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Abstract

Context: Vitamin D (VD) has been found to play a key role in nonalcoholic fatty liver disease (NAFLD). This meta-analysis explored
the effects of VD supplementation in patients with NAFLD.
Methods: The PubMed, EMBASE, and the Cochrane Library databases were searched to find randomized control trials (RCTs) that
measured the changes between the VD supplement group and the control group until May 2019. Standard mean difference (SMD)
with 95% confidence intervals (CI) was calculated when data units were different, otherwise weighted mean difference (WMD) and
95% CI was calculated. Heterogeneity was assessed using the I2 statistic.
Results: Eight RCTs with 624 individuals were extracted. The main indicators, including serum alanine aminotransferase (WMD =
-0.052; 95% CI: -3.740, 3.636; P = 0.978) and aspartate aminotransferase concentrations (WMD = -0.479; 95% CI: -2.791, 1.833; P = 0.685)
were not significantly different between the intervention and placebo groups. In addition, no significant intergroup difference was
observed in the following secondary indicators: fasting blood glucose (WMD = 0.466; 95% CI: -5.313, -10.879; P = 0.061), homeostasis
model assessment (WMD = 0.380, 95% CI: -0.162, 0.923; P = 0.169), serum insulin concentration (WMD = 0.760; 95% CI: -0.532, 2.052; P
= 0.249), high-density lipoprotein (WMD = -0.012; 95% CI: -0.188, 0.164; P = 0.891), and low-density lipoprotein (WMD = -0.115; 95% CI:
-3.849, -3.620; P = 0.952).
Conclusions: The results indicate that VD supplementation does not improve liver enzymes, insulin resistance, glucose metabolism
parameters, and lipid levels in patients with NAFLD.
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1. Context

Conditions associated with nonalcoholic fatty liver dis-
ease (NAFLD) range from hepatic steatosis to nonalcoholic
steatohepatitis (NASH), and NAFLD may progress to hep-
atocellular carcinoma. As the hepatic manifestation of
metabolic syndrome (MetS), NAFLD is closely associated
with decreased liver cell function, abnormal liver enzymes,
lipid profile, and blood glucose level; and increased inflam-
matory and oxidative stress reactions (1). NAFLD is a risk
factor for various chronic diseases, including cardiovascu-
lar disease mortality (2).

Vitamin D (VD) is a fat-soluble vitamin, and its active
form, 25-hydroxy vitamin D, plays an essential role in hu-
man activities. The VD receptor (VDR) is widely distributed

in human tissues and organs, including liver tissue (3).
In particular, hepatic cells exhibit extensive VDR expres-
sion, which is negatively correlated with the histological
severity of NAFLD (4). Bjelakovic et al. (5) studied the re-
lationship between VD and chronic liver disease, but be-
cause of the small number of experiments and the low
quality of evidence, the advantages and disadvantages of
VD supplementation were not determined. Sharifi et al.
(6) described the effect of VD supplementation in patients
with NAFLD, but only qualitatively analyzed the relation-
ship between them. A study found a close association be-
tween low serum 25-hydroxyvitamin D concentration and
NAFLD severity (7). Many randomized control trials (RCTs)
have focused on the effects of VD supplementation in pa-
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tients with NAFLD (8-18). However, no consensus has been
reached on whether VD is effective in improving indica-
tors in patients with NAFLD. Of the conducted RCTs, some
have reported improvements in liver histology in patients
with NAFLD (10, 12, 14, 15), and some have reported no such
beneficial effects (8, 18). Motivated to determine the po-
tential association between VD and NAFLD, we conducted
this meta-analysis to investigate the effect of VD supple-
mentation on NAFLD. The primary outcome measures were
changes in liver enzymes. we also evaluated the effects of
VD supplementation on blood glucose and blood lipids in
NAFLD.

2. Methods

2.1. Search Strategy

We searched for relevant articles from inception to
May 2019 in PubMed, EMBASE, and the Cochrane Library
databases using the following search terms: (1) “Nonalco-
holic Fatty Liver Disease” OR “NAFLD” OR “Nonalcoholic
Fatty Liver Disease” OR “Fatty Liver, Nonalcoholic” OR “Fatty
Livers, Nonalcoholic” OR “Liver, Nonalcoholic Fatty” OR
“Livers, Nonalcoholic Fatty” OR “Nonalcoholic Fatty Liver”
OR “Nonalcoholic Fatty Livers” OR “Nonalcoholic Steato-
hepatitis” OR “Nonalcoholic Steatohepatitides” OR “Steato-
hepatitides, Nonalcoholic” OR “Steatohepatitis, Nonalco-
holic” AND “Vitamin D” OR “VD” OR “cholecalciferol” OR
“25-Hydroxyvitamin D3.” In addition, we examined the ref-
erences from the retrieved articles to obtain other missed
relevant articles. The task was implemented indepen-
dently by 2 researchers.

2.2. Inclusion and Exclusion Criteria

We included RCTs published in the English language
with a parallel or crossover design in which the studied
patients were ≥ 18 years of age with NAFLD. RCTs were in-
cluded only if the experimental group received VD supple-
ments and the control group did not, with the other con-
ditions being the same between the 2 groups. The exclu-
sion criteria were (1) insufficient data and (2) nonoriginal
research (reviews, editorials, or commentaries), abstracts,
unpublished studies, and duplicated studies.

2.3. Data Extraction and Quality Assessment

Data were extracted separately by 2 authors, and any
inconsistency was resolved through mutual negotiation.
Information extracted included (I) general study informa-
tion (first author’s name, publication year, and study loca-
tion); (II) detailed information about the study population

(sample size, body mass index, age of individuals, pres-
ence of other diseases); (III) relevant information about in-
tervention and comparison, including study design, du-
ration, dose, frequency, administration of other supple-
ments, and delivery methods; (IV) outcome variables, in-
cluding hepatic steatosis, liver enzymes, insulin sensitivity,
blood glucose, and lipid profile. Additionally, the outcome
data were converted into a mean ± standard deviation.

The Cochrane Collaboration’s tool was used to assess
the risk of bias in each RCT. Studies were rated as having
low, high, or unclear risk of bias in each of the 7 domains
of this method.

2.4. Statistical Analysis

Statistical analysis was performed using STATA soft-
ware V12.0 (Texas, USA). Standard mean difference (SMD)
and 95% CI were used to compare effect sizes between tri-
als with different measurement units. If the scales of out-
comes indicated no difference or could be transformed
easily, the weighted mean difference (WMD) was used to
analyze the differences between the pooled data. Specif-
ically, the result was considered significant at P ≤ 0.05.
Heterogeneity between studies was evaluated with the I2

statistic; I2 > 50% suggested significant heterogeneity be-
tween the selected studies, and consequently, the random-
effects model was used for data analysis. Otherwise, the
fixed-effects model was used (19). Egger’s test and Begg’s
funnel plots were used to assess potential publication bias
(20).

3. Results

3.1. Search Results and Study Characteristics

The selection procedure is shown in Figure 1. After
screening and selection, eight RCTs met the inclusion and
exclusion criteria. An itemized table was used to record
relevant data from the trials. The detailed features of the
included studies are presented in Table 1. The quality as-
sessment results are presented in Table 2. The eight RCTs
were published from 2014 to 2019 and were conducted in
different countries. All RCTs administered VD orally once a
day, week, or fortnight, with doses ranging from 2,000 IU
to 50,000 IU. Two RCTs also administered VD (600,000 IU)
by injection. The time of intervention varied from 4 to 48
weeks. The NAFLD was detected through ultrasound echog-
raphy, magnetic resonance, or biopsy.
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Table 1. Studies that Evaluated the Effects of Vitamin D Supplementation on Nonalcoholic Fatty Liver Disease Outcomes

Study Year Country Design Population, I/C Age Time, wk Intervention Method Dose Frequency Outcome

Barchetta et al. (8) 2016 Italy R, D, P 26/29 49 - 69 24 VD3 Oral 2000 IU Daily HFF, AST, ALT, FBG, lipid
profile, HOMA-IR

Dabbaghmanesh et al. (9) 2018 Iran R, D, P 31/28/32 20 - 75 12 VD3 /calcitriol Oral 50000 IU/25 µg Daily AST, ALT, FBS, lipid profile

Foroughi et al. (11) 2014 Iran R, D, P 30/30 30 - 70 10 VD3 Oral 50000 Weekly AST, ALT, lipid profile

Geier et al. (12) 2018 Switzerland R, D, P 8/10 23 - 63 48 VD3 Oral 2100 IU Daily ALT, AST, HDL, LDL, FBG, NAS

Lorvand Amiri et al. (14) 2017 Iran R, D, P 37/37/36 18 - 65 12 calcitriol Oral 25 µg Daily Fatty liver grade, AST, ALT,
FBG, Insulin, lipid profile,
HOMA-IR

Mansourian Hosseini et al.
(15)

2018 Iran R, P 37/38 29 - 41 4 VD3 Injection 600000 IU Once Fatty liver grade, AST, ALT, ALP,
HOMA-IR, FBG

Sakpal et al. (17) 2017 India R, P 51/30 37 - 40 24 VD3 Injection 600000 IU Once ALT, HOMA-IR, Insulin

Sharifi et al. (18) 2014 Iran R, D, P 27/26 18 - 70 16 VD3 Oral 50000 IU Biweekly AST, ALT, fatty liver grade, FBG,
HOMA-IR

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; C, control group; D, double blinding; FBG, fasting blood glucose; HFF, hepatic fat fraction; HOMA-IR, homeostatic model assess-
ment of insulin resistance; I, intervention group; NAS, NAFLD activity score; R, randomized control trail; P, parallel; VD3 , vitamin D3 .

Table 2. Quality Assessment of the Included Studies

Study Random
Sequence

Generation

Allocation
Concealment

Blinding Observation Bias Loss to Follow-Up Selective
Reporting

Other Bias

Barchetta et al. Yes Yes Yes No Yes No Yes

Dabbaghmanesh
et al. (9)

Yes Yes Yes No Yes No No

Foroughi et al. (11) Yes Yes Yes No Yes No Unclear

Geier et al. (12) Yes Yes Yes No Yes No No

Lorvand Amiri et
al.

Yes Yes Yes No Yes No Unclear

Mansourian
Hosseini et al. (15)

Yes No No No Yes No Yes

Sakpal et al. (17) Yes No No No Yes No Yes

Sharifi et al. Yes Yes Yes No Yes No No

3.2. Effects of VD Supplementation on Hepatic Steatosis

Five trials investigated the effect of VD supplemen-
tation on hepatic steatosis. Because of the small num-
ber of articles, with most of them being written descrip-
tions without data, the meta-analysis was not conducted.
Changes in hepatic steatosis were evaluated using liver
biopsy in 2 studies (2, 10). The pooled results reported
that VD supplementation reduced the NAFLD activity score
(NAS) and improved liver histology (10, 12). Ultrasound
echography was used to measure the grade of fatty liver in
4 studies (8, 14, 15, 18). Two of four studies found the grade
of NAFLD decreased in patients with NAFLD who received
VD supplementation (14, 15).

3.3. Effects of VD Supplementation on Liver Enzymes

We analyzed the concentration of two serum liver en-
zymes (ALT and AST). Forest plots were used to assess the
effects of oral VD supplementation (Figures 2 and 3).

All eight RCTs analyzed changes in serum ALT and
AST concentrations in individuals with NAFLD between
groups. Figures 2 and 3 reveal that the pooled ALT (WMD
= -0.052; 95% CI: -3.740, 3.636; P = 0.978) and AST (WMD =
-0.479; 95% CI: -2.791, 1.833; P = 0.685) results were no signif-
icantly different between the 2 groups. The tests for hetero-
geneity were highly significant [ALT (I2 = 84.2%, P < 0.001)
and AST (I2 = 75.7%, P < 0.001)].

Sensitivity analysis indicated that the effect of VD sup-
plementation on ALT and AST was not changed by remov-
ing any one of the studies at a time. When studies with ≥
1 high risk of bias were excluded, the overall effect size was
not significantly changed for two indicators (Appendix 1 in
Supplementary File).

Subgroup analysis revealed no differences in the types
of VD supplementation; supplementation duration; the
number of individuals with VD deficiency; and the dose,
frequency, and route of administration of VD supplements
(Table 3).
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Table 3. Pooled Effect on Alanine Aminotransferase (ALT) and Aspartate Aminotransferase (AST) in Various Subgroups

Subgroup
ALT AST

Number WMD (95% CI) I2 , % Number WMD (95% CI) I2 , %

VD type

Cholecalciferol 7 1.164 (-2.655, 4.982) 48.7 6 -0.277 (-3.190, 2.636) 59.3

Calcitriol 2 -1.847 (-8.018, 4.324) 95.1 2 -0.964 (-4.219, 2.290) 76

Population deficient
in VD

Yes 7 0.649 (-3.608, 4.907) 87.7 6 0.201 (-2.544,2.946) 81.5

No 2 -2.811 (-10.375, 4.754) 41.2 2 -3.018 (-7.160, 1.124) 15.9

Intervention time, wk

> 12 5 -0.320 (-4.855, 4.215) 91.7 5 -0.285 (-3.400, 2.831) 86.1

≤ 12 4 0.798 (-4.337, 5.933) 0.0 3 -1.215 (-4.098, 1.668) 0.0

Dose, IU

> 2100 5 1.164 (-2.655, 4.982) 0.0 4 -0.135 (-3.759, 3.490) 72.4

≤ 2100 2 1.048 (-3.798, 5.894) 65.5 2 -1.507 (-5.936, 2.921) 0.0

Frequency

Daily 3 0.085 (-2.817, 2.986) 0.0 3 -0.820 (-3.727, 2.087) 0.0

Not daily 4 0.983 (-6.157, 8.123) 66.3 3 -0.352 (-5.420, 4.716) 79.9

Method

Oral 7 -1.735 (-5.178, 1.708) 77.6 7 -1.753 (-2.835, -0.671) 9.9

Injection 2 6.417 (2.606, 10.229) 0.0 1 3.700 (1.410, 5.990) 0.0

3.4. Effects of VD Supplementation on Insulin Resistance, Glu-
cose Metabolism, and Lipid Profile

In seven articles, parameters of glucose metabolism
were described for patients with NAFLD receiving VD
supplementation. Forest plots and result analyses were
conducted independently according to different research
methods.

There was a neutral effect on fasting blood glucose
(FBG), homeostatic model assessment of insulin resistance
(HOMA-IR), and serum insulin concentrations between the
VD and placebo groups. Figure 4 displays the effects of
VD supplementation on the pooled results in patients with
NAFLD with respect to FBG (WMD = 0.466; 95% CI -5.313, -
10.879; P = 0.061), HOMA-IR (WMD = 0.380, 95% CI: -0.162,
0.923; P = 0.169), and serum insulin concentration (WMD =
0.760; 95% CI: -0.532, 2.052; P = 0.249).

The pooled high-density lipoprotein (HDL) (WMD = -
0.012; 95% CI: -0.188, 0.164; P = 0.891) and low-density
lipoprotein (WMD = -0.115; 95% CI: -3.849, -3.620; P = 0.952)
values were not significantly different between the groups
(Figure 5).

4. Discussion

This meta-analysis evaluated the effects of VD supple-
mentation on patients with NAFLD by measuring changes
in 4 indicators before and after treatment: hepatic steato-
sis, liver enzymes, glucose metabolism parameters, and
lipid profile. We found that none of these parameters were
significantly different in patients with NAFLD between the
intervention and control groups.

Low 25-hydroxyvitamin D concentration is closely asso-
ciated with NAFLD, and a previous meta-analysis indicated
that serum 25-hydroxyvitamin D concentrations in indi-
viduals with NAFLD/NASH were lower than those in indi-
viduals without NAFLD/NASH (21, 22). However, the levels
of the liver enzyme, lipid profile, and glucose metabolism
parameters were not significantly different between pa-
tients with NAFLD with VD deficiency (< 20 ng/mL), re-
ceiving VD supplementation and those receiving placebo
based on our meta-analysis. The selected studies had em-
ployed different criteria regarding serum concentration of
VD in patients with NAFLD, ranging from 15 ng/mL to 30
ng/mL. No relationship was found between the changes in
the VD level and the changes in other outcome parameters.

4 Int J Endocrinol Metab. 2020; 18(3):e97205.



Wei Y et al.

Studies identified from PubMed by predefined 
searching strategy (n = 18804) 
Studies identified from Embase by predefined 
searching strategy (n = 17599) 
Studies identified from Cochrane Library by  
predefined searching strategy (n = 9041) 

Records after duplicates removed (n = 22036) 

Excluded (n = 19365) 
Non -human studies (n = 6907) 

Non-RCT study design (n = 12458) 

Potentially relevant articles (n = 2671)  

Records excluded by screening of the 
title and abstract (n = 2429) 

Full text articles assessed for eligibility (n = 242) 

Full text articles excluded (n = 234) 
No detailed information for indicators 

(n = 96) 
No relevant outcome (n = 75) 
Due to other reasons (n = 63) 

Studies included in qualitative synthesis (n = 8) 

Studies included in qualitative synthesis (n = 8) 

Figure 1. Flow diagram of literature searching and selection

This might suggest that VD supplementation is more effec-
tive when the serum VD concentration is relatively low and
plays a minor role when the level returns to normal. Be-
cause of the small number of participants, the subgroup
analysis did not confirm this speculation, and more exper-
iments are needed to verify it. Some studies did not eval-
uate the stage of NAFLD in enrolled patients at the out-
set of the study. It is possible that VD supplementation is
more effective in the early stages of liver fibrosis but not
in the later stages (10). Of the included studies, only 1 in-
vestigated differences between the sexes in both the in-
clusion criteria and the analysis (18). We speculated that
the effects of VD supplementation may also differ with re-
spect to sex, but we could not analyze the differences be-
cause of inadequate data. In addition, the treatment du-
ration ranged from 4 weeks to 48 weeks, the dose ranged
from 800 IU to 600,000 IU, and the route and frequency
of VD administration were also different among studies.
However, subgroup analysis of the treatment duration and

dose revealed no differences. Because of various metabolic
activities, even when the same amount is administered,
the amount of active VD entering the bloodstream varies
depending on the route of administration. From the per-
spective of using VD as an adjuvant treatment for NAFLD,
future studies should explore the relationship between the
change in the amount of active VD in blood with respect to
the outcome parameters.

Ultrasound echography was used to diagnose NAFLD
and hepatic steatosis in seven trials, two of which identi-
fied decreasing hepatic steatosis and grades of fatty liver
in the VD supplementation group. Two trials were per-
formed on liver biopsies to evaluate the condition of pa-
tients with NAFLD and found that liver histology and NAS
improved in patients with NAFLD after oral VD supplemen-
tation. Liver biopsy is an approach for semiquantitative as-
sessment of NAFLD and precise evaluation of steatosis, but
its application in RCTs is limited (23). Elastography tech-
niques are widely popular in the diagnosis of chronic liver
diseases, but they are not as precise as liver biopsy because
of the inherent subjectivity in the detection of the levels of
liver inflammation and fibrosis (24). Liver biopsy remains
the gold standard of diagnosing NAFLD or NASH. We rec-
ommend using liver biopsy to definitively diagnose NAFLD
and assess the level of hepatic steatosis as far as possible.

Notably, Lorvand et al. (14), in another study, adminis-
tered 25µg/day calcitriol plus 500 mg/day calcium supple-
ments. Although this study was not included in this meta-
analysis, the results revealed that triglycerides (TG), HDL,
FBG, HOMA-IR, and serum insulin concertation changed
significantly after the intervention. Lipid profile and glu-
cose metabolism parameters and HOMA-IR levels play a
critical role in the development of NAFLD and are gener-
ally used as the secondary outcome measures for assess-
ing NAFLD severity (25). Epidemiological studies have in-
dicated that a decrease in serum calcium concentration
leads to a decrease in the number of patients with MetS
(26). Therefore, the significant difference between the in-
tervention and control groups might be due to VD and Ca
co-administration and not VD alone (14).

Della Corte et al. (10) conducted a 48-week RCT that en-
rolled 41 patients with NAFLD and VD deficiency; the pa-
tients randomly received 800 IU VD plus 500 mg docosa-
hexaenoic acid (DHA) or placebo daily following a lifestyle
intervention program comprising a reduction of 25 - 30
Kcal/kg/day and engagement in physical activity for 1 h
twice per week. They found improved NAS, reduced hep-
atic stellate cells (HSC) activation, and a near-significant de-
crease in TG and HOMA-IR in patients with VD plus Ca sup-
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NOTE: Weights are from random effects analysis

Overall  (I-squared = 84.2%, p = 0.000)

Geier (2018)

Sakpal (2017)

Dabbaghmanesh, M. H. (2018)

Mansourian (2018)

Sharifi (2014)

Study

Dabbaghmanesh, M. H. (2018)

First author (publication year)

Foroughi (2014)

Barchetta (2016)

Lorvand (2017)

-0.05 (-3.74, 3.64)

1.00 (-62.65, 64.65)

-3.00 (-15.28, 9.28)

0.00 (-3.18, 3.18)

7.00 (2.83, 11.17)

3.50 (-5.84, 12.84)

1.40 (-1.07, 3.87)

WMD (95% CI)

-7.31 (-16.62, 2.00)

0.50 (-6.64, 7.64)

-4.90 (-6.09, -3.71)

100.00

0.33

6.04

16.13

14.84

8.42

%

16.93

Weight

8.45

10.86

17.99

  
0-64.7 0 64.7

Figure 2. Forest plot for the effect of vitamin D supplementation on alanine aminotransferase

NOTE: Weights are from random effects analysis

Overall  (I-squared = 75.7%, p = 0.000)

Lorvand (2017)

Foroughi (2014)

Sharifi (2014)

Geier (2018)

Dabbaghmanesh, M. H. (2018)

Barchetta (2016)

First author (publication year)

Mansourian (2018)

Study

Dabbaghmanesh, M. H. (2018)

-0.48 (-2.79, 1.83)
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3.70 (1.41, 5.99)
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20.68
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13.46

0.40

15.11

11.83

Weight

17.52

%

13.32

  
0-38.2 0 38.2

Figure 3. Forest plot for the effect of vitamin D supplementation on aspartate aminotransferase
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NOTE: Weights are from random effects analysis

Overall  (I-squared = 61.0%, p = 0.053)

Study

Barchetta, I. (2016)

First author (publication year)

Lorvand Amiri, H. (2017)

Sakpal, M. (2017)

Sharifi, N. (2014)

0.38 (-0.16, 0.92)

-0.60 (-1.98, 0.78)

WMD (95% CI)

0.20 (0.12, 0.28)

0.40 (-0.45, 1.25)

1.18 (0.41, 1.95)

100.00

%

11.48
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43.90

21.15

23.46

  0-1.98 0 1.98

A

B

NOTE: Weights are from random effects analysis

Overall  (I-squared = 22.9%, p = 0.273)

Geier, A. (2018)

First author (publication year)

Sakpal, M. (2017)
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0.76 (-0.53, 2.05)

-8.06 (-65.93, 49.80)

WMD (95% CI)

1.30 (-1.88, 4.48)

0.20 (-0.12, 0.52)

3.10 (0.03, 6.17)

100.00

0.05
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%
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14.32
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C

Figure 4. Forest plot for the effect of vitamin D supplementation on A, fasting blood glucose; B, Homeostatic Model Assessment for Insulin Resistance; C, Insulin

plementations (10). Omega-3 fatty acids can lower liver fat
percentage and improve liver fibrosis biomarker scores in

patients with NAFLD (27). Scorletti et al. (27) reported that
15 - 16 months of supplementation with the omega-3 fatty
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Figure 5. Forest plot for the effect of vitamin D supplementation on A, high-density lipoprotein and B, low-density lipoprotein

acid DHA and eicosatetraenoic acid (EPA) significantly de-
creased serum TG concentration in patients with NAFLD.

Thus, VD supplementation in combination with omega-3
fatty acids might be a potential therapeutic strategy for

8 Int J Endocrinol Metab. 2020; 18(3):e97205.
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NAFLD.

Mansourian Hosseini et al. (15) conducted a 4-week
RCT that enrolled 82 patients with NAFLD who were ran-
domly assigned to the intervention group receiving a sin-
gle intramuscular injection of 600,000 IU cholecalciferol
or the control group receiving pearl of vitamin E (VE) 400
IU/day. Liver enzymes, NAFLD severity, HOMA-IR, FBG, and
adiponectin were significantly different between the two
groups. The effectiveness of VE, a powerful antioxidant, has
been demonstrated extensively in the treatment of NAFLD;
it can improve hepatic steatosis and inflammation in pa-
tients with NASH (28). Also, VE improved FBG, HOMA-IR,
and insulin in another RCT (29). We expect that the combi-
nation of VD and VE supplements can lead to a better effect
in the treatment of NAFLD.

A systematic review and meta-analysis on NAFLD was
published in 2017 by Tabrizi et al. (30). We have some
strengths compared with their study. We included many
studies that were published in the last 3 years, which were
from different countries. We revealed that VD plus other
nutritional elements (calcium, omega-3 fatty acids, or VE)
might be beneficial in the treatment of NAFLD, which
should be evaluated by future studies. A limitation of our
study is that the results showed high heterogeneity; sen-
sitivity analysis was conducted to explore the source of
heterogeneity. The total number of patients included was
small, which indicates that more trials are warranted to ex-
amine the relationship between VD and NAFLD-related in-
dicators.

5. Conclusions

The present meta-analysis indicates that VD sup-
plementation has no effects on liver enzymes, glucose
metabolism parameters, and lipid profile in patients with
NAFLD. However, we found potential benefits in patients
with NAFLD when VD supplementation was combined
with Ca, VE, or omega-3 fatty acid supplementation or
lifestyle intervention. More RCTs on VD supplements
alone or in combination with other therapies need to
be designed to explore the effects of VD in patients with
NAFLD.
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supplementary materials, please refer to the journal web-
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