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Abstract
Background
Vitamin D levels are strongly associated with myocardial infarction, coronary artery disease, heart
dysfunction, and even mortality. Non-alcoholic fatty liver disease (NAFLD) is a prevalent hepatic illness
whose incidence has grown dramatically over the past several decades.

Methodology
This observational, cross-sectional study was conducted over 1.5 years (January 2019 to June 2020) at the
Department of General Medicine of a tertiary care hospital in northern India on 100 adult patients with
NAFLD admitted to the emergency ward, intensive care unit, and medical ward.

Results
In our study, of the 100 patients, 45.0%, 16.0%, and 39.0% of patients exhibited vitamin D deficiency,
insufficiency, and sufficiency, respectively. Vitamin D deficiency was the highest among those aged 41-50
(54.2%) and lowest among those aged 30-40 (29.0%). We observed that vitamin D deficiency was less
prevalent in people with a normal body mass index (39.1%) than in those who were overweight (91.7%).
There was a significant (p < 0.05) association between the severity of vitamin D deficiency and the presence
of hepatomegaly, splenomegaly, and ascites. Overall, the incidence of fatty liver was 49% among patients.
There was a significant (p = 0.0001) correlation between fatty liver and serum vitamin D levels. The
association between the proportion of patients with fatty liver and the degree of vitamin D deficiency was
found to be significant (p = 0.04). The relationship between the distribution of patients according to insulin
resistance and the degree of vitamin D deficiency was also statistically significant (p < 0.001).

Conclusions
Vitamin D deficiency is associated with an increased risk of NAFLD, as well as with the severity of NAFLD.

Categories: Internal Medicine, Gastroenterology
Keywords: non-alcoholic steatohepatitis, non-alcoholic fatty liver disease, insulin resistance, body mass index,
vitamin d

Introduction
The primary function of vitamin D is to control bone metabolism; nevertheless, its deficiency is associated
with many other organ systems. Diabetes, hypertension, hyperlipidemia, and peripheral vascular disease are
more prevalent in those with vitamin D deficiency. Vitamin D levels are also strongly linked to coronary
artery disease (CAD), myocardial infarction, heart failure, stroke, and incident mortality [1]. Vitamin D
deficiency, defined by low serum 25(OH)D levels, may develop from inadequate sun exposure, poor vitamin
D consumption, or malabsorption. Vitamin D insufficiency is common among adults and ranges between
24% and 49% of the global population [2]. It has been shown to be associated with a variety of health issues.
It is commonly recognized that vitamin D deficiency leads to osteoporosis, osteomalacia, and increased
fracture risk.

Vitamin D deficiency has been previously linked to an increase in the prevalence of hypertension, diabetes,
peripheral vascular disease, and hyperlipidemia [3]. Some studies also indicate that vitamin D levels are
associated with obesity, inflammation, and insulin resistance [4]. In addition, it has been demonstrated that
vitamin D supplementation lowers free fatty acid (FFA)-induced insulin resistance in animal models [5].

Non-alcoholic fatty liver disease (NAFLD) is perhaps the most common form of liver disease in adults with a
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worldwide prevalence of 32.4% [6]. Its prevalence has increased rapidly over the past few decades. NAFLD is
an umbrella term that encompasses benign adipose tissue accumulation in the liver, progressive steatosis
with hepatitis, fibrosis, cirrhosis, and, in rare instances, hepatocellular carcinoma (HCC). NAFLD comprises
the following two conditions: non-alcoholic fatty liver (NAFL) and non-alcoholic steatohepatitis (NASH).
NAFL is defined by liver steatosis involving more than 5% of the parenchyma without any signs of
hepatocyte damage. Histologic criteria identify NASH as a necro-inflammatory process in which steatosis
causes liver cells to become destroyed. Despite the fact that the natural history of NAFLD is still being
investigated, there is a risk of progression to cirrhosis and HCC, according to the existing evidence. It is
currently one of the most prevalent chronic liver diseases worldwide. According to its name, the primary
hallmark of NAFLD is an abundance of fat deposits in liver cells. NASH is an aggressive form of fatty liver
disease marked by liver inflammation that, in some NAFLD patients, can progress to cirrhosis and ultimately
liver failure. This damage is comparable to that caused by excessive alcohol intake. NAFLD is described as
the accumulation of fat in the liver in the absence of other factors such as viral hepatitis, alcohol abuse, and
others. NAFLD is presently recognized as a significant component of metabolic syndrome [7] and has
emerged as a developing clinical entity.

Numerous related pathways contribute to the development of NAFLD, and several potential risk factors,
including metabolic syndrome, insulin resistance, and obesity, have been discovered. Several studies have
shown that vitamin D levels in adults are inversely linked with NAFLD [8,9]. Vitamin D deficiency has long
been considered a risk factor for the development of NAFLD. However, the association between vitamin D
deficiency and NAFLD has only been investigated and assessed in a small number of studies.

Materials And Methods
Study setting and oversight
This observational, cross-sectional study was conducted in the Department of General Medicine at a tertiary
care hospital in northern India on 100 adult patients with NAFLD admitted to the emergency ward, intensive
care unit (ICU), and medical ward over the course of 1.5 years (January 2019 to June 2020). Patients who gave
informed consent and fulfilled the inclusion criteria were enrolled in this research. The Institutional Ethics
Committee of the Uttar Pradesh University of Medical Sciences granted ethical approval (reference number:
139/2018).

Patients
All adult (over 18 years of age) patients with newly diagnosed NAFLD were eligible for inclusion. Key
exclusion criteria included patients with significant alcohol consumption or alcohol intake >20 g/day;
patients with chronic liver disease, including those seropositive for hepatitis B and C viruses; patients
exposed to metals such as antimony, barium salts, chromates, phosphorus, thallium compounds, and
uranium compounds; patients who had undergone surgical procedures such as biliopancreatic diversion,
extensive small bowel resection, gastric bypass and jejunoileal bypass, abnormal thyroid function test; and
patients who refused to give consent.

Methodology
Patients who fulfilled the study’s inclusion criteria were identified. Patients were informed of the purpose of
the research, and those who agreed to participate were enrolled in the study. After obtaining informed
consent, each patient’s complete medical history was collected and recorded using a standardized
questionnaire that covered demographics, leisure activities, past medical history, family medical history,
medication history, nicotine and alcohol use, and dietary patterns. All measurements, including body height
and weight, hip, and waist-to-hip ratio (WHR), were measured in accordance with the World Health
Organization (WHO) recommendations. After eliminating alcohol consumption and viral or other liver
illnesses, NAFLD was diagnosed using abdominal ultrasound findings and graded according to severity. A
structured form was utilized to record the results of the examination. During the examination, the liver,
gallbladder, kidneys, and spleen were among the organs evaluated. The liver size, presence of localized
lesions, and hepatic steatosis were assessed. According to previous research [10-12], hepatic steatosis was
diagnosed based on predetermined criteria. The presence of comorbidities such as hepatomegaly,
splenomegaly, and ascites was also noted.

Complete blood count (CBC), fasting lipid profile, serum total cholesterol (TC) (cholesterol esterase method),
high-density lipoprotein (HDL-C) (cholesterol esterase method after precipitation with phosphotungstate
method), low-density lipoprotein (LDL-C) (Fried Wald’s Formula: LDL - C = TC - HDL - C + TG/5), viral
markers, fasting blood sugar, fasting serum insulin, liver function test, and kidney function test estimates
were performed using the Selectra Pro XL fully automated clinical chemistry analyzer with reagent
(ELITechGroup, Puteaux, France). Viral markers were determined using chemiluminescent immunoassays.
The CBC was calculated using an automated hematological analyzer (Sysmex XS-1000i, Sysmex Corporation,
Kobe, Japan). Serum 25(OH)D levels were measured using an Achitect 25-OH vitamin D test (Abbott
Diagnostics, Lake Forest, IL, USA). The assay has a minimum limit of detection of 2.8 ng/mL and a maximum
limit of 147.8 ng/mL. 25(OH)D levels were categorized as deficient (20 ng/mL), insufficient (20-29 ng/mL),
and sufficient (30 ng/mL).
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Statistical analysis
Microsoft Office Excel version 2010 was used in creating the database and producing graphs, while the data
were analyzed using SPSS version 26 for Windows (IBM Corp., Armonk, NY, USA). Various tests of
significance were employed for the analysis of data, as mentioned in the Results section. Categorical data
were evaluated using the chi-square test. A p-value <0.05 was used as the level of significance.

Results
In our study, of the total 100 patients, 45.0%, 16.0%, and 39.0% of patients were vitamin D deficient,
insufficient, and sufficient, respectively (Figure 1). Overall, 34% of patients were between 30 and 40 years
old, followed by 32% aged >50, 24% aged 41-50, and 10% aged 30 years. Vitamin D deficiency was the highest
among those aged 41-50 (54.2%) and lowest among those aged 30-40 (29.0%) (Figure 2). However, there was
no significant correlation between the severity of vitamin D insufficiency and age (p > 0.05). Further, 64% of
the patients were female. Vitamin D deficiency was greater in females (46.9%) than in males (41.7%),
although there was no significant correlation (p > 0.05) between the degree of vitamin D deficiency and
gender.

FIGURE 1: Serum vitamin D status in NAFLD patients.
NAFLD = non-alcoholic fatty liver disease
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FIGURE 2: Distribution of patients based on age and serum vitamin D
status.

The clinical history of patients is presented in Table 1, with abdominal discomfort being the most prevalent
(18.0%) symptom. Not a single patient was an alcoholic. About 35% of patients were smokers. Vitamin D
insufficiency was lower among smokers (42.9%) than among non-smokers (46.2%). The percentage of
overweight (body mass index (BMI) ≥25) patients was 12%. Vitamin D deficiency was lower in normal people
(39.1%) than in obese patients (91.7%). Overall, 9% and 21% of patients, respectively, exhibited
splenomegaly and hepatomegaly. Vitamin D deficiency was greater among those with such comorbidities
than among those without, with a significant (p < 0.05) correlation between severe vitamin D deficiency and
the presence of comorbidity (Table 2). Table 3 depicts the relationship between several blood tests and the
degree of vitamin D deficiency. All patients were negative for viral indicators. According to the degree of
vitamin D deficiency, the results of the liver function test, lipid profile, uric acid, and platelet count were
determined and investigated. The primary incidence of fatty liver in patients was 49%. The association
between fatty liver and vitamin D deficiency was statistically significant (p = 0.0001) The correlation
between vitamin D deficiency and the proportion of patients with fatty liver was found to be statistically
significant (p = 0.04). The correlation between the distribution of patients by insulin resistance and the
degree of vitamin D deficiency was also statistically significant (p < 0.001) (Table 4).
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Clinical history Number of patients (n = 100) Percentage

Abdominal distension 18 18.0

Weakness 12 12.0

Fever 12 12.0

Fatigue 11 11.0

Abdominal distension 7 7.0

Cough 5 5.0

Chest pain 3 3.0

Diarrhea 3 3.0

Dyspnea 4 4.0

Tiredness 4 4.0

Vomiting 4 4.0

Urinary tract infection 3 3.0

Puffiness 3 3.0

Headache 2 2.0

Jaundice 2 2.0

Nausea 2 2.0

Weight gain 2 2.0

Weight loss 2 2.0

Polyuria 1 1.0

TABLE 1: Distribution of patients according to clinical characteristics.

Examination finding  
Serum vitamin D status

P-valuea

Deficiency (%) Insufficiency (%) Sufficiency (%)

Splenomegaly
Present (n = 9) 8 (88.9) 1 (11.1) 0 (0)

0.001
Absent (n = 91) 37 (40.7) 15 (16.5) 39 (42.9)

Hepatomegaly
Present (n = 21) 17 (81) 1 (4.8) 3 (14.3)

0.001
Absent (n = 79) 28 (35.4) 15 (19) 36 (45.6)

Ascites
Present (n = 7) 7 (100) 0 (0) 0 (0)

0.001
Absent (n = 93) 38 (40.9) 16 (17.2) 39 (41.9)

TABLE 2: Association between examination findings and serum vitamin D status.
a: Chi-square test
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Parameters

Serum vitamin D status
P-

valuea

Deficiency (Mean ±
SD)

Insufficiency (Mean ±
SD)

Sufficiency (Mean ±
SD)

 

Liver function
test

Aspartate aminotransferase
(IU/L)

34.98 ± 28.49 24.12 ± 7.25 24.31 ± 9.11 0.03

Alanine transaminase (IU/L) 36.42 ± 34.31 22.44 ± 5.66 25.90 ± 9.26 0.06

Uric acid (mg/dL) 4.24 ± 1.19 4.19 ± 0.98 4.05 ± 1.09 0.73

Platelet count (103/µL) 229.89 ± 121.89 255.44 ± 110.41 274.51 ± 91.16 0.17

Serum total bilirubin 1.25 ± 1.04 0.72 ± 0.36 0.69 ± 0.33 0.002

Serum albumin 3.64 ± 1.01 4.22 ± 0.64 3.99 ± 0.52 0.02

Lipid profile

Cholesterol (mg/dL) 199.36 ± 57.48 39.96 ± 10.72 128.93 ± 42.04 0.01

High-density lipoprotein)
(mg/dL)

158.12 ± 43.63 46.75 ± 11.18 100.38 ± 35.29 0.01

Low-density lipoprotein (mg/dL) 181.10 ± 37.68 20.21 ± 14.98 108.79 ± 36.37 0.01

TABLE 3: Association between serum investigations and serum vitamin D status.
a: Analysis of variance test

Variables
Serum vitamin D status

Number of patients (n = 49) (%) P-valuea

Deficiency (%) Insufficiency (%) Sufficiency (%)

Grades of fatty liver

Grade I 10 (62.5) 5 (31.2) 1 (6.2) 16 (32.7)

0.04Grade II 9 (75) 1 (8.3) 2 (16.7) 12 (24.5)

Grade III 20 (95.2) 1 (4.8) 0 (0) 21 (42.9)

Insulin resistance
Yes 21 (84) 2 (8) 2 (8) 25 (25)

0.0001
No 24 (32) 14 (18.7) 37 (49.3) 75 (75)

TABLE 4: Distribution of patients according to the grades of fatty liver and insulin resistance and
its correlation with serum vitamin D status.
a: Chi-square test

Discussion
Vitamin D deficiency was linked to an increased risk of NAFLD in this cross-sectional research. Although the
exact relationship between vitamin D and NAFLD is unknown, several studies have suggested that vitamin D
deficiency is linked to the prevalence and severity of NAFLD [13-15]. In adults with normal serum liver
enzymes, low vitamin D levels are linked to the development of NAFLD independent of metabolic syndrome.
The proportion of female patients was greater than male patients among the 100 patients investigated, with
a male-to-female ratio of 36:64. In their research, Lonardo and Suzuki also noted a gender difference [16].
According to a previous study, NAFLD was highly prevalent among women. The gender disparity in the
prevalence of NAFLD might be related to differences in fat distribution between men and women. The bulk
of NAFLD cases were in their fourth and fifth decades, although there was no significant relationship,
according to our data. Vitamin D deficiency was the highest in those aged 41-50 years (54.2%) and lowest in
those aged 30-40 years (29.4%). Clinical characteristics were investigated by Basaranoglu and
Neuschwander-Tetri, and most occurrences were observed in people in their 40s or 50s, though the entire
spectrum has also been reported in children. Obesity and hypertension are common in NAFLD patients.
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Although many individuals have no symptoms, tiredness and dullness are the most common complaints.
Mild-to-moderate hepatomegaly is one of the most prevalent physical examination findings. Patients with
NAFLD may have hyperlipidemia, hyperglycemia, hyperinsulinemia, and decreased insulin sensitivity on a
biochemical level [17]. Hadizadeh et al. conducted a study and reported analogous findings [18]. The analysis
of variance test revealed a significant (p = 0.02) difference in systolic blood pressure between the severity of
vitamin D deficiency in our research. The functional crosstalk between NAFLD and hypertension has been
reported and discussed by some studies; moreover, in non-hypertensive people, no study has described the
salient features of NAFLD. Our findings show that blood pressure is linked to NAFLD in non-hypertensive
individuals; both systolic and diastolic blood pressure have been identified as independent risk factors for
NAFLD [19]. Patients with NAFLD were shown to have higher body weight, fasting blood glucose, and blood
pressure concentration than those without NAFLD (p < 0.05), according to another study. Insulin resistance,
which is important in the development of both illnesses, is linked to NAFLD and hypertension. Elevated
blood pressure has also been demonstrated as a sign of NAFLD [20]. We also observed that in NAFLD
patients, vitamin D deficiency was significantly associated with insulin resistance and higher homeostasis
model assessment-estimated insulin resistance values compared to those without insulin resistance.
Multiple studies have demonstrated the association between obesity and vitamin D deficiency, with both
working synergistically to influence the risk of insulin resistance [21]. Low levels of blood 25(OH)D are
inversely linked with markers of obesity, including BMI (30 kg/m2), fat mass, and waist circumference [22].
In bidirectional genetic studies, high BMI was associated with decreased 25(OH)D; each unit increase in BMI
was associated with a 1.15% decrease in blood 25(OH)D concentration [23,24]. According to our findings,
which are analogous to those of Glass et al. [25], vitamin D deficiency is significantly associated with the
presence of hepatomegaly, splenomegaly, and ascites in NAFLD. In our investigation, vitamin D deficiency
was also shown to be associated with elevated alanine transaminase and aspartate aminotransferase levels
in NAFLD patients. The subsequent results may explain the potential processes underlying the link between
vitamin D and NAFLD. Vitamin D influences extraskeletal metabolic organs, which can indirectly influence
hepatic lipid metabolism and lower blood TC, TG, and LDL levels, leading to additional liver fat buildup [26].
Vitamin D modulates the immune system and has anti-inflammatory properties. Vitamin D deficiency
results in dysfunctional adipose tissue and, consequently, chronic inflammation, which may contribute to
the development of NAFLD [27,28]. According to Chatrath et al., NAFLD patients demonstrated atypical lipid
metabolism and metabolic syndrome characteristics. NAFLD is characterized by elevated triglycerides,
elevated LDL (non-type A), and decreased HDL. NAFLD is caused by the excessive synthesis of very low-
density lipoprotein by the liver and the decreased clearance of lipids by the liver, which results in abnormal
lipid metabolism. The atherogenic lipid profile of NAFLD is driven by insulin resistance, which may be
aggravated by vitamin D deficiency [29].

The distribution of patients according to the grade of fatty liver and its relationship with the degree of
vitamin D insufficiency was also discussed in our study. Fatty liver grade, as assessed by ultrasonography,
was shown to have a significant (p = 0.0001) relationship with the degree of vitamin D deficiency. In 2014,
Park et al. performed a cross-sectional study to investigate the relationship between vitamin D levels and
NAFLD and reported a substantial link between vitamin D insufficiency and NAFLD as well [30].

Our study has numerous limitations, including the fact that it was a single-center study based on a small
sample, prohibiting generalizations regarding the prevalence of fatty liver in the Indian community. In
cross-sectional studies, it might not always be feasible to eliminate selection bias. If patients with
complications die prematurely, it can lead to the selection of survivors. This is an imminent problem with
older age groups. To establish a stronger link, more research with a larger study population is required.

Conclusions
Vitamin D deficiency is linked to an increased incidence of NAFLD as well as the severity of NAFLD grade.
Estimating vitamin D levels can assist in minimizing the risk of NAFLD. In NAFLD cases, vitamin D
supplementation can help slow down the progression of the disease. In this study, vitamin D deficiency was
also linked to deranged liver enzymes and dyslipidemia in NAFLD patients.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Institutional Ethics
Committee of Uttar Pradesh University of Medical Sciences issued approval 139/2018. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

2023 Kumar et al. Cureus 15(2): e34921. DOI 10.7759/cureus.34921 7 of 8

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


1. Anderson JL, May HT, Horne BD, et al.: Relation of vitamin D deficiency to cardiovascular risk factors,
disease status, and incident events in a general healthcare population. Am J Cardiol. 2010, 106:963-8.
10.1016/j.amjcard.2010.05.027

2. Cashman KD: Global differences in vitamin D status and dietary intake: a review of the data . Endocr
Connect. 2022, 11:e210282. 10.1530/EC-21-0282

3. Papandreou D, Hamid ZT: The role of vitamin D in diabetes and cardiovascular disease: an updated review
of the literature. Dis Markers. 2015, 2015:580474. 10.1155/2015/580474

4. Chagas CE, Borges MC, Martini LA, Rogero MM: Focus on vitamin D, inflammation and type 2 diabetes .
Nutrients. 2012, 4:52-67. 10.3390/nu4010052

5. Zhou QG, Hou FF, Guo ZJ, Liang M, Wang GB, Zhang X: 1,25-Dihydroxyvitamin D improved the free fatty-
acid-induced insulin resistance in cultured C2C12 cells. Diabetes Metab Res Rev. 2008, 24:459-64.
10.1002/dmrr.873

6. Riazi K, Azhari H, Charette JH, et al.: The prevalence and incidence of NAFLD worldwide: a systematic
review and meta-analysis. Lancet Gastroenterol Hepatol. 2022, 7:851-61. 10.1016/S2468-1253(22)00165-0

7. Bhatia LS, Curzen NP, Calder PC, Byrne CD: Non-alcoholic fatty liver disease: a new and important
cardiovascular risk factor?. Eur Heart J. 2012, 33:1190-200. 10.1093/eurheartj/ehr453

8. Gad AI, Elmedames MR, Abdelhai AR, Marei AM: The association between vitamin D status and non-
alcoholic fatty liver disease in adults: a hospital-based study. Egypt Liver J. 2020, 10: 10.1186/s43066-020-
00033-z

9. Hariri M, Zohdi S: Effect of vitamin D on non-alcoholic fatty liver disease: a systematic review of
randomized controlled clinical trials. Int J Prev Med. 2019, 10:14. 10.4103/ijpvm.IJPVM_499_17

10. Saverymuttu SH, Joseph AE, Maxwell JD: Ultrasound scanning in the detection of hepatic fibrosis and
steatosis. Br Med J (Clin Res Ed). 1986, 292:13-5. 10.1136/bmj.292.6512.13

11. Hamaguchi M, Kojima T, Itoh Y, et al.: The severity of ultrasonographic findings in nonalcoholic fatty liver
disease reflects the metabolic syndrome and visceral fat accumulation. Am J Gastroenterol. 2007, 102:2708-
15. 10.1111/j.1572-0241.2007.01526.x

12. Charatcharoenwitthaya P, Lindor KD: Role of radiologic modalities in the management of non-alcoholic
steatohepatitis. Clin Liver Dis. 2007, 11:37-54, viii. 10.1016/j.cld.2007.02.014

13. Chung GE, Kim D, Kwak MS, Yang JI, Yim JY, Lim SH, Itani M: The serum vitamin D level is inversely
correlated with nonalcoholic fatty liver disease. Clin Mol Hepatol. 2016, 22:146-51.
10.3350/cmh.2016.22.1.146

14. Barchetta I, Angelico F, Del Ben M, Baroni MG, Pozzilli P, Morini S, Cavallo MG: Strong association between
non alcoholic fatty liver disease (NAFLD) and low 25(OH) vitamin D levels in an adult population with
normal serum liver enzymes. BMC Med. 2011, 9:85. 10.1186/1741-7015-9-85

15. Wang D, Lin H, Xia M, et al.: Vitamin D levels are inversely associated with liver fat content and risk of non-
alcoholic fatty liver disease in a Chinese middle-aged and elderly population: the Shanghai Changfeng
study. PLoS One. 2016, 11:e0157515. 10.1371/journal.pone.0157515

16. Lonardo A, Suzuki A: Nonalcoholic fatty liver disease: does sex matter? . Hepatobiliary Surg Nutr. 2019,
8:164-6. 10.21037/hbsn.2018.12.04

17. Basaranoglu M, Neuschwander-Tetri BA: Nonalcoholic fatty liver disease: clinical features and
pathogenesis. Gastroenterol Hepatol (N Y). 2006, 2:282-91.

18. Hadizadeh F, Faghihimani E, Adibi P: Nonalcoholic fatty liver disease: diagnostic biomarkers . World J
Gastrointest Pathophysiol. 2017, 8:11-26. 10.4291/wjgp.v8.i2.11

19. Qian LY, Tu JF, Ding YH, Pang J, Che XD, Zou H, Huang DS: Association of blood pressure level with
nonalcoholic fatty liver disease in nonhypertensive population: normal is not the new normal. Medicine
(Baltimore). 2016, 95:e4293. 10.1097/MD.0000000000004293

20. Lv WS, Sun RX, Gao YY, et al.: Nonalcoholic fatty liver disease and microvascular complications in type 2
diabetes. World J Gastroenterol. 2013, 19:3134-42. 10.3748/wjg.v19.i20.3134

21. Tzotzas T, Papadopoulou FG, Tziomalos K, Karras S, Gastaris K, Perros P, Krassas GE: Rising serum 25-
hydroxy-vitamin D levels after weight loss in obese women correlate with improvement in insulin
resistance. J Clin Endocrinol Metab. 2010, 95:4251-7. 10.1210/jc.2010-0757

22. Rajakumar K, de las Heras J, Chen TC, Lee S, Holick MF, Arslanian SA: Vitamin D status, adiposity, and
lipids in black American and Caucasian children. J Clin Endocrinol Metab. 2011, 96:1560-7. 10.1210/jc.2010-
2388

23. Jorde R, Sneve M, Emaus N, Figenschau Y, Grimnes G: Cross-sectional and longitudinal relation between
serum 25-hydroxyvitamin D and body mass index: the Tromsø study. Eur J Nutr. 2010, 49:401-7.
10.1007/s00394-010-0098-7

24. Vimaleswaran KS, Berry DJ, Lu C, et al.: Causal relationship between obesity and vitamin D status: bi-
directional Mendelian randomization analysis of multiple cohorts. PLoS Med. 2013, 10:e1001383.
10.1371/journal.pmed.1001383

25. Glass LM, Hunt CM, Fuchs M, Su GL: Comorbidities and nonalcoholic fatty liver disease: the chicken, the
egg, or both?. Fed Pract. 2019, 36:64-71.

26. Jafari T, Fallah AA, Barani A: Effects of vitamin D on serum lipid profile in patients with type 2 diabetes: a
meta-analysis of randomized controlled trials. Clin Nutr. 2016, 35:1259-68. 10.1016/j.clnu.2016.03.001

27. Cimini FA, Barchetta I, Carotti S, et al.: Relationship between adipose tissue dysfunction, vitamin D
deficiency and the pathogenesis of non-alcoholic fatty liver disease. World J Gastroenterol. 2017, 23:3407-
17. 10.3748/wjg.v23.i19.3407

28. Bril F, Maximos M, Portillo-Sanchez P, et al.: Relationship of vitamin D with insulin resistance and disease
severity in non-alcoholic steatohepatitis. J Hepatol. 2015, 62:405-11. 10.1016/j.jhep.2014.08.040

29. Chatrath H, Vuppalanchi R, Chalasani N: Dyslipidemia in patients with nonalcoholic fatty liver disease .
Semin Liver Dis. 2012, 32:22-9. 10.1055/s-0032-1306423

30. Park D, Kwon H, Oh SW, et al.: Is vitamin D an independent risk factor of nonalcoholic fatty liver disease?: a
cross-sectional study of the healthy population. J Korean Med Sci. 2017, 32:95-101.
10.3346/jkms.2017.32.1.95

2023 Kumar et al. Cureus 15(2): e34921. DOI 10.7759/cureus.34921 8 of 8

https://dx.doi.org/10.1016/j.amjcard.2010.05.027
https://dx.doi.org/10.1016/j.amjcard.2010.05.027
https://dx.doi.org/10.1530/EC-21-0282
https://dx.doi.org/10.1530/EC-21-0282
https://dx.doi.org/10.1155/2015/580474
https://dx.doi.org/10.1155/2015/580474
https://dx.doi.org/10.3390/nu4010052
https://dx.doi.org/10.3390/nu4010052
https://dx.doi.org/10.1002/dmrr.873
https://dx.doi.org/10.1002/dmrr.873
https://dx.doi.org/10.1016/S2468-1253(22)00165-0
https://dx.doi.org/10.1016/S2468-1253(22)00165-0
https://dx.doi.org/10.1093/eurheartj/ehr453
https://dx.doi.org/10.1093/eurheartj/ehr453
https://dx.doi.org/10.1186/s43066-020-00033-z
https://dx.doi.org/10.1186/s43066-020-00033-z
https://dx.doi.org/10.4103/ijpvm.IJPVM_499_17
https://dx.doi.org/10.4103/ijpvm.IJPVM_499_17
https://dx.doi.org/10.1136/bmj.292.6512.13
https://dx.doi.org/10.1136/bmj.292.6512.13
https://dx.doi.org/10.1111/j.1572-0241.2007.01526.x
https://dx.doi.org/10.1111/j.1572-0241.2007.01526.x
https://dx.doi.org/10.1016/j.cld.2007.02.014
https://dx.doi.org/10.1016/j.cld.2007.02.014
https://dx.doi.org/10.3350/cmh.2016.22.1.146
https://dx.doi.org/10.3350/cmh.2016.22.1.146
https://dx.doi.org/10.1186/1741-7015-9-85
https://dx.doi.org/10.1186/1741-7015-9-85
https://dx.doi.org/10.1371/journal.pone.0157515
https://dx.doi.org/10.1371/journal.pone.0157515
https://dx.doi.org/10.21037/hbsn.2018.12.04
https://dx.doi.org/10.21037/hbsn.2018.12.04
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5335683/
https://dx.doi.org/10.4291/wjgp.v8.i2.11
https://dx.doi.org/10.4291/wjgp.v8.i2.11
https://dx.doi.org/10.1097/MD.0000000000004293
https://dx.doi.org/10.1097/MD.0000000000004293
https://dx.doi.org/10.3748/wjg.v19.i20.3134
https://dx.doi.org/10.3748/wjg.v19.i20.3134
https://dx.doi.org/10.1210/jc.2010-0757
https://dx.doi.org/10.1210/jc.2010-0757
https://dx.doi.org/10.1210/jc.2010-2388
https://dx.doi.org/10.1210/jc.2010-2388
https://dx.doi.org/10.1007/s00394-010-0098-7
https://dx.doi.org/10.1007/s00394-010-0098-7
https://dx.doi.org/10.1371/journal.pmed.1001383
https://dx.doi.org/10.1371/journal.pmed.1001383
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6411365
https://dx.doi.org/10.1016/j.clnu.2016.03.001
https://dx.doi.org/10.1016/j.clnu.2016.03.001
https://dx.doi.org/10.3748/wjg.v23.i19.3407
https://dx.doi.org/10.3748/wjg.v23.i19.3407
https://dx.doi.org/10.1016/j.jhep.2014.08.040
https://dx.doi.org/10.1016/j.jhep.2014.08.040
https://dx.doi.org/10.1055/s-0032-1306423
https://dx.doi.org/10.1055/s-0032-1306423
https://dx.doi.org/10.3346/jkms.2017.32.1.95
https://dx.doi.org/10.3346/jkms.2017.32.1.95

	Relationship Between Vitamin D Deficiency and Non-alcoholic Fatty Liver Disease: A Cross-Sectional Study From a Tertiary Care Center in Northern India
	Abstract
	Background
	Methodology
	Results
	Conclusions

	Introduction
	Materials And Methods
	Study setting and oversight
	Patients
	Methodology
	Statistical analysis

	Results
	FIGURE 1: Serum vitamin D status in NAFLD patients.
	FIGURE 2: Distribution of patients based on age and serum vitamin D status.
	TABLE 1: Distribution of patients according to clinical characteristics.
	TABLE 2: Association between examination findings and serum vitamin D status.
	TABLE 3: Association between serum investigations and serum vitamin D status.
	TABLE 4: Distribution of patients according to the grades of fatty liver and insulin resistance and its correlation with serum vitamin D status.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


