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Abstract

BACKGROUND: Cardiovascular mortality is high among diabetic patients due to abnormalities

in the plasma lipid and lipoprotein metabolism, and increased oxidative stress. This study aimed
to investigate the effects of active vitamin D on serum lipids and oxidative stress markers in type
2 diabetic patients.
METHODS: A double-blind randomized placebo-controlled trial was carried out in 70
participants with type 2 diabetes, aged 30-75 years of age. The participants were randomly
assigned to two groups. One group received two capsules of calcitriol (0.25 µg 1,25dihydroxycholecalciferol per capsule) per day. The second group received placebo tablets. All
participants received their oral hypoglycemic drugs as prescribed by the endocrinologist. At the
beginning, after 6 weeks, and at the end of the 12-week supplementation trial, serum total
cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL), triglyceride (TG),
and serum malondialdehyde (MDA) levels were measured.
RESULTS: There was a significant reduction in total cholesterol, LDL-cholesterol, TG, and MDA
levels in both treatment and placebo groups (P < 0.05). Serum HDL-cholesterol level decreased
significantly in the placebo group (P < 0.05), while it remained unchanged in the treatment
group. However, the P values related to the between group’s comparisons were not significant
for any variables.
CONCLUSION: Active vitamin D reduced lipid profile and oxidative stress markers in diabetic
patients compared to the control group, but these alterations were not statistically significant
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Introduction
Cardiovascular disease (CVD) is the leading cause
of mortality and morbidity in the world. In 2005,
CVD accounted for approximately 30% of deaths
worldwide.1,2 In diabetic patients, coronary
atherosclerosis risk is 3–5 times greater than nondiabetics, despite controlling other risk factors.3 The
high cardiovascular mortality rate in diabetics could
be attributed to abnormalities in lipid and lipoprotein
metabolism and up-regulated oxidative stress.4,5
The classic role of vitamin D is maintaining
calcium homeostasis and bone health.6,7 However,
in recent years, new functions are proposed for this

vitamin such as prevention of certain types of
cancer, diabetes mellitus, auto-immune disorders,
and CVD.8
Low serum level of 25-hydroxycholecalciferol
(25(OH)D) is associated with CVD, diabetes,
obesity, hypertension, and dyslipidemia.9 In a metaanalysis of cross-sectional and observational studies,
Parker et al. have reported a 43% reduction in
cardiometabolic disorders in those with the highest
serum concentration of 25(OH)D.10,11 Several
mechanisms could be involved in this association
such as controlling blood pressure, glycemia, body
fat percent, and serum lipids by vitamin D.8,12-15
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Glucose tolerance abnormalities negatively affect
the lipid profile.16 In addition to lipid abnormalities,
increased oxidative stress is an obvious feature of
diabetes mellitus, which is related to cardiovascular
risk.17 The results of experimental studies approved
the role of active vitamin D in lipid metabolism.18
On the other hand, it is reported in some studies
that diabetes mellitus can reduce serum
concentration of 25(OH)D.16
There are limited data on antioxidant properties
of vitamin D, but in some studies, its antioxidant
potential was considered to be even stronger than
vitamin E and melatonin.19,20
Regarding increased prevalence of CVD in
diabetic patients, and with respect to the role of
vitamin D in lipid and lipoprotein metabolism and
oxidative stress reduction, this study aimed to
investigate the effects of active vitamin D on serum
lipids and oxidative stress marker in type 2
diabetic patients.

Materials and Methods
This study is a part of a larger study conducted in
2011.21 Figure 1 shows the flow diagram of
the trial.
Study participants
In this double-blind randomized placebo-controlled
trial, 70 participants of which 35 males and 35
females with type 2 diabetes and hyperlipidemia, aged
30–75 years, on treatment with oral hypoglycemic
and hypolipidemic drugs were recruited from the
outpatient Motahari Clinic at Shiraz University of
Medical Sciences, Shiraz, Iran. To find our cases, we
evaluated 1000 dossiers in the diabetes clinic and
called the patients. Ten of these patients had died
before the researchers’ call. A large number of them
(n = 530) did not meet the inclusion and hence were
excluded. Eligible patients were invited to participate
in the trial, but 390 of them declined to participate.
Finally, 70 patients participated in the trial.

Dossiers assessed for eligibility
(n = 1000)

Enrollment

Excluded (n = 930)
• not alive (n = 10)
• not meeting inclusion criteria (n = 530)
• decline to participate (n = 390)
Randomized
(n = 70)

Allocation
Allocated to intervention (n = 35)
• Received calcitriol capsule (n = 35)

Allocated to intervention (n = 35)
• Received placebo capsule (n = 35)

Follow-Up
All participants continued their cooperation (n = 35)

All participants continued their cooperation (n = 35)
Analysis

Analyzed (n = 35)

Analyzed (n = 35)
Figure 1. Flow diagram of the trial
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No severe fluctuation was seen in their plasma
glucose and hence there was no need to change their
drugs dosage. Criteria for case inclusion were wellcontrolled fasting plasma glucose, serum calcium <
10.5 mg/dl, controlled low-density lipoprotein
(LDL)-cholesterol, normal liver and kidney function
and no history of kidney stone and hypercalcemia.
The exclusion criteria included taking insulin for
diabetes control, taking calcium and vitamin D
supplements, history of diseases affecting vitamin D
status, and intestinal malabsorptive disease.
At the beginning of the study, participants were
given an oral and written explanation of the study,
including its benefits and procedure, and were asked
to read and sign an informed consent document.
The study protocol was reviewed and approved
by the Human Ethics Committee of Research
council of the Vice Chancellor for research affairs
of Shiraz University of Medical Sciences. The code
and date of ethical approval was 2009/8/3 and 884617. Iranian clinical trial registration number of
this study is IRCT138806282480N1.
Background characteristics assessment
Demographic data were collected by interviews and
anthropometric indices were determined for each
subject. Anthropometric assessments included
measurement of weight and height. Body weight was
measured to the nearest 0.1 kg using the Seca 713
scale, while subjects were minimally clothed. Height
was determined using non stretchable measuring tape,
without shoes and subsequently body mass index was
calculated by dividing weight (kg) by squared height
(m2). All equipments were calibrated every morning.
Intervention design
This 12 weeks clinical trial was conducted between
August and November month of 2009. Using
balanced block randomization method, we allocated
the patients randomly into one of the two study
groups: treatment and placebo group. One group
received two capsules of calcitriol (0.25 mcg 1,25dihydroxycholecalciferol per each capsule) per day.

The second group received identical-looking
placebo tablets. All calcitriol tablets and their
placebo had the same color and shape and were
produced by Zahravi Pharmacy Company (Tehran,
Iran). All the participants received their oral
hypoglycemic drugs as well, as prescribed by the
endocrinologist. The participants were asked not to
take any vitamin or supplements during the trial.
The researcher supervised the ingestion of
supplements each week.
Biochemical assessment
At the beginning, after 6 weeks, and at the end of
the 12 week supplementation trial, 10 ml fasting
venous blood samples were drawn from the
patients’ arms after 12 h fasting. Blood was
collected for measurement of serum totalcholesterol, LDL, high-density lipoprotein (HDL),
triglyceride (TG), and malondialdehyde (MDA).
Total cholesterol, HDL, and TG were measured by
spectrophotometric methods. Serum LDLcholesterol was calculated using Friedwald
formula.22 Serum concentrations of MDA were
measured by the modified thiobarbituric acid
method (spectrophotometric method).23
Statistical analysis
The normality of distributions was checked for all
variables. Data processing and analysis were
performed using SPSS for windows (version 15.5,
SPSS Inc., Chicago, IL, USA). Normally distributed
data were expressed as mean (± standard deviation).
Baseline characteristics of treatment and placebo
groups were compared using independent Samples
t-test. General linear model repeated measures
analysis was used for comparing triple
measurements in each group. Significance level was
set at P < 0.05.

Results
A total of 70 diabetic patients (35 males and 35 females)
participated in our study. Background characteristics of
the participants are displayed in table 1.

Table 1. Comparison of the baseline characteristics between treatment and placebo group
Variable
Treatment
Placebo
Gender (%)
Male
10 (28.5)
10 (28.5)
Female
25 (71.5)
25 (71.5)
**
Age (year)
53.8 ± 8.9
52.4 ± 7.8
Weight (kg)
72.9 ± 12.7
70.9 ± 12.5
Height (cm)
160.3 ± 8.9
161.1 ± 10.4
BMI (kg/m2)
28.3 ± 4.4
27.0 ± 3.4
Education (year)
7.2 ± 4.5
7.2 ± 4.8
Diabetes duration (year)
6.3 ± 5.3
6.6 ± 4.8
Metformin (mg/day)
1450.0 ± 700.0
1200.0 ± 600.0
Glybenclamide (mg/day)
16.0 ± 6.5
14.5 ± 8.5
Atorvastatin (mg/day)
20.2 ± 9.2
18.4 ± 6.8
* Independent
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P*
> 0.999
0.462
0.514
0.718
0.164
0.980
0.819
0.110
0.437
0.605

0.89
0.93
General linear model repeated measures analysis; § Within groups; ** Adjustment for multiple comparisons: Bonferroni; ¥ Between groups; € Time-treatment interaction
FBS: Fasting blood sugar; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol; TG: Triglyceride; MDA: Malondialdehyde
*

3.52 ± 0.7
4.17 ± 0.7
MDA (µmol/l)

4.2 ± 0.8

3.70 ± 0.8

3.5 ± 0.7

0.001

1, 2 (P = 0.01)
1, 3 (P < 0.001)

3.68 ± 0.7

< 0.001

1, 2 (P < 0.001)
1, 3 (P < 0.001)

0.29
0.19
1, 2 (P = 0.02)
1, 3 (P < 0.001)
124.8 ± 73.3
178.0 ± 83.1
TG (mg/dl)

201.6 ± 116.2

190.4 ± 124.7

140.7 ± 102.9

< 0.001

1, 3 (P < 0.001)
2, 3 (P = 0.002)

147.8 ± 67.3

< 0.001

0.58
0.30
35.4 ± 10.7
39.2 ± 12.5
35.6 ± 9.6
HDL-C (mg/dl)

37.0 ± 11.2

33.0 ± 8.3

0.040

2, 3 (P = 0.04)

38.0 ± 13.9

0.100

0.57
0.31
89.7 ± 28.6
120.8 ± 34.6
123.7 ± 41.9
LDL-C (mg/dl)

109.1 ± 33.8

97.0 ± 33.8

< 0.001

1, 2 (P = 0.010)
1, 3 (P < 0.001)

98.5 ± 27.7

< 0.001

1, 2 (P = 0.001)
1, 3 (P < 0.001)

0.55
0.36
1, 2; 1, 3
(P < 0.001)
2, 3 (P = 0.002)
150.2 ± 37.9
195.7 ± 36.0
199.7 ± 46.2
Total cholesterol
(mg/dl)

182.7 ± 44.7

158.2 ± 40.8

< 0.001

1, 2; 1,3; 2,3
(P < 0.001)

170.8 ± 34.1

< 0.001

0.12
0.66
0.712
143.8 ± 51.8
148.1 ± 52.0
141.8 ± 48.5
FBS (mg/dl)

153.7 ± 57.2

157.7 ± 60.8

0.038

1, 3 (P = 0.03)

145.6 ± 52.1

12 weeks (3)
6 weeks (2)
Baseline (1)
Pair wise
comparisons**
P§
12 weeks (3)
Baseline (1)

6 weeks (2)

Placebo
Variable

Table 2. Between group and within group comparison of lipid profile and oxidative stress marker in diabetic patients*

Treatment

P§

Pair wise
comparisons**

p¥

Placebo versus
treatment

p€

Time-treatment
interaction
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The mean dose of metformin prescribed to
control their blood glucose was 1450 ± 700 and
1200 ± 600 mg/day in treatment and placebo
groups, respectively. These values were 16 ± 6.5 and
14.5 ± 8.5 mg/dl, respectively for glybenclamide.
At the beginning of the study, there was no
significant difference in the variables between placebo
and control group. As shown in table 2, there was a
significant reduction in total cholesterol, LDLcholesterol and TG level in both treatment and placebo
groups (P < 0.05). Serum HDL-cholesterol level
decreased significantly in the placebo group (P < 0.05);
while it remained unchanged in the treatment group.
We also measured MDA as oxidative stress marker. It
decreased in both groups significantly (P < 0.05).
However, the P values related to the between group’s
comparisons were not significant for any variables.
Furthermore, time-treatment interactions were not
statistically significant for any variables.
Table 3 shows the mean difference of variables
between the beginning and end of the study.
Although the reduction in total cholesterol and LDL
was more pronounced in the treatment group, it was
not statistically significant.

Discussion
The present study showed that active vitamin D
reduced lipid profile and oxidative stress markers in
diabetic patients compared to the control group, but
these alterations were not statistically significant.
Several studies demonstrated that 25(OH)D
levels were inversely correlated with total
cholesterol, LDL, TG, and low HLD level.8,16
Multiple interventional studies have investigated the
effect of vitamin D supplementation on lipids and
have produced conflicting results. An early small
study evaluating the effect of short-term calcium
(1000 mg daily) and vitamin D (800 IU daily)
supplementation in healthy postmenopausal women
showed no change in the levels of lipid
parameters.18 Motiwala and Wang18 and Zittermann
et al.24 randomized overweight participants to
vitamin D supplementation versus placebo over 12
months and found a significant decrease in TGs,
but not LDL level. Jorde and Figenschau25 found in
their study that high dose vitamin D
supplementation in diabetic patients did not have
any effect on the lipid profile. Major et al.26 showed
that in overweight or obese women with low
calcium intakes, supplementation with calcium and
vitamin D improved blood lipid and lipoprotein
during a weight-loss intervention. In a study by
Bonakdaran et al.,27 supplementation with 0.5 µg
ARYA Atheroscler 2014; Volume 10, Issue 2
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Table 3. Comparison of the mean difference of variables at the beginning and end of the study (end-beginning) between
the two groups
Variable
Placebo
Treatment
P*
**
Total cholesterol (mg/dl)
−41.5 ± 5.90
−45.5 ± 5.60
0.635
LDL-C (mg/dl)
−26.7 ± 5.50
−31.0 ± 4.40
0.544
HDL-C (mg/dl)
−2.6 ± 1.40
−3.8 ± 1.80
0.610
TG (mg/dl)
−60.9 ± 12.40
−53.2 ± 1107.00
0.657
MDA (µmol/l)
−0.7 ± 0.10
−0.6 ± 0.09
0.784
* Independent t-test; ** Mean ± standard error; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein
cholesterol; TG: Triglyceride; MDA: Malondialdehyde

calcitriol versus placebo for 8 weeks in chronic renal
failure patients on hemodialysis lowered the serum
TG and total-cholesterol. Ultraviolet (UV) radiation
for 12 months did not have any effect on the serum
lipids, but in a subgroup of subjects with vitamin D
insufficiency (25(OH)D < 30 ng/ml), UV radiation
increased apo-AI and decreased apo-AII level.28
Several mechanisms are recommended for the
impact of vitamin D on the serum lipids. In theory,
vitamin D could affect the serum lipid levels
directly, but also indirectly through its effect on
serum parathyroid hormone (PTH) and/or on the
calcium balance.10
Two mechanisms might be involved in vitamin D
mediated reduction in serum TGs: (1) vitamin D
increases intestinal calcium absorption. This calcium
could then reduce the serum TGs by reducing hepatic
TG formation and secretion; (2) via a suppressive
effect of vitamin D on serum PTH concentrations. A
reduction in serum PTH may reduce the serum TGs
via increased peripheral removal.
Free radical production is up-regulated in
hyperglycemia.29,30 Increased free radicals in
oxidative stress cause DNA, lipid, carbohydrate and
protein oxidation and hence tissue damage.31 There
are limited data on antioxidant properties of vitamin
D. It is shown in some studies that vitamin D acts
as a membrane antioxidant.19 Antioxidant properties
of vitamin D was proved in two animal studies,32,33
and it has been estimated to be even stronger than
vitamin E and melatonin.20 Vitamin D
supplementation in vitamin D deficient subjects
decreased the level of the serum thiobarbituric acid
reactive substances (TBARS) significantly.20 In our
study, active vitamin D did not reduce serum
TBATS significantly.
We saw a significant decrease in total
cholesterol, LDL, and TG level in the placebo
group. These changes could have two reasons. First,
it can be related to the “regression to the mean”
phenomenon. In statistics, regression toward the
mean (also known as regression to the mean) is the
phenomenon in which if a variable is extreme on its
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first measurement, it will tend to be closer to the
average on a second measurement, and a fact that
may superficially seem paradoxical—if it is extreme
on a second measurement, it will tend to be closer
to the average on the first measurement.34,35 To
avoid making wrong inferences, the possibility of
regression toward the mean must be considered
when designing experiments and interpreting
experimental, survey, and other empirical data in the
physical, life, behavioral, and social sciences.34,35
Second, it can be attributed to the placebo effect
and behavior modification in the placebo group
during this follow-up.
Future studies on vitamin D deficient subjects,
and within the subgroups of vitamin D receptor
polymorphisms are worth to be done. The strength
of our study included its randomized, placebo
controlled design and a drawback to our study is
that we assessed only one marker to evaluate
oxidative stress.

Conclusion
Active vitamin D reduced lipid profile and oxidative
stress markers in diabetic patients compared to the
control group, but these alterations were not
statistically significant.
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