
Asian Biomedicine Vol. 7 No. 2 April 2013; 227-235

Original article

Prevalence of vitamin D deficiency and association of
serum vitamin D level with anthropometric and
metabolic factors in metabolic syndrome patients
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Background: Accumulating evidence suggests that vitamin D deficiency may contribute to an increased risk
of glucose intolerance, diabetes, insulin resistance, and metabolic syndrome. Vitamin D levels vary between
different populations and their association with metabolic syndrome in non-western populations remains equivocal.
Objective: We examined the prevalence of vitamin D deficiency and association of vitamin D levels with
anthropometric and metabolic factors in metabolic syndrome patients.
Methods: A cross-sectional study was conducted in 300 patients with metabolic syndrome. Patients were
prospectively recruited, physically examined, and assessed for vitamin D levels and other laboratory data.
Results: The prevalence of vitamin D deficiency [25(OH)D ≤20 ng/mL] was 40.7% [95% CI = 35% to 46%]. In
multivariate analysis, after adjustment for all variables, we found that increased waist circumference (WC)
(adjusted odds ratio [AOR] = 1.058; 95% CI = 1.016–1.103), decreased hand skin color darkness (AOR = 0.757;
95% CI = 0.597–0.959), increased total cholesterol (AOR = 1.019; 95% CI = 1.005–1.032), and increased systolic
blood pressure (SBP) (AOR = 1.029; 95% CI = 1.003–1.055) were significantly associated with an increased risk
of vitamin D deficiency.
Conclusion: High prevalence of vitamin D deficiency has been observed in metabolic syndrome patients. After
multivariate adjustment for all variables, high WC, light skin color, high total cholesterol levels, and high SBP
were significantly associated with an increased risk of vitamin D deficiency.
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Metabolic syndrome has become a global
epidemic. It refers to the clusters of several cardio-
metabolic risk factors including abdominal obesity,
hyperglycemia, dyslipidemia, and elevated blood
pressure that are likely to be linked to insulin resistance
[1]. The clinical relevance of metabolic syndrome
is that it identifies people who are at increased long-
term risk of cardiovascular disease and type 2 diabetes
mellitus. Large epidemiological surveys show that
metabolic syndrome is common and age related.
Its prevalence in the United States is 34.6% by
National Cholesterol Education Program (NCEP) and
39.1% by International Diabetes Federation (IDF)
reports [2].

Vitamin D is known for the maintenance of
mineral homeostasis and normal skeletal architecture.
The precursor provitamin D, 7-dehydrocholesterol,
absorbs ultraviolet radiation in the skin and is
transformed into previtamin D

3
, which is rapidly

converted to vitamin D
3
. The latter is metabolized

in the liver to 25-hydroxyvitamin D
3
, and then

in the kidney to its biologically active form 1,25-
dihydroxyvitamin D

3
 [3]. Vitamin D also comes from

diet in the form of vitamin D
2 
(ergocalciferol), mostly

from fortified foods, but also in small quantities from
plant sources and irradiated yeast, and in the form of
vitamin D

3
 (cholecalciferol) from animal sources.

Vitamin D deficiency, as determined by decreased
serum levels of 25-hydroxyvitamin D [4, 5], not only
causes metabolic bone disease, but may also increase
the risk of other chronic disorders [6]. During the past
few years, vitamin D deficiency has been linked to

Correspondence to: Sarinee Krittiyanunt, Department of
Pharmacy Practice, Faculty of Pharmaceutical Sciences,
Chulalongkorn University, Bangkok 10330, Thailand.
E-mail: sarinee.k@chula.ac.th

DOI: 10.5372/1905-7415.0702.170



 228 N. Phetkrajaysang, et al.

type 2 diabetes mellitus [6, 7] and cardiovascular
risk [5, 8]. Furthermore, a possible role of vitamin D
deficiency in the pathogenesis of metabolic syndrome
has recently been suggested [9-11]. In cross-sectional
studies, an inverse association between serum
25-hydroxyvitamin D [25(OH)D] levels and
anthropometric and metabolic factors have been
reported in several cohorts [12-19], but the association
is not consistent. Previous reports [14] indicated
that there was no association of 25(OH)D level with
metabolic syndrome among community-dwelling
older adults. However, Lu et al. [16] found a significant
association of low 25(OH)D level with an increased
risk of having metabolic syndrome and its individual
components (i.e. fasting plasma glucose, HbA

1c
,

triglycerides, waist circumference and diastolic
blood pressure). Similarly, Gannage-Yared et al. [18]
observed relationships between 25(OH)D level, and
several metabolic risk factors (i.e. body mass index,
systolic blood pressure, fasting plasma glucose, waist
circumference, and insulin levels).

Additionally, vitamin D levels vary among different
populations [19]. Soontrapa et al. [20] explored the
prevalence of vitamin D deficiency in the elderly
Thai women in municipality of Khon Kaen Province,
Thailand. Percentages of vitamin D deficiency
[25(OH)D <35 ng/mL] was 66.3. A recent study [21]
determined the prevalence and correlation with
severity of hypovitaminosis D [25(OH)D <30 ng/mL]
in 80 heart failure patients. The prevalence of
hypovitaminosis D was 82.4%. To our knowledge, no
previous study has explored the prevalence of vitamin
D deficiency and association of vitamin D levels with
anthropometric and metabolic factors in metabolic
syndrome patients. Therefore, the purpose of our study
was to investigate the prevalence of vitamin D
deficiency and its association with metabolic
syndrome.

Materials and methods
Study population

A cross-sectional study of outpatients at the
Family Medicine and Cardiology Department of
Phramongkutklao Hospital, Thailand, was conducted
between September 2010 and May 2011. The study
protocol was approved by the Human Subjects
Research Committee of Phramongkutklao Hospital.
The consent forms were sent and signed by the
patients. We prospectively recruited 300 patients, aged
more than 20 years, who met the criteria of diagnosis

with metabolic syndrome according to NCEP ATP III
guidelines [22]. All patients signed informed consent
forms. We excluded patients who were pregnant,
patients who received drugs or dietary supplements
containing any vitamin D component, and patients
who required drugs that affect the level of vitamin D,
such as corticosteroids. Patients with malabsorption
diseases were also excluded.

Data collection
Each subject completed a detailed demographic

and medical data assessment, which included items
on present medical problem, current medications, and
allergy. Physical examination was performed by
physicians, except for body weight, height, waist
circumference (WC), hip circumference, and skin color
test, which were measured by the investigators. Blood
pressure was measured by well-trained paramedical
staffs using a standard protocol. Automatic blood
pressure measurement machines (Omron IA2, Omron,
Japan) were used in this study. All subjects rested
at least 5 minutes in a sitting position before
measurement. Blood pressure was measured at least
two to three times using a cuff suitable for the subject’s
arm circumference and the mean value was recorded.
All skin color tests were measured using a skin color
scale designed by Garnier L’Oreal, Thailand [23]. The
scale is a 16-point shade of skin color tones, ranging
from one to 16, with one representing the lightest skin
color, and 16 representing the darkest possible skin
color. Blood samples of participants were drawn
and centrifuged within one day in the research unit at
Phramongkutklao Hospital. Fasting blood samples
were collected for glucose, HbA

1c
, lipid profiles,

alanine aminotransferase (ALT), calcium, phosphorus,
serum creatinine, high sensitivity C-reactive protein
(hs-CRP), and plasma 25-hydroxyvitamin D level
(25(OH)D). Body mass index (BMI) was calculated
as weight in kilograms divided by the square of height
in meters. Metabolic syndrome was defined according
to NCEP ATP III guidelines [22]. However, waist
circumference criteria for Asian populations
(i.e., 80 cm for female and 90 cm for male) were
used for diagnosing metabolic syndrome. Serum
25(OH)D were measured using a chemiluminescent
immunoassay (Diasorin, Stillwater, MN, USA) [24].
This immunoassay defined normal vitamin D level
as serum 25(OH)D levels 30–100 ng/mL, which was
similar to the normal range defined by mass
spectroscopy. Vitamin D insufficiency and deficiency
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were defined as serum 25(OH)D levels in the range
from 21 to 29 ng/mL and ≤20 ng/mL, respectively
[25].

Statistical analysis
Statistical analyses were performed using

the Statistical Package for Social Sciences (SPSS)
software, version 17.0 (Chicago, IL, USA). Data are
presented as mean ± SD for normally distributed
continuous variables or median (25% and 75%
interquartile values) for the continuous variables that
were not normally distributed. Categorical variables
were presented as number and percent. Comparisons
between patients’ characteristics in each vitamin D
group were performed using a one-way analysis
of variance (ANOVA) or a Kruskal–Wallis test, as
appropriate. Statistical comparisons for categorical
variables were performed using Chi-square or Fisher’s
exact tests. Pearson’s correlation coefficient was
used to calculate the linear relationship between
two variables. Univariate and multivariate logistic
regression analysis was used to test the significant
determinants of vitamin D deficiency and normal
vitamin D status. Stepwise backward selection was
used as the method of variable selection with a
criterion for inclusion and exclusion of a variable at
p < 0.05 and 0.25, respectively. A 2-sided probability
value ≤0.05 was considered statistically significant.

Results
The characteristics of the 300 patients are

shown in Table 1. The majority of the patients were
elderly with an average age of 63.77±11.00 years.
One hundred fifty nine patients were males (53%)
and 141 were females (47%). The mean weight and
height were 68.04±12.79 kg and 160.03±8.92 cm. The
median BMI was 26 kg/m2. The mean waist
circumference was 91.95±9.83 cm considered to be
at a higher level than standard values according to
NCEP ATP III guidelines [22]. Among subjects who
had underlying diseases, 252 patients (84.0%) were
diagnosed as having hypertension. The mean serum
25(OH)D level in our population was 22.46±7.93 ng/
mL. The overall prevalence of hypovitaminosis D
[25(OH)D <30 ng/mL] was 84% [95% confidence
interval (CI) = 80% to 88%]. Among these, vitamin
D insufficiency [25(OH)D = 21–29 ng/mL] was
43.3% [95% confidence interval (CI) = 38% to 49%].
The prevalence of vitamin D deficiency [25(OH)D
≤20 ng/mL] was 40.7% [95% confidence interval
(CI) = 35% to 46%] as shown in Figure 1. Waist

circumference was not correlated with vitamin D
levels (r = –0.083, p = 0.156), whereas hip
circumference was weakly inversely related with
vitamin D level. In addition, we found a significant
positive correlation between vitamin D levels and
hand skin color (r = 0.193, p = 0.001). Serum
25(OH)D level was negatively correlated with total
cholesterol (r = –0.123; p = 0.033) and triglycerides
(r = –0.163; p = 0.005).

Univariate logistic regression analysis showed
that patients who had vitamin D deficiency were
significantly associated with a higher BMI (OR =
1.129; 95% CI = 1.034–1.234), increased WC (OR =
1.041; 95% CI = 1.004–1.080), increased hip
circumference (OR = 1.061; 95% CI = 1.017–1.107),
increased SBP (OR = 1.029; 95% CI = 1.005–1.054),
increased total cholesterol (OR = 1.020; 95% CI =
1.008–1.032), increased triglyceride (OR = 1.011; 95%
CI = 1.003–1.019), increased low-density lipoprotein
cholesterol (LDL-C) (OR = 1.018; 95% CI = 1.003–
1.032), and being female (OR = 0.476; 95% CI =
0.240-0.945) compared with those who had normal
vitamin D levels. However, the vitamin D deficiency
group were significantly associated with a lower point
shade of skin color tone (i.e., decreased skin darkness)
compared with patients who had normal vitamin D
levels (OR = 0.775; 95% CI = 0.618–0.971). When
patients with vitamin D insufficiency were compared
with those who have normal vitamin D levels using
univariate logistic regression analysis, patients who
had vitamin D insufficiency were significantly
associated with higher BMI (OR = 1.134; 95% CI =
1.038–1.238), increased WC (OR = 1.043; 95% CI =
1.006–1.081), increased hip circumference (OR =
1.051; 95% CI = 1.008–1.096), increased SBP
(OR = 1.026; 95% CI = 1.002–1.051), increased total
cholesterol (OR = 1.015; 95% CI = 1.003–1.027),
increased triglyceride (OR = 1.008; 95% CI = 1.000–
1.016), and increased LDL-C (OR = 1.016; 95% CI
= 1.002–1.031) compared with those who had normal
vitamin D levels.

In multivariate logistic regression analysis, after
adjustment for all variables (Table 1), antihypertensive
agents, and lipid lowering agents, variables that were
significantly associated with an increased risk of
vitamin D deficiency included high WC, light skin
color, high total-cholesterol, and high SBP (p ≤ 0.05)
(Table 2). While variables that were significantly
associated with an increased risk of vitamin D
insufficiency included only high WC and high total-
cholesterol (p = 0.009 and 0.034, respectively).



 230 N. Phetkrajaysang, et al.

Table 1. Baseline demographic data of the metabolic syndrome patients (n = 300)

Characteristics Total 25(OH)D ≤≤≤≤≤20 ng/mL 25(OH)D 21–29 ng/mL 25(OH)D
30–100 ng/mL

(n = 300) (n = 122) (n = 130)  (n = 48) p�

Age (yrs) 63.77±11.00 64.23±12.07 62.92±10.75 65.35±8.53 0.376
30 to 59 114 (38.0%) 45 (36.9%) 53 (40.8%) 16 (33.3%)
≥60 186 (62.0%) 77 (63.1%) 77 (59.2%) 32 (66.7%)
Sex 0.036*
Male 159 (53%) 54 (44.3%) 75 (57.7%) 30 (62.5%)
Female 141 (47%) 68 (55.7%) 55 (42.3%) 18 (37.5%)
Weight (kg) 68.04±12.79 68.21±12.19 69.03±13.15 64.85±13.28 0.155
Height (cm) 160.03±8.92 159.17±8.07 160.38±9.60 161.01±9.04 0.387
BMI (kg/m2) 26 (24, 29) 27 (24,30) 26 (24, 29) 25 (23, 27) 0.165
Waist circumference (cm) 91.95±9.83 92.46±9.48 92.61±10.34 88.83±9.03 0.057
Hip circumference (cm) 98.78±8.73 99.76±8.24 99.05±9.27 95.63±8.11 0.019*
Hand skin color (point shade) 15 (13, 16) 14 (13, 15)a 15 (13, 16) 15 (14, 16)a 0.002*
SBP (mmHg) 134 (126, 145) 135 (128,148) 135 (126,144) 129 (120,141) 0.079
DBP (mmHg) 78 (70, 86) 78 (70, 86) 77 (70, 88) 78 (73, 82) 0.785
ALT (U/L) 21 (15, 29) 22 (16, 29) 21 (15, 30) 19 (15, 27) 0.448
Serum calcium (mg/dL) 9.5 (9.2, 9.8) 9.5 (9.2, 9.8) 9.6 (9.2, 9.7) 9.6 (9.3, 9.9) 0.385
Serum creatinine (mg/dL) 1.0 (0.8, 1.2) 0.9 (0.7, 1.2) 0.9 (0.8, 1.1) 1.0 (0.9, 1.3) 0.799
Total Cholesterol (mg/dL) 170±33 175±32b 170±32 156±36b 0.004*
Triglyceride (mg/dL) 114 (83, 147) 119 (92, 156) 114 (79, 149) 96 (78, 126) 0.109
HDL Cholesterol (mg/dL) 52 (45, 60) 53 (46, 61) 53 (45, 59) 50 (45, 58) 0.466
LDL Cholesterol (mg/dL) 97 (81, 113) 101 (85, 116)c 98 (84, 115)d 91 (72, 107)c,d 0.035*
FPG (mg/dL) 106 (96, 124) 106 (94, 131) 105 (98, 121) 109 (96, 129) 0.660
HbA

1c
 (%) 6.2 (5.9, 6.8) 6.3 (5.9, 6.9) 6.2 (5.8, 6.7) 6.3 (6.0, 7.0) 0.700

hs-CRP (mg/L) 1.4 (0.7, 3.1) 1.7 (0.9, 3.3) 1.3 (0.6, 2.7) 1.2 (0.7, 2.5) 0.122
Phosphorus (mg/dL) 3.40±0.51 3.40±0.50 3.42±0.54 3.35±0.43 0.675

BMI = body mass index, SBP = systolic blood pressure, DBP = diastolic blood pressure, ALT = alanine aminotransferase,
FPG = fasting plasma glucose, HbA

1c
 = hemoglobin A

1c
, hs-CRP = high sensitivity C-reactive protein, *Significance at

p ≤ 0.05, Data are mean±SD for normally distributed continuous variables or median (25% and 75% interquartile values) for
nonnormally distributed continuous variables, or n (%) for categorical variables. Comparisons between patients’
characteristics in each vitamin D group were performed using a one-way analysis of variance (ANOVA) or Kruskal–Wallis test,
as appropriate. Statistical comparisons for categorical variables were performed using chi-square tests. aPair-wise comparison
after a Kruskal–Wallis test showed significance between 25(OH)D ≤20 ng/mL and 25(OH)D 30–100 ng/mL (p = 0.003).
bPair-wise comparison after an ANOVA showed significance between 25(OH)D ≤20 ng/mL and 25(OH)D 30–100 ng/mL
(p = 0.003). cPair-wise comparison after a Kruskal–Wallis test showed significance between 25(OH)D ≤20 ng/mL and
25(OH)D 30–100 ng/mL (p = 0.009). dPair comparison after a Kruskal–Wallis test showed significance between 25(OH)D
21–29 ng/mL and 25(OH)D 30–100 ng/mL (p = 0.011)

 Figure 1. Prevalence of the distribution of vitamin D (n = 300)
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Discussion
In this study, the prevalence of vitamin D

deficiency among metabolic syndrome patients is
40.7%. The main new finding of the present study is
the positive relationship between 25(OH)D level and
skin color. Our data suggests that vitamin D deficiency
is commonly found in the elderly with metabolic
syndrome (i.e., 40.7% patients with 25(OH)D levels
≤20 ng/mL). Similarly, Botella-Carretero et al. [26]
found that vitamin D deficiency was present in 50.7%
[37 of 73 morbidly obese patients (BMI ≥40 kg/m2)].
While Pinelli et al. [27] found that vitamin D deficiency
was present in 75% of Arab Americans with insulin
resistance (46%), metabolic syndrome (33%), and
glucose intolerance (42%). However, latitude relative
to the equator is one of the most important factors
affecting vitamin D status and examined plasma
vitamin D concentration among adults with metabolic
syndrome in Northern California (sunny climate) [28].
25(OH)D levels were significantly decreased in
metabolic syndrome compared to controls. Eight
percent of controls and 30% of patients with metabolic
syndrome in North American adult subjects were
deficient in 25(OH)D (≤20 ng/mL; p = 0.0236).

The high prevalence of vitamin D deficiency in
metabolic syndrome patients has been hypothesized
to result from the sequestering effect of high quantity
of subcutaneous fat on circulating vitamin D [29].
Furthermore, metabolic syndrome patients, because
of their lower physical activity, might have less
exposure to solar ultraviolet radiation, which is
responsible for more than 90% of the vitamin D
requirement for most people [30]. Bell et al. [31]
proposed that the vitamin D endocrine system is
altered in obese subjects, with increased production
of 1,25(OH)

2
D exerting negative feedback control on

the hepatic synthesis of 25(OH)D. In addition, animal

studies have shown that 1,25(OH)
2
D increases

lipogenesis and decreases lipolysis [32], and, therefore,
may contribute to obesity; however, 1,25(OH)

2
D level

is not consistently higher in obese subjects [33, 34].
We have shown that 25(OH)D level is associated

with hand skin color. Human skin color is primarily
the result of the presence of melanin in the skin.
Varying amounts of melanin (skin pigment) is
determined by genes and the body’s response to sun
exposure [35]. Although the variation in natural skin
color is mainly the result of genetics, this study
conducted in a Thai population, in which approximately
10% of variance in skin color occurs within the same
group of East Asian populations [36]. Therefore, we
believe that our population has a homogeneous baseline
skin color and increase in skin color should come mainly
from sun exposure. The major cause of vitamin D
deficiency is inadequate exposure to natural sunlight.
It is plausible that sunlight exposure takes into account
that vitamin D intake is different in individual patients.
Therefore, more sunlight exposure might be responsible
for dark skin color and high serum 25-hydroxyvitamin
D levels. Decreased sun exposure and the use of
sunscreens reduce the risk of skin cancer, but also
sharply limit the production of vitamin D in the skin.

Additionally, we found that, independent of hip
circumference, total cholesterol and triglyceride are
inversely correlated with vitamin D levels. The
relationship between 25(OH)D levels and lipid profile
has also been the subject of several reports. Many
[37-39], but not all, studies have shown inverse
relationships between 25(OH)D level and triglyceride.
Martins et al. [38] showed that in US adults,
triglyceride was lower in those in the top quartile of
25(OH)D (≥92.5 nmol/L) than in those in the bottom
quartile (<52.5 nmol/L). However, there was no
association between 25(OH)D levels and total

Table 2. Multivariate logistic regression analysis showing odds of vitamin D deficiency (≤20 ng/mL) and insufficiency
(21 to 29 ng/mL) compared with normal vitamin D status (30 to 100 ng/mL)

Variables Unadjusted OR Adjusted OR 95% CI of Adjusted OR p
Deficiency Insufficiency Deficiency Insufficiency Deficiency Insufficiency Deficiency Insufficiency

Waist circumference� 1.041 1.043 1.058 1.056 1.016–1.103 1.014–1.099 0.007* 0.009*
(cm)
Hand skin color� 0.775 0.899 0.757 0.882 0.597–0.959 0.695–1.119 0.021* 0.301
(point shade)
Total cholesterol� 1.020 1.015 1.019 1.014 1.005–1.032 1.001–1.027 0.006* 0.034*
(mg/dL)
Systolic blood 1.029 1.026 1.029 1.024 1.003–1.055 0.999–1.050 0.029* 0.062
pressure� (mmHg)

�Adjusted for all variables in table 1, antihypertensive agents, and lipid lowering agents, *Significance at p ≤ 0.05
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cholesterol. In a smaller sample of 126 glucose-
tolerant healthy adults [40] an inverse association
between 25(OH)D levels and total cholesterol, and
LDL-C (adjusting for sex, age, ethnicity, season, SBP
and DBP, BMI, and waist-to-hip ratio) was observed.
However, no association between 25(OH)D levels
and high-density lipoprotein cholesterol (HDL-C) or
triglyceride was apparent in this study. Results of all
of these studies are consistent with what we have
found in our study population. It is plausible that
ultraviolet-irradiation has a beneficial effect on lipids
through the photo conversion of 7-dehydrocholesterol
to lumisterol [41]. It is also possible that an influx of
cholesterol from plasma lipoproteins could increase
7-dehydrocholesterol levels, which in turn increase
vitamin D synthesis.

From multivariate logistic regression analysis,
after adjusted for all variables, antihypertensive agents,
and lipid lowering agents, increased WC and high total
cholesterol levels were both associated with an
increased risk of vitamin D deficiency and vitamin D
insufficiency. We found that a higher point shade of
skin color tone (i.e., increased skin darkness) and
lower SBP could reduce the risk of vitamin D
deficiency. Consistently, data from the study on 243
ambulant adults (BMI 28–50 kg/m2) enrolled in a
weight-loss study, 25(OH)D level was inversely
associated with weight (p = 0.0009), BMI (p = 0.005)
and WC (p = 0.03) [42]. This study also estimated a
decrease of 0.74 nmol/L in 25(OH)D per 1 kg/m2

increase in BMI. Another study [43] found that the
relationship between 25(OH)D levels and HDL-C
remained significant (p < 0.001) after adjustment for
established determinants of the HDL-C. Serum
triglycerides (p = 0.008), WC (p < 0.001), and body
mass index (p < 0.001) showed significantly graded,
inverse relationships with 25(OH)D levels.

Several epidemiological studies have shown that
there may be an association between hypertension
and vitamin D status. A recent article [44] reported
the relationship between serum 25(OH)D level and
blood pressure. When patients were divided into
25(OH)D quintiles, mean SBP was 3.0 mmHg lower
(p = 0.0004) and DBP was 1.6 mmHg lower (p =
0.011) for patients in the highest quintile (25(OH)D
level ≥85.7 nmol/L) compared with those in the lowest
(25(OH)D level ≤40.4 nmol/L), adjusting for age, sex,
ethnicity, and physical activity. The inverse association
between 25(OH)D level and SBP was stronger in
patients aged ≥50 years than in younger patients (p =

0.021). Judd et al. [45] also showed a statistically
significant inverse association between circulating
25(OH)D concentrations and SBP. However, this
association was not statistically significant when age
was included in the multiple regression model, nor was
it significant in the black subpopulation. The regulation
of the renin angiotensin system (RAS) has been
proposed as a potential mechanism for the relationship
between vitamin D deficiency and hypertension [46].
The RAS is a regulatory cascade that plays a critical
role in the regulation of blood pressure, electrolyte,
and plasma volume homeostasis [46]. Inappropriate
stimulation of the RAS has been associated with
hypertension. Li et al. [47] demonstrated that vitamin
D is a potent endocrine suppressor of renin biosynthesis
to regulate the RAS. Mice lacking a vitamin D receptor
(VDR) have elevated production of renin and
angiotensin II, leading to hypertension, cardiac
hypertrophy, and increased water intake. Another
relationship to be explained is that between parathyroid
hormone (PTH) and hypertension in patients with
primary and secondary hyperparathyroidism (HPT).
High prevalence of vitamin D deficiency was found
in patients with primary HPT [48]. Primary HPT with
an inappropriately elevated PTH level has been shown
to be associated with hypertension, but the mechanism
for developing hypertension has remained
controversial. Low vitamin D status is also associated
with secondary elevation of PTH and an increased
arterial resistance leading to hypertension [49]. Jorde
et al. [50] found that serum PTH was a significant
predictor of rising in SBP over a period of seven years
in men (p < 0.01), but not in women.

There is a growing body of evidence that links
vitamin D deficiency to factors associated with
metabolic syndrome. The number of individuals with
risk factors for metabolic syndrome continues to
increase [51]. It is important to increase vitamin D
intake. Considering that vitamin D deficiency is very
common in all age groups and that few foods contain
vitamin D, the endocrine society [25] provides
guidelines to clinicians for the evaluation, treatment,
and prevention of vitamin D deficiency. The guideline
suggests that adults aged 19 to 50 years require at
least 600 IU per day of vitamin D to maximize bone
health and muscle function. However, to raise the
blood level of 25(OH)D consistently above 30 ng/mL
may require at least 1500 to 2000 IU per day of vitamin
D [25]. Treatment with either vitamin D

2
 or vitamin

D
3
 has been recommended for deficient patients.
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There is currently not sufficient evidence to
recommend vitamin D to attain a noncalcemic benefit
for cardiovascular protection.

There are potential limitations in our study. First,
factors influencing skin synthesis of vitamin D such
as ultraviolet exposure, sunscreen utilization, and
dietary consumption of vitamin D were not assessed.
Second, the cross-sectional design of our study limited
our ability to examine the causal relationships between
25(OH)D levels and metabolic syndrome.

Conclusion
This study shows the prevalence of vitamin D

deficiency and the association of serum vitamin D
level with anthropometric and metabolic factors in
patients with metabolic syndrome. We have found a
relationship between 25(OH)D levels and skin color.
In addition, we described the inverse relationships
between hip circumferences, total-cholesterol,
triglyceride and 25(OH)D levels, suggesting a robust
inverse association between serum 25(OH)D level
with anthropometric and metabolic indicators of
adiposity. Increased WC, light skin color, increased
total cholesterol levels, and increased SBP were
significantly associated with an increased risk of
vitamin D deficiency. This finding should be further
investigated in other populations, either by cross-
sectional or interventional studies.
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