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We presented our study in the 19th European Congress of Endocrinology 2017 (20–23 May 2017, Lisbon, Portugal)
as an electronic poster (EP703). However, we expanded the statistical analysis before the preparation of article.

Objective: The impact of co-existence of prediabetes on 25
(OH)D3 deficiency is less known. We investigated the prevalence
and predictors of 25(OH)D3 deficiency in obese adults on the
bariatric surgery waitlist.
Material and Methods: One hundred ninety-nine patients without
known chronic diseases including diabetes mellitus (DM) and hyper-
tension were included. Anthropometric, biochemical, and hormonal
[fasting insulin, C-peptide, 25(OH)D3] parameters were analyzed.
Insulin resistance (IR) was calculated using the homeostasis model
assessment of IR (HOMA-IR). Patients having HOMA-IR of ≥2.5
were considered insulin resistant. Patients were divided into subg-
roups according to body mass index (BMI), fasting blood glucose,
HOMA-IR, glycated hemoglobin A1c (HbA1c), and 25(OH)D3 levels.
Results: According to HbA1c levels, prediabetes and DM were
diagnosed in 39.6% (n=79) and 27.1% (n=54) of patients.
The 25(OH)D3 levels were severely deficient, deficient, and
insufficient in 47.2%, 36.7%, and 10.6% of patients; however, the
levels were sufficient (≥30 ng/mL) only in 5.5%. The mean
25(OH)D3 level was 9.59, 9.76, and 12.08 ng/mL in nondiabetic,
prediabetic, and diabetic patients (p>0.05). BMI and 25(OH)D3 le-
vels were negatively correlated (p=0.045, r=-0.142). HOMA-IR was
not correlated with 25(OH)D3 levels (p=0.98); it was similar in pa-
tients with different 25(OH)D3 levels. Age ≥40 years and male gen-
der were significant predictors for severe 25(OH)D3 deficiency, but
IR, prediabetes, and DM were not significant predictors.
Conclusion: Increased BMI was associated with decreased
25(OH)D3 levels. The co-existence of prediabetes does not
seem to affect 25(OH)D3 levels. Age ≥40 years and male gen-
der were significant predictors for severe 25(OH)D3 deficiency.
Severe 25(OH)D3 deficiency was frequent in obese patients on
the bariatric surgery waitlist. Vitamin D deficiency was also
shown in other studies on obesity. 25(OH)D3 levels should be
measured in all patients undergoing bariatric surgery and
managed accordingly. The effect of preoperative vitamin D
replacement on postoperative weight loss will clarify the asso-
ciation between vitamin D levels and obesity.

Keywords: Vitamin D deficiency; prediabetes;
diabetes mellitus; insulin resistance; obesity

Amaç: Eşlik eden prediyabetin 25(OH)D3 eksikliği üzerindeki
etkisi az bilinmektedir. Bariyatrik cerrahi bekleme listesindeki
obez hastalarda, 25(OH)D3 eksikliğinin prevalansı ve prediktör-
lerini araştırmayı amaçladık.
Gereç ve Yöntemler: Diabetes mellitus (DM) ve hipertansiyon
gibi bilinen kronik hastalıkları olmayan 199 hasta dâhil edildi.
Antropometrik, biyokimyasal ve hormonal [açlık insülin, C-pep-
tid, 25(OH)D3] parametreler analiz edildi. İnsülin direnci, “ho-
meostasis model assessment of IR (HOMA-IR)” ile hesaplandı.
HOMA-IR≥2,5 olan hastalarda insülin direnci [insulin resistance
(IR)] varlığı kabul edildi. Hastalar beden kitle indeksi (BKİ), açlık
kan şekeri, HOMA-IR, hemoglobin A1c (HbA1c) ve 25(OH)D3
düzeyine göre gruplandırıldı.
Bulgular: HbA1c düzeyine göre, hastaların %39,6 (n=79)’sında
prediyabet, %27,1 (n=54)’inde DM saptandı. 25(OH)D3 düzeyi
hastaların %47,2’sinde ciddi eksik, %36,7’sinde eksik,
%10,6’sında yetersiz, yalnızca %5,5’inde yeterliydi (≥30 ng/mL).
Diyabetik olmayan, prediyabetik ve diyabetik gruplarda ortalama
25(OH)D3 düzeyi 9,59, 9,76 ve 12,08 ng/mL saptandı (p>0,05).
BKİ ile 25(OH)D3 arasında negatif korelasyon saptandı (p=0,045,
r=-0,142). HOMA-IR ile 25(OH)D3 korele değildi (p=0,98). Farklı
25(OH)D3 kategorilerinde HOMA-IR değerleri benzerdi. İleri yaş
(≥40) ve erkek cinsiyet ciddi 25(OH)D3 eksikliği için önemli birer
prediktör olarak bulundu. İR, prediyabet veya DM ciddi 25(OH)D3
eksikliği için önemli bir prediktör değildi.
Sonuç: Artmış BKİ, düşük 25(OH)D3 düzeyiyle ilişkiliydi. Eşlik
eden prediyabetin 25(OH)D3 düzeyi üzerinde önemli bir etkisi
yoktu. İleri yaş ve erkek cinsiyet ciddi 25(OH)D3 eksikliği için
önemli prediktörlerdi. Bariyatrik cerrahi bekleme listesindeki
obez hastalarda, ciddi 25(OH)D3 eksikliğinin sık görüldüğü
akılda tutulmalıdır. Obezitede vitamin D eksikliği başka çalışma-
larda da gösterilmiştir. 25(OH)D3 düzeyi, bariyatrik cerrahi ya-
pılacak tüm hastalarda ölçülmelidir ve gerektiğinde uygun bir
şekilde replase edilmelidir. Preoperatif vitamin D replasmanının
postoperatif kilo kaybına etkisinin araştırılması, obezite ve vita-
min D arasındaki ilişkiyi daha net ortaya koyacaktır.

Anahtar kelimeler: Vitamin D eksikliği; prediyabet;
diabetes mellitus; insülin direnci; obezite
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Introduction
Vitamin D also acts as a hormone because
individuals having sufficient exposure to
sunlight can produce adequate amounts of
vitamin D in the skin. Vitamin D has several
extraskeletal effects on target tissues.
Higher 25(OH)D3 levels (>30-40 ng/mL)
are related to a lower risk of autoimmune
diseases, cancer, and cardiovascular disor-
ders (1-3). The deficiency of 25(OH)D3 has
increased worldwide. Several studies have
investigated the status of vitamin D defi-
ciency in Turkey (4-6). The studies have
shown that the deficiency was more preva-
lent in women, especially veiled women and
older women (4-6).
Vitamin D deficiency was also suggested to
be related to obesity, insulin resistance
(IR), and type 2 diabetes mellitus (DM) (7-
9). The deficiency was defined as an im-
portant contributor to IR by either affecting
insulin sensitivity or beta-cell function (10-
12). A study in Turkey showed that the fre-
quency of vitamin D deficiency was
increased in diabetic patients with obesity
(13).
Obesity is a disorder of increased adiposity
and commonly measured by body mass
index (BMI). Similar to the other regions of
the world, obesity has been increasingly de-
tected in Turkey. The prevalence of obesity
is as high as 22-32% in Turkey (14). Obesity
is a risk factor in the development of type 2
DM and is the most common cause of IR
(15), and is also associated with vitamin D
deficiency (16). IR may be defined as a
lesser degree of biological activity with a
certain amount of insulin. IR bridges be-
tween obesity and the development of type
2 DM (17,18).
In our study, we examined the prevalence,
contributors, and predictors of 25(OH)D3
deficiency in obese adults on the bariatric
surgery waitlist. We specifically chose such
adults because we expected that we could
detect low vitamin D levels and subclinical
deficiency of other hormones, such as thy-
roid, in these adults. We particularly
wanted to reveal the effect of co-existence
of prediabetes on vitamin D deficiency, if
present. We also aimed to reveal the asso-
ciation between IR, BMI, and 25(OH)D3
levels.

Material and Methods
Obese adult patients (age between 18 and
65 years) who were referred to our clinics
for bariatric surgery between January 2016
and December 2017 were included. Pa-
tients with chronic diseases (such as DM,
hypertension, prediabetes, and chronic
liver or renal failure) or using any medica-
tion continuously were excluded; finally,
199 patients were included. Patients with
known DM or using antidiabetics were ex-
cluded because antidiabetics could affect
insulin, IR, and fasting blood glucose (FBG)
measurements. Patients younger than 18
years or older than 65 years were ex-
cluded.
Our study was approved by the Ethics Com-
mittee of our university and was performed
in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki and
its later amendments. All participants gave
informed consent prior to their inclusion in
the study.
The electronic files of the patients were eval-
uated retrospectively. Anthropometric
measurements of the patients (height, body
weight, and BMI) were noted and analyzed.
Biochemical (FBG, glycated hemoglobin
[HbA1c]) and hormonal (fasting insulin, C-
peptide, 25[OH]D3) results of the patients
were also analyzed. We calculated IR by
using the homeostasis model assessment of
IR (HOMA-IR) as follows: FBG (mg/dL) ×
fasting insulin (mU/L)/405. Patients having
an HOMA-IR value of ≥2.5 were considered
insulin resistant.
FBG was measured after an overnight fast
by using the glucose oxidase method. In our
routine clinical practice, HbA1c was meas-
ured as the National Glycohemoglobin Stan-
dardization Program units by using
high-performance liquid chromatography.
Fasting insulin (mU/L) and C-peptide
(ng/mL) levels were measured after an
overnight fast by using radioimmunoassay
and immunometric assay, respectively. The
levels of 25(OH)D3 (ng/mL) were measured
using an immunoassay.
Patients were grouped according to their
BMI as 35-39.9 kg/m2 (n=16), 40-49.9
kg/m2 (n=145), and ≥50 kg/m2 (n=38).
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Patients were also classified according to
their vitamin D status as sufficient
[25(OH)D3 ≥30, n=11), insufficient
(25(OH)D3=20-29.9, n=21), deficient
(25(OH)D3=10-19.9, n=73), and severely
deficient (25(OH)D3 <10, n=94). Further-
more, patients were also grouped
according to HOMA-IR values: insulin re-
sistant (n=178) and noninsulin resistant
(n=21). Patients were also grouped ac-
cording to their HbA1c (<5.7, 5.7-6.4, and
≥6.5) and FBG values (<100, 100-125,
and ≥126 mg/dL) as nondiabetic, with pre-
diabetes, or having new-onset DM. Predia-
betes was defined as having an FBG value
of 100-125 mg/dL and/or HbA1c of 5.7-
6.4%.

Statistical Analysis
Study data were analyzed by using SPSS
version 22.0 (IBM Corporation, Armonk,
New York, USA). The conformity of univari-
ate data to normal distribution was evalu-
ated with the Shapiro-Wilk test and the
Kolmogorov-Smirnov test and the homo-
geneity of variance were evaluated with
the Levene test. Categorical variables were
compared with each other by Pearson’s
Chi-square test. Independent-Samples t-
test was used to compare independent
groups with each other according to quan-
titative data. Furthermore, one-way
ANOVA for parametric analysis and the
Kruskal-Wallis H test for nonparametric
analysis were used to compare more than
two independent groups according to
quantitative data. The Conover test was
used for post hoc analyses. Pearson’s cor-
relation test was used to analyze the cor-
relations of variables with each other.
Multivariate logistic regression (LR) analy-
sis was used to determine the risk groups
for parameters causing severe vitamin D
deficiency. Odds ratio (OR) was calculated
with 95% confidence intervals (CIs) to
show that risk groups had a higher risk
compared with other subjects. Quantitative
variables are shown as mean±standard de-
viation (SD) and median (minimum, maxi-
mum) and categorical variables as n (%) in
tables. A p-value <0.05 was accepted as
statistically significant.

Results
Of the patients, 64.9% patients were
women. The mean age and BMI were simi-
lar in both genders (p=0.055 and p=0.49).
The mean FBG, insulin, and HOMA-IR val-
ues were significantly higher in male pa-
tients (p=0.002, p=0.001, and p=0.001)
than in female patients. The mean basal
fasting C-peptide level was also significantly
higher in male patients (p<0.0001) than in
female patients. The mean 25(OH)D3 and
HbA1c levels were similar in both groups
(Table 1). According to the FBG values, pre-
diabetes and new-onset DM were diagnosed
in 28.1% (n=56) and 22.1% (n=44) of pa-
tients. According to the HbA1c levels, pre-
diabetes and new-onset DM were diagnosed
in 39.6% (n=79) and 27.1% (n=54) of pa-
tients.
The male/female ratio, mean age, FBG, in-
sulin, HOMA-IR, and HbA1c levels were
higher in diabetic and prediabetic groups
than in the nondiabetic group. The mean
25(OH)D3 level was 9.59, 9.76, and 12.08
ng/mL in nondiabetic, prediabetic, and dia-
betic groups. The level of 25(OH)D3 and
BMI were not significantly different in the
three groups. HOMA-IR was significantly
higher in the diabetic group than in the pre-
diabetic group or the nondiabetic group. In-
sulin levels were significantly higher in the
diabetic group than in the nondiabetic
group (Table 2). Overall, 91.9% of patients
were morbidly obese; the remaining pa-
tients were also obese but their BMI was
35-39.9 kg/m2. The mean 25(OH)D3, FBG,
insulin, HOMA-IR scores, HbA1c, and C-
peptide levels were similar in the different
BMI subgroups (Table 3). The levels of
25(OH)D3 were significantly lower in the
groups having BMI ≥50 kg/m2 and 40-49.9
kg/m2 in comparison with the group having
BMI 35-39.9 kg/m2 (p=0.042 and
p=0.025).
The 25(OH)D3 levels were severely defi-
cient, deficient, and insufficient in 47.2%,
36.7%, and 10.6% of patients, respectively.
However, it was sufficient (≥30 ng/mL) only
in 5.5% of patients. There were no differ-
ences regarding the distribution of BMI in
25(OH)D3 subgroups; BMI was similar in
different 25(OH)D3 subgroups (Table 4).
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Male (n=61) Female (n=138)

mean ±SD p

Age 40.26±11.027 36.93±11.33 0.055

BMI (kg/m2) 45.82±5.47 45.24±5.38 0.490

FBG (mg/dL) 135.08±72.15 110.29±37.52 0.002

Insulin (mIU/L) 49.67±47.09 25.71±32.13 0.001

HOMA-IR 18.03±24.65 6.48±4.81 0.001

C-peptide (ng/mL) 5.85±3.69 3.61±1.48 <0.0001

HbA1c (%) 6.73±1.62 6.49±4.80 0.710

25(OH)D3 (ng/mL) 13.22±6.40 12.17±8.99 0.410

Table 1. Clinical and laboratory parameters of the patients.

Variables Nondiabetic (n=53) Prediabetic (n=79) Diabetic (n=54) Total (n=186) p value

Gender (m/fm) 11/42 24/55 24/30 59/127 0.030

Median (min.-max.)

Age 32 (20-56) 36 (20-60) 47 (23-62) 38 (20-62) 0.001

BMI 43.5 (38.4-76.3) 44.6 (38.7-58) 44.4 (36-58.3) 44.3 (36-76.3) 0.415

25(OH)D3 9.59 (3-40.7) 9.76 (3-36.2) 12.08 (3-52.1) 10.49 (3-52.1) 0.103

FBG 92 (72-113) 98 (78-125) 145.5 (94-436) 101 (72-436) 0.001

Insulin 20.8 (2-100) 21.2 (5-361) 27.25 (6-300) 22.35 (2-361) 0.048

HOMA-IR 4.56 (0.46-24.93) 5.49 (1.40-36.74) 11.07 (1.96-166) 5.88 (0.46-166) 0.001

HbA1c 5.3 (4.5-5.6) 5.9 (5.0-6.4) 7.1 (6.4-12.2) 5.9 (4.5-12.2) 0.001

C-peptide 3.54 (0.7-9.9) 3.65 (1.2-15) 4.09 (1.5-20) 3.62 (0.7-20) 0.052

Table 2. Clinical and laboratory features of the patient groups according to HbA1c groups.

BMI subgroups (kg/m2)

35-39.9 (n=16) 40–49.9 (n=145) ≥50 (n=38) Total (n=199) p value

mean±SD

25(OH)D3 17.03±9.85 12.13±8.08 12.01±8.0 12.50±8.28 0.073

FBG 129.13±57.32 115.43±50.94 122.53±53.20 117.89±51.80 0.503

HOMA-IR 11.81±16.11 9.54±16.21 11.12±9.66 10.02±15.13 0.752

Insulin 36.14±41.65 29.39±29.99 45.71±60.44 33.05±38.85 0.066

HbA1c 6.62±1.94 6.24±1.19 7.88±9.12 6.57±4.07 0.108

C-peptide 4.07±2.11 4.04±2.35 5.25±3.26 4.28±2.57 0.035

Table 3. Comparison of laboratory parameters between the BMI subgroups.

25(OH)D3 (ng/mL)

<10 10–19.9 20–29.9 ≥30 Total p value

n (%)

BMI (kg/m2)

35-39.9 6 (37.5) 4 (25.0) 3 (18.8) 3 (18.8) 16 (100) 0.249

40-49.9 71 (49.0) 54 (37.2) 14 (9.7) 6 (4.1) 145 (100)

≥50 17 (44.7) 15 (39.5) 4 (10.5) 2 (5.3) 38 (100)

Total 94 (47.2) 73 (36.7) 21 (10.6) 11 (5.5) 199 (100)

BMI (kg/m2) (Mean±SD) 45.59±5.05 45.65±5.94 45.51±4.75 42.27±5.47 45.42±5.40 0.267

Table 4. Distribution of BMI subgroups between 25(OH)D3 subgroups.



However, BMI was lower in the group having
25(OH)D3 level ≥30 ng/mL in comparison
with the group having 25(OH)D3 level <10
ng/mL (p=0.05). No difference was found
regarding the distribution of 25(OH)D3 in in-
sulin-resistant and nonresistant groups. The
mean HOMA-IR scores were similar between
the different 25(OH)D3 subgroups
(p=0.980) (Table 5). 25(OH)D3 levels were
higher in insulin-resistant patients (Table 6).
BMI correlated positively with C-peptide

levels and negatively with 25(OH)D3 levels
(Table 7 and Figure 1). Glucose levels pos-
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HOMA-IR subgroups

Resistant Non-resistant Total HOMA-IR

n (%) p-value mean ±SD p-value

25(OH)D3 Severely deficient 80 (85.1) 14 (14.9) 94 (100) 0.140 10.43 ±18.42 0.980

Deficient 69 (94.5) 4 (5.5) 73 (100) 9.48 ±11.26

Insufficient 18 (85.7) 3 (14.3) 21 (100) 10.34 ±13.91

Sufficient 11 (100) 0 (0) 11 (100) 9.52 ±8.37

Total 178 (89.4) 21 (10.6) 199 (100) 10.02 ±15.12

Table 5. Distribution of 25(OH)D3 subgroups between insulin resistant and nonresistant patients.

25(OH)D3

HOMA-IR subgroups n mean±SD p-value

Resistant 178 12.86±8.39 0.032

Non-resistant 21 9.41±6.72

Table 6. Comparison of 25(OH)D3 levels between
insulin resistant and nonresistant patients.

*Correlation is significant at the 0.05 level. **Correlation is significant at the 0.01 level.

BMI FBG Insulin HOMA-IR C-peptide HbA1c 25(OH)D3

BMI r 1 -0.024 0.128 0.033 0.149* 0.061 -0.142*

p 0.732 0.072 0.647 0.039 0.411 0.045

n 199 199 199 199 192 186 199

FBG r 1 0.166* 0.486** 0.148* 0.231** 0.086

p 0.019 0.000 0.040 0.002 0.228

n 199 199 199 192 186 199

Insulin r 1 0.721** 0.639** 0.005 -0.027

p 0.0001 0.0001 0.943 0.702

n 199 199 192 186 199

HOMA-IR r 1 0.677** 0.074 0.001

p 0.0001 0.316 0.988

n 199 192 186 199

C-peptide r 1 -0.015 0.008

p 0.845 0.910

n 186 180 192

HbA1c r 1 0.058

p 0.434

n 186 186

25(OH)D3 r 1

p

n 199

Table 7. Correlation between the variables.



itively correlated with insulin, HOMA-IR,
HbA1c, and C-peptide levels. Insulin levels
also positively correlated with HOMA-IR
and C-peptide levels. Glucose, insulin,
HOMA-IR, C-peptide, and HbA1c levels did
not correlate with 25(OH)D3 levels (Table
7).
Multivariate forward LR was performed to
show the predictors for severe vitamin D
deficiency (25[OH]D3 <10 vs. ≥10 ng/mL)
(Table 8). Age ≥40 years and male gender
were predictors for severe vitamin D defi-
ciency. The other parameters could not be
entered into the model. Thus, IR (accord-
ing to HOMA-IR), pre-DM, and DM were
not predictors of severe vitamin D defi-
ciency.

Discussion
The 25(OH)D3 levels were lower in patients
with morbid obesity compared with other
patients. The mean vitamin D level was sim-
ilar in nondiabetic, prediabetic, and diabetic
patients. Age ≥40 years and male gender
were significant predictors for severe vita-
min D deficiency. However, IR, prediabetes,
DM, and morbid obesity were not predictors.
In contrast to previous studies, we found no
correlation between 25(OH)D3 levels and
HOMA-IR (19-21). The Third National Health
and Nutrition Examination Survey showed a
negative association between 25(OH)D3
levels and IR in non-Hispanic white people
and Mexican Americans (21). One study in-
cluding subjects in Korea also showed a
negative relation between 25(OH)D3 levels
and IR (22). These findings were confirmed
by other reports (23). Chiui et al. showed
decreased first and second phase insulin se-
cretion response in vitamin D-deficient sub-
jects (10). Similarly, in a study including
young adult women with obesity, an inverse
relation was detected between vitamin D3
levels and IR (24). Many studies have re-
vealed the role of vitamin D deficiency in in-
sulin secretion or resistance and
inflammatory processes (25-29). Vitamin D
deficiency decreases insulin secretion; glu-
cose uptake to the liver, striated muscles,
and adipose tissue; and decreases GLUT-4
(glucose transporter-4) expression in skele-
tal muscles (30). However, conflicting re-
sults exist regarding the benefits of vitamin
D replacement on insulin sensitivity
(10,31,32).
Bilge et al. investigated the relationship
between BMI and IR or 25(OH)D3 levels
(33). The authors demonstrated a negative
correlation between vitamin D3 levels and
BMI (33). Other studies have also shown
this negative correlation (23,24,34), and
this correlation was seen both in summer
and winter (31). An analysis showed that
each 1 kg/m2 increase in BMI was associ-
ated with 1.15% decrease in vitamin D3
levels (35). In our study, 25(OH)D3 levels
were negatively correlated with BMI. How-
ever, some reports have shown that BMI
was not different in different vitamin D
subgroups (36). Central adiposity is also an
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Variables OR (95% CI) p value

Age (≥40 or <40) 2.017 (1.109-3.668) 0.021

Gender (male or female) 1.957 (1.023-3.744) 0.043

BMI (≥40 or <40) 1.544 (0.539-4.424) 0.416

FBG (≥126 or <100) 0.496 (0.239-1.029) 0.058

FBG (100-125 or <100) 0.700 (0.362-1.352) 0.287

HbA1c (≥6.5 or <5.7) 0.523 (0.241-1.136) 0.100

HbA1c (5.7-6.4 or <5.7) 1.039 (0.518-2.084) 0.914

C-peptide (≥5 or <5) 0.870 (0.440-1.721) 0.688

HOMA-IR (≥2.5 or <2.5) 0.408 (0.157-1.060) 0.059

Table 8. Multivariate forward logistic regression
showing predictors for severe vitamin D deficiency
in obese patients.

Figure 1: Correlation between 25(OH)D3 levels and
BMI.
*Correlation coefficient: -0.142 and p-value: 0.045.



important contributor to this association
(15,23). We found a higher mean vitamin
D level in the insulin-resistant group. Al-
though obesity was found as a risk factor in
vitamin D deficiency (23,24,34,37,38), our
findings might suggest that the possible ef-
fects of the factors other than IR. However,
in our study, neither IR nor BMI were found
as predictors for severe vitamin D defi-
ciency.
IR plays an important role in the pathogen-
esis of type 2 DM from the beginning of the
process. The higher rate of vitamin D defi-
ciency in type 2 DM was thought to occur
through IR (19-21). Pittas et al. showed
that the risk for type 2 DM was lower in pa-
tients with higher levels of vitamin D3 (39).
Song et al. showed that the risk of diabetes
decreased by 38% in the group with the
highest vitamin D3 level comparing with
the group with the lowest level (40). A
meta-analysis found that diabetes risk in-
creased by 50% in the low vitamin D group
than in the high vitamin D group (41).
However, in another report, lower
25(OH)D3 levels were not associated with
the risk of diabetes (42). The deficiency of
25(OH)D3 was observed to be associated
with glucose intolerance in several studies
(37,43,44). 25(OH)D3 has an important
place in insulin sensitivity, as it increases
insulin sensitivity of the liver and skeletal
muscles and increases beta-cell function.
Decreased vitamin D levels were found in
patients with beta-cell dysfunction (45-47).
In one study, 25(OH)D3 deficiency was as-
sociated with increased fasting insulin lev-
els (23). However, we found that 25(OH)D3
levels were higher in insulin-resistant pa-
tients, negatively correlated with BMI, and
were similar in diabetic, prediabetic, and
nondiabetic groups. These findings showed
that vitamin D had complex interactions
with diabetes other than obesity and IR.
Studies analyzing the effect of co-existence
of prediabetes or DM on vitamin D levels
are limited. In our study, the co-existence
of DM or prediabetes seems to have no im-
portant effect on vitamin D levels. However,
in one study, the prediabetic state was
found to be associated with vitamin D3 lev-
els in the first quartile compared with the

fourth quartile with an odds ratio of 1.47
(48).
The prevalence of vitamin D deficiency is
the highest in elderly or hospitalized pa-
tients. One study showed that nearly 60%
of nursing or hospitalized patients had vi-
tamin D deficiency (49,50). However, two-
thirds of young adults also had vitamin D
deficiency in the United States (51). In
older subjects, vitamin D production de-
creases and they require increased nutri-
tional intake of vitamin D (52). Similarly,
we found that age ≥40 was an important
predictor of severe vitamin D deficiency.
The rate of vitamin D deficiency was found
higher in the Middle East than in the other
parts of the world (53-57). About 70-80%
of young adults in the Middle East have se-
vere vitamin D deficiency, and it was more
common in women. However, in our study,
male gender was an important predictor for
severe vitamin D deficiency. Vitamin D de-
ficiency is common in Turkey; however, it is
more common in obese patients on a
bariatric surgery waitlist.

Limitations and Strengths
In several studies investigating vitamin D
status in obese patients, overweight and/or
normal weight adult subjects were also in-
cluded. However, we could not include a
subgroup having a normal BMI to compare
with obese patients. Similarly, in contrast
to the previous studies, we did not evaluate
the waist-to-hip ratio of the patients, which
might be an important factor in affecting vi-
tamin D status. Lipid measurements also
might be included to detect the possible
link between lipids and vitamin D defi-
ciency. Our study has several strengths
such as including the adult subjects on a
bariatric surgery waitlist. To the best of our
knowledge, studies investigating vitamin D
status in such adult subjects are limited.
Additionally, our sample consisted mostly of
morbidly obese patients. Another strength
was the exclusion of patients using any
medication continuously or having chronic
illness.

Conclusion
Our findings suggest that BMI and vitamin
D levels are negatively correlated. We found
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that new-onset prediabetes and DM were
diagnosed in a remarkable number of pa-
tients awaiting bariatric surgery. However,
the co-existence of prediabetes seems to
have no important effect on vitamin D lev-
els. Being older and male gender were sig-
nificant predictors for severe vitamin D
deficiency. Severe vitamin D deficiency was
frequent in obese patients on a bariatric
surgery waitlist, especially in morbidly
obese patients. Additionally, vitamin D defi-
ciency is a common phenomenon after
bariatric surgery. It may contribute to post-
operative complications such as muscle loss
or decreased bone density. If the deficiency
is not corrected preoperatively and in the
presence of other mineral and vitamin defi-
ciencies developing in the immediate post-
operative period, cardiac or neuromuscular
complications would also occur. Therefore,
vitamin D levels should be measured in all
patients before bariatric surgery and man-
aged accordingly.
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