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Abstract
Objective: Recent literature has suggested an association between low serum vitamin D levels and the burden
of cardio-metabolic risk factors (obesity, diabetes, hypertension, and hypercholesterolemia). In the context of the
high prevalence of vitamin D deficiency and cardio-metabolic risk factors in Saudi Arabia, this study was designed to
examine the association between vitamin D deficiency and cardio-metabolic risk factors among adults with coronary
heart disease (CHD) and without CHD in Saudi Arabia.
Methods: A total of 130 CHD subjects and 195 subjects without CHD were recruited from three hospitals in the
western region of the Kingdom. Fasting blood samples were collected from each subject to measure serum levels of
vitamin D, glucose, and total cholesterol. Anthropometric and blood pressure were also measured.
Results: Subjects with CHD had a higher prevalence of diabetes (35.4% and 14%, respectively) and obesity
(44% and 22%, respectively) compared with subjects without CHD. However, subjects without CHD had a higher
prevalence of cholesterol (13.3% and 5.4%, respectively) and overweight (45% and 24.4%, respectively) than subjects
with CHD. The results indicated that vitamin D deficiency [serum 25(OH)D<20 ng/mL] was associated with increased
risk of diabetes in CHD subjects (OR: 2.9, 95% CI: 1.02-8.5, p=0.04), while there was no association observed in
subjects without CHD (OR:1.4, 95% CI: 0.5-3.8, p=0.616). No significant associations were found between vitamin
D deficiency and other cardio-metabolic risk factors including obesity, hypertension, and hypercholesterolemia, in
either group.
Conclusion: The present study reveals that vitamin D deficiency was associated with a higher risk of diabetes
only in subjects with CHD, but not in subjects without CHD. However, this differential association between vitamin
D deficiency and other cardio-metabolic risk factors was not observed. Further studies are needed to confirm these
findings.
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Introduction
Vitamin D deficiency or insufficiency is widespread across the globe
and it is currently recognized as a re-emerging public health problem
[1]. International research has indicated that the prevalence of vitamin
D deficiency ranges from 25% to 50% of the total adults in the United
States [2]. Similar prevalence rates have also been reported in Europe
[3,4]. However, the highest rates of vitamin D deficiency have been
reported in sunny regions such as Asia and the Middle East [5].
Although vitamin D has widely been known for its significant role
in bone health, inadequate levels of vitamin D have recently been linked
to chronic diseases such as cardiovascular disease [6]. In addition, a
number of studies have also shown an association between low levels
of serum vitamin D and an increased risk of cardio-metabolic risk
factors such as diabetes and obesity [6-9]. Both clinical and animal
studies have indicated the role of vitamin D in regulating cardiac
metabolism and reducing the risk of other cardio-metabolic risk factors
such as hypertension and high blood lipids [10]. These studies have
also suggested some possible mechanisms including the significant role
of vitamin D in regulating the parathyroid hormone and the reninangiotensin-aldosterone system, which in turn changes the blood
pressure by reabsorption of water and sodium, hence raising the blood
pressure [10,11].
In the Gulf region and Saudi Arabia in particular, the prevalence
of cardio-metabolic risk factors has been increasing, mostly because
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of changing lifestyle along with socio-economic transformations
[12]. Several studies among Saudi adults have shown high rates of
cardio-metabolic risk factors including obesity (35.6%), hypertension
(26.1%), diabetes (23.7%), and hypercholesterolemia (50%) [13-17].
Furthermore, according to the International Diabetes Federation
(IDF), Saudi Arabia is one of the countries with the highest number
of estimated diabetic subjects in the world [18]. In addition, a high
prevalence of coronary heart disease (CHD) has been reported in the
Saudi population (5.5%) [19]. Data from hospitals in Saudi Arabia have
also showed that CHD is the third leading cause of hospital-based death
in the kingdom [20]. Figure 1 reflects the hypothesized relationships
among study variables. Recently, we have demonstrated an association
between vitamin D deficiency and CHD among Saudi adults [21].
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Figure 1: Associations between study variables.

Cardio-metabolic risk factors (obesity, diabetes,
hypertension, and hypercholesterolemia)

from Griffith University Human Research Ethics Committee (GU Ref
No: MED/59/14/HREC), the Institutional Review Board in KAMC (IRB
No: 15-194), and the Research Ethics Committee in KAU (Reference
No ll8-15). All included subjects were Saudis or residents in KSA for at
least five years. Subjects with medical conditions that may potentially
affect vitamin D metabolism such as osteoporosis, liver disease, kidney
disease, hyperthyroidism and hyperparathyroidism were excluded.

Data collection
Coronary heart disease

Vitamin D status

Since various cardio-metabolic risk factors are the major drivers for
the development of CHD, it is important to explore whether each of
the common cardio-metabolic risk factors is independently associated
with vitamin D status in the Saudi population.
Despite genetic predisposition and other factors, such as
urbanization and changing lifestyle, that can influence the high
prevalence of cardio-metabolic risk factors in Saudi Arabia, evidence
has shown that changes in dietary patterns and deficiencies in
micronutrients such as vitamin D might also be contributing to this
phenomenon [22,23]. However, there are limited studies in Saudi
Arabia that have examined the association between vitamin D status
and cardio-metabolic risk factors including diabetes and obesity among
healthy adults [24,25]. Considering the growing epidemic of cardiometabolic risk factors as well as vitamin D deficiency among the Saudi
population, there is a need for further studies to evaluate the association
between vitamin D status as a potential modifiable risk factor and the
cardio-metabolic risks in order to develop an appropriate intervention
for targeting risk factors that are associated with CHD. Moreover,
vitamin D function may differ between subjects with CHD and
subjects without CHD. No previous studies have examined whether the
association of vitamin D deficiency with cardio-metabolic risk factors
vary between subjects with CHD and subjects without CHD. Therefore,
this study attempts to evaluate the association between vitamin D
status and cardio-metabolic risk factors including obesity, diabetes,
hypertension and hypercholesterolemia among subjects with CHD and
subjects without CHD in Saudi Arabia.

Methods
Study population
Data collection took place between May and October 2015 during
summertime in the two large cities in the western region of Saudi
Arabia, Jeddah, and Makkah. The study participants included were
adults from both genders. A total of 130 CHD patients were recruited
from the cardiology department in King Abdullah Medical City
(KAMC) in Makkah and 153 subjects with no CHD were recruited
from family medicine clinics and nose and throat (ENT) clinics in
Tunsi private hospital in Makkah. An additional 42 subjects with no
CHD were recruited from ophthalmology clinics in King Abdul Aziz
University (KAU) hospital in Jeddah. Ethical approval has been sought
J Diabetes Metab, an open access journal
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An interviewer-administered questionnaire was used for collecting
data after written informed consent was obtained from all participants.
Sociodemographic factors such as age, gender, nationality, marital
status, level of education, and family income levels were collected.
Furthermore, data regarding the family history of cardiovascular
disease (CVD) and behavioral risk factors were also collected.
Behavioral risk factors collected in the survey included cigarette
smoking, water-pipe smoking, and levels of physical activity. A
current smoker was defined as a subject who was smoking at least one
cigarette per day on a regular basis [26]. A non-smoker was defined as
a subject who had never smoked. A person who had previously smoked
but had quit was considered a previous smoker [26]. A person who
smoked from a water-pipe at least once per week at the time of the
interview was considered a water-pipe smoker [27]. Physical activity
was classified into the following: moderate activity (such as jogging,
walking or swimming), vigorous activity (such as heavy lifting, aerobics
or fast bicycling), and sedentary (such as staying at home most of the
time or doing a little walking outside) [26]. Information related to the
use of vitamin D dietary supplements and calcium supplements with
vitamin D were also collected, including both dosage and duration.
Likewise, information on sun exposure and time spent outdoors
during weekdays and weekends as well as the use of sunscreen were
also collected. Blood pressure, height (meters), and weight (kilograms)
were measured after interviewing the study subjects using the hospital’s
standard equipment. Body mass index (BMI) was calculated as weight
(kilograms) divided by height (meters) squared. Obesity was defined as
when participants’ BMI was ≥30 kg/m², and a patient was considered
overweight when his/her BMI was 25–29.9 kg/m² [28]. Hypertension
was defined as BP ≥140 mmHg for systolic blood pressure (SBP) and/
or ≥90 mmHg for diastolic blood pressure (DBP) [28].

Biochemical measurements
To measure serum levels of 25(OH)D, total cholesterol and glucose,
10 mL fasting blood samples were taken from all participants via
venipuncture. The serum samples were centrifuged at 2000 rpm for 15
minutes before separation occurred. After that, the blood samples were
kept frozen at -80°C for additional lab analyses. The chemiluminescence
microparticle immunoassay (CMIA) on the Architect system (Abbott)
was used to measure serum levels of 25(OH)D, whereas cholesterol and
glucose levels were measured using Thermo Fisher Scientific (Espoo,
Finland). Vitamin D deficiency was defined as having a serum level of
25(OH)D less than 10 ng/mL, insufficient vitamin D level as 25(OH)
D 10 to <19.9 ng/mL, and an adequate vitamin D level was defined as
having serum of 25(OH)D ≥ 20 ng/mL [29]. Due to the small sample
size we combined vitamin D deficiency and insufficiency for analysis
purposes; thus vitamin D deficiency was defined in the current study as
having serum of 25(OH)D <20 ng/mL. High total cholesterol (HC) was
defined according to the Adult Treatment Panel III (ATP III) as HC ≥
240 mg/dL [28]. Diabetes was defined according to the World Health
Organization (WHO) definition as fasting plasma glucose (FPG) at ≥
126 mg/ dL [28].
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Statistical analysis
Statistical Package for Social Science (SPSS) version 22 was used
to perform the statistical analyses. A series of chi-square tests were
used to compare the sociodemographic, family history of CVD, and
lifestyle behavior variables for both groups according to vitamin
D status [deficient as serum 25(OH)D<20 ng/mL, and adequate as
serum 25(OH)D ≥ 20 ng/mL]. Also, dependent variables (obesity,
diabetes, total cholesterol, and hypertension) were tested for all sociodemographic and lifestyle characteristics using chi-square tests or
Fisher’s exact tests as appropriate to identify the possible confounders
(data not showed). Results were reported as % (N) for categorical
variables.
Multivariate logistic regression models were conducted to
examine the associations between vitamin D status and cardiometabolic risk factors, including obesity, diabetes, hypertension, and
hypercholesterolemia in subjects with CHD and subjects without

CHD. Different logistic regression models with adjustments for
potential confounders were performed to identify the association of
each dependent variable and vitamin D status. First, the crude model
with no adjustment was applied for each dependent variable. Various
combinations of significant independent variables, including sociodemographic, lifestyle behaviors, sun exposure, the use of sunscreen,
and the use of vitamin supplementation, were entered into the second
model to predict the outcome variables. Furthermore, among the study
participants, there were a few subjects who smoked a water-pipe and
practiced vigorous exercise; hence, cigarette smoking and water-pipe
smoking were combined for the logistic regression, and moderate
and vigorous exercise was also combined. Moreover, overweight and
obese subjects (defined as 25-29.9 and ≥30 kg/m², respectively) were
also combined in order to apply binary regression. The multivariate
logistic regression results were reported including odds ratios (OR)
with 95% confidence intervals (CI) for risk estimates. A p value <0.05
was considered statistically significant.

Table 1: Socio-demographic, family history of CVD, and lifestyle behaviors variables according to vitamin D status in subjects with CHD and subjects without CHD. P-value
based on X² -test; *Saudi Riyal (1SR=0.37 AUD)

Variables

Subjects with CHD
N= 130
Deficient
(<20 ng/ml)
% (N)

Adequate
( ≥20 ng/ml)
% (N)

Age (years)
<49
≥49

28.3 (28)
71.7 (71)

16.1 (5)
83.9 (26)

Gender
Male
Female

67.7 (67)
32.3 (32)

48.4 (15)
51.6 (16)

Marital status
Single
Married
Divorced

6.1 (6)
72.2 (72)
21.2 (21)

3.2 (1)
61.3 (19)
35.5 (11)

Citizenship
Saudis
Non-Saudis

81.8 (81)
18.2 (18)

77.4 (24)
22.6 (7)

Place of residence
Rural
Urban
Semi-rural

11.1 (11)
85.9 (85)
3 (3)

58.1 (18)
38.7 (12)
3.2 (1)

49.5 (49)
49.5 (49)

41.1 (39)
48.8 (105)

1 (1)

46.2 (6)

36.4 (36)

19.4 (6)

Education
Up to primary levels
High School and bachelor or diploma
Master or PhD
Employment
Employed (Full time, Part time, self-employed)
Unemployed (Student, Retired, House wife)

63.6 (63)

80.6 (25)

Family income (SR*/monthly)
<5000
5000-15000
≥15000

40.4 (40)
41.4 (41)
18.2 (18)

51.6 (16)
29 (9)
19.4 (6)

Smoking
Current smoker
Previous smoker
Non-smoker

20.2 (20)
28.3 (28)
51.5 (51)

9.7 (3)
16.1 (5)
74.2 (23)

33.3 (33)
17.2 (17) 49.5 (49)

35.5 (11)
16.1 (5)
48.4 (15)

42.4 (42)
57.6 (57)

35.5 (11)
64.5 (20)

Exercise
Never and rarely
1-2 times/week
More than 3-4 times/week
Family history of CVD
Yes
No
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Subjects without CHD
N= 195
Deficient
(<20 ng/ml)
% (N)

Adequate
( ≥20 ng/ml)
% (N)

P-value

0.175

19.7 (15)
80.3 (61)

37 (44)
63 (75)

0.011

0.052

52.6 (40)
47.4 (36)

69.7 (83)
30.3 (36)

0.016

22.4 (17)
63.2 (48)
14.5 (11)

14.3 (17)
77.3 (92)
8.4 (10)

77.6 (59)
22.4 (17)

52.9 (63)
47.1 (56)

1.3 (1)
97.4 (74)
1.3 (1)

0.8 (1)
99.2 (118)
0 (0)

9.2 (7)
82.9 (63)

17.6 (21)
78.2 (93)

7.9 (6)

4.2 (5)

76.3 (58)

84.9 (101)

23.7 (18)

15.1 (18)

18.4 (14)
66.4 (52)
13.2 (10)

50.4 (60)
35.3 (42)
14.3 (17)

27.6 (21)
2.6 (2)
69.7 (53)

15.1 (18)
6.7 (8)
78.2 (93)

44.7 (34)
26.3 (20)
28.9 (22)

42 (50)
21.8 (26)
36.1 (43)

50 (38)
50 (38)

36.1 (43)
63.9 (76)

P-value

0.253

.588

0.433

0.489

0.007

0.439

0.083

0.974

0.493

0.099

0.001

0.431

0.169

0.133

0.001

0.061

0.551

0.055
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Results

supplements with vitamin D, sun exposure, and the use of sunscreen, the
CHD patients with vitamin D deficiency (serum 25(OH)D<20 ng/mL)
were 2.9 times more likely to suffer from diabetes compared to those
with adequate vitamin D levels (OR: 2.9, 95% CI: 1.02-8.5, p=0.04). In
subjects with CHD, no significant associations were observed between
vitamin D deficiency and other cardio-metabolic risk factors, including
obesity, hypertension and hypercholesterolemia (Table 2).

Table 1 depicts the distribution of the socio-demographic
characteristics, family history of CVD, and lifestyle behaviors variables
of the study participants with and without CHD by vitamin D status.
In the CHD patient, there was significant difference in employment
status between the subjects with vitamin D deficiency and subjects with
adequate vitamin D status. A significantly higher proportion of subjects
in the vitamin D deficiency group were employed at the time of the
survey compared with the subjects with adequate vitamin D status. In
subjects without CHD, there were significant differences in age, gender,
citizenship, and family income between the subjects with vitamin D
deficiency and subjects with adequate vitamin D status. A significantly
higher proportion of subjects in the vitamin D deficiency group were
older in age, male, Saudis, with low-medium family income compared
with the subjects with adequate vitamin D status. Figure 2 shows the
prevalence of cardio-metabolic risk factors among subjects with CHD
and subjects without CHD. The prevalence of diabetes and obesity
were significantly higher in subjects with CHD compared with subjects
without CHD, (35.4% and 14%, p ≤ 0.001, for diabetes, respectively,
and 44% and 22%, p ≤ 0.001, for obesity, respectively). In contrast, the
prevalence of high cholesterol levels and overweight were significantly
higher in subjects without CHD compared with subjects with CHD
(13.3% and 5.4%, p=0.02, for high cholesterol levels, respectively, and
45% and 24.4%, p ≤ 0.001, for overweight, respectively). There was no
significant difference in the prevalence of hypertension between the
groups (Figure 2).

Discussion
Several earlier studies have reported the relation of vitamin D
status with various cardio-metabolic risk factors in different population
groups [9,30,31]. However, there is an important unanswered question,
which is whether the association between vitamin D deficiency and
cardio-metabolic risk factors is partially due to their interrelationships
with CHD? To move this field forward, there is a need for well-designed
studies with an aim to systematically explore these associations.
Therefore, the present study endeavored to compare the association of
vitamin D status and cardio-metabolic risk factors in subjects with and
without CHD. To our knowledge, this is the first study that revealed
a differential association between vitamin D deficiency and cardiometabolic risk factors in Saudi adults with and without CHD.
Diabetes is a significant risk factor for developing CVD. Our
results demonstrated that vitamin D deficiency, defined by using a cutoff of serum 25(OH)D ≤ 20 ng/mL was significantly associated with
increased risk of diabetes only in subjects with CHD. The association
remained significant even after controlling for potential confounders.
On the contrary, one case-control study in Saudi Arabia reported no
association between vitamin D status and diabetes [24]. The authors
concluded that vitamin D deficiency was highly prevalent in their study
subjects regardless of the presence of diabetes. They further explained
that due to not applying strict exclusion criteria, the subjects in the
control group had medical conditions such as hypothyroidism and
euthyroid multinodular goiter that affect vitamin D metabolism, and
thereby led to high prevalence of vitamin D deficiency in the nondiabetic subjects [24]. However, in the Mini-Finland Health Survey,

Table 2 depicts the results of multivariate logistic regression
analyses for both subjects with CHD and subjects without CHD groups.
In subjects without CHD, there was no significant association observed
between vitamin D deficiency and obesity, diabetes, hypertension, and
hypercholesterolemia. In subjects with CHD, vitamin D deficiency
(serum 25(OH)D<20 ng/mL) was significantly associated with an
increased risk of diabetes (p=0.04). After adjustment for age, gender,
BMI, family history of CVD, vitamin D supplements, calcium

Figure 2: Cardio-metabolic risk factors among subjects with CHD and subjects without CHD. HTN: Hypertension; DM: Diabetes; HC: Hypercholesterolemia.
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Table 2: Results of Multivariate Logistic Regression Analysis for subjects with CHD and subjects with-out CHD.
1
Logistic Regression model with no adjustment
2
Multivariate Logistic Regression model after adjustment for age, gender, smoking, exercise, vitamin D supplements, calcium supplements with vitamin D, sun exposure,
and the use of sun screen.
3
Multivariate Logistic Regression model after adjustment for age, gender, BMI, vitamin D supplements, calcium supplements with vitamin D, sun exposure, and the use of
sun screen.
4
Multivariate Logistic Regression model after adjustment for age, gender, BMI, vitamin D supplements, calcium supplements with vitamin D, sun exposure, and the use of
sun screen.
5
Multivariate Logistic Regression model after adjustment for age, gender, BMI, family history of CVD, vitamin D supplements, calcium supplements with vitamin D, sun
exposure, and the use of sun screen.
6
Multivariate Logistic Regression model after adjustment for age, gender, citizenship, vitamin D supplements, calcium supplements with vitamin D, sun exposure, and the
use of sun screen.
7
Multivariate Logistic Regression model after adjustment for age, gender, BMI, vitamin D supplements, calcium supplements with vitamin D, sun exposure, and the use of
sun screen.
8
Multivariate Logistic Regression model after adjustment for age, gender, BMI, exercise, family history of CVD, vitamin D supplements, calcium supplements with vitamin
D, sun exposure, and the use of sun screen.
9
Multivariate Logistic Regression model after adjustment for age, gender, BMI, education, smoking, vitamin D supplements, calcium supplements with vitamin D, sun
exposure, and the use of sun screen.
*<0.05
Variables

Subjects with CHD
N= 130

Subjects without CHD
N= 195

Crude OR (95% CI)

Adjusted OR (95% CI)

Crude OR (95% CI)

Adjusted OR (95% CI)

Obesity
Adequate ( ≥20 ng/ml)
Deficient (<20 ng/ml)

1.0 (referent)
(1.6, 0.6-3.7)1

1.0 (referent)
(2, 0.7-6)2

1.0 (referent)
(1.3, 0.7-2.4)1

1.0 (referent)
(1.9, 0.9-3.8)6

Diabetes
Adequate ( ≥20 ng/ml)
Deficient (<20 ng/ml)

1.0 (referent)
(0.4, 0.17-1.1)1

1.0 (referent)
(2.9, 1.02-8.5)3*

1.0 (referent)
(1.3, 0.5-2.9)1

1.0 (referent)
(1.4, 0.5-3.8)7

Hypertension
Adequate ( ≥20 ng/ml)
Deficient (<20 ng/ml)

1.0 (referent)
(0.8, 0.2-2.2)1

1.0 (referent)
(0.7, 0.2-2.2)4

1.0 (referent)
(0.79, 0.3-1.8)1

1.0 (referent)
(0.6, 0.2-1.8)8

Hypercholesterolemia
Adequate ( ≥20 ng/ml)
Deficient (<20 ng/ml)

1.0 (referent)
(0.77, 0.14-4.1)1

1.0 (referent)
(0.8, 0.04-1.6)5

1.0 (referent)
(1.1, 0.5-2.7)1

1.0 (referent)
(0.6, 0.2-2.3)9

a significant inverse association between serum vitamin D level and
the incidence of diabetes was found after a 17-year follow-up [32].
Several other studies also reported similar results [9,33]. Furthermore,
a number of studies reported an association between vitamin D
deficiency and impaired glucose metabolism. For example, in a study
of healthy, non-diabetic postmenopausal females, vitamin D deficiency
(<12.5 ng/mL) was associated with fasting serum glucose [34]. The
possible mechanism for the effect of vitamin D deficiency on diabetes is
not fully understood; however, previous studies suggested that vitamin
D deficiency may contribute to insulin resistance. Low levels of serum
vitamin D may also contribute to insulin secretion through its direct
effect on the β-cell function [35]. Moreover, vitamin D deficiency
could be an indirect risk factor for CHD as it may produce serious
consequences such as immunosuppressive effect and inflammatory
markers [36].
On the other hand, we did not find any association between
diabetes and vitamin D deficiency among subjects without CHD. One
of the possible explanations for this finding is that vitamin D deficiency
might influence the β-cell functions or exacerbate insulin resistance
in diabetic subjects only among those with CHD. However, with the
current data set we are unable to confirm this postulation. Another
possible reason for these findings could be due to the higher prevalence
and severity of vitamin D deficiency (serum 25(OH)D<20 ng/mL)
among subjects with CHD (76.2%) than subjects without CHD (39%).
Further, the prevalence of severe vitamin D deficiency (serum 25(OH)
D<10 ng/mL) was also more common in subjects with CHD (46.2%)
compared to the subjects without CHD (3.1%) (Data not showed).
Obesity is one of the well-established risk factors for CVD and
it is considered a significant health problem in both developed and
developing nations. Numerous studies have indicated that low
levels of serum vitamin D were inversely associated with different
J Diabetes Metab, an open access journal
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assessing indicators of obesity, including BMI, body weight, and waist
circumference (WC). In the United States, the NHANES (1988-1994)
reported a significant association between obesity and lower serum
levels of vitamin D [33]. Similar results have been reported in other
developed countries [30,37,38]. The availability of vitamin D from both
sources, sun exposure and dietary intake, is reduced in obese subjects
because of confinement in adipose tissues, which provide the possible
explanation for the relationship between vitamin D deficiency and
obesity [39]. In Saudi Arabia, one study has examined the association
between vitamin D status and obesity among both adolescent and
adults [25]. However, they reported an association between vitamin D
deficiency and obesity in adolescents but not adults [25]. The current
research findings showed no association between high BMI and serum
vitamin D levels among subjects with and without CHD. In the present
study, BMI was used as an indicator of obesity, which is not an ideal
tool to measure body fat; thus, further studies are needed to examine
the association between vitamin D status and obesity using more
appropriate indicators, such as total body fat (TBF), waist-to-hip ratio
(WHR), and WC [40].
The present study also showed no significant association
between vitamin D deficiency and hypertension in both groups, and
a similar finding was reported for the Dutch population [41]. On
the other hand, other studies found an inverse association between
vitamin D status and hypertension [9,31,33]. However, a recently
published meta-analysis has shown no significant effect of vitamin D
supplementation on SBP and DBP [42]. Furthermore, results of this
study showed no significant association between vitamin D deficiency
and hypercholesterolemia in both groups, which is consistent with
previous research [43]. It was noticed that few studies worldwide
have focused on the association between vitamin D status and blood
lipids in general, especially high cholesterol levels, even though
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they are the major risk factors for CHD [44]. Some studies reported
significant association between low serum vitamin D levels and high
triglycerides [33,45,46], but not with hypercholesterolemia. The
possible explanation for our results is that all subjects in the current
study were hospital-based patients; thus, if they have been clinically
diagnosed with hypertension and hypercholesterolemia, they would
be on medication for those conditions. Hence, the prevalence of
hypertension and hypercholesterolemia in our sample is lower than
the actual prevalence, thus could not detect any associations of vitamin
D status with hypertension and hypercholesterolemia. In Saudi Arabia
and the Gulf region, no previous studies have examined the association
of vitamin D deficiency with hypertension and hypercholesterolemia.

3. van der Wielen RP, Löwik MR, van den Berg H, de Groot LC, Haller J, et
al. (1995) Serum vitamin D concentrations among elderly people in Europe.
Lancet 346: 207-210.

A few randomized controlled trials (RCTs) have evaluated the effect
of vitamin D supplementation on the reduction of cardio-metabolic
risk. They reported no significant difference in glucose metabolism
[47], hypertension levels [48], and/or weight loss between vitamin D
supplementation groups and control groups [46].

7. Kendrick J, Targher G, Smits G, Chonchol M (2009) 25-Hydroxyvitamin D
deficiency is independently associated with cardiovascular disease in the
Third National Health and Nutrition Examination Survey. Atherosclerosis
205: 255-260.

This study has a number of limitations. The research design is one
limitation, as it cannot deduce the cause-effect relationship. Recall
bias could be another limitation because study participants were asked
to remember some information, including their smoking history.
In addition, a single measurement of serum vitamin D levels was
considered a limitation since multiple measurements reflect the average
vitamin D status. The present study also has a number of strengths. The
measurements of cardio-metabolic risk factors were done in the same
hospitals and were not self-reported, which increased internal validity.
In addition, adjusting for a varied range of socio-demographic and
behavioral confounding factors, such as using vitamin D supplements,
level of sun exposure, and the use of sunscreen, to demonstrate the
association between low vitamin D serum levels and cardio-metabolic
risk factors increased the validity of the study results.

Conclusion
In conclusion, the current study revealed that risk of diabetes
was independently associated with vitamin D deficiency only among
subjects with CHD and not subjects without CHD. Furthermore, no
significant associations were detected between vitamin D deficiency and
other cardio-metabolic risk factors, including obesity, hypertension,
and hypercholesterolemia, in both groups. Further studies with larger
sample sizes are needed to confirm these results.
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