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Abstract

Background: Due to the fact that there is evidence indicating the role of Vitamin D in non-alcoholic fatty liver disease (NAFLD) as
well as insulin resistance (IR) and adipokines production, studies examining Vitamin D on the metabolic factors involving NAFLD is
required.
Objectives: Therefore, we aimed to investigate the effect of single intramuscular injection of cholecalciferol on serum levels of
Vitamin D, biochemical factors, and liver function status of women with NAFLD.
Methods: This randomized controlled clinical trial was conducted on 82 NAFLD patients with Vitamin D deficiency (< 30 ng/mL),
who were selected through convenience sampling from October 2015 to March 2016 in Tabriz, Iran, and were randomly assigned
into an intervention (a single intramuscular injection of 600,000 IU of cholecalciferol) or control group. Before and after the study,
serum glucose, insulin, 25-hydroxy Vitamin D, adiponectin, liver enzymes, calcium, phosphors and parathyroid hormone (PTH), as
well as homeostasis model assessment (HOMA-IR), body composition, dietary intake, and physical activity level were assessed.
Results: After one month intervention, serum 25-hydroxyvitamin D significantly increased in the intervention group vs. the con-
trol (24.9 ± 17.4 vs. 9.1 ± 5.6, P = 0.003). Total body fat (TF) decreased in the intervention group (P = 0.001) while visceral fat (VF)
was significantly different between the groups (P < 0.001). Adiponectin, calcium, phosphors, and PTH levels increased, while liver
enzymes, insulin, and HOMA-IR decreased in both groups (P < 0.05). There were significant differences in mean changes of serum
25(OH) D, PTH, ALT, AST, ALP, and FBS between the groups after adjusting for baseline, TF and VF. Vitamin D injection did improve
NAFLD severity (P = 0.01).
Conclusions: Cholecalciferol injection improved Vitamin D status and hepatic steatosis.
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1. Background

Vitamin D is a fat soluble vitamin that regulates
calcium and phosphorus metabolism and its main
metabolite- 25-hydroxy Vitamin D (25(OH)D)- is pro-
duced by the hydroxylation of cholecalciferol in the liver
(1). Vitamin D deficiency (25(OH)D < 20 ng/mL) is the most
prevalent pathological condition in the world i.e. about
30% - 50% in different populations (2, 3). Besides its known
role in bone health, reduced circulating 25 (OH) D has
been related to various diseases, such as reduced insulin
sensitivity, metabolic syndrome, and increased risk of
type 2 diabetes (1). Vitamin D exerts its diverse biological

effects in target tissues by regulating gene expression,
which regulates many factors in the cell (4). Vitamin D
receptor (VDR) gene expression in various tissues includ-
ing liver, adipocytes, and pancreatic beta cells, represents
important physiological roles of Vitamin D (5, 6). Since
insulin resistance (IR) is involved in the pathogenesis of
non-alcoholic fatty liver disease (NAFLD), a spectrum of
liver disorders characterized by the hepatic accumulation
of fat in subjects with no history of alcohol abuse, through
its contribution in fat metabolism. Therefore, it seems
that Vitamin D plays a role in the pathogenesis of NAFLD
by influencing IR (7, 8).
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Recent cross-sectional studies have shown an associa-
tion between Vitamin D deficiency and NAFLD (5, 7). In-
deed, results of some case-control studies revealed that
the serum 25(OH)D levels were lower in patients with
NAFLD than healthy subjects (8, 9). In vitro studies have
shown that Vitamin D regulates adiponectin gene expres-
sion in adipose tissue (10). Adiponectin, a key adipokine
in metabolic syndrome and obesity related liver disease,
appears to be as one of the possible mechanisms to ex-
plain the effect of Vitamin D on IR (11). Adiponectin is re-
ported to be inversely associated with IR and metabolic
syndrome (12, 13). It has been suggested that high lev-
els of adiponectin may reduce liver steatosis, inflamma-
tion, necrosis, and IR in the animal model (14). Previous
studies showed that Vitamin D supplementation improves
serum insulin, adiponectin, and HOMA-IR (15-17). Con-
firmed evidence of an association between Vitamin D and
adiponectin and their effects on IR and other metabolic
indicators as well as low levels of adiponectin in patients
with NAFLD provide a basis for designing clinical trials.
However, the interventional studies regarding the effect of
Vitamin D supplementation on metabolic factors in NAFLD
is low and their results are in controversy.

2. Objectives

Therefore, the present study aimed to examine the ef-
fect of single intramuscular injection of 600,000 IU of
cholecalciferol on serum levels of Vitamin D, adiponectin,
insulin resistance, and liver function status of women with
NAFLD in a randomized controlled clinical trial.

3. Methods

3.1. Participants’ Characteristics

This study was a randomized controlled clinical trial
conducted on 82 women between the ages of 18 - 50 years
and body mass index (BMI) between 25 - 40 kg/m2 with
NAFLD confirmed by single ultrasonographist. The sub-
jects were recruited from the outpatient clinic of Tabriz
University of Medical Sciences, Tabriz, Iran from Octo-
ber 2015 to March 2016. Patients were included only if
they have Vitamin D insufficiency (serum 25(OH)D < 30
ng/mL) and do not take dietary supplements including Cal-
cium and Vitamin D over the last six months. The exclu-
sion criteria included individuals free from diseases such
as renal, hepatic, other endocrine disorders, and malig-
nancies as well as pregnancy and lactation, alcohol con-
sumption, and menopause condition or receiving medica-
tions influencing Vitamin D metabolism or insulin. The

study protocol was approved by the Ethics Committee of
Tabriz University of Medical Sciences (Registration num-
ber: TBZMED.REC.1394.63). This study was registered in
the Iranian Registry of Clinical Trials with code number of
IRCT201503163320N10.

3.2. Study Design

After the complete description of the study protocol
and objectives, all participants signed a written informed
consent. The patients were randomly assigned to the “In-
tervention” or “Control” group (N = 41 in each group) in
the random blocks of four subjects using a computer Ran-
dom Allocation Software, version 1, with stratification by
age. A one-page questionnaire was fulfilled regarding de-
mographic characteristics and sunlight exposure. There
was a primary outcome: changes in serum 25(OH)D, serum
adiponectin, HOMA-IR, liver enzymes, and change in grade
of NAFLD. Secondary outcome measures included change
in anthropometric variables.

3.3. Treatment

All Patients received pearl of Vitamin E 400 IU/day for
one month as routine treatment for NAFLD (18). Those in
the intervention group received a single intramuscular in-
jection of 600,000 IU of cholecalciferol (two ampoules of
the 300000 IU/mL, Osveh pharmaceutical, Iran) based on
Vitamin D replacement protocol and guidelines for opti-
mizing the design of clinical studies of nutrient effects (19).
Dietary recommendations for NAFLD (including a healthy
diet and replacing unsaturated fat instead of saturated,
reducing fried foods, red meat, sugars, and consuming
whole grains) were done for all the subjects. The partici-
pants were asked not to change physical activity, lifestyle,
and diet during the study.

3.4. Sample Size

The sample size was estimated according to the serum
level of 25(OH)D based on the study by Khan et al. (20). By
considering confidence level of 95% and a power of 80%,
the mean and standard deviation before and after inter-
vention 51.25 ± 16.23 and 66.63 ± 24.99, respectively, and
30% change in this variable, the sample size was calculated
36 patients in each group. With the possibility of a 20%
drop out, the required sample size per group was deter-
mined as 41 cases.

3.5. Body Composition and Anthropometric Measurements

Height was measured without shoes with a precision
of 0.5 cm and weight was measured in light clothing to
the nearest 0.1 kg; using the Seca scale (700-Vogel Hulk,
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Germany) calibrated electronic digital scale. Body mass in-
dex (BMI) was calculated as weight (kg) divided by squared
height (m2). Waist circumference (WC) was measured on
the broadest area between the edge of the lower ribs and
the iliac crest with anthropometric tape and hip recorded
as the maximum circumference to an accuracy of 0.5 cm.
Total body fat (TF) and visceral fat (VF) percentage were
calculated using bioelectrical impedance analysis (Omron
BF511).

3.6. Dietary Assessment and Physical Activity Level

Dietary intakes of energy, macronutrients, calcium,
phosphors, and Vitamin D were assessed by 24-hour di-
etary recall interview (one weekend and two week days)
pre- and post- study. The daily nutrient intake was cal-
culated by modified the Nutritionist IV software. Phys-
ical activity level was assessed by using the short form
of the International Physical Activity Questionnaire by an
instructed interviewer in which nine different metabolic
equivalent (MET) levels were ranged on a scale from
sleep/rest (0.9 METs) to high-intensity physical activities (>
6 METs) (21).

3.7. Laboratory Analysis

Fasting blood sample were obtained from each par-
ticipant after 12 hours overnight fast at the study entry
and at the end of research. The samples centrifuged
immediately and promptly stored at -70°C until analy-
sis. Serum glucose concentration and liver enzyme (ALT,
AST, and ALP) were measured (kit, Parsazmun, Tehran,
Iran) through auto-analyzer instrument (Hitachi 911-
Boehringer Mannheim) and fluorometric method. Serum
25(OH)D and adiponectin was measured by enzyme-linked
immunosorbent assay (ELISA) kit (Fortress; UK and Me-
diagnost; Germany, respectively). PTH and insulin were
measured by electrochemiluminescence (ELECSYS 2010)
and chemiluminescence method, respectively. Calcium
and phosphor were measured through auto-analyzer
(Cobas Integra400). IR was assessed by Homeostasis
model assessment of insulin resistance (HOMA-IR) as
calculated by the following formula: (insulin (mU/mL) ×
FSG (mg/dL))/405). Higher HOMA-IR scores indicate lower
insulin sensitivity.

3.8. Statistical Analysis

Distribution of quantitative data related to normality
was assessed by Kolmogorov-Smirnov test. Data with nor-
mal distribution are reported as mean ± standard devia-
tion. Chi-square and Independent t-test were used to com-
pare qualitative basic, demographic variable, and quan-

titative variable, respectively. Comparison of changes af-
ter the intervention between groups was done by Indepen-
dent t-test and Paired t-test was used for within-group com-
parisons. Analysis of covariance (ANCOVA) test was used
to control confounding variables and determine the dif-
ferences between the two groups post-intervention, while
adjusting for baseline measurements and covariates. All
the statistical analysis was performed with SPSS Statistical
Software for Windows, version 17.0 (SPSS Inc., Chicago, ILL.,
USA). P values < 0.05 were considered significant.

4. Results

Among the 82 participants that were enrolled in the
study, seven patients (four in the intervention and three
in the control group) were excluded (Figure 1). At the end,
75 patients completed the study and no side effects were
reported. Baseline characteristics of the study groups are
shown in Table 1. There were no significant differences
between groups for demographic characteristics, NAFLD
severity, and sunlight exposure at baseline (P > 0.05).

4.1. Anthropometric Measurements, Dietary Intake and Physi-
cal Activity

Anthropometric, physical activity, and dietary intake
variables have been described in Table 2. Baseline data
did not differ significantly among the groups in these vari-
ables. After the intervention, there was no significant dif-
ference in energy and macronutrients intake as well as Vi-
tamin D, calcium, and phosphorus between groups. We
found a significant decrease in weight, WC, and BMI within
both groups after intervention. However, TF and VF were
significantly decreased within intervention and control
group, respectively (P = 0.001, P = 0.02). After adjusting for
baseline, there were significant differences in TF and VF be-
tween groups at the end of the study (P < 0.001, P = 0.01).

4.2. Biochemical Variables and NAFLD Severity

As seen in Table 3, there was no significant difference
in baseline serum 25(OH)D between groups. After inter-
vention, serum 25(OH) D increased significantly in the Vi-
tamin D group (P < 0.001). Adiponectin and calcium levels
increase and liver enzymes, insulin, and HOMA-IR decrease
in both groups. However, these changes were not signifi-
cant in the Vitamin D group (P = 0.73, P = 0.07, P = 0.25). At
the end of the study, significant differences were shown in
serum 25(OH) D, ALT, AST, ALP, and FBS between groups after
adjusting for baseline, TF and VF (P < 0.05). In the interven-
tion group, the improvement in NAFLD severity (reducing
in grade) was significantly greater than control (P = 0.01).
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Table 1. Baseline Demographic Characteristics of the Study Participants

Characteristic Vitamin D (N = 37) Control (N = 38) P Value

Agea 34.4 ± 6.7 34.05 ± 7.2 0.82b

Marital statusc 0.66d

Married 33 (89.1) 35 (92.1)

Educationc 0.24d

Diploma and higher 25 (67.5) 32 (84.2)

Severity of fatty liverc 0.87d

Grade I 25 (67.5) 25 (65.7)

Grade II 12 (32.4) 13 (34.2)

Sunlight exposure (per day)c 0.38d

Never 9 (24.3) 5 (13.1)

10 min - 1 h 22 (59.4) 25 (65.7)

1 - 2 h 5 (13.5) 8 (21)

0ver 2 h 1 (2.7) 0 (0)

Time of sun exposurec 0.35d

Without exposure 9 (24.3) 5 (13.1)

7 - 10 AM 4 (10.8) 3 (7.8)

10 - 15 23 (62.1) 26 (68.4)

15 - 17 PM 1 (2.7) 4 (10.5)

Using sunscreen creamc 0.74d

Yes 24 (64.8) 26 (68.4)

No 13 (35.1) 12 (31.5)

aValues are expressed as Mean ± SD.
bT-test.
cValues are expressed as No. (%).
dChi square test.

5. Discussion

On the basis of our research, this study was the first
randomized controlled clinical trial that evaluated the ef-
fects of high dose intramuscular injection of cholecalcif-
erol (600,000 IU) on the liver function status in NAFLD pa-
tients. The results of this study showed that Vitamin D3 in-
jection significantly increased serum levels of 25(OH)D (P <
0.001) and also resulted in a relative improvement in fatty
liver severity, however, it did not show a significant change
in IR, serum adiponectin, and liver enzymes. In agreement
with our results, Einarsdottir et al. found that intramuscu-
lar injection of Vitamin D3 (600,000 IU) in subjects under-
going biliopancreatic diversion surgery significantly in-
creased serum 25(OH)D levels (P < 0.001) after 1.5 months
(22). Significant rise in serum 25(OH)D was also observed
after two weeks in a study by Ostad Rahimi et al. in which
healthy women received Vitamin D injections (600,000 IU)
(19). Similar results were observed in the study of Cipri-

ani et al. A single injection of 600,000 IU Vitamin D3 in
Vitamin D deficient subjects could significantly increase
serum 25(OH)D (P < 0.001) in two months (23). Further-
more, in a clinical trial conducted by Heshmat et al. the
injection of 300,000 IU of Vitamin D3 in diabetic patients
could significantly increase serum Vitamin D levels after
three months (P = 0.007) (24). Previous studies have shown
that serum 25 (OH) D levels were inversely related to the
prevalence of diabetes, IR, and obesity (8). IR plays a role
in the pathogenesis of NAFLD through the promotion of
lipolysis and increased free fatty acids inflow into the liver
(25). Vitamin D may interfere in NAFLD pathogenesis by in-
volving in IR. Nakano et al. found that lack of Vitamin D in-
take in rats led to NAFLD progression and also showed that
phototherapy attenuated IR by increasing the active form
of Vitamin D in the serum of rats and impact on lipid trans-
fer proteins (26). In clinical trials conducted on patients
with diabetes and/or gestational diabetes, the injection of
300,000 IU Vitamin D3 did not change serum levels of in-
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Figure 1. Flow chart of the study

sulin and HOMA-IR after three months (24, 27). Belenchia
et al. demonstrated that oral supplementation of Vitamin
D 4000 IU/day in obese adolescents caused a significant re-
duction in HOMA-IR after six months (P = 0.009) (17). Baziar
et al. investigated the effect of oral Vitamin D supplements
(500,00 IU/week) on IR in diabetic and Vitamin D deficient
patients. After eight weeks of intervention, there were de-
creases in serum glucose, insulin, and HOMA-IR (P < 0.05)
(16). The controversy in the results of studies regarding the
effect of Vitamin D on IR may be due to the difference in
duration of Vitamin D supplementation and also measur-
ing methods of IR (28). Furthermore, it has been shown
that the duration of the intervention of more than four
months is possibly needed for significant improvement in
IR (29). Fat accumulation in hepatocytes causes inflam-
mation, fibrillation, and hepatic injuries. The mechanism
of cell damage is unknown, however, adipokines such as

adiponectin are known to be involved in this process (30).
Due to its anti-inflammatory function, adiponectin is a
key adipokine that may be linked to NAFLD pathology.
Studies have shown that two adiponectin receptors are
expressed in the liver. A study on mice suggested that
adiponectin may have a protective effect in liver injury
in NAFLD (14). The role of Vitamin D in adipokines activ-
ity is under investigation. It has been shown that Vita-
min D regulates adiponectin gene expression in adipose
tissue (10). Animal studies demonstrated that high levels
of adiponectin reduce necrosis and liver steatosis and im-
prove IR (14, 31). A positive correlation was found between
adiponectin and serum 25(OH)D in healthy young people
(12). In a clinical study, the daily intake of yogurt, forti-
fied with Vitamin D (1000 IU) for 12 weeks, improved the
level of adiponectin (P < 0.001) and IR (P = 0.03) in dia-
betic patients (15). However, in other studies, Vitamin D
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supplementation did not result in a significant change in
serum adiponectin (16, 27). Adiponectin reduces the activ-
ity of acetyl-co-carboxylase and fatty acid synthase in the
liver, thus, preventing triglyceride accumulation in hepa-
tocyte (14) as well as improves glucose uptake and inhibits
gluconeogenesis in liver; therefore, by improving insulin
sensitivity it can have a positive effect on NAFLD. More-
over, it reduces oxidative stress and production of pro-
inflammatory cytokines; this is while inflammation plays
a main role in progression of NAFLD (15, 32). Vitamin D
may modulate the effect of pro-inflammatory cytokines on
circulating adiponectin through its anti-inflammatory ef-
fects. In addition, it is probable that Vitamin D regulates
adiponectin synthesis due to the presence of its receptor
in pre-adipocytes (33). In the present study, a single mega
intramuscular dose of Vitamin D (600,000 IU) increased
serum adiponectin, however, this increases was not signif-
icant in the intervention group (P > 0.05), as well as be-
tween the two groups, which is probably due to the short
duration of the intervention. A limited number of stud-
ies have examined the effects of Vitamin D supplementa-
tion on liver enzymes and severity of steatosis in NAFLD
patients. The results of some cross-sectional studies have
shown that there is a correlation between serum 25(OH)D
and liver enzymes (5, 34). In a clinical study, the supple-
mentation with Vitamin D did not significantly change
serum alanine aminotransferase (ALT), aspartate amino-
transferase (AST), and grade of fatty liver (28). Foroughi et
al. found that treatment with Vitamin D (500,00 IU/week)
for 10 weeks reduced liver enzymes, however, this reduc-
tion was not significant (1). The results of the study by
Barchetta et al. showed that the daily oral supplemen-
tation of Vitamin D (2000 IU), in a diabetic patient with
NAFLD after 24 weeks, did not significantly change the
serum ALT, AST, adiponectin, and IR as well as severity of
steatosis based on the grade (35).

In our study, serum ALT, AST, and ALP decreased in the
intervention group non-significantly (P > 0.05). However,
the severity of fatty liver attenuated significantly in the in-
tervention group (P = 0.01). To more accurately determine
histological change in the severity of steatosis, more accu-
rate methods should be used, such as biopsy.

5.1. Strengths andWeaknesses of Study

This study is the first randomized controlled clinical
trial that evaluates the effect of high dose intramuscular
injection of Vitamin D on the liver function in patients
with NAFLD. In addition, the dietary intake of Vitamin D,
physical activity, and sunlight exposure, which are consid-
ered as confounding factors, were examined. The study’s

weaknesses were included in the short duration of inter-
vention and the impossibility to use placebo for the con-
trol group.

5.2. Conclusion

Based on the results of the present study, a single intra-
muscular injection of Vitamin D (600,000 IU) in women
with NAFLD could significantly increase serum 25(OH)D af-
ter one month and no change in serum calcium, phospho-
rus, and PTH were observed. In addition, it resulted in a rel-
ative improvement in hepatic steatosis based on grade of
fatty liver. Furthermore, changes in serum levels of liver en-
zymes, adiponectin, and IR were not significant. However,
more clinical trials with larger sample size, longer follow
up duration, and measuring other biochemical factors are
needed to determine the effects of Vitamin D supplemen-
tation on NAFLD progression.
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Table 2. Anthropometric Measures, Dietary Intake and Physical Activity Level Before and After the Studya

Vitamin D (N = 37) Control (N = 38) MD (CI 95%) P Value

Weight, kg

Before 87.2 ± 15.2 85.5 ± 13.1 1.6 (-4.2, 7.6) 0.57b

After 85.4 ± 15.3 82.9 ± 12.7

MD (CI 95%) 1.7 (0.8, 2.6) 2.5 (2.1, 2.9) 0.8 (-0.1, 1.9) 0.10c

P valued < 0.001 < 0.001

WC, cm

Before 106.7 ± 11.4 104.6 ± 8.0 2.2 (-3.9, 0.5) 0.29b

After 105.0 ± 11.2 102.2 ± 7.3

MD (CI 95%) 1.7 (0.1, 3.3) 2.4 (1.5, 3.3) 0.9 (-0.9, 2.8) 0.33c

P valued 0.03 < 0.001

BMI, kg/m2

Before 34.6 ± 4.8 33.3 ± 4.4 1.3 (-0.5, 3.2) 0.17b

After 33.9 ± 4.9 32.3 ± 4.2

MD (CI 95%) 0.6 (0.3, 1.0) 1.0 (0.8, 1.1) 0.33 (-0.07, 0.73) 0.10c

P valued < 0.001 < 0.001

WHR

Before 0.919 ± 0.063 0.925 ± 0.047 -0.004 (-0.02, 0.01) 0.71b

After 0.919 ± 0.060 0.923 ± 0.052

MD (CI 95%) 0.00 (-0.01, 0.01) 0.00 (-0.006, 0.009) 0.00 (-0.01, 0.01) 0.96c

P valued 0.92 0.69

TF, %

Before 47.1 ± 5.0 46.5 ± 4.5 0.6 (-1.4, 2.7) 0.53b

After 46.1 ± 5.7 47.3 ± 4.3

MD (CI 95%) 1.0 (0.4, 1.6) -0.8 (-1.7, 0.0) -1.9 (-2.9, -0.9) < 0.001c

P valued 0.001 0.53

VF, %

Before 8.5 ± 1.5 8.2 ± 1.8 0.2 (-0.4, 1.0) 0.45b

After 8.4 ± 1.6 8.4 ± 1.7

MD (CI 95%) 0.1 (-0.02, 0.29) -0.1 (-0.32, -0.01) -0.2 (-0.5, -0.07) 0.01c

P valued 0.10 0.02

Energy, kcal/d

Before 1433.5 ± 414.4 1397.1 ± 291.2 36.3 (-104.7, 177.4) 0.6b

After 1335.8 ± 392.9 1511.5 ± 409.2

MD (CI 95%) 97.7 (-66.3, 261.7) -114.4 (-323.1, 94.1) -192.3 (-435.5, 50.9) 0.11c

P valued 0.23 0.25

CHO, g/d

Before 215.4 ± 68.1 193.7 ± 49.04 21.7 (-25.6, 69.1) 0.35b

After 189.3 ± 53.6 198.5 ± 77.7
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MD (CI 95%) 26.1 (0.7, 51.5) -4.8 (-53.8, 44.2) -17.4 (-59.2, 24.3) 0.40c

P valued 0.04 0.82

Protein, g/d

Before 49.4 ± 16.8 54.6 ± 19.4 -5.2 (-18.1, 7.6) 0.41b

After 48.9 ± 17.7 52.7 ± 20.3

MD (CI 95%) 0.5 (-8.1, 9.0) 1.9 (-18.5, 22.2) -3.3 (-17.2, 10.5) 0.62c

P valued 0.90 0.84

Fat, g/d

Before 44.5 ± 21.8 42.3 ± 11.4 2.1 (-12.4, 16.8) 0.76b

After 45.3 ± 20.0 54.1 ± 17.7

MD (CI 95%) -0.8 (-10.3, 8.7) -11.8 (-24.6, 1.1) -9.3 (-23.5, 4.8) 0.18c

P valued 0.86 0.06

Vitamin D, µg/d

Before 0.89 ± 1.6 1.24 ± 1.4 -0.08 (-0.6, 0.5) 0.78b

After 0.95 ± 1.20 0.69 ± 0.73

MD (CI 95%) -0.06 (-0.80, 0.68) 0.55 (-0.45, 1.56) 0.2 (-0.5, 1.1) 0.50c

P Valued 0.86 0.24

Calcium, mg/d

Before 567.1 ± 281.7 482.1 ± 202.1 85.0 (-15.1, 185.2) 0.09b

After 541.4 ± 281.6 362.7 ± 160.5

MD (CI 95%) 25.7 (-119.9, 171.4) 119.4 (-32.3, 271.1) 172.6 (-22.3, 367.6) 0.08c

P valued 0.72 0.10

Phosphor, mg/d

Before 603.9 ± 325 581.9 ± 241.2 47.8 (-68.2, 164.4) 0.41b

After 631.7 ± 263.6 595.4 ± 211.3

MD (CI 95%) -27.8 (-178.6, 123.0) -13.4 (-272.2, 245.2) 35.4 (-162.3, 233.3) 0.71c

P valued 0.70 0.90

PA, MET-min/week

Before 37.7 ± 3.6 37.0 ± 0.6 0.7 (-0.6, 2.1) 0.30b

After 38.7 ± 3.2 37.2 ± 0.6

MD (CI 95%) -0.9 (-2.1, 0.1) -0.1 (-0.6, 0.2) 0.9 (-0.2, 2.2) 0.10c

P valued 0.08 0.36

Abbreviations: BMI, body mass index; CHO, carbohydrate intake; CI, confidence interval; MD, Mean differences; PA, physical activity; TF, total body fat; VF, visceral fat; WC,
waist circumference; WHR, waist to hip ratio.
aValues are expressed as Mean ± SD.
bIndependent sample t-test.
cANCOVA; adjusted for baseline values
dPaired t-test.
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Table 3. Biochemical Characteristics Before and After the Studya

Vitamin D (N = 37) Control (N = 38) MD (CI 95%) P Value

25(OH)D, ng/mL

Before 13.8 ± 7.7 11.3 ± 6.7 2.5 (-0.4, 5.6) 0.09b

After 24.9 ± 17.4 9.1 ± 5.6

MD (CI 95%) -11.01 (-16.6, -5.3) 2.1 (-0.3, 4.5) 12.8 (4.4, 19.8) 0.003c

P valued < 0.001 0.08

Adiponectin, µg/mL

Before 8.4 ± 7.23 8.17 ± 3.9 0.2 (-2.2, 2.7) 0.85b

After 8.73 ± 4 9.06 ± 4.23

MD (CI 95%) -0.32 (-2.2, 1.63) -0.88 (-1.4, -0.35) -0.2 (-2.0, 1.4) 0.74c

P valued 0.73 0.002

Insulin, mIU/mL

Before 17.6 ± 9.2 19.8 ± 10.5 -2.1 (-6.3, 1.9) 0.30b

After 14.7 ± 6.5 16.9 ± 9.8

MD (CI 95%) 2.8 (-0.2, 5.9) 2.8 (1.2, 4.5) 0.45 (-2.9, 3.8) 0.79c

P valued 0.07 0.002

ALT, IU/L

Before 25.3 ± 14.6 22.7 ± 8.3 2.6 (-2.6, 7.8) 0.32b

After 23.7 ± 11.2 16.7 ± 6.6

MD (CI 95%) 1.6 (-1.6, 4.8) 5.9 (4.4, 7.5) 6.26 (2.8, 9.7) 0.001c

P valued 0.32 < 0.001

AST, IU/L

Before 21.01 ± 7.7 20.4 ± 6.2 0.5 (-2.5, 3.6) 0.73b

After 19.9 ± 5.7 16.2 ± 4.3

MD (CI 95%) 1.05 (-0.9, 3.07) 4.1 (2.7, 5.5) 3.9 (1.9, 6.0) < 0.001c

P valued 0.29 < 0.001

ALP, IU/L

Before 164.2 ± 55.02 166.08 ± 37.4 -1.8 (-22.7, 19.0) 0.85b

After 157.7 ± 46.9 171.1 ± 41.9

MD (CI 95%) 6.5 (-4.5, 17.5) -5.03 (-9.3, -0.6) -14.7 (-28.5, -0.9) 0.03c

P valued 0.23 0.02

FBS, mg/dL

Before 91.3 ± 11.5 90.2 ± 10.3 1.07 (-3.6, 5.7) 0.64b

After 97.1 ± 9.7 85.5 ± 11.1

MD (CI 95%) -5.7 (-8.5,-3.01) 4.7 (2.04,7.4) 11.4 (7.4, 15.4) < 0.001c

P valued <0.001 0.001

HOMA-IR

Before 3.9 ± 1.9 4.3 ± 2.1 -0.4 (-1.3, 0.4) 0.30b

After 3.5 ± 1.4 3.08 ± 2
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MD (CI 95%) 0.4 (-0.3, 1.1) 1.3 (0.6, 1.9) 0.4 (-0.4, 1.3) 0.32c

P valued 0.25 < 0.001

PTH, pg/mL

Before 55.6 ± 47.7 62.2 ± 25.5 -6.7 (-22.7, 9.2) 0.40b

After 62.5 ± 38.7 90.5 ± 35.5

MD (CI 95%) -6.9 (-16.5, 2.7) -28.2 (-37.9, -18.6) -20.3 (-34.8, -5.8) 0.007c

P valued 0.15 < 0.001

Calcium, mg/dL

Before 9.4 ± 0.4 9.3 ± 0.4 0.06 (-0.1, 0.2) 0.50b

After 9.6 ± 0.5 9.4 ± 0.4

MD (CI 95%) -0.1 (-0.3, 0.02) -0.09 (-0.1,-0.005) 0.1 (-0.1, 0.3) 0.35c

P valued 0.08 0.03

Phosphor, mg/dL

Before 3.7 ± 0.6 3.7 ± 0.6 0.04 (0.1, -0.2) 0.70b

After 3.9 ± 0.4 4.02 ± 0.6

MD (CI 95%) -0.2 (-0.5, 0.1) -0.3 (-0.5, -0.1) -0.01 (-0.3, 0.3) 0.92c

P valued 0.1 0.005

Abbreviation: ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; CI, confidence interval; FBS, fasting blood sugar; HOMA-IR,
Homeostatic model assessment of insulin resistance; MD, mean differences; PTH, parathyroid hormone.
aValues are expressed s Mean ± SD.
bIndependent sample t-test.
cANCOVA; adjusted for baseline values, total and visceral fat
dPaired t-test.
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