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Abstract
Background: Nonalcoholic steatohepatitis (NASH) is the progressive form of NAFLD, a common cause of liver disease,
with increased chance of progression to liver fibrosis, cirrhosis, and hepatocellular carcinoma. Circulating leptin is
increased in patients with NASH. It is an independent positive predictor of the severity of hepatic steatosis. Vitamin D is
a lipophilic molecule essential to maintain calcium and phosphate balance. Moreover, it has antifibrotic,
antiproliferative, and anti-inflammatory effects on the liver. Vitamin D deficiency is a worldwide condition and very
common in patients with NASH. Low serum vitamin D has been shown to predispose to intrahepatic lipid
accumulation leading to NAFLD. The aim of this study was to investigate the association of vitamin D supplementation
with serum leptin and metabolic parameters in Egyptian patients with non-alcoholic steatohepatitis
Results: Patients with NASH group had statistically significant higher values of diastolic blood pressure (94.3 ± 11.9
mmHg, p < 0.0001), glycated hemoglobin (8.0 ± 2.4%, p < 0.0001), fasting blood sugar (165.6 ± 62.0 mg/dL, p < 0.0001),
fasting insulin level (24.2 ± 3.0 μU/ml, p < 0.0001), homeostatic model assessment of insulin resistance (HOMA-IR) (1.8 ±
0.7, p < 0.0001), alanine transferase (ALT) (78.2 ± 36.7 U/L, p < 0.0001), aspartate transferase (AST) (108.6 ± 85.6 U/L, p <
0.0001), NAFLD fibrosis score (− 0.78 ± 0.9, p < 0.0001), total cholesterol (233.0 ± 40.9 mg/dL, p = 0.0011), low-density
lipoprotein (117.5 ± 41.6 mg/dL, p = 0.0084), and triglycerides (229.7 ± 62.1 mg/dL, p < 0.0001) than the control group.
Moreover, they had lower serum vitamin D level (15.6 ± 6.6 ng/ml, p = 0.0004) and higher serum leptin level (35.9 ±
28.4 ng/ml, p < 0.0001) than the control group. Following vitamin D supplementation, there was a statistically
significant reduction in HbA1c (6.8 ± 1.3%, p = 0.0055), fasting blood sugar (136.1 ± 32.7 mg/dL, p = 0.0094), fasting
insulin level (22.9 ± 1.8 μU/ml, p = 0.0236), HOMA-IR (1.4 ± 0.4, p = 0.0026), ALT (55.3 ± 21.3 U/L, p = 0.0010), AST (73.1
± 54.2 U/L, p = 0.0297), and triglycerides (203.6 ± 49.8 mg/dL, p = 0.0415) in patients with NASH. There was a
statistically significant increase in serum vitamin D level (33.0 ± 7.6 ng/ml, p < 0.0001) and decrease in serum leptin
level (23.5 ± 12.9 ng/ml, p = 0.0140) after treatment.
(Continued on next page)
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Conclusions: Vitamin D supplementation in patients with NASH in a dose of 4000 IU/day for 12 weeks improves
severity of hepatic inflammation, decreases insulin resistance, improves glycemic control, corrects dyslipidemia, and
protects against lipotoxicity by inhibition of serum leptin.
Keywords: Vitamin D, Nonalcoholic fatty liver disease, Nonalcoholic steatohepatitis, Leptin

Background
Nonalcoholic fatty liver disease (NAFLD) is considered
as the most common cause of liver disease [1]. It is a
condition histologically characterized by macrovesicular
hepatic steatosis in individuals who do not consume alcohol in amounts generally considered to be harmful to
the liver [2]. It is a broad term consisting of patients
with simple steatosis or nonalcoholic fatty liver (NAFL)
at one end of the spectrum, nonalcoholic steatohepatitis
(NASH), NASH-related cirrhosis, and hepatocellular carcinoma (HCC) at the other end [3].
NAFLD is reported to be associated with other systemic diseases, such as cardiovascular diseases, insulin
resistance (IR), obesity, dyslipidemia, and metabolic syndrome (MS) [4]. The prevalence of NAFLD is increasing
and has been estimated to be between 10 and 30%
worldwide [5].
Nonalcoholic steatohepatitis (NASH) is the progressive
form of NAFLD characterized by lobular inflammation,
hepatocyte degeneration, and ballooning, under the condition of macrovesicular hepatic steatosis. The danger of
this specific form of NAFLD is expressed by its increased chance of progressing to liver fibrosis, cirrhosis,
and hepatocellular carcinoma [6].
Leptin is a 167-amino acid protein produced by adipocytes in the hypothalamus [7]. Leptin is proportionally
released to the amount of fat stored in the white adipose
tissue and acts in hypothalamic suppression of food intake and increase in energy expenditure [8]. Circulating
leptin is increased in both men and women with NASH.
Serum leptin is an independent positive predictor of the
severity of hepatic steatosis [9].
Vitamin D is a lipophilic molecule essential to maintain calcium and phosphate balance and osteometabolic
system regulation [10]. Vitamin D also has antifibrotic,
antiproliferative, and anti-inflammatory effects on the
liver [11].
Vitamin D deficiency is also a worldwide condition
and is present in approximately 30–60% of the general
adult population [12]. Vitamin D-deficient individuals
are more likely to develop alterations in glucose metabolism, such as impaired glucose tolerance, metabolic
syndrome (MS), and type 2 diabetes mellitus (DM) [13].
Vitamin D levels have been reported to be inversely related with fasting glucose concentrations [14], adiposity
[15], and blood pressure [16]. Low serum vitamin D has

been shown to predispose to intrahepatic lipid accumulation leading to NAFLD as vitamin D is capable of reducing free fatty acid (FFA)-induced insulin resistance
(IR) both in peripheral tissues and in hepatocytes [17].
Because NAFLD and vitamin D deficiency have similar
risks for cardiovascular disease, insulin resistance, and
metabolic syndrome in epidemiologic studies, there have
been many reports debating a potential association between NAFLD and vitamin D deficiency [18].
Vitamin D substitution thus may represent a simple,
cheap, and almost side effect-free approach to reduce
the burden of end-stage liver failure and liver cancer in
NASH as medical interventions with proven long-term
efficacy are still lacking [19]. Vitamin D may influence
hepatocytes and non-parenchymal hepatic cells (hepatic
stellate cells, Kupffer cells) in NASH via metabolic, antiinflammatory, and anti-fibrotic effects [20]. Several inflammatory cytokines, such as interleukin-6 (IL-6),
tumor necrosis factor alpha (TNF-α), and IL-1β, and adipokines, such as adiponectin and leptin, may participate
in these reactions [21].
The aim of this study was to investigate the association
of vitamin D supplementation with serum leptin and
metabolic parameters in Egyptian patients with nonalcoholic steatohepatitis.

Methods
This study was carried out in the Hepatology and
Gastroenterology Department, Faculty of Medicine, Ain
Shams University. The study included 40 patients with
NASH referred to the hepatology clinic during the
period between January 2019 and June 2019 in addition
to 40 age- and sex-matched healthy individuals which
were taken as the control group. All participants agreed
to the study conditions and provided a written informed
consent before enrollment in this study.
Inclusion criteria for patients with NASH included age
more than 16 years, either total abstainers or consumption of less than 20 gm of alcohol per day, ultrasound
showing features of steatosis, raised serum ALT level
more than 40 IU/L for at least 6 months before enrollment in the study, negative viral markers (hepatitis B
surface antigen and anti-hepatitis C virus), negative
autoimmune markers (antinuclear antibody, anti-smooth
muscle antibody, and antimitochondrial antibody), normal ceruloplasmin level, and normal iron workup
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(serum iron, total iron-binding capacity, ferritin, and
transferrin saturation).
Exclusion criteria included pregnant females, patients
with history of drug intake likely to cause NASH (e.g.,
corticosteroids, hormone replacement therapy, and nonsteroidal anti-inflammatory drugs (NSAIDs)), patients
with history of gastric bypass or extensive small bowel
resection, and those with clinical, laboratory, and imaging features of acute hepatitis or liver cirrhosis. Moreover, patients with renal, respiratory, or cardiac failure
and those who took vitamin D supplementation within
3 months prior to enrollment were excluded from the
study.
All individuals participating in the study were subjected to complete medical history, full clinical examination, measurement of body weight (kg), height (m),
BMI (kg/m2), pelvi-abdominal U/S, complete blood
count (CBC), liver function tests (AST, ALT, total bilirubin, alkaline phosphatase, gamma glutamyl transferase,
albumin), hepatitis markers (HBsAg and HCVAb), fasting blood sugar (mg/dl), fasting insulin level (mU/L),
serum glycated Hb (HbA1c) (%), serum creatinine (mg/
dl), complete lipid profile (cholesterol (mg/dl), triglycerides (mg/dl), LDL (mg/dl), and HDL (mg/dl), and
homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated using the formula (fasting
plasma insulin (mU/L) × fasting plasma glucose (mmol/
L)/22.5) [21]; NAFLD fibrosis score was calculated using
the formula (− 1.675 + 0.037 × age (year) + 0.094 × BMI
(kg/m2) + 1.13 × impaired fasting glucose (IFG)/diabetes
(yes = 1, no = 0) + 0.99 × AST/ALT ratio − 0.013 ×
platelet (× 109/L) − 0.66 × albumin (g/dL) [22], serum
level of vitamin D (25-hydroxyvitamin D) (ng/mL), and
serum level of leptin (ng/ml).
Vitamin D (25-hydroxyvitamin D) was measured by
radioimmunoassay (vitamin D total, Roche Diagnostics, Mannheim, German) according to the manufacturer’s instructions. An electrochemiluminescence
binding assay was performed using Elecsys immunoassay analyzers, with measurement ranging from 3.00
to 70.0 ng/mL. Vitamin D status was defined based
on the traditional classifications of “deficient” (< 20
ng/mL), “insufficient” (20–30 ng/mL), and “sufficient”
(> 30 ng/mL) [23].
Quantitative determination of serum human leptin
was performed using AssayMax Human Leptin ELISA
Kit supplied by Assaypro LLC (Catalog No. EL2001-1).
The AssayMax Human Leptin ELISA (Enzyme-Linked
Immunosorbent Assay) kit was designed for detection of
human leptin in plasma, serum, and cell culture samples.
This assay employed a quantitative sandwich enzyme
immunoassay technique. The reference value in normal
weight/control subjects was 0.7–5.3 ng/ml in males and
3.3–18.3 ng/ml in females.
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Patients with NASH were given vitamin D3 (cholecalciferol) supplements. The supplementation procedure
for vitamin D3 was set at a 4000 IU per day with main
meal for 12 weeks. To examine the possible toxicity and
hypervitaminosis that might arise from taking vitamin D
supplements, serum concentrations of calcium at study
baseline and end will be quantified. All anthropometric
measurements, imaging studies, and laboratory blood
tests were repeated after the end of treatment.

Statistical analysis
This is a prospective cohort study, where the researchers
conceive and design the study, recruit subjects, and collect background data on all subjects before enrollment
in the study. Data collection in this study was done using
paper questionnaire and checklists in addition to physical examinations and observations during interviews
with the subjects.
Data were collected, revised, coded, and entered into
the statistical package for social science (IBM SPSS, version 20, Chicago, USA). Data was described as mean ±
standard deviation for quantitative variables and as
number and percentage for qualitative variables. The
comparison between two independent groups with
quantitative data and parametric distribution was carried
out by using the independent t test. The probability of
error (p) was expressed as follows: p value more than
0.05: nonsignificant, p value less than or equal to 0.05:
significant, and p value less than 0.01: highly significant.
Results
Forty patients with NASH were enrolled in this study in
addition to forty age- and sex-matched healthy individuals which were taken as control. The NASH group included 21 (52.5%) men and 19 (47.5%) women while the
control group included 24 (60%) men and 16 (40%)
women. The mean age was 35.2 ± 7.0 years in the NASH
group and 34.3 ± 8.2 years in the control group (p =
0.5899). The demographic and characteristic data are
listed in Table 1. The mean weight and BMI were 106.3
± 15.6 kg and 35.7 ± 5.7 kg/m2 in the NASH group and
82.2 ± 8.2 kg and 27.5 ± 2.5 kg/m2 in the control group
respectively with a high statistically significant difference
between both groups (p < 0.0001).
Subjects in the NASH group had higher levels than
the control group as regards the following parameters:
mean value in the NASH group/control group, diastolic
blood pressure (94.3 ± 11.9/79.3 ± 11.2 mmHg), HbA1c
(8.0 ± 2.4/5.2 ± 0.6%), fasting blood sugar (165.6 ± 62.0/
101.7 ± 22.9 mg/dL), fasting insulin level (24.2 ± 3.0/17.0
± 2.3 μU/ml), HOMA-IR (1.8 ± 0.7/0.8 ± 0.2), ALT (78.2
± 36.7/29.9 ± 8.3 U/L), AST (108.6 ± 85.6/25.5 ± 7.5 U/
L), NAFLD fibrosis score (− 0.78 ± 0.9/− 3.0 ± 1.6), total
cholesterol (233.0 ± 40.9/201.9 ± 41.53 mg/dL), LDL
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Table 1 Demographic, laboratory, and metabolic parameters of patients with the NASH and control groups
Characteristics

NASH

Control

t value

p value

Significance

Age (years)

35.2 ± 7.0

34.3 ± 8.2

0.5412

0.5899

NS

Male

21 (52.5%)

24 (60%)

Female

19 (47.5%)

16 (40%)

Weight (kg)

106.3 ± 15.6

82.2 ± 8.2

8.6455

< 0.0001

HS

Height (meter)

1.7 ± 0.08

1.7 ± 0.1

0.0156

0.9876

NS

BMI (kg/m2)

35.7 ± 5.7

27.5 ± 2.5

8.3947

< 0.0001

HS

DBP (mmHg)

94.3 ± 11.9

79.3 ± 11.2

5.8312

< 0.0001

HS

Hepatomegaly

20 (50%)

2 (5%)

HbA1c (%)

8.0 ± 2.4

5.2 ± 0.6

7.2677

< 0.0001

HS

Hemoglobin (gm/dL)

13.5 ± 1.5

13.2 ± 1.3

0.8487

0.3986

NS

Platelet (× 103/μL)

288.5 ± 114.9

322.1 ± 118.7

1.2836

0.2031

NS

FBS (mg/dL)

165.6 ± 62.0

101.7 ± 22.9

6.1141

< 0.0001

HS

Fasting insulin (μU/ml)

24.2 ± 3.0

17.0 ± 2.3

12.1379

< 0.0001

HS

HOMA-IR

1.8 ± 0.7

0.8 ± 0.2

8.8731

< 0.0001

HS

Creatinine (mg/dL)

0.9 ± 0.2

0.9 ± 0.3

2.6252

0.8252

NS

ALT (U/L)

78.2 ± 36.7

29.9 ± 8.3

8.1260

< 0.0001

HS

AST (U/L)

108.6 ± 85.6

25.5 ± 7.5

6.1183

< 0.0001

HS

Albumin (gm/dL)

3.8 ± 0.8

4.6 ± 0.6

4.7217

< 0.0001

HS

NAFLD fibrosis score

− 0.78 ± 0.9

− 3.0 ± 1.6

7.8602

< 0.0001

HS

TCHOL (mg/dL)

233.0 ± 40.9

201.9 ± 41.53

3.3796

0.0011

HS

LDL (mg/dL)

117.5 ± 41.6

95.35 ± 31.1

2.7022

0.0084

HS

HDL (mg/dL)

48.5 ± 7.59

64.58 ± 8.2

9.1398

< 0.0001

HS

Triglycerides (mg/dL)

229.7 ± 62.1

142.9 ± 36.3

7.6224

< 0.0001

HS

ALP (mg/dL)

70.4 ± 7.3

58.2 ± 6.9

7.6925

< 0.0001

HS

GGT (U/L)

43.3 ± 24.5

25.1 ± 7.1

4.5140

< 0.0001

HS

Total bilirubin (mg/dL)

1.1 ± 0.4

1.1 ± 1.1

0.2240

0.8234

NS

Vitamin D (ng/ml)

15.6 ± 6.6

21.0 ± 6.5

3.7323

0.0004

HS

Leptin (ng/ml)

35.9 ± 28.4

10.1 ± 1.8

5.7407

< 0.0001

HS

(117.5 ± 41.6/95.35 ± 31.1 mg/dL), triglycerides (229.7 ±
62.1/142.9 ± 36.3 mg/dL), alkaline phosphates (70.4 ±
7.3/58.2 ± 6.9 mg/dL), and gamma glutamyl transferase
(43.3 ± 24.5/25.1 ± 7.1 U/L) with significant statistical
difference between both groups (p < 0.0001).
Twenty patients (50%) in the NASH group had hepatomegaly by abdominal ultrasonography in comparison
to two subjects (5%) in the control group. There was no
significant difference between the two groups regarding
serum hemoglobin concentration, platelet count, serum
creatinine, and total bilirubin.
Serum albumin level and HDL were significantly higher
(p < 0.0001) in the control group (4.6 ± 0.6 gm/dL, 64.58
± 8.2 mg/dL respectively) than in patients with NASH (3.8
± 0.8 gm/dL, 48.5 ± 7.59 mg/dL respectively).
There was a statistically significant difference (p <
0.0001) between both groups as regards serum level of
vitamin D and serum leptin. Patients with NASH had

lower serum vitamin D level (15.6 ± 6.6 ng/ml) and
higher serum leptin level (35.9 ± 28.4 ng/ml) than the
control group where the mean values of vitamin D and
serum leptin were 21.0 ± 6.5 ng/ml and 10.1 ± 1.8 ng/ml
respectively.
All patients with NASH were given vitamin D3 supplements as tablets. Each tablet contained 1000 IU vitamin
D3 (cholecalciferol). Every patient took 4 tablets (4000
IU) every day with main meal for 12 weeks. All demographic, laboratory, and clinical characteristics of the patients were measured again at the end of the 12th week
of treatment and were represented in Table 2.
Following NASH treatment with vitamin D3 supplements, there was a statistically significant (p < 0.05) reduction in HbA1c (6.8 ± 1.3%), fasting blood sugar (136.1 ±
32.7 mg/dL), fasting insulin level (22.9 ± 1.8 μU/ml),
HOMA-IR (1.4 ± 0.4), ALT (55.3 ± 21.3 U/L), AST (73.1
± 54.2 U/L), triglycerides (203.6 ± 49.8 mg/dL), alkaline
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Table 2 Association of vitamin D supplementation with different demographic, laboratory, and metabolic parameters of patients
with NASH
Characteristics

Before treatment

After treatment

t value

p value

Significance

Weight (kg)

106.3 ± 15.6

106.0 ± 15.9

0.0924

0.9266

NS

BMI (kg/m2)

35.7 ± 5.7

35.6 ± 5.7

0.0901

0.9284

NS

DBP (mmHg)

94.3 ± 11.9

91.5 ± 11.5

1.0553

0.2946

NS

HbA1c (%)

8.0 ± 2.4

6.8 ± 1.3

2.8558

0.0055

S

Hemoglobin (gm/dL)

13.5 ± 1.5

13.3 ± 1.2

0.6176

0.5386

NS

Platelet (× 103/μL)

288.5 ± 114.9

285.2 ± 98.3

0.1412

0.8881

NS

FBS (mg/dL)

165.6 ± 62.0

136.1 ± 32.7

2.6637

0.0094

S

Fasting insulin (μU/ml)

24.2 ± 3.0

22.9 ± 1.8

2.3090

0.0236

S

HOMA-IR

1.8 ± 0.7

1.4 ± 0.4

3.1134

0.0026

S

Creatinine (mg/dL)

0.9 ± 0.2

0.9 ± 0.3

0.2439

0.8080

NS

ALT (U/L)

78.2 ± 36.7

55.3 ± 21.3

3.4135

0.0010

S

AST (U/L)

108.6 ± 85.6

73.1 ± 54.2

2.2143

0.0297

S

Albumin (gm/dL)

3.8 ± 0.8

4.2 ± 0.7

2.2273

0.0288

S

NAFLD fibrosis score

− 0.78 ± 0.9

− 0.9 ± 1.1

0.9934

0.3236

NS

TCHOL (mg/dL)

233.0 ± 40.9

226.5 ± 38.2

0.7431

0.4596

NS

LDL (mg/dL)

117.5 ± 41.6

129.8 ± 34.7

1.4286

0.1571

NS

HDL (mg/dL)

48.5 ± 7.59

48.1 ± 8.1

0.1858

0.8531

NS

Triglycerides (mg/dL)

229.7 ± 62.1

203.6 ± 49.8

2.0728

0.0415

S

ALP (mg/dL)

70.4 ± 7.3

63.7 ± 7.9

3.9422

0.0002

S

GGT (U/L)

43.3 ± 24.5

35.1 ± 8.7

2.0069

0.0482

S

Total bilirubin (mg/dL)

1.1 ± 0.4

1.1 ± 0.1

0.2267

0.8212

NS

Vitamin D (ng/ml)

15.6 ± 6.6

33.0 ± 7.6

11.0335

<0.0001

S

Leptin (ng/ml)

35.9 ± 28.4

23.5 ± 12.9

2.5129

0.0140

S

phosphatase (63.7 ± 7.9 mg/dL), and gamma glutamyl transferase (35.1 ± 8.7 U/L) and a statistically
significant (p < 0.05) increase in serum albumin
level (4.2 ± 0.7 gm/dL).
No significant changes were noted before and after
vitamin D3 treatment regarding mean body weight, BMI,
diastolic blood pressure, hemoglobin concentration,
platelet count, serum creatinine, NAFLD fibrosis score,
serum cholesterol, LDL, HDL, and total bilirubin.
There was a statistically significant increase (p <
0.0001) in serum vitamin D3 level after treatment (33.0
± 7.6 ng/ml) than before treatment (15.6 ± 6.6 ng/ml).
Moreover, serum leptin level decreased significantly (p =
0.0140) in patients with NASH following treatment with
vitamin D3 with mean value of 23.5 ± 12.9 ng/ml compared to 35.9 ± 28.4 ng/ml before treatment.

Discussion
Non-alcoholic fatty liver disease (NAFLD) comprises a
whole spectrum of diseases, including simple steatosis and
steatohepatitis (NASH) which can progress to liver fibrosis,
cirrhosis, and hepatocellular carcinoma. NAFLD is highly
associated with obesity, insulin resistance, and metabolic

syndrome, and it is estimated to affect about 20–40% of the
general population in developed countries [24].
Vitamin D has long been regarded as a regulatory factor for phospho-calcium metabolism and bone homeostasis. However, many studies have shown more
properties, namely immunomodulatory role [25], involvement in cellular differentiation and proliferation
[26], hormone secretion [27], and anti-inflammatory and
antifibrotic effects [28]. All these roles support the importance of maintaining optimal vitamin D levels.
Vitamin D deficiency constitutes a largely unrecognized
epidemic in many populations worldwide and has been reported in all age groups including healthy children, young
adults, middle-aged, and elderly adults [29].
In this study, we measured different demographic, laboratory, and metabolic parameters in forty patients
with NASH and compared them with those of age- and
sex-matched forty healthy individuals as the control
group. Then, vitamin D (4000 IU/day) was given to the
NASH group for 12 weeks. All demographic, laboratory,
and metabolic parameters including serum leptin level
were repeated after the end of treatment. Then, we demonstrated the association of vitamin D supplementation
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with serum leptin and metabolic parameters in patients
with NASH.
In this study, we found that patients with NASH had
higher body weight and BMI than the control. Many
former studies concluded that obesity is a condition
most often associated with NASH as 69 to 100% of patients with NASH were also obese. Obesity is associated
with increased FFA delivery to the liver, increased FFA
synthesis within the liver, insufficient beta-oxidation of
FFA, and insufficient very low-density lipoprotein synthesis or secretion [30].
This study concluded that insulin resistance and dyslipidemia were more common in NASH with higher
levels of HbA1c, fasting blood glucose, fasting insulin
level, HOMA-IR, cholesterol, LDL, and lower levels of
HDL compared to the control. Insulin resistance is associated with various metabolic abnormalities especially
hyperglycemia, hypertriglyceridemia, low HDL cholesterol, and high levels of LDL leading to the concept of
“metabolic syndrome” [30]. When resistance to antilipolytic action of insulin is present, fatty acids are mobilized
more rapidly from visceral (central) than from subcutaneous (peripheral) fat and drained directly to the liver
via the portal vein. Excessive intracellular concentrations
of fatty acids may be toxic and lead to oxidative stress
and thus contribute to NASH [31].
In this study, patients with NASH have significantly
low vitamin D levels. This agrees with previous studies that noted high prevalence of hypovitaminosis D
in patients with NAFLD [19]. This may be explained
by the increased amount of adipose tissue in which
the vitamin D is distributed in obese patients with
NASH; this will decrease the circulating serum of
vitamin D level [32]. Another explanation could be
related to sedentary lifestyle, poor micro-nutrient nutrition, and lack of exposure to sunlight [33]. Moreover, in view of the bile acid-dependent uptake of
vitamin D, it is reasonable to expect an association
between vitamin D status and both cholestatic and
noncholestatic chronic liver diseases [19].
The study noted that serum leptin levels were
raised in both men and women with NASH compared
with age- and sex-matched controls. Several factors
could contribute to increased serum leptin levels in
NASH. Hyperleptinemia occurs in inflammatory disorders and has been attributed to cytokines such as
tumor necrosis factor-α (TNF-α), which is also increased in NASH as TNF-α gene is overexpressed in
adipose tissue of obese NASH subjects. Chronic
hyperinsulinemia, which is especially relevant in the
setting of NASH, is associated with persistent hyperleptinemia. Moreover, leptin also correlates with
serum c-peptide. In patients with NASH, c-peptide is
not significantly cleared by the liver [9].
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Following vitamin D supplementation in a dose of
4000 IU/day for 12 weeks, there was significant improvement of NASH. There was significant decrease in ALT,
AST, ALP, GGT, and NAFLD fibrosis score. Previous
studies noticed significant improvement in serum levels
of ALT in NASH patients who took standard medical
treatment (SMT) together with vitamin D when compared with others who took SMT alone [20]. Vitamin D
was effective in liver enzyme reduction in another study
[34]. Vitamin D-mediated improvement in insulin secretion results in decreased adipose tissue inflammation
with decreased hepatic inflammation and fibrosis via the
regulation of the vitamin D receptor and several cytokines such as interleukin 6, TNF-α, and adiponectin
[18]. New evidence revealed that vitamin D can prevent
hepatic stellate cell (HSC) activation which increases cellular transformation and proliferation [35].
In this study, vitamin D treatment significantly decreased insulin resistance in NASH patients. Values of
fasting blood sugar, fasting insulin level, and HOMA-IR
were significantly decreased after treatment. Vitamin D,
through its effect on peroxisome proliferator-activated
receptor, can modulate FFA metabolism and reduce
FFA-induced insulin resistance in bloodstream [34].
Other studies reported significant reduction in FBS, insulin, and HOMA-IR following vitamin D supplementation in NASH [36]. The decreased production of TNF-α
and increasing adiponectin during therapy with vitamin
D is expected to improve the underlying IR in patients
with NASH [19].
Serum triglycerides (TGs) decreased after treatment
with vitamin D while there were no significant change in
levels of cholesterol, LDL, and HDL. Foroughi et al. [37]
assessed vitamin D effect on TGs in patients with
NASH. They stated that, after 10 weeks of vitamin D
treatment (50,000 IU/week), a significant decrease in
serum TGs was seen when compared with baseline
values. Hariri and Zohdi [36] also found that vitamin D
supplementation might improve lipid profile and inflammatory mediators (like C-reactive protein) in NASH patients when compared with placebo.
One of the main physiological roles of leptin is to prevent
lipid accumulation in nonadipose sites, such as the myocardium, skeletal muscle, pancreas, and liver, a concept referred to as “lipotoxicity” [38]. In this study, treatment with
vitamin D has led to significant decrease in serum leptin
level. This agreed with previous studies which confirmed
that vitamin D level was negatively correlated with leptin in
patients with NASH [39]. Other studies also reported vitamin D-mediated inhibition of serum leptin [40].

Conclusion
Vitamin D deficiency is highly prevalent among NASH
patients, and this deficiency is related to the degree of
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liver function and degree of fibrosis. Vitamin D supplementation in patients with NASH in a dose of 4000 IU/
day for 12 weeks improves severity of hepatic inflammation, decreases insulin resistance, improves glycemic
control, corrects dyslipidemia, and protects against lipotoxicity by inhibition of serum leptin.

Recommendation
Our findings regarding the relationship between vitamin
D deficiency and NASH suggest that taking vitamin D
supplements should be a therapeutic option for patients
with NASH. Additional studies are recommended to determine the association of variable doses and duration of
vitamin D treatment with histopathological, laboratory,
and clinical aspects in patients with NASH.
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