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A B S T R A C T

Aim: We aimed to assess the association of vitamin D status with metabolic syndrome and its
components among high educated Iranian adults.
Method: In this cross-sectional study, 352 faculty members with age of 35 years or more, belong to Tarbiat
Modares University, Tehran, Islamic Republic of Iran, were recruited during 2016 and 2017. Fasting blood
samples were obtained to quantify serum 25(OH)D concentrations, glycemic indicators and lipid profile.
Metabolic syndrome was defined based on the guidelines of the National Cholesterol Education Program
Adult Treatment Panel III (ATP III). Multivariate logistic regression adjusted for potential confounders was
used to evaluate the association between vitamin D status and metabolic syndrome.
Result: Metabolic syndrome and vitamin D insufficiency were prevalent among 26% and 60.2% of subjects,
respectively. There was no statistically significant difference in the prevalence of metabolic syndrome
across quartiles of 25(OH)D levels either before or after adjusting for potential confounders (OR: 0.94,
95% CI: 0.43–1.95). In terms of metabolic syndrome components, subjects in the highest quartile of
vitamin D levels had 59% decreased risk of abdominal obesity compared with those in the lowest quartile
(OR: 0.41, 95% CI: 0.17–0.99), after adjusting for potential confounders. Such inverse relationship was also
seen for elevated blood pressure (OR: 0.37, 95% CI: 0.14–0.99), and abnormal glucose homeostasis (OR:
0.40, 95% CI: 0.19–0.85).
Conclusion: Serum levels of 25(OH)D was inversely associated with the risk of abdominal obesity,
hypertension, and abnormal glucose homeostasis. However, no significant relationship was seen for
metabolic syndrome.
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1. Introduction

Metabolic syndrome (MetS) is a complex metabolic disorder
with known features including elevated blood pressure, insulin
resistance, increased fasting plasma glucose (FPG), central obesity
and low HDL-cholesterol [1]. Studies have shown that MetS is
prevalent among 40% of US adults [2] and more than 25% of
European adults [3]. In Islamic Republic of Iran, a developing
country in Asia, recently it was revealed that more than 30% of
adults are affected with MetS [4]. Therefore, it is necessary to find
new strategies to prevent this condition.

Although the pathogenesis of MetS has not been studied
comprehensively, special attention has been paid to the association
in D status with metabolic syndrome and its components: A cross-
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between micronutrients deficiency and metabolic disorders,
particularly MetS, in recent years [5,6]. Among micronutrients,
earlier studies have mainly focused on vitamin D status and
assessed its association with MetS; however, data in this regard are
conflicting [7–11]. Some investigations showed an inverse
association between serum concentrations of 25-hydroxyvitamin
D (25(OH)D) and MetS [9–11], whereas others failed to reach any
significant association or reported positive association [7,8].
Furthermore, studies have mainly focused on the effects of vitamin
D supplementation on MetS components in a short-time period
[12,13]. However, little attention has been paid on serum levels of
25(OH)D, showing long-term status of this vitamin. To the
researchers’ knowledge, no study evaluates the association
between vitamin D status and MetS among high-educated
individuals. It was shown that high-educated people have higher
levels of 25(OH)D and choose food items rich in vitamin D
compared with low-educated individuals [14]. In addition, it has
been indicated that prevalence of metabolic disorders including
obesity and MetS is lower among high-educated than low-
educated people [15]. Therefore, current study aimed to assess
the association between vitamin D status and risk of MetS among
high-educated adults.

2. Material and methods

2.1. Study population and design

This cross-sectional study was done on all professors (assistant,
associate and full faculty member) affiliated to Tarbiat Modares
University, Tehran, Islamic Republic of Iran, between December
2016 and March 2017. In the first phase of screening, 500 subjects,
aged 35 years or more, were invited by sending invitation letter via
Email, SMS and post. Among them, 360 agreed to take part in the
study. Subjects were excluded if had chronic disease affecting their
diet or followed an arbitrary special dietary regimen such as
weight loss diet or were pregnant and lactating during the previous
year. In addition, we excluded subjects who had a history of
vitamin D supplementation or presented incomplete data. Finally,
352 subjects (including 295 men and 57 women) remained for the
analysis.

The study was approved by Board of Directors and the ethics
committee of Tarbiat Modares University, Tehran, Iran. All subjects
were willing to participate in the current study and provided a
written informed consent.

2.2. Definition of terms

In the current study, MetS was defined based on the National
Cholesterol Education Program Adult Treatment Panel III (ATP III)
[16]. The presence of at least 3 components of the following
abnormalities considered as MetS: 1) abdominal obesity[Waist
circumference (WC) �88 cm for women and �102 cm for men]; 2)
low high-density lipoprotein cholesterol (HDL-C) concentrations
[<50 mg/dl for women and <40 mg/dl for men]; 3) high serum
triglyceride (TG)[�150 mg/dl]; 4) abnormal glucose homeostasis
[fasting blood sugar (FBS) >100 mg/dl]; and 5) elevated blood
pressure[systolic blood pressure �130 mmHg or diastolic blood
pressure �85 mmHg].

2.3. Dietary intakes

We used some questions to assess consumption frequency of
some food items affecting the association between vitamin D
status and MetS. These questions were about frequency of fruits
intake (rarely, <2 serv/day, 2–4 serv/day, >4 serv/day), vegetables
(rarely, <3 serv/day, 3–5serv/day, >5 serv/day), dairy (rarely,
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<2 serv/day, 2–3 serv/day, >3 serv/day), meat (rarely, <2 serv/
day, 2–3 serv/day, >3 serv/day), red meat (daily, <1 time/day),
whole grains (rarely, 1 time/week, 2–3 times/week, �1 time/day),
and refined sugar (rarely, 1 time/week, 2–3 times/week, �1 time/
day). For whole grains consumed infrequently in Iranian food
culture [17], we changed the four response categories to two
categories as “weekly” and “<1 time/week”. Whole-grain foods
were defined as wheat, diet bread and dark breads including
Iranian breads of Sangak and Barbari. To include dietary intakes
with the four response categories into the multivariate analysis, we
considered two of the first categories as “low intake” and the next
two categories as “adequate intake”.

2.4. Biochemical assessment

To quantify biomarkers of metabolic profile and serum
concentrations of 25(OH)D, we collected blood samples after a
12-h overnight fast. Venous blood samples were drawn into 10-mL
syringes and then centrifuged for 10 min at 500g at 4C within 30–
45 min of collection. Serum 25(OH)D levels were assessed by a
commercial ELISA kit from Immunodiagnostic Systems (IDS).
Concentrations less than 20 mg/ml were considered as vitamin D
insufficiency [18]. We used an enzymatic colorimetric method to
measure FBS. TG levels were measured via enzymatic colorimetric
tests with glycerol phosphate. To measure HDL-C concentrations,
precipitation of the apo B-containing lipoproteins with phospho-
tungstic acid was determined. We applied commercially available
enzymatic reagents (Pars Azmoon, Tehran, Iran), adopted to an
auto-analyser system (Selectra E; Vitalab, Holliston, the
Netherlands) for all measurements. Intra- and inter-assay CV for
all biochemical measurements were 4.5% and 6.8%, respectively.

2.5. Assessment of other variables

To measure blood pressure, firstly subjects had been asked to
rest for 10 min. Then, blood pressure was measured by using of a
standard mercury sphygmomanometer, three times with a 5-min
interval, when subjects were sitting. Subjects’ blood pressure was
considered as the mean of three measurements. To assess physical
activity, we asked a question as follow: “how often do you exercise
lasting 30 min?”. The response categories of this question was
“rarely”, “1–2 times/week”, “3–4 times/week”, and “>5 times/
week”. Data on age, marital status, smoking and sleep pattern
(regular, irregular) was obtained using pre-tested questionnaires.
We collected no information about economic status of participants
due to appropriate status of faculty members. In terms of
anthropometric measurements, weight was measured with
minimal clothing and without shoes by analogue scale with a
precision of 100 g and height was determined in a standing
position without shoes by a tape measure with the nearest 0.5 cm.
Body mass index (BMI) was calculated as weight in kilograms
divided by height in square meters. To measure WC, we measured
the middle of bottom ribs and pelvic bones after a normal exhale
using an inelastic tape.

2.6. Statistical analysis

Firstly, we categorized subjects according to quartiles of serum
25(OH)D levels. We used One-way analysis of variance (ANOVA) to
examine significant differences in continuous variables across
quartiles of serum 25(OH)D levels. To assess the distribution of
subjects in terms of categorical variables across quartiles of um 25
(OH)D concentrations, we used Chi-square test. Binary logistic
regression in different models was used to assess the association
between serum concentrations of 25(OH)D and MetS as well as its
components. In the first model, age (continuous) and gender were
in D status with metabolic syndrome and its components: A cross-
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adjusted. Additionally adjustment was made for marital status
(single, married), physical activity (<3, >3 times/week), smoking
(non-smoker, former smoker, current smoker) and sleeping
pattern (regular, irregular). In the final model, further controlling
was done for dietary intakes of fruits (< 2, >2 serve/day),
vegetables (<3, >3 serve/day), dairy (<2, >2 serve/day), red meat
(daily, < 1 time/day), whole grains (weekly, <1 time/week), and
refined sugar (<2, >2 serve/day). In all analyses, the first quartile of
serum 25(OH)D concentrations was considered as reference
category. To determine the overall trend of odds ratios across
increasing quartiles of serum 25(OH)D concentrations, we
considered these quintiles as an ordinal variable in the logistic
regression models. All statistical analyses were performed using
SPSS software (version 19.0; SPSS Inc, Chicago IL). P values were
considered significant at <0.05.

3. Results

The mean age of subjects was 53 � 7.15 years and 15.8% were
women. Vitamin D insufficiency was prevalent among 60.2% of
subjects and 26% had MetS. The prevalence of MetS components
including abdominal obesity, elevated blood pressure, low HDL-C
concentration, high serum TG and abnormal glucose homeostasis
was 21.1%, 17.8%, 52.8%, 40.6%, and 31.6% respectively.

General characteristics, anthropometric measurements, dietary
intakes, and MetS and its components across quartiles of serum
vitamin D levels are shown in Table 1. Compared with the bottom
quartile, subjects in the top quartile of serum 25(OH)D were older,
more likely to be female and had greater weight. In addition,
prevalence of smoking was different across quartiles of serum 25
(OH)D concentrations. No other significant differences were found
in other general characteristics, dietary intakes, and MetS
components across quartiles of serum 25(OH)D levels.

The prevalence of MetS and its components across quartiles of
serum 25(OH)D concentration is shown in Fig. 1. No significant
difference was found in prevalence of MetS and its components
including abdominal obesity, elevated blood pressure, low HDL-C
Table 1
General characteristics, anthropometric measurements, dietary intakes, and MetS and 

Quartiles of serum 25(OH)D 

Variables Q1 Q2 

N 89 90 

Age (year) 51.4 � 7.3 52.6 � 7
Gender (female) (%) 5.6% 21.1% 

Weight (Kg) 81.7 � 12.8 80.8 � 1
BMI (Kg/m2) 27.8 � 3.8 27.7 � 3
WC (cm) 94.4 � 10.3 92.8 � 9
Marital status (married) (%) 98.9 97.8 

Physical activity (>3 times/wk) (%) 32.6 25.6 

Sleep pattern (regular) (%) 85.4 83.3 

Sleep duration (>6 h/d) (%) 80.7 83.3 

Current smoker (%) 29.2 8.9 

Fruits (�2 serv/d) (%) 78.7 71.1 

Vegetable (�3 serv/d) (%) 36.0 29.2 

Dairy (�2 serv/d) (%) 48.9 42.2 

Red meat (daily) (%) 87.5 68.5 

Refined sugar (�2 serv/d) (%) 55.1 59.6 

Whole grains (weekly) (%) 79.3 88.9 

Metabolic syndrome (%) 19.1 17.8 

Component of metabolic syndrome
Abdominal adiposity (%) 23.6 25.6 

Elevated blood pressure (%) 18 13.3 

High serum triacylglycerol (%) 43.8 38.9 

Low serum HDL-C (%) 61.8 43.3 

Abnormal glucose homeostasis (%) 16.9 15.6 

Data are presented as mean � SD or percent.
Abbreviations: BMI: body mass index, WC: waist circumference.
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concentration, high serum TG and abnormal glucose homeostasis
across quartiles of serum 25(OH)D concentration (P > 0.05).

Multivariable-adjusted odds ratios for MetS across quartiles of
serum 25(OH)D concentrations are presented in Table 2. No
significant association was found between serum concentrations
of 25(OH)D and odds of MetS. This relationship also remained non-
significant when the potential confounders were taken into
account. Within the MetS components (Table 3), after controlling
for potential confounders, subjects in the fourth quartile of serum
25(OH)D levels had 59% decreased risk for having abdominal
obesity (OR: 0.41, 95% CI: 0.17–0.99). In addition, a significant
inverse association was seen between serum 25(OH)D concen-
trations and risk of elevated blood pressure in the fully adjusted
model; such that compared with the first quartile, subjects in the
third quartile of serum 25(OH)D levels had 62% lower odds of
elevated blood pressure (OR: 0.38, 95% CI: 0.16–0.92). However,
this relationship was marginally significant for the fourth quartile
of 25(OH)D (OR: 0.45, 95% CI: 0.19–1.03). In addition, subjects in
the highest quartile of serum 25(OH)D concentration were less
likely to have abnormal glucose homeostasis compared with those
in the lowest quartile (OR: 0.46, 95% CI: 0.24–0.90). Such finding
was also seen when potential confounders were adjusted (OR:
0.40, 95% CI: 0.19–0.85). No other significant association was
observed between serum 25(OH)D levels and other MetS
components either before or after adjusting for covariates.

4. Discussion

To the best of our knowledge, this is the first study to examine
the association between vitamin D status and MetS among high
educated individuals. Faculty members of universities are too busy
to spent time on their health. We examined whether the
association between vitamin D and metabolic syndrome in this
specific population was different from regular population. In the
current study, we found no significant association between serum
25(OH)D concentrations and risk of MetS. In line with our findings,
Kaseb et al., reported no significant relationship between vitamin
its components across quartiles of serum 25(OH)D levels.

P-value

Q3 Q4

85 88

.3 53.6 � 6.9 54.3 � 6.7 0.03
15.3% 22.7% 0.008

4.04 79.3 � 10.6 75.3 � 12.6 0.005
.9 27.3 � 3.2 26.4 � 3.7 0.05
.9 92.4 � 13.08 90.4 � 9.6 0.1

95.3 95.4 0.43
30.1 27.3 0.74
82.4 79.3 0.75
78.8 77.3 0.76
36.5 29.5 0.001
70.6 77.3 0.49
28.6 33.3 0.31
37.6 50.0 0.31
75.9 77.0 0.27
56.5 48.9 0.54
81.0 81.6 0.33
18.8 17.0 0.98

20 17 0.52
12.9 10.2 0.5
42.4 40.9 0.92
52.9 53.4 0.1
18.8 10.2 0.43

in D status with metabolic syndrome and its components: A cross-
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Fig. 1. Prevalence of MetS (A) and its components including abdominal obesity (WC � 88 cm for women and WC � 102 cm for men) (B), elevated blood pressure (systolic
blood pressure � 130 mmHg or diastolic blood pressure � 85 mmHg) (C), high TG levels (�150 mg/dl) (D), low HDL concentrations (<50 mg/dl for women and <40 mg/dl for
men) (E) and abnormal FBS (FBS > 100 mg/dl) (F) across quartiles of serum 25(OH)D concentrations.
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D deficiency and MetS among Iranian overweight and obese adults
[8]. Also in a cross-sectional study in Korean adults, serum 25(OH)
D levels were not associated with MetS and MetS score [7]. In
contrast, Pan et al., indicated that serum 25(OH)D deficiency may
be a risk factor of MetS among Chinese type 2 diabetic patients,
especially in those with BMI �24 kg/m2 [9]. In addition, inverse
association between serum levels of 25(OH)D and MetS was
reported in two studies [10,11]. Conflicting findings from previous
studies might be explained by different study design, sample size,
methods used to assess serum concentrations of 25(OH)D and
criteria for definition of MetS.

In the current study, a significant inverse association was found
between serum levels of 25(OH)D and abdominal obesity. Such
findings were also reported in some previous studies. In a cross-
sectional study, Tamer et al., showed that vitamin D deficiency
independent of diabetes mellitus and hyperparathyroidism might
Table 2
Multivariable adjusted odds ratios and 95% confidence intervals for metabolic syndrom

Quartiles of serum 25(OH)D 

Q1 Q2 

N 89 90 

Crude 1 0.70 (0.36–1.35) 

Model 1 1 0.73 (0.37–1.43) 

Model 2 1 0.72 (0.35–1.45) 

Model 3 1 0.64 (0.31–1.35) 

Model 1: adjusted for age and gender.
Model 2: further adjustment for marital status, physical activity, smoking and sleeping
Model 3: additionally control for consumption of fruits, vegetables, dairy, red meat, w
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be positively associated with obesity and abdominal obesity
among healthy premenopausal women [19]. In other similar study,
it had been indicated that lower 25(OH)D levels was associated
with higher WC and BMI in fully adjusted model among multi-
ethnic adults in Malaysia [20]. In opposite to our findings, Jari et al.,
indicated no significant relationship between serum concentra-
tions of 25(OH)D and abdominal adiposity as well as general
obesity in Iranian adolescents [21]. Different results on the
association between vitamin D status and abdominal obesity
might be due to different quality of studies and adjusting for
confounders. In Jari et al., study some important covariates
including socio-economic variables, physical activity and dietary
intakes were not controlled but all of mentioned confounders were
adjusted in the current study. However, future studies should
consider other important covariates such as psychological
variables and other micronutrients deficiencies in this regard.
e across quartiles of serum 25(OH)D levels.

P-trend

Q3 Q4

85 88

0.71 (0.36–1.39) 0.68 (0.35–1.32) 0.28
0.67 (0.33–1.33) 0.65 (0.32–1.31) 0.22
0.71 (0.35–1.43) 0.64 (0.31–1.31) 0.23
0.62 (0.29–1.31) 0.63 (0.30–1.32) 0.22

 pattern.
hole grains and refined sugar.
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Table 3
Multivariable adjusted odds ratios and 95% confidence intervals for components of the metabolic syndrome across quartiles of serum 25(OH)D levels.

Quartiles of serum 25(OH)D P-trend

Q1 Q2 Q3 Q4

N 89 90 85 88

Abdominal adiposity
Crude 1 1.11 (0.56–2.19) 0.81 (0.39–1.66) 0.66 (0.31–1.39) 0.19
Model 1 1 0.9 (0.44–1.82) 0.68 (0.32–1.43) 1.50 (0.22–1.09) 0.05
Model 2 1 0.86 (0.41–1.81) 0.65 (0.30–1.40) 0.42 (0.18–0.96) 0.03
Model 3 1 0.76 (0.34–1.69) 0.62 (0.27–1.41) 0.41 (0.17–0.99) 0.04

Elevated blood pressure
Crude 1 0.56 (0.26–1.18) 0.55 (0.25–1.17) 0.57 (0.27–1.21) 0.14
Model 1 1 0.54 (0.25–1.20) 0.46 (0.20–1.02) 0.49 (0.22–1.08) 0.06
Model 2 1 0.52 (0.23–1.19) 0.51 (0.23–1.16) 0.51 (0.23–1.13) 0.1
Model 3 1 0.42 (0.18–1.01) 0.38 (0.16–0.92) 0.45 (0.19–1.03) 0.05

High serum triacylglycerol
Crude 1 0.81 (0.45–1.48) 0.94 (0.51–1.71) 0.88 (0.48–1.61) 0.82
Model 1 1 0.91 (0.49–1.68) 0.98 (0.53–1.82) 0.98 (0.52–1.82) 0.98
Model 2 1 0.83 (0.44–1.57) 1.05 (0.55–1.98) 0.98 (0.52–1.85) 0.87
Model 3 1 0.76 (0.39–1.47) 1.02 (0.52–1.99) 0.93 (0.48–1.79) 0.95

Low serum HDL-C
Crude 1 0.47 (0.26–0.85) 0.69 (0.38–1.27) 0.70 (0.38–1.28) 0.51
Model 1 1 0.55 (0.29–1.02) 0.84 (0.45–1.56) 0.95 (0.50–1.79) 0.75
Model 2 1 0.54 (0.28–1.04) 0.94 (0.49–1.81) 0.99 (0.52–1.90) 0.63
Model 3 1 0.51 (0.26–1.02) 0.90 (0.45–1.78) 1.08 (0.54–2.12) 0.49

Abnormal glucose homeostasis
Crude 1 0.89 (0.48–1.64) 0.87 (0.47–1.63) 0.46 (0.24–0.90) 0.03
Model 1 1 0.88 (0.46–1.71) 0.74 (0.38–1.44) 0.37 (0.18–0.77) 0.007
Model 2 1 0.84 (0.42–1.65) 0.76 (0.38–1.51) 0.39 (0.19–0.81) 0.01
Model 3 1 0.88 (0.43–1.80) 0.87 (0.42–1.78) 0.40 (0.19–0.85) 0.02

Model 1: adjusted for age and gender.
Model 2: further adjustment for marital status, physical activity, smoking and sleeping pattern.
Model 3: additionally control for consumption of fruits, vegetables, dairy, red meat, whole grains and refined sugar.
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The inverse association between vitamin D levels and abdominal
obesity might be explained by the role of vitamin D in absorption of
calcium. It has been shown that calcium intake and high levels of
calcium are associated with lower adiposity [22]. In addition, the
elevated intact parathyroid hormone (iPTH) observed in subjects
with low 25-OH-vit D concentrations might play a causal role in
the pathogenesis of increased adiposity [23].

We also found that serum 25(OH)D concentrations were
inversely associated with elevated blood pressure. In line with
our findings, Vishnu et al., reported that odds for hypertension are
decreased significantly at higher serum 25(OH)D concentrations
among U.S. adults. However, this relationship attenuated at very
high vitamin D levels [24]. In other study among healthy
medication-free Slovaks, non-smoker individuals with hyperten-
sion had lower concentrations of 25(OH)D compared with
normotensive non-smoker ones [25]. The possibility of inverse
association between vitamin D levels and elevated blood pressure
corroborated by various biologically mechanisms that are
explained by the presence of vitamin D receptors in vascular
endothelial cells, vascular smooth muscle, and cardiac muscle
cells. In addition, vitamin D has a role in down-regulation of renin-
angiotensin-aldosterone system activity, a key system leading to
increase blood pressure [26]. Moreover, vitamin D suppresses the
excretion of parathyroid hormone showing to increase the blood
pressure [27].

Furthermore, we found a significant inverse association
between vitamin D levels and abnormal glucose homeostasis. In
line with our finding, in a case-control study, Rahman et al.,
reported that patients with diabetes had lower levels of vitamin D
as well as vitamin D-binding protein compared with healthy
individuals in Bangladesh [28]. In addition, in a cross-sectional
study in Victoria, Australia, individuals in the highest tertile of
serum 25(OH)D concentration had significantly reduced risk of
higher fasting plasma glucose (FPG) and HbA1c compared with
those in the lowest tertile [29]. The beneficial effect of 25(OH)D in
Please cite this article in press as: M. Mansouri, et al., Association of vitam
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reducing risk of diabetes or abnormal glucose homeostasis is likely
due to its effect on insulin action [30]. The expression of the
vitamin D receptor (VDR) in pancreatic beta cells is an important
reason for the importance of vitamin D in insulin secretion and also
beta cells function [29]. Insulin secretion is decreased during times
of vitamin D deficiency [29,30]. Vitamin D might also affect insulin
action through a calcium mediated effect. Intracellular calcium
levels, tightly regulated by vitamin D, are required for effective
action of insulin in different tissues [30].

Firstly due to the cross-sectional nature of study, we cannot
confer a causal link between vitamin D levels and MetS or its
components. Hence further studies, particularly with prospective
design, are required to confirm our findings. Secondly, despite
several adjustments, further control for confounding variables
such as other micronutrients deficiencies, seasonal variations and
psychosocial factors will be needed to reach an independent
association between vitamin D and MetS. Thirdly, although
consumption of selected food items was adjusted on the
association between vitamin D levels and MetS, we used no
validated questionnaire to assess dietary intakes.

5. Conclusion

Serum level of 25(OH)D was inversely associated with the risk
of abdominal obesity, elevated blood pressure and abnormal
glucose homeostasis in fully adjusted model among high educated
population. However, such significant relationship was not seen for
MetS either before or after controlling for covariates. Further
studies, in particular with prospective design, are needed to
confirm our findings.
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