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Serum 25(OH) Vitamin D Levels in Severely Obese
Patients Evaluated Before Bariatric Surgery
Bariatrik Cerrahi Öncesi Değerlendirilen Ciddi Obezitesi Olan
Hastalarda Serum 25(OH) Vitamin D Seviyeleri
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Objective: Obesity is a risk factor for vitamin D deficiency,
which is reported to be detected differently in each population. This study aimed to evaluate the 25(OH) vitamin D
(25(OH)D) levels, intact parathormone (iPTH) levels, and
their relationship with body mass index (BMI) in obese patients, screened prior to bariatric surgery. Material and Methods: This retrospective study comprised of 1.082 obese
patients (41±10 years, female/male: 823/259) who were
candidates for bariatric surgery. BMI, waist circumference
(WC), serum 25(OH)D, iPTH, calcium, phosphorus values of
these patients were recorded from patient files. Results:
BMI, WC, iPTH, and 25(OH)D levels were 48±8.9 kg/m²,
128±11.9 cm, 64±36 pg/mL, and 15±18 ng/mL, respectively. Mean 25(OH)D level of 79.1% of the patients belonged
to the deficiency range. Very low 25(OH) vitamin D levels
(<10 ng/mL) were witnessed among 40.9% (443/1.082) of
the study group. Female obese subjects possessed significantly lower serum 25(OH)D levels as compared to male
obese patients. Significant negative correlations were perceived between 25(OH)D levels and iPTH (r=-0.34,
p<0.0001), BMI (r=-0.20, p<0.0001), and waist circumferences (r=-0.14, p=0.002) in the whole group. Multivariate
analysis indicated that BMI to be an independent risk factor
for vitamin D deficiency. Conclusion: A high rate of vitamin
D deficiency was documented in our morbidly obese patients
who were candidates for bariatric surgery. BMI is a determinant of 25(OH)D levels. It is essential to screen for vitamin
D deficiency and possible osteomalacia among the candidates for bariatric surgery of obese patients and should be
treated appropriately before bariatric surgery.

Amaç: Obezite, her popülasyonda farklı sıklıkta saptandığı
bildirilen vitamin D eksikliği için bir risk faktörüdür. Bu çalışmada, bariatrik cerrahi öncesi değerlendirilen obez hastalarda
25(OH) vitamin D (25(OH)D) düzeyleri, intakt parathormon
(iPTH) düzeyleri ve bunların beden kitle indeksi (BKİ) ile ilişkilerinin değerlendirilmesi amaçlanmıştır. Gereç ve Yöntemler: Bariatrik cerrahi öncesinde değerlendirilen 1.082
morbid obez hasta (41±10 yaş, kadın/erkek: 823/259) verileri retrospektif olarak değerlendirildi. BKİ, bel çevresi (BÇ),
serum 25(OH)D, iPTH, kalsiyum, fosfor değerleri hastaların
dosyalarından kaydedildi. Bulgular: BKİ, BÇ, iPTH, 25(OH)D
düzeyleri sırasıyla 48±8,9 kg/m², 128±11,9 cm, 64±36
pg/mL, 15±18 ng/mL idi. Ortalama 25(OH)D düzeylerinin,
hastaların %79,1’inde yetersiz olduğu tespit edilmiştir. Çalışma grubundaki tüm hastaların %40,9’unda (443/1.082)
çok düşük 25(OH)D vitamini seviyesi (<10 ng/mL) vardı.
Obez kadınlarda 25(OH)D vitamin düzeyleri, obez erkeklere
kıyasla anlamlı olarak düşük bulunmuştur. 25(OH)D vitamin
düzeyleri iPTH ile ters orantılı izlenmiştir (r=-0,34,
p<0,0001), tüm grupta 25(OH)D vitamin düzeyleri BKİ ve BÇ
ile negatif korelasyon göstermiştir (r=-0,20, p<0,0001) (r=0,14, p=0,002). Multivaryant analiz, BKİ’nin D vitamini eksikliği için bağımsız bir risk faktörü olduğunu göstermektedir.
Sonuç: Bariatrik cerrahi için aday olan morbid obez hastalarımızda yüksek oranda D vitamini eksikliği gözlemledik. BKİ,
25(OH)D seviyelerinin belirleyicisidir. BKİ ile 25(OH)D vitamin düzeyleri negatif korelasyon göstermektedir. Bariatrik
cerrahiye aday olan obez hastalar, D vitamini eksikliği ve olası
osteomalazi açısından değerlendirilmeli ve bariatrik cerrahi
öncesi uygun şekilde tedavi edilmelidir.
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Introduction
Vitamin D deficiency is a global epidemic,
increasing at an alarming rate in both
sunny and less sunny countries (1). Obesity, another epidemic disease, is known to
be a risk factor for vitamin D deficiency (2).
A strong relationship between obesity and
vitamin D deficiency is well documented
(2). Vitamin D deficiency, commonly seen
with obesity, indicates the correlation between adipose tissue and vitamin D deficiency. However, the reasons for the
relationship between obesity and low 25hydroxyvitamin D [25(OH)D] levels have
not been fully explained (3). The risk factors in obese people were predicted to be
reduced outdoor activity, decreased sunlight exposure, and consuming food containing less vitamin D (3). A hypothesis
suggested that vitamin D, being a fat-soluble molecule, could be sequestered in body
fat, thereby lowering its bioavailability in
case of obesity (4). Another hypothesis
opined a large amount of dilution in adipose
tissue might contribute to vitamin D deficiency in obese people. A small group of
obese and non-obese women has confirmed this proposition (5).
Research among various populations has
proved the relation of low serum vitamin D
levels with high body mass index values (68). The information on the serum 25(OH) vitamin D levels before bariatric surgery in
Turkey is limited. In a cross-sectional study
about vitamin D status among adults reported from Turkey, 69% of the patients
with BMI>30 kg/m2 were found to be suffering from vitamin D deficiency (9).
The most effective treatment method for
morbidly obese patients, bariatric surgery
is associated with malabsorption of nutrients and vitamins (10,11). As the risk of
vitamin D deficiency also increases after
bariatric surgery, 25(OH)D levels were
measured for the obese patients who were
referred to our clinic for obesity surgery.
Preoperatively low vitamin D levels have
been demonstrated as an independent risk
factor of vitamin D deficiency in the postoperative period.
This retrospective study aimed to evaluate
25(OH)D levels, iPTH, and their association
with body mass index (BMI) in severely
obese patients who were candidates for

bariatric surgery and determined the frequency of vitamin D deficiency and secondary hyperparathyroidism related to vitamin
D deficiency. We also aimed to explore the
risk factors accompanying vitamin D deficiency in this population.

Material and Methods
Patient Selection

This retrospective study population included
1082 obese patients who were evaluated for
bariatric surgery between 2016-2018 years
in Marmara University Pendik Hospital endocrinology polyclinic.
Exclusion criteria for the present study were
patients with renal insufficiency (creatinine
>1.5 mg/dL) or hepatic disease, systemic
inflammatory diseases, malignancy, and
who use medicine affecting vitamin D metabolism. The study was approved by the
Marmara University School of Medicine’s
local ethics committee (09.2019.877).
Demographic and laboratory data were
recorded from patients’ files.
BMI was calculated by the weight of the patients in kilograms divided by the square of
their height in meters. BMI was classified
according to World Health Organization’s criteria as BMI 30-34.9 kg/m2 is class I obesity, BMI 35-39.9 kg/m2 is class II obesity,
BMI≥40 kg/m2 is class III (extreme) obesity
(12).
Waist circumference (WC) was measured
from the midpoint of the distance between
arcus costarum and superior iliac crest (12).
Biochemical Parameters

Serum 25(OH)D concentrations were measured with high-performance liquid chromatography method (Recipe Chemicals,
Germany). According to Endocrine Society,
2011 guidelines, vitamin D deficiency was
defined as a 25(OH)D below 20 ng/mL, vitamin D insufficiency as a 25(OH)D of 21-29
ng/mL (13). The determination of iPTH was
made by using immunochemiluminescence
assay (Modular Analytics E170; Roche Diagnostics, Germany). The upper limit in the
case of normal serum PTH was 72 pg/mL.
Serum phosphorus and calcium levels were
measured with an enzymatic colorimetric
assay method (Roche Diagnostics, Germany).
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Vitamin D insufficiency frequency was 14%
(n:151), deficiency frequency was 79.1%
(n:856) in the whole study group. 25(OH)D
levels less than 10 ng/mL were recorded
among 40.9% of the patients (n:443),
which was considered to be a severe vitamin D deficiency state (Figure 1).
In female patients, 25(OH) vitamin D levels
were lower (13±85 ng/mL) compared to the
male patients (17±12 ng/mL) significantly
(p=0.0002).
According to obesity classification, serum
25(OH) vitamin D levels were 14.0±9.1
ng/mL, 21.1±13.7 ng/mL, and 10.9±9.1
ng/mL in extremely obese, class II, and
class I obese patients, respectively. 25(OH)
vitamin D level was significantly (p<0.001)
lower in extremely obese patients than class
II obese patients.
There were negative correlations between
serum 25(OH) vitamin D levels and BMI
(r=-0.20, p<0.0001), waist circumference
(r=-0.14, p=0.002), and serum iPTH (r=-0.34,
p<0.0001) (Figure 2).
Patients were classified into three groups according to 25(OH)D levels: 25(OH)D<20
ng/mL in group 1, 20-29 ng/mL in group 2
and 30-88 ng/mL in group 3. Clinical and
laboratory parameters compared between
the groups were represented in Table 2.
A model of stepwise multivariate analysis
elucidated age, gender, WC, and BMI as
variables and risk factors for serum
25(OH)D levels. This model (r2=2.19%, p=
0.0022) demonstrated the significant contribution (p=0.02) of BMI as an independent
risk factor for serum 25(OH)D levels in
obese patients.
Serum iPTH, calcium, and phosphorus
mean values were normal, and there were
no differences between female and male
subjects.

Statistical Analysis

All the statistical analyses were made using
SPSS (Statistical Package for the Social Sciences) version 20.0. Descriptive data was
stated as frequencies (%) for categorical
data, means, and standard deviations (SD)
for continuous data with a normal distribution. A comparison of one group with another was made with Student’s t-test. We
used Spearman’s correlations for nonparametric values and two-tailed probability values to predict the strength of the
relationship between variables.
A stepwise multivariate analysis was performed to determine clinical parameters that
were risk factors for serum 25(OH) vitamin
D levels. Age, BMI, and WC were included in
the model as independent variables. The
statistical significance level was accepted as
p<0.05. All of the results were stated as
mean±SD.

Results
The demographic characteristics and biochemical results of the study groups according to gender were illustrated in Table 1.
Mean BMI was calculated as 48±8.9 kg/m2
in the whole group. Patients were divided according to the obesity classification: 18
(1.66%) patients belonged to class I, 132
(12.2%) patients belonged to class II,
whereas, 932 (86.1%) patients were considered as extreme obesity. Statistical analysis
showed an insignificant difference between
the BMI of male and female groups.
Mean serum 25(OH)D level was 15±18
ng/mL, belonged to the deficiency range. In
the entire study population, 25(OH)D level
≥30 ng/mL was observed in 6.9% (n:75) of
the patients, while the remaining 93.1%
(n:1007) were in the range of vitamin D deficiency or insufficiency.

Table 1. Demographic and laboratory results of the patients in the study group.
Total group (n:1082)

Female (n:823)

Age (years)

41±10

41±11

41±10

0.65

BMI (kg/m2)

48±8.9

49±9

47±8.5

0.0562

128±11.9

128±12.6

135±9.9

<0.0001

15±18

13±8.5

17±12

0.0002

Waist circumference (cm)
25(OH)D (ng/mL)
iPTH (pg/mL)
Serum calcium (mg/dL)

Male (n:259)

p (female vs male)

64±36

65±36

60±33

0.0574

9.7±3.9

9.7±4.3

9.5±0.44

0.9781
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One small study was reported incorporating
one hundred ninety-nine patients before
bariatric surgery in Turkey (14). In this
study, it was reported that severe vitamin D
deficiency was diagnosed in 47.2% of the
patients. The present study documented one
of the highest vitamin D deficiency levels in
obese patients who were candidates for
bariatric surgery. A significant frequency of
patients (40,9%) had severe vitamin D deficiency, 25(OH)D level being under 10
ng/mL.
Hypovitaminosis D is prevalent in patients
who are candidates for bariatric surgery. It
has been reported in 41-98% of preoperative patients (15). Previous studies reported
prior to bariatric surgery, deficiency of vitamin D levels was perceived among 55.3%
Brazilian obese population (15), 53.6% in
Iranian (16), 75.7% Singaporean (17), and
97.5% in Austrian (18) obese patients.
In this study, the multivariate analysis concluded that BMI is an independent risk factor
for vitamin D deficiency in obese patients,
and we also observed a negative correlation
between BMI and serum 25(OH) vitamin D
levels, which was in agreement with previous
studies. This negative correlation was shown
similarly in former studies, and one of the
predisposing factors of vitamin D deficiency
has been described as obesity. Brock et al.
showed that (19) high BMI relevant to low vitamin D levels (20-25). Results obtained
from various other studies in Turkey had also
supported this theory (26-28).
Even though the correlation between obesity and decreased 25(OH) vitamin D concentrations is fully conversant, the
mechanisms that explain the relation were
yet to be unearthed. Sequestration of
25(OH) vitamin D in adipose tissue coupled
with the volumetric dilution of 25(OH) vitamin D in the total body tissue volume may
be responsible for low vitamin D levels. Due

Figure 1: Distribution of serum 25(OH)D levels in the
whole study group (n:1082).

Figure 2: Correlation of serum 25(OH)D with BMI and
WC.

Discussion
According to the recent reviews in the literature, this study contains one of the largest
subject groups evaluated before bariatric
surgery.

Table 2. Clinical and laboratory characteristics of patients according to serum 25(OH)D level.
Group 1

Group 2

Group 3

p

(25(OH)D<20 ng/mL)

(25(OH)D 20-29 ng/mL)

(25(OH)D 30-88 ng/mL)

(group 1 vs
group 2 and 3)

(n:776)

(n:199)

(n:107)

Age (years)

41,2±10,2

43±10,4

45,9±11,3

0.78

BMI (kg/m2)

48,6±6,8

45,8±6,9

45,4±7,5

<0.0001

25(OH)D (ng/mL)

10,2±4,4

23,7±2,7

41,3±12,6

<0.0001

iPTH (pg/mL)

67,7±40

55,1±26,4

48,7±28

<0.0001
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Conclusion
We found that vitamin D deficiency was very
high among obese patients who were candidates for bariatric surgery in our center. BMI
is an independent risk factor for vitamin D deficiency in obese patients. Supplementation
of vitamin D should be considered in all obese
patients and candidates for bariatric surgery.

to limited outdoor exercises of obese individuals, there is less contact with sunlight,
which leads to less vitamin D synthesis from
the skin, which may be another possible
reason. It is presumed that both 1-α hydroxylation and 25-hydroxylation disorders,
alterations in the binding of vitamin D to
proteins, and increased metabolic clearance
of 25(OH) vitamin D may be due to the
mechanisms that cause low vitamin D (29).
Further research is required on this subject.
In our study, vitamin D levels were lower in
female patients than in male patients.
Though there was no information regarding
the lifestyle of the patients, we assume that
women spend more time in the house compared to men, and women’s clothing habits
may be responsible for this.
Guidelines strongly suggest it is essential to
keep vitamin D levels in normal ranges to
protect bone and muscle strength (13). Vitamin D and other vitamin deficiencies are
frequent due to malabsorption after bariatric
surgery, which may be associated with increased muscle weakness and increased risk
of fractures (30). Vitamin D deficiency is
known to be associated with muscle dysfunction, increased risk of diabetes mellitus,
cardiovascular disease, multiple sclerosis,
and cancer (31-40). Based on all this, it can
be claimed that the restoration of vitamin D
levels in the normal range can help to reduce the metabolic load.
There is limited data on vitamin D deficiency
frequencies in obese patients who are candidates for bariatric surgery in Turkey. High
rates of vitamin D deficiency were determined in our study, and this is the largest
cohort to be published about Turkish patients before bariatric surgery.
There were some limitations of our study;
the data were collected retrospectively, the
information on contact time with sunlight
and nutrients intake was not analyzed.
Moreover, there was no comparison with
non-obese controls.
Preoperative vitamin D deficiency may stimulate or aggravate postoperative vitamin D
deficiency. Considering that deficiency of vitamin D is common in obese patients in
Turkey, estimation of the levels of 25(OH)
vitamin D can be recommended, and deficiency state must be treated appropriately
before bariatric surgery (41).
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