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A b s t r a c t

Introduction: Vitamin D deficiency is a common problem, and it is related 
to increased risk of obesity, metabolic syndrome, atherosclerosis, and car-
diovascular disease. Vitamin D has a beneficial effect on dyslipidemia and 
insulin secretion. We aimed to investigate the impact of vitamin D3 supple-
mentation on anthropometric and laboratory parameters in overweight and 
obese premenopausal women.
Material and methods: Seventy-two overweight and 50 obese vitamin-D-de-
ficient premenopausal women (mean age: 43.1 ±10.4 years) were included 
in the study. Baseline mean 25-hydroxyvitamin D [25(OH)D] level was 6.1 
(min.–max. = 2.9–15.8) ng/ml in overweight and was 5.6 (min.–max. = 3.0–
22.0) ng/ml in obese subjects. At baseline and at the sixth month of supple-
mentation, serum 25(OH)D, intact parathormone (iPTH), calcium, phospho-
rus, homeostasis model assessment of insulin resistance (HOMA-IR), and 
lipid profiles were assessed.
Results: Following vitamin D3 supplementation in overweight and obese sub-
jects, serum 25(OH)D increased from 6.1 to 34.7 ng/ml and 5.6 to 34.7 ng/ 
ml, respectively (p < 0.001). At the sixth month of supplementation in both 
overweight and obese subjects, a significant reduction was detected in HO-
MA-IR (p < 0.001), low-density lipoprotein cholesterol (LDL-C) (p = 0.046,  
p = 0.044; respectively) and iPTH levels (p ≤ 0.001, p < 0.001; respectively). 
A negative adjusted correlation was found between changes in 25(OH)D and 
HOMA-IR (r = –0.581, p < 0.001; r = –0.389, p = 0.005; respectively). A 1 ng/
ml increase in serum 25(OH)D level led to a 0.30-fold reduction in HOMA-IR 
level (p = 0.002).
Conclusions: Our results support the effect of vitamin D3 supplementation 
in HOMA-IR and LDL-C improvement in both obese and overweight subjects. 
Further studies focused on low serum 25(OH)D levels with insulin resistance 
and dyslipidemia are needed.
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Introduction

Vitamin D is a unique hormone produced in the skin through exposure 
to ultraviolet (UV) irradiation of 7-dehydrocholesterol. Low vitamin D  
levels are characteristically seen as a  result of the reduced cutaneous 
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synthesis of 25-hydroxyvitamin D (25(OH)D) due 
to a lack of UV light [1]. The best-known effect of 
vitamin D status is on musculoskeletal health, but 
it also influences the cardiovascular system and 
all-cause mortality [2, 3].

Vitamin D deficiency and obesity are considered 
important public health problems. Some studies 
have demonstrated an inverse relationship be-
tween 25(OH)D levels and metabolic syndrome, 
obesity and insulin resistance in patients [4–8], 
while others showed no beneficial effect [9–13]. 
However, in these studies, various differences were 
observed in study design, population, duration, 
type and initial vitamin D levels. Therefore, further 
clinical studies are needed to resolve this issue.

Vitamin D supplementation in vitamin D de-
ficient prediabetic individuals is related to lower 
progression to diabetes mellitus (DM) [14]. Recent 
studies have reported a  relationship between vi-
tamin D deficiency and the pathogenesis of dys-
lipidemia [15]. It is considered that vitamin D  
has direct effects on lipid levels by maintaining 
adequate levels of apolipoprotein AI, a  major 
component of high-density lipoprotein cholesterol 
(HDL-C). Also, vitamin D could indirectly influence 
lipid metabolism through parathormone (PTH) or 
calcium balance [16, 17]. 

In this study, we aimed to investigate the im-
pact of vitamin D

3 supplementation on insulin 
resistance and dyslipidemia as prognostic risk 
factors for subclinical atherosclerosis in healthy 
overweight and obese premenopausal women.

Material and methods

Subjects

The medical records of patients admitted to 
Ankara Numune Education and Research Hospi-
tal, Endocrinology and Metabolism Department, 
between September 2015 and May 2016, were 
retrospectively evaluated. Records from 1,775 po-
tential female subjects who received vitamin D

3 
supplementation were searched. 1,347 potential 
subjects were excluded from the study because of 
the following criteria: history of menopause, body 
mass index (BMI) < 25 kg/m2, atherosclerotic dis-
ease, stroke, chronic inflammatory disease, hepatic 
and renal impairment, DM, hypertension, dyslipid-
emia, current smoking, malignancy, malabsorption, 
using any drugs that affect 25(OH)D, antihyperten-
sive drugs, statins and oral contraceptives or being 
involved in any diet or exercise program. A further 
303 women were excluded because they did not 
meet the criterion of 25(OH)D level < 30 ng/ml af-
ter supplementation or because some laboratory 
data were missing. Consequently, 122 overweight 
(n = 72) and obese (n = 50) premenopausal women 
followed for vitamin D deficiency who reached the 

target level of 25(OH)D (≥ 30 ng/ml) after supple-
mentation were selected (Figure 1).

A deficiency of vitamin D is defined as serum 
concentration of 25(OH)D below 20 ng/ml. Follow-
ing supplementation, the cut-off level of adequate 
25(OH)D was accepted above 30 ng/ml. Vitamin D 
supplementation was administered with 100,000 IU/ 
week as a  loading dose for 8 weeks following 
a  maintenance dose of 3,000 IU/day according to 
the 2011 Guidelines of the Endocrine Society recom-
mendations for obese and overweight subjects [18]. 

All parameters were evaluated at baseline and 
the sixth month of vitamin D supplementation for 
each subject. Physical examination measurements 
including height, weight, waist and hip circumfer-
ence, and blood pressure were recorded. The BMI 
was calculated as weight (kg)/height2 (m2). Sub-
jects were divided according to BMI as overweight 
(BMI: 25–29.9 kg/m2) and obese (BMI ≥ 30 kg/m2) 
groups [19]. The mean values of the three mea-
surements of waist and hip circumferences and 
waist to hip ratio (WHR) were recorded. The local 
ethics committee of Ankara Numune Education 
and Research Hospital approved the study in ac-
cordance with the Declaration of Helsinki 2013.

Laboratory analyses

Serum-corrected calcium, phosphorus, 25(OH)D,  
intact parathormone (iPTH), fasting blood glu-
cose (FBG), insulin and lipid profile including total 
cholesterol (TC, mg/dl), triglyceride (TG, mg/dl),  
HDL-C (mg/dl), and low-density lipoprotein choles-
terol (LDL-C, mg/dl) levels were measured. Serum 
25(OH)D concentration was measured using an 
electroluminescence method on the Cobas E-411 
analyzer (Roche Diagnostics GmbH, Mannheim, 
Germany). The intraassay and interassay coeffi-
cients of variation (CV) were 3.2% and 7.8%, respec-

Figure 1. Flow chart of the number of patients 
identified and included into the study

1775 pre-screened for eligibility

428 assessed for eligibility

122 assigned to the study

1347 excluded
*Did not meet study inclusion criteria

306 excluded
*Did not meet expected criteria (n = 228)

*Missing data (n = 78)

50 allocated to obese group

72 allocated to overweight group



Narin Nasiroglu Imga, Alper Cagri Karci, Dilek Oztas, Dilek Berker, Serdar Guler

600 Arch Med Sci 3, May / 2019

tively. The minimum detection limit of the 25(OH)D  
kit was 3 ng/ml and the coefficient of variation 
was < 10%. Serum iPTH (normal range: 12–88 pg/
ml) and insulin (normal range: 1.9–23 μIU/ml)  
levels were determined by chemiluminescent 
immunoassay (AU5800 autoanalyzer, Beckman 
Coulter Inc., Brea, CA, USA). Serum glucose (nor-
mal range: 70–100 mg/dl), TG (normal range: 
10–200 mg/dl), TC (normal range: 20–200 mg/dl), 
and HDL-C (normal range: 40–60 mg/dl) concen-
trations were analyzed using the enzymatic meth-
od (AU5800 autoanalyzer, Beckman Coulter Inc., 
Brea, CA, USA). Serum albumin, calcium (normal 
range: 8.5–10.5 mg/dl), and phosphorus (normal 
range: 2.5–4.5 mg/dl) levels were measured by 
the photometric method (AU5800 autoanalyz-
er, Beckman Coulter Inc., Brea, CA, USA). Serum 
LDL-C concentration was calculated using the 
Friedewald formula [20]. Serum total calcium was 
corrected for serum albumin with the formula: 
[(4-albumin) × 0.8] total serum calcium. All calci-
um levels were corrected, and the term ‘calcium’ 
was used instead of ‘corrected calcium’. The ho-
meostasis model assessment of insulin resis-
tance (HOMA-IR) was calculated by the formula 
HOMA-IR = (FBG × insulin)/405 [21]. In all study 
populations, all test parameters were recorded at 
baseline and the sixth month of supplementation. 

Statistical analysis

Statistical analysis was performed using the 
Statistical Package for Social Sciences for Win-
dows 20 (IBM SPSS Inc., Chicago, IL) program. 
The Kolmogorov-Smirnov test assessed the nor-
mal distribution of the data. Descriptive statistics 
are presented as the mean ± standard deviation 
for normal distribution, and median (min.–max.) 
for non-normal distribution. Categorical variables 
were expressed as number and percentage. Nor-
mally distributed parameters were evaluated by 
the t-test, while non-normally distributed param-
eters were investigated by the Mann-Whitney 
U  test. In the overweight and obese subjects, 
changes in anthropometric and laboratory find-
ings after vitamin D supplementation were eval-
uated by the repeated measures ANOVA test. The 
data of parameters at baseline and after 6 months 
of supplementation were evaluated by the paired 
t-test. Analysis of the percent relative change in 
all parameters between groups to demonstrate 
the effect of treatment was performed by ANOVA.  
The percent relative change was computed for 
each parameter with the following formula: (sixth-
month measurement – baseline measurement)/
baseline measurement × 100. The magnitude of 
absolute change from baseline to after vitamin D  
supplementation values was indicated by Δ. To 
establish the relationships between changes in 

parameters following vitamin D supplementation, 
the correlations of change in HOMA-IR level with 
changes in anthropometric and laboratory findings 
were analyzed by Spearman correlation analysis. 
The repeated measures design with generalized 
linear mixed models was used to detect Δ25(OH)D  
levels for predicting ΔHOMA-IR levels. A p-value of 
p ≤ 0.05 was considered statistically significant. 

Results

Baseline demographic, anthropometric and 
laboratory characteristics of the groups are shown 
in Table I. The study population of 122 Caucasian 
women consisted of 72 (59.0%) overweight and 
50 (41.0%) obese vitamin-D-deficient premeno-
pausal subjects (Table I). Baseline mean 25-hy-
droxyvitamin D (25(OH)D) level was 6.1 (min.–
max. = 2.9–15.8) ng/ml in overweight and was 5.6 
(min.–max. = 3.0–22.0) ng/ml in obese subjects. Of 
all subjects, the mean age was 43.1 ±10.4 years;  
the mean BMI was 30.8 ±4.6 kg/m2. Between 
obese and overweight subjects, age, WHR, SBP, 
DBP measurements, serum 25(OH)D, PTH and lip-
id levels did not differ (p > 0.05). In overweight 
subjects, baseline FBG, insulin, and HOMA-IR lev-
els were significantly lower than in obese subjects 
(91.8 ±5.7 vs. 96.5 ±7.6; p < 0.001; 12.9 vs. 16.4,  
p = 0.001; 3.6 vs. 4.2, p < 0.001; respectively).

In both groups, the effects of vitamin D sup-
plementation on anthropometric and laboratory 
findings are shown in Table II. After supplemen-
tation, the laboratory parameters of overweight 
and obese subjects were as follows. Following 
vitamin D

3 supplementation in overweight and 
obese subjects, serum 25(OH)D increased from 
6.1 to 34.7 ng/ml and 5.6 to 34.7 ng/ml, respec-
tively (p < 0.001). In both groups, mean LDL-C level 
decreased (p = 0.046, p = 0.044; respectively). In 
overweight subjects, TG level decreased after sup-
plementation (p < 0.001), while no significant dif-
ference was observed in obese subjects (p > 0.05). 
In both subject groups mean FBG levels decreased 
and mean calcium levels increased (p < 0.001; for 
both). After supplementation, mean phosphorus 
level decreased (p = 0.011) in overweight subjects, 
while no difference was detected in obese subjects 
(p > 0.05). The relative changes of all parameters 
before and after supplementation compared be-
tween overweight and obese groups are shown in 
Table III. The effect of supplementation on percent 
change in all parameters is shown in Table II. Anal-
ysis between the groups shows that the percent 
change of HOMA-IR levels differed significantly be-
tween overweight and obese groups (p = 0.035).

After supplementation, iPTH, insulin, and  
HOMA-IR levels decreased in both overweight and 
obese subjects (p < 0.001). Changes in all parame-
ters from baseline to post-supplementation levels 
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Table I. Baseline demographic, anthropometric and laboratory characteristics of all cases of overweight and obese 
patients

Variables All patients (n = 122) Overweight (n = 72) Obese (n = 50) P-value#

Age [years] 43.1 ±10.4 42.5 ±10.8 43.9 ±10.1 0.460

BMI [kg/m2] 30.8 ±4.6 27.5 ±1.2 35.5 ±3.7 < 0.001*

WHR [cm] 0.7 ±0.1 0.7 ±0.1 0.8 ±0.1 0.078

SBP [mm Hg] 122.7 ±10.1 122.3 ±10.8 123.3 ±8.9 0.576

DBP [mm Hg] 74.5 ±6.2 73.6 ±6.2 75.8 ±6.1 0.058

TC [mg/dl] 215.0 ±44.9 215.1 ±45.3 214.9 ±45.0 0.978

LDL-C [mg/dl] 135.2 ±38.1 137.1 ±37.5 132.4 ±39.2 0.509

HDL-C [mg/dl] 53.7 ±12.4 54.3 ±12.6 52.9 ±12.2 0.566

TG [mg/dl] 142.5 (78.0–454.0) 140.0 (78.0–454.0) 149.0 (83.0–440.0) 0.829

FBG [mg/dl] 93.7 ±6.9 91.8 ±5.7 96.5 ±7.6 < 0.001*

Calcium [mg/dl] 9.2 ±0.43 9.1 ±0.5 9.2 ±0.4 0.336

Phosphorus [mg/dl] 3.4 ±0.5 3.5 ±0.5 3.3 ±0.5 0.014*

25(OH)D [ng/ml] 6.0 (2.9–22.0) 6.1 (2.9–15.8) 5.6 (3.0–22.0) 0.901

iPTH [pg/ml] 75.5 (31.6–174.7) 75.5 (38.3–169.0) 75.3 (31.6–174.7) 0.886

Insulin [μIU/ml] 14.0 (4.2–45.6) 12.9 (4.2–33.0) 16.5 (7.9–45.6) 0.001*

HOMA-IR 3.7 (1.0–10.8) 3.6 (1.0–6.7) 4.2 (2.8–10.8) < 0.001*
#Overweight vs. obese patients. *p ≤ 0.05 indicates statistical significance. Numerical variables with normal distribution are expressed as 
mean ± standard deviation. Numerical variables without normal distribution are shown as median (min.–max.). BMI – body mass index, 
WHR – waist-hip ratio, SBP – systolic blood pressure, DBP – diastolic blood pressure, TC – total cholesterol, LDL-C – low-density lipoprotein 
cholesterol, HDL-C – high-density lipoprotein cholesterol, TG – triglyceride, FBG – fasting blood glucose, 25(OH)D – 25-hydroxy vitamin D, 
iPTH – intact parathormone, HOMA-IR – homeostasis model assessment of insulin resistance.

Table II. Effects of vitamin D supplementation on anthropometric and laboratory parameters in overweight and 
obese subjects

Variable Overweight (n = 72) Obese (n = 50)

Baseline After supple-
mentation 

P-value Baseline After supple-
mentation 

P-value

BMI [kg/m2] 27.5 ±1.2 27.5 ±1.3 0.340 35.5 ±3.7 35.5 ±3.8 0.532

WHR [cm] 0.8 ±0.1 0.8 ±0.1 0.057 0.8 ±0.1 0.8 ±0.1 0.058

SBP [mm Hg] 122.3 ±10.8 122.0 ±10.7 0.681 123.3 ±8.9 122.7 ±10.3 0.277

DBP [mm Hg] 73.6 ±6.2 74.0 ±6.7 0.131 75.8 ±6.1 75.6 ±7.0 0.389

TC [mg/dl] 215.1 ±45.3 204.3 ±40.7 0.056 214.9 ±45.0 207.4 ±41.7 0.257

LDL-C [mg/dl] 137.1 ±37.5 128.4 ±36.0 0.046* 132.4 ±39.2 121.0 ±32.9 0.044*

HDL-C [mg/dl] 54.3 ±12.6 53.6 ±14.2 0.631 53.0 ±12.2 52.3 ±11.2 0.550

TG [mg/dl] 140.0  
(78.0–454.0)

123.5 (38.0–283.0) < 0.001* 149.0  
(83.0–440.0)

139.5 (45.0–320.0) 0.142

FBG [mg/dl] 91.8 ±5.7 87.1 ±6.5 < 0.001* 96.5 ±7.6 92.2 ±5.5 < 0.001*

Calcium [mg/dl] 9.1 ±0.5 9.4 ±0.4 < 0.001* 9.2 ±0.4 9.5 ±0.3 < 0.001*

Phosphorus [mg/dl] 3.5 ±0.5 3.4 ±0.4 0.011* 3.3 ±0.5 3.3 ±0.5 0.933

25(OH)D [ng/ml] 6.1 (2.9–15.8) 34.7 (26.4–70.3) < 0.001* 5.6 (3.0–22.0) 34.7 (26.8–56.8) < 0.001*

iPTH [pg/ml] 75.6  
(38.3–169.0)

41.2 (19.4–85.3) < 0.001* 75.3  
(31.6–174.7)

46.4 (28.9–96.0) < 0.001*

Insulin [μIU/ml] 12.9 (4.2–33.0) 3.7 (2.0–5.8) < 0.001* 16.5 (8.0–45.6) 8.6 (4.1–37.2) < 0.001*

HOMA-IR 3.6 (1.0–6.7) 2.0 (0.7–3.2) < 0.001* 4.2 (2.8–10.8) 2.4 (1.2–7.0) < 0.001*

Numerical variables with normal distribution are expressed as mean ± standard deviation. Numerical variables without normal distribution 
are shown as median (min.–max.). *p ≤ 0.05 indicates statistical significance. Δp: Overweight

baseline-after supplementation
 vs. obese

baseline-after supplementation. 

BMI – body mass index, WHR – waist-hip ratio, SBP – systolic blood pressure, DBP – diastolic blood pressure, TC – total cholesterol,  
LDL-C – low-density lipoprotein cholesterol, HDL-C – high-density lipoprotein cholesterol, TG – triglyceride, FBG – fasting blood glucose, 
25(OH)D – 25-hydroxy vitamin D, iPTH – intact parathormone, HOMA-IR – homeostasis model assessment of insulin resistance.
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Table III. Relative changes in variables over the course of vitamin D supplementation

Variable Overweight (n = 72)
(% change)

Obese (n = 50)
(% change)

P-value# 

Comparison of relative 
change between groups

BMI [kg/m2] –2.2 ±4.0 –1.2 ±2.5 0.263

WHR [cm] –0.5 ±1.8 0.5 ±1.9 0.139

SBP [mm Hg] –0.2 ±4.3 –0.5 ±3.2 0.675

DBP [mm Hg] 0.2 ±2.7 –0.4 ±2.6 0.205

TC [mg/dl] –4.0 ±18.6 –2.9 ±15.2 0.823

LDL-C [mg/dl] –3.8 ±24.2 –5.8 ±21.4 0.753

HDL-C [mg/dl] 2.2 ±22.2 0.8 ±16.5 0.787

TG [mg/dl] –16.1 ±44.9 –3.4 ±29.9 0.226

FBG [mg/dl] –3.6 ±8.7 –1.6 ±6.8 0.254

Calcium [mg/dl] 2.2 ±4.8 2.4 ±6.0 0.877

Phosphorus [mg/dl] –2.8 ±15.5 3.0 ±15.1 0.131

25(OH)D [ng/ml] 565.1 ±327.0 552.8 ±327.9 0.840

iPTH [pg/ml] –38.3 ±23.1 –38.2 ±22.2 0.986

Insulin [μIU/ml] –54.8 ±18.3 –47.2 ±19.0 0.087

HOMA-IR –56.4 ±17.0 –46.8 ±19.2 0.035*

*p ≤ 0.05 indicates statistical significance. #Comparison of relative change of variables between overweight and obese groups. BMI – body 
mass index, WHR – waist-hip ratio, SBP – systolic blood pressure, DBP – diastolic blood pressure, TC – total cholesterol, LDL-C – low-density 
lipoprotein cholesterol, HDL-C – high-density lipoprotein cholesterol, TG – triglyceride, FBG – fasting blood glucose, 25(OH)D – 25-hydroxy 
vitamin D, iPTH – intact parathormone, HOMA-IR – homeostasis model assessment of insulin resistance.

Table IV. Correlation of change in 25(OH)D and HOMA-IR levels with the change in anthropometric and laboratory 
parameters in overweight and obese subjects

Variables Overweight Obese

Δ25(OH)D ΔHOMA-IR Δ25(OH)D ΔHOMA-IR

r p r p r p r p

Δ25(OH)D – – –0.581 < 0.001* – – –0.389 0.005*

ΔHOMA-IR –0.581 < 0.001* – – –0.389 0.005* – –

ΔBMI 0.078 0.516 0.096 0.424 –0.214 0.106 0.078 0.591

ΔWHR –0.044 0.715 0.135 0.258 –0.157 0.275 0.038 0.796

ΔSBP 0.194 0.102 –0.102 0.394 0.171 0.234 –0.207 0.148

ΔDBP 0.087 0.467 –0.178 0.136 0.140 0.333 –0.052 0.722

ΔTC –0.001 0.990 –0.034 0.778 –0.067 0.644 0.012 0.936

ΔHDL-C –0.039 0.742 0.022 0.855 0.233 0.103 0.024 0.867

ΔLDL-C 0.036 0.763 –0.063 0.597 0.027 0.854 0.047 0.748

ΔTG 0.159 0.183 –0.157 0.187 –0.098 0.499 –0.100 0.490

ΔFBG –0.400 0.001* 0.180 0.129 –0.362 0.010* 0.428 0.002*

ΔCalcium –0.168 0.157 0.129 0.278 –0.172 0.233 0.119 0.412

ΔPhosphorus 0.065 0.588 0.001 0.991 0.170 0.239 0.176 0.221

ΔiPTH –0.024 0.843 0.034 0.777 –0.291 0.040* 0.130 0.369

ΔInsulin –0.552 < 0.001* 0.296 0.012* –0.584 < 0.001* 0.330 0.019*

*p ≤ 0.05 indicates statistical significance. Δ – baseline values – post-supplementation values. 25(OH)D – 25-hydroxy vitamin D,  
BMI – body mass index, WHR – waist-hip ratio, SBP – systolic blood pressure, DBP – diastolic blood pressure, TC – total cholesterol,  
HDL-C – high-density lipoprotein cholesterol, LDL-C – low-density lipoprotein cholesterol, TG – triglyceride, FBG – fasting blood glucose, 
iPTH – intact parathormone, HOMA-IR – homeostasis model assessment of insulin resistance.
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were compared (Δp). Changes in TG and phos-
phorus levels were larger in overweight subjects 
(p = 0.048, p = 0.035; respectively). However, the 
change in HOMA-IR level was larger only in obese 
subjects (p = 0.004).

The correlation of changes in 25(OH)D and 
HOMA-IR levels with changes in anthropometric 
and laboratory findings after supplementation are 
shown in Table IV. In overweight subjects, change 
in 25(OH)D level was negatively correlated with 
change in HOMA-IR (r = –0.581, p < 0.001), FBG 
(r = –0.400, p = 0.001), and insulin (r = –0.552, 
p < 0.001) levels, while change in HOMA-IR lev-
el was positively correlated with change in insu-
lin (r = 0.296; p = 0.012) level. In obese subjects, 
change in 25(OH)D level was negatively correlated 
with change in HOMA-IR (r = –0.389, p = 0.005),  
FBG (r = –0.362, p = 0.01), iPTH (r = –0.291, p = 
0.040), and insulin (r = –0.584; p < 0.001) levels; 
change in HOMA-IR level was positively correlated 
with the change in FBG (r = 0.428; p = 0.002) and 
insulin (r = 0.330; p = 0.019) levels. The correlation 
of change in 25(OH)D and HOMA-IR levels in over-
weight and obese subjects is shown in Figure 2.  
A negative adjusted correlation was detected be-
tween Δ25(OH)D and ΔHOMA-IR levels in both 
overweight and obese subjects. Change in 25(OH)D

  

level is a predictor of change in HOMA-IR level. We 
found that a 1 ng/ml increase in serum 25(OH)D 
level caused a 0.30-fold reduction in HOMA-IR lev-
el (β ± SE = –0.30 ±0.10; p = 0.002).

Discussion

Vitamin D deficiency and obesity are nutrition-
al disorders that affect people worldwide. Several 
studies have demonstrated that supplementation 
of vitamin D has various effects on obesity, hyper-
tension, DM, insulin sensitivity, lipid parameters, 
inflammatory markers and atherosclerosis risk. It 
is well recognized that the overweight population 
has a  high prevalence of cardiovascular disease 
(CVD) risk factors such as hypertension, type 2 DM,  
hyperlipidemia, and atherosclerosis, similar to 
obese subjects. In rats and humans, adipose tis-
sue has been found to be the main storage site of 
vitamin D [22, 23]. The mechanism is not clear, but 
it is suggested that obesity can cause vitamin D  
deficiency through inadequate intake or as a  re-
sult of deposition of vitamin D in the large adipose 
tissue mass [24]. Additionally, obese people spend 
less time outside and are exposed to less UV ra-
diation [25]. 

Vitamin D has effects on pancreatic islet cells 
through the vitamin D receptor (VDR), and poly-
morphisms of the VDR gene are related to insu-
lin resistance and impaired insulin secretion [26]. 
Pancreatic β-cells have receptors for the active 
form of vitamin D, and the local production of 

1α, 25(OH)
2D3 might be an essential mediator of  

islet function [27]. Some studies have demon-
strated a  negative correlation between serum  
vitamin D levels and insulin resistance. A  pro-
spective study revealed an inverse relationship 
between baseline serum 25(OH)D and 10-year 
risk of hyperglycemia, metabolic syndrome, and 
insulin resistance [28]. Increasing 25(OH)D from 
10 to 30 ng/ml can improve insulin sensitivity by 
60% [29]. It is thought that vitamin D supplemen-
tation may be a  cost-effective preventative and 
therapeutic agent for the management of insu-
lin resistance and DM in obese individuals [30]. 
The present study demonstrated vitamin D-defi-
cient overweight and obese subjects had higher 
HOMA-IR levels at baseline, whereas at the sixth 
month of supplementation it had declined. In ad-
dition, we observed a 1 ng/ml increase in serum 
25(OH)D level that led to a 0.30-fold reduction in 
HOMA-IR level. This result is important because 
it emphasizes that vitamin D deficiency should 
be corrected to prevent diseases caused by high 
insulin resistance. In our study, the obese group 
had higher insulin resistance than the overweight 
group; therefore, supplementation with vitamin D 
may be more beneficial for people with higher in-
sulin resistance.

Vitamin D status is related to increased levels 
of endothelial dysfunction biomarkers, inflamma-
tory markers and cardiometabolic risk factors in 
obese non-diabetic individuals [31]. The excess 
of macronutrients in the adipose tissues stimu-
lates the release of inflammatory mediators and 
reduces production of adiponectin, predisposing 
to a pro-inflammatory state and oxidative stress. 

Figure 2. Correlation between changes (baseline 
vs. sixth month) in 25(OH)D levels and HOMA-IR
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Management of obesity can help reduce the risks 
of CVD and inhibits release of inflammatory medi-
ators [32]. However, a  recent meta-analysis indi-
cated that vitamin D supplementation had no ef-
fect on plasma leptin and adiponectin levels [33]. 
Telomeres protect chromosomes from deteriora-
tion and fusion during mitosis. Higher vitamin D 
levels and longer telomere length have been asso-
ciated with lower risk of several chronic diseases 
and all-cause mortality. A positive association was 
established between 25(OH)D levels and telomere 
length [34].

Some studies indicate that low 25(OH)D levels 
may lead to dyslipidemia. In the present study, vi-
tamin D deficient women had higher LDL-C con-
centrations. After vitamin D supplementation, 
we observed LDL-C reduction in both overweight 
and obese subjects and TG reduction only in over-
weight subjects. Despite these reductions, no 
significant difference was found in TC and HDL-C 
levels. The mechanisms responsible for dyslipid-
emia in vitamin D deficient individuals are not 
fully understood. A positive relationship between 
serum 25(OH)D level and apolipoprotein AI with 
HDL-C levels is well known. Vitamin D can influ-
ence the formation of HDL-C particles [35]. Also, 
vitamin D status may affect the serum lipid levels 
by the effect of 1,25(OH)2D3, which leads to inhi-
bition of murine bone marrow stromal cell differ-
entiation and regulates adipogenesis; it also leads 
to increased lipogenesis and lipolysis [36]. Consis-
tent with our results, an investigation of the ef-
fects of 25-hydroxyvitamin D on fasting lipid pro-
file resulted in a negative correlation of 25(OH)D  
concentration with both total cholesterol and 
LDL-C [29].

The relationship between vitamin D deficiency 
and CVD has been investigated in many studies. 
Active metabolites of vitamin D bind to the VDR, 
which regulates many genes in essential process-
es and has a  role in pathways of CVD, including 
inflammation, thrombosis, and the renin-angio-
tensin system [37]. Women with vitamin D defi-
ciency had increased CVD risk biomarkers such 
as homocysteine, high-sensitivity C-reactive pro-
tein (CRP), cystatin-C, uric acid, and HbA1c levels 
compared to those with sufficient vitamin D levels 
[38]. Investigation of the possible role of vitamin D  
deficiency in statin-associated myalgia shows that 
low 25(OH)D levels are related to myalgia in pa-
tients on statin therapy [39]. In addition, periph-
eral artery disease patients had significantly high-
er serum concentrations of trans fatty acids and 
lower plasma levels of vitamin D [40]. Vitamin D  
induces prostacyclin in vascular smooth muscle 
cells; possibly, it is a  vasoactive agent and may 
play a protective role in the development of ath-
erosclerosis [41]. Gurses et al. reported that endo-

thelial function is impaired in vitamin D deficient 
young premenopausal women; 6-month supple-
mentation resulted in amelioration [42].

Non-alcoholic fatty liver disease (NAFLD) is the 
most common chronic liver disease worldwide, 
frequently co-existing with obesity, and has been 
recognized as an independent risk factor for CVD. 
Evidence from an increasing number of studies 
suggests that NAFLD may be a hepatic manifesta-
tion of metabolic syndrome [43]. Lifestyle changes 
and statin treatment have beneficial effects on 
NAFLD [44]. As a result of the correlation between 
hyperandrogenemia and NAFLD, bioavailable tes-
tosterone is independently associated with the 
fatty liver index in postmenopausal women [45]. 
Comparing the effect of orlistat versus metformin 
on body composition and insulin resistance in 
obese premenopausal women, it was found that 
orlistat and metformin produced similar improve-
ment in insulin and glucose homeostasis [46]. Vi-
tamin D deficiency is also associated with NAFLD 
and has even been correlated with the severity of 
the disease [47]. Vitamin D supplementation has 
a  therapeutic role in vitamin D deficient adults 
with NAFLD [48]. Also, low 25(OH)D levels are 
associated with advanced fibrosis and severe in-
flammation in autoimmune hepatitis. Vitamin D  
level was suggested as a biomarker that predicts 
response to therapy and histological features 
in autoimmune hepatitis [49]. In our study, both 
overweight and obese groups, after 6-month vi-
tamin D supplementation, had a decline in iPTH 
concentrations and elevation in calcium levels. 
Studies showed that patients with secondary hy-
perparathyroidism have excess body weight and 
fat tissue [50]. It is suggested that PTH may cause 
insulin resistance by reducing glucose uptake by 
the liver, muscle, and adipose cells [51]. A recent 
study revealed that vitamin D supplementation 
has no effect on CRP, interleukin-10, or tumor ne-
crosis factor-α concentrations [52]. 

The 25(OH)D measurement before and after 
supplementation may not be a mirror of lifetime 
vitamin D status and progression of subclinical 
atherosclerosis over several years. In our opinion, 
these results may be a partial reflection of the sit-
uation of vitamin D deficiency results. The results 
suggest that vitamin D supplementation may be 
protective for possible dyslipidemia and insulin re-
sistance, especially in patients above the normal 
weight.

Our study has several limitations. First, we an-
alyzed baseline and 6-month measurements of 
parameters; frequent and longitudinal series of 
measurements may be more effective to evaluate 
the results. Second, this study was not a random-
ized placebo-controlled study. Third, we investi-
gated the parameters in overweight and obese 
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premenopausal women; in heterogeneous groups 
such as postmenopausal women and the male 
population, the results might have been different. 
Sun exposure and dietary daily vitamin D intake 
were not assessed, because this information was 
not available. In addition, we used the HOMA-IR 
index for the assessment of insulin resistance, 
but the lipid accumulation product and/or the tri-
glyceride/glucose index can be applied as predic-
tors of insulin resistance in clinical practice [53].

In conclusion, in healthy vitamin D deficient 
overweight and obese premenopausal wom-
en, 25(OH)D levels negatively correlated with  
HOMA-IR and LDL-C after vitamin D supplementa-
tion. These results may help highlight the impor-
tance of vitamin D supplementation to improve 
insulin secretion and insulin sensitivity, thereby 
indirectly influencing lipid metabolism and even-
tually prevention of atherosclerosis and cardio-
vascular mortality. Further studies are needed to 
confirm the effects of supplementation with vita-
min D in healthy premenopausal overweight and 
obese women for insulin resistance and dyslipid-
emia.
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