
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Ebrahimpour-Koujan et al. Nutrition Journal           (2024) 23:24 
https://doi.org/10.1186/s12937-024-00911-x

Nutrition Journal

*Correspondence:
Ahmad Esmaillzadeh
a.esmaillzadeh@gmail.com

Full list of author information is available at the end of the article

Abstract
Background and aims Metabolic dysfunction-associated steatotic liver disease (MASLD) is a global metabolic 
problem which can lead to irreversible liver fibrosis. It has been shown that vitamin D and its receptors contribute 
to fibrogenic pathways in the liver. However, the effect of vitamin D supplementation on liver fibrosis related factors 
have not been examined. This double blinded placebo controlled clinical trial was designed to investigate the effects 
on vitamin D supplementation on serum levels of VDR, fibrogenic factors and fibrogenic MicroRNAs in MASLD 
patients.

Methods Forty six MASLD patients after block matching for sex and BMI were randomly assigned to receive 4000 
IU/d vitamin D or placebo for 12 weeks. Weight, height and waist circumference were measured. Serum fibrogenic 
microRNAs, laminin, collagen type IV, hyaluronic acid, vitamin D, VDR, PTH, blood fasting glucose, serum fasting insulin, 
lipid profile, ALT and AST were determined at the baseline and at the end of the trial. Insulin resistance and insulin 
sensitivity were calculated using the HOMA-IR and QUICKI equation.

Results Supplementation with vitamin D for 12 weeks led to the significant increases in serum 25(OH) vitamin D, 
VDR and HDL-C compared to placebo (P < 0.001, P = 0.008 and P < 0.001). There were significant decreases in ALT, 
AST, FBS and LDL-C levels in the vitamin D group as compared to the placebo (P < 0.05). Laminin and hyaluronic acid 
concentrations were significantly decreased in the vitamin D group as compared to the placebo group, by -10.6 and 
− 28.7 ng/mL, respectively. Supplementation with vitamin D for 12 weeks resulted in a significant lower MiR-21 and 
MiR-122 gene expressions compared to the placebo group (P = 0.01 and P < 0.001, respectively).
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Introduction
Metabolic dysfunction-associated steatotic liver dis-
ease (MASLD) is a global metabolic problem, affecting 
around a quarter of the world’s adult population [1]. This 
condition represents a spectrum of chronic liver dis-
ease, beginning with simple steatosis that may progress 
to steatohepatitis, fibrosis, cirrhosis and hepatocellular 
carcinoma [2]. In the Middle-East, more than 32% of 
adult population are affected [1, 3]. Liver fibrosis results 
from chronic damage to the liver [4]. Production of some 
fibrogenic factors by hepatic stellate cells (HSCs) includ-
ing collagens, laminin and hyaluronic acid were identified 
as major steps in the liver fibrosis in MASLD patients 
[5]. Studies suggest that liver fibrosis development can 
be inhibited by decreasing levels of fibrogenic factors 
[4]. No optimal therapeutic regimens exist for liver fibro-
sis [6]; however, combination of lifestyle modification, 
medications and probably dietary supplements might 
have favorable effects on regression of liver fibrosis [7, 
8]. Recently, gene expression of specific microRNAs has 
attracted more attention toward liver fibrosis in MASLD 
patients [9, 10]. Along with contributing to fibrosis sig-
naling, they also involved in lipid and cholesterol metab-
olism in the liver [11].

A growing body of evidence has indicated that vita-
min D deficiency is highly prevalent among patients with 
MASLD [12]. Vitamin D has also been shown to contrib-
ute to poor outcome and progression to liver fibrosis [2, 
13, 14]. Experimental studies have indicated that vitamin 
D and its receptor (VDR) are involved in suppressing 
fibro-genic signaling [15]. Earlier studies have shown that 
microRNAs and fibrogenic factors are main mediators 
in fibrosis progression [16, 17]. Based on experimental 
studies, some microRNAs including MiR-122, MiR-34a 
and MiR-21 are involved in liver lipid metabolism and 
normal turnover of hepatocytes [18]. Dysregulation of 
these microRNAs is considered to mediate of liver fibro-
sis [11, 19]. Previous clinical trials have mostly examined 
the effects of vitamin D supplementation on serum con-
centrations of inflammatory markers and lipid profiles 
in MASLD patients [20–23]. We are aware of no study 
of vitamin D supplementation investigating the effects 

on microRNAs and fibrogenic factors. This randomized, 
placebo-controlled, parallel clinical trial was therefore 
designed to examine the effects of vitamin D supplemen-
tation on serum levels of VDR, fibro-genic factors and 
fibrosis-related microRNAs in MASLD patients.

Methods
Participants
This parallel randomized double-blind placebo-con-
trolled clinical trial (RCT) included patients with 
non-alcoholic steatohepatosis (NASH as confirmed 
by B-ultrasound and fibro-scan reports). We consid-
ered grades 2 and 3 of B-ultrasound reports and CAP 
score > 310 and fibrosis score > 6 of fibroscan reports as 
our objective criteria. Based on the suggested formula 
for parallel clinical trials and a possible drop out of 30%, 
given the type I error of 5% and study power of 90%, we 
reached the sample size of 23 patients in each group. The 
study was registered in the Iranian Registry of Clinical 
Trials website (available at: http://www.irct.ir, identifier: 
IRCT201405251485N13). Required and detailed infor-
mation about study design and procedures used in the 
current study were previously published [24]. Briefly, we 
recruited MASLD patients with NASH, aged 20–60 year. 
Individuals with the following criteria were not included: 
smokers, those consuming alcohol, pregnant or lactating 
women or those who planned to get pregnant during the 
next 12 weeks, and those taking vitamin D supplements 
and antioxidants during the last 12 weeks. We also did 
not include individuals with some pathologic conditions 
affecting the liver, including viral hepatitis, any acute or 
chronic liver failure, and liver transplantation. All partici-
pants provided informed written consent.

Study design
We conducted this trial in accordance with the guidelines 
laid down in the Declaration of Helsinki (1964). Forty six 
patients were enrolled in the whole trial. Prior to allocat-
ing participants into the vitamin D and placebo groups, 
anthropometric indices, including weight, height, waist 
circumference were measured, and BMI was calculated. 
Information about demographic characteristics, medical 
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history and medication use as well as socio-economic 
status (SES) were collected at study baseline. Biochemi-
cal and molecular measurements were also done at 
study baseline and after 12-wk intervention. After these 
measurements, participants were randomly assigned 
to intervention and placebo groups based on block ran-
domization method. Each block was composed of two 
persons with the same sex (male/female) and similar BMI 
(overweight/obese). Random allocation sequence was 
generated using Random Allocation Software: RAS [25]. 
A study diagram indicating individuals recruited in each 
group along with study design and dropouts is provided 
in Fig. 1.

Intervention
All patients, researchers, the gastroenterologist, sta-
tistical analyst and laboratory staffs were blinded to 
the intervention. Based on earlier guidelines for treat-
ment of vitamin D deficiency and insufficiency [26], we 
administered vitamin D at the dosage of 4000 IU per 
day for 12 weeks. Participants in the intervention group 
were requested to take vitamin D tablets daily with their 
main meals. Individuals in the placebo group were given 
an identical placebo tablets that contained lactose. Vita-
min D and placebo tablets were produced by the PARS 
MINOO Co. Tehran, Iran. Vitamin D tablets and pla-
cebos were similar in terms of appearance, shape and 
odor. A third person that was not involved directly in the 

Fig. 1 Flow diagram of the study participants
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study packaged the vitamin D and placebo tablets in the 
bottles. The bottles were coded as A and B. The codes 
remained unknown to researchers until finishing the 
analyses. Patients took their bottles in two time periods: 
at their first visit and at the middle of the trial on week 6. 
To determine the adherence to the intervention, subjects 
were asked to record their daily consumption of supple-
ments or placebos in a checklist given them by the inves-
tigators. To increase compliance and avoid forgetting 
the use of supplements and placebos, subjects received 
messages on their cell phones every day from the inves-
tigators’ side. In addition, we examined serum 25 (OH) 
vitamin D levels at study baseline and end of trial as a 
measure of compliance. To examine the possible toxic-
ity and hypervitaminosis that might arise from taking 
vitamin D supplements, serum concentrations of PTH at 
study baseline and end of the trial were measured.

Outcomes
The primary outcomes of the present clinical trial were 
levels of serum VDR, laminin, collagen type IV, hyal-
uronic acid, MiR-122, MiR-21 and MiR-34a. The sec-
ondary outcomes were liver enzymes, lipid profile and 
glycemic indices.

Blood sampling, biochemical and molecular measurements
In a fasting state, a 10 mL venous blood sample was taken 
from each patient between 7:00 and 9:00 a.m. The sam-
ples were immediately centrifuged at 20 0C, 3000 rpm for 
10 min in aseptic condition. Serum samples separated in 
RNAase free micro-tubes in the clean room, where all 
equipments were UV exposed for 20  min. Serum lipid 
profiles (TC, HDL-C, LDL-C, TG), liver enzymes (ALT, 
AST) and glucose levels was measured by the enzymatic 
colorimetric method using PARS AZMOON kits. Then 
the samples stored at -70 0C until measuring other bio-
chemical and molecular factors. Serum insulin, vitamin 
D, VDR, PTH, laminin, collagen type IV and hyaluronic 
acid were all measured using enzyme-linked immunosor-
bent assay (ELISA) method. VDR, laminin, collagen type 
IV and hyaluronic acid was measured by Crystal Day kits. 
IBT, BIOMERICA and EUROIMMUN kits were used 
to measure serum levels of insulin, PTH and vitamin D, 
respectively. Insulin resistance and insulin sensitivity was 
determined using the HOMA-IR and QUICKI equations, 
respectively [27].

The gene expression of serum MicroRNAs (MiR-122, 
MiR-21 and MiR-34a) was determined by Real-time PCR 
method.

RNA isolation and cDNA synthesis
Total RNA samples were isolated from serum samples 
using the mirVana miRNA isolation kit according to the 
manufacturer’s instructions (Ambion). The concentration 

and quantity of total RNA were measured at 260 and 
280  nm (A260/280) using a NanoDrop 2000 spectro-
photometer (NanoDrop Technologies). Total RNA (10 
ng) from nonalcoholic fatty liver subjects were reverse 
transcribed into our specific target cDNA (u6 snRNA, 
MiR-122, MiR-21, MiR-34a) using specific primers 
and reagents provided by TaqMan® MicroRNA Assays 
(Applied Biosystems, Foster City, CA, USA) and Taqman® 
MicroRNA Reverse Transcription Kit (Applied Biosys-
tems, Foster City, CA, USA) respectively.

Quantitative real-time PCR
Real-time quantitative PCR was performed to measure 
the expression levels of microRNAs with the TaqMan® 
MicroRNA Assays (Applied Biosystems, Foster City, CA, 
USA), using probes for MiR-122-5p (assay ID: 002245), 
MiR-21-5p (assay ID: 000397), MiR-34a-5p (assay ID: 
000426) and u6 snRNA housekeeping gene (assay ID: 
001973), on a Step One Plus Real-Time PCR System 
(Applied Biosystems, Foster City, CA, USA). The data 
were normalized using u6 snRNA as endogenous control.

Assessment of other variables
To examine dietary intakes and physical activity through-
out the study, participants were asked to record their 
dietary intakes and physical activity in a day every 2 
weeks. We had determined this specific day and recalled 
them in a regular order. Therefore, all patients provided 
6 dietary records and 6 physical activity records (two for 
weekends and four for weekdays) during the study. We 
computed nutrient intakes of study participants based 
on the average of 6 dietary records using Nutritionist 4 
software. To analyze physical activity records, we used 
MET-hours/d values for each physical activity, based 
on published guidelines [28], considering the time each 
participant spent on. Data on anthropometric measures, 
including body weight, height and waist circumference 
(WC) were collected according to standard protocols at 
study baseline and end of trial. BMI was computed as 
weight in kilogram divided by height in meters squared.

Statistical analysis
Threshold cycle number was used to calculate the relative 
expression between samples. We used the ΔΔCt (cycle 
threshold) method in which relative expression = 2 −ΔΔCt, 
where ΔΔCt = ∆CT intervention or placebo - ∆CT before 
mean of placebo [29]. The intention to treat approach was 
used for data analysis. In case of missing data at the end-
point, we used the mean of variables and replaced it for 
the endpoint values. Data presented as mean ± standard 
deviations (± SD). The one-sample Kolmogorov-Smirnov 
test was used for assessing the normality of the distribu-
tion of data. Repeated measure analysis of variance was 
used to identify the effect of the intervention of outcome 
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variables. In addition, per-protocol analyses were also 
performed. ANCOVA analysis was used to adjust the 
confounding effects of baseline values and medications 
used in adjusted models. The changes of variables were 
determined by deducting the endpoint values from base 
line. The percentage of changes was computed by divid-
ing the changes on base line values multiplied by 100. The 
correlations between changes of serum concentration 
vitamin D and changes of serum levels of fibrogenic fac-
tors and MIRs were assessed by Pearson coefficient test. 
P < 0.05 was considered as statistically significant. All 
analyses were done by blinded researcher prior to uncod-
ing the study interventions. All statistical analyses of all 
data were performed using SPSS software version 21.0 
(SPSS Inc., Chicago, IL, USA).

Results
The trial was carried out between October 2018 and 
April 2019. The timing of recruitment, sampling, ran-
dom allocation and treatment were all initiated in Octo-
ber 2018-January 2019 (during the cloudy/rainy season), 
and the final measurements after treatment were made in 
March-April 2019 (at the end of the cloudy/rainy season). 
Forty two patients (20 subjects in placebo group and 22 
subjects in vitamin D group) completed the 12 weeks 
clinical trial. One patient in the vitamin D group became 
pregnant and was thereby excluded. Two patients in the 
placebo group moved to other city and one patient was 
a non-responder in the endpoint follow up. However, we 
performed intention-to-treat approach, and therefore 
data from all 46 patients were used in the analysis(Fig. 1). 
Participants did not report any adverse effects or symp-
toms with vitamin D supplementation during the trial 
and had good compliance with the intervention. Adher-
ence rate was defined as taking ≥ 80% of assigned medi-
cation (vitamin D or placebo tablets). There was no 
significant difference between groups in terms of demo-
graphic characteristics, vitamin D deficiency, medication 
(except for statins) and dietary supplement use (P > 0.05) 
(Table  1). Means of anthropometric measures were not 
different as well comparing the two groups.

Table  2 illustrates daily physical activity as well as 
dietary energy, food and nutrient intakes of MASLD 
patients throughout the 12 weeks of intervention. The 
comparison between groups showed that there were no 
significant difference in daily physical activity and dietary 
intakes.

Metabolic profiles of patients at study baseline and 
after 12 weeks of intervention are shown in Table  3. 
At study baseline, there was no significant difference 
between the vitamin D and placebo groups in terms of 
all metabolic variables (P > 0.05). Supplementation with 
vitamin D for 12 weeks resulted in a clinically signifi-
cant increase in serum 25(OH) vitamin D (changes from 
baseline in vitamin D group: 15.2 ng/mL vs. -3.9 ng/mL 
in placebo group, P < 0.001), VDR (4.1 ng/mL vs. -2.8 ng/
mL, P = 0.008) and serum HDL-C concentrations (3.9 mg/
dL vs. -2.0 mg/dL, P < 0.001) compared to placebo.

Despite a non-significant difference between the two 
group in terms of ALT, AST, FBS and LDL-C at study 
baseline, 12-week vitamin D supplementation led to sig-
nificant reductions in serum levels of ALT (changes from 
baseline in vitamin D group: -11.8 mg/dL vs. 5.9 mg/dL 
in placebo group, P < 0.001), AST (-4.3 mg/dL vs. 1.2 mg/
dL, P = 0.001), FBS (-5.2 mg/dL vs. 6.9 mg/dL, P < 0.001), 
LDL-C (-9.0  mg/dL vs. 5.7  mg/dL, P = 0.01), and TC 
(-10.5  mg/dL vs. 10.0  mg/dL, P = 0.03) compared with 
placebo. In an effort to remove the confounding effect of 
baseline levels and medications use, an additional anal-
ysis was conducted. We found that after controlling for 

Table 1  General characteristics of MASLD patients at baseline
Variable Placebo 

group 
(n = 23)

Vitamin 
D group 
(n = 23)

P 
value*

Age (y) 43.9 ± 11.0 47.3 ± 9.4 0.26
Weight (kg) 89.3 ± 13.0 86.0 ± 17.8 0.47
BMI (kg/m2) 33.0 ± 10.5 30.3 ± 4.4 0.26
WC (cm) 109.7 ± 10.9 108.1 ± 12.3 0.65
Female (%) 47.8 52.2 0.77
Married (%) 82.6 87.0 0.53
Educated (%) 95.7 95.7 0.99
Vitamin D deficiency (< 30ng/
ml) (%)

43.5 52.8 0.55

MASLD grade (by B-ultrasound) 
(%)

0.54

Grade 2 60.9 69.6
Grade 3 39.1 30.4
Medication use (%)

NSAIDs 4.3 4.3 0.99
Anti-acids 8.7 8.7 0.99
Corticosteroids 4.3 0 0.31
OHAs 13.0 21.7 0.44
Livergol 8.7 26.1 0.12
Statins† 13.0 39.1 0.04
Ursodeoxycholic acid 0 8.7 0.15
Anti-hypertensive 17.3 13.0 0.68

Dietary supplement use (%)
Vitamin E 8.7 17.4 0.38
Iron-folate 8.7 0 0.15
Calcium 4.3 0 0.31
Multi vitamin 0 4.3 0.31
Omega-3 4.3 0 0.31

Values are presented as mean ± standard deviation except those are presented 
as percent
*Based on independent samples t-tests for quantitative variables and chi-
square for qualitative variables

MASLD: Metabolic Dysfunction–Associated Liver Disease; BMI: Body Mass 
Index; WC: Waist Circumference
†Statistically significant differences between two groups was seen
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these variables, all above-mentioned effects remained 
significant except for TC (-7.7  mg/dL vs. 7.2  mg/dL, 
P > 0.05).

There were no significant differences between the two 
groups concerning other metabolic variables at study end 
(P > 0.05).

Table 4 shows the fibrogenic factors of patients at study 
baseline and after 12 weeks of intervention. Although 
there was no significant difference between the vitamin D 
and placebo groups in terms of laminin and collagen type 
IV (P > 0.05), serum hyaluronic acid was significantly dif-
ferent between the two groups at study baseline (P = 0.04). 
Supplementation with vitamin D for 12 weeks resulted in 
a significant decrease in serum laminin concentrations 
(changes from baseline in vitamin D group: -10.6 ng/mL 
vs. 4.9 ng/mL in placebo group, P = 0.01) and hyaluronic 
acid (-28.7 ng/mL vs. -3.5 ng/mL, P = 0.04) compared to 
placebo. Serum levels of collagen type IV was not signifi-
cantly different between the two groups at the endpoint 
(-26.5 ng/mL vs. -8.5 ng/mL, P = 0.09). These findings did 
not change after controlling for baseline levels.

Mean fold changes of MicroRNAs of participants at 
study baseline and after 12 weeks of intervention are pro-
vided in Table 5. At study baseline, there was no signifi-
cant mean difference between the vitamin D and placebo 
groups in terms of all MicroRNAs (P > 0.05). Supplemen-
tation with vitamin D for 12 weeks led to a significant 
lower MiR-21 gene expression compared to the placebo 
group at week 12 (changes from baseline in vitamin D 

group: 0.16 RFC vs. 1.49 RFC in placebo group, P = 0.01). 
MiR-122s gene expression significantly decreased follow-
ing the vitamin D supplementation (-0.77 RFC vs. 0.93 
RFC, P < 0.001) compared with placebo. Gene expres-
sion of MiR-34a was not significantly different between 
the two groups at study endpoint (0.05 RFC vs. 0.05 RFC, 
P = 0.22). These findings persisted after adjustment for 
potential confounders.

We also performed per-protocol analyses for all serum 
metabolic profile, fibrogenic factors and MicroRNAs. 
However, results were not changed after these analyses. 
(data are shown in supplementary material 1).

There were significant inverse correlations between 
changes in serum concentrations of vitamin D with lam-
inin and hyaluronic acid (r= -0.294 and r= -0.290; respec-
tively, p < 0.05). This correlation between changes in 
serum levels of vitamin D and collagen type IV was not 
significant (r= -0.032, p > 0.05). In case of serum MiRs, 
we found slight inverse significant correlations between 
changes in serum vitamin D levels with MiR-21 and MiR-
122 gene expression changes in our study population (r= 
-0.288 and r= -0.284; respectively, p = 0.05). However, 
there was no significant correlation between serum vita-
min D change and changes in gene expression of MiR-
34a (r= -0.085, p > 0.05).

Table 2 Physical activity and dietary intakes of participants throughout the study†

Study baseline Throughout the study
Placebo (n = 23) Vitamin D (n = 23) P* Placebo (n = 23) Vitamin D (n = 23) P*

Physical activity (MET-h /day) 25.49 ± 18.9 23.13 ± 14.2 0.64 25.64 ± 11.2 20.35 ± 12.2 0.37
Total energy (kcal/d) 2376.8 ± 501.81 2583.7 ± 672.4 0.61 2545.7 ± 685.8 2855.6 ± 642.6 0.14
Nutrients
Carbohydrates (g/day) 267.6 ± 128.7 303.5 ± 105.2 0.22 296.6 ± 108.7 330.3 ± 95.2 0.30
Total Protein (g/day) 95.1 ± 28.5 105.8 ± 29.13 0.74 96.5 ± 38.7 103.8 ± 28.1 0.49
Fats (g/day) 125.6 ± 48.1 97.8 ± 27.4 0.15 113.1 ± 37.7 130.4 ± 39.4 0.50
Total fiber (g/day) 15.14 ± 8.4 19.61 ± 11.8 0.11 15.9 ± 6.7 18.7 ± 10.3 0.16
Vitamin D (mg/day) 1.02 ± 1.24 1.09 ± 1.13 0.15 0.94 ± 1.17 0.99 ± 1.10 0.35
Vitamin E (mg/day) 4.22 ± 1.38 4.27 ± 1.78 0.88 3.42 ± 1.9 5.7 ± 6.1 0.89
Vitamin C (mg/day) 164.8 ± 91.5 178.8 ± 102.4 0.56 151.0 ± 85.5 169.2 ± 110.7 0.56
Food groups
Fruit (g/day) 215.7 ± 19.4 236.1 ± 25.7 0.42 283.7 ± 176.4 268.2 ± 255.1 0.81
Vegetables (g/day) 314.7 ± 103.0 345.6 ± 111.7 0.78 356.5 ± 187.4 406.1 ± 304.8 0.54
Dairy (g/day) 135.9 ± 98.4 137.3 ± 101.0 0.95 198.6 ± 163.9 206.7 ± 171.7 0.88
Grains (g/day) 439.1 ± 215.7 482.2 ± 249.9 0.35 337.6 ± 160.5 359.8 ± 125.9 0.62
Red and processed meat (g/day) 67.3 ± 45.2 75.9 ± 55.9 0.43 74.7 ± 51.9 94.9 ± 65.0 0.28
Pasta (g/day) 19.6 ± 9.8 18.7 ± 10.2 0.66 14.1 ± 8.4 13.2 ± 5.9 0.71
Fish (g/day) 20.3 ± 14.1 20.1 ± 12.6 0.97 23.7 ± 19.1 21.1 ± 12.9 0.89
Egg (g/day) 26.7 ± 19.7 40.8 ± 27.5 0.06 53.9 ± 37.7 57.4 ± 39.1 0.35
*Obtained by Independent Sample t-test

MET: Metabolic Equivalents
†obtained by 6 physical activity and 24-hour food records
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Table 3 Metabolic status of study participants at baseline and after 12 weeks trial
Study Baseline End of trial Changes from baseline
Placebo
Mean ± SD
(CI)

Vitamin D
Mean ± SD
(CI)

P* Placebo
Mean ± SD
(CI)

Vitamin D
Mean ± SD
(CI)

P$ Placebo
Mean ± SE
(CI)

Vitamin D
Mean ± SE
(CI)

P¶

25(OH) vitamin D (ng/mL) (Crude) 31.4 ± 8.4
(27.5, 35,4)

31.7 ± 10.3
(27.8, 35.7)

0.91 27.5 ± 8.7
(21.7,33.3)

46.9 ± 17.6
(41.1,52.8)

< 0.001 -3.9 ± 10.9
(-9.1,1.1)

15.2 ± 13.7
(10.1,20.4)

< 0.001

(Adjusted) - - - 27.7 ± 12.4
(22.3, 4.9)

46.8 ± 12.4
(41.5, 5.0)

< 0.001 -3.9 ± 2.6
(-9.2, 1.3)

15.1 ± 2.6
(9.9, 20.4)

< 0.001

VDR (ng/mL) (Crude) 55.5 ± 14.2
(48.9,62.2)

58.6 ± 17.3
(52.0,65.3)

0.51 53.0 ± 12.7
(47.3,58.8)

62.7 ± 14.6
(56.9,68.5)

0.04 -2.5 ± 10.5
(-7.0,0.9)

4.1 ± 11.1
(0.7,8.6)

0.008

(Adjusted) - - - 54.3 ± 9.6
(50.6,3.2)

62.6 ± 9.6
(57.6,5.4)

0.01 -2.8 ± 2.0
(-6.8,1.2)

4.4 ± 2.0
(0.4,8.4)

0.01

PTH (ng/mL) (Crude) 34.6 ± 8.8
(31.2,38.0)

34.6 ± 7.4
(31.2,38.0)

0.99 22.5 ± 7.7
(19.7,25.2)

19.3 ± 5.3
(16.5,22.1)

0.28 -12.1 ± 11.8
(-15.0,-9.4)

-15.3 ± 7.4
(-18.1,12.5)

0.11

(Adjusted) - - - 22.3 ± 6.7
(19.25,5.1)

19.5 ± 6.7
(16.22,7.3)

0.17 -12.4 ± 1.4
(-15.2,-9.5)

-15.2 ± 1.4
(-18.0,-12.3)

0.17

ALT (IU/L) (Crude) 30.3 ± 24.1
(19.7,40.8)

33.9 ± 26.1
(23.3, 44.5)

0.62 36.2 ± 25.1
(26.9,45.4)

22.1 ± 18.3
(12.9,31.4)

< 0.001 5.9 ± 13.4
(0.4,10.4)

-11.8 ± 13.5
(-16.3,-6.3)

< 0.001

(Adjusted) - - - 37.6 ± 12.0
(32.5,42.7)

20.7 ± 12.0
(15.6,25.8)

< 0.001 5.5 ± 2.5
(0.4,10.6)

-11.4 ± 2.5
(-16.5,-6.3)

< 0.001

AST (IU/L) (crude) 24.2 ± 9.2
(19.8,28.7)

25.3 ± 11.8
(20.8, 29.7)

0.73 25.4 ± 9.6
(21.5,29.2)

20.9 ± 8.7
(17.1,24.8)

0.001 1.2 ± 3.9
(-1.0,3.0)

-4.3 ± 6.6
(-6.2,-2.2)

0.001

(Adjusted) - - - 25.7 ± 4.8
(23.7,27.7)

20.6 ± 4.8
(18.6,22.7)

0.001 0.94 ± 1.0
(-1.1, 3.0)

-4.1 ± 1.0
(-6.1,-2.1)

0.001

Fasting serum glucose (mg/dL) 
(Crude)

102.0 ± 21.9
(93.7, 110.3))

103.9 ± 17.3
(95.6,112.2)

0.74 108.9 ± 24.8
(100.1,117.6)

98.7 ± 15.8
(89.9,107.4)

< 0.001 6.9 ± 9.4
(3.6,10.1)

-5.2 ± 5.1
(-8.4,-2.0)

< 0.001

(Adjusted) - - - 109.7 ± 7.7
(106.4,113.0)

97.9 ± 7.7
(94.6,101.1)

< 0.001 6.7 ± 1.6
(3.5,10.0)

-5.1 ± 1.6
(-8.4,-1.8)

< 0.001

Fasting serum insulin (µIU/mL) 
(Crude)

24.6 ± 9.5
(20.8,28.3)

25.2 ± 8.2
(21.5,29.0)

0.81 21.8 ± 10.4
(16.8,26.7)

24.8 ± 13.1
(19.8,29.8)

0.54 -2.8 ± 11.5
(-8.0,1.9)

-0.44 ± 14.8
(-5.1,4.7)

0.41

(Adjusted) - - - 21.6 ± 12.0
(16.7,26.7)

24.8 ± 12.0
(19.8,29.8)

0.38 -3.2 ± 2.5
(-8.2,1.8)

-0.1 ± 2.5
(-5.1,4.9)

0.38

HOMA-IR (Crude) 6.1 ± 2.6
(5.2,7.1)

6.4 ± 1.9
(5.4,7.4)

0.69 5.8 ± 2.9
(4.4,7.2)

6.1 ± 3.7
(4.7,7.5)

0.99 -0.29 ± 3.1
(-1.7,1.0)

-0.29 ± 3.8
(-1.6,1.1)

0.87

(Adjusted) - - - 5.8 ± 3.4
(4.5,7.3)

6.1 ± 3.4
(4.7,7.4)

0.87 -0.37 ± 0.69 -0.21 ± 0.69 0.87

QUICKI (Crude) 0.30 ± 0.01
(0.29,0.30)

0.29 ± 0.01
(0.29,0.31)

0.53 0.30 ± 0.02
(0.29,0.31)

0.30 ± 0.02
(0.29,0.31)

0.88 0.006 ± 0.0
(-0.003,0.02)

0.007 ± 0.02
(-0.003,0.02)

0.99

(Adjusted) - - - 0.30 ± 0.02
(0.29,0.31)

0.30 ± 0.02
(0.29,0.31)

0.91 0.007 ± 0.00
(-0.003,0.02)

0.006 ± 0.005
(-0.004,0.02)

0.91

HDL (mg/dL) (Crude) 47.6 ± 10.1
(42.3,52.9)

47.3 ± 14.5
(42.0,52.6)

0.93 45.6 ± 7.8
(41.0,50.2)

51.3 ± 13.4
(46.6,55.9)

< 0.001 -2.0 ± 5.2
(-3.9,-0.006)

3.9 ± 5.4
(2.0,5.9)

< 0.001

(Adjusted) - - - 45.5 ± 4.8
(43.5,47.5)

51.3 ± 4.8
(49.3,53.3)

< 0.001 -1.9 ± 1.0
(-3.9,0.08)

3.9 ± 1.0
(1.9, 5.9)

< 0.001

LDL (mg/dL) (Crude) 100.2 ± 22.8
(89.6,110.8)

103.8 ± 27.4
(93.2,114.4)

0.63 105.9 ± 24.4
(94.6,117.2)

94.8 ± 29.1
(83.5,106.1)

0.008 5.7 ± 19.5
(-2.0,12.8)

-9.0 ± 16.6
(-16.1,-1.3)

0.01

(Adjusted) - - - 106.0 ± 16.3
(99.0,113.0)

94.7 ± 16.3
(87.7,101.6)

0.03 4.0 ± 3.4
(-2.9,11.0)

-7.3 ± 3.4
(-14.3,-0.36)

0.03

TC(mg/dL) (Crude) 188.8 ± 34.3
(172.4,205.1)

194.1 ± 43.1
(177.7,210.4)

0.65 198.8 ± 36.0
(181.4,216.2)

183.6 ± 46.1
(166.2,200.1)

0.02 10.0 ± 23.4
(-2.8,21.6)

-10.5 ± 35.6
(-22.1,2.3)

0.03

(Adjusted) - - - 197.7 ± 27.3
(187.1,210.3)

183.7 ± 27.3
(172.1,195.3)

0.07 7.2 ± 5.7
(-4.3,18.8)

-7.7 ± 5.4
(-19.3,3.8)

0.07

TG ((mg/dL) Crude) 153.1 ± 85.8
(121.5,184.6)

143.6 ± 62.6
(112.0,175.2)

0.67 161.0 ± 93.2
(127.3,194.8)

138.2 ± 65.0
(104.4,172.0)

0.25 7.9 ± 38.4
(-8.3,24.8)

-5.4 ± 39.9
(-22.2,10.9)

0.24

(Adjusted) - - - 155.9 ± 39.8
(139.1,172.7)

143.3 ± 39.8
(126.5,160.1)

0.29 7.6 ± 8.3
(-9.2,24.4)

-5.0 ± 8.3
(-21.8,11.8)

0.29

*Obtained by Independent sample t-test
$ Obtained by Repeated measure ANOVA
¶ Obtained by ANCOVA
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Discussion
In this randomised, placebo controlled clinical trial on 
patients with metabolic dysfunction-associated steatotic 
liver disease (MASLD), 4000 IU/daily vitamin D supple-
mentation for 12 weeks resulted in a significant increased 
levels of serum 25(OH)D3, VDR and HDL-C, and to 
decreased serum concentrations of ALT, AST, FBS and 
LDL-C as well as serum fibrogenic factors including lam-
inin and hyaluronic acid. We found a significant differ-
ence between the two groups in terms of serum MiR-21 
and MiR-122 at the end of trial. To the best of our knowl-
edge, the present study is the first to investigate the effec-
tiveness of 4000 IU/daily vitamin D supplementation on 
liver fibrogenic factors and liver fibrosis-related microR-
NAs in MASLD patients.

In addition to the roles of vitamin D on calcium hae-
mostasis and bone health, it functions as an anti-inflam-
matory agent [30] and can modulate gene expression of 
specific genes involved in energy and lipid metabolism 
as well as insulin haemostasis [15]. Vitamin D mediates 
the physiologic roles via its specific intra-cellular recep-
tor receptor (VDR) [15, 31, 32]. Lower levels of vitamin 
D are associated with hepatic steatosis, necroinflam-
mation and liver fibrosis [15, 21, 31, 32]. Treatment of 
hepatic stellate cells (HSCs) with 6–10 M vitamin D2 for 
24 h, significantly suppresses the gene expression of pro-
fibrogenic factors (COL1α, α-SMA, TGF-β) and inflam-
matory cytokines [33]. Similarly, calciteriol inhibited 
TGF-β1-induced collagen type I and III and hyaluronan 
synthesis in human dermal fibroblast in both in vitro 

Table 4 Fibrogenic factors of study participants at base line and after 12 weeks trial
Base line End of trial Changes from baseline
Placebo
Mean ± SD
(CI)

Vitamin D
Mean ± SD
(CI)

P* Placebo
Mean ± SD
(CI)

Vitamin D
Mean ± SD
(CI)

P$ Placebo
Mean ± SE
(CI)

Vitamin D
Mean ± SE
(CI)

P¶

Laminin (ng/mL) (Crude) 73.6 ± 20.3
(66.0,81.3)

71.5 ± 15.6
(63.8,79.1)

0.69 78.6 ± 29.3
(68.0,89.1)

60.9 ± 20.1
(50.3,71.5)

0.01 5.1 ± 4.1
(-3.3,13.4)

-10.7 ± 4.1
(-19.1,-2.3)

0.01

(Adjusted) - - - 77.5 ± 20.1
(69.0,86.0)

61.9 ± 20.1
(53.4,70.5)

0.01 4.9 ± 4.2
(-3.6,13.5)

-10.6 ± 4.2
(-19.1,-2.1)

0.01

Hyaluronic acid (ng/mL) (Crude) 106.7 ± 22.7
(96.2,117.2)

121.8 ± 26.9
(111.4,132.3)

0.04 103.2 ± 35.0
(91.0,115.4)

93.1 ± 21.1
(80.9,105.2)

0.005 -3.5 ± 34.5
(-18.7,4.1)

-28.7 ± 22.1
(-36.3,13.5)

0.04

(Adjusted) - - - 107.2 ± 27.3
(95.6,118.8)

89.1 ± 27.3
(77.4,100.7)

0.04 -7.1 ± 5.7
(-18.7,4.6)

-25.2 ± 5.7
(-36.8,13.6)

0.03

Collagen type IV (ng/mL) (Crude) 264.6 ± 34.8
(246.1,283.1)

264.4 ± 51.7
(245.9,282.9)

0.99 256.1 ± 33.4
(236.5,275.6)

237.9 ± 56.7
(218.3,257.4)

0.11 -8.5 ± 38.6
(-23.3,6.3)

-26.5 ± 35.7
(-41.3,11.7)

0.09

(Adjusted) - - - 254.8 ± 35.2
(240.0,269.7)

239.1 ± 35.2
(224.3,254.0)

0.14 -9.7 ± 7.3
(-24.5,5.1)

-25.4 ± 7.3
(-40.2,10.5)

0.14

*Obtained by Independent sample t-test
$ Obtained by Repeated measure ANOVA.
¶ Obtained by ANCOVA.

Table 5 The mean of fold changes of MicroRNAs of study participants at base line and after 12 weeks trial
Baseline End of trial Changes from baseline
Placebo
Mean ± SD
(CI)

Vitamin D
Mean ± SD
(CI)

P* Placebo
Mean ± SD
(CI)

Vitamin D
Mean ± SD
(CI)

P$ Placebo
Mean ± SE
(CI)

Vitamin D
Mean ± SE
(CI)

P¶

MiR-21
(Crude)

1.50 ± 1.64
(0.95,2.04)

1.50 ± 0.81
(0.96,2.05)

0.99 3.00 ± 1.80
(2.3,3.7)

1.67 ± 1.60
(0.95,2.4)

0.03 1.49 ± 2.10
(0.78,2.2)

0.16 ± 1.82
(-0.55,0.88)

0.01

(Adjusted) - - - 3.01 ± 1.7
(2.3,3.7)

1.65 ± 1.7
(0.92,2.4)

0.01 1.5 ± 0.36
(0.78,2.2)

0.15 ± 0.36
(-0.58,0.87)

0.01

MiR-122 (Crude) 1.19 ± 1.34
(0.68,1.7)

1.53 ± 1.1
(1.0,2.0)

0.35 2.11 ± 1.75
(1.5,2.7)

0.75 ± 0.67
(0.2,1.3)

< 0.001 0.93 ± 1.26
(0.42,1.3)

-0.77 ± 0.98
(-1.2,-0.26)

< 0.001

(Adjusted) - - - 2.21 ± 1.05
(1.7,2.7)

0.65 ± 1.05
(0.2,1.1)

< 0.001 0.86 ± 0.23
(0.40,1.31)

-0.70 ± 0.23
(-1.1,-0.25)

< 0.001

MiR-34a (Crude) 1.48 ± 1.03
(1.1,1.9)

1.02 ± 0.86
(0.63,1.4)

0.11 1.54 ± 1.00
(1.1,1.9)

1.07 ± 0.94
(0.7,1.5)

0.98 0.05 ± 1.09
(-0.18,0.64)

0.05 ± 1.30
(-0.54,0.28)

0.22

(Adjusted) - - - 1.49 ± 0.96
(1.1,1.9)

1.12 ± 0.96
(0.7,1.5)

0.22 0.24 ± 0.21
(-0.18,0.66)

-0.14 ± 0.21
(-0.56,0.28)

0.22

*Obtained by Independent sample t-test
$ Obtained by Repeated measure ANOVA
¶ Obtained by ANCOVA
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and in vivo situations [34]. Intraperitoneal injections of 
1, 5, or 10 µg/kg of 1,25-vitmain D3 twice weekly for 12 
weeks to Wistar rats with NASH decreased the collagen 
type I and liver fibrosis [35]. Findings of the present clini-
cal trial showed that vitamin D supplementation for 12 
weeks significantly reduced circulating levels of laminin 
and hyaluronic acid and non-significantly for collagen 
type IV level compared to placebo. A significant inverse 
correlation was also seen between changes in fibrogenic 
factors and changes in serum vitamin D levels, except 
for collagen type IV, where the correlation was seen only 
in the intervention group. It may be caused by secretion 
of collagens from other tissues including bone and car-
tilage [36]; and consequently disrupt the serum levels of 
collagens in MASLD patients. However, as we excluded 
patients with confirmed co-morbidities including any 
chronic disease, it is less likely possible to significantly 
affect the collagen type IV levels by secretion of other 
tissues.

The most important signaling pathway in the HSCs 
which contributes to liver fibrosis is TGF-β/SMAD sig-
naling pathway [37]. Activation of this cascade leads to 
production of various fibrogenic factors including col-
lagens, laminin and other proteins of cellular matrix in 
HSCs [38]. As a result, some fibrotic agents including 
hyaluronic acid deposits in the extra-cellular matrix [38, 
39]. Vitamin D and its receptor specifically antagonize 
this signaling pathway in the liver. Animal studies have 
found that VDR-knockout mice develop liver fibrosis [4, 
15, 39]. Moreover, vitamin D/VDR complex increases the 
gene expression of anti-fibrotic proteins such as Bone 
Morphogenetic Protein 7 (BMP 7) and matrix metallo-
proteinase 8 (MMP 8) [40]. In addition, this complex can 
suppress the Ras/ERK-P signaling pathways and conse-
quently inhibits the HSCs proliferation and decrease liver 
fibrosis [15]. Finally, some studies have shown that vita-
min D decreases the production and activation of other 
fibrogenic factors including plasminogen activator inhib-
itor-1 (SERPINE1) [39].

We found that vitamin D consumption for 12 weeks 
suppressed the gene expression of pro-fibrogenic MiR-
21 levels and the gene expression of anti-fibrogenic 
MiR-122 but not pro-fibrogenic MiR-34a compared to 
placebo. Although the overall gene expression of MiR-21 
increased in both groups, the elevation in placebo group 
was significantly higher than in the vitamin D group. 
In a previous clinical trial, daily supplementation with 
2000–4000 IU vitamin D for 12 months had no signifi-
cant effects on serum levels of MiR-221 in healthy men 
[40]. Among athletes, a single dose of 10,000 IU vita-
min D resulted in a significant decreased serum levels 
of pro-inflammatory MiRs; however, serum levels of 
MiR-21 did not change compared to baseline [41]. Of 
note, the levels of liver fibrosis-related MiRs are affected 

by the secretions of these factors from tissues [42, 43]. It 
has been shown that TGF-β signaling is at the heart of 
fibrotic signaling pathways in the liver and is modulated 
by networks of pro- and anti-fibrotic MiRs. Therefore, 
anti-fibrotic effects of vitamin D in patients with MASLD 
can be mediated by TGF-β signaling [17, 44]. We did not 
examine the effects of vitamin D on the gene expression 
of TGF-β, but consumption of vitamin D2 with doses of 
60,000, 80,000, 100,000 IU/weekly for vitamin D insuf-
ficient, deficient, severely insufficient in patients with 
chronic hepatitis C for 6 weeks has no significant effect 
on serum TGF-β1, TIMP-1, MMP-9 and P3NP compared 
to placebo group [45].

Some clinical trials examined vitamin D supplementa-
tion on non-serum biomarkers of liver fibrosis. 1000 IU/
daily vitamin D intake for 360 days decreased indices of 
liver steatosis and fibrosis assessed by transient elastog-
raphy (TE, FibroScan®) in comparison to placebo [46]. By 
contrast, another report did not show a significant effect 
of vitamin D3 consumption (2100 IU/day for 48 weeks) 
on hepatic steatosis, possibly due to limited number of 
available biopsy specimens [47]. The type, dose and dura-
tion of vitamin D supplement, characteristics of the study 
population, and sample size may contribute to apparently 
conflicting results.

Our findings indicated that vitamin D supplementa-
tion can increase the serum levels of 25(OH) vitamin D, 
VDR and HDL-C, and led to significant decrease in liver 
enzymes levels including ALT and AST as well as FBS 
and LDL-C. However, this supplementation did not influ-
ence the serum concentration of PTH, insulin, HOMA-
IR, QUICKI, TG and TC. Our findings were in accord 
with others that indicated that vitamin D supplementa-
tion increased the serum levels of VDR but did not affect 
the PTH [48, 49]. By contrast, in one study, after injection 
of a 600,000 IU vitamin D IM, serum PTH levels signifi-
cantly increased in placebo group [50]. Also, supplemen-
tation with 20,000 IU/week of vitamin D for 6 weeks 
significantly decreased the serum PTH compared to pla-
cebo [51]. It is interesting that serum PTH levels went 
down in vitamin D group. Maybe people were already 
pretty high in 25(OH) vitamin D levels for vitamin D to 
have an effect on PTH. Usually, the effect is when people 
are vitamin D deficient. In non-obese subjects, vitamin 
D supplementation decreased the PTH levels in a linear 
manner, but in obese individuals, PTH levels remained 
10 pg/ml higher than non-obese subjects after 3-month 
supplementation with 2000 to 4000 IU/ day vitamin D 
[52]. Possibly, in obese MASLD patients’ vitamin D sup-
plementation even in higher levels without significant 
changes in PTH levels may affect the liver [52].

Regarding liver enzymes, in line with present study, 
some clinical trials have reported a significant reduction 
in serum ALT and AST levels [47, 53, 54]. By contrast, 
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others have found significant decrease only in ALT [55]. 
Some studies failed to find significant effect on serum 
transaminases by vitamin D supplementation [51, 55]. 
Considering metabolic profile including glycemic fac-
tors and lipid profile have shown that similar to our find-
ings, some previous studies have reported a significant 
decrease in LDL-C and a significant increase in HDL-C 
levels after vitamin D consumption [23]. Other clinical 
trials have reached significant results only in serum TG 
or TC concentrations [54]. In line with our results, some 
studies failed to find significant effects on serum insulin 
and HOMA-IR with a significant reduction in fasting 
blood sugar by vitamin D treatment [20–23]. By contrast, 
some others have shown a significant reduction in serum 
insulin and HOMA-IR without any changes in blood glu-
cose [50, 54]. Zanko et al. showed a significant reduction 
in fasting serum levels of insulin, HOMA-IR and gamma 
glutamyl transferase (γGT) with daily consumption of 
1000 IU vitamin D for 360 days [46]. Recent meta-anal-
ysis concluded that vitamin D supplementation has no 
significant effect on reduction of ALT, AST and γGT but 
suggested a significant reduction in alkaline phosphatise 
levels [56]. However, dose-response analyses were not 
done in the meta-analysis. Conflicting results may be 
related to the dose and duration of vitamin D supplemen-
tation, and to metabolic status of subjects [48].

Being the first report on the effects of vitamin D sup-
plementation on liver fibrosis-related fibrogenic fac-
tors and MiRs, using the Taqman assay method, as well 
as using a block randomized, placebo-controlled design 
are strengths of the present clinical trial. However, some 
limitations should be considered in interpretation of 
our findings. We did not use the gold standard method 
for evaluating NASH, which is the liver histopathology. 
Despite the highest accuracy, this invasive method is not 
routine. We used other non-invasive and routine meth-
ods including B-ultrasound and liver fibroscan to evalu-
ate NASH. The sample size of study is relatively small, 
and due to funding limitations, we were unable to mea-
sure the gene expression of TGF/β. Gene expression of 
other fibrogenic factors including MMPs and other MiRs 
in particular anti-fibrogenic MiRs and endpoint liver 
fibroscan were not measured. The vitamin D supplemen-
tation in present study was set on upper limit, 4000 IU/
daily for 12 weeks, which is more than the standard rec-
ommendations. This protocol is different from the other 
supplementation settings that considered for MASLD 
patients to examine the lipid profile, glycemic indices and 
hepatic enzymes. Some studies have implemented the 
50,000 IU/weekly doses of vitamin D supplement in dif-
ferent durations [20, 22, 23]. However, based on our liter-
ature review, obese patients have increased daily needs of 
vitamin D [57]. Moreover, it has been suggested that high 
daily doses of vitamin D supplement is more physiologic 

than weekly supplementation [58]. Although we applied 
the upper limits of vitamin D supplementation and high 
compliance rate, we achieved serum 25 (OH) vitamin D 
levels of 46.9 ng/mL, which are not excessive.

In conclusion, we found a significant reduction in some 
liver fibrogenic factors and in liver transaminases and 
corresponding changes in some fibrosis-related MiRs and 
some metabolic factors by a 12-week vitamin D supple-
mentation in MASLD patients. However, further clinical 
trials with larger sample sizes and direct measures of liver 
fibrosis are needed to confirm these findings.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12937-024-00911-x.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Acknowledgements
The study was supported by Tehran University of Medical sciences, Tehran, 
Iran. The authors would also like to thank all patients who took part in this 
study.

Author contributions
SE-K contributed to the design, data collection, statistical analyses, data 
interpretation, manuscript drafting and approval the final version of 
manuscript. AAS contributed to the data collection, data interpretation, 
manuscript drafting and approval the final version of manuscript. EG 
contributed to the data interpretation, manuscript drafting and approval of 
the final version of the manuscript. AV contributed to the data collection and 
approval the final version of manuscript. AE contributed to the conception, 
design, data collection, statistical analyses, data interpretation, manuscript 
drafting and approval of the final version of the manuscript. AE supervised the 
study. All authors read and approved the final manuscript.

Funding
This study was funded by Tehran University of Medical Sciences.

Data availability
Data sharing was not applicable to this study.

Declarations

Ethics approval and consent to participate
The study has already been approved by the bioethics committee of the 
Tehran University of Medical Sciences (no. IR.TUMS.VCR.REC.1395.1683). All 
participants were asked to complete and sign the written informed consent.

Consent for publication
It was not applicable for our study.

Informed consent
All participants provided informed written consent.

Competing interests
All authors declared that they have no competing interest.

Grant support
This work was supported by School of Nutritional Sciences and Dietetics and 
Endocrinology & Metabolism Research Center, Tehran University of Medical 
sciences, Tehran.

https://doi.org/10.1186/s12937-024-00911-x
https://doi.org/10.1186/s12937-024-00911-x


Page 11 of 12Ebrahimpour-Koujan et al. Nutrition Journal           (2024) 23:24 

Author details
1Department of Community Nutrition, School of Nutritional Sciences 
and Dietetics, Tehran University of Medical Sciences, PO Box 14155-6117, 
Tehran, Iran
2Department of Clinical Nutrition, School of Nutritional Sciences and 
Dietetics, Tehran University of Medical Sciences, Tehran, Iran
3The Liver, Pancreatic, and Biliary Disease Research Center, Digestive 
Disease Research Institute, Shariati Hospital, Tehran University of Medical 
Sciences, Tehran, Iran
4Departments of Nutrition and Epidemiology, Harvard T.H. Chan School 
of Public Health, Boston, MA, USA
5Department of Comparative Biosciences, Faculty of Veterinary Medicine, 
University of Tehran, Tehran, Iran
6Obesity and Eating Habits Research Center, Endocrinology and 
Metabolism Molecular -Cellular Sciences Institute, Tehran University of 
Medical Sciences, Tehran, Iran
7Department of Community Nutrition, School of Nutrition and Food 
Science, Isfahan University of Medical Sciences, Isfahan, Iran

Received: 5 May 2023 / Accepted: 3 January 2024

References
1. Powell EE, Wong VW, Rinella M. Non-alcoholic fatty liver disease. Lancet. 

2021;397(10290):2212–24.
2. Barchetta I, Cimini FA, Cavallo MG. Vitamin D and metabolic dysfunc-

tion-Associated fatty liver Disease (MAFLD): an update. Nutrients. 
2020;12(11):3302.

3. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global 
epidemiology of nonalcoholic fatty liver disease-Meta-analytic assessment of 
prevalence, incidence, and outcomes. Hepatology. 2016;64:73–84.

4. Guo X, Yin X, Liu Z, Wang J. Non-alcoholic fatty liver Disease (NAFLD) Patho-
genesis and Natural products for Prevention and Treatment. Int J Mol Sci. 
2022;23(24):15489.

5. Roehlen N, Crouchet E, Baumert TF. Liver fibrosis: mechanistic concepts and 
therapeutic perspectives. Cells. 2020;9(4):875.

6. Ullah R, Rauf N, Nabi G, Ullah H, Shen Y, Zhou YD, Fu J. Role of Nutrition in 
the Pathogenesis and Prevention of non-alcoholic fatty liver disease: recent 
updates. Int J Biol Sci. 2019;15(2):265–76.

7. Sanai FM, Abaalkhail F, Hasan F, Farooqi MH, Al Nahdi N, Younossi MZ. 
Management of nonalcoholic fatty liver disease in the Middle East. World J 
Gastroenterol. 2020;26(25):3528–41.

8. Bradford V, Dillon J, Miller M. Lifestyle interventions for the treatment of non-
alcoholic fatty liver disease. Hepat Med. 2014;6:1–10.

9. Lurie Y, Webb M, Cytter-Kuint R, Shteingart S, Lederkremer GZ. Non-
invasive diagnosis of liver fibrosis and cirrhosis. World J Gastroenterol. 
2015;21(41):11567–83.

10. Yamada H, Suzuki K, Ichino N, Ando Y, Sawada A, Osakabe K. Associations 
between circulating microRNAs (miR-21, miR-34a, miR-122 and miR-451) and 
non-alcoholic fatty liver. Clin Chim Acta. 2013;424:99–103.

11. Pei K, Gui T, Kan D, Feng H, Jin Y, Yang Y, et al. An overview of lipid metabolism 
and nonalcoholic fatty liver disease. Biomed Res Int. 2020;2020:4020249.

12. Eliades M, Spyrou E, Agrawal N, Lazo M, Brancati FL, Potter JJ. Meta-analysis: 
vitamin D and non-alcoholic fatty liver disease. Aliment Pharmacol Ther. 
2013;38(3):246–54.

13. Iruzubieta P, Terán Á, Crespo J, Fábrega E. Vitamin D deficiency in chronic liver 
disease. World J Hepatol. 2014;6(12):901–15.

14. Reid IR. What diseases are causally linked to vitamin D deficiency? Arch Dis 
Child. 2016;101(2):185–9.

15. Udomsinprasert W, Jittikoon J. Vitamin D and liver fibrosis: molecular mecha-
nisms and clinical studies. Biomed Pharmacother. 2019;109:1351–60.

16. Gerhard GS, DiStefano JK. Micro RNAs in the development of non-alcoholic 
fatty liver disease. World J Hepatol. 2015;7(2):226–34.

17. Afonso MB, Rodrigues PM, Simão AL, Castro RE. Circulating microRNAs as 
potential biomarkers in non-alcoholic fatty liver Disease and Hepatocellular 
Carcinoma. J Clin Med. 2016;5(3):30.

18. Rotllan N, Fernández-Hernando C. MicroRNA Regulation of Cholesterol 
Metabolism. Cholesterol. 2012; 2010:1–8.

19. Liu CH, Ampuero J, Gil-Gomez A, Montero-Vallejo R, Rojas A, Munoz-Hernan-
dez R. miRNAs in patients with non-alcoholic fatty liver disease: a systematic 
review and meta-analysis. J Hepatol. 2018;69(6):1335–48.

20. Sharifi N, Amani R, Hajiani E, Cheraghian B. Does vitamin D improve liver 
enzymes, oxidative stress, and inflammatory biomarkers in adults with 
non-alcoholic fatty liver disease? A randomized clinical trial. Endocrine. 
2014;47(1):70–80.

21. Barchetta I, Ben MD, Angelico F, Di Martino M, Fraioli A, La Torre G. No effects 
of oral vitamin D supplementation on non-alcoholic fatty liver disease in 
patients with type 2 diabetes: a randomized, double-blind, placebo-con-
trolled trial. BMC Med. 2016;14:92.

22. Taghavei A, Akha O, Mouodi M, Fakheri HT, Kashi Z, Maleki I, Mohammadpour 
R. Effect of vitamin D supplementation on patients with non-alcoholic fatty 
liver disease (NAFLD). Acta Med Mediterranea. 2018;34:415–22.

23. Dabbaghmanesh MH, Danafar F, Eshraghian A, Omrani GR. Vitamin D 
supplementation for the treatment of non-alcoholic fatty liver disease: a 
randomized double blind placebo controlled trial. Diabetes Metab Syndr. 
2018;12(4):513–7.

24. Ebrahimpour-Koujan S, Sohrabpour AA, Foroughi F, Alvandi E, Esmaillza-
deh A. Effects of vitamin D supplementation on liver fibrogenic factors in 
non-alcoholic fatty liver patients with steatohepatitis: study protocol for a 
randomized clinical trial. Trials. 2019;20(1):153.

25. Saghaei M. Random allocation software for parallel group randomized trials. 
BMC 4. 2004; (26);1–6.

26. Płudowski P, Kos-Kudła B, Walczak M, Fal A, Zozulińska-Ziółkiewicz D, Sierosze-
wski P. Guidelines for preventing and treating vitamin D Deficiency: a 2023 
update in Poland. Nutrients. 2023;15(3):695.

27. Salgado AL, Carvalho L, Oliveira AC, Santos VN, Vieira JG, Parise ER. Insulin 
resistance index (HOMA-IR) in the differentiation of patients with non-
alcoholic fatty liver disease and healthy individuals. Arq Gastroenterol. 
2010;47(2):165–9.

28. Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR Jr, Tudor-Locke 
C. 2011 Compendium of Physical activities: a second update of codes and 
MET values. Med Sci Sports Exerc. 2011;43(8):1575–81.

29. Rao X, Huang X, Zhou Z, Lin X. An improvement of the 2ˆ(–delta delta CT) 
method for quantitative real-time polymerase chain reaction data analysis. 
Biostat Bioinforma Biomath. 2013;3(3):71–85.

30. Zanello LP, Norman AW. Rapid modulation of osteoblast ion chan-
nel responses by 1alpha,25(OH)2-vitamin D3 requires the presence 
of a functional vitamin D nuclear receptor. Proc Natl Acad Sci U S A. 
2004;101(6):1589–94.

31. Zúñiga S, Firrincieli D, Housset C, Chignard N. Vitamin D and the vitamin 
D receptor in liver pathophysiology. Clin Res Hepatol Gastroenterol. 
2011;35(4):295–302.

32. Ding N, Yu RT, Subramaniam N, Sherman MH, Wilson C, Rao R. A vitamin 
D receptor/SMAD genomic circuit gates hepatic fibrotic response. Cell. 
2013;153(3):601–13.

33. Canbay AE, Beilfuss A, Sydor S, Sowa JP, Seydel S, Syn WK. & Modulation of 
fibrogenic factors in hepatic stellate cells by Vitamin D and reduction of 
vitamin D in NAFLD patients: implications for NAFLD therapy. Z Gastroenterol 
2010; 48 - V38.

34. Slominski A, Janjetovic Z, Tuckey RC, Nguyen MN, Bhattacharya KG, Wang J. 
20S-hydroxyvitamin D3, noncalcemic product of CYP11A1 action on vitamin 
D3, exhibits potent antifibrogenic activity in vivo. J Clin Endocrinol Metab. 
2013;98(2):E298–303.

35. Han H, Cui M, You X, Chen M, Piao X, Jin G. A role of 1,25(OH)2D3 supplemen-
tation in rats with nonalcoholic steatohepatitis induced by choline-deficient 
diet. Nutr Metab Cardiovasc Dis. 2015;25(6):556–61.

36. Garnero P, Piperno M, Gineyts E, Christgau S, Delmas PD, Vignon E. Cross 
sectional evaluation of biochemical markers of bone, cartilage, and synovial 
tissue metabolism in patients with knee osteoarthritis: relations with disease 
activity and joint damage. Ann Rheum Dis. 2001;60(6):619–26.

37. Jiang Y, Cheng DW, Crook ED, Singh LP. Transforming growth factor-beta1 
regulation of laminin gamma1 and fibronectin expression and survival of 
mouse mesangial cells. Mol Cell Biochem. 2005;278(1–2):165–75.

38. Neuman MG, Cohen LB, Nanau RM. Hyaluronic acid as a non-invasive bio-
marker of liver fibrosis. Clin Biochem. 2016;49(3):302–15.

39. Artaza JN, Norris KC. Vitamin D reduces the expression of collagen and key 
profibrotic factors by inducing an antifibrotic phenotype in mesenchymal 
multipotent cells. J Endocrinol. 2009;200(2):207–21.



Page 12 of 12Ebrahimpour-Koujan et al. Nutrition Journal           (2024) 23:24 

40. Jorde R, Svartberg J, Joakimsen RM, Coucheron DH. Plasma profile of 
microRNA after supplementation with high doses of vitamin D3 for 12 
months. BMC Res Notes. 2012;5:245.

41. Pastuszak-Lewandoska D, Domańska-Senderowska D, Kiszałkiewicz J, 
Szmigielska P, Snochowska A, Ratkowski W. & Expression levels of selected 
cytokines and microRNAs in response to vitamin D supplementation in ultra-
marathon runners. Eur J Sport Sci. 2019:1–26.

42. Cui C, Cui Q. The relationship of human tissue microRNAs with those from 
body fluids. Sci Rep. 2020;10:5644.

43. Sohel Mh. Extracellular/Circulating MicroRNAs: Release mechanisms, func-
tions and challenges. Achievements in the Life Sciences. 2016;10(2):175–86.

44. Pirola CJ, Gianotti FT, Castaño GO, Mallardi P, MartinoJS, Gonzalez Lopez 
Ledesma MM. Circulating microRNA signature in non-alcoholic fatty liver 
disease: from serum non-coding RNAs to liver histology and disease patho-
genesis. Gut. 2015;64(5):800–12.

45. Sriphoosanaphan S, Thanapirom K, Kerr SJ, Suksawatamnuay S, Thaimai P, 
Sittisomwong S. Effect of vitamin D supplementation in patients with chronic 
hepatitis C after direct-acting antiviral treatment: a randomized, double-
blind, placebo-controlled trial. PeerJ. 2021;9:e10709.

46. Zanko VL, Domislovic V, Trkulja V, Krznaric-Zrnic I, Turk-Wensveen T, Krznaric 
Z. Vitamin D for treatment of non-alcoholic fatty liver disease detected by 
transient elastography: a randomized, double-blind, placebo-controlled trial. 
Diabetes Obes Metab. 2020;22(11):2097–106.

47. Geier A, Eichinger M, Stirnimann G, Semela D, Tay F, Seifert B. Treatment of 
non-alcoholic steatohepatitis patients with vitamin D: a double-blinded, 
randomized, placebo-controlled pilot study. Scand J Gastroenterol. 
2018;53(9):1114–20.

48. Bover J, Egido J, Fernández-Giráldez E, Praga M, Solozábal-Campos C, Tor-
regrosa JV. Vitamin D, vitamin D receptor and the importance of its activation 
in patients with chronic kidney disease. Nefrologia. 2015;35(1):28–41.

49. Mohseni H, Hosseini SA, Amani R, Ekrami A, Ahmadzadeh A, Latifi SM. 
Circulating 25-Hydroxy vitamin D relative to vitamin D receptor poly-
morphism after vitamin D3 supplementation in breast Cancer women: a 
Randomized, double-blind controlled clinical trial. Asian Pac J Cancer Prev. 
2017;18(7):1953–9.

50. Hosseini SM, Aliashrafi S, Ebrahimi-Mameghani M. The Effect of a single 
intramuscular injection of Cholecalciferol on the Serum Levels of Vitamin 

D, Adiponectin, insulin resistance, and liver function in women with non-
alcoholic fatty liver Disease (NAFLD): a Randomized, Controlled Clinical Trial. 
Iran Red Crescent Med J. 2018;20(10):e60746.

51. Papapostoli I, Lammert F, Stokes CS. Effect of short-term vitamin D correction 
on Hepatic Steatosis as quantified by controlled attenuation parameter 
(CAP). J Gastrointestin Liver Dis. 2016;25(2):175–81.

52. Kim H, Chandler P, Ng K, Manson JE, Giovannucci E. Obesity and efficacy of 
vitamin D 3 supplementation in healthy black adults. Cancer Causes Control. 
2020;31(4):303–7.

53. Dasarathy J, Varghese R, Feldman A, Khiyami A, McCullough AJ, Dasarathy 
S. Patients with nonalcoholic fatty liver Disease have a low response rate to 
Vitamin D Supplementation. J Nutr. 2017;147(10):1938–46.

54. Lorvand Amiri H, Agah S, Tolouei Azar J, Hosseini S, Shidfar F, Mousavi 
SN. Effect of daily calcitriol supplementation with and without calcium 
on disease regression in non-alcoholic fatty liver patients following an 
energy-restricted diet: Randomized, controlled, double-blind trial. Clin Nutr. 
2017;36(6):1490–7.

55. Sakpal M, Satsangi S, Mehta M, Duseja A, Bhadada S, Das A. Vitamin D supple-
mentation in patients with nonalcoholic fatty liver disease: a randomized 
controlled trial. JGH Open. 2017;1(2):62–7.

56. Mansour-Ghanaei F, Pourmasoumi M, Hadi A, Ramezani-Jolfaie N, Joukar F. 
The efficacy of vitamin D supplementation against nonalcoholic fatty liver 
disease: a Meta-analysis. J Diet Suppl. 2020;17(4):467–85.

57. Tobias DK, Luttmann-Gibson H, Mora S, Danik J, Bubes V, Copeland T. Asso-
ciation of Body Weight with response to vitamin D supplementation and 
metabolism. JAMA Netw Open. 2023;6(1):e2250681.

58. Hathcock JN, Shao A, Vieth R, Heaney R. Risk assessment for vitamin D. Am J 
Clin Nutr. 2007;85:6–18.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Effects of vitamin D supplementation on liver fibrogenic factors, vitamin D receptor and liver fibrogenic microRNAs in metabolic dysfunction-associated steatotic liver disease (MASLD) patients: an exploratory randomized clinical trial
	Abstract
	Introduction
	Methods
	Participants
	Study design
	Intervention
	Outcomes
	Blood sampling, biochemical and molecular measurements
	RNA isolation and cDNA synthesis
	Quantitative real-time PCR
	Assessment of other variables
	Statistical analysis

	Results
	Discussion
	References


