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Background: 25-Hydroxyvitamin D (Vit.D) levels associated with cardiovascular disease (CVD) may vary according to
genetic variants in the vitamin D receptor (VDR) gene. However, the existing results are not conclusive in the
Egyptian population, where diabetes mellitus is a common CVD risk factor. The purpose of the study was to
evaluate the role of VDR polymorphism in Egyptian patients with CVD by studying the association of the rs2228570
(Fokl) and rs1544410 (Bsml) single nucleotide polymorphisms (SNPs) of the VDR gene and serum levels of Vit.D with
several CVD risk factors in patients with and without diabetes mellitus. We studied the genotypes for rs2228570
(Fokl) and rs1544410 (Bsml) SNPs of the VDR gene in 382 Egyptian patients (120 CVD patients with diabetes, 124
CVD patients without diabetes, 69 diabetic patients without CVD and 69 healthy individuals). We also determined
the serum levels of Vit.D, insulin, lipids, fasting blood glucose (FBG), and the body mass index (BMI).

Results: The distribution of genotypes and allelic frequencies of the rs2228570 (Fokl) and rs1544410 (Bsm/) SNPs of
the VDR gene was significant in CVD patients (p < 0.001). The level of Vit.D was significantly lower in patients with
CVD and diabetes compared to those without diabetes (p < 0.001). Moreover, there was a significant association
between Vit.D level and the selected SNPs with serum lipids, BMI, FBG, and insulin levels in CVD patients with or

Conclusion: The level of Vit.D and the distribution of VDR polymorphisms are associated with risk of CVD in
Egyptian patients with or without diabetes. These results suggest that VDR polymorphisms may be potential
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Background

Cardiovascular disease (CVD) is a major health problem
and a common cause of morbidity and mortality in both
high and low-income countries [1, 2]. According to the
World Health Organization (WHO), CVDs account for
17.9 million deaths worldwide and this number is ex-
pected to increase to 23.6 million by 2030. In Egypt,
CVDs account for 40% of total deaths [3, 4]. Many
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factors, such as type 2 diabetes (T2D), hypercholesterol-
emia, obesity, physical inactivity, and smoking, have
been found to have significant effects on CVD risk, pro-
gression, and severity through affecting carbohydrate
and lipid metabolism, blood pressure, vascular function,
and atherogenesis [5]. The incidence of CVD is 2-8 folds
higher in T2D patients than those without T2D, as
hyperglycemia may impair both arterial and endothelial
functions leading to vascular inflammation, foam cell
formation, thrombosis, and increased arterial stiffness
[6]. Common cardiovascular disorders result from a
combination of metabolic factors and genetic alterations.
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Recent genomic studies suggest that the use of suscepti-
bility variants may be important for the diagnosis and
treatment of CVD [7].

Vitamin D (Vit.D) has attracted attention as it is linked
to several biological processes such as bone mineral
homeostasis, management of cell proliferation, and modu-
lation of immune responses [8]. Vit.D is obtained from
diet and after exposure to the sun. The inactive form of
Vit.D is converted in the liver to 25-(OH)-D followed by
la-hydroxylation in the kidney yielding the active Vit.D
metabolite 1, 25-(OH),-D [9, 10]. Vit.D deficiency has
been linked to CVD and T2D, as it regulates endothelial,
smooth and cardiac muscle cell functions, blood pressure;
in addition, it maintains both glucose tolerance and insu-
lin release [11]. Several epidemiological studies have re-
ported the association between Vit.D deficiency and CVD
and its risk factors, such as obesity, T2D, insulin resist-
ance, dyslipidemia and hypertension [12-15].

The majority of Vit.D actions are mediated by vita-
min D receptor (VDR). The VDR gene is mapped on
chromosome 12q12-q14 consisting of eight protein-
coding exons and six untranslated exons. Several sin-
gle nucleotide polymorphisms (SNPs) have been
expressed in the VDR gene that could potentially
alter its expression and activation. The most studied
SNPs of the VDR gene are rs2228570 (Fokl) in exon
2, rs1544410 (Bsml) and rs7975232 (Apal) in intron
8, and rs731236 (Tagl) in exon 9 [16]. VDR poly-
morphism has been reported to be associated with
Vit.D level and function. VDR polymorphism showed
significant association with lower serum levels of
Vit.D in obese Egyptian women [14], and might lead
to Vit.D deficiency due to VDR dysfunction in pa-
tients with vitiligo [17]. Besides its effect on Vit.D
status [12], some VDR SNPs have been associated
with several diseases such as T2D [18], Parkinson’s
disease [10], and CVD [19] in several populations.
Furthermore, VDR variants have been related not only
to CVD but also to different CVD risk factors. The ff
genotype at FokI SNP of VDR is associated with dys-
lipidemia in China, while the FF genotype predicts
higher HDL-cholesterol levels [20]. However, some re-
sults are inconsistent. Nakhl et al. [21] reported an
association between VDR Fokl polymorphism and
CVD in the Mediterranean region, while Panet et al.
[22] reported no association of both Fokl and Bsml
polymorphisms with CVD in the Chinese population.
However, in relation to CVD risk factors in the Egyp-
tian population, few VDR SNPs have been analyzed
[23] and whether VDR affects Vit.D levels or could
be a risk factor for CVD is still not well elucidated in
Egyptian patients. This study aims to correlate the
Vit.D levels and frequency of the VDR gene polymor-
phisms (rs2228570 FokI and rs1544410 Bsml) in
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Egyptian patients with cardiovascular disease with and
without diabetes, to the clinical characteristics and la-
boratory findings at diagnosis of CVD.

Methods

Study design and subjects

A total of 382 subjects from Sayed Galal University Hos-
pital, Cairo, Egypt, were recruited over a period of 5
months, from January to May 2017. All subjects were
interviewed and examined by a consultant cardiologist,
answered a questionnaire about their age, marital status,
job, residence, past medical history (hypertension, dia-
betes, or any psychiatric disorder), smoking habit and
nutrition status, and underwent the following: (1) Full
clinical chest and heart examination with special stress
on the nature of chest pain (onset, course, duration, site,
radiation) and dyspnea (whether at rest or on exertion),
history of recent vomiting and hypotensive episodes; (2)
12-lead resting electrocardiogram (ECG), echocardiog-
raphy and coronary angiography; and (3) measurements
of weight, height, diastolic blood pressure (DBP), and
systolic blood pressure (SBP). In our study, we have
chosen confirmed coronary artery disease (CAD) pa-
tients who met the WHO criteria [24] and were verified
by whether they had experienced prior episodes of ST-
elevation myocardial infarction or by coronary angiog-
raphy to represent CVD, because CAD patients were
relatively prevalent among cases attending Sayed Galal
University Hospital. T2D was diagnosed according to
the American Diabetes Association criteria [25]. Subjects
were divided into four groups: group A, CVD patients
with T2D (n=120); group B, CVD patients without T2D
(n=124); group C, diabetic patients without CVD (n=69);
and group D, healthy controls (n=69).

Inclusion criteria
Patients with single or multi-vessel CAD with more than
50% luminal stenosis on angiography.

Exclusion criteria

(1) History of type 1 diabetes, coronary surgical inter-
vention, organ transplantation, or renal hemodialysis; (2)
pregnancy or any medical condition prone to alter para-
thyroid hormone (PTH) concentration; (3) valvular or
congenital heart diseases, hepatic diseases, chronic lung
diseases, cancer, or malabsorption syndrome; (4) patients
on medications such as anticonvulsants, systemic gluco-
corticoids, antidepressants, antipsychotics drugs, supple-
mentation with vitamin D, multivitamin supplements, or
bisphosphonates.

The treatment protocol for CAD patients included sta-
tin, aspirin, and renin-angiotensin-aldosterone system
(RAAS) blockers, whereas diabetic patients were treated
with glucose-lowering drugs. All subjects were married
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and resided in Cairo. Males were manual workers, while
the females were housewives and all were from low so-
cioeconomic class with no regular exercise in their life-
style and did not complain of any mood disturbance or
any behavioral change in the 2 weeks prior to the study.

Methods

Sampling

Approximately 5 mL of peripheral venous blood were
withdrawn after a 12-h fast from all subjects. Serum was
separated with blood centrifugation at 3000 g for 10 min
and stored at —80 °C for biochemical analysis.

Biochemical analysis

Fasting blood glucose (FBG) levels were determined using
a kit of linear chemicals (Barcelona-Spain). Serum levels
of total cholesterol (TC), triglyceride (TG), and HDL-C
were calorimetrically measured using a kit from Stanbio
laboratory (USA). LDL-C was calculated via Friedewald’s
formula as TC-HDL-c-TG/5 [26]. Body mass index (BMI)
was calculated as weight (kg)/height (m?). Serum human
insulin and VitD levels were determined by enzyme-
linked immunosorbent assays (ELISA) using kits from
Immunospec Corporation (USA) and Orgentec Diagnos-
tika GmbH (Germany), respectively, according to the
manufacturers’ instructions. Homeostatic Model Assess-
ment of Insulin Resistance (HOMA-IR) was calculated as
FBG (mg/dL) X insulin (U/L)/405 [27].

Genotyping
Genomic DNA was extracted from 200 microliters of
whole blood samples using QIAamp mini kit (Qiagen,
Germany) according to the manufacturer’s instructions.
(rs2228570 C > T Fokl) and (rs1544410 A > G Bsml)
gene polymorphisms were identified by polymerase
chain reaction restriction fragment length polymorphism
(PCR-RFLP) assay by DNA amplification with specific
primers. Primers were adopted from the study of Chen
et al. [28], and were checked for specificity using Basic
Local Alignment Search Tool (BLAST; Primer BLAST).

rs2228570 (Fokl): Forward: 5° GCA CTG ACT CTG
GCT CTG AC 3’

Reverse: 5" ACC CTC CTG CTC CTG TGG CT3’

rs1544410 (Bsml): Forward: 5" GGAGAC ACA GAT
AAG GAA ATA C3’

Reverse: 5 CCG CAA GAA ACCTCA AAT AACA 3’

In each PCR reaction tube, 12.5 yL master mix (Taq
polymerase and deoxynucleotide triphosphate mixture),
3 pL genomic DNA, 1 yL forward primer, 1 uL reverse
primer and 7.5 uL distilled water (DW) were mixed. The
PCR cycle was as follows: initial denaturation at 95 °C (5
min), 40 cycles of denaturation at 95 °C (15 s), annealing
at 72 °C (Fokl), 60 °C (Bsml) (60 s), and extension at 72
°C (45 s). The amplified PCR products of rs2228570
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(341 bp) and rs1544410 (248 bp) were digested with Fokl
and Bsml restriction enzymes. Post-digestion, the prod-
ucts were run on a 2% agarose gel then visualized by a
UV transilluminator (Supplementary figure 1).

Statistical analysis

Statistical analyses were conducted using the Statistical
Package for the Social Sciences (SPSS, version 20, Chi-
cago, IL). The Shapiro-Wilk test was used for normality
testing. Categorical variables were expressed as numbers
(percentages) and compared using the chi-square (x2)
test. Continuous variables were expressed as median
(interquartile range, IQR: 25th-75th quartile) and com-
pared using the non-parametric Kruskal-Wallis test. The
correlations of vitamin D with other study parameters
were assessed using Spearman’s rank correlation coeffi-
cient. Logistic regression analysis was used to estimate
the CVD risk factor. The differences in the frequencies
of VDR genotypes between cases and controls were de-
termined by the chi-square (x2) test. Odds ratio (OR)
with 95% confidence interval (CI) was used for risk esti-
mation. The Hardy—Weinberg equilibrium was tested
for every polymorphism by comparing expected and ob-
served genotype frequencies using (x2) test. The power
analysis was carried out using the PASS software [29].
All statistical analyses were two-sided and a P <0.05 was
considered to be statistically significant [30].

Results
The results revealed that BMI was significantly higher in
CVD patients with and without T2D compared to dia-
betic patients and controls. FBG, insulin, HOMA-IR,
TC, TG, LDL-C, SBP, and DBP levels showed a signifi-
cant increase in CVD patients with T2D when compared
to CVD patients without T2D, diabetic patients, and
controls. In contrast, HDL-C levels were significantly de-
creased in both CVD patients with and without T2D
compared to controls. The mean Vit.D was significantly
lower among CVD with T2D than CVD patients without
T2D, diabetic patients, and controls (Fig. 1). Table 1
shows demographic, clinical, and biochemical parame-
ters of all studied groups. The study revealed a signifi-
cant correlation between Vit.D levels and BMI, insulin,
HOMA-IR, TC, TG, LDL-C and HDL-C levels in dia-
betics, and patients with CVD with and without diabetes
(Table 2). Moreover, logistic regression analysis was
done to address the predictive independent variables.
The results showed that increasing age, BMI and SBP, as
well as decreasing FBG, insulin, HOMA-IR, and VitD
were statistically significantly associated with the pres-
ence of CVD (Table 3).

According to VDR gene polymorphism, there was a
significant difference in genotypes distribution of
rs2228570 Fokl and rs1544410 Bsml in all studied
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Fig. 1 Box plots of serum Vit. D level in different studied groups. Group A, CVD with T2D; group B, CVD without T2D; group C, diabetic group;
group D, healthy group; 3, significant difference from group D; b, significant difference from group C; ¢, significant difference from group B

groups. In addition, the genotype frequencies of both
SNPs in all studied groups were in the Hardy—Weinberg
equilibrium (p >0.05) (Figs. 2, 3 and Tables 4, 5). Re-
garding (rs2228570 FokI), there was a significant differ-
ence in genotype distribution between CVD without
T2D and control group (p < 0.001). Also, a significant

association was found between CVD patients with T2D
and diabetic patients in both the genotype and allele dis-
tributions (p < 0.01), whereas the genotype distribution
of the VDR rs2228570 (Fokl) showed no significant dif-
ference between CVD patients with and without T2D
groups. The T allele was frequently higher in CVD with

Table 1 Demographic, clinical and biochemical parameters

Groups Group A Group B Group C Group D P value
Variables (n=120) (n=124) (n= 69) (n=69)

Age (years) 58 (54.3-63) 57.5 (50-62) 54 (47-59) 54 (50-58) “0.001
Sex (M/F) 52(43.3%)/68(56.7%) 94 (75.8%)/30(24.2%) 27 (39.19%)/42 (60.9%) 36 (52.29%)/33(47.8%) 0001
BMI (kg/m?) 294 (27.7-33)*F 303 (283-332)*° 265 (25.3-27.9) 259 (24.5-27.3) 0001
SBP (mmHg) 140 (130-150)7° 130 (130-149) 130(120-140) 130 (130-140) 0.005
DSP (mmHg) 90 (80-90)*° 80 (80-90) 80 (77-90) 80 (80-90) 0001
FBG (mg/dl) 189.1 (157.8-232.6)*°¢ 89.5 (83.8-97.7)° 151.3 (137.5-178.1)° 87.5 (84.5-94.8) 0001
Insulin (/1) 27.1 (16.7-40.5)>P¢ 134 (93-227)7° 218 (188-25.5)° 95 (745-13.5) <0.001
HOMA-IR 11.9 (7.1-24.6)P< 27 (20-5.2%° 89 (7.8-11.5) 22(1.5-29) 0001
TC (mg/dl) 2012 (191.0-2205)* 203.0 (1856-221.9)*° 1759 (1636-193.7) 176.6 (164.7-186.4) 0001
TG (mg/dL) 1483 (1283-173.1)%°¢ 1415 (117.0-162.2)°° 957 (68.1-109.3)° 804 (66.8-97.5) 0001
HDL-C(mg/dl) 37.8 (286-436)*°¢ 433 (344-515)°° 50.2 (44.8-59.6)° 63.8 (54.6-68.7) 0001
LDL-C (mg/dL) 136.8 (124.6-162.8)*P< 126.7 (114.2-147.4)F 1115 (89.7-1185) 945 (88.1-108.7) 0001
Vit.D (ng/ml) 133 (10-16.1)*°¢ 174 (124217 235 (18.7-29.6)° 387 (29.5-485) 0001

Group A, CVD with T2D; group B, CVD without T2D; group C, diabetic group; group D, healthy group; a, significant difference from group D; b, significant
difference from group C; ¢, significant difference from group B. Categorical variables were expressed as numbers (percentages) and compared using chi-square
(x2) test. Continuous variables were expressed as median (interquartile range, IQR: 25th-75th quartile) and compared using the non-parametric Kruskal-Wallis test
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Table 2 Associations of Vit.D levels with other clinical and biochemical parameters
Parameter Group A Group B Group C Group D

(n=120) (n=124) (n=69) (n=69)

r P value r P value r P value r P value
BMI (kg/m?) —-0.536"* <0.001 —0.561%* <0.001 —0.364** <0.01 —0.068 0578
SBP (mmHg) -0.046 0615 -0.129 0.154 -0.331** 0.006 -0.23 0.054
DSP (mmHg) -0.094 0.309 -0.133 0.139 -0.105 0.389 -0.154 0.206
FBG (mg/dl) -0618** <0.001 —0.495%* <0.001 —0.705%* <0.001 —-0.198 0.103
Insulin (/1) —0473** <0.001 —0434** <0.001 —-0.031 0.803 —0.583** <0.001
HOMA-IR —0.584** “0.001 —0477** “0.001 —0.345** “0.01 -0.014 0910
TC (mg/dl) —0.684** “0.001 —0.675** “0.001 —0.779** “0.001 —0.562** “0.001
TG (mg/dl) —0.505** <0.001 —0.664** <0.001 —0402** 001 —0.662** <0.001
HDL-C (mg/dL) 0.713* “0.001 0.391** “0.001 0.537** “0.001 0.756** “0.001
LDL-C (mg/dL) —0.772%* “0.001 —0.524** “0.001 -0.810** “0.001 —0.645** “0.001

Spearman rank correlation coefficient (r)
“Correlation is significant at the 0.01 level
Correlation is significant at the 0.05 level

the T2D group than in CVD without the T2D group
with no significant difference between them. The TT
genotype was significantly more frequent in CVD with
T2D groups than in the diabetic group (Table 4, Fig. 2,
Supplementary figure 2). Furthermore, the power ana-
lysis was 99% to detect an effect size of 0.2722 using 6
degrees of freedom chi-square test with a significance
level (a) of 0.05 for (Fokl) genotypes in all studied
groups. Regarding VDR rs1544410 (Bsml) polymorph-
ism, the results showed a significant difference between
CVD with and without T2D as compared to diabetic
and control groups, respectively, in genotype and allele
distribution. The GG genotype was significantly more
frequent in CVD with the T2D group as compared to

the diabetic group (p “0.001). There was a significant dif-
ference in G allele distribution between CVD with T2D
and CVD without T2D groups (p “0.05) with a risk of
having G allele 2 times more in CVD with T2D than
CVD without the T2D group (Table 5, Fig. 3, Supple-
mentary figure 3). Furthermore, the power analysis was
100% to detect an effect size of 0.5369 using 6 degrees of
freedom chi-square test with a significance level (a) of
0.05 for (Bsml) genotypes in all studied groups.

The distribution of some clinical and biochemical pa-
rameters according to the VDR rs2228570 (Fokl) geno-
type observed in CVD with and without T2D patients is
shown in Table 6. Concerning CVD patients without
T2D, the results revealed that higher systolic blood

Table 3 Logistic regression analysis for risk factors and biochemical parameters in CVD patients

Step 1° Coefficient + 95% Wald Wald*? df P
S.E. confidence interval value
Lower Upper
Age (years) 0.200 + 0.046 1116 1337 18.791 1 “0.001
Sex 0.094+ 0.686 0.286 4217 0.019 1 0.892
BMI (kg/mz) 0.182+ 0.079 1.029 1.400 5382 1 “0.05
SBP (mmHg) 1639+ 0.718 1.261 21.043 5210 1 “0.05
DSP (mmHg) —0.050+ 0.034 0.889 1.017 2141 1 0.143
FBG (mg/dl) —0.048+ 0.013 0.928 0.979 12.725 1 “0.001
Insulin (u/1) —-0.202+ 0076 0.703 0.949 7014 1 “0.01
HOMA-IR 0450+ 0.183 1.096 2.243 6.053 1 “0.05
TC (mg/dl) 0474+ 619.14 0.000 0 0.000 1 0.999
TG (mg/dL) —0.057+ 123.83 0.000 0 0.000 1 1.000
HDL-C (mg/dl) -0.530+ 619.14 0.000 0 0.000 1 0.999
LDL-C (mg/dL) -0.478+ 619.14 0.000 0 0.000 1 0.999
Vit.D (ng/ml) —-0.357+ 0078 0.601 0815 21135 1 <0.001

Variables are entered on step 1, df degree of freedom
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Fig. 2 Genotype frequency for VDR polymorphism at Fokl (VDR 2228570 C > T) in all study groups. 3, significant difference from group D; b, significant
difference from group G; ¢, significant difference from group B; asterisk indicates significant <0.05

pressure (SBP) and diastolic blood pressure (DBP) were
seen in patients with CT genotype, than those with CC
genotype, while lower HDL-C was seen in patients hav-
ing TT genotype. In addition, higher FBG, HOMA-IR,
cholesterol, triglyceride, and LDL-C were seen in pa-
tients with TT genotype, than CC and CT genotype,
whereas lower Vit.D levels were seen in patients with
TT genotype than CC and CT genotype (Table 6). In
CVD patients with T2D, FokI VDR polymorphism
showed that TT carriers had higher cholesterol, trigly-
ceride, HDL-C levels than CC and CT genotypes, while
TT carriers showed lower Vit.D levels than with CC and
CT genotypes. FokI VDR polymorphism in CVD patients

with T2D showed no significant association with SBP
and DBP (Table 6).

Table 7 presents the distribution of some clinical
and biochemical parameters according to the VDR at
Bsml (rs1544410 A > G) genotype observed in CVD
with and without T2D patients. The results demon-
strated that patients with CVD without T2D carrying
GG genotype had higher SBP and DBP than patients
with AA genotype. Also, the GG genotype was associ-
ated with higher FBG, HOMA-IR, cholesterol, trigly-
ceride, and LDL-C levels than AA and AG genotypes
in CVD patients without T2D. Vit.D levels were lower
in CVD without T2D patients with GG genotype than

€ b >

Genotype frequency %

Group A Group B

Fig. 3 Genotype frequency for VDR polymorphism at Bsm/ (VDR 1544410 A > G) in all study groups. a, significant difference from group D; b, significant
difference from group G c, significant difference from group B; asterisk indicates significant “0.05

GroupC GroupD
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Table 4 Genotype and allelic frequency for VDR polymorphism at Fokl (rs2228570 C > T)
rs2228570 (Fokl) Group A Group B Group C Group D P values
(n=120) (n=124) (n= 69) (n=69)
Genotype
CcC 36 (30.0%) 44 (35.5%) 36 (52.2%) 42 (60.9%) “0.001
CcT 58 (48.3%) 56 (45.2%) 30 (43.5%) 21 (30.4%)
T 26 (21.7%) 24 (19.4%) 3 (4.3%) 6 (8.7%)
CT+TT 84 (70%) 80 (64.6%) 33 (47.8%) 27 (39.1%) “0.001
P value 0.001°* 0.002° 0218°
0.654° 0.654°
Hardly Weinberg equilibrium test p value 0.77 041 0.28 0.17
Allele
C 130 (54.2%) 144 (58.1) 102 (73.9%) 105 (76.1%) “0.001
T 110 (45.8%) 104 (41.9%) 36 (26.1%) 33 (23.9%)
P value <0.001°* <0.001*" 0301°
0.386°

2397 (1.518-3.786)°
1172 (0.819-1.676)

OR (95% ClI)

2.298 (1.443-3.660) 142 (0.79-2.54)

Chi-square (x2) test was used to get the statistical variation. a, significant difference from group D; b, significant difference from group C; ¢, significant difference

from group B

those with AA and AG genotype. Regarding patients
with CVD with T2D carrying GG genotype, they pre-
sented no difference in SBP and DBP compared to
patients with AA genotype, while genotype GG was
associated with higher FBG, HOMA-IR, cholesterol,
triglyceride, and LDL-C levels than AA and AG geno-
types. Vit.D levels were lower in CVD with T2D pa-
tients with GG genotype compared to those with AA
and AG genotype.

Discussion

CVD is the leading global cause of death and accounts
for more than a third of all deaths worldwide. In Egypt,
CVDs represent 40% of total deaths. CVD is influenced
by genetics and environmental risk factors. The most
important risk factors of heart disease are unhealthy di-
ets, physical inactivity, high cholesterol levels, hyperten-
sion, obesity, smoking, genetics, aging, and diabetes [10].
Vit.D plays a role in a broad range of functions other

Table 5 Genotype and allele frequency for VDR polymorphism at Bsm/ (rs1544410 A >G)

rs1544410 (Bsml) Group A Group B Group C Group D P values
(n=120) (n=124) (n=69) (n=69)
Genotype
AA 10 (8.3%) 16 (12.9%) 24 (34.8%) 36 (52.2%) “0.001
AG 35 (29.0%) 44 (35.5%) 39 (56.5%) 27 (39.1%)
GG 75 (62.7%) 64 (51.6%) 6 (8.7%) 6 (8.7%)
AG+GG 110 (91.7%) 108 (87.1%) 45 (65.2%) 33 (47.8%) <0.001
P value <0.0015* <0001% 0.101°
0.057¢
Hardly Weinberg equilibrium test p value 0.056 0.065 0.07 0.77
Allele
A 55 (22.4%) 76 (31.0%) 87 (63.8%) 99 (73.2%) “0.001
G 185 (77.6%) 172 (69.0%) 51 (36.2%) 39 (26.8%)
P value <0001 <0.001" 0.06°
0.013¢

6482 (4.07-1032)°
1679 (1.11-2.53)°

OR (95% ClI)

5.745 (3.63-9.08) 1.55 (0.929-2.58)

Chi-square (x2) test was used to get the statistical variation. a, significant difference from group D; b, significant difference from group C; ¢, significant difference

from group B
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Table 6 Association between different study parameters and gene polymorphism for VDR at rs2228570 (Fokl) in CVD patients
without and with diabetes

Groups and genotypes
Variables

CVD without T2D (n=124)

CcC CcT T Kruskal- CT+TT CT+TT/CC
n=44 n=56 n=24 Wallis n=80
P value

BMI (kg/m?) 288 (274-33.2) 296 (28.3-32.8) 328 (309-37.1) <0.001 31.2 (285-33.9) “0.05
SBP (mmHg) 130 (120-140) 140 (130-150) 140 (130-140) “0.001 140 (130-150) “0.001
DSP (mmHg) 80 (80-90) 85 (80-97.5) 80 (80-90) 0.05 80 (80-90) “0.05
FBG (mg/dl) 85.7 (81.8-90.6) 904 (83.4-96.6) 110.3 (86.5-115.3) <0.001 93 (84.1-104.9) “0.01
Insulin (/1) 11.5(94-154) 16.5 (9.5-25.1) 10.1 (6.1-38.8) 0.1 15.8 (8.8--26.5) “0.05
HOMA-IR 23(19-32) 3.5(2-59) 28 (1.6-94) 0.05 3.3 (2-6.5) “0.05
TC (mg/dl) 197.6 (185.6-203.3) 2069 (177.3-220.1) 2266 (201.3-254.8) <0.001 211 (181.5-225.3) “0.01
TG (mg/dl) 126.5 (97-145) 145.6 (123.7-158) 167 (146.4-180.2) 0.001 152.2 (130.1-165.6) “0.01
HDL-C (mg/dl) 48.75 (40-56.4) 42.1 (34.2-456) 36 (24-54.8) 0.05 40.7 (32.4-48.2) “0.01
LDL-C (mg/dL) 124.2 (113.2-144.3) 136.1 (115.8-144.3) 1414 (116.5-191.3) 0.054 1375 (115.9-150.5) 0.57
Vit.D (ng/ml) 206 (18.1-25.5) 17 (13.7-21.1) 8.8 (7.2-10.3) 0.001 16.3 (10-19.2) “0.001
Groups and genotypes  CVD with T2D (n=120)
Variables cc cr ™ Kruskal-Wallis ~ CT+TT CT+TT/CC

n=36 n=58 n=26 P value n=84
BMI (kg/m?) 285 (25-304) 30.8 (27.6-33.2) 31 (28.8-334) “0.01 30.8 (28.1-33.2) “0.01
SBP (mmHg) 140 (130-140) 130 (117.5-150) 140 (130-150) 0.62 140 (120-150) 067
DSP(mmHg) 80 (80-90) 90 (77.5-100) 90 (80-90) 0.7 90 (80-90) 0.5
FBG (mg/dI) 154.2 (137.4-180) 196.7 (181.4-241.8) 2106 (168.5-226.9) <0.001 196.7 (178.4-240.7) “0.001
Insulin (/1) 233 (14.6-28.5) 285 (19.5-42.6) 304 (16-63.4) 0.07 294 (18.6-53.2) “0.05
HOMA-IR 9.7 (5.7-13.1) 12.8 (9.42-26) 14.2 (74-31.1) <0.01 13.2 (8.1-294) “0.01
TC (mg/dl) 191.6 (184.3-205.9) 200.5 (197.2-216.2) 2595 (202.5-271.8) <0.001 204.9 (189.2-2504) “0.001
TG (mg/dl) 134.9 (100.7-156) 1406 (128.5-167.6) 176.5 (155.6-198.7) <0.001 151.7 (136.8-167.5) “0.01
HDL-C (mg/dl) 416 (38.2-55.2) 36.8 (30.3-40.6) 305 (244-37.2) 0.001 35.5 (28.6-40.5) “0.01
LDL-C (mg/dL) 125.7 (110.3-142.3) 136.8 (126.5-152.6) 179.8 (141-204.4) 0.001 140.9 (129.1-179.7) “0.001
Vit.D (ng/ml) 16.9 (15.2-18.8) 128 (10.5-14.5) 6.5 (4.6-9.1) <0.001 125 (8-14.2) “0.001

Data were expressed as median (interquartile range, IQR: 25th-75th quartile) and compared using the non-parametric Kruskal-Wallis test

than bone health, including cardiovascular health [31].
Several studies have reported a conflicting association
between Vit.D deficiency, VDR polymorphism, and the
risk of CVD [22, 32]. Recently, linked analysis of VDR
polymorphisms and Vit.D levels represented the ap-
proved method of investigation of many diseases [33].
The present study examined the correlation of Vit.D
level in CVD patients with and without T2D in the
Egyptian population. We found decreased Vit.D level in
CVD patients (both with and without T2D) than diabetic
patients and healthy controls. In addition, diabetic CVD
patients had the lowest levels of VitD compared to
those without diabetes. Our results are in line with Ma
et al. [33], who observed a significantly lower level of
serum VitD in T2D subjects with and without CVD
compared to healthy subjects. Also, these data agreed
with the studies of Fox et al. [34] and Tarighi et al. [35]

that revealed a correlation between low Vit.D and the in-
cidence of CVD in patients with diabetes. The Vit.D re-
lationship with the cardiovascular system has been
illustrated by epidemiological studies elucidating the as-
sociation of decreased VitD level with CVD. Nargesi
et al. [27] and Kavarie et al. [36] studies demonstrated
that the low levels of Vit.D shown in patients with
stroke, myocardial infarction, and heart failure as Vit.D
lower renin gene expression, modulates the growth and
proliferation of both cardiomyocytes and vascular
smooth muscle cells. The absence of VDR activation re-
sults in the upregulation of the rennin angiotensin sys-
tem, hypertension, endothelial dysfunction, and left
ventricular hypertrophy [37]. However, the role of Vit.D
binding protein in the pathogenesis of CVD remains
conflicting and not clear. Similar results have been
achieved in more cohort studies documenting an
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Table 7 Association between different study parameters and different VDR at rs1544410 A >G (Bsml) genotypes in CVD patients
without and with diabetes

Groups and CVD without T2D (n=124)
3::‘;2{2:5 AA AG GG Kruskal-Wallis ~ AG+GG AG+GG/AA
n=16 n=44 n=64 P value n=108
BMI (kg/mz) 28.2 (26.9-30) 29.2 (27.1-30.7) 32.5(29.3-345) 0.001 31.2 (285-339) “0.01
SBP (mmHg) 130 (112.5-130) 130 (120-140) 140(130-150) “0.01 140 (130-150) “0.05
DSP (mmHg) 70 (70-87.5) 80 (80-90) 80 (80-90) “0.01 80 (80-90) “0.01
FBG (mg/dl) 88.8 (82-100.6) 85.3 (79.9-885) 95.2 (88.8-106.8) 0.001 93 (84.1-104.9) 0.85
Insulin (/) 88 (74-17) 12.2 (10-154) 18.1 (94-28) “0.05 15.8 (8.8-26.5) “0.05
HOMA-IR 19 (1.5-35) 24 (2-33) 39 (2-6.8) “0.05 33 (2-6.5) “0.05
TC (mg/dl) 185.6 (177.3-195.3) 198.8 (189.4-205.9) 2196 (198.8-225.3) 0.001 211 (181.5-225.3) “0.01
TG (mg/dl) 1014 (83.1-1594) 124.8 (97-140.6) 157.5 (140.9-169.2) 0.001 152.2 (130.1-165.6) “0.05
HDL-C (mg/dl) 57.7 (50.3-63.3) 464 (34.8-55.2) 382 (314-44.7) “0.001 40.7 (32.4-48.2) “0.001
LDL-C (mg/dL) 1084 (96.9-124.3) 1253 (116.9-1404) 140.3 (116.5-156.9) 0.001 137.5 (115.9-150.5) “0.001
Vit.D (ng/ml) 25.7 (214-274) 20.1 (17.8-22.4) 129 (9.7-16.9) 0.001 16.3 (10-19.2) “0.001
Groups andgenotypes ~ CVD with T2D (n=120)
Variables s AG GG Kruskal-Wallis ~ AG+GG AG+GG/AA
n=10 n=35 n=75 P value n=110
BMI (kg/mz) 26.1 (22.9-31.5) 29.3 (26.2-30.8) 304 (27.7-33.2) 0.07 294 (27.6-33.2) “0.05
SBP (mmHg) 130 (120-145) 140 (120-150) 140 (130-150) 0.062 140 (130-150) 045
DSP(mmHg) 80 (75-90) 90 (80-100) 90 (80-90) 0.12 90 (80-90) 0.15
FBG (mg/dl) 150 (128.9-209.1) 159.5 (139.1-1824) 196.3 (178.1-245.5) 0.001 1894 (159.5-239) “0.05
Insulin (/1) 14.2 (84-31.9) 21 (134-31.3) 28.5 (19.6-544) “0.01 274 (17.4-47.8) “0.05
HOMA-IR 76 (3.6-104) 74 (5.7-13.1) 13.6 (10-34.1) 0.001 12,6 (7.1-25.1) “0.01
TC (mg/dl) 202.1 (171.1-204 ) 195.2 (184.8-205.9) 207.5 (198.2-254.4) “0.001 200.5 (192.8-2234) 0.1
TG (mg/dl) 137.5 (96.9-153.2) 156 (130.6-168.9) 147.8 (124.8-178.7) 0.169 1486 (130-175.3) 0.07
HDL-C (mg/dl) 53 (44.2-58.1) 42.3 (36.8-55.2) 332 (27.1-38.8) 0.001 36.7 (28.6-41.2) <0.001
LDL-C (mg/dL) 126 (94-1283) 124.1 (101-142.3) 144.2 (132-180) 0.001 139.5 (125.9-166.2) “0.05
Vit.D (ng/ml) 18.1 (144-22.2) 152 (134-17.8) 12.3 (7.8-14.5) 0.001 12.8 (10-15.8) “0.01

Data were expressed as median (interquartile range, IQR: 25th-75th quartile) and compared using the non-parametric Kruskal-Wallis test

association between decreased Vit.D levels and angio-
graphic definition of coronary artery disease (CAD) and
platelet reactivity [32, 37]. In agreement with Judd et al.
[38], our logistic regression analysis showed that Vit.D is
a CVD risk factor. Also, in partial agreement with Nakhl
et al. [20] and Orozco-Beltran et al. [39], BMI, FBG, in-
sulin, and HOMA-IR are independent risk factors for
CVD. However, the lipid profile parameters did not
show any significance. The results of the present study
could be explained by the fact that each individual par-
ameter of the lipid profile might not be a CVD risk fac-
tor; however, the ratios and combinatorial changes
between these parameters may be considered as risk
factors.

Several polymorphisms have been identified in the
VDR. Among them, the most controversial SNPs are the
rs2228570 C > T and rs1544410 A > G, which are iden-
tified by Fokl and Bsml restriction enzymes. Research

conducted on several populations to detect association
of VDR polymorphisms with vulnerability to CVD pro-
vided conflicting results [21, 22]. Furthermore, Fokl and
Bsml variants and minor alleles were implicated in CVD
predisposition [16, 19]. With regard to the Egyptian
population, we found that the genotype CT within VDR
1s2228570 (Fokl) occurred more frequently in CVD pa-
tients with and without T2D vs. controls. In addition,
the allele T is significantly more frequent in CVD pa-
tients with and without T2D and correlated with in-
creased CVD risk. However, the AG genotype within
VDR rs1544410 (Bsml) occurred less frequently in CVD
patients with and without T2D vs. controls, and the GG
genotype was found more frequently in CVD with and
without T2D patients. Assumably, the A allele may have
a protective effect regarding CVD risk. On the other
hand, the G allele may express a high risk. Relating to
our findings, these polymorphisms may indicate a new
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cardiac risk factor. Our study corroborated with the earl-
ier observations that in T2D patients with CAD pheno-
type, the variants of Fokl were significantly higher than
in those without CAD, suggesting the implication of
VDR polymorphisms on CAD susceptibility in patients
with T2D [33]. Our results are also in accordance with
Nakhl et al. [21], who reported that FokI polymorphism
was frequent in Mediterranean subjects with cardiovas-
cular risk factors. FokI SNP is thought to be an inde-
pendent indicator of the VDR gene, because it is not in
linkage disequilibrium with other VDR SNPs and it has
a relationship with the functionality of VDR protein
[16]. FokI SNP extends the length of the receptor protein
and modifies the amino acid sequence of VDR protein,
while Bsml is intronic and cannot modify the amino acid
sequence of VDR protein. In contrast, a Chinese study
by Pan et al. [22] showed no significant evidence of asso-
ciation of both genotype and allele frequencies of Fokl
and Bsml polymorphisms with CVD. Similar in nature,
the study in the Caucasian population revealed no sig-
nificant difference in biochemical features of CVD be-
tween Fokl genotypes [40]. In partial agreement, Abu el
Maaty et al. [41] stated that the Fokl polymorphism of
VDR is a potential genetic marker for CAD. With regard
to Bsml polymorphism, a cohort study from a multi-
national perspective found that the minor allele of BsmlI
correlated with increased CAD risk in T2D patients [19].
In contrast to our results, Ortlepp et al. [18] observed
that Bsml polymorphism was associated with the severity
of CAD.

Relating the clinical parameters and VDR polymor-
phisms, it was observed that heterozygotes CT/AG or
homozygous TT/GG mutants of Fokl and Bsml poly-
morphism, respectively, had lower levels of Vit.D and
were significantly more frequent in diabetic CVD pa-
tients than those without diabetes. These results indicate
the pivotal function of VDR variants and Vit.D in the
progression of CVD in patients with T2D. However, the
definite mechanism of CVD predisposition association is
not well-known. Reasonably, decreased levels of Vit.D
and genetic variants of VDR alter Vit.D expression and
can promote cardiac abnormalities. Lipid profile param-
eters showed significant association with FoklI and BsmlI
polymorphism in CVD patients with and without T2D.
Our study showed increased levels of TG, LDL-C, TC,
and decreased level of HDL-C in TT and CT, GG, and
AG genotype carriers. This result is in accordance with
the study of Schuch et al. [42] that stated that Fokl VDR
gene polymorphism was linked with decreased Vit.D
levels, and may be related to decreased HDL-C level and
increased levels of TC, TG, and LDL-C. Also, Prabhakar
et al. [43] reported that the Fokl variant may be linked
to cholesterol levels in subjects with ischemic stroke.
There are two possible mechanisms by which Vit.D can

(2021) 22:55

Page 10 of 12

affect lipid profiles. First, Vit.D increases intestinal cal-
cium absorption and this may reduce triglyceride levels
by lowering hepatic triglyceride formation and secretion.
Second, VitD has a suppressive effect on parathyroid
hormone (PTH) secretion, which can reduce lipolysis
[44]. In CVD patients with T2D, we noticed significant
associations between Fokl and Bsml polymorphisms and
each of FBG, insulin levels, and HOMA-IR and Vit.D
levels. Vit.D affects glucose homeostasis and insulin sen-
sitivity via different mechanisms, including modification
and alteration of insulin secretion, calcium metabolism,
cytokine expression, and adipocyte function. Accord-
ingly, Vit.D enhances and improves B-cell function and
insulin sensitivity [45].

Limitations of the study

Although we tried to present a complete image of the
CVD risk factors especially in CAD disease and VDR
variants, only two VDR gene SNPs were examined and
relatively small cohorts of subjects were compared.

Conclusion

The present study concludes that the level of Vit.D and
the distribution of VDR polymorphisms are associated
with risk of CVD in Egyptian patients with or without dia-
betes. These results suggest VDR polymorphisms as po-
tential diagnostic biomarkers for CVD susceptibility. We
are recommending further studies addressing the rest of
VDR SNPs in larger samples of Egyptian subjects, which
will provide more targets to avoid the risk of CVDs.
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