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Giris ve Amag: D vitamini eksikligi; glukoz intoleransi, diabetes mellitus ve metabolik sendroma neden olmaktadir.
Literatiirde, D vitamini diizeyleri ve prediyabet arasindaki iliskiyi gosteren veriler celigkilidir. Bu caligmada
amacimiz, prediyabetik hastalarda serum 25-hidroksivitamin D diizeyini degerlendirmek ve D vitamini eksikliginin
veya yetersizliginin prediyabet gelisimi i¢in bir faktoér olup olmadigini belirlemektir.
Gere¢ ve Yontemler: Calismamiza, 85" izole Bozulmus Ag¢lik Glukozu (BAG), 50'si izole Bozulmus Glukoz
Tolerans1 (BGT) ve 85'i kombine BAG ve BGT olan ve 80' saglikli (benzer yas, cinsiyet ve VKI olan) olmak iizere
toplam 220 hasta dahil edilmistir.
Bulgular: BGT ve kombine BAG + BGT tanisi konulan hasta grubu ile kontrol grubu arasindaki ortalama D vitamini
diizeyi istatistiksel olarak anlamli derecede farkliydi (BGT: 11.69 + 6.48 ng / ml kars1 kontrol grubu: 16.63 +9.78 ng
/ ml, p <0.007, BAG + BGT: 13.22 + 7.24 ng / ml kars1 kontrol grubu 16.63 £+ 9.78 ng / ml, p <0.047). Diistik 25-
hidroksi D vitamini diizeyi, daha yiiksek BGT riski ile iligkili bulunmustur (OR 2.57, % 95 GA 1.01-6.53, p = 0.043).
25-hidroksivitamin D diizeyi kontrol grubunda ve BAG grubunda benzerdi ve istatiksel olarak anlamli bir fark
gozlenmedi (13.90 + 8.89 ng / ml kars1 kontrol grubu 16.63 + 9.78 ng / ml, p <0.158). Ayrica BAG, BGT ve BAG +
BGT gruplar1 arasinda da anlamli bir fark gézlenmemistir.
Sonug: Bu ¢alismada D vitamini yetersizliginin ve eksikliginin BAG, BGT ve kombine BAG ve BGT riskini arttirdigt
gbzlenmistir. Ancak, bu risk, D vitamini eksikliginde sadece bozulmus glukoz toleransinda énemlidir.

Anahtar kelimeler: D Vitamini, Glukoz intoleransi, Prediyabet.

Abstract

Objective: Vitamin D deficiency may cause glucose intolerance, diabetes mellitus, and metabolic syndrome.
However, there are conflicting data the relationship between vitamin D levels and prediabetes in the literature. Our
aim in this study is to evaluate serum 25-hydroxyvitamin D levels in prediabetic patients and to determine if vitamin
D deficiency or insufficiency is a factor for developing prediabetes.

Materials and Methods: Our study included a total of 220 patients, including 85 with isolated Impaired Fasting
Glucose (IFG), 50 with isolated Impaired Glucose Tolerance (IGT), and 85 with combined IFG and IGT, and 80
healthy normoglycemic individuals similar in age, gender and BMI.

Results: The mean vitamin D levels between the patient group diagnosed as IGT and IFG+IGT and the control group
were statistically significantly different (IGT: 11.69+6.48 ng/ml vs. control group: 16.63+9.78 ng/ml, p<0.007,
IFG+IGT: 13.22+7.24 ng/ml vs. control group: 16.63+9.78 ng/ml, p<0.047, respectively). Lower 25-hydroxy vitamin
D levels were associated with a higher risk of IGT (OR 2.57, 95% CI 1.01-6.53, p=0.043). 25-hydroxyvitamin D
levels were similar in the control and IFG groups. No significant difference was observed between the IFG and the




control group (13.90+8.89 ng/ml vs. the control group: 16.63+9.78 ng/ml, p<0.158). Moreover, no significant
difference was observed between the IFG, IGT, and IFG+IGT groups, either.

Conclusion: In this study, it was observed that vitamin D insufficiency and deficiency increased the risk of IFG, IGT
and combined IFG and IGT. However, this risk was significant only in impaired glucose tolerance in vitamin D

deficiency.

Keywords: Glucose intolerance, Prediabetes, Vitamin D.

1. Introduction

Prediabetes is a condition defined as the blood glucose
concentration level higher than normal but lower than the
threshold level of diabetes. This condition comprises a
high risk for the development of diabetes. It is associated
with an impaired B-cell function prior to insulin
resistance and alterations in the glucose level [1]. The
risk of development of cardiovascular morbidity and
mortality in patients with prediabetes is increased as in
patients with type 2 diabetes. Therefore, prediabetes
should be diagnosed early and treated [2]. Almost 25%
of patients with this condition have type 2 diabetes in the
future, and this rate is predicted to be even higher among
elderly patients [3].

In the literature, studies on type 2 diabetes and vitamin D
have reported conflicting results. Studies are suggesting
a relationship between vitamin D, type 2 diabetes and
metabolic syndrome [4,5,6], and that vitamin D
deficiency is a significant risk factor in the development
of prediabetes and type 2 diabetes, and that a sufficient
level of vitamin D prevents the development of
prediabetes and type 2 diabetes [7,8,9,10]. However,
other studies are suggesting that vitamin D
supplementation has no positive effect on glycemic
control in healthy individuals [11,12,13]. Therefore, we
aimed to evaluate serum 25-hydroxyvitamin D levels in
prediabetic patients and to conclude if vitamin D
deficiency or insufficiency is a factor for developing
prediabetes.

2. Materials ve Methods

Our study included a total of 220 patients; 85 with
isolated IFG, 50 with isolated IGT, and 85 with combined
IFG and IGT, who were diagnosed upon admission to the
Department of Internal Medicine and Endocrinology and
Metabolism in Celal Bayar University Medical Faculty
and 80 healthy normoglycemic individuals similar in age,
gender and BMI. The healthy control group included
individuals who had a ‘normal’ 75 g oral glucose
tolerance test (OGTT) result. According to the World
Health Organization (WHO), impaired fasting glucose
(IFG) is defined as fasting plasma glucose (FPG) of 100-
126 mg/dl (in the absence of IGT), and IGT is defined as
post-load plasma glucose of 140-200 mg/dl based on 2-h
oral glucose tolerance test (OGTT) or a combination of
both [1]. Informed consent was obtained from each of
the participants. The study was approved by the Ethics
Committee of Celal Bayar University, Faculty of
Medicine (25.01.2012 Ethical Approval Number: 55).
The patients with the following exclusion criteria that
may affect the metabolic parameters were not included in
the study: Type 1 and 2 diabetes, Presence of a disease

that may affect the level of vitamin D, history of any
medication that may affect the level of vitamin D, Body
mass index of >30 kg/m?2.

Detailed anamneses of the patients were obtained, and
physical examinations were performed. The data
regarding the height, weight, age, waist circumference,
and body mass index (BMI) (kg/m2) were calculated and
recorded.

25-hydroxy vitamin D, calcium, phosphorus, albumin,
and parathyroid hormone (PTH) levels were studied in
the blood samples, taken from both groups and stored at
-80 °C.

25(0OH)D levels were measured by HPLC (Thermo-
Finnigan, Waltham, USA) using Vitamin D3 ClinRep
HPLC kits (RECIPE Chemicals+Instruments GmbH,
Munich, Germany).

According to the previously published 25-hydroxy
vitamin D level evaluation criteria, a level of >30 ng/ml
was categorized as normal, 20-30 ng/ml as vitamin D
insufficient, and <20 ng/ml as vitamin D deficient [15].
Statistical Analysis

All statistical analyses were performed using the “SPSS
15.0” software. The differences between the socio-
demographic characteristics, anthropometric
measurements, and laboratory parameters observed in the
impaired fasting glucose, impaired glucose tolerance,
combined impairment of fasting glucose and glucose
tolerance, and the control groups were analyzed using the
Chi-square, Anova and the Post-hoc Tukey tests. The
differences between the independent variables and the
mean concentrations of the laboratory parameters were
analyzed using the Anova test. The relationship between
25-OH vitamin D and parathyroid hormone, the calcium
levels, BMI, height, weight, age, and waist circumference
parameters were analyzed using the Pearson correlation
test. Statistical significance was accepted as p<0.05.

3. Results

The mean demographic and anthropometric parameters
of the patient and the control groups are presented in
Table 1. No difference was observed between the study
and the control groups with regard to age, weight, and
height.

The mean values of the laboratory parameters of the
patient and control groups are given in Table 2. The 25-
hydroxy vitamin D level was found to be 16.63 ng/ml in
the control group, whereas it was determined as 13.90
ng/ml, 11.69 ng/ml, and 13.22 ng/ml in the IFG, IGT and
the combined IFG+IGT groups, respectively.

The odds ratios (OR) and the 95% confidence intervals
(CI) of the study and control groups are presented in
Table 3.
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Table 1. The mean demographic and anthropometric parameters of the IFG, IGT, IFG+IGT, and control groups

IFG IGT IFGHIGT Control Statistical
Group 1 Group 2 Group 3 Group 4 ranking**
Parameters n=85 n=50 n=85 n=80 p*
(a) (b) (©) (d)
Mean Mean Mean Mean
+SD +SD +SD +SD
Age (year) 49.69+10.03 50.92+15.31 49.37+9.99 46.33+10.51 0.096 a=b=c=d
Height (cm) 166.54+5.91 166.88+6.23 165.60+5.84 167.05+6.57 0.448 a=b=c=d
Weight (kg) 73.67+£7.22 72.50+6.80 71.81+£6.78 71.31+£7.59 0.167 a=b=c=d
BMI (kg/ m?) 26.54+2.09 26.04+2.17 26.18+2.056 25.55+2.36 0.035 d<a=b=c
Waist 85.10+6.25 84.32+8.02 82.69+5.79 80.92+7.76 0.001 d<a=b=c
circumferenc
e (cm)

* Anova tests , **The Post-hoc Tukey tests

Table 2. The mean values of the laboratory parameters of the IFG, IGT, IFG+IGT, and control groups

IFG IGT IFG+IGT Control
Parameters Group 1 Group 2 Group 3 Group 4
(a) (b) (c) (d) p* Statistical
ranking**
Mean=SD Mean+SD Mean+SD Mean=SD
25(0OH) Vitamin 13.90+8.89 11.69+6.48 13.22+7.24 16.63£9.78 0.007 d>b=c
D (ng/ml) and
d=a
Calcium (mg/dl) 8.53+0.56 8.25+0.91 8.46+0.54 8.15+0.52 0.000 d<a=b=c
Phosphorus 3.50+0.59 3.35+0.83 3.43+0.54 3.45+0.63 0.587 a=b=c=d
(mg/dl)
Albumin (g/dl) 4.17+0.35 3.92+0.49 4.20+0.32 4.01+0.25 0.000 b<a=c=d
Parathyroid 59.57+34.08 62.56+41.93 48.28+21.49 52.35+76.88 0.281 a=b=c=d
hormone (pg/dl)

* Anova tests, **The Post-hoc Tukey tests

Table 3. The odds ratios (OR) and the 95% confidence intervals (CI) of the IFG, IGT, IFG+IGT, and control
groups

250H vitamin D OR (%95 CI)
(ng/ml)
Risk of IFG Risk of IGT Risk of IFG+IGT
>20 1.00 1.00 1.00
(Reference) (Reference) (Reference)
<20 (Vitamin D 1.68 2.57 1.97
deficiency) (0.82-3.45) (1.01-6.53) (0.94-6.53)
p=0.149 p=0.043 p=0.068
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It was observed that vitamin D deficiency increased the
development risk of IFG, IGT, IFG+IGT; however, the
increase was statistically significant only in IGT.

4. Discussion

Vitamin D was known to be an essential vitamin in
musculoskeletal system diseases and mineral metabolism
in the past, while its role in the pathogenesis of many
diseases has been identified lately. In several studies,
vitamin D has been reported as one of the components of
metabolic syndrome, which is a well-known cause of
mortality. In addition, vitamin D has become a hormone
to be comprehensively investigated after it was found to
be related to prediabetes and diabetes. Thus, we aimed to
investigate the vitamin D level in prediabetic patients and
the relationship between the vitamin D level and
prediabetes.

Vitamin D level was found to be normal in 5.7% of the
study population (n=300), vitamin D insufficiency was
observed in 15.5% and deficiency in 78.8%. When we
compared the results of this study with the sectional study
of Hekimsoy et al. conducted in Manisa, where the
population included in our study lived [16] (n=391,
vitamin D deficiency prevalence: 74.9%), the results
obtained were similar. The mean vitamin D levels
between the patient group diagnosed as IGT and
IFG+IGT and the control group were statistically
different (IGT 11.69+6.48 ng/ml vs. control group
16.63+9.78 ng/ml, p<0.007; IFG+IGT 13.22+7.24 ng/ml
vs. control group 16.63+£9.78 ng/ml, p<0.047,
respectively). No statistically significant difference was
observed between the IFG and the control group (IFG
13.90+8.89 ng/ml vs. the control group 16.63+9.78
ng/ml, p<0.158). No statistically significant difference
was observed between the IFG, IGT, and IFG+IGT
groups. In our study, the 25-OH vitamin D levels were
found to be low in both healthy individuals and
prediabetic patients. The low 25-OH vitamin D level
observed in all groups was in line with the result of the
previous study conducted in our region [15].

In the study of Pittas et al. on women, the vitamin D
levels were found to be lower in patients with new-onset
type 2 diabetes (n=608) compared to those in the control
group (n=559). After multivariate analysis, the odds ratio
for incident diabetes in the top versus the bottom quartile
for 25-OHD concentration was 0.52 (95% CI 0.33-0.83;
P for trend = 0.008) [16]. In our study, we also found the
risk of developing IGT to be 2.57-fold higher among
patients with vitamin D deficiency (95% CI, 1.01-6.53,
p<0.043). The role of vitamin D in pancreatic beta cell
function can be achieved through the binding of
circulating 1,25-dihydroxyvitamin D to the beta cell
vitamin D receptor. Vitamin D can directly increase
insulin sensitivity by stimulating the expression of
insulin receptors and / or activating the peroxisome
proliferator-activated receptor, a factor involved in the
regulation of fatty acid metabolism in skeletal muscle and
adipose tissue. Vitamin D may also affect insulin
secretion and sensitivity indirectly through its role in
regulating extracellular calcium concentration and flow

in beta cell cell membranes and peripheral insulin target
tissues [11]. These mechanisms may help us explain why
impaired glucose tolerance associated with insulin
resistance in peripheral tissues increases in vitamin D
deficiency.

In another study conducted in Australia, a total of 5200
non-diabetic cases were followed-up for 5 years, and it
was found that vitamin D levels were lower in 199
patients who developed diabetes compared to those who
did not [17]. An 11-year-follow up study in Norway
demonstrated that lower baseline serum 25(OH)D
concentrations were associated with a higher risk of Type
2 DM in a prospective population-based study; however,
this finding was no longer significant after adjustment for
BMI [18].

In a prospective study, Pittas et al. followed-up 83779
women with no history of diabetes for 20 years, and
found that a combined daily intake of >1,200 mg calcium
and >800 IU vitamin D was associated with a 33% lower
risk of type 2 diabetes with the relative risk of 0.67 (0.49—
0.90) compared with an intake of <600 mg and 400 IU
calcium and vitamin D, respectively [19]. In another
study of Pittas et al. conducted on a total of 314
participants, including 92 patients with prediabetes and
222 individuals with normal glucose metabolism, fasting
plasma glucose, and insulin resistance were evaluated by
administering either 500 mg calcium and 700 IU vitamin
D3 or placebo daily for 3 years. Placebo was
administered to 114 of 222 cases with normal glucose
metabolism, 500 mg calcium and 700 IU vitamin D3
daily were administered to 108, and 47 of 92 cases with
prediabetes were administered placebo and 45 were
administered 500 mg calcium and 700 IU vitamin D3
daily. In the group with normal glucose metabolism, no
difference was observed between the two treatment arms
with regard to fasting plasma glucose and insulin
sensitivity. In the IFG group, those who took combined
calcium—vitamin D supplements had a lower rise in FPG
at 3 years compared with those on placebo (0.02 mmol/I
(0.4 mg/dl) vs. 0.34 mmol/l (6.1 mg/dl), respectively,
P=0.042) and a lower increase in insulin resistance (0.05
vs. 0.91, P=0.031). Also, vitamin D and calcium
supplementation were found to improve glycemic levels
in patients with prediabetes [20].

In the study of Nikooyeh et al. 90 diabetic patients were
randomly allocated to 3 groups: consuming plain yogurt
drink (containing no vitamin D and 150 mg Ca/250 mL),
vitamin D-fortified yogurt drink (containing 500 IU
vitamin D3 and 150 mg Ca/250 mL), or vitamin D +
calcium-fortified yogurt drink (containing 500 IU
vitamin D3 and 250 mg Ca/250 mL) twice per day for 12
weeks. Glycemic status in type 2 diabetes mellitus
patients was found to improve with a daily intake of a
vitamin D—fortified yogurt drink, either with or without
added calcium [21]. In a Chinese population-based cross-
sectional study, including 3762 individuals, a low
vitamin D level is considerably associated with an
increased risk of metabolic syndrome and insulin
resistance [22].
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When the literature was investigated with regard to the
relationship between vitamin D deficiency and
prediabetes in prediabetic patients, it was observed that
Guo et al. had evaluated the relationship between serum
25-hydroxy vitamin D level and glucose metabolism. 25-
hydroxy vitamin D level was 13.57 ng/dl in patients with
type 2 diabetes (n=160), 15.65 ng/dl in those with
impaired fasting glucose/impaired glucose tolerance
(n=178) and 23.97 ng/dl in controls with normal glucose
metabolism (n=180). It was demonstrated that the 25-
hydroxy vitamin D level was significantly higher in the
healthy control group compared to those in the groups
with diabetes and prediabetes (P < 0.05) [8]. In our study,
the 25-hydroxy vitamin D level was 16.63 ng/ml in the
control group (n=80), 13.90 ng/ml in the impaired fasting
glucose group (n=85), 11.69 ng/ml in the impaired
glucose tolerance group (n=50) and 13.22 ng/ml in the
combined impaired fasting glucose/impaired glucose
tolerance group (n=85), which is similar to the results of
the study conducted by Guo et al. [8].

In some studies in the literature, it is seen that there is no
relationship between 250HD3 and prediabetes
[11,12,13]. In these studies, it was suggested that the
small number of people in the sample and vitamin D
levels may be effective in the results. Vitamin D receptor
polymorphisms may also be effective in this difference
[23,24]. The low number of patients included in our study
and the fact that its relation with vitamin D was not
evaluated by calculating the Indices Related to Insulin
Release and Resistance in prediabetic patients are the
limitations of our study. Both preclinical and clinical
studies that will be conducted in the future will help us to
better understand the mechanisms underlying the
relationship between prediabetes and vitamin D.

5. Conclusion

In conclusion, in this study, vitamin D insufficiency and
deficiency were observed to increase the risk of impaired
fasting glucose (95% CI, 0.82-3.45, p=0.149), impaired
glucose tolerance (95% CI, 1.01-6.53, p=0.043), and
combined impaired fasting glucose and impaired glucose
tolerance (95% CI, 0.94-6.53, p=0.068). However, this
risk was statistically significant only in the impaired
glucose tolerance in vitamin D deficiency (95% CI, 1.01-
6.53, p=0.043). Further comprehensive and prospective
studies are essential in order to indicate whether vitamin
D deficiency is an additional risk factor increasing
glucose intolerance and to reveal the importance of
vitamin D in the prevention of type 2 diabetes that has
already become an epidemic.
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