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ABSTRACT

Background: Little is known about the possible association of vitamin D receptor (VDR) gene polymorphisms in obese
patients with chronic kidney disease on dialysis (CKD-G5D). Therefore, we aimed to investigate VDR gene Taq|, Apal, and
Fokl single-nucleotide polymorphisms (SNPs) in overweight/obese CKD-G5D patients.

Methods: Seventy-one normal-weight and 68 overweight/obese CKD-G5D patients were included in the study. The poly-
merase chain reaction-restriction fragment length polymorphism method was used for genotyping. Demographic and
laboratory data were obtained from the medical records of patients.

Results: For all 3 SNPs, no significant association was found between normal-weight and overweight/obese patients
(P> .05). High-density lipoprotein (HDL) concentrations were lower, but triglyceride (TG) and glucose levels were higher
in overweight/obese patients compared to normal-weight patients (P < .001 for HDL and TG and P = .023 for glucose).
In overweight/obese patients, individuals with the Taqgl CC genotype had higher (PTH) levels than those with TC and TT
genotypes (CC = 717.1 + 616.4, TC = 342.7 + 360.8, and TT = 310.2 + 323.4 pg/mL; P = .028). Similarly, patients with the
Apal genotype (627.3 + 653.0 mg/dL) had higher TG levels than those with the AA and AC genotypes (CC = 627.3 + 653.0,
AA=223.3 + 156.6, AC=193.1 + 85.4; P < .001). Overweight/obese patients with the Fokl TT genotype had higher glucose
concentrations than those with the CC and CT genotypes (CC = 183.4 + 128.4 mg/dL, TT = 151.9 + 66.1 mg/dL, and CT =
107.6 + 41.9 mg/dL; P=.008).

Conclusion: Our study suggests that VDR Tagql, Apal, and Fokl polymorphisms are not associated with obesity in CKD-G5D

patients. However, they might increase the risk of secondary hyperparathyroidism, dyslipidemia, and hyperglycemia.
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INTRODUCTION

Obesity is a chronic multifactorial disease in which
genetic and environmental factors play a role. It is a
major public health problem affecting a significant
number of people worldwide and associated with many
diseases with high morbidity and mortality, such as type
2 diabetes, cardiovascular disease, hypertension, and
some cancer types.! Obesity is one of the important risk
factors for chronic kidney disease (CKD) and is also a
strong risk factor that increases the risk of kidney func-
tion loss, especially after dialysis treatment is started.>
This work is licensed under a Creative Commons

Attribution 4.0 International License.

Vitamin D receptor (VDR) is a nuclear receptor that
binds to 1,25-dihydroxyvitamin D 1,25(0H),D with high
affinity.? Vitamin D receptor expression was detected in
the majority of human tissues, including osteoblasts,
smooth muscle cells, macrophages, epithelial cells, and
pancreatic beta cells, and its expression is also highly
found in adipocytes. Adipose tissues express both the
VDR and the enzymesinvolved in vitamin D metabolism.*

Vitamin D deficiencyiscommonin CKD patients. Because
of the complex role of vitamin D in CKD, some variants
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in the VDR gene have been considered as a way of improving
the management of the disease since they are thought to affect
response to therapeutic approaches.>®

We aimed to evaluate VDR gene polymorphisms in over-
weight/obese and non-overweight/obese dialysis (CKD-G5D)
patients. A secondary objective was to investigate whether
there is a relationship between VDR polymorphisms and
demographic and biochemical data in overweight/obese
CKD-G5D patients.

METHODS

Subjects

Local ethics committee approval was obtained from Sivas
Cumbhuriyet University (Approval no: 2013-07/03; Date: July 27,
2013). All patients gave a written informed consent to partici-
pate in the current study. For this cross-sectional study, a total
of 139 CKD-G5D patients, who presented to the clinic in Sivas
Cumbhuriyet University and were monitored in hemodialysis
(HD) centers in Sivas City, were screened. According to the body
mass index (BMI) classification, patients with BMIs >25 and <30
were considered overweight, and patients with BMI >30 were
considered obese. Patients with BMI >18 and <25 were consid-
ered normal weight. According to this classification, 68 patients
were considered obese or overweight, and 71 patients were
considered normal weight.

Demographic characteristics and routinely available labora-
tory data were obtained from the medical records of patients.
Patients with a BMI less than 18 and patients with active infec-
tion or malignancy were excluded from the study.

Fasting blood specimens were collected to measure blood
chemistry parameters. 25(0H)D, triglyceride (TG), total choles-
terol, high-density lipoprotein (HDL), low-density lipoprotein
(LDL), C-reactive protein (CRP), creatinine, calcium, phosphate,
potassium, sodium, blood urea nitrogen (BUN), PTH, protein,

MAIN POINTS

+ Compared to normal-weight patients, vitamin D receptor
gene Tagl, Apal, and Fokl genotypes and allele frequencies
are not different in overweight/obese dialysis (CKD-G5D)
patients.

+ Overweight/obese CKD-G5D patients with the Taql CC geno-
type had higher PTH levels.

+ Overweight/obese CKD-G5D individuals with the Apal CC gen-
otype had higher triglyceride levels.

+ Overweight/obese CKD-G5D individuals with the Fokl TT gen-
otype had higher glucose levels.

+ Vitamin D receptor polymorphisms have been suggested to
increase the risk of secondary hyperparathyroidism, dyslipid-
emia, and hyperglycemia.
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albumin, and glucose concentrations were measured by rou-
tine laboratory methods.

Genotyping

After sampling 5 mL of blood from the patients with K,DTA tubes,
the samples were stored at-20 °C. The sampling was done using
the Genomic DNA QIAamp DNA Blood Mini Kit (QIAGEN, Hilden,
Germany). Polymerase chain reaction (PCR)-restriction frag-
ment length polymorphism method was used for genotyping.
Primers used for PCR were as follows: Taqgl (rs731236) F: 5'-CAG
AGC ATG GAC AGG GAG CAA G-3’ and R: 5'-GCA ACTC CTC ATG
GCT GAG GTC TCA-3’, Apal (rs7975232) F: 5’ CAG AGC ATG GAC
AGG GAG CAA G-3" and R: 5’-GCA ACT CCT CAT GGC TGA GGT CTC
A-3’, and Fokl (rs2228570) F: 5’-AGC TGG CCC TGG CAC TGA CTC
TTG CTC T-3’ and R: 5’-ATG GAA ACA CCT TGC TTC TTC TCC CTC-
3’. The PCR conditions were as follows: denaturation at 94°C
for 15 s, annealing at 63°C for Taql and Apal and 65°C for Fokl
for 30 s, extension at 72°C for 30 s for 35 cycles, and final exten-
sion at 72°C for 7 minutes. Polymerase chain reaction products
were digested separately with restriction enzymes Tagl, Apal,
and Fokl (Thermo Fisher Scientific, Waltham, Mass, USA). The
digested products were analyzed by electrophoresis in a 2%
agarose gel stained with ethidium bromide and then evaluated
under ultraviolet light.

Statistical Analysis

All statistical analyses of the study were performed by the
Statistical Package for the Social Sciences (SPSS), version
22.0 (IBM SPSS Corp.; Armonk, NY, USA). Continuous vari-
ables were first tested for normal distribution with 1-sample
Kolmogorov-Smirnov and Shapiro-Wilk tests. The homogene-
ity of the variances was tested with the Levene test. Normally
distributed continuous variables were expressed as mean +
SD and non-normally distributed variables as medians and
interquartile ranges (25-75th percentiles). The Student’s t-test
or Mann-Whitney U-test was used for group comparisons. The
chi-square test or Fisher’s exact test was used for the evaluation
of categorical values, including genotype and allele frequen-
cies of VDR single-nucleotide polymorphisms (SNPs). Analysis
of variance with a Bonferroni correction (Bonferroni post hoc
test) was used to compare selected parameters in overweight/
obese patients according to genotypes of Taql, Apal, and Fokl
SNPs. Odds ratios were calculated using MedCalc Odds Ratio
Calculator (MedCalc Software, Ostend, Belgium; https://ww
w.medcalc.org). Statistical significance was defined as P value
less than .05. Results were expressed with a 95% confidence
interval.

RESULTS

Demographic and biochemical data of patients are shown in
Table 1. Theheight, weight, and BMI were significantly different
in the 2 groups (P =.028 for height and P < .001 for weight and
BMI). The female frequency in overweight/obese patients was
higher than normal-weight patients (67.6%-43.7%, P = .004).
Diabetes mellitus was 52.9% in overweight/obese patients and
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Table 1. Baseline Characteristics of Overweight/Obese and Normal-Weight CKD-G5D Patients

Characteristic Overall (N=139) Overweight/Obese (N = 68) Normal Weight (N =71) P
Age (years) 58.6 +14.1 60.5+10.3 56.8 +16.8 125
Sex (male/female) % 44,6 /55.4 32.4/67.6 56.3/43.7 .004
Height (cm) 165 (160-170) 163 (159-167) 168 (160-170) .028
Weight (kg) 68.8 +13.2 78.3+11.1 59.6 + 7.2 <.001
Body mass index (kg/m?) 24.8 (21.3-28.3) 28.4 (26.8-31.5) 21.5(20.4-23.5) <.001
Smoking (%) 15 (10.8) 5(9.1) 10 (16.7) 177
Duration of dialysis (months) 48 (27-96) 54 (24-94) 42 (27-96) .657
Diabetes mellitus (n, %) 52 (37.4) 36 (52.9) 16 (22.5) <.001
Hypertension (n, %) 25(18) 13(19.1) 12 (16.9) 733
25(0H)D (ng/mL) 10.4 (7.9-13.7) 10.3 (7.8-14.9) 10.8 (8.1-12.9) 757
Triglycerides (mg/dL) 156 (109-239) 191 (133-274) 133 (87-184) <.001
Cholesterol (mg/dL) 165 (139-206) 183 (139-213) 160 (139-200) 114
High-density lipoprotein (mg/dL) 34 (27-40) 31(25-37) 37 (29-46) <.001
Low-density lipoprotein (mg/dL) 99 (73-136) 110.5 (77-145) 96 (72-125) 112
C-reactive protein (mg/L) 9.8 (2.8-29) 10.5 (3.9-40) 6.7 (2.1-21) 119
Creatinine (mg/dL) 7.2 (6.0-9.6) 7.5(6.3-9.7) 6.9 (5.6-9.6) 454
Calcium (mg/dL) 8.7 (8.2-9.1) 8.6 (8.3-9.1) 8.7 (8.2-9.2) 1939
Phosphate (mg/dL) 4.4(3.6-5.4) 4.6 (3.7-5.4) 4.2 (3.6-5.5) 499
Potassium (mEq/L) 5.2 (4.4-5.7) 5.2 (4.5-5.7) 5.1 (4.4-5.9) .938
Sodium (mEq/L) 138 (135-140) 138 (137-140) 138 (136-140) 314
Blood urea nitrogen (mg/dL) 64.5+18.3 63.7+ 16.8 65.2+19.8 .647
Parathormone (pg/mL) 255 (120-488) 238 (127-470) 262 (109-513) .583
Protein (g/dL) 6.8 (6.5-7.2) 6.9 (6.5-7.3) 6.8 (6.4-7.0) .066
Albumin (g/dL) 3.9 (3.6-4.2) 3.8(3.6-4.2) 3.9 (3.7-4.2) 299
Glucose (mg/dL) 105 (86-147) 116 (90-155) 100 (84-121) .023
Erythropoietin use (n, %) 92 (66.2) 46 (67.6) 46 (64.8) .858
Vitamin D use (n, %) 49 (35.3) 24 (35.3) 25(35.2) .992
Calcium use (n, %) 85(61.2) 42 (61.8) 43 (60.6) .885
Student’s t-test or Mann-Whitney U-test was used for group comparisons.

Data were expressed as mean = SD, median, and interquartile range or as frequency and percent, as appropriate.

22.5% in normal-weight patients. Lower HDL concentrations
and higher levels of TG and glucose were detected in the over-
weight/obese patients (P < .001 for HDL and TG and P =.023 for
glucose). Other demographic parameters and laboratory find-
ings were not statistically different between the groups.

Table 2 shows the genotype and allele frequencies of VDR gene
SNPs in overweight/obese and normal-weight patients. There
was no significant difference between normal and overweight/
obese patients for all 3 SNPs (P > .05). Table 3 demonstrates the
comparisons of some selected parameters according to Taq]l,
Apal, and Fokl genotypes of VDR gene in overweight/obese

patients. The genotypes of Taql SNP did not show any significant
differences in all selected parameters except PTH level. The CC
genotype of the Taql showed a higher PTH level (717.1 + 616.4
pg/mL) than the TC genotype (342.7 + 360.8 pg/mL) and the TT
genotype (310.2 + 323.4 pg/mL) (P = .028). The genotypes of
Apal did not show any statistically significant differences in all
selected parameters except TG level. However, a higher TG level
was found in the CC genotype of the Apal (627.3 + 653.0 mg/
dL) compared to AA (223.3 + 156.6) and AC genotypes (193.1
+ 85.4) (P < .001). There were no significant differences in the
selected parameters between the 3 genotypes of the Fokl SNP
other than glucose level. Overweight/obese patients carrying
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to be associated with higher BMI in the Greek population.*? In
contrast, in the 1958 British birth cohort study (1958BC) of
5224 participants, VDR SNPs were not associated with obe-
sity traits.® In a cross-sectional study of 198 adult Arabs with
metabolic syndrome, TT carriers of the Fokl SNP had higher
total cholesterol than CC and CT carriers.* Furthermore, in a
recent study conducted with 402 obese and 489 non-obese
Saudis, VDR Tagl minor allele polymorphisms were found to
be more frequent in obese individuals.* However we found
no association between VDR polymorphism and overweight/
obesity. According to the results of the studies included in a
recent systematic review, it has been reported that no definite
conclusion can be reached between VDR polymorphisms and
obesity.*®

In the current study, lower HDL and higher TG concentrations
were detected in overweight/obese CKD-G5D patients com-
pared to normal patients. In a study of 1534 individuals, a
positive correlation was found between vitamin D, HDL, and
age. A negative correlation was found between vitamin D and
BMI, LDL, total cholesterol, and TG.” Another study shows
that serum 25(0OH)D levels are correlated with serum lipids
and atherogenic plasma index. Furthermore, it is suggested
that vitamin D deficiency may be associated with an increased
risk of dyslipidemia, especially in men.'® Recent randomized
clinical trials evaluating the effect of vitamin D supplementa-
tion on blood lipids have reported conflicting evidence. It has
been found that vitamin D supplementation has no significant
effect on blood lipids compared to placebo.” These new find-
ings make it difficult to understand whether there is a causal
relationship between vitamin D deficiency and a negative
blood lipid profile.

In the present study, glucose concentration was higher in the
overweight/obese group. This may be due to the high num-
ber of patients with diabetes mellitus in the overweight/obese
group. In a study involving 120 non-diabetic CKD patients,
obese patients treated with 1,25(0H),D had similar insulin
concentrations compared to non-obese patients, whereas
untreated obese patients had a higher insulin concentration.?
In our study, overweight/obese patients with the Fokl homo-
zygous mutant TT genotype had higher glucose concentra-
tions than those with CC and CT genotypes. In another study,
individuals with the Fokl TT genotype were associated with
higher homeostatic model assessment for insulin resistance
(HOMA-IR) values than individuals with CT genotype. Thus, VDR
Fokl polymorphism has been suggested to be associated with
diabetes mellitus.?

It has been suggested that there is a potential association
between parathyroid function and VDR polymorphisms in CKD
patients.® In the current study, significantly higher PTH lev-
els were found in overweight/obese patients carrying Taql CC
genotype compared to those carrying TT and TC genotypes.
Similar findings were found for Taql variants in Iranian HD
patients.? In contrast, Ozdemir et al® suggested that the TaqI TT

Bagci et al. VDR Polymorphism in Obese/Overweight Dialysis Patients

genotype increases the risk of development of hyperparathy-
roidism in Turkish HD patients. Given that the demographics of
their patient populations differ from those of our patients, their
results are likely to be different from ours.

The main limitation of the current study is the relatively small
sample size. Further, we only calculated BMI for the evaluation
of obesity. We did not measure the waist-to-hip ratio and waist
circumference for the evaluation of obesity. Another limitation
is that Bsml, one of the most studied SNPs in the VDR gene, was
not included in our study. Therefore, potential associations of
Bsml with obesity susceptibility and CKD comorbidities could
not be demonstrated in the current study. In addition, due to
the lack of information regarding patients’ drug use, such as
glucose-lowering drugs, antihyperlipidemic drugs, and drugs
used for the treatment of secondary hyperparathyroidism,
potential differences that may arise from the reducing effects of
these drugs were not considered in our study.

In conclusion, although this study has shown that VDR polymor-
phisms are not related to obesity susceptibility, in overweight/
obese CKD-G5D patients, VDR polymorphisms have been sug-
gested to increase the risk of secondary hyperparathyroidism,
dyslipidemia, and hyperglycemia, which are among the most
common obesity-related comorbidities of CKD The VDR gene
polymorphisms may play a role in the pathogenesis of obesity,
hence more comprehensive and larger studies are needed to
reveal the relationship between VDR polymorphisms and obe-
sity in CKD-G5D patients.
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