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ABSTRACT
Background and the purpose of the study: There are increasing evidences about relationship 
between vitamin D metabolism and occurrence of diabetes mellitus. Vitamin D has a role in 
secretion and possibly the action of insulin and modulates lipolysis and might therefore contribute 
to the development of the metabolism. The aim of this study was to investigate the nature and 
strength of the association between vitamin D concentration and the metabolic syndrome (MS) 
in Iranian population.
Methods: A cross-sectional study was conducted on 646 healthy population who had no history 
of diabetes. The MS was defined according to WHO criteria. The concentrations of vitamin D,  
and parathyroid hormone (PTH) were also measured.
Results and major conclusion: Of the total 646 participants, the unadjusted prevalence of the MS 
was 18.3% (29% in men and 14.6% in women). The total prevalence of vitamin D deficiency 
was 72.3%. Amongst the men with vitamin D deficiency the prevalence of the MS was higher 
than those with normal vitamin D (p=0.03). In the logistic regression model,  after age and sex 
adjustment, vitamin D deficiency predicted independently the metabolic syndrome (p=0.001).
Vitamin D deficiency and the MS have a high prevalence among Iranian adult population. The 
finding of this investigation revealed that vitamin D deficiency may have an important role in 
metabolic syndrome and its components. 
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INTRODUCTION
Metabolic syndrome (MS) refers to the cluster of 
several cardio-metabolic risk factors including 
abdominal obesity,  hyperglycemia,  dyslipidaemia 
and elevated blood pressure that are likely to be 
linked to insulin resistance (1). The clinical relevance 
of MS is that it identifies people who are at increased 
long term risk of cardiovascular disease and type 2 
diabetes mellitus. Regardless of definition; large 
epidemiological surveys show that MS is common 
and age related and its prevalence in adult Iranian 
population aged 20 years and over are 27.46%- 
33.7% (2) and in US between 34.6% by National 
Cholesterol Education Program (NCEP) and 39.1% 
by International Diabetes Federation (IDF) reports 
(3). Indeed,  MS becomes more prevalent with 
increase in the age; affecting half of adults aged 60 
years and over (3-5).
Several investigations suggest that circulating 
concentrations of vitamin D may be inversely related 
to the; prevalence of diabetes (6-10), the concentration 
of glucose (8, 11-15), and insulin resistance (8, 11,13, 
14). In addition, vitamin D deficiency may be a risk 
factor for the metabolic syndrome (11,16),   that both 

have a high prevalence in Iranian adult population 
(17-19). The goal of this study was to examine the 
nature and strength of the association between serum 
concentrations of vitamin D and the metabolic 
syndrome in a nationally representative sample of 
the Iranian population.

MATERIALS AND METHODS

Study’s population
In this cross- sectional study,  646 healthy population 
residing in Tehran aged between 20-79 years,  
participated in Iranian multi-center osteoporosis 
study (IMOS) as previously described (19). In brief 
Individuals were selected using random cluster 
sampling by dividing city into multiple foci based on 
distribution of population. Trained operators met 
citizens at their homes in each focus. Blood samples of 
eligible persons, after filling an informed consent,  
were drawn and centrifuged within 30 min in their 
place of residency. Serum samples were transferred 
to the local participant laboratories and frozen and 
then sent to Endocrinology and Metabolism Research 
Center (EMRC) Laboratory, Tehran by mobile freezers. 
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The study protocol was approved by research 
ethics committee of Endocrinology and Metabolism 
Research Center, Tehran University of Medical 
Sciences. After taking their informed consent,  fasting 
blood samples were collected for measurement of 
glucose,  total cholesterol,  triglyceride,  high density 
lipoprotein cholesterol, fasting blood sugar and 
vitamin D concentrations.

Laboratory measurements
Total cholesterol (TC), high density lipoprotein 
(HDL) cholesterol and triglyceride (TG) levels were 
determined by enzymatic methods. Dyslipidemia was 
defined as the presence of at least one of the reported 
lipid abnormalities. On the basis of the American 
Diabetes Association criteria (20),   fasting blood sugar 
(FBS) ≥ 126 was considered as diabetes mellitus. 
The metabolic syndrome was defined according to 
WHO criteria (21). Based on WHO criterion MS 
diagnosed if glycemia was abnormal and two further 
criteria were present. These criteria were glucose 
intolerance or diabetes type 2 or insulin resistance due 
to HOMA-IR,  BMI>30 kg/m2 and WHR> 0.9 in 
men and > 0.85 in women,  TG ≥ 150mg/dl or HDL 
<35 in men and <39 in women,  on hypertension 
treatment or  blood pressure > 160/90 mmHg,  
microalbuminuria ≥ 20 mcg/min.
Serum vitamin D (25-hydroxy vitamin D3) was 
measured via radioimmunoassay using an IDS kit 
(England, Immunodiagnostic Systems Limited) 
with inter-assay and intra-assay CV 8.1% and 5.49% 
respectively. Serum levels of 25(OH) D was classified 
into two groups for deficiency status (Vitamin D 
≤ 34.9 nmol/L as deficiency, and Vitamin D≥35 
nmol/L as normal) (19). 
Blood pressures were measured two times using a 
standard calibrated mercury sphygmomanometer on 
the right hand of the participants remained seated 
for 15 minutes. The mean of two measurements 
was recorded as blood pressure. According to the 
JNC VII criteria,  hypertension (HTN) was defined 
as systolic blood pressure ≥140 mmHg or diastolic 
blood pressure ≥ 90 mmHg or both (22). 

Statistical analyses
Data were analyzed using SPSS software version 13. 
The Student t-test was used to compare the differences 
between two means. The chi-square test was used to 
compare the restrictive factors in two groups. 
To evaluate the relationship between vitamin D and 
the metabolic syndrome regression model was used. 
The level of significance was set at a probability of 
0.05 for all tests.

RESULTS  
Of the total 646 participants who had no personal 
history of Diabetes, 72% were 40 years or older. 
The baseline characteristics of the participants are 
summarized in Table 1 and prevalence of metabolic 

syndrome criteria based on WHO,  are summarized 
in Table 2. 
Using WHO criteria, the unadjusted prevalence of 
the metabolic syndrome was 18.3% (29.4% in males,  
14.6% in females). The prevalence rates of the 
individual constituents of the metabolic syndrome,  
as defined by WHO are presented in table 2.  
Among the components, dyslipidaemia had the 
highest prevalence wich was 70% in men and 
53.1% in women (Table 2).
Generally, male participants showed higher 
frequencies of hyperglycemia and dyslipidaemia 
than females.
In the total subjects the mean concentration of 25
(OH) D was 31.33±21.45 nmol/l (32.57±21.69 
nmol/l in males and 30.92±18.09 nmol/l in 
females).
With regard to the vitamin D deficiency, total 
prevalence of vitamin D deficiency (≤35 nmol/L) 
was 72.3% (73.1% in men,  72% in women). 
Of important, just amongst the women aged 
40 years and older, the prevalence of MS in 
vitamin D deficient group was higher than in 
normal vitamin D group (21% vs. 4.3%, P=0.001, 
respectively). However there was no significant 
difference in women aged less than 40 years with 
or without vitamin D deficiency (10.1% vs. 5.3%,   
respectively, p=0.5). 
In the men with vitamin D deficiency,  the prevalence 
of the MS was significantly higher than normal 
vitamin D group,  in both age groups; < 40 years 
and≥ 40 (for <40 years old: 26% vs. 4.3%,   P=0.03,  
respectively and for ≥40 years old 45.6% vs. 20%,   

Variables Men

(n=160)

Women

(n=486)

total

Age (year) 40, 47±15.7 50.1±13.13 47.62±14.46
BMI (kg/m2) 24.89±4.01 27.4±4.9 26.65±4.84
Waist (cm) 95.52±11.53 94.34±13.39 94.89±12.55
Hip (cm) 106.39±8.35 109.19±10.24 107.89±9.49
Waist/hip ratio 0.89±0.06 0.86±0.07 0.87±0.07
Fasting glucose (mg/dl) 107.55±23.31 104.05±18.72 104.92±19.99
Triglyceride (mg/dl) 176.36±132.58 160.37±89.24 164.33±101.83
HDL-cholesterol (mg/dl) 32.65±9.78 44.99±14.66 41.92±14.61
Vitamin D (nmol/L) 32.57±21.69 30.92±18.09 31.33±21.45

Table 1. Characteristics of the population under study

All variables reported as Mean ±S.D

Men

(n=160)

Women

(n=486)

Total

Hyperglycemia 35.6% 33.3% 33.9%

Dyslipidaemia           70% 53.1% 57.3%

Central obesity 62.9% 39.7% 45.8%

HTN 10.6% 14.8% 13.8%

Table 2. The prevalence of the constituents of the metabolic 
syndrome based on WHO criteria
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p=0.04,  respectively). 
Among the components, only obesity showed 
significantly higher prevalence in men of 40 years or 
older with vitamin D deficiency (87.7% in vitamin D 
deficient group and 30% in normal vitamin D group,  
p=0.05). There was not any significant correlation 
between other components and vitamin D deficiency in 
men. However; among the components of the MS in 
women aged ≥40 years with vitamin D deficiency,  
the prevalence of obesity,  hyperglycemia,  and HTN 
were significantly higher than women normal with 
vitamin D (obesity: 47.6% vs. 29.9%, p=0.002,  
hyperglycemia: 39.9% vs. 28.2%,  p=0.02, HTN: 
20.7% vs. 12%, p=0.04,  respectively).
In the logistic regression model vitamin D deficiency 
independent of age and sex predicted the MS; had 
a significant relation with obesity (p=0.001) and 
after age adjustment vitamin D deficiency just in 
women showed relationship with HTN (p=0.03).

DISCUSSION
There are increasing evidences about the relationship 
between vitamin D metabolism and occurrence of 
diabetes mellitus. Vitamin D has a role in the secretion,  
and possibly the action of insulin (11) and modulates 
lipolysis (23, 24)  and might therefore contribute to 
the development of the metabolic syndrome. 
In this study prevalence of the metabolic syndrome 
among the men and women of ≥ 40 years with low 
vitamin D concentration were significantly higher. 
Similar studies have shown an inverse association 
between serum vitamin D and the presence of 
metabolic syndrome (16,  25).
From a clinical study of 126 participants it has been 
reported that,  those with hypovitaminosis D were 
nearly three times as likely to have the metabolic 
syndrome compared with participants with normal 
vitamin D (30% vs. 11%,   P < 0.001) (9) . 
Insulin resistance has been considered as a possible 
mechanism underlying the metabolic syndrome (26). 
Several studies have shown an inverse association 
between serum vitamin D and insulin resistance provide 
a possible explanation for findings of this study for an 
association between vitamin D deficiency and the 
prevalence of the metabolic syndrome (11-15). 
There is ample evidence from animal studies that 
vitamin D is essential for normal insulin secretion 
which is impaired in the vitamin D deficient pancreas. 
A positive relation between serum vitamin D 
concentration and insulin sensitivity has been reported 
in a group of 34 men,  including 7 subjects with diabetes 
(14) also found that serum vitamin D concentration 
was inversely associated with insulin concentration. 
In another study,  that investigated insulin area under 
the curve in 134 elderly non-diabetic men, it was 
found an independent positive association between 
vitamin D concentration and insulin sensitivity (13). 
It has been reported that, in glucose-tolerant subjects,  
vitamin D concentration has a positive relation to 

insulin sensitivity and a negative effect on β-cell 
function and these relations are independent of 
confounding factors (12). 
In this study there was only a significant association 
between vitamin D deficiency and hyperglycemia in 
women. From several cohort studies (11-13,  27, 28) 
with varied baseline vitamin D status an association 
between vitamin D deficiency and impaired glucose 
mediated insulin release have been reported. 
An accumulating data indicate that people with 
impaired glucose tolerance (13, 29)  and diabetes (13, 
30) have lower concentrations of vitamin D compared 
with those with normal glucose tolerance. Also,  low 
concentrations of vitamin D are associated with 
β-cell dysfunction and impaired insulin secretion 
and action (13,  31). 
In a meta analysis by Pittas et al., (32) through 
combining data from all studies on the association 
between vitamin D level and prevalent of type 2 DM 
(8,  9, 33, 34),   it was found that the summary odds 
ratio (OR) was 0.54 (95% CI,  0.23 – 1.27) for the 
highest vs. the lowest vitamin D concentration (25-
38 ng/ml vs. 10-23 ng/ml, respectively), but with 
significant heterogeneity among studies. In most (6, 
7, 9, 13) case-control studies, patients with type 2 
DM or glucose intolerance were found to have lower 
serum vitamin D concentration compared to controls 
without diabetes.
In some cross- sectional studies,  in a variety of cohort 
studies,  inverse associations between serum vitamin D 
and measured glycemia or the presence of type 2 DM 
have been reported (11, 12,  25). 
Among the components of the MS in this study,  
obesity was associated with vitamin D deficiency 
without dependences on age and sex. Data of 
NHANES which is the largest cross-sectional study 
up to present time (25) show that,  the components 
of the metabolic syndrome independently associated 
with low vitamin D were abdominal obesity and 
hyperglycemia, (8,  35).
Results of this study shows that,  vitamin D deficiency 
independently predicted the metabolic syndrome. 
The modest effect of vitamin D deficiency on the 
metabolic syndrome in individual persons may 
translate into a dramatic effect in the population 
as a whole because of the high prevalence of 
hypovitaminosis D, which, in Iranian population 
(19), carries an attributable risk for type 2 diabetes 
mellitus and the metabolic syndrome. 
The principal limitation of this study was its cross-
sectional design,  and thus the causative nature of the 
association cannot be established. 
Further cohort investigations to determine the possible 
role of vitamin D in prevention of the metabolic 
syndrome are warranted. Because of the close 
interrelationships between vitamin D with insulin 
resistance and glucose homeostasis it is important to 
develop possible future approaches for prevention of 
the metabolic syndrome.
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CONCLUSION
In conclusion vitamin D deficiency and the 
metabolic syndrome have a high prevalent among 
Iranian adult population and may have an 
important role in MS and its components. It is 
therefore imperative to make efforts to recognize 
individuals with MS early,  so they may be targeted 
for intensive life style and risk factor management 
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