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Abstract
Evidence has revealed that vitamin D status is associated with the cardiometabolic risk factors. Moreover, few gender-specific

analyses have been performed in the clinical trials regarding vitamin D supplementation. As a result, assessing gender differences

regarding the effects of vitamin D supplementation on some cardiometabolic biomarkers in patients with non-alcoholic fatty liver

disease (NAFLD) was the aim of present study. We conducted a post hoc subgroup analysis of a double blind placebo controlled

study. Patients with NAFLD randomly allocated to receive one oral pearl consisting of 50,000 IU vitamin D3 (n¼ 27, 13 men and 14

women) or a placebo (n¼ 26, 13 men and 13 women) every 14 days for four months. Serum lipid profiles, aminotransferases, high-

sensitive C-reactive protein (hs-CRP), adiponectin as well as insulin resistance and dietary intakes were assessed pre- and post-

study. In both genders, serum 25(OH) D3 increased significantly (P< 0.001). This increase was accompanied by significant

decrease in serum total cholesterol (TC) (% of change: �7% in vitamin D vs.þ 0.4% in placebo, P¼ 0.04) and LDL-C (%of

change: �9.6% in vitamin D vs. �4% in placebo, P¼ 0.006) in women. However, in men, vitamin D supplementation increased

the levels of serum TC (% of change: þ9.2% in vitamin D vs. �10% in placebo, P¼ 0.02) with no significant effects on LDL-C.

Moreover, vitamin D significantly reduced serum hs-CRP in women. The median daily calcium intake in both genders was well

below the dietary reference intake for adults. In conclusion, improved vitamin D status might decrease serum TC and LDL-C levels

as well as hs-CRP in women with NAFLD. However, it might increase serum TC in men who have low daily calcium intake. Further

studies with larger sample sizes are needed to confirm these results.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is defined as
hepatic accumulation of fat in the absence of excess alcohol
consumption that has a broad spectrum from steatosis to
non-alcoholic steatohepatitis (NASH) and cirrhosis.1 One
of the important risks that is threatening the health status
of patients with NAFLD, as much as liver damage, is car-
diovascular diseases (CVDs).2 The prevalence of CVDs in
patients with NAFLD is estimated to be higher than the
general population.3 Insulin resistance (IR), hyperlipidemia,
and abdominal obesity are the major causes of the increased
risk of CVDs in patients with NAFLD.4 Moreover, accumu-
lation and oxidation of fatty acids in liver trigger the release
of inflammatory mediators that enhance the risk of CVDs.5

As a result, finding strategies to reduce the risk factors of

CVDs in patients with NAFLD has become important for
investigators equally to the importance of finding thera-
peutic ways to decrease hepatic fat accumulation.

The results of previous studies have shown that vitamin
D status is associated with the risk of CVDs.6 On the other
hand, vitamin D deficiency is prevalent worldwide and esti-
mated to be 92.4% in patients with chronic liver diseases.7

Furthermore, Targher et al. for the first time showed that
patients with NAFLD have a significantly higher prevalence
of vitamin D deficiency compared with healthy controls that
may predispose them to increased risk of cardiovascular
events.8 In addition, the results of previous studies have
shown that supplementation with vitamin D may have
beneficial effects on some of the cardiometabolic biomarkers
such as IR, lipid profile, and inflammatory mediators in

ISSN: 1535-3702 Experimental Biology and Medicine 2016; 241: 830–838

Copyright � 2016 by the Society for Experimental Biology and Medicine



other diseases.9–11 Also, the results of the recent studies
showed that impaired vitamin D signaling through poly-
morphisms of vitamin D receptor (VDR) could be involved
in left ventricular hypertrophy in renal patients.12–16

However, there is a lack of evidence for the effects of vita-
min D supplementation on cardiometabolic biomarkers in
patients with NAFLD.

Interestingly, because of the differences in pharmacokin-
etics, pharmacodynamics, physiology, and hormonal influ-
ences, men and women may respond differently to
cardiovascular medications.17 It is notable that few
gender-specific analyses have been performed in the most
applicable clinical trials. In order to individualize therapies,
more specific studies are needed to determine what inter-
vention strategies in the prevention or treatment of CVDs
should be applied for men and women separately.
Therefore, we conducted a post hoc subgroup analysis
within a randomized controlled trial in patients with
NAFLD to examine the hypothesis that men, who were
supplemented with vitamin D, may respond different
from women in terms of selected cardiometabolic bio-
markers such as IR, lipid profiles, serum levels of high sen-
sitive C-reactive protein (hs-CRP), and adiponectin.

Materials and methods
Study design and participants

Present study is a post hoc subgroup analysis that was per-
formed within a randomized double blind placebo con-
trolled trial of vitamin D intervention in patients with
NAFLD.18 The design, sample size calculation, randomiza-
tion, and concealment methods have been described com-
pletely elsewhere.18 Briefly, known cases of patients with
NAFLD, aged 18–70 years who were diagnosed by ultra-
sonography scans and increased levels of alanine trans-
aminase (ALT) were recruited from the outpatient clinic of
Jundishapur University of Medical Sciences, Ahvaz, Iran.
Serum levels of ALT higher than 19 U/L for women
and 30 U/L for men were used as inclusion criteria.19

Patients were excluded from the study if any of the follow-
ing conditions existed: 1) alcohol consumption greater than
20 g/day; 2) pregnancy and lactation; 3) any forms of hep-
atic disease; 4) history of intestinal bypass surgery; 5) using
total parenteral nutrition in the past six months; and
6) taking hepatotoxic drugs. Patients with a history of hypo-
thyroidism, renal failure, and kidney stones were also
excluded. Moreover, serum calcium levels more than
10.6 mg/dL and the intake of vitamin D, vitamin E, and
calcium supplements during the last six months were add-
itional exclusion criteria. Twenty-five subjects were calcu-
lated to be the sample size for each arm of our trial to detect
a change of 2.7 in the homeostasis model assessment of
insulin resistance (HOMA-IR). We considered 0.05 and 0.2
(80% power) as type I and type II error, respectively.18 In
order to cover possible dropouts, five subjects were added
to each group to reach the 30 subjects for final sample size.

After giving complete description about the study proto-
col, all patients signed a written informed consent form.
Then, 60 subjects were randomly assigned in a double
blind manner to one of the two groups to receive either

one oral pearl consisting of 50,000 IU vitamin D3 (D-Vitin
50,000; Zahravi Pharm Co, Tabriz, Iran) or a placebo
(Zahravi Pharm Co) every 14 days for four months.
Randomization and allocation were concealed from the
researchers and participants until statistical analysis was
completed. Computer-generated random numbers were
used for random assignment. The trained person, who
was not involved in the trial and not aware of random
sequences, assigned and enrolled the patients. The study
protocol was approved by the Ethics Committee of Ahvaz
Jundishapur University of Medical Sciences (under the
Registration No. ETH-605) and the trial was prospectively
registered at IRCT.ir (IRCT2012071810333N1).

Clinical and biochemical measurements

At the beginning, demographic data and history of dis-
eases, medications, and supplements were obtained from
the patients. Height, weight, waist and hip circumferences,
and body fat percentage for each participant were mea-
sured at baseline and at the end of study. Body mass
index (BMI) was calculated as weight (kg) divided by
squared height (m2). Body fat percentage was measured
using bioelectrical impedance analysis (BIA) (Quadscan
4000, Bodystat Ltd; Isle of Man, UK). Subjects were advised
not to take any vitamin D, calcium, vitamin E, fish oil, and
other supplements as well as statin medications during the
study. Lifestyle modifications regarding restriction of high
carbohydrate/high fat diet and increasing physical activity
level were recommended to all study participants as stand-
ard care for NAFLD. To assess dietary intake, a two-day
24 h dietary recall (a weekday and a weekend) was obtained
from each participant pre- and post-study. Moreover, the
physical activity of each subject was assessed using the
short version of International Physical Activity
Questionnaire (IPAQ) at baseline and at the end of
study.20 To measure the Metabolic Equivalent of Tasks per
minute/per week (METs-min/week) for each subject, we
multiplied the times (in minute per week) by its related
METs coefficient which has been defined for each physical
activity intensity level.20

A total of 10 mL of fasting blood samples were obtained
from each participant after 8–12 h overnight fast at the
study entry and at the end of research when one week
had passed since taking the last pearl. The blood samples
were centrifuged and serum samples were stored at �80�C
until further assays were completed. Serum 25-hydroxy
vitamin D3 (25(OH)D3) levels were assayed using radio-
immunoassay (Immunodiagnostic Systems, Boldon, UK).
Serum calcium levels were measured using a photometric
test (Arsenazo III Method; Pars Azmoon Co, Tehran, Iran).
Serum ALT and aspartate transaminase (AST) enzyme
activity were measured using the kinetic method (Pars
Azmoon Co, Tehran, Iran). Fasting insulin concentrations
were detected by electrochemiluminescence immunoassays
(Roche Diagnostics, Mannheim, Germany). The HOMA-IR
was calculated using the formula HOMA-IR¼ fasting glu-
cose (mg/dL)� fasting insulin (mU/mL)/405.

Serum total cholesterol (TC), triglyceride (TG), high-
density lipoprotein-cholesterol (HDL-C), and low-density
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lipoprotein-cholesterol (LDL-C) concentrations were deter-
mined using enzymatic kits (Pars Azmoon Co, Tehran,
Iran). High-sensitive C-reactive protein (hs-CRP) levels
were measured using turbidimetric immunoassay
(BioSystems Co, Barcelona, Spain). Serum levels of adipo-
nectin were measured using enzyme-linked immunosorb-
ent assay (ELISA) (Orgenium Co, Vantaa, Finland).

Serum levels of ALT and HOMA-IR were considered
as the primary outcomes and serum lipid profiles,
hs-CRP, and adiponectin were considered as the secondary
outcomes.18

Statistical analysis

Both trial groups were divided into two subgroups accord-
ing to the gender. Then, a subgroup analysis of data was
performed for each arm. Data were reported as median
with 25th and 75th percentile because the number of sub-
jects in each subgroup was less than 30. The between-group
comparisons for baseline characteristics were done using
the Mann–Whitney U test. The Wilcoxon Paired Rank Test
was used for within-group comparisons. Because all vari-
ables were non-normally distributed, the data were normal-
ized by logarithmic transformation. Then, we used a
repeated measure analysis of variances to assess time�
group (vitamin D and placebo) interaction effects on all
dependent variables in men and women, separately. To con-
trol the effect of confounding variables, baseline values, and
season entered as covariates in the model. Differences in
proportions were evaluated using chi-square or Fisher’s
exact tests. Analysis was conducted using SPSS� (version
16) (SPSS Inc, Chicago, IL). Two sided P values< 0.05 were
considered statistically significant.

Results

Of the 60 participants (30 men and 30 women) allocated to
the trial groups, seven patients failed to complete the study
(1 woman and 2 men in vitamin D and 2 women and 2 men
in placebo group). Thus, 13 men and 14 women in the vita-
min D group and 13 men and 13 women in the placebo
group completed the study. Patients were recruited from
November 2012 to May 2013 with the intervention period
lasting until September 2013. Participants did not report
any adverse or side effects such as hypercalcemia. The com-
pliance rates were more than 90% in the vitamin D and
placebo groups for both genders. The history of diseases
and use of medications were comparable between the sub-
groups. Table 1 displays the baseline characteristics of the
study groups. There were no significant differences in diet-
ary variables and grades of NAFLD between men and
women in both groups (Table 1). In men, variables includ-
ing weight, waist circumference, BMI, and serum levels of
AST were significantly different between the vitamin D and
placebo groups at baseline (Tables 2 and 3). In addition,
the median age and baseline serum concentrations of TG,
LDL-C, and fasting insulin were significantly different
between the vitamin D and placebo in women (Tables 1–3;
indicated with *).

Within- and between-group comparisons for each sub-
group of men and women are shown in Tables 2 and 3. The
changes of the anthropometric variables between the study
groups were not significant during the intervention in both
genders (Table 2). In both men and women, weight, body fat
percentage, and BMI decreased nearly significant in each of
the vitamin D and placebo groups. However, the decrease
in weight, WC, and BMI are more pronounced in the vita-
min D group of men (Table 2). Energy and nutrient intakes

Table 1 Comparisons of the baseline characteristics between the vitamin D and placebo groups in men and women with NAFLD.a

Men Women

Characteristics

Vitamin D

n¼ 13

Placebo

n¼13

Vitamin D

n¼ 14

Placebo

n¼13

Smoker (n)b 2 1 0 0

Age 39 (31, 48.5) 35 (32, 50) 41 (35, 46.7) 47 (43.5, 52.5)*

Grade of fatty liver (%)b based on US

Grade I 77 54 64 46.5

Grade II 23 46 29 46.5

Grade III 0 0 7 7

Energy (kcal/d) 1885 (1500, 2373) 1945 (1696, 2232) 2020 (1737, 2325) 1973(1541, 2204)

Dietary vitamin D intake (mg/d) 0.00 (0.00, 1.94) 0.00 (0.00, 1.50) 0.00 (0.00, 0.55) 0.00 (0.00, 0.17)

Dietary calcium intake (mg/d) 531 (328, 744) 541 (342, 844) 632 (474, 795) 472 (266, 763)

Dietary saturated fatty acids intake (g/d) 13.8 (8.7, 21.2) 14.9 (9.5, 21.9) 17.9 (12.9, 18.5) 11.1 (9.6, 18.7)

Dietary cholesterol intake (mg/d) 176 (93, 281) 173 (99, 259) 197 (151, 377) 117 (83, 231)

Physical activity (MET-min/week)c 231 (99, 643.5) 297 (49.5, 594) 110 (0, 594) 198 (0, 544.5)

NAFLD: non-alcoholic fatty liver disease; US: ultrasonography; MET: metabolic equivalent of task.
aData is expressed as median (25th, 75th percentiles) and tested by Mann–Whitney U test.
bData were analyzed by chi-square or Fisher’s exact tests.
cTotal MET-minutes/week¼walking (3.3 METs*min*days)þmoderate intensity (4 METs*min*days)þ vigorous intensity (8 METs*min*days), based on the short form of

International Physical Activity Questionnaire (IPAQ).

*P value<0.05 between the vitamin D and placebo groups.
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and physical activity levels showed no significant changes
between the groups post-intervention in both men and
women (data not shown).

Both men and women showed near two- to three-fold
increments in serum 25(OH) D3 in the vitamin D group
post-intervention (Table 3), which indicates subjects’ satis-
factory compliance with supplementation in both
subgroups.

In men, the results of the repeated measure ANOVA test
adjusted for the baseline variables such as weight, waist
circumference, BMI, season, and serum levels of AST
showed significant differences in serum TC levels between
the vitamin D and placebo groups after intervention
(Table 3). The serum levels of TC increased in the vitamin
D group, although it significantly decreased in the placebo
group. However, this pattern was quite different in women.
Vitamin D supplementation decreased serum TC and
LDL-C in the vitamin D group after adjusting for baseline
variables such as season, age, serum levels of TG, LDL-C,

and fasting insulin. We represented adjusted marginal means
of logarithmic transformed data, derived from repeated meas-
ure ANOVA test for TC, and LDL-C to illustrate this different
pattern between men and women (Figure 1).

In both men and women with NAFLD, serum hs-CRP
decreased in the vitamin D wing, although the between
group comparison of the changes reached the significant
level only in women (Table 3 and Figure 1).

Vitamin D supplementation made no changes in serum
levels of ALT, AST, calcium, TG, HDL, adiponectin, and
HOMA-IR compared to the placebo in both gender sub-
groups (Table 3).

Discussion

In this gender-specific subgroup analysis study, supple-
mentation with one oral pearl consisting 50,000 IU vitamin
D3 every 14 days for 120 days could significantly decrease
serum levels of TC and LDL-C in women diagnosed

Table 2 Within- and between-group comparisons of the changes from baseline to endpoint measures for anthropometric variables in vitamin D and

placebo groups in NAFLD patients.a

Men Women

Variables

Vitamin D

n¼13

Placebo

n¼ 13

P value

(time�

group)d
Vitamin D

n¼14

Placebo

n¼13

P value

(time�

group)d

Weight (kg) 0.20 0.41

Baseline 87.5 (84.5, 97) 78 (72.5, 91.2)* 75 (71.5, 89) 75 (71.5, 83.7)

4 mo 86 (82.2, 98) 78 (70.5, 85) 71.5 (70,83.7) 73 (70, 82)

Changeb
�2.5 (�3.5, �1) �1 (�4, 1.2) �1.7 (�3.8, 0) �1 (�4, 0)

P (within)c 0.02 0.14 0.02 0.05

Waist circumference (cm) 0.10 0.22

Baseline 105 (110, 112) 100 (96, 108.5)* 106.7 (102.2, 109.2) 101 (107, 112.5)

4 mo 109 (105.5, 110.5) 100 (96.5, 106) 105.5 (100, 107.7) 100 (100.4, 113.5)

Change �1 (�2, 0.44) 0.0 (�1.5, 0.5) �1 (�2.2, 0.67) �1 (�1.7, 1)

P (within) 0.052 0.25 0.11 0.31

Waist to hip ratio 0.74 0.65

Baseline 0.98 (0.95, 0.99) 0.97 (0.93, 1.0) 0.92 (0.89,0.96) 0.93 (0.90, 0.95)

4 mo 0.98 (0.94, 1.01) 0.96 (0.93,1.0) 0.92 (0.89, 0.96) 0.93 (0.91, 0.95)

Change 0.00 (�0.01, 0.01) 0.00 (�0.01, 0.01) 0.001 (�0.008, 0.01) �0.01 (0.00, 0.01)

P (within) 0.65 0.59 0.42 0.31

Body fat percentage 0.72 0.78

Baseline 21.6 (19.6, 25.8) 23.4 (20.2, 30.6) 40.7 (36.8, 45.1) 40.7 (35.5, 45.6)

4 mo 20.1 (18.2, 23.1) 20.6 (18.9, 24.3) 39.5 (36.6,43.3) 39.5 (32, 44.9)

Change �1.5 (�3.9, �0.6) �3.6 (�5.3, �0.4) �3 (�3.9, 0.17) �1.5 (�3.8, �0.7)

P (within) 0.06 0.06 0.08 0.05

BMI (kg/m2) 0.20 0.42

Baseline 30.9 (28.6, 32.0) 27.4 (25.7, 29.9)* 31.3 (29.1, 35.9) 30.4 (28.6, 34.1)

4 mo 30.4 (27.5,32.2) 27.0 (25.4, 28.9) 30.4 (27.7, 33.5) 31.0 (27.1, 33.1)

Change �0.9 (�1.1, �0.4) �0.4 (�1.4, 0.4) �0.7 (�1.7, 0.0) �0.4 (�1.5, 0.0)

P (within) 0.02 0.11 0.02 0.05

NAFLD: non-alcoholic fatty liver disease; BMI: body mass index.
aData are expressed as median (25th, 75th percentiles).
bEnd values minus baseline.
cP value for comparing baseline with end point values within each group. Wilcoxon Paired Rank test was used.
dRepeated measure ANOVA was used to analyze the time�group (vitamin D or placebo) interaction adjusted for the baseline covariates.

*P value< 0.05, **P value<0.01 between the vitamin D and placebo groups comparing the baseline values.
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Table 3 Within-group and between-group comparisons of the changes from baseline to endpoint measures for cardiometabolic biomarkers in vitamin D

and placebo groups in NAFLD patients.a

Men Women

Variables

Vitamin D

n¼ 13

Placebo

n¼13

P value

(time�

group)d
Vitamin D

n¼14

Placebo

n¼13

P value

(time�

group)d

25 (OH) D3 (ng/mL) <0.001 <0.001

Baseline 15.7 (10.6, 29.2) 15.4 (23.5, 11.7) 10 (7.6, 18.1) 18.3 (10.6, 43.1)

4 mo 30 (25.4, 40.3) 17.5 (14.5, 25.1) 33.6 (25.6, 53.27) 24.4 (13, 33.2)

changeb 13.3 (8.7, 23.5) 1.8 (�3.7, 4.6) 20.5 (11.7, 38.5) 1 (�6.6, 9.4)

P (within)c 0.002 0.70 0.001 0.86

Calcium (mg/dL) 0.88 0.85

Baseline 9 (8.7, 9.4) 9.2 (8.9, 9.6) 9.3 (8.9, 9.4) 9 (8.9, 9.4)

4 mo 9.1 (9.1, 9.4) 9.6 (8.9, 9.7) 9.2 (8.7, 9.6) 9 (8.7, 9.3)

Change 0.4 (0.0, 0.6) 0.3 (�0.7, 0.5) �0.2 (�0.5, 0.3) �0.2 (�0.4, 0.1)

P (within) 0.04 0.75 0.57 0.30

ALT (IU/L) 0.18 0.10

Baseline 32 (31, 35) 48 (32.5, 54) 23.5 (20, 44.7) 20 (19, 26)

4 mo 28 (23.5, 42) 39 (22.5, 57.5) 20 (14.5, 28.5) 16 (12.5, 21.5)

Change �4 (�9, 7.5) �3 (�15, 12) �3.5 (�9.2, �0.5) �5 (�8.5, �0.5)

P (within) 0.57 0.55 0.03 0.16

AST (IU/L) 0.96 0.18

Baseline 24 (21, 27.5) 31 (25.5, 39)* 24 (17.7, 34) 22 (17, 25)

4 mo 22 (19.5, 27.5) 26 (20, 31) 18.5 (15, 26.2) 17 (15, 22)

Change 0.0 (�6.5, 2) �4 (�7, 3) 0.0 (�10, 2) �4 (�7.5, 1)

P (within) 0.60 0.25 0.41 0.18

HOMA-IR 0.91 0.60

Baseline 3.2 (2.4, 4.8) 2.6 (1.8, 4.2) 4.1 (3, 5.2) 2.4 (1.9, 3)

4 mo 3.6 (2.4, 5.2) 3.1 (2.1, 4) 3.4 (2.3, 4) 2.2 (1.6, 3.7)

Change 0.6 (�1, 1.2) 0.3 (0.9, 1.8) �0.4 (�1.6, 1.0) �0.02 (�0.9, 1.0)

P (within) 0.55 0.65 0.30 0.70

Total cholesterol (mg/dL) 0.02 0.04

Baseline 173 (146, 191) 189 (153, 203) 197 (166, 235) 183 (155, 203)

4 mo 189 (162, 223) 161 (132, 168) 174 (148, 204) 170 (153, 209)

Change 16 (�0.5, 32.5) �21 (�44, �9) �13 (�50, 11.5) 1 (�11.5, 13.5)

P (within) 0.02 0.004 0.19 0.67

Triglyceride (mg/dL) 0.24 0.50

Baseline 143 (115, 241) 136 (106, 241) 177 (99.5, 210) 94 (82, 117)*

4 mo 186 (167, 244) 117 (97, 235) 126 (101, 204) 130 (104, 172)

Change 35 (�12, 71) �5 (�55.5, 35) 7 (�58.5, 38.5) 30 (1.5, 71.5)

P (within) 0.09 0.42 0.73 0.07

LDL cholesterol (mg/dL) 0.14 0.006

Baseline 96 (80, 103) 105 (81.5, 119.5) 107.5 (89.5, 127.7) 92 (80, 101.5)*

4 mo 95 (80.5, 117) 87 (65.5, 94) 90.5 (77.7, 118.2) 88 (75.5, 119)

Change 4 (�3, 19) �13 (�42, 2.5) �9.5 (41, 6.7) �3 (�13, 20.5)

P (within) 0.12 0.02 0.13 0.87

HDL cholesterol (mg/dL) 0.78 0.21

Baseline 39 (32, 43.5) 38 (33, 42) 42 (37, 50.2) 43 (36, 49)

4 mo 41 (34, 45.5) 38 (31.5, 42) 40 (35.2, 47.7) 45 (38, 48)

Change 1 (�1.5, 5) �1 (�2.5, 2) �2.5 (�12.7, 4.7) �3 (�5.5, 0.5)

P (within) 0.57 0.62 0.21 0.15

hs-CRP (mg/L) 0.30 0.04

Baseline 1.2 (0.7, 1.8) 0.8 (0.6, 1.4) 2.6 (1.2, 7.5) 1.5 (0.6, 2.6)

4 mo 1.1 (0.6, 1.6) 1.3 (0.6, 1.9) 2.3 (1.3, 5.5) 2.5 (1.1, 3.0)

Change �0.3 (�0.6, 0.5) �0.1 (�0.3, 0.7) �0.1 (�1.2, 1.5) 0.5 (0.03, 1.2)

(continued)
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with NAFLD. However, this intervention increased the
levels of serum TC and made no effects on LDL-C in men
with NAFLD. Dyslipidemia in NAFLD leads to accelerated
atherosclerosis and CVDs.21 The results of the observational
studies have shown that low serum levels of vitamin D have
been associated with dyslipidemia.9,22 Nevertheless, inter-
ventional studies revealed inconsistent results about the
effects of vitamin D on lipid profiles.23,24 A meta-analysis
study of the qualified randomized clinical trials by Wang
et al. revealed that supplementation with vitamin D led to
a statistically significant increase in LDL-C and non-
significant decrease in TG and HDL-C in patients with
CVDs.25 However, the reasons for increasing LDL-C were
not explained in that study. One of the trials that was
included in the above-mentioned meta-analysis was the
study by Zittermann et al.24 Their results revealed that sup-
plementation with 3320 IU/d vitamin D could increase
LDL-C concentrations in overweight subjects who were
participating in a weight loss diet when compared with
the placebo group.24 One possible explanation proposed
by them is that vitamin D increases the intestinal calcium
absorption and consequently reduces the formation of
insoluble calcium-fatty acid soaps.24 Increased absorption
of saturated fatty acids, would, therefore, raise the serum
LDL-C levels. They also concluded that a higher calcium
intake might prevent the vitamin-D induced elevation in
LDL-C.24 Similarly, we found an increment in serum TC
only in men subjects in the vitamin D group. Conversely,
the corresponding values of TC and LDL-C were signifi-
cantly decreased in women who were in the treatment
wing. The increase in men’s serum TC concentrations can
be explained based on the hypothesis suggested by
Zittermann et al.24 Although the median daily calcium
intake was comparable between men and women in our
study; however, it was about 500–700 mg/day in both gen-
ders that is well below the dietary reference intake for
adults. This might be a possible reason for the increase in
TC concentrations after supplementation with vitamin D
in men based on the mentioned hypothesis. However, in
women, with the same intake of dietary calcium, the

trend is opposite. One possible assumption for explaining
this discrepancy between men and women in our trial is a
gender-related difference in intestinal calcium transport
mediated by vitamin D.26 The intestinal calcium absorption
might be more vitamin D-dependent in men than in
women.26 The results of previous animal studies showed
that in a vitamin D sufficient condition, the intestinal cal-
cium transport was significantly greater in the male rats
than in the females.27 On the other hand, vitamin D defi-
ciency makes a lower intestinal absorption of calcium in the
male rats but not in the females.27

The sex hormones could be responsible for the different
calcium absorption under the same vitamin D condition.28

A recent study by Dong et al. aimed to determine the effect
of estrogen and vitamin D interaction on epithelial calcium
transport proteins.29 They compared female sham-operated
with ovariectomized rats that fed with either low calcium or
high calcium diet for 12 weeks.29 Their results showed that
apart from active form of vitamin D, estrogen also increased
the mRNA expression of intestinal transient receptor poten-
tial cation channel (TRPV6) and modulated the parathyroid
hormone (PTH) levels in low calcium diet condition.29 The
results of the other animal studies also revealed some evi-
dence about the differences in intestinal calcium absorption
mediated by vitamin D and estrogen between males and
females.30,31 This hypothesis needs more evidence from
future human and cellular studies.

Preventing the rise in serum levels of hs-CRP would be
an important strategy to decrease CVD risks in patients
with NAFLD.3 In our study, serum hs-CRP levels decreased
in both men and women in the vitamin D group while it
showed increasing trend in placebo group of both genders.
However, the reduction of serum hs-CRP reached a signifi-
cant level only in women after four months of vitamin D
supplementation. Women had higher levels of serum hs-
CRP compared with men in the vitamin D group (the
median: 2.6 vs. 1.5 mg/L, P¼ 0.03). This could be regarded
as the reason for more pronounced reduction in hs-CRP
observed in women after vitamin D supplementation. The
mechanisms by which vitamin D can influence hs-CRP

Table 3 Continued

Men Women

Variables

Vitamin D

n¼ 13

Placebo

n¼13

P value

(time�

group)d
Vitamin D

n¼ 14

Placebo

n¼ 13

P value

(time�

group)d

P (within) 0.38 0.66 0.87 0.04

Adiponectin (mg/mL) 0.63 0.64

Baseline 1.2 (0.7, 1.4) 1.1 (0.8, 1.6) 1.1 (0.9, 2.5) 1.1 (0.8, 1.6)

4 mo 1.0 (0.8, 1.2) 1.3 (1.0, 1.5) 1.4 (1.1, 3.4) 1.8 (1.5, 3.3)

Change 0.0 (�0.6, 0.2) 0.3 (�0.6, 0.7) 0.3 (�0.1, 1.4) 0.4 (�0.05, 1.3)

P (within) 0.33 0.47 0.02 0.11

aData are expressed as median (25th, 75th percentiles).
bEnd values minus baseline.
cP value for comparing the baseline with end point values within each group. Wilcoxon Paired Rank test was used.
dRepeated measure ANOVA was used to analyze the time�group (vitamin D or placebo) interaction adjusted for the baseline covariates and season.

*P value< 0.05, **P value<0.01 between the vitamin D and placebo groups comparing the baseline values.
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levels in patients with NAFLD have been discussed
elsewhere.18

Serum total adiponectin levels have been reported to be
lower in patients with NAFLD than healthy controls.32

Decreased adiponectin concentrations may be another
underlying factor linking NAFLD and CVDs.33 Scarce evi-
dence exists about the effects of vitamin D on serum adipo-
nectin levels especially in patients with NAFLD. Nakano
et al. found that phototherapy through increased serum
vitamin D levels could significantly increase serum adipo-
nectin in rats with NAFLD.34 In our study, however,

vitamin D supplementation had no effect on serum adipo-
nectin levels in both subgroups of men and women. In
agreement with our results, supplementation with high
doses of vitamin D could not change serum adiponectin
in two clinical trials that were performed in patients with
type 2 diabetes and obese adolescents for four and six
months, respectively.35,36 Nevertheless, a number of cross
sectional studies have shown an independent and strong
positive relationship between serum vitamin D and adipo-
nectin levels in obese patients.37,38 Interestingly, the active
form of vitamin D has reduced adiponectin secretions from

Figure 1 Log10 transformed estimated marginal means of serum total cholesterol, LDL-C and hs-CRP in vitamin D and placebo at baseline and post-intervention in

men and women with NAFLD*: a: total cholesterol in men, b: total cholesterol in women, c: LDL-c in men, d: LDL-c in women, e: hs-CRP in men, f: hs-CRP in women.

*Results are based on the repeated measure ANOVA test and estimated marginal means adjusted for baseline values of BMI, waist circumference, serum ALT and AST

in men and age, serum vitamin D, TG, LDL and insulin in women. Moreover, season is considered for adjustment in both genders
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human cultured adipocytes in a cellular study.39 It seems
that many factors may influence the effects of vitamin D on
serum adiponectin such as doses of vitamin D, duration of
intervention, VDR polymorphisms, and using calcium sup-
plements in addition to vitamin D.40 More mechanisms
remain unknown in terms of the relationship between vita-
min D and adiponectin that are waiting to be investigated in
further studies.

Vitamin D supplementation made no changes in serum
levels of ALT, AST, and HOMA-IR compared to the placebo
in both genders. The possible reasons for finding no effects
of vitamin D on mentioned biomarkers have been discussed
elsewhere.18

In our study, supplementation with vitamin D had no
effect on anthropometric indices in both subgroups of
men and women. Similarly, Zittermann et al. indicated
that supplementation with 3320 IU/d vitamin D3 did
not change the anthropometric indices when compared
with the placebo among subjects who were on a weight
loss diet.24 It seems that because of dietary recommenda-
tions in our study, in both genders, some of the
anthropometric measures decreased nearly significant in
each vitamin D and placebo groups. Men in the vitamin
D group had greater reductions in weight, waist circum-
ference, and BMI when compared with the other sub-
groups of the study. At baseline, the values for weight,
WC, and BMI of men in the vitamin D group were sig-
nificantly higher than men in the placebo group. This
might be a possible reason for greater reductions in
these variables in the vitamin D group of men. The
results of previous studies have shown that initial body
weight could be a significant predictor of weight loss in
subjects.41,42

One of the limitations of present study was the small
number of subjects in each subgroup. However, the
obtained results may suggest new hypothesis in terms of
the gender difference in vitamin D-induced intestinal cal-
cium absorption that can be investigated in larger rando-
mized control trials and/or cellular studies.

To the best of our knowledge, this is the first research
that assessed the response of men and women with NAFLD
separately to vitamin D supplementation in terms of serum
lipid profile, hs-CRP, adiponectin, and HOMA-IR. The
other strength of our study is that we adjusted the obtained
results for the baseline variables that were not comparable
between vitamin D and placebo in each subgroup. In add-
ition, we evaluated the effects of body fat percentage,
season; daily dietary intakes of energy, vitamin D and cal-
cium; and physical activity levels at baseline and at the end
of study.

In conclusion, supplementation with one oral pearl con-
sisting of 50,000 IU vitamin D3 every 14 days for four
months might decrease serum TC and LDL-C levels as
well as hs-CRP levels in women with NAFLD. However,
it might lead to increase in serum TC in men due to a low
dietary calcium intake. Further studies with larger sample
sizes are needed to investigate the effects of joint vitamin D
and calcium supplementation on CVD risk biomarkers in
men and women with NAFLD.
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