50–74.99 nmol/L)

Sufficiency
(>75 nmol/L) P values

Religion Hindu 544 (99.4) 206 (100) 44 (100) 0.8

Others 3 (0.6) 0 0

Marital status Married 500 (91.4) 182 (88.3) 42 (95.4) 0.51

Unmarried 47 (8.6) 24 (11.7) 2 (4.6)

Education Never attended 
school

102 (18.6) 30 (14.5) 15 (34) 0.004

Grades 1–8 112 (20.5) 42 (20.5) 10 (22.7)

Grades 9 and 10 72 (13.2) 38 (18.4) 0

Higher secondary 77 (14) 25 (12.1) 4 (9)

College/diploma 9 (1.6) 12 (5.8) 2 (4.6)

Graduate 117 (21.5) 33 (16.1) 7 (16)

Postgraduate 58 (10.6) 26 (12.6) 6 (13.7)

Employment status Employed 158 (28.8) 58 (28.1) 13 (29.5) 0.05

Self-employed 34 (6.2) 19 (9.2) 5 (11.5)

Housewife 355 (65) 129 (62.7) 26 (59)

Family income
(in Indian National 
Rupee)

Less than 10 000 51 (9.3) 24 (11.7) 8 (18.1) 0.003

10 001–30 000 275 (50.2) 129 (62.6) 24 (54.5)

More than 30 000 221 (40.5) 53 (25.7) 12 (27.4)

Tobacco consumption 4 (0.7) 0 0 0.399

Alcohol consumption 2 (0.3) 0 0 0.732

Personal medical history Hypertension 66 (12) 20 (9.7) 6 (13.6) 0.65

Thyroid 62 (11.3) 12 (5.8) 7 (16) 0.3

Tuberculosis/
asthma

4 (0.7) 2 (0.9) 2 (4.5) 0.598

Family medical history Obesity 6 (1) 4 (1.9) 0 0.44

Diabetes 102 (18.6) 42 (20.4) 4 (9) 0.09

Hypertension 56 (10.2) 28 (13.6) 6 (1.36) 0.113

Heart disease 21 (3.8) 12 (5.8) 4 (9.0) 0.746

Thyroid disease 7 (1.3) 2 (0.9) 2 (4.5) 0.2

Tuberculosis 4 (0.7) 4 (1.9) 2 (4.5) 0.6

Skin exposure Face/hands 209 (38.2) 62 (30) 15 (34) 0.05

Face/hands/arms/
leg

338 (61.8) 144 (70) 29 (66)

Duration of sun 
exposure (min/day)

<5 320 (58.5) 110 (53.4) 20 (45.4) 0.04

5–15 183 (33.4) 80 (38.8) 15 (34.6)

15–30 44 (8.1) 16 (7.8) 9 (20)

Values are given as the number, %. P<0.05 is statistically significant.

Epidemiology/Health Services Research

FBG levels (p=0.013) were significantly higher in subjects 
with vitamin D deficiency as compared with those with 
vitamin D insufficiency and sufficiency (table 2).

25(OH)d levels
The prevalence (%) of vitamin D deficiency, insuffi-
ciency and sufficiency was 68.6, 25.9 and 5.5, respectively. 
After stratifying the sample according to serum 25(OH)

D quintiles, we observed age (p=0.002) was significantly 
increased in the first quintile as compared with other 
quintiles. Further, family history of diabetes (p=0.03) was 
significantly higher in the second quintile as compared 
with other quintiles (tables 2 and 3).

We did not find any significant difference of FBG 
values (mg/dL) between three categories of individuals 
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Table 2  Demographic, clinical and biochemical profiles by vitamin D category

Variables
Deficiency
(0–49.99 nmol/L)

Insufficiency
(50–74.99 nmol/L)

Sufficiency
(>75 nmol/L) P values

n (%) 547 (68.6) 206 (25.8) 44 (5.5) 0.003

Age (years) 42.9±11.2 40.0±12.07 40±8.8 0.004

Pulse rate (per minute) 83.6±5.30 84.0±4.6 84.0±5.7 0.4

Blood pressure (mm Hg)

  Systolic 124.1±14.9 122.5±13.4 122.6±12.3 0.05

  Diastolic 80.8±7.7 79.8±8.2 78.4±8.0 0.04

Body weight and BMI

  Weight (kg) 65.0±9.1 62.1±12.1 60.3±12.0 0.03

  Height (cm) 153.3±5.8 153.7±6.0 154.0±6.1 0.6

  BMI (kg/m²) 27.5±4.5 26.5±5.3 25.5±4.9 0.01

Biochemical profile

  Fasting blood glucose (mg/dL) 111.9±8.6 109±8.4 108.6±6.7 0.002

  25(OH) vitamin D (nmol/L) 30.3±12.5 63.7±7.8 91.0±8.7 0.0001

Values are given as the mean±SD. P<0.05 is statistically significant.
BMI, body mass index.

Epidemiology/Health Services Research

as determined by BMI: (A) 110.5±7.8, (B) 109.9±7.7 and 
(C) 110.6±7.4 (p=0.69). Further, we did not find any 
significant difference vitamin D (nmol/L) levels between 
three categories of BMI: (A) 43.6±20.9, (B) 41.7±21.6 
and (C) 41.9±22.1 (p=0.62).

One-way AnOVA and analysis of covariance
Unadjusted mean values of FBG were statistically signifi-
cantly decreased in fourth (p=0.02) and fifth quintiles 
(p=0.030) as compared with second quintile. Furthermore, 
after adjusting for age and family income, we observed 
FBG levels were significantly increased in the lowest 
25(OH)D quintile (compared with fourth (p=0.012) and 
fifth (p=0.018)) and second quintiles (compared with 
fourth (p=0.003) and fifth (p=0.004) quintiles), respec-
tively (table 4 and figure 2).

dIsCussIOn
This study shows that higher FBG levels are associated 
with lower vitamin D levels in Asian Indian women 
living in North India with pre-diabetes. Blood glucose 
and 25(OH)D levels in this cohort were not influenced 
by BMI category, or in other words, by overweight and 
obesity status. Such findings in a large cohort of Asian 
Indian women have been reported the first time. While 
the strength of this study was large number of subjects 
and careful selection criteria, limitations included 
cross-sectional of nature of the study, absence of a control 
group of normoglycemic individuals, and non-availability 
of calcium, phosphorus, parathyroid hormone and 
calcitriol levels. A more robust statement regarding rela-
tionship between 25(OH)D and FBG could be made if 
serum calcitriol levels were available.

The role of vitamin D in insulin pathway has been 
debated. Based on preclinical studies, vitamin D appears 

to play a regulatory role in calcium flux within β cells, 
insulin secretion, and β cell survival. Vitamin D deficiency 
impairs glucose-mediated insulin secretion in rat pancre-
atic beta cells, while vitamin D supplementation seems 
to restore such glucose-stimulated insulin secretion.21 22 
Overall, these and several other studies have indicated 
that vitamin D may have a direct effect on β cell func-
tion mediated by binding of the circulating active form, 
1,25(OH)2D, to vitamin D receptor, which is expressed 
in pancreatic β cells.23 Further, activation of vitamin D 
occurred within the β cells by the 25(OH)D1α hydrox-
ylase enzyme (CYP27B1), which is expressed in β cells, 
thereby allowing for a paracrine effect of circulating 
25(OH)D.24

Having stated that, association of low vitamin D levels 
with hyperglycemia in human beings continues to be 
researched and debated. Specifically, individuals with 
pre-diabetes have been less investigated in the context of 
vitamin D deficiency (table 5). These data highlight some 
important information; first except a few, most studies 
have been done in limited number of subjects. Second, 
no investigator has specifically focused on women with 
pre-diabetes.

Abbasi et al25 showed that subjects with pre-diabetes 
and low circulating 25(OH)D levels were most insulin 
resistant and had impaired β cell function as compared 
with normal fasting glucose-vitamin deficient and normal 
fasting glucose-vitamin D sufficient subgroups. In National 
Health and Nutrition Examination Survey (2001–2006), 
average vitamin D levels decreased steadily across range 
of FBG levels in Caucasian men and women; with mean 
concentrations (nmol/L) of 66.2, 62.3 and 54.2, respec-
tively. In this study, mean concentration of vitamin D was 
significantly lower in individuals with pre-diabetes and 
diabetes as compared with those with normoglycemia.26 
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Table 4  Unadjusted* and adjusted§ fasting blood glucose values according to quintiles of serum 25(OH)D

Variables
First quintile
(3.0–21.5, n, 160)

Second quintile
(21.51–35.60, n, 178)

Third quintile
(35.61–46.50, n, 172)

Fourth quintile
(46.51–62.30, n, 130)

Fifth quintile 
(>62.31, n, 157) P values

FBG (mg/dL)*

Mean±SD
111.3±7.9 111.7±8.1 110.1±9.9 109.7±7.1‡ 109.2±7.3‡ 0.009

FBG (mg/dL)§
Mean±SD

111.3±7.0 111.7±7.6 110.7±7.4 109.0±7.5†,‡ 109.3±7.5†,‡ 0.012

Serum 25(OH)D levels were categorized in quintiles. Results are shown as mean+SD. P<0.05 is statistically significant.
*Unadjusted  mean value (for age and family income). §Adjusted mean value (for age and family income). †Significantly different from 
the first quintile.‡  Significantly different from the second quintile, adjusted p<0.005.
25(OH)D, 25-hydroxy vitamin D; FBG, fasting blood glucose.

Figure 2  Box plot showing distribution of fasting blood glucose levels according to 24(OH)D quintiles.
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In a longitudinal cohort study, Deleskog et al27 showed 
that high serum 25(OH)D levels predicted a reduced risk 
of converting to diabetes from pre-diabetes, but this was 
not seen in those with normal glucose tolerance.

Despite data showing widespread deficiency of vitamin 
D in India, its relationship with the metabolic syndrome 
and T2DM has not been adequately researched; some 
of these have been discussed in the introduction of this 
paper. In 2010, a 4-week pilot study showed that short-
term improvement in vitamin D levels was not associated 
with improvement in glucose tolerance, insulin secre-
tion, or insulin sensitivity in 28 Asian Indian patients 
with moderately controlled T2DM.28 In 2013, Dutta et al14 
showed that individuals with the lowest 25(OH)D levels 
(<10 ng/mL) had the highest level of insulin resistance. 
Intervention trials with vitamin D in Asian Indians are 
fewer. In a double-blind randomized placebo controlled 
trial (35 in supplementation group and 36 in control 
group), Nagpal et al29 showed that oral supplementa-
tion with cholecalciferol for 6 weeks improved insulin 
sensitivity and β cell function. In a longer open-label 
randomized prospective study, Dutta et al30 showed that 
vitamin D supplementation in subjects with pre-diabetes 

led to decreased progression to diabetes and promoted 
reversal to normoglycemia. In a smaller (n, 36) trial in 
North India, vitamin D supplementation (4000 IU/day) 
for 6 months in vitamin D-deficient women (aged 18–35 
years) with polycystic ovary syndrome did not show any 
significant effects on parameters of insulin sensitivity/
resistance and insulin secretion despite normalization of 
serum 25(OH)D levels.31

Internationally, there have been several trials on vitamin 
D supplementation in individuals with pre-diabetes and 
diabetes. In a meta-analysis (10 randomized controlled 
trials) of effects of vitamin D supplementation on insulin 
resistance and pre-diabetes, homeostatic model assess-
ment of insulin resistance did not show any change. 
However, vitamin D supplementation reduced FBG and 
HbA1c levels.32 A systematic review and meta-analysis of 23 
randomized controlled trials (n, 1797) showed no signif-
icant effect in change of HbA1c after vitamin D interven-
tion as compared with placebo. However, a significant 
effect of vitamin D supplementation was seen on FBG in 
four studies with a mean baseline HbA1c ≥8%.33 Overall, 
it appears that further trials are warranted with vitamin 
D supplementation in individuals with pre-diabetes. The 
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Table 5 Summary of the major cross-sectional and longitudinal studies evaluating the relationship between vitamin D and 
pre-diabetes

Author Study
Type of 
population

Number and type of 
subjects Remarks

Kwon and 
Lim34 

Cross-sectional South Korean 60 subjects with pre-
diabetes, aged 20–65 years

Subjects with pre-diabetes were more 
likely to have low serum 25(OH)D levels.

Karras et al35 Case–control Greek 144 individuals with pre-
diabetes and 81 healthy 
age-matched control 
subjects, aged >65 years 

Vitamin D deficiency with high 
parathyroid hormone levels was 
significantly associated with glycemic 
dysregulation in patients with pre-
diabetes.

Zagami et al36 Cross-sectional Italians 286 subjects including those 
with pre-diabetes (n, 83) 

Subjects with pre-diabetes had 
significantly reduced 25(OH)D levels.

Ekbom and 
Marcus37 

Cross-sectional Swedish 202 obese children, aged 
4.5–17.9 years

Low serum 25(OH)D levels were strongly 
associated with higher risk of impaired 
fasting glucose.

Abbasi et al25 Cross-sectional North
Americans

488 non-diabetic subjects 
including individuals with 
pre-diabetes

Subjects with pre-diabetes and low 
circulating 25(OH)D concentrations 
were the most insulin resistant and had 
impaired β cell function.

Deleskog et 
al27

Longitudinal case–
control study

Swedish Normal glucose tolerance 
at baseline and progressed 
to either pre-diabetes (304 
women, 428 men) or type 
2 diabetes (47 women, 87 
men)

High serum 25(OH)D concentrations 
predicted a reduced risk of T2DM in 
individuals with pre-diabetes, but not in 
those with normal glucose tolerance.

Gupta et al26 National Health 
and Nutrition 
Examination 
Survey, 2001–2006

North
American 
Caucasians

Pre-diabetic and 
prehypertensive subjects 
(men, n, 898 and women, n, 
813)

Individuals with low 25(OH)D levels had 
elevated the risk for pre-diabetes.

Dutta et al14 Cross-sectional Asian Indians 
residing in 
India (West)

157 individuals with pre-
diabetes

Vitamin D deficiency/insufficiency 
was associated with worsened insulin 
resistance in individuals with pre-
diabetes.

Banerjee et al15 Cross-sectional Asian Indians 
residing in 
India (West)

73 individuals with pre-
diabetes, 77 individuals with 
T2DM and 52 healthy control 
subjects.

Serum 25(OH)D in subjects with pre-
diabetes and T2DM was found to be 
inversely correlated with the serum levels 
of insulin.

T2DM, type 2 diabetes mellitus.

Epidemiology/Health Services Research

relationship of FBG with vitamin D deficiency necessitates 
further research (case–control studies including individ-
uals with normoglycemia, cross-sectional and prospective 
cohort studies) in Asian Indians.

COnClusIOn
This study shows that low serum 25(OH)D levels are asso-
ciated with higher blood glucose values in Asian Indian 
women with pre-diabetes.
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