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Abstract 

Background: Vitamin D is considered an extremely im-
portant physiological regulator other than its classical role in 
skeletal homeostasis. There is growing evidence that connects 
vitamin D to liver disease. 

Aim of Study: Aim of this work is to study the clinical utili-
ty of vitamin D among the diabetic obese patients and to assess 
the effect of vitamin D deficiency on NAFLD. 

Material and Methods: Our study was conducted on 150 
older diabetic obese adult patients, patients were divided into 
two groups, group with normal vitamin level (NVDD) and 
group with decreased vitamin level (VDD). Both groups in-
cluded a percent of NAFLD patients. 

Results: Highly significantly increased percentage of 
NAFLD in the group with vitamin D deficiency (VDD). Also, 
the prevalence of hyperlipidemia was higher in patients with 
vitamin D deficiency as compared to patients with a normal 
vitamin D. 

Conclusion: Vitamin D deficiency considered to be an im-
portant risk factor for development of NAFLD. 
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Introduction 

NON-ALCOHOLIC fatty liver disease (NAFLD) 
is now considered to be the most common chron-
ic liver disease worldwide with significant conse-
quences that markedly affect health and economic 
systems of Western countries [1,2]. 

NAFLD is defined by excessive fat deposition 
in hepatocytes in individuls who do not drink ex-
cessive amounts of alcohol. It include a range of 
diseases of the liver, from non-alcoholic steatohep-
atitis (NASH), which can cause cirrhosis and hepa- 
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tocellular carcinoma, to simple hepatic steatosis [3]. 
Estimates indicate that NAFLD affects about 25% 
of the world’s population, and it has gradual rising 
prevalence nowadays [4]. 

The pathogenesis of NAFLD is primarily linked 
to multiple metabolic impairments and alteration of 
the glucose–insulin homeostasis. For this tight con-
nection between metabolic diseases and NAFLD, 
this condition has been recently re-named as met-
abolic (dysfunction)-associated fatty liver disease 
(MAFLD) [5]. As a vicious circle, once MAFLD 
is established it increases the hepatic insulin re-
sistance, which, in turn, can be triggered in about 
30–40% of cases, MAFLD evolution towards stea-
to-hepatitis (NASH), and eventually, cirrhosis, liver 
failure, and hepatocarcinoma [6]. 

MAFLD also promotes systemic low-grade in-
flammation with impaired insulin sensitivity in ex-
tra-hepatic tissues. Finally, MAFLD increases the 
risk of type 2 diabetes with risk of increase its com-
plications and is considered as an established risk 
factor for cardiovascular morbidity and mortality 
[7]. 

Vitamin D is one of the fat-soluble hormones 
which is obtained from sunlight exposure, diet, and 
also from some health supplements. Dietary sources 
include oily fish, shitake mushrooms and fortified 
foods which can include cereals and milk, and sup-
plements [8]. Sunlight may be responsible for about 
90% of the requirement of vitamin D in most people 
[9]. 

In addition to its essential role in bone and cal-
cium homeostasis, there is an expanding volume 
of data regarding associations between vitamin D 
deficiency and several medical diseases including 
multiple sclerosis, myopathy, Alzheimer’s disease, 
and cancer. Liver disease discovered to be strongly 
linked to vitamin D deficiency, and the development 
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of the vitamin D receptor (VDR) knockout murine 
model has greatly increased our understanding of 
vitamin D’s role in liver disease [10]. 

Aim of the work: 
To investigate the impact of vitamin D deficien-

cy on the variable studied parameter among the 
diabetic obese patients, and to assess the effect of 
vitamin D deficiency on NAFLD. 

Material and Methods 

This cross-sectional study was conducted on 
150 adult diabetic obese patients from outpatient 
clinic of Ain Shams University, they were divided 
into two groups, according to the level of vitamin 
D, group with normal vitamin level (NVDD. This 
group included 55 patients and group with de-
creased vitamin level (VDD). This group included 
95 patients. 

We included also NAFLD patients within both 
groups (NVDD and VDD) in order to evaluate 
the association between vitamin D and NAFLD. 
NAFLD patients was diagnosed based on to ultra-
sound findings. 

All recruited patients were obese with a BMI 
≥30kg/m2. Diabetes were diagnosed according to 
guidelines. From all patients, we obtained the fol-
lowings; full medical history, clinical examination, 
and laboratory investigations including liver func-
tion tests, lipid profile and CBC. Vitamin D was 
assayed using electrochemiluminescence (ECL) on 
Cobas e 411 (Roche Diagnostics). 

Statistical analysis: 
Data were analyzed using Statistical Program 

for Social Science (SPSS) version 24. Qualitative 
data were expressed as frequency and percentage. 
Quantitative data were expressed as median and 
IQR in a case of data was not normally distributed. 
Also, the following tests were done; Mann Whit-
ney U test (MW) to compare between two groups 
(for abnormally distributed data), Chi-square test 
was used when comparing between non-paramet-
ric data, and pearson’s correlation coefficient (r) 
test was used for correlating data p-value, p-value 
<0.001 was considered as highly significant and 
p-value >0.05 was considered insignificant. 

Results 

Our results included 55 patients with NVDD 
(36.7%) and 95 patients with VDD (3.3%). A sta-
tistically significant difference was found between 
NVDD and VDD groups as regards serum choles-
terol, LDL-cholesterol, and hemoglobin (p-value 
<0.05) as in Table (1). 

A statistically significant difference was found 
between NVDD and VDD groups as regards US 
findings (p-value <0.05). In NVDD group, there  

were 35 normal patients (63.6%), 11 patients (20%) 
with bright fatty liver normal size and 9 patients 
(16.4%) with enlarged fatty liver. In VDD group, 
there were 36 normal patients (37.9%), 31 pa-
tients (32.6%) with bright fatty liver normal size, 
26 patients (27.4%) with enlarged fatty liver and 
2 patients (2.1%) with irregular coarse liver. Fur-
thermore, 63.2% of patients with VDD was having 
NAFLD as in Table (2). 

In NAFLD group, astatistically significant nega-
tive correlation between the levels of vitamin D and 
each of the followings; serum creatinine, WBCs, 
and hemoglobin (p-value <0.05). On the other hand 
a statistically significant positive correlation was 
found between vitamin D and platelets (p-value 
<0.05). No statistically significant correlation was 
found between vitamin D and other studied data. 
In NAFLD group, vitamin D level was statistically 
significant negative correlated with both ALT and 
LDL-cholesterol. 

The multivariate logistic regression analy-
sis for factors predictive of vitamin D status in all 
studied patients showed that sex, serum cholester-
ol, LDL-cholesterol, hemoglobin and presence of 
NAFLD could be used as predictive factors for vita-
min D status in the studied patients (p-value <0.05). 

Discussion 

NAFLD is not simply an outcome of insulin re-
sistance and metabolic derangements; instead, it is a 
disease with complicated underlying pathogenesis. 
Moreover, deficiency of vitamin D has been associ-
ated with NAFLD development and increased sus-
ceptibility to more severe liver diseases. Derange-
ment in vitamins correlates to the lipotoxic hepatic 
environment, immune system alteration, oxidative 
stress, unwarranted inflammation, gene mutations, 
epigenetic modification, and gut dysbiosis seen in 
NAFLD [11]. 

Previous studies have shown conflicting results 
regarding the association between hypovitaminosis 
D and NAFLD. The aim of this study is to evaluate 
the effect of hypovitaminosis D and metabolic syn-
drome on NAFLD. Deficiency of vitamin D inade-
quacy is often observed in obese individuals, which 
can be causes by vitamin D sequestration in adipose 
tissue, resulting in decreased availability, and dilut-
ed volumetric due to larger adipose tissue mass [12]. 

In the present study we performed a cross-sec-
tional study on 150 older diabetic obese adult pa-
tients. 

Our comparative study between the 2 groups 
(NVDD & VDD groups), revealed that there was a 
highly statistically significant difference as regards 
sex. In NVDD group, there were 10 males (18.2%) 
and 45 females (81.8%). In VDD group, there were 
42 males (44.2%) and 53 females (55.8%). 
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In a similar study, they reported a higher risk 
of vitamin D deficiency in women with metabolic 
syndrome [13], same findings were found in another 
study which stated that vitamin D deficiency is more 
severe in women in a cross-sectional study which 
conducted to assess vitamin D deficiency and the 
associated risk factors in 166 women aged 30–65 
years and they recommend to raise public aware-
ness among women about the benefit of rich dietary 
sources of vitamin D, and the sun exposure [14]. 

Moreover, our study reported a statistically sig-
nificant higher percentage of NAFLD in VDD group 
(60 patients, 63.2%) as compared to NVDD group 
(20 patients, 36.4%). The same findings were found 
in many previous studies [15-17]. Another convinc-
ing experimental data showed that the vitamin D/ 
VDR axis is directly involved in the modulation of 
many metabolic and inflammatory pathways asso-
ciated with the development of NAFLD in over-
weight and obesity [18]. 

This also was confirmed by Tingwan Du et al., 
who documented that in the early stage of fatty 
liver, low serum 25(OH)D3 concentration was as-
sociated with an increased risk of NAFLD. On the 
other hand the adequate vitamin D state (25(OH) 
D3 >20ng/mL) has a significant protective effect re-
garding the NAFLD [19]. 

Li et al. [20] demonstrated that treatment with 
100 nM calcitriol protects against hepatic steato-
sis by inducing autophagy. The differences in these 
studies may be due to focusing on many different 
pathways. The benefits of vitamin D supplemen-
tation were described in a previous meta-analysis 
study based on a large population which reports an 
inverse correlation between serum 25(OH)D3 and 
NAFLD in European individuals [21]. 

In another pervious study, the presence of a low 
vitamin D level was a risk factor for NAFLD/stea-
tosis with no advanced fibrosis (FIB-4 <1.3)[19] this 
is consistent with our study as our results showed 
a statistically significantly low levels of vitamin D 
among NAFLD patients however in our study vi-
tamin D did not show any significant correlation 
with the grade of liver fibrosis (FIB-4 score).This 
could be explained by a fewer number of patients 
recruited in our study (as previous study minimal-
ly enrolled 350 patients versus 150 patients in our 
study) [19]. However, Xiu et al. [21] reported that 
levels of vitamin D decrease with the progression of 
hepatic fibrosis. These differences may be attributed 
to several reasons such as different sources of pa-
tients, presence of the early stage of fatty liver dis-
ease without liver fibrosis [19] whereas in the study 
performed by Xiu et al., they enrolled the majority 
of patients having liver fibrosis [22]. 

Nonetheless, further studies on larger popula-
tions of individuals may be needed before making 
general conclusions on the importance and benefit  

of vitamin D supplementation in patients with fatty 
liver disease. 

Our study showed a statistically significant neg-
ative correlation between vitamin D and ALT, this 
finding was in agreement to Geier et al., who ob-
served that 48-week vitamin D3 treatment (2100 IU 
vitamin D3 daily) leads to significantly decreased 
serum ALT in twenty individuals with biopsy-prov-
en NASH [23]. 

Similarly, another study noticed modest im-
provement of ALT and enhanced liver fibrosis 
score, along with a trend towards reduced insu-
lin-resistance-estimated by the Homeostatic Model 
Assessment for Insulin Resistance (HOMA-IR) in-
dex in the actively vitamin D treated patients group 
versus placebo [24]. 

Also, many previous supported the hypothesis 
that vitamin D supplementation may exerts bene-
ficial effects mostly in younger individuals, with 
shorter disease duration and mild to moderate liv-
er damage [25] and/or in addition to anti-fibrotic 
agents [26]. This also is consistent with a previous 
meta-analysis, which reported that vitamin D sup-
plementation decreases serum ALT [27]. This was 
further confirmedby another study who demonstrat-
ed that 25(OH)D3 was negatively correlated with 
ALT [19]. 

Our study showeda statistically significant dif-
ference between studied groups (NVDD & VDD 
groups) as regards the serum cholesterol, LDL-cho-
lesterol in VDD groups as compared to NVDD. 

Many previous studies evaluated the effect Vita-
min D on the lipid profile and revealed that vitamin 
D had a significant effect on the lipid profiles [28,29] 
In contrast, Barchetta et al., which reported that vi-
tamin D had a non-significant on the lipid profile 
[30]. 

Another study indicated that vitamin D supple-
mentation (alone or with co-supplementation) could 
statistically improve lipid metabolism and conclud-
ed that supplying vitamin D could improve the se-
rum lipid profile, and supplementation of vitamin 
D ≤5,000 IU/day seemed to have a statistical effect 
compared with higher doses and this study recom-
mended larger prospective studies to further vali-
date their results [31]. 

Our study showed a statistically significantly 
positive between vitamin D and platletes, this was 
not consistent with a previous study which included 
78 participants, reporting a significant negative rela-
tionship between vitamin D level and platelet count 
among CAD patients [32]. 

In another study, there was a negative relation-
ship between the vitamin D levels and the platelet 
count in gestational diabetes mellitus [33], the same 
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results observed also by Yon Chul Park et al.، who 
enrolled 3190 adult subjects, as the platelet count 
and mean platelet volume were found to be inverse-
ly associated with vitamin D levels in adults [34], 
while Cumhur et al. [35] reported a non-significant 
relationship between vitamin D deficiency and 
platelet count on 434 healthy participants. Very few 
studies explored the association between vitamin D 
level and platelet count, further studies are needed 
to clarify the mechanisms by which vitamin D level 
can affects platelet count. 

Another study suggested that the effect of oxida-
tive stress may be related to the high platelet counts 
[36]. The elevated Interleukin-6 (IL-6) level, as an 
inflammatory cytokine, results in increased oxida-
tive stress and increase megakaryocyte production 
and maturation [37]. There was an inverse correla-
tion between vitamin D and IL-6 levels in a study 
on 1381 healthy participants [38]. Lower vitamin D 
levels were thought to be related with inflammation 
and elevated cytokine levels that would result in in-
creased thrombocyte count [39]. 

Our study had certain limitations such as using 
liver enzymes and abdominal sonar as markers for 
NAFLD diagnosis which is controversial, and there 
are no other noninvasive methods to use in trials but 
we use FIB-4 score to differentiate fibrosis index in 
NAFLD patient and exclude presence of any fibro-
sis in normal control patients. 

Conclusion: 
Vitamin D deficiency considered to be an impor-

tant risk factor for development of NAFLD. Also, 
the prevalence of hyperlipidemia was higher in pa-
tients with vitamin D deficiency as compared to pa-
tients with a normal vitamin D. 

The Ethical Committee of Ain Shams Univer-
sity approved the protocol of this study (approval 
number FMASU R242/2023). 

Conflict of interest: None. 

Funding: This research did not receive any spe-
cific grant from funding agencies in the public, 
commercial, or non-profit sectors. 

Acknowledgement: 
The authors would like to thank all the study 

population who gave written consent to be included 
in the study. 

References 

1- YOUNOSSI Z.M., KOENIG A.B., ABDELATIF D., FA-
ZEL Y., HENRY L. and WYMER M.: Global epidemiolo-
gy of nonalcoholic fatty liver disease-Meta-analytic assess-
ment of prevalence, incidence, and outcomes. Hepatology, 
64: 73–84, 2016. [CrossRef] [PubMed]. 

2- ESLAM M., NEWSOME P.N., SARIN S.K., ANSTEE 
Q.M., TARGHER G., ROMERO-GOMEZ M., ZEL- 

BER-SAGI S., WONG V.W.-S., DUFOUR J.-F., SCHAT-
TENBERG J.M., et al.: A new definition for metabolic 
dysfunction-associated fatty liver disease: An internation-
al expert consensus statement. J. Hepatol., 73: 202–209, 
2020. [CrossRef] [PubMed] 3. European A. 

3- YOUNOSSI Z.M., KOENIG A.B., ABDELATIF D., FA-
ZEL Y., HENRY L. and WYMER M.: Global epidemiolo-
gy of nonalcoholic fatty liver disease meta-analytic Global 
epidemiology of nonalcoholic fatty liver disease-Meta-an-
alytic assessment of prevalence, incidence, and outcomes, 
Jul. 64 (1): 73-84, 2016. 10.1002/hep.28431. 

4- YOUNOSSI Z.M., GOLABI P., DE AVILA L., PAIK, 
J.M., SRISHORD M., FUKUI N., QIU Y., BURNS L., 
AFENDY A. and NADER F.: The global epidemiology of 
NAFLD and NASH in patients with type 2 diabetes: A sys-
tematic review and meta-analysis. Journal of hepatology, 
71: 793-801, 2019. 

5- European Association for the Study of the Liver (EASL); 
European Association for the Study of Diabetes (EASD); 
European Association for the Study of Obesity (EASO). 
EASL-EASD-EASO clinical practice guidelines for the 
management of non-alcoholic fatty liver disease. J. Hepa-
tol., 64, 1388–1402, 2016. [CrossRef] [PubMed]. 

6- SAMUEL V.T. and SHULMAN G.I.: Nonalcoholic Fatty 
Liver Disease as a Nexus of Metabolic and Hepatic Diseas-
es. Cell Metab., 27: 22–41, 2018. [CrossRef]. 

7- ILARIA BARCHETTA, FLAVIA AGATA CIMINI and 
MARIA GISELLA CAVALLO: Vitamin D and Metabolic 
Dysfunction-Associated Fatty Liver Disease (MAFLD): 
An Update * Department of Experimental Medicine, Sa-
pienza University, Viale Regina Elena 321, 00161 Rome, 
Italy; ilaria.barchetta@uniroma1.it  (I.B.); flaviaagata.ci-
mini@uniroma1.it  (F.A.C.) October 2020 Nutrients, 12: 
3302, 2020. doi:10.3390/nu12113302 

8- TARGHER G., BYRNE C.D. and TILG H.: NAFLD and 
increased risk of cardiovascular disease: Clinical associa-
tions, pathophysiological mechanisms and pharmacologi-
cal implications. Gut, 69: 1691–1705, 2020. [CrossRef]. 

9- BOUILLON R., DE GROOT L. and JAMESON J.: Vita-
min D: From Photosynthesis, Metabolism, and Action to 
Clinical Applications; Saunders: New South Wales, Aus-
tralia, 2001. 

10- HOLICK M.F.: Vitamin D: Importance in the prevention 
of cancers, type 1 diabetes, heart disease, and osteoporo-
sis. Am. J. Clin. Nutr., 79: 362–371, 2004. [CrossRef] [Pu-
bMed] plus original paper. 

11- JEREMY T. KEANE 1, HARENDRAN ELANGOVAN 2, 
REBECCA A. STOKES 1,2 and JENNY: Vitamin D and 
the Liver Correlation or Cause? Nutrients, 10, 496, 2018. 
doi:10.3390/nu10040496. 

12- ANNE M. ABE, ANUM MASROOR, ARSENI 
KHOROCHKOV, JOSE PRIETO, KARAN B. SINGH, 
MADUKA C. NNADOZIE, MUHAMMAD ABDAL, 
NIKI SHRESTHA and LUBNA MOHAMMED: The Role 
of Vitamins in Non-Alcoholic Fatty Liver Disease: A Sys-
tematic Review Rose A Systematic Review. Cureus, 13 (8): 
e16855. DOI 10.7759/cureus.16855. 

mailto:flaviaagata.ci-mini@uniroma1.it


Dina M.A. Mohamed, et al. 609 

13- VRIELING F. and STIENSTRA R.: Obesity and dysreg-
ulated innate immune responses: Impact of micronutrient 
deficiencies. Trends Immunol., 44 (3): 217–30, 2023. doi: 
10.1016/j.it.2023.01.003. 

14- NORA A. ALFARIS, NORA M. ALKEHAYEZ, FATEMA 
I. ALMUSHAWAH, ABDULRHMAN N. ALNAEEM, 
NADIA D. ALAMRI and EBTISAM S. ALMUDAWAH: 
Vitamin D Deficiency and Associated Risk Factors in 
Women from Riyadh, Saudi Arabia, 9: 20371, 2019. 
10.1038/s41598-019-56830-z. 

15- SALAM BENNOUAR, ABDELGHANI BACHIR 
CHERIF, AMEL KESSIRA, DJAMEL EDDINE BEN-
NOUAR and SAMIA ABDIQA: Association and inter-
action between vitamin D level and metabolic syndrome 
for non-alcoholic fatty liver disease Journal of Diabetes & 
Metabolic Disorders Research article, Published: 21 July 
2021, Volume 20, pages 1309–1317, 2021. 

16- CHAROENNGAM N. and HOLICK M.F.: Immunologic 
Effects of Vitamin D on Human Health and Disease. Nutri-
ents, 12: 2097, 2020. doi: 10.3390/nu12072097. [PMC free 
article] [PubMed] [CrossRef] [Google Scholar]. 

17- SZYMCZAK-PAJOR I., DRZEWOSKI J. and ŚLIWIŃS-
KA A.: The Molecular Mechanisms by Which Vitamin D 
Prevents Insulin Resistance and Associated Disorders. Int. 
J. Mol. Sci., 21: 6644, 2020. doi: 10.3390/ijms21186644. 
[PMC free article] [PubMed] [CrossRef] [Google Scholar]. 

18- BENETTI E., MASTROCOLA R., CHIAZZA F., NIGRO 
D., D’ANTONA G., BORDANO V., FANTOZZI R., 
ARAGNO M., COLLINO M. and MINETTO M.A.: Ef-
fects of vitamin D on insulinresistance and myosteatosis in 
diet-induced obese mice. PLoS ONE, 13: e0189707, 2018. 
doi: 10.1371/journal.pone.0189707. [PMC free article] 
[PubMed] [CrossRef] [Google Scholar]. 

19- TINGWAN DU1, LIAN XIANG1, JINGJING ZHANG, 
CHUNMEI YANG, WENXIN ZHAO1, JIALU LI 1, 
YONG ZHOU 4 and LING MA: Vitamin D improves he-
patic steatosis in NAFLD via regulation of fatty acid up-
take and b-oxidation DOI 10.3389/fendo.2023.1138078 
Frontiers in Endocrinology. 

20- LI R., GUO E., YANG J., LI A., YANG Y., LIU S., et al.: 
1,25(OH)(2) D(3) attenuates hepatic steatosis by inducing 
autophagy in mice. Obes (Silver Spring Md), 25 (3): 561– 
71, 2017. doi: 10.1002/oby.21757 

21- YUAN S. and LARSSON S.C.: Inverse association be-
tween serum 25-hydroxyvitamin d and nonalcoholic fatty 
liver disease. Clin. Gastroenterol. Hepatol. Off Clin. Pract 
J. Am. Gastroenterol. Assoc., 22: 00075–1, 2022. doi: 
10.1016/j.cgh.2022.01.021. 

22- XIU L., JIANG T., YAO X.A. and WEN Z.: Correlation 
between 25 hydroxyvitamin d levels and nonalcoholic fat-
ty liver disease in Chinese patients with type 2 diabetes 
mellitus: A cross-sectional study. Int. J. Gen. Med., 14: 
3099–107, 2021. doi: 10.2147/ijgm. S319449. 

23- GEIER A., EICHINGER M., STIRNIMANN G., SE-
MELA D., TAY F., SEIFERT B., TSCHOPP O., BAN-
TEL H., JAHN D., MAGGIO E.M., et al.: Treatment of 
non-alcoholic steatohepatitis patients with vitamin D:  

A double-blinded, randomized, placebo-controlled pilot 
study. Scand. J. Gastroenterol., 53: 1114–1120, 2018. doi: 
10.1080/00365521.2018.1501091. [PubMed] [CrossRef] 
[Google Scholar] [Ref list]. 

24- JAVED Z., PAPAGEORGIOU M., DESHMUKH H., KIL-
PATRICK E.S., MANN V., CORLESS L., ABOUDA G., 
RIGBY A.S., ATKIN S.L. and SATHYAPALAN T.: A 
Randomized, Controlled Trial of Vitamin D Supplementa-
tion on Cardiovascular Risk Factors, Hormones, and Liv-
er Markers in Women with Polycystic Ovary Syndrome. 
Nutrients, 11: 188, 2019. doi: 10.3390/nu11010188. [PMC 
free article] [PubMed] [CrossRef] [Google Scholar]. 

25- DELLA CORTE C., CARPINO G., DE VITO R., DE 
STEFANIS C., ALISI A., CIANFARANI S., OVERI D., 
MOSCA A., STRONATI L., CUCCHIARA S., et al.: 
Docosahexanoic Acid Plus Vitamin D Treatment Improves 
Features of NAFLD in Children with Serum Vitamin D De-
ficiency: Results from a Single Centre Trial. PLoS ONE, 
11: e0168216, 2016. doi: 10.1371/journal.pone.0168216. 
[PMC free article] [PubMed] [CrossRef] [Google Scholar] 
[Ref list]. 

26- MOORE M.P., CUNNINGHAM R.P., DASHEK R.J., MU-
CINSKI J.M. and RECTOR R.S.: A Fad too Far? Dietary 
Strategies for the Prevention and Treatment of NAFLD. 
Obesity, 28: 1843–1852, 2020. doi: 10.1002/oby.22964. 
[PMC free article] [PubMed] [CrossRef] [Google Scholar] 
[Ref list]. 

27- SINDHUGHOSA D.A., WIBAWA I.D.N., MARIADI I.K. 
and SOMAYANA G.: Additional treatment of vitamin d for 
improvement of insulin resistance in non-alcoholic fatty 
lier disease patients: A systematic review and meta-anal-
ysis. Sci. Rep., 12 (1): 7716, 2022. doi: 10.1038/s41598-
022-11950-x. 

28- FAN L., TU X., ZHU Y., ZHOU L., PFEIFFER T., 
FELTENS R., et al.: Genetic association of Vitamin D re-
ceptor polymorphisms with autoimmune hepatitis and pri-
mary biliary cirrhosis in the chinese. J Gastroenterol Hepa-
tol., 20: 249–55, 2005. [PubMed] [Google Scholar] [Ref 
list]. 

29- MITRA HARIRI and SARA ZOHDI1: Effect of Vitamin 
D on Non-Alcoholic Fatty Liver Disease: A Systematic 
Review of Randomized Controlled Clinical Trials Interna-
tional journal of preventive medicine, Int. J. Prev. Med., 
10: 14, 2019. Published online 2019 Jan 15. doi: 10.4103/ 
ijpvm.IJPVM_499_17PMID: 30774848. 

30- ILARIA BARCHETTA, FLAVIA AGATA CIMINI and 
MARIA GISELLA CAVALLO: Vitamin D and Metabolic 
Dysfunction-Associated Fatty Liver Disease (MAFLD): 
An Update, Nutrients, Nov. 12 (11): 3302, 2020. Published 
online 2020 Oct 28. doi: 10.3390/nu12113302PMCID: 
PMC7693133PMID: 33126575. 

31- JIAXI LUO, TAO LI and JIALING YUAN: Effectiveness 
of vitamin D supplementation on lipid profile in polycystic 
ovary syndrome women: a meta-analysis of randomized 
controlled trials, Annals of Palliative Medicine, 10 (1): 
114-129, 2021. | http://dx.doi.org/10.21037/apm-20-2492.  



610 Impact of Vitamin D Deficiency on Diabetic Obese Patients with NAFLD 

32- SZLACHETA I.K., HUDZIK B., NOWAK J., et al.: Mean 
platelet volume is associated with serum 25-hydroxyvita-
min D concentrations in patients with stable coronary ar-
tery disease. Heart Vessels, 33: 1275-1281, 2018. 

33- GUR E.B., KARADENIZ M., GENC M., et al.: Relation-
ship between mean platelet volume and vitamin D defi-
ciency in gestational diabetes mellitus. Arch Endocrionol-
Metab., 59: 448-454, 2015. 

34- YON CHUL PARK 1, JIN KIM 1, MIN SEOK SEO 2, 
SUNG WON HONG 2, EUN SEOK CHO 1 and JONG-
KOO KIM: Inverse relationship between vitamin D levels 
and platelet indices in Korean adults, Dec. 22 (10): 623-
629, 2017. doi: 10.1080/10245332.2017.1318334. Epub 
2017 May 10. Hematology. 

35- CUMHUR C.M., CURE E., YUCE S., YAZICI T., KAR-
AKOYUN I. and EFE H.: Mean platelet volume and vita-
min D level. Ann. Lab. Med., 34: 98-103, 2014. 

36- ISHII T., MIYAZAWA M., TAKANASHI Y., et al.: Genet-
ically induced oxidative stress in mice causes thrombocy- 

tosis, splenomegaly and placental angiodysplasia that leads 
to recurrent abortion. Redox Biol., 2: 679-685, 2014. 

37- BROUDY V.C., LIN N.L., FOX N., TAGA T., SAITO M. 
and KAUSHANSKY K.: Thrombopoietin stimulates colo-
ny-forming unitmegakaryocyte proliferation and megakar-
yocyte maturation independently of cytokines that signal 
through the gp130 receptor subunit. Blood, 88: 2026-2032, 

1996. 

38- FU X., WANG X.D., MERNITZ H., WALLIN R., SHEA 
M.K. and BOOTH S.L.: 9-Cis retinoic acid reduces 1al-
pha,25- dihydroxycholecalciferol-induced renal calcifica-
tion by altering vitamin K-dependent gamma-carboxyla-
tion of matrix gamma-carboxyglutamic acid protein in A/J 

male mice. J. Nutr., 138: 2337-2341, 2008. 

39- ALANLı, MURAT BÜLENT KÜÇÜKAY, KADIR SER-
KAN YALÇıN and GULHANE: Relationship between 
vitamin D levels and platelet count: A retrospective study 
Recep Med. J., 62: 174-8, 2020. 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

