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Abstract
This study was designed to evaluate and compare different levels of serum VD in MetS and T2DM subjects, and without 
MetS subjects, and to determine its association with MetS components in Gorgan. The study included 270 type 2 diabetic 
patients in 3 groups: Patients with MetS and VD deficiency Group 1), patients with MetS and a normal level of VD (Group 2) 
and patients without MetS and a normal level of VD (Group 3). The MetS criteria were defined using the National Cholesterol 
Education Program’s Adult Treatment Panel III guidelines. Waist circumference (WC), systolic and diastolic blood pressure 
(SBP, DBP), fasting blood sugar (FBS) and triglyceride (TG) were significantly higher, and High-density lipoprotein choles-
terol (HDL-C) and VD levels were significantly lower in Groups 1 and 2 than in Group 3. FBS and TG levels were significantly 
higher, and VD levels were significantly lower in Group 1 than in Group 3. Negative correlations exist between VD, FBS, and 
TG in group 1. Vitamin D deficiency may increase the risk of Mets. The relationship between VD deficiency and an increase in 
FBS and TG levels suggests that subjects in this group should manage their FBS and TG levels.
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Introduction

Diabetes mellitus is a disease that predominantly 
affects the elderly [1]. The prevalence of diabetes has in-
creased worldwide, and it is grouped as one of the main 
reasons for death and high morbidity rates [2–4]. Type 
2 diabetes mellitus (T2DM) is believed to be a metabolic 
disorder associated with modern lifestyles comprising 
stress and insufficient physical activity [5]. Metabolic 
syndrome (MetS) is a set of parameters that increase 
the risk of T2DM, cardiovascular disease (CVD), and 
all-cause mortality [6]. The prevalence of MetS has in-
creased, and it is considered a public health problem. 
The MetS exhibits different prevalence rates in other 
populations. Many studies have shown that MetS prev-
alence varies across different ethnic groups and gen-
ders [7–9]. Data from the National Health and Nutrition 
Examination Survey (NHANES) estimates that 35% of 

adults in the United States and 50% of the population 
over age 60 have a diagnosis of MetS. The prevalence of 
MetS in Europe is estimated to be 41% in men and 38% 
in women [10–12]. It is reported that the prevalence of 
MetS in the Middle East ranges from 20.7% to 37.2% in 
men and from 32.1% to 42.7% in women [13]. Data from 
China indicate a prevalence of 58.1% in individuals aged 
60 years and older [14]. According to the Heshmat et al. 
study, a multi-center study conducted in various urban 
areas of Iran, the prevalence of vitamin D deficiency 
among participants over the age of 60 was reported to 
be approximately 44% [15]. The exact reason for MetS 
is unclear, but genetics and environmental factors may 
be major contributors to its onset and progression. Dif-
ferent pathophysiological mechanisms have been pro-
posed for the effect of vitamin D on MetS [16]. Various 
studies have shown that healthy diets, herbs, and nutri-
ents play a crucial role in the prevention and treatment 
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of chronic diseases, such as diabetes and metabolic syn-
drome [17–20]. Vitamin D (VD) may affect insulin secre-
tion and sensitivity, which plays a key role in the de-
velopment of MetS [21]. A study on non-diabetic young 
people showed an inverse relationship between VD 
levels and the presence of MetS [22]. Studies on Korean 
populations showed that there was a higher risk of 
MetS in Korean men and women over 65 years of age 
with low VD levels [23]. Other findings reported that 
VD levels were insufficient in 50% of the study popula-
tion in Shanghai, China (aged 19–70 years), and a linear 
relationship was observed between VD levels and se-
rum glucose and lipid concentrations. The prevalence 
of VD in different provinces in Iran differs with gender 
and age group, varying between 30–90% of adults with 
different degrees of VD in the Iranian population [24]. 
They demonstrated that a 1 ng/mL increase in VD lev-
els was associated with a significant decrease in total 
and LDL cholesterol, as well as a 54% decrease in the 
risk of MetS [25]. Barbalo et al. indicated that 80% of pa-
tients in a cardiovascular unit were VD-deficient, and 
all patients with hypovitaminosis D had MetS. They 
also observed higher levels of glycemia, glycosylated 
hemoglobin, total cholesterol, LDL, triglycerides, and 
atherogenic indices, as well as a higher BMI, in patients 
with VD deficiency compared to those with sufficient 
VD levels [26]. At the same time, Vimaleswaran et al. 
reported that increasing plasma VD level may decrease 
the risk of developing hypertension [27]. Still, some 
other studies reported no significant effect on systolic 
blood pressure (SBP) or diastolic blood pressure (DBP) 
values [28]. According to controversial research find-
ings from different studies, there is no exact evaluation 
of VD levels and their association with MetS compo-
nents in type 2 diabetic patients in Gorgan. Therefore, 
this study aimed to assess and compare different serum 
VD levels in MetS subjects and Type 2 diabetes mellitus 
(T2DM), and without MetS subjects, and determine its 
association with MetS components, in Gorgan.

Material and methods

Samples were collected (age-related causal sam-
pling) from patients who met the exclusion and inclu-
sion criteria. Five mL blood samples were prepared 
after 12 hours of fasting from subjects referred to the 
non-governmental laboratory between September 2022 
and February 2023. The study was conducted after ob-
taining ethical approval from the Ethics Committee of 
Golestan University of Medical Sciences (Ethical code: 

IR.GOUMS.REC.1401.350). Consent was obtained from 
all participants. We excluded those participants who 
met criteria such as diabetic ketosis, diabetic nephrop-
athy or retinopathy complications, administration of 
insulin or VD, calcium, receiving medications and any 
other diseases which may affect vitamin D metabo-
lism. We included those participants with type 2 diabe-
tes, with and without Mets, VD deficiency and normal 
VD. This study included 270 type 2 diabetic patients, 
age-matched, who were divided into three groups. 
According to the Schmitt et al. study, the sample size, 
with a 95% confidence interval and 80% statistical pow-
er, in each group was calculated to be 90 subjects [29].

Patients with MetS and VD deficiency (group 1, 
n=90), patients with MetS and normal level of VD 
(group 2, n=90) and patients without MetS and nor-
mal level of VD (group 3, n=90). The MetS criteria were 
defined by using the National Cholesterol Education 
Programme, Adult Treatment Panel III (NCEP, ATP III) 
[30]. Included subjects contained any three or more of 
the MetS criteria. The criteria according to ATP III were 
Waist circumference (WC): >102 cm (male), >88 cm (fe-
male); triglyceride (TG) levels: >150 mg/dl; high density 
lipoprotein cholesterol (HDL-C) levels: <40 mg/dl (male), 
<50 mg/dl (female); blood pressure: >110/85 mmHg; and 
fasting blood glucose (FBG) levels: >110 mg/dl. The FBS, 
TG, and HDL-C levels were measured using commer-
cial kits (PARS AZMON, Iran) and a spectrophotom-
eter method. The vitamin D levels (Cat. No ab213966 
25 (OH)D, China) were assessed by the Enzyme-Linked 
Immunosorbent Assay (ELISA) kits (VD Deficiency: Se-
rum levels of VD lower than 20 ng/ml and normal levels 
of VD: Serum levels of VD 30 ng/ml and higher). Waist 
circumference (WC) was measured by a tape in centim-
eters. A digital blood pressure monitor (Omron 70JCP; 
Omron Maussaka, Mie-Ken, Japan) was used to deter-
mine systolic and diastolic blood pressures. BMI (Body 
mass index) was calculated using the formula weight 
(in kilograms, kg) divided by square body height (in 
meters, m).

Statistical analysis

The results were analyzed using SPSS-17 software. 
The data were expressed as Mean±Standard Deviation 
(SD). The Mann-Whitney U test was used to compare 
differences between the study groups. The normality 
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of the data distribution was determined using the 
Shapiro-Wilk test. The correlation of VD with MetS 
components in different study groups was calculated 
using Spearman’s rho and Pearson’s correlation coeffi-
cient tests.

Results

Table 1 presents a comparison of biochemical pa-
rameters between groups with and without MetS, with 
a normal VD level. Based on the results, WC, SBP, DBP, 
FBS and TG levels (106.70±10.70 cm, 133.60±20.3 mmHg, 

85.10±11.60 mmHg, 157.60±44.20 mg/dl and 170.01± 
65.81 mg/dl, P-value<0.001) were significantly higher 
and HDL-C (43.10±9.72 mg/dl, P-value<0.001) and VD lev-
els (46.40±16.11 ng/ml, P-value=0.022) were significantly 
lower in subjects with MetS and normal VD compared 
to subjects without MetS and normal VD levels (WC, 
SBP, DBP, FBS and TG levels (98.00±13.30 cm, 118.70± 
17.95 mmHg, 75.60±7.26 mmHg, 120.4±59.31 mg/dl and 
118.70±49.91 mg/dl); and HDL-C (49.50±11.92 mg/dl) and 
VD (52.85±19.05 ng/ml).

Table 2 presents a comparison of all parameters in 
groups with MetS and VD deficiency, as well as those 
without MetS and normal VD levels. WC, SBP, DBP, 

Parameters Subjects with MetS 
and normal VD (n=90)

Subjects without MetS 
and normal VD (n=90) P-value

Age (years) 51.33±9.51 50.8±14.26 0.061

BMI (kg/m2) 25.71±2.47 24.78±3.40 0.089

WC (cm) 106.70±10.70 98.00±13.30 <0.001

SBP (mmHg) 133.60±20.3 118.70±17.95 <0.001

DBP(mmHg) 85.10±11.60 75.60±7.26 <0.001

FBS (mg/dl) 157.60±44.20 120.4±59.31 <0.001

TG (mg/dl) 170.01±65.81 118.70±49.91 <0.001

HDL-C (mg/dl) 43.10±9.72 49.50±11.92 <0.001

VD (ng/ml) 46.40±16.11 52.85±19.05 0.022

Table 1: Demographic and Biochemical parameters in subjects with and without MetS; and normal Vitamin D level.

Note: P-values lower than 0.05 was significant. MetS – Metabolic syndrome; VD – Vitamin D; BMI: Body mass in-
dex; WC – Waist circumference; SBP – Systolic Blood Pressure; DBP – Diastolic Blood Pressure; FBS – Fasting Blood 
Sugar; TG – Triglycerides; HDL-C – High-density lipoprotein-cholesterol.

Note: P-values lower than 0.05 was significant. MetS – Metabolic syndrome; VD – Vitamin D; BMI: Body mass in-
dex; WC – Waist circumference; SBP – Systolic Blood Pressure; DBP – Diastolic Blood Pressure; FBS – Fasting Blood 
Sugar; TG – Triglycerides; HDL-C – High-density lipoprotein-cholesterol.

Table 2: Demographic and Biochemical parameters in subjects with and without MetS; and deficient and normal 
Vitamin D level.

Parameters Subjects with MetS 
and VD deficiency (n=90)

Subjects without MetS 
and normal VD (n=90) P-value

Age (years) 49.78±10.84 50.8±14.26 0.442

BMI (kg/m2) 25.71±2.47 24.78±3.40 0.189

WC (cm) 106.22±9.61 98.00±13.30 <0.001

SBP (mmHg) 128.71±22.20 118.70±17.95 0.001

DBP(mmHg) 82.33±10.41 75.60±7.26 <0.001

FBS (mg/dl) 177.40±62.24 120.40±59.30 <0.001

TG (mg/dl) 209.91±92.43 118.70±49.90 <0.001

HDL-C (mg/dl) 41.61±8.72 49.50±11.90 <0.001

VD (ng/ml) 18.91±6.01 52.85±19.05 <0.001
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FBS and TG levels (106.22±9.61 cm, 128.71±22.20 mmHg, 
82.33±10.41 mmHg, 177.40±62.24 mg/dl and 209.91± 
92.43 mg/dl, P-value<0.001) were significantly higher and 
were significantly higher and HDL-C (41.61±8.72 mg/dl, 
P-value<0.001) and VD levels (18.91±6.01 ng/ml, P-val-
ue<0.001) were significantly lower in subjects with 
MetS and VD deficiency compared to subjects without 
MetS and normal VD (WC, SBP, DBP, FBS and TG levels 
(98.00±13.30 cm, 118.70±17.95 mmHg, 75.60±7.26 mmHg, 
120.4±59.31 mg/dl and 118.70±49.91 mg/dl); and HDL-C 
(49.50±11.92 mg/dl) and VD (52.85±19.05 ng/ml).

Table 3 presents a comparison of biochemical pa-
rameters in a group with MetS and VD deficiency, and in 

a group with MetS and normal VD. Based on the results, 
FBS and TG levels (177.40±62.24 mg/dl [p-value=0.020] 
and 209.91±92.43 mg/dl, [p-value=0.006]) were signif-
icantly higher, and VD levels (18.91±6.01 ng/ml, p-val-
ue<0.001) were significantly lower in subjects with 
MetS and VD deficiency compared to subjects with 
MetS and normal VD.

Table 4 presents the correlation between differ-
ent levels of VD and MetS components across various 
groups. Based on the results, there are negative correla-
tions between VD and FBS (r=-0.489, P-value=0.042) and 
TG (r=-0.456, P-value=0.035) in subjects with MteS and 
VD deficiency. There were no significant correlations 

Table 3: Demographic and biochemical parameters in subjects with MetS; and deficient and normal Vitamin D level.

Parameters Subjects with MetS 
and VD deficiency (n=90)

Subjects with MetS 
and normal VD (n=90) P-value

Age (years) 49.78±10.84 51.30±9.51 0.061

BMI (kg/m2) 25.71±2.47 25.49±2.40 0.422

WC (cm) 106.22±9.61 106.72±10.71 0.635

sSBP (mmHg) 128.71±22.20 133.63±20.30 0.098

DBP(mmHg) 82.33±10.41 85.12±11.61 0.102

FBS (mg/dl) 177.40±62.24 157.62±44.23 0.020

TG (mg/dl) 209.91±92.43 170.01±65.81 0.006

HDL-C (mg/dl) 41.61±8.72 43.11±9.72 0.398

VD (ng/ml) 18.91±6.01 46.42±16.12 <0.001

Note: P-values lower than 0.05 was significant. MetS – Metabolic syndrome; VD – Vitamin D; BMI: Body mass in-
dex; WC – Waist circumference; SBP – Systolic Blood Pressure; DBP – Diastolic Blood Pressure; FBS – Fasting Blood 
Sugar; TG – Triglycerides; HDL-C – High-density lipoprotein-cholesterol.

Table 4: Correlation of different VD levels with MteS components in different groups.

Parameters
Subjects with MteS 
and VD deficiency

Subjects with MteS 
and normal VD level

Subjects without MteS 
and normal VD level

r P-value r P-value r P-value

Age (years) 0.201 0.057 0.189 0.061 0.187 0.078

BMI (kg/m2) 0.170 0.109 0.093 0.382 - 0.191 0.067

WC (cm) 0.268 0.090 0.150 0.159 - 0.046 0.663

SBP (mmHg) 0.034 0.748 0.107 0.316 0.059 0.575

DBP (mmHg) - 0.086 0.423 0.076 0.478 0.064 0.543

FBS (mg/dl) -0.489 0.042 0.118 0.269 0.046 0.662

TG (mg/dl) -0.456 0.035 0.025 0.818 - 0.111 0.291

HDL-C (mg/dl) 0.015 0.887 0.050 0.639 - 0.056 0.595

Note: P-values lower than 0.05 was significant. MetS – Metabolic syndrome; VD – Vitamin D; BMI: Body mass in-
dex; WC – Waist circumference; SBP – Systolic Blood Pressure; DBP – Diastolic Blood Pressure; FBS – Fasting Blood 
Sugar; TG – Triglycerides; HDL-C – High-density lipoprotein-cholesterol.



Rom J Diabetes Nutr Metab Dis. 2025; volume 32, issue 3

© 2025 The Authors Romanian Journal of Diabetes, Nutrition and Metabolic Diseases  ::  www.rjdnmd.org 275

between VD and other parameters in subjects with and 
without MetS and normal VD levels (P-value>0.05).

Discussion

The results of this study showed that WC, SBP, 
DBP, FBS and TG were significantly higher. HDL-C 
and VD levels were significantly lower in subjects with 
MetS and normal VD, and VD-deficient when com-
pared to subjects without MetS and normal VD levels. 
FBS and TG were significantly higher, and the VD was 
significantly lower in those with MetS and VD defi-
ciency than in those with MetS and normal VD. The 
correlation of VD with MetS components in a group 
with MetS and VD deficiencies revealed a negative cor-
relation between VD, FBS and TG. According to contro-
versial results from different studies, there is no exact 
evaluation of VD levels and their association with MetS 
components in type 2 diabetic patients. A study on the 
relationship between VD levels and the occurrence of 
T2DM in a Chinese population showed that low VD 
status is significantly associated with the risk of devel-
oping T2DM, and low levels of VD may contribute to 
the occurrence of T2DM in Chinese populations [31]. 
A study on the Qatari population found that serum VD 
was lower in those with MetS. They concluded that VD 
deficiency is common in Qatari individuals and MetS 
is associated with VD deficiency [32]. Another study on 
the relationship between serum level of VD and MetS 
in Qatari populations showed no relationship between 
serum VD and BP, FBS, HDL-C, and TG, which was not 
in agreement with our results except for FBS and TG 
parameters [33]. Hosseinzadeh et al. have revealed the 
relation between serum VD levels in elderly Iranians 
and the risk of MetS development. Their results 
showed that higher levels of VD are associated with a 
reduced prevalence of MetS and favorable conditions 
of HDL-C, WC and FBS [34]. Another research study on 
the association of VD levels with MetS in Chinese ad-
olescents and adults has indicated that the prevalence 
of VD deficiency was significantly lower in participants 
with MetS [35]. 

Other studies have reported that people with MetS, 
compared to non-metabolic subjects, show signifi-
cantly lower VD levels. They concluded that low VD 
levels are a risk factor for MetS [36]. A study by Kim 
et al. showed the association between VD deficiency 
and MetS among Korean adolescents. Their results re-
vealed that among the MetS components, VD deficien-
cy was associated with an increased risk of elevated 

FBS. They found that the association of VD deficiency 
with an increased risk of high levels of FBS suggests 
that adolescents in this population should manage 
their diabetes [37]. Barbalo et al. assessed the associa-
tion between MetS risk factors and VD in patients re-
ferred to a cardiovascular center. VD was negatively 
correlated with FBS, TG, and BP. They concluded that 
there is a significant prevalence of low VD levels in pa-
tients with cardiovascular risk factors [26]. Their study 
in subjects with VD deficiency and MetS also showed 
that TG levels were significantly higher and HDL-C 
levels were significantly lower compared with subjects 
with VD deficiency and without MetS [26]. Several 
studies have shown an association between low serum 
VD levels and diabetes and MetS. A population-based 
study from Norway reported that the serum level of VD 
is inversely correlated with the average blood sugar lev-
els and insulin resistance [38]. Mirhoseini et al. studied 
the relationship between VD deficiency and MetS in 
obese individuals. Their results showed that TG and 
FBS had a negative correlation with serum VD, which 
was in agreement with our results [39]. Verrusio et al. 
assessed the correlation between serum VD levels and 
MetS components. Their results show that VD had a 
significant negative correlation with FBS, which is con-
sistent with our findings [40]. The results of our study 
were consistent with those of some previous studies, 
which found that the VD level was significantly lower 
among patients with MetS [26, 31, 32, 34–40]. 

Some studies have reported a link between VD 
levels and MetS in certain populations, which varies 
depending on age, sex, and country. Studies of MetS 
components showed that lower TG and high HDL-C 
levels correlate with high VD levels [41]. Studies on the 
association between VD levels and components of MetS 
in urban Chinese adolescents showed that Serum VD 
was significantly inversely associated with MetS, but 
not with elevated TG, elevated blood pressure, and im-
paired fasting blood glucose [42]. Another study on the 
relationship between VD and MetS reported that serum 
VD in women with and without MetS showed no sig-
nificant difference. They concluded that VD status was 
not associated with MetS components [43]. Wang et al. 
reported an inverse relationship between MetS and VD 
levels in elderly subjects without VD deficiency. They 
concluded that a low VD level is an independent risk 
factor for MetS in older adults without VD deficiency 
[44]. Kasab et al. reported the relationship between VD 
deficiency and MetS markers in obesity and overweight 
adults. There was no significant relationship between 
VD deficiency and MetS components [45]. Our results 
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are inconsistent with those of researchers who have 
shown a relationship between MetS and VD levels in 
patients with MetS [34, 41–45]. Some other studies have 
shown an inverse association between VD level and FBS 
[46, 47], while other findings showed that the blood VD 
level is inversely associated with hypertension [48]. 
The inverse association between serum VD and FBS 
in this study is consistent with other reports [49, 50]; 
however, some studies have not confirmed such an 
association [51, 52]. It has been reported that plasma 
HDL-C levels have a direct relationship with the VD 
level [53–54], while other studies did not find any cor-
relation between VD deficiency and serum triglyceride 
levels [55]. A correlation study found an association be-
tween VD levels and MS components (WC, BP, TG and 
HDL-C) [46, 56]. Our results revealed a negative corre-
lation between VD deficiency and serum triglyceride 
levels, which is in accordance with some other findings 
[57]. The study by Chacko et al. does not support the hy-
pothesis of a relationship between VD and LDL, HDL 
and glucose [58]. The mechanism of these relation-
ships is not entirely clear, and it remains incomplete-
ly understood. Many researchers have reported VD 
deficiency as a risk factor in the pathogenesis of MetS 
and diabetes. There has been some suggestion that VD 
deficiency increases the risk of cardiovascular disease 
[59–61]. Some studies do not indicate that VD deficien-
cy is a risk factor for the development of MetS [62] and 
suggest that a low VD level may be a consequence of in-
sulin resistance, rather than its cause. Various mecha-
nisms have been proposed to examine the impact of VD 
on MetS components. VD may affect the secretion and 
sensitivity of insulin, which can play a significant role 
in the development of MetS. 

The most significant limitations of this study were 
the matching of three groups by age, BMI and VD levels 
among different groups with type 2 diabetes mellitus.

Conclusion

The main points of this study were that all study 
groups consisted of type 2 diabetic subjects. This means 
that our study indicated the effect of VD status on MetS 
components when compared to the three groups. 
Our study revealed significant adverse correlations 
between VD, FBS, and TG in Group 1. Thus, VD defi-
ciency may increase the risk of Mets. The relationship 
between VD deficiency and an increase in FBS and TG 
levels suggests that subjects in this group should man-
age their FBS and TG levels.
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