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ABSTRACT
Type 2 diabetes mellitus (T2DM) incidence has been increasing worldwide along with the rise of obesity and sedantery lifestyle. Decreased
physical activity (PA) and obesity have also been associated with the low vitamin D levels. We aimed to determine the association between PA,
vitamin D status and insulin resistance in overweight and obese subjects. A total of 294 (186 female, 108 male) overweight or obese subjects were
included in this cross-sectional study. 25-hydroxy vitamin D (25(OH)D), insulin, fasting plasma glucose (FPG) and HbA1c levels were measured
in blood samples. Body mass index (BMI), HOMA-index and total score of International Physical Activity Questionnaire-long form (IPAQ)
were calculated. Insulin resistant subjects were compared with the non-resistant group. The mean age of the participants was 45±12.25 and
41.39±10.32; 25(OH)D levels were 8.91 ± 4.30 and 17.62 ± 10.47 ng/dL; BMIs were 31.29 ± 4.48 and 28.2 ± 3.16 kg/m², IPAQ total scores were
548.71±382.81 and 998±486.21 in the insulin resistant and nonresistant subjects, respectively. There was a statistically significant difference in
terms of 25(OH)D, FPG, insulin levels, IPAQ total score and BMI between the two groups (p = 0.001, p = 0.001, p = 0.001, p = 0.001, p = 0.001).
Significantly low 25(OH)D levels, high BMI and low PA in insulin resistant subjects confirm the importance of active lifestyle and the maintenance of normal vitamin D levels in overweight and obese subjects in prevention of T2DM.
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INTRODUCTION

found in various tissues, including the skeletal muscle and the
adipose tissue, which are the main determinants of peripheral
insulin sensitivity [1,2,9]. Vitamin D insufficiency and T2DM
have the same risk factors including the presence of inactive
lifestyle and obesity [10]. Many studies have already demonstrated lower serum 25 (OH)D levels in overweight and obese
patients [8,11]. This association may be explained by the storage of vitamin D in adipose tissue because of its high lipid solubility and decreased exposure of obese subjects to sunlight
because of their limited physical activity and restricted mobility [8,10,12]. It has been already proven that physical activity
leads to the improvements in metabolism of glucose, calcium
and vitamin D as well as to the reduction of body weight by
increasing lipolysis [13,14].
Since hypovitaminosis D and metabolic syndrome are
more pronounced in overweight and obese subjects in comparison to normal-weight individuals, we aimed to determine
the association between vitamin D deficiency, physical activity and insulin resistance in these subjects.

Several experimental and clinical studies have demonstrated that, besides its well-known effects on calcium
homeostasis and bone metabolism, vitamin D has many
other important functions [1,2]. Accumulating evidence has
implicated vitamin D deficiency as a risk factor for several
diseases [1-6]. Low level of vitamin D is proposed to be associated with insulin resistance and insulin secretion derangements resulting in the development of T2DM [7]. Several
pathophysiological mechanisms have been proposed about
this relationship [1,7,8].
Vitamin D exerts its effects by binding to the nuclear vitamin D receptors (VDRs)and in recent years VDRs have been
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MATERIALS AND METHODS

of deficiency < 12 ng/mL, risk of inadequacy 12-19 ng/mL, sufficiency 20-50 ng/mL [16].
The official Turkish version of the International Physical
Activity Questionnaire-long form (IPAQ) was used to estimate
the level of physical activity [17]. The questionnaire consists of
27 items that cover four different domains of physical activity
(working, transportation, housework and gardening and leisure-time) as well as the time spent sitting. All questions refer
to the previous seven days. The results were presented as an
estimation of energy expenditure in metabolic equivalent-minutes per week (MET hours/week). According to IPAQ scoring
protocol, the MET hour/week for a specific activity (walking
or moderate intensity activity or vigorous intensity activity) is
computed by multiplying the MET value of a particular activity
(3.3 for walking, 4.0 for moderate intensity activity, and 8.0 for
vigorous intensity activity)by the hours spent in that particular
activity (e.g. walking MET‑minutes/week at work = 3.3 × walking hours × walking days at work). To calculate physical activity
scores, only the activities lasting at least 10 minutes at a time
were taken into account. Algorithms for calculating the continuous physical activity scores were used to estimate physical
activity based on participants’ answers. In addition to the total
physical activity score, separate scores for each of the four physical activity domains were also calculated [18].

This cross-sectional study was conducted in 294 overweight or obese patients who attended an obesity clinic at
a community hospital in Istanbul, Turkey, between 1st of
November and 30th of April, during the months of reduced
sunlight.
A written consent was obtained from each participant.
The study protocol was approved by the Hospital’s Ethics
Committee.
The clinical characteristics of the subjects (age, gender,
weight, height) were recorded and the blood tests were performed. Height and weight were measured in subjects wearing light clothing without shoes. The calculation of body mass
index was performed according to a standardized protocol
based on the weight and height measurements. Overweight
was defined as a BMI of 25.0 -29.99 kg/m² and obesity was
defined as a BMI of 30 kg/m² or higher. These definitions are
consistent with the criteria proposed by National Heart, Lung
and Blood Institute and World Health Organization [15].
The subjects who had medical conditions that could possibly affect vitamin D concentration, such as parathyroid diseases, hepatic or renal disorders, malabsorption syndromes,
sunlight allergies as well as the patients using calcium or
vitamin D derivatives, antiepileptic drugs, antidiabetic medications, rifampicin or corticosteroids were excluded from the
study.
Blood tests were performed on blood samples obtained
from the eligible participants during a morning session after
a 9-hour-long fast. Fasting plasma glucose (FPG)and HbA1c
concentrations were measured by enzymatic and chromatographic methods using commercially available kits
(Bio‑system S.A and Human Germany®).
Serum insulin concentrations were measured by an
automated,
electrochemiluminescent
immunometric
assay (Cobas E411, Roche Diagnostics, Germany) with 8%
cross-reactivity with proinsulin and a total analytical imprecision less than 7,5% for values between 55 and 2100 pmol/L
(7.7 and 291 mIU/mL).
Insulin resistance was estimated using homeostatic model assessment (HOMA-IR). The HOMA-IR
was calculated as follows: HOMA-IR: (Fast Plasma
Glucose (mmol/L)× Insulin (μIU/mL))/22.5 [11].
The cutoff value was set as 2.7. Subjects were stratified
into two groups according to HOMA-IR: the insulin resistant
group as Group 1 (HOMA- IR > 2.7) and the non-resistant
group (HOMA-IR < 2.7) as Group 2.
Serum 25 (OH)D concentrations were measured
using a commercially available radioimmunoassay kit
(Minividas Biomeriux, France). According to the report of the
Institute of Medicine, vitamin D status is categorized as: risk

Statistical analysis
The data were analyzed using SPSS 15.0 statistical package
(SPSS Inc., IBM Corporation, USA). Data analysis included
frequencies, mean ± standard deviation. Student’s t- test and
the Mann-Whitney U-test were used to analyze independent
samples. Pearson correlation tests were used for the correlations. p value < 0.05 was considered statistically significant.

RESULTS
Two hundred ninety four subjects were included in the
study. The group 1 included 77 female subjects (52.4%)and
70 male subjects (47.6%), while the group 2 included 109 female
subjects (74.1%) and 38 male subjects (24.9%). The mean age was
45±12.25 years, the mean 25 (OH)D level was 8.91± 4.30 ng/dL
and the mean BMI was 31.29 ± 4.48 kg/m² in the group 1. On
the other hand, in group 2, the mean age was 41.39±10.32 years,
the mean 25 (OH)D level was 17.62±10.47 ng/dL and the mean
BMI was 28.12± 3.16 kg/m². The BMI values were higher in
Group 1 compared to Group 2 (p = 0.001). The mean FPG,
insulin, and HbA1c levels were significantly higher in the insulin resistant group (p = 0.001, p = 0.001, p = 0.021).
Statistically significant differences were found between the
two groups in terms of 25 (OH)D levels and IPAQ total scores
(p = 0.001, p = 0. 001) (Table 1).
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A statistically significant negative correlation was found
between IPAQ total score and HOMA-IR in Group 1,
(p = 0.02, r = -0.192). No significant correlation was found
between the 25 (OH) vitamin D and blood glucose levels,
IPAQ total score, HOMA-IR and insulin levels in both groups
(p > 0.05)(Table 2).

relationship between vitamin D and T2DM [19]. Several
cross-sectional studies revealed a strong correlation between
the low vitamin D levels and obesity, which is also commonly
associated with insulin resistance [12, 20-22]. It is still an open
issue whether lower 25 (OH)D concentrations directly affect
the pathogenesis of insulin resistance or it is done through
BMI. In the study published by Kabadi et al. [23], it was found
that the combination of vitamin D deficiency and obesity had
an impact on the risk of insulin resistance. In another study,
no correlation was found between HOMA-IR and 25 (OH)D
levels, after adjusting for BMI [24]. In a study that used glucose
clamp technique for measuring insulin sensitivity, the authors
suggested that there was no cause-effect relationship between
the vitamin D concentrations and insulin sensitivity in obese
subjects, emphasizing that both low serum 25 (OH)D concentration and insulin resistance appear to be dependent on
the increased body size [25]. In this study, we cannot discuss

DISCUSSION
The most remarkable finding in this study is that a low
serum level of vitamin D and lower physical activity were in
correlation with insulin resistance in overweight and obese
subjects. Many studies have been conducted in order to
establish the association between hypovitaminosis D and
insulin resistance. However, this association has not been
clearly defined since ethnicity, dietary intake, physical activity and obesity are potential confounders that may affect the

TABLE 1. Comparison of biochemical parameters in individuals with and without insulin resistance
Subjects with insulin resistance
(Group 1) (n=147)
Mean
Standart deviation
45.00
12.25
102.31
10.67
5.57
0.45
16.07
5.00
31.29
4.48
8.91
4.30
548.71
382.811

Age (years)
FPG (mg/dL)
HbA1c
Insulin
BMI (kg/m²)
25‑OH vitamin D (ng/dL)
IPAQ total score

Subjects without insulin resistance
(Group 2) (n=147)
Mean
Standart deviation
41.39
10.32
95.17
7.25
5.25
0.39
7.30
2.54
28.12
3.16
17.62
10.47
998.27
486.21

p value
0.073
0.001
0.021
0.001
0.001
0.001
0.001

Descriptive statistics and student T test were used for statistical analysis and p<0.05 considered statistically significant. PG: Fast Plasma Glucose;
HbA1c: Hemoglobin A1c; BMI: Body Mass Index; 25OH Vitamin D: 25‑hydroxyvitamin D; IPAQ: International Physical Activity Questionnaire

TABLE 2. Correlations of biochemical and clinical parameters in individuals with or without insulin resistance
Age (years)
Pearson correlation
Sig. (2‑tailed)
FPG (mg/dL)
Pearson correlation
Sig. (2‑tailed)
HOMA‑IR
Pearson correlation
Sig. (2‑tailed)
HbA1c (%)
Pearson correlation
Sig. (2‑tailed)
BMI (kg/m²)
Pearson correlation
Sig. (2‑tailed)
IPAQ Total scores
Pearson correlation
Sig. (2‑tailed)
25‑OH VIT D (ng/dL)
Pearson correlation
Sig. (2‑tailed)

Age

FPG

HOMA‑IR

HBA1C

BMI

IPAQ t score

25‑OH VIT D

1

0.286**
0.000

0.014
0.866

0.083
0.316

0.048
0.561

0.030
0.716

−0.170*
0.039

0.286**
0.000

1

−0.017
0.840

0.299**
0.000

0.074
0.372

0.134
0.106

0.134
0.106

0.014
0.866

−0.017
0.840

1

0.008
0.925

0.098
0.239

−0.192*
0.020

−0.145
0.080

0.083
0.316

0.299**
0.000

0.008
0.925

1

−051
0.538

−0.031
0.714

0.028
0.739

0.048
0.561

0.074
0.372

0.098
0.239

−0.051
0.538

1

0.065
0.436

−0.094
0.258

0.030
0.716

0.134
0.106

−0.192*
0.020

−0.031
0.714

0.065
0.436

1

−0.026
0.753

−0.170*
0.039

0.134
0.106

−0.145
0.080

0.028
0.739

−0.094
0.258

−0.026
0.753

1

Pearson correlation test was used for statistical analysis and p<0.05 considered statistically significant. FPG: Fast Plasma Glucose; HbA1c: Hemoglobin
A1c; BMI: Body Mass Index; 25OH Vitamin D: 25‑hydroxyvitamin D; IPAQ: International Physical Activity Questionnaire
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CONCLUSION

whether there is a direct relationship between vitamin D deficiency and insulin resistance, because the BMI scores are not
adjusted between the two groups. By choosing overweight
and obese patients, we aimed to evaluate the effects of vitamin D and physical activity levels on insulin resistance and
progression to T2DM in the long term.
Obesity is known to promote insulin resistance [11],
while an increased adiposity has been consistently
associated with reduced serum 25 (OH)D concentrations [12, 22, 26]. Some intervention studies have reported
significant improvements in HOMA-IR scores and/or insulin secretion after vitamin D supplementation in obese or
overweight subjects [27,28]. Moreover, vitamin D supplementation seems to have an effect on losing weight, but it
is suggested that energy balance should be controlled for a
better result [29]. Evidence suggests that physical activity
(especially cardiorespiratory fitness)and normal vitamin D
levels, reduce insulin resistance and help maintenance of
weight loss, decreasing thus the risk of chronic diseases,
including type 2 diabetes [13, 30]. In our study, the physical
activity levels of the subjects in the insulin-resistant group
were reported as lower.
Brock showed that vigorous physical activity and obesity are strong and modifiable contributors to the vitamin D
status [31]. Physical activity may increase serum level of
25 (OH)D by increasing lipolysis and by enhancing mobilization of deposited vitamin D from the fat compartments [13].
In this study, insulin resistance was associated with the
low 25 (OH)D and IPAQ levels. The significantly higher levels
of FPG, HbA1c and insulin in the study group may indicate a
long-term muscle insulin resistance. Furthermore, high prevalence of hypovitaminosis D and restricted physical activity in
obese subjects also suggest the important role of maintenance
of a normal vitamin D concentration and an active lifestyle in
prevention of obesity and diabetes.
The main strength of the present study was the patient
selection procedure. We selected those subjects who attended
the obesity clinic during the winter months, when the exposure to sunlight was reduced. There were no ethnic differences, no renal or liver diseases and no drug use that might
have affected vitamin D and insulin metabolism.
The main limitation of our study was the relatively small
sample size. In addition, we used indirect measures rather than
the bioelectrical impedance or magnetic resonance imaging
to measure adiposity. Indirect measures, rather than hyperglycemic or euglycemic clamp techniques, were also employed
to test insulin sensitivity. Physical activity was assessed with
a self-reporting questionnaire. Moreover, we were not able to
exclude lifestyle factors such as dietary habits and social status
that could have affected insulin and vitamin D metabolism in
study participants.

The focus of insulin resistance treatment in overweight
and obese patients should be broadened to encompass not
only the body weight reduction, but also the normalization of
vitamin D levels and intensification of physical activity.
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