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Diabetes is a major risk factor for cardiovascular disease (CVD) including stroke, coronary heart disease,
and peripheral artery disease. It remains a leading cause of mortality throughout the world, affecting both
women and men. This investigation was aimed to study gender based differences in cardiovascular risk
factors of adult population with type-2 diabetes mellitus (T2DM) and to check the correlation between
serum HbA1C, lipid profile and serum vitamin D levels, in T2DM patients of Riyadh, Saudi Arabia. This
hospital-based cross-sectional study involving subjects was divided into two gender based groups; nor-
mal male (800), diabetic male (800) and normal female (800) and T2DM females (800). Blood samples
were analyzed for fasting glucose (FBG), HbA1c, total cholesterol (TC), triglycerides (Tg), low density
lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C) and serum levels of 25
(OH)-vitamin D in all groups. All the glycemic control parameters and lipid profile parameters were found
to be significantly different in diabetic vs non-diabetic group (p < 0.001) in both genders. The results also
show that vitamin D concentration decreased significantly (p < 0.001) in diabetic patients than the
healthy individuals in both the genders. Vitamin-D and HbA1C were negatively correlated in both males
and females in T2DM patients and significant at P < 0.05. Our study reveals that dyslipidemia remains one
of the major risk factors of CVD in T2DM. In addition to dyslipidemia, decreased levels of vitamin-D asso-
ciated with increased HbA1C alarms the early diagnosis of Type 2 Diabetes.
� 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Diabetes mellitus (DM) is a major health problem among both
males and females worldwide and a known risk factor for coronary
artery disease (CAD). Diabetes is of two types- type 1 diabetes mel-
litus (T1DM) which leads to insulin deficiency as a result of b cell
destruction, and type 2 diabetes mellitus (T2DM) with lack of insu-
lin secretion and action. According to World Health Organization
(WHO) by 2030 the global prevalence of T2DM will increase from
171 million people in 2000 to 366 million (Wild et al., 2004). If
T2DM is undiagnosed and untreated it can result in retinopathy,
neuropathy, nephropathy and cardio vascular disease (CVD). The
major contributing risk factors for development of type 2 diabetes
mellitus are the poor nutrition, overweight, and physical inactivity
(Sadie et al., 2003). In KSA the prevalence of DM was estimated to
be 23.7%. (Al-Nozh et al., 2004). In 2013, diabetes was reported as
8.3% among the age group of 20 and 70 years and was predicted to
rise by 2035 to 10.1% (WHO, 2013; IDF, 2013). In a recent review
on different population of Saudi Arabia by Al-Daghri, 2016, the
prevalence of vitamin-D deficiency studied from 2011 to 2016
was found to be 81% (Al-Daghri, 2016).

Diabetic patients apart from suffering with numerous complica-
tions of chronic hyperglycaemia, are also susceptible to deadly car-
diovascular disease (CVD). CVDs are one of the major reasons that
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reduces the life expectancy in these groups of patients (Schnell and
Stand, 2006). The ability of glycated haemoglobin (HbA1c) to
report the glycaemic history of the preceding 2–3 months makes
it an important biomaker of glycaemic control. Its enhanced levels
are considered as independent risk factor for stroke and coronary
heart disease (CHD) in diabetic and non-diabetic patients (Selvin
et al., 2005). Direct correlation between CVD and HbA1C in diabetic
patients was observed by Ravipati et al. (2006). In pregnant
women, poor glycaemic control impact can be so severe that
higher HbA1c levels can impair foetal cardiac function; if gly-
caemic control is improved it can reduce the risk of cardiovascular
events in diabetics to a major extent (Selvin et al., 2006; Kawasumi
et al., 2006). In type 2 diabetes mellitus, dyslipidemia character-
ized by raised levels of LDL-C, triglycerides and low HDL-C is a
major risk factor of CVD. The observed changes in diabetes mellitus
with respect to lipid parameters are due to enhanced free fatty acid
flux secondary to insulin resistance (Chahil and Ginsberg, 2006). In
non-diabetic cases a positive relationship has been reported
between HbA1c and CVD even within normal range of HbA1c
(Khaw et al., 2004).

Unacceptable high rates of vitamin D deficiency (30–90%) have
been reported in Middle-East region inspite of abundant supply of
sunlight throughout the year (Bassil et al., 2013). Vitamin D is a fat
soluble vitamin with well known functions in bone homeostasis
and metabolism. Extensive research in the last few decades has
established a crucial role of vitamin D deficiency in numerous
non-skeletal diseases like CVD, hypertension, diabetes (type-1
and 2), osteoporosis, immune disorders and cancers (Gulseth
et al., 2014; Papandreou and Hamid, 2015).

In addition to the pivotal role of vitamin D in calcium/phospho-
rus homeostasis and bone physiology, several lines of evidence
suggest that vitamin D status might have a specific role in Type 2
diabetes and progression of metabolic syndrome and also may
have a general role in glucose homeostasis. (Thomas et al., 2012).
Studies in animals and humans suggest that vitamin D affects insu-
lin secretion and tyrosine phosphorylation of the insulin receptor.
Low levels of vitamin D were associated with surrogate measures
of insulin resistance, major adverse cardiovascular events, cancers,
and all-cause mortality, at least in subjects with metabolic syn-
drome (Chiu et al., 2004). In Middle East and North African region,
in adults-gender, increasing age, season, obesity related diseases
like T2DM, insulin resistance and partial or complete metabolic
syndrome are the risk factors which have been consistently linked
to vitamin D deficiency (Chiu et al., 2004; Al-Shoumer and Al-Essa,
2015). The aim of our study was to assess the gender related differ-
ences in serum levels of vitamin D, HbA1C, lipid profile in T2DM
patients and also to study the correlation between serum level of
vitamin D with HbA1C, and lipid profile in T2DM male and female
patients of Riyadh, Saudi Arabia.
2. Materials and methods

2.1. Study population

In the present study, 4843 volunteers participated, of which
3200 were selected based on levels of HbA1c and gender (35–
79 years). The participants were divided into four groups-normal
male (800), diabetic male (800), normal female (800) and T2DM
females (800). The study was carried out in Prince Sultan Military
Medical City in collaboration with Clinical laboratory Sciences
department, College of Applied Medical Sciences, King Saud
University, Riyadh, Saudi Arabia. The study was approved by the
Prince Sultan Military Medical City hospital ethics committee. At
the beginning of the study, written informed consents from the
patients and the subjects were obtained. Participants were asked
to fill-in questionnaires containing demographic information, as
well as past and present medical history.

Inclusion criteria: Adult male and female patients with vitamin D
deficiency suffering with Type 2 Diabetes were included in the
study.

Exclusion criteria: Subjects were screened and patients with
Type 1 diabetes or recently diagnosed diabetes, cardiac problems,
other chronic disorders and on Vitamin D supplementation were
excluded from the study.

2.2. Sample collection and laboratory investigations

Blood samples were collected in sterile labeled vacutainers
(12 h fasting) and separately 1 ml of blood sample was collected
in an EDTA-coated tube for HbA1C analysis. All lipid profile
parameters- triglycerides (Tg), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein choles-
terol (LDL-C) and fasting blood glucose (FBG), HbA1C, were ana-
lyzed by fully automatic analyzer, ROCHE, Cobas 8000 (C701 &
C702). LDL-C was estimated by formula by Friedewald et al.
(1972). Serum 25(OH)D3 or vitamin-D was measured by kits in
Roche Elecsys 2010 Modular Analytics E170-Cobase 411 utilizing
electro-chemiluminescence immunoassay (Roche Diagnostics,
Germany).

2.3. Statistical analysis

SPSS software was used for statistical analysis. Comparison
between the groups was done by one way ANOVA followed by
Holm-Sidaktest. A value of P < 0.05 was considered to be statisti-
cally significant. Vitamin-D correlation with HbA1C, fasting blood
glucose (FBG), lipid profile parameters were determined in both
genders using Pearsons correlation (r) and multiple regression
analysis.
3. Results

3.1. Relationship between vitamin D status, HbA1c and serum lipid
profile in relation to gender in T2DM patients

The mean ± SD values of vitamin-D, HbA1C, FBG, total choles-
terol (TC), triglycerides (Tg), high-density lipoprotein cholesterol
(HDL-C) and low-density lipoprotein cholesterol (LDL-C) in both
genders of T2DM are shown in Table 1. Table 2 depicts the compar-
ison of the biochemical markers between the groups-normal male,
diabetic male, normal female and diabetic female.

Levels of HbA1C increased significantly in diabetic group com-
pared to normal subjects in both males and females (p < 0.001).
HbA1C increased significantly in diabetic females compared to nor-
mal females, whereas in diabetic males borderline increase in
HbA1C was observed. However there was no significant change
between normal male and normal female. In addition to HbA1c,
FBG was found to increase in diabetic group in both genders but
the values of FBG were lower in females than males in both dia-
betic and non-diabetic groups and significant at p < 0.001 level of
significance.

Similar to HbA1C and FBG, the parameters of lipid profile like
TC, Tg and LDL-C increased significantly in both genders in T2DM
patients compared to normal subjects (p < 0.001). TC, Tg and
LDL-C increased significantly in T2DM patients in both genders
compared to normal subjects. Serum levels of TC were similar in
both genders in non-diabetic group. Tg and LDL were higher in nor-
mal females compared to normal males. However the change in
levels of TC, Tg and LDL was statistically significant in non-
diabetic males and females. T2DM females exhibited marked



Table 1
Serum biochemistry of male and female in Normal and Type 2 Diabetes patients.

Males Females

Normal Diabetes Normal Diabetes

Age (years) (35–79) (35–78)
HbA1C (%) 5.37 ± 0.23 6.82 ± 0.5 5.37 ± 0.22 9.97 ± 0.77
FBG (mmol/l) 4.80 ± 0.36 10.91 ± 0.64 4.76 ± 0.34 10.17 ± 0.50
Cholesterol (mmol/l) 4.66 ± 0.32 5.38 ± 0.13 4.61 ± 0.31 5.62 ± 0.15
Triglycerides (mmol/l) 1.46 ± 0.06 1.99 ± 0.25 1.61 ± 0.07 2.51 ± 0.74
HDL (mmol/l) 1.62 ± 0.07 0.92 ± 0.12 1.96 ± 0.24 1.02 ± 0.15
LDL (mmol/l) 1.90 ± 0.06 2.89 ± 0.08 2.24 ± 0.11 3.69 ± 0.20
Vitamin-D (nmol/l) 70.12 ± 16.18 26.68 ± 2.64 66.26 ± 14.54 27.12 ± 3.15

Table 2
Comparison of the glycemic indices, lipid profile and vitamin D among the groups.

Normal male with
normal female

Normal male with
Diabetic male

Normal female with
Diabetic female

Diabetic male with
Diabetic female

t p t p t p t p

HbA1C 0.14 0.87 58.62 <0.001* 187.1 <0.001* 128.33 <0.001*

FBG 1.68 0.09 254.76 <0.001* 225.3 <0.001* 31.05 <0.001*

Cholesterol 3.96 <0.001* 57.67 <0.001* 81.66 <0.001* 19.52 <0.001*

Triglycerides 7.3 <0.001* 26.90 <0.001* 45.57 <0.001* 25.96 <0.001*

HDL 42.87 <0.001* 86.29 <0.001* 117.03 <0.001* 12.13 <0.001*

LDL 53.68 <0.001* 155.95 <0.001* 227.92 <0.001* 125.65 <0.001*

Vitamin-D 6.96 <0.001* 78.45 <0.001* 70.68 <0.001* 0.80 0.42

** p < 0.05.
* p < 0.001.

Fig. 1. Regression graphs showing correlation between vitamin-D, HbA1C, and FBG
in Diabetic males.
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increase in the levels of these lipids and lipoproteins compared to
diabetic males and was significant at P < 0.001 level of significance.

In contrast to these parameters, serum levels of HDL-C
decreased significantly in T2DM patients in both genders com-
pared to non-Diabetic group. Females have significantly higher
HDL-C levels than males in both normal and T2DM patients. Like
HDL-C, Vitamin-D levels decreased significantly in T2DM males
and females compared to normal subjects. The levels of Vitamin-
D were higher in males than females in both non-Diabetic and
T2DM patients.

Status of Vitamin D and other biochemical variables were com-
pared by Pearson correlation and are shown in Table 3 and regres-
sion graphs showing correlation between Vitamin-D and other
variables like HbA1C, FBG, TC, Tg, LDL-C and HDL-C in males and
females of T2DM patients are depicted in Figs. 1–4. It was found
that Vitamin-D and HbA1C were negatively correlated in both
males and females in T2DM patients and significant at P < 0.05.
FBG and TC were positively correlated with Vitamin-D in both gen-
ders but the correlation was not statistically significant. Vitamin-D
and TC were positively correlated in both genders and were signif-
icant only in males (p < 0.001). Pearsons correlation exhibited dif-
ferential statistically non-significant correlation in males
compared to female T2DM patients.
Table 3
Correlation between Vitamin D, HbA1C, lipid profile and FBG in type-2 Diabetic male and females by Pearsons Correlation.

Parameters Diabetic male Diabetic female

Vitamin-D Pearson correlation r p Pearson correlation r p

HbA1C �0.06 0.04** �0.13 <0.001*

FBG 0.026 0.4 0.06 0.07
Cholesterol 0.16 <0.001* 0.05 0.11
Triglycerides 0.032 0.3 �0.03 0.3
HDL �0.03 0.35 �0.01 0.7
LDL 0.01 0.67 �0.01 0.60

* p < 0.001.
** p < 0.05.



Fig. 2. Regression graphs showing correlation between vitamin-D, TC, LDL, HDL in
Diabetic males.

Fig. 4. Regression graphs showing correlation between vitamin-D, TC, LDL, HDL in
Diabetic females.

Fig. 3. Regression graphs showing correlation between vitamin-D, HbA1C, lipid
profile and FBG in Diabetic females.
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4. Discussion

Cardio vascular disease (CVD) leads to a high risk of mortality in
diabetes characterized by dyslipidemia, the key features of which
are raised triglycerides, low high density lipoprotein and high
small density lipoprotein particles. According to American Dia-
betes Association, one of the standard measures for care of diabetic
patients is regular monitoring of serum lipid levels as they are
likely to contribute towards risk of coronary artery disease (The
American Diabetes Association, 1999). Aberrant lipid peroxidation
and altered lipid homeostasis are frequently observed in diabetes
and become worse with poor glycaemic control. Regular monitor-
ing of lipid profile in diabetic patients is essential in order to study
how their lipid metabolism is affected by diabetes.

In the present investigation, lipid profile and glycemic indices
(HbA1c and FBG) were measured and analyzed to test the
correlation of these parameters with serum levels of vitamin-D
in both genders of type 2 diabetic patients. The results revealed
that T2DM patients exhibits hypertriglyceridemia, with high
cholesterol levels, high LDL-C and low HDL-C. It was observed that
lipid profile and the lipoproteins were higher in diabetics than
non-diabetic group. The results of the present study are in line
with previous reports (Idogun et al., 2007; Albrki et al., 2007).
HbA1C differed significantly between male and female subjects.
HbA1C, Tg, HDL-C and LDL-C were found to be higher in females
than male patients. Additionally, the gender effect may account
for raised levels of HDL-C in females compared to males, particu-
larly estrogen effect and reflect better adherence to diabetic man-
agement by females. This study demonstrated gender difference
with respect to lipid metabolism between males and females of
diabetic and non-diabetic groups. The findings of our study are in
accordance with the observation of Gustafsson et al. (2004). In con-
trast to our results, Khan et al. (2007) reported no significant differ-
ences between males and females for the levels of HbA1C, FBG,
LDL. Female diabetic patients are at high risk and may suffer with
more adverse changes than male patients with respect to changes
in coagulation, vascular function and cardiovascular risk factor. The
results obtained for lipid profile of female diabetic patients
revealed higher levels of LDL, total cholesterol and HDL which is
in agreement with previous studies (Walden et al., 1984). In
females, hyperlipidemia is due to effect of sex hormones and body
fat distribution which results in altered lipoproteins.

There is a scarcity of data with respect to link between serum
levels of vitamin D, HbA1C and lipid profiles as relatively fewer
studies have been carried out on this aspect. In T2DM patients
the levels of serum vitamin-D are comparatively low than healthy
control subjects with slight decrease in females than males. The
results obtained for correlation revealed negative association
between serum levels of vitamin-D with HbA1C and TC which
was statistically significant, whereas a non-significant correlation
was observed with lipid profile in both the genders. The inverse
relationship of vitamin-D with type 2DM is explained by certain
mechanisms. Vitamin-D has a direct and indirect effect through
genomic and non-genomic pathways on b–cell function, insulin
secretion and resistance. On contrary the most frequent cause of
mortality of type 2 DM patients is cardiovascular disease. Another
proposed mechanism of vitamin-D is an indirect role in endothelial
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function, calcification of coronary vasculature, control of blood
pressure and prevention of CVD.

The correlation studies showed a significant negative correla-
tion (r = �0.06, p < 0.05 in males; r = �0.13, p < 0.001 in females)
between vitamin-D and HbA1C, whereas non-significant positive
correlations were observed between vitamin-D and FBG, Tg, LDL
and HDL-C. The inverse correlation observed in the present study
for vitamin-D and HbA1C in T2DM patients is in accordance to that
of Shenoy et al. (2014). This study reports dyslipidemia in diabetic
group, but Vitamin-D levels did not correlated with the altered
lipid abnormalities in T2DM patients in both genders. Similar to
our findings, a negative association between vitamin-D and Tg in
hypertriglyceridemia patients was reported by another study
(Ford et al., 2005). Some of the previous reports have showed a
positive association between vitamin-D and Tg whereas as other
studies have reported an inverse relation (Gustafsson et al.,
2004). Wang et al., 2009 suggested a direct and indirect effect of
vitamin-D on lipid profile. According to their study vitamin-D via
regulatory action increases the lipoprotein lipase activity resulting
in decreasing the levels of Tg in serum (Wang et al., 2009). The pre-
sent investigation reports a statistically non-significant association
between vitamin-D, total cholesterol and LDL. Some of the possible
explanations for this observation are – (a) occurrence of vitamin-D
deficiency is very common in Saudi Arabia. This is due to limited
sunlight exposure for cultural reasons and inadequate consump-
tion of vitamin-D rich foodstuffs. (b) In our country the main
source of dietary vitamin-D is through consumption of animal-
based foodstuffs, but these food-stuffs in addition to vitamin-D
also contain other lipids.

A crucial role of vitamin-D is in calcium metabolism, its defi-
ciency may lead to development of serious cardiovascular diseases,
cancer, type-1 and type-2 diabetes (Holick, 2007). In spite of poorly
understood biological mechanisms for association between low
levels of serum vitamin-D and T2DM, a possible explanation is
through effects of vitamin-D on glucose homeostasis, on b-cell
function and insulin secretion. Numerous studies have proposed
that low levels of vitamin-D leads to insulin resistance (Holick,
2007). Low levels of vitamin-D also lead to glycosylated haemoglo-
bin which is a marker for impaired glucose metabolism. The link
between vitamin-D and diabetes is also explained by certain
important mechanisms – (a) vitamin-D stimulates expression of
insulin receptor thereby improves insulin action, (b) it enhances
insulin responsiveness for glucose transport, (c) it has a direct
effect on cytokines by improving systemic inflammation and (d)
it indirectly effects insulin secretion through calcium effect.
(Pittas et al., 2007).

Based on our findings we suggest routine measurements of gly-
cated haemoglobin in diabetic patients as it can be used to monitor
the glycemic status and is an indicator of disease progression.
Regardless of dyslipidemia, high HbA1C is considered as an inde-
pendent risk factor for CVD. As increased serum levels of HbA1C
are well correlated with decreased vitamin-D, status of vitamin-
D together with Hb A1C could be used in early diagnosis of
T2DM. Non diabetic individuals with deficient status of vitamin-
D levels might have greater risk of developing type 2 diabetes mel-
litus in near future, than individuals with normal vitamin D levels.
5. Conclusion

Based on the results obtained in the present study it can be con-
cluded that in Type 2 diabetic patients, low levels of vitamin-D is
associated with prevalence of hypercholesterolemia, hypertriglyc-
eridemia, high LDL-C and low HDL-C levels and exhibited signifi-
cant change with respect to gender. Dyslipidemia remains one of
the major risk factors of CVD in type 2 diabetic mellitus. In addi-
tion, decreased levels of vitamin-D with increased HbA1C as glyce-
mic control alarms the early diagnosis of Type 2 Diabetes and
treatment. Low vitamin D levels may be predictive of future devel-
opment of type 2 diabetes in both sexes.
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