e International Research Journal of Gastroenterology and
v Hepatology

Intornational Research
Jowmat of Gastroentarotogy
and Hopatology

IR 4(1).' 17'25, 2021; Article no.IRJGH.65415

Treatment Strategies for Nonalcoholic Fatty Liver
Disease (NAFLD) Include Lifestyle Modifications and
a Major Role of Vitamin D. A Randomized Controlled

Trial

Mohsin Jamil Khan' and Hongyan Ge"

"Department of Gastroenterology, Affiliated Hospital of Inner Mongolia University for the
Nationalities/Clinical Medical College of Inner Mongolia University for the Nationalities, Tongliao,
P.R. China.

Authors’ contributions

This work was carried out in collaboration between both authors. Author MJK designed the study,
performed the statistical analysis, wrote the protocol and wrote the first draft of the manuscript. Author
HG managed the analyses of the study. The two authors managed the literature searches. Both
authors read and approved the final manuscript.

Article Information

Editor(s):

(1) Dr. Juan Carlos Martin del Olmo, Medina del Campo Hospital, Spain.
Reviewers:

(1) Ao Zhang, New York University, USA.

(2) Domenico Ferro, University of Rome, Italy.

Complete Peer review History: http://www.sdiarticle4.com/review-history/65415

Received 02 December 2020
Accepted 09 February 2021
Published 20 February 2021

Original Research Article

ABSTRACT

Aims: hypovitaminosis D may be related to the pathogenesis of the nonalcoholic fatty liver disease
(NAFLD) and may contribute to NAFLD's development and progression. Our study aimed to
evaluate the therapeutic effects of vitamin D supplementation in patients with NAFLD.

Place and Duration of Study: Department of Gastroenterology, Affiliated Hospital of Inner Mongolia
University for the Nationalities, China, between January 2020 and September 2020.

Methods: A total number of 166 patients were randomly divided into treatment group (n=86) and
control group (n=80) with elevated levels of AST (aspartate aminotransferase) and ALT (alanine
aminotransferase) with hypovitaminosis D, with high or normal levels of T.G. (triglyceride), TCHO
(total cholesterol), LDL-C (low-density lipoprotein C), HDL-C (high-density lipoprotein C). The
treatment group received vitamin D 400 units twice a day along with lifestyle modifications as SMT
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(standard medical Treatment) (vitamin D+SMT), and the control group only received lifestyle
modifications (SMT) for 6 months. The study's primary objective was to assess an improvement in
elevated serum AST, ALT, T.G., TCHO, LDL-C, HDL-C, and the secondary purpose was to observe
whether vitamin D can improve hypovitaminosis D in the patients with NAFLD.

Results: after 6 months of the treatment with vitamin D supplementation, a significant improvement
in serum AST and ALT was observed in treatment group (vitamin D+SMT) when they were
compared with control group (SMT) as, (ALT: vitamin D+SMT, 57.635+4.882 and 57.581+4.817(u/l)
p value=0.033 vs SMT, 59.958+5.715 and 59.909+5.690(u/l) p value=0.07) and AST (AST: vitamin
D+SMT, 46.920+4.162 and 46.864+4.145(u/l) p value=0.03 vs SMT, 50.270+4.060 and
50.256+4.053(u/l) p value=0.117). An improvement in vitamin D levels were observed only in
treatment group (vitamin D+SMT) as, (VD: vitamin D+SMT, 20.985+3.732 and 21.049+3.684
(ng/ml) p value= 0.014 and SMT, 26.665+1.534 and 26.594+1.484 (ng/ml) p value=0.011).
Conclusion: In the patients with NAFLD, administration of vitamin D supplementation and lifestyle

modifications can significantly improve serum ALT, AST, and vitamin D levels.

Keywords: NAFLD (nonalcoholic fatty liver disease); NASH (nonalcoholic steatohepatitis); SMT
(standard medical Treatment); vitamin D; treatment.

1. INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is said
to be the major cause of chronic liver disease.
The disease encompasses a spectrum of clinical
and histological patterns from nonalcoholic fatty
liver (NAFL) to nonalcoholic steatohepatitis
(NASH) in later stages [1]. NAFLD can be
defined as the presence of 5% of the
macrovascular steatosis in the absence of a
secondary cause such as alcohol consumption
and drugs [2]. The global burden of NAFLD is
rising from simple steatosis to fibrosis and
hepatocellular carcinoma [3]. The global
prevalence of NAFLD was estimated as 25.24%,
with the highest prevalence in the Middle East
and South America and lowest in Africa [4].
NAFLD is said to be not only a disease among
the obese population but also occurs in lean
individuals and children [5-1]. Diagnosis of
NAFLD can be made by an ultrasound or an
elevated liver profile [6-7]. Recent studies have
shown a very close relation between NAFLD and
cardiovascular manifestations such as
atherosclerotic CV (cardiovascular) disease,
cardiac conduction system abnormalities,
ischemic stroke and left ventricular hypertrophy
[8]. Even though NAFLD is considered as a
hepatic manifestation of metabolic syndrome
(M.S.), the pathogenesis of NAFLD is not clearly
understood yet, but some animal studies have
shown an overload of primary metabolic
substrate like (glucose, fructose and fatty acid) in
the liver which leads to hepatocytes injury [1].
Recent evidence also points to the role of small
intestine  bacterial overgrowth, altered gut
microbiota and endotoxemia [9-10]. Several
treatment strategies were tried to treat NAFLD
and NASH, such as vitamin E and C,
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hepatoprotective drugs such as ursodeoxycholic
acid, pentoxifylline, orlistat, etc. [11]. And
pioglitazone, rosiglitazone, pentoxifylline (PTX)
methylxanthine  derivatives, probiotics and
silymarin which have shown a significant
reduction in liver biochemistry such as AST, ALT
[12]. Recent studies have shown a significant
relation between serum vitamin D level and
NAFLD, type 2 diabetes and metabolic syndrome
[13]. Individuals with vitamin D deficiency are
prone to have type 2 diabetes, M.S., and
impaired glucose tolerance and insulin resistance
(LR.) [14]. Active vitamin D therapy could
evaluate the development of NAFLD by inhibiting
cell senescence, i.e., by inhibiting p53-p51
signaling pathway which shows a therapeutic
potency for NAFLD in a rat model [15]. Vitamin D
supplementation along with lifestyle modification
could bring a very simple, cheap, and side effect
free approach to the candidate and may reduce
the burden of NAFLD and could prevent the
progression of the disease to NASH, and
hepatocellular carcinoma (HCC) which is said to
be the end-stage disease. Till date there are very
few randomized controlled trials of vitamin D
supplementation in a patient with NAFLD.
Therefore, we planned to study the therapeutic
effects of vitamin D along with lifestyle
modifications in a patient with nonalcoholic fatty
liver disease.

2. METHODS
2.1 Participants

A total number of 200 patients were enrolled in
this trial. Patients having elevated levels of ALT,
AST, decrease levels of vitamin D (vitamin D
level lower than <30 ng/ml) and normal or



elevated T.G., TCHO, HDL-C, LDL-C attending
gastroenterology clinic at Inner Mongolia
University for the Nationalities affiliated hospital
department of internal medicine
(gastroenterology) for a period of 1 year after
obtaining an informed consent were enrolled in
this study.

2.2 Criteria
2.2.1 Inclusion criteria

Patients age 18-70 years, Confirm diagnosis of
NAFLD by an ultrasound, Individuals with
hypovitaminosis D, Vitamin D levels <30 ng/ml ,
Elevated levels of ALT and AST, Elevated or
normal levels of T.G., TCHO, LDL-C, and HDL-C,
BMI either normal 18.5-24.9 kg/m® or above the
normal levels.

2.2.2 Exclusion criteria

Patients with alcoholic liver disease, chronic
hepatitis C, diabetes mellitus, chronic kidney
disease, congestive cardiac failure, patients
having any kind of malignancy, pregnant women,
and patients who fail to follow the study protocols
were excluded from our study.

BMI (body mass index) of the patients was
calculated as kg/m? with weight in kilograms (kg)
without any footwear and height in meters square
(m?) at erect position followed by the following
formula, as weight in kilograms/heightxheight.
(BMI was calculated According to Asian criteria-
based body mass index) [16]. Fasting blood
samples were taken from each patient and their
vitamin D, T.G., TCHO, LDL-C, HDL-C, AST and
ALT were measured. The diagnosis of NAFLD
was made by ultrasonography by detecting
hepatic steatosis.

2.3 Process

In the beginning of the trial, we had a total
number of 200 Patients with NAFLD, during the
trial 14 patients were excluded from the
treatment group due to alcohol intake during trial
and 20 patients were excluded from control
group because of the lack of convenience to
arrive in the hospital for follow up. Thus, we have
a total number of 166 patients who were involved
in this trial. The total number of patients in
treatment group was (n=86) and total number of
patients in control group was (n=80). The
treatment group received vitamin D 400 units
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twice a day along with life style modification as
SMT for the duration of 6 months and the control
group only received SMT as lifestyle
modifications, i.e., taking a low-calorie diet and
carry out exercises on a daily basis for the
duration of 6 months.

2.4 Statistical Analysis

Statistical analysis were performed using SPSS
(version 17.0). Comparison between parameters
pre- and post-vitamin D supplementation in
patients with NAFLD was made by paired group
t-test and P-value of <0.05 was considered
statistically significant.

3. RESULTS AND DISCUSSION
3.1 Results

A total number of 166 patients were randomly
divided into treatment group (n=86) and control
group (n=80) as defined in methodology. The
treatment group was treated with vitamin D+SMT
and the control group was only treated with SMT.
Both treatment and control groups were
comparable at baseline regarding age, gender,
BMI, vitamin D levels, T.G., TCHO, HDL-C, LDL-
C, ALT, and AST. The detailed information about
various parameter difference is shown in Table 1
and Table 2.

Table 3 represents changes in the various
parameters after 6 months of the Treatment.
Both of the groups were followed up after six
months, and the changes in various parameters
were evaluated after 6 months of the Treatment.
A significant improvement were observed in BMI
in both of the groups at six months (BMI: vitamin
D+SMT, 25.595+1.941 and 25.539+1.939 (kg/m?),
p value=0.013 and SMT, as 26.665+1.534 and
26.594+1.484 (kg/m®), p value=0.011). A
significant improvement were observed in serum
ALT and AST when compared with SMT group,
(ALT: vitamin D+SMT, 57.635+4.882 and
57.58114.817 (u/l), p value=0.033 and SMT,

59.958+5.715 And 59.909+5.690 (u/l), p
value=0.070 and (AST: vitamin D+SMT,
46.920+4.162 and 46.86414.145 (u/l), p

value=0.030 and SMT, 50.270+4.060 and
50.25614.053 (u/l), p value=0.117). Vitamin D
levels were only improved in treatment group
when compared with control group, vitamin D
(VD: vitamin D+SMT, 20.985+3.732 and
21.04943.684 (ng/ml) p value= 0.014 and SMT,
26.665+1.534 and 26.594+1.484 (ng/ml) p
value= 0.086). Changes in metabolic parameters
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Table 1. Description analysis of various parameters in treatment group (n=86)

Min Max Mean SD
Gender Female n (%) Male n (%)

40(46.5) 46(53.5)
Age 21 61 42.78 10.99
BMI
Baseline 19.40 28.90 25.60 1.94
At six months 19.40 28.90 25.54 1.93
VD
Baseline 15.89 28.73 20.98 3.73
At six months 16.32 28.73 21.05 3.68
TG
Baseline .79 4.46 2.77 .93
At six months .79 4.46 2.75 .93
TCHO
Baseline 1.37 7.86 4.19 1.05
At six months 1.37 7.86 4.18 1.04
HDLC
Baseline 1.09 2.79 1.48 .31
At six months 1.09 2.79 1.46 .31
LDLC
Baseline 1.23 4.69 3.52 .75
At six months 1.23 4.67 3.52 .75
ALT
Baseline 42.70 68.40 57.63 4.88
At six months 42.70 68.40 57.58 4.82
AST
Baseline 20.70 56.60 46.92 4.16
At six months 20.70 55.30 46.86 4.14

Data are presented in this table as Mean + S.D. and n (%). BMI (body mass index), V.D. (vitamin D), T.G.
(triglyceride), TCHO (total cholesterol), HDL-C (high-density lipoprotein C), LDL-C (low-density lipoprotein C),
ALT (alanine aminotransferase), AST (aspartate aminotransferase)

were observed in both groups as, (TG: vitamin
D+SMT, 2.766+0.927 and 2.751+0.934 (mmol/l)
p value=0.012 and SMT, 2.307+0.865 and
2.29240.842 (mmol/l) p value=0.043). (TCHO:
vitamin D+SMT, 4.194+1.046 and 4.189+1.040
(mmol/l) p value=0.019 and SMT, 5.027+0.808
and 5.021+0.804 (mmol/l) p value=0.021). (HDL-
C: vitamin D+SMT, 1.476+0.305 and
1.464+0.308 (mmol/l) p value=0.019 and SMT,

1.608+0.195 and 1.595+0.178 (mmol/ll) p
value=0.023). (LDL-C: vitamin D+SMT,
3.516+0.754 and 3.512+0.752 (mmol/l) p
value=0.022 and SMT, 3.550+0.408 and

3.534+0.402 (mmol/l) p value=0.026). Our results
have demonstrated that vitamin D helps improve
liver biochemistry and vitamin D levels itself in
NAFLD subjects. Of the metabolic parameters
like T.G., TCHO, HDL-C, LDL-C changes were
observed in both of the groups, which suggests
that lifestyle interventions like diet control and
physical activity might be helpful to maintain
metabolic parameters and BMI in the patients
with NAFLD.
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3.2 Discussion

This study is the first form of a randomized
controlled ftrial in the department of internal
medicine and gastroenterology in the affiliated
hospital of Inner Mongolia University for the
Nationalities. This study was designed to
observe the therapeutic effects of vitamin D in
NAFLD subjects. The results of our study
suggest a very positive therapeutic effect of
vitamin D on liver biochemistry and vitamin D
levels were also improved in the subjects with
NAFLD.

Vitamin D deficiency is a global health problem
that affects more than 1 billion individuals
worldwide [17]. Vitamin D deficiency is highly
prevalent in china in older age adults when it was
compared with the U.S. elderly population [18].
Vitamin D deficiency is common in all age groups
including postmenopausal women around the
world [19]. The prevalence of hypovitaminosis D
in northeast central china was estimated as 69%



in men and 75% in women, and it's more
common in winter [20]. There is a very significant
relationship between low vitamin D levels,
NAFLD, and NASH due to its "pleiotropic"
functions and a role in cell differentiation and
proliferation, regulation of inflammation, and
immune modulation [21]. The primary role of
vitamin D in the regulation of bone metabolism
and calcium hemostasis and it plays a very
significant role against liver fibrogenesis. The
exact mechanism of vitamin D action in
improving liver fibrosis still remains unknown, but
it has been hypothesized that vitamin D
possesses an anti-fibrotic activity on hepatic
stellate cells through vitamin D receptor-
mediated specific signal transduction pathways,
which leads to inhibit the expression of pro-fibro
genic genes [22]. A recent study has evaluated a
relationship between low serum vitamin D levels
and liver fibrosis in biopsy-proven NAFLD where
serum vitamin D levels were <20 ng/mL among
all NAFLD subjects and was independently
associated with biopsy-proven NAFLD [23]. A
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clinical study shows a very significant
relationship between low vitamin D levels and
NAFLD in children age between 2-18 years in a
biopsy-proven NAFLD where vitamin D levels
were categorized as, deficient (£ 20 ng/mL),
insufficient (21-29 ng/mL), and sufficient (= 30
ng/mL) [24]. A cohort of biopsy-proven NAFLD
subjects shows a high prevalence of
hypovitaminosis D in 193 out of 234 subjects [25].

The role of bile acids in the disease progression
of NAFLD cannot be avoided, as bile acids
regulate metabolism and inflammation through
nuclear farnesoid X receptor (FXR) and the
Takeda G protein-coupled receptor 5 (TGRS5),
where these receptors are the activators of
transcriptional networks and signaling cascades
which controls the expression of the genes which
are involved in lipid, bile acid, carbohydrate
metabolism and inflammation regulation [26].
The animal model study suggests that vitamin D
treatment in rates increases the hepatic portal
bile acid concentration, which elevates the

Table 2. Description analysis of various parameter in control group(n=80)

Min Max Mean SD
Female n (%) Male n (%)

Gender 38(47.5) 42(52.5)
Age 21 58 43.53 10.25
BMI
Baseline 22.40 29.60 26.67 1.53
At six months 22.40 28.80 26.59 1.48
VD
Baseline 16.34 28.92 21.84 3.52
At six months 16.34 28.92 21.86 3.52
TG
Baseline 1.22 4.46 2.31 .86
At six months 1.22 4.44 2.29 .84
TCHO
Baseline 1.44 6.22 5.03 .81
At six months 1.44 6.22 5.02 .80
HDLC
Baseline 1.22 2.29 1.61 .19
At six months 1.22 2.29 1.59 .18
LDLC
Baseline 2.26 4.48 3.55 41
At six months 2.26 4.48 3.53 40
ALT
Baseline 51.4 68.9 59.96 5.72
At six months 514 68.9 59.91 5.69
AST
Baseline 42.4 57.4 50.27 4.06
At six months 42 .4 57.4 50.26 4.05

Data are presented in this table as Mean + S.D. and n (%). BMI (body mass index), V.D. (vitamin D), T.G.
(triglyceride), TCHO (total cholesterol), HDL-C (high-density lipoprotein C), LDL-C (low-density lipoprotein C),
ALT (alanine aminotransferase), AST (aspartate aminotransferase)
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Table 3. Changes in various parameter after 6 months of Treatment in SMT + Vitamin D (n=86)
and SMT (n=80) groups

Paired difference

Characteristic Baseline At six months  Mean*SD t- value p- value
(meanSD) (meantSD)

BMI(kg/m2)

SMT+Vitamin D 25.595+1.941 25.539+1.939 0.056+.205 2.525 .013

SMT 26.665+1.534 26.594+1.484 0.071+.243 2.617 .011

VD(ng/ml)

SMT+Vitamin D 20.985+3.732 21.049+3.684 .637+.235 2.515 .014

SMT(n=80) 21.845+3.521 21.870%3.517 .025+.130 1.737 .086

TG(mmol/l)

SMT+Vitamin D 2.766+.927 2.751+.934 .014+.052 2.554 .012

SMT 2.307+.865 2.292+.842 .015+.063 2.061 .043

TCHO(mmol/l)

SMT+Vitamin D 4.194+-1.046 4.189+1.040 .012+.045 2.490 .019

SMT 5.027+.808 5.021+.804 .009+.036 2.388 .021

HDL-C(mmol/l)

SMT+Vitamin D 1.476+.305 1.464+.308 .012+.046 2.391 .019

SMT 1.608+.195 1.595+.178 .013£.049 2.320 .023

LDL-C(mmol/l)

SMT+Vitamin D 3.516+.754 3.512+.752 .013+.046 2.342 .022

SMT 3.550+.408 3.534+.402 .016+.064 2.265 .026

ALT(u/l)

SMT+Vitamin D 57.635+4.882 57.581+4.817 .535+.228 2172 .033

SMT 59.95845.715 59.90945.690 .049+.237 1.839 .070

AST(u/l)

SMT+Vitamin D 46.920+4.162 46.864+4.145 .056+.234 2.208 .030

SMT 50.27044.060 50.256%4.053 .014+.078 1.586 17

BMI (body mass index), V.D. (vitamin D), T.G. (triglyceride), TCHO (total cholesterol), HDL-C (high-density
lipoprotein C), LDL-C (low density lipoprotein C), ALT (alanine aminotransferase), AST (aspartate
aminotransferase). * P-value <0.05 was considered as statistically significant

expression of farnesoid X receptors thus leads to
decrease lipogenesis and prevent the
development of NAFLD [27].

A clinical trial with vitamin D supplementation in
patients with NAFLD demonstrated a significant
reduction in serum alkaline phosphatase (P <
0.05) and gamma-glutamyl transferase [28].
While another pilot study also has demonstrated
the effect of vitamin D on liver biochemistry over
the Treatment of 48 weeks, there was a
significant improvement in serum ALT in the
patients with histologically proven NASH [29]. As
there are limited data available regarding the
therapeutic effects of vitamin D in the subjects
with NAFLD and NASH, most of the data comes
from animal model studies [30].

Results of our trial suggested that vitamin D
supplementation has a major role in NAFLD
subjects. Vitamin D supplementation along with
lifestyle modifications has a significant effect on
liver biochemistry. A significant improvement was
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observed in serum ALT and AST and vitamin D
levels were also improved in the treatment group
when they were compared with the control group.
As aminotransferases are the key indicators of
hepatic inflammation and hepatocytes injury,
both acute and chronic liver injury can lead to an
elevated level of AST and ALT [31]. Recent
studies have revealed a relation between vitamin
D, serum ALT, and AST. A large number of 988
individuals with elevated levels of serum AST
and ALT were treated with a high dose of vitamin
D (50,000IU) and a very significant reduction was
observed in serum AST and ALT [32]. Thus,
vitamin D supplementation improves liver
biochemistry and improves oxidative stress, and
prevents hepatocytes injury. Apart from liver
biochemistry, our study has demonstrated a
significant improvement in the BMI of the patients
in both groups. Other metabolic parameters like,
T.G., TCHO, HDL-C, and LDL-C have shown an
improvement in both groups, which suggests that
the treatment group was not superior to the
control group in terms of BMI, T.G., TCHO, HDL-



C, and LDL-C. Improvement in T.G., TCHO,
HDL-C, and LDL-C might be due to diet control
and physical activity.

The limitations of our study were that the
diagnosis of NAFLD was made by ultrasound
with the presence of significant liver fat, elevated
AST, ALT, and elevated or normal levels of blood
T.G., TCHO, HDL-C, and LDL-C which suggests
hyperlipidemia in patients with NAFLD.
There was no biopsy and histological evaluation
of the disease. The dose of vitamin D (4001U)
twice a day was not standardized, so the
adequacy of vitamin D cannot be assessed in the
patients.

4. CONCLUSION

Our study demonstrated that hypovitaminosis D
is very common in patients with NAFLD, and it is
also common in children, adults, and older ages.
Vitamin D supplementation is safe in patients
with NAFLD and it leads to a decrease in an
elevated level of AST, ALT, and improve vitamin
D levels in patients with NAFLD. Hypovitaminosis
D is very common in the patients with NAFLD,
and it is also common in children, adults and
older ages. Vitamin D supplementation is safe in
the patients with NAFLD and it leads to decrease
an elevated level of AST, ALT, and improves
vitamin D levels in patients with NAFLD.

CONSENT

All authors declare that ‘written informed consent
was obtained from the patient for publication of
this article. A copy of the written consent is
available for review by the Editorial office/Chief
Editor/Editorial Board members of this journal.

ETHICAL APPROVAL

All authors hereby declare that all experiments
have been examined and approved by the
appropriate ethics committee and have therefore
been performed in accordance with the ethical
standards laid down in the 1964 Declaration of
Helsinki.

ACKNOWLEDGEMENTS

This study was supported by the Inner Mongolia
University for the Nationalities, Medical College
of Inner Mongolia University for the Nationalities,
Tongliao, and P.R China. The authors are warmly
thankful to participants and all the personnel who

Khan and Ge; IRJGH, 4(1): 17-25, 2021; Article no.IRJGH.65415

23

provided assistance in collecting the data in the
Department of Internal Medicine and
Gastroenterology.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

Neuschwander-Tetri BA. Nonalcoholic fatty
liver disease. BMC Medicine.
2017;15(1):45.

Maurice J, Manousou P. Non-alcoholic
fatty liver disease. Clinical Medicine
(London). 2018;18(3):245-250.

El-Agroudy NN, Kurzbach A, Rodionov RN
et al. Are lifestyle therapies effective for
NAFLD treatment? Trends Endocrinol
Metab. 2019;30(10):701-709.

Younossi ZM, Koenig AB, Abdelatif D et al.
Global epidemiology of nonalcoholic fatty
liver disease-meta-analytic assessment of
prevalence, incidence, and outcomes.
Hepatology. 2016;64(1):73-84.

Tanaka N, Kimura T, Fujimori N et al.
Current status, problems, and perspectives
of nonalcoholic fatty liver disease research.
World Journal of Gastroenterol.
2019;25(2):163-177.

Schwenger KJ, Allard JP. Clinical
approaches to nonalcoholic fatty liver
disease. World Journal of Gastroenterol.
2014;20(7):1712-1723.

Patil R, Sood GK. Nonalcoholic fatty liver
disease and cardiovascular risk. World
Journal of Gastrointestinal
Pathophysiology. 2017;8(2):51-58.

Tana C, Ballestri S, Ricci F et al
Cardiovascular risk in nonalcoholic fatty
liver disease: Mechanisms and therapeutic
implications. International Journal of
Environmental Research Public Health.
2019;16(17):3104.

Houghton D, Stewart CJ, Day CP, Trenell
M. Gut Microbiota and Lifestyle
Interventions in NAFLD. International
Journal of Molecular Sciences.
2016;17(4):447.

Leung C, Rivera L, Furness JB, Angus PW.
The role of the gut microbiota in NAFLD.
Nature Reviews Gastroenterology and
Hepatology. 2016;13(7):412-425.

10.



1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Ahmed IA, Mikail MA, Mustafa MR et al.
Lifestyle interventions for nonalcoholic
fatty liver disease. Saudi Journal
of Biological Sciences. 2019;26(7):1519-
1524.

Mahjoubin-Tehran M, De-Vincentis A,
Mikhailidis DP et al. Nonalcoholic fatty
liver disease and steatohepatitis: State of
the art on effective therapeutics
based on the gold standard method for
diagnosis. Molecular Metabolism. 2020;
101049.

Lee |, Park E, Cho J. Association of
nonalcoholic fatty liver disease with serum
vitamin D levels in combination of physical
fitness in Korean older adults. Journal of
Steroid Biochemistry and Molecular
Biology. 2019;198:105569.

Zadie B, Tadesse S, Wolide AD et al. Non-
alcoholic fatty liver disease and associated
factors among type 2 diabetic patients in
Southwest Ethiopia. Ethiopian
Journal of Health Development. 2018;
28(1):19-30.

Ma M, Long Q, Chen F et al. Active vitamin
D impedes the progression of nonalcoholic

fatty liver disease by inhibiting cell
senescence in a rat model. Clinical
Research Hepatol Gastroenterol.

2020;44(4):513-523.

WHO Expert Consultation. Appropriate
body-mass index for Asian populations and
its implications for policy and intervention

strategies. Lancet. 2004;363(9403):157-
163.

Holick MF. The vitamin D deficiency
pandemic: Approaches for diagnosis,
treatment and prevention. Review in
Endocrine Metabolic Disorders.

2017;18(2):153-165.

Wei J, Zhu A, Ji JS. A comparison study of
vitamin D deficiency among older adults in
China and the United states. Sci Rep.
2019;9(1):19713.

Antonucci R, Locci C, Clemente MG et al.
Vitamin D deficiency in childhood: Old
lessons and current challenges. Journal of
Pediatric Endocrinol Metab.
2018;31(3):247-260.

Yan X, Zhang N, Cheng S et al. Gender
differences in vitamin D status in China.
Medical Science Monitor. 2019;25:7094-
7099.

Pacifico L, Osborn JF, Bonci E et al.
Association between vitamin D Levels

Khan and Ge; IRJGH, 4(1): 17-25, 2021; Article no.IRJGH.65415

24

22.

23.

24,

25.

26.

27.

28.

290.

30.

and nonalcoholic fatty liver disease:
Potential confounding variables. Mini-
Reviews in Medical Chemistry.
2019;19(4):310-332.

Udomsinprasert w, Jittikoon J.
Vitamin D and liver fibrosis: Molecular
mechanisms and clinical studies.

Biomed Pharmacotherapy. 2019;109:1351-
1360.

Arai T, Atsukawa M, Tsubota A, et al.
Association of vitamin D levels and
vitamin D-related gene polymorphisms
with liver fibrosis in patients with biopsy-
proven nonalcoholic fatty liver disease.
Digestive and Liver Disease.
2019;51(7):1036-1042.

Hourigan SK, Abrams S, Yates K et al.
Relation between vitamin D status and
nonalcoholic fatty liver disease in children.
Journal of Pediatric Gastroenterol Nutrition.
2015;60(3):396-404.

Yoshi T, Orkin S, Arce-Clachar AC et al.
Vitamin D deficiency: Prevalence and
association with liver disease severity in
pediatric nonalcoholic fatty liver disease.
European Journal of Clinical Nutrition.
2020;74(3):427-435.

Chavez-Talavera O, Tailleux A, Lefebvre P,
Staels B. Bile acid control of metabolism
and inflammation in obesity, type 2
diabetes, dyslipidemia, and nonalcoholic
fatty liver disease. Gastroenterology.
2017;152(7):1679-1694.

Chow EC, Maeng HJ, Liu S et al. 1Alpha,
25-dihydroxy vitamin D(3) triggered vitamin
D receptor and farnesoid X receptor-like
effects in rat intestine and liver in vivo.
Biopharma Drug Dispose. 2009;30(8):457-
475.

Dabbaghmanesh MH, Danafar F,
Eshraghian A, Omrani GR. Vitamin D

supplementation for the treatment of
nonalcoholic fatty liver disease: A
randomized double-blind placebo-

controlled trial. Diabetology and Metabolic
Syndrome. 2018;12(4):513-517.

Geier A, Eichinger M, Stirnimann G et al.
Treatment of nonalcoholic steatohepatitis
patients with vitamin D: A double-blinded,
randomized, placebo-controlled pilot study.
Scandinavian Journal of Gastroenterol.
2018;53(9):1114-1120.

Sakpal M, Satsangi S, Mehta M et al.
Vitamin D supplementation in patients with
nonalcoholic fatty liver disease: A



Khan and Ge; IRJGH, 4(1): 17-25, 2021; Article no.IRJGH.65415

randomized controlled trial. JGH Open. 32. Tavakoli H, Rostami H, Avan A et al. High

2017;1(2):62-67. dose vitamin D supplementation is

31. Giannini EG, Testa R, Savarino V. Liver associated with an improvement in serum
enzyme alteration: A guide for clinicians. markers of liver function. Bio Factors.
CMAJ. 2005;172(3):367-379. 2019;45(3):335-342.

© 2021 Khan and Ge; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/65415

25



