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Abstract

Background: The association between vitamin D levels and non-alcoholic fatty liver disease (NAFLD) has been
increasingly determined in recent researches. The aim of this study was to determine the association between
vitamin D levels, measured as serum 25-hydroxy vitamin D (25(OH)D) and NAFLD. Serum 25(0OH)D was prospectively
determined in 80 patients. Of them, 40 subjects had NAFLD, whereas 40 subjects served as healthy control. Vitamin D
deficiency was defined as serum 25(0OH)D level < 20 ng/ml. Receiver operating characteristic (ROC) and regression
analysis methods were used in our analysis.

Results: About 70% of patients with NAFLD had vitamin D deficiency, but only 35% in the control group had. The
mean serum 25 (OH)D was significantly lower in patients with NAFLD than the healthy control group (16.13 £ 10.23
versus 27.35 + 10.58 ng/mL; P < 0.001). ROC curve analysis revealed that serum 25(OH)D level of less than 11.2 ng/ml
increases the risk of NAFLD with 45% sensitivity and 97.5% specificity (Serum 25(0OH)D level < 18.1 ng/ml in males and
< 94 ng/mlin females increase the risk of NAFLD). Multivariate regression analysis showed that vitamin D deficiency,
high age, and high BMI were associated with a significant high risk of NAFLD.

Conclusion: NAFLD patients have low serum vitamin D concentrations, suggesting that vitamin D may have a role in
the development of NAFLD. Future studies are recommended to determine the important therapeutic implications of

vitamin D for the prophylaxis or the treatment of NAFLD.
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Background

Non-alcoholic fatty liver disease (NAFLD) is a clinico-
histopathological entity with histological features that
occurs in patients with little or no history of alcohol
consumption. Patients with NAFLD have hepatic steato-
sis, with or without inflammation and fibrosis [1].
NAFLD is classified into non-alcoholic fatty liver
(NAFL) and non-alcoholic steatohepatitis (NASH). In
NAFL, hepatic steatosis is present without evidence of
inflammation; while in NASH, hepatic steatosis is associ-
ated with hepatic inflammation [2].
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The multiple-hit hypothesis is better framing the vari-
able circumstances implicating the development and
progression of NAFLD [3]. However, recent studies
show that the progression of NAFLD is not always lin-
ear, it is not who is more likely to transform into more
advanced stages [4], considered as the hepatic manifest-
ation of NAFLD in most cases associated with type 2
diabetes and dyslipidemia [5].

Fatty liver is the hepatic component of metabolic syn-
drome. The American Heart Association/National Heart,
Lung, and Blood Institute and the International Diabetes
Federation considered a patient as having metabolic syn-
drome if he has at least three abnormal findings of the
following: abdominal obesity, low high-density
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lipoprotein, cholesterol, elevated blood pressure, high
fasting glucose, or high triglyceride concentration [6].

Vitamin D has been associated with many disease
pathogenesis including autoimmune disease, cardiovas-
cular disease, cancers, inflammatory processes, and liver
diseases [7—9]. The association between vitamin D levels
and NAFLD has been increasingly determined in recent
researches [9].

The pathogenesis of the association between
NAFLD and low vitamin D levels is still undeter-
mined; however, protective anti-fibrotic and anti-
inflammatory function of vitamin D on the hepatic
stellate cells has been suggested [10]. Vitamin D re-
duces free fatty acid-induced insulin resistance in per-
ipheral tissues and in hepatocytes [11]. Therefore, low
vitamin D level may lead to intrahepatic lipid accu-
mulation which is responsible for NAFLD pathogen-
esis [12]. Abramovitch and colleagues confirmed the
anti-fibrotic effects of vitamin D through inhibition of
hepatic stellate cells proliferation in an in vivo murine
model [12].

NHANES III database reviewed more than 6000 pa-
tients; of them, about 300 patients showed unexplained
elevation in alanine aminotransferase (ALT) and lower
vitamin D levels than the control group [13].

Given that vitamin D deficiency and NAFLD have dir-
ect and indirect associations with obesity and sedentary
lifestyle, it is not unexpected that vitamin D deficiency
would be a co-factor in the pathogenesis of NAFLD.
Therefore, the aim of this study was to determine the re-
lationship between the serum vitamin D level assessed
by 25-hydroxyvitamin D3 (25(OH)D3) and NAFLD in
adults.

Methods

Study design

A hospital-based non-interventional cross-sectional con-
trolled study was carried out in the Internal Medicine
Department and Immunology Research Lab in Micro-
biology and Immunology Department at Faculty of
Medicine, Zagazig University Hospitals. The institutional
review board approved the study (ZU-IRB#3776-30-5-
2017). Written informed consent was obtained from all
individual participants in the study.

Patients’ selection and data collection

Eligible patients had a diagnosis of NAFLD, were
aged 18 to 60vyears old, and had bright hepatic tex-
ture proven with abdominal ultrasound. Matched nor-
mal control subjects with normal liver ultrasound
/liver chemistry were included. The individual partici-
pants in the study were classified into the NAFLD
group and healthy control group, were matched in
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age, gender, residence, the existing comorbidities, and
the smoking status.

We excluded patients with chronic viral hepatitis, liver
cirrhosis secondary to any cause, primary biliary cirrho-
sis, primary sclerosing cholangitis, and pregnant women,
and patients on calcium or vitamin D supplementation
and renal diseases. We also excluded any patients that
received vitamin D supply in the previous 2 months.

The following data were collected for each patient eli-
gible for the study: age, gender, residency, smoking sta-
tus, body mass index (BMI), fasting blood glucose
(FBG), hemoglobin A1C (HbA1C), hemoglobin, white
blood cells, platelets, total bilirubin, direct bilirubin, ala-
nine transferase (ALT), aspartate transferase (AST), al-
bumin, total plasma protein, alkaline phosphatase,
international normalized ratio (INR), creatinine, blood
urea nitrogen (BUN), cholesterol, triglyceride, low-
density lipoprotein, and high-density lipoprotein. In
addition, serum 25(OH)D level was measured for the
both groups. Vitamin D deficiency was defined as
25(OH)D levels < 20ng/ml, while vitamin D insuffi-
ciency and sufficiency mean that serum 25(OH)D are
equal to 20-30 ng/mL and 30-100 ng/mL, respectively
[14-16].

Assessment procedures
Blood samples were obtained from each patient and kept
for 30 min for spontaneous clotting. Samples were then
centrifuged at 3000 rpm for 5 min and stored for up to
5days at 2to 8°C prior to assaying. Specimens held for
a longer time (up to 2 months) and were frozen only
once at — 20 °C prior to assay. Serum 25(OH)D level was
measured by DBC immunoassay of 25(0OH)D enzyme-
linked immunosorbent assay (ELISA, DBC Diagnostics
Biochem Canada: CAN-VD-510) at the Immunology Re-
search Lab in Microbiology and Immunology Depart-
ment, Zagazig University Hospitals [17]. All other
laboratory tests, including liver and renal function tests,
and coagulation tests underwent using the routine la-
boratory testing methods. Liver ultrasonography (US)
was performed to study liver echogenicity, size, cirrhotic
changes, or other abnormalities. Liver Ultrasonography
(US) scanning was performed to assess the degree of
steatosis. Transient elastography (Fibroscan) for meas-
urement of controlled attenuation parameter (CAP) and
liver stiffness measurements (LSM) were performed by
an experienced radiologist who was blinded to the clin-
ical data of the patients [18, 19].

We used ultrasonographic grading of fatty liver [20] as
the following:

Grade 0: normal liver echogenicity.

Grade I: diffusely increased hepatic echogenicity but
periportal and diaphragmatic echogenicity are still
appreciable.
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Grade II: diffusely increased hepatic echogenicity ob-
scuring periportal echogenicity but diaphragmatic echo-
genicity is still appreciable.

Grade III: diffusely increased hepatic echogenicity ob-
scuring periportal as well as diaphragmatic echogenicity.

Statistical analysis

All categorical variables were presented in frequency
and percentage, whereas numerical variables were pre-
sented with mean + standard deviation (SD). Compara-
tive analysis and inferential statistics were performed
using parametric independent ¢ test that was used for
comparison in case of Gaussian distribution, while the
Mann-Whitney U test was used for non-Gaussian distri-
bution. For categorical variables, the chi-square test (or
Fisher’s exact test if appropriate) was used. For all statis-
tical tests, P value < 0.05 was considered statistically
significant. Spearman’s rank correlation coefficient
(Spearman’s rho) was calculated for 25(OH)D levels and
various study parameters. These analyses were per-
formed using the statistical software program, SPSS, for
Windows version 25.0 (SPSS; Chicago, IL, USA). Univar-
iate and multivriate logistic regression analysis were used
to determine the predictor variables for the presences of
NAFLD.

Receiver operating characteristic (ROC) curve analysis
was used to identify optimal cutoff values of 25(OH)D
levels with maximum sensitivity and specificity for pre-
dicting the NAFLD patients. The best cutoff points were

Table 1 Baseline characteristics of the two study groups at baseline
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the concentration of serum 25(OH)D at the associated
criterion of the highest Youden Index from the ROC
analysis using the MedCalc software (MedCalc 10 Soft-
ware bvba, Ostend, Belgium).

Results

Eighty subjects participated in the present study, of
whom 40 subjects had NAFLD, whereas 40 subjects
served as healthy control. The demographic and baseline
characteristics of the subjects based on the groups are
presented in Table 1. The two groups were comparable
in all demographic data except the BMI, which was sig-
nificantly higher in the NAFLD Group (30.8 + 6.3 kg/m>
versus 34.6 + 4.3 kg/m? P = 0.012). The means CAP and
LSM were significantly higher in the NAFLD Group (p <
0.001).

Table 2 shows the results of all laboratory data in the
two groups. Blood urea nitrogen (BUN) was lower in the
NAFLD Group (14.1 + 2.3 mg/dL) than the normal con-
trol group (17.7 + 2.4 mg/dL), p = 0.012.

Among the patients with NAFLD, the ultrasono-
graphic grading of fatty liver was as follows: 16 (40%)
grade 1, 21 (52.5%) grade 1, and 3 (7.5%) grade 3.

Mean serum 25 (OH)D was significantly lower in the
NAFLD group (16.13 + 10.23 ng/mL) than the control
group (27.35 = 10.58 ng/mL). About 70% of patients
with NAFLD had vitamin D deficiency, but only 35% in
the control group as seen in Fig. 1.

Variables Control group NAFLD group P value
Age (year), mean + SD 45 +10 47 +9 031
Sex, N (%) Female 27 (67.5%) 27 (67.5%) 1.0
Male 13 (32.5%) 13 (32.5%)
Residence, N (%) Rural 23 (57.5%) 22 (55%) 1.0
Urban 17 (42.5%) 18 (45%)
Comorbidities, N (%) Diabetes mellitus 6 (15%) 10 (25%) 052
Diabetes/hypertension 5 (12.5%) 7 (17.5%)
Gout 1 (2.5%) 1 (2.5%)
Hypertension 6 (15%) 7 (17.5%)
Hypothyroidism 0 (0.0%) 1 (2.5%)
No 22 (55%) 14 (35%)
Smoking, N (%) No 34 (85%) 35 (87.5%) 1.0
Yes 6 (15%) 5 (12.5%)
BMI (kg/mz), mean + SD 308 £ 6.3 346 £43 0.012*
Fasting blood glucose (mg/dl), mean + SD 1182 + 3291 108.7 + 254 0.37
HbA1C (%), mean + SD 7.77 £ 0.96 799 £ 043 041
CAP (dB/m) 190 + 37 308 £ 533 < 0.001*
LSM (kPa) 52+12 662 £ 15 < 0.001*

HCV hepeatitis C virus, HBV hepatitis D virus, BMI body mass index, HbA1C hemoglobin A1C, CAP controlled attenuation parameter, LSM liver stiffness measurement
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Variables Control group(mean + SD) NAFLD group(mean + SD) P value
Serum 25 (OH)D (ng/mL) 2735 £ 10.58 1613 £ 10.23 < 0.001*
White blood cells (107/L) 68+ 18 74£19 044
Hemoglobin (g/dL) 125+14 122+13 0.19
Platelets (107/L) 258 + 51 258 + 57 0.21
Total bilirubin (mg/dL) 0.75+ 020 075+ 020 0.96
Direct bilirubin (mg/dL) 020+ 0.14 020+ 013 094

ALT (U/L) 41 +£19 43 +18 0.63

AST (U/L) 35+£26 37 +28 0.74
Albumin (g/dL) 41+04 41+03 071
Total plasma protein (g/dL) 7.36 £ 0.38 737 £ 037 093
Alkaline phosphatase (U/L) 86 £ 20 90 £ 20 035

INR 099 +0.19 1£008 071
Creatinine (mg/dL) 083 +0.20 078 £ 0.16 0.26

BUN (mg/dL) 177 £ 24 141 £ 23 < 0.001*
Cholesterol (mg/dL) 2063 + 326 2132+ 376 038
Triglyceride (mg/dL) 161.2 £ 656 167.1 £ 696 0.69
Low-density lipoprotein (mg/dL) 130 + 36 130 + 36 098
High-density lipoprotein (mg/dL) 459 £ 66 456 £ 66 0.81

INR international normalized ratio, BUN blood urea nitrogen, ALT alanine aminotransferase, AST aspartate aminotransferase
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Fig. 1 Comparison of the vitamin D status (serum 25(0OH)D) between the study groups
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ROC curve analysis reveals that serum 25(OH)D level of
< 11.2ng/ml can predict the presence of NAFLD with
45% sensitivity and 97.5% specificity (Fig. 2a). Further-
more, in male patients, the cut of level of serum 25(OH)D
< 18.1ng/ml can predict the presence of NAFLD with
76.92% sensitivity and 76.92% specificity (Fig. 2b), while in
female patients with 25(OH)D level of < 9.4 ng/ml can
predict the presence of NAFLD with 44.4% sensitivity and
99.9% specificity (Fig. 2c). The areas under the curve were
0.78, 0.81, and 0.78 respectively.

In the univariate logistic regression analysis model, by
considering the vitamin D sufficiency as the reference,
the risk of NAFLD for the groups with vitamin D defi-
ciency and insufficiency obtained about 5.15 (95% CI
1.78: 14.9) and 2.51 (95% CI 0.46: 13.6), respectively. In
addition, patients with high age and BMI were signifi-
cantly associated with a high risk of NAFLD [OR = 2.08
(95% CI 1.09: 2.17)] and [OR = 2.82 (95% CI 1.71: 5.94)].
In a multivariate logistic regression analysis model, vita-
min D deficiency, high age, and high BMI were associ-
ated with a significant high risk of NAFLD as presented
in Table 3.

Discussion

Low vitamin D is prevalent in chronic liver disease pa-
tients. Even patients with mild liver disease are affected,
although patients with liver cirrhosis are more com-
monly have severe deficiency [21]. Low serum levels of
vitamin D have been observed in chronic liver diseases,
especially with liver cirrhosis [8, 22], while in patients
with NAFLD, the data are still scanty.

Our study demonstrates that the serum 25 (OH)D was
significantly lower in the NAFLD group than the normal
control group. More than two thirds of NAFLD patients
had vitamin D deficiency, but only one third of the con-
trol group had vitamin D deficiency.
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The recent systematic review of Pacifico and col-
leagues [23] included 45 studies exploring the associ-
ation between vitamin D status and NAFLD/NASH. Of
them, 29 studies reported an inverse association between
vitamin D status and NAFLD, while 16 studies did not
support this association.

On the other hand, the meta-analysis on the relation-
ship between serum vitamin D and NAFLD histologic
severity found no association between serum vitamin D
levels and disease severity as assessed by NAS and fibro-
sis score among patients with NAFLD [24].

Using the NHANES III database, Liangpunsakul and
Chalasani screened 6800 patients. They found 308 pa-
tients with unexplained elevation in ALT and compared
their serum vitamin D concentrations with 979 matched
controls. Patients with elevated ALT were found to have
lower vitamin D levels than the control group, even
when controlling for metabolic syndrome and serum tri-
glyceride level [13]. Furthermore, Targher et al. con-
firmed the association between NAFLD and vitamin D
deficiency. In addition, vitamin D concentrations were
lower in NASH patients when compared to those with
isolated fatty liver [25].

Mean serum 25 (OH)D of 16.13 + 10.23 ng/mL in the
NAFLD group was significantly lower than in the nor-
mal control group (27.35 + 10.58 ng/mL). The results of
systematic review [23] showed that the median level of
vitamin D in the control group is 27.7 + 8.75ng/mL,
while the mean level in the NAFLD group is 25.7 + 8.74.

In the cross-sectional study of Ehrampoush and col-
leagues [26], the mean serum vitamin D was 26.77 +
8.26 ng/mL in the healthy group, while in the NAFLD
group, it was 15.84 + 5.50. The results showed that the
cutoff point for vitamin D in men and women, vitamin
D levels lower than 18 nmol/L for women and 21 nmol/
L for men, significantly increases the risk of NAFLD.
The ROC curve analysis of the present study reveals that
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Table 3 Binary logistic regression analysis for factors predicting the NAFLD
Wald P OR 95% Cl for OR
value Lower Upper

Univariate analysis model
Age 3.046 0.041 2.075 1.091 1.167
Gender (ref: male) 0.575 0448 0.644 0.206 2010
Diabetes (ref: No.) 1574 0.021 1913 1.095 5.266
Smoking (ref: No.) 581 0446 0.562 0.128 2472
25(0OH)D3 deficiency (ref: sufficiency) 9.151 0.002 5.152 1.781 14.905
25(0OH)D3 insufficiency (ref: sufficiency) 1.140 0.286 2511 0463 13.602
BMI (kg/m2) 8283 0.004 2815 1.709 5937
Fasting blood glucose (mg/dl) 0.114 0.735 0.996 0973 1.020
White blood cells (10%/L) 0.004 0.949 1.013 0.688 1491
Hemoglobin (g/dL) 0.106 0.744 0.910 0.517 1.602
Platelets (107/L) 0.757 0384 1.006 0.993 1.018
AST (U/L) 2.380 0.123 1.059 0.985 1.138
ALT(U/L) 1513 0.219 0.964 0.910 1.022
Albumin (g/dL) 0.007 0933 0918 0.126 6.688
Total plasma protein (g/dL) 0410 0522 0.499 0.060 4187
Alkaline phosphatase (U/L) 1.501 0.220 1.022 0.987 1.059
Cholesterol (mg/dL) 0.123 0.726 0.994 0.961 1.028
Triglyceride (mg/dL) 0313 0.576 1.004 0.990 1.018
Low-density lipoprotein (mg/dL) 0.109 0.741 0.995 0.966 1.025
High-density lipoprotein (mg/dL) 1.223 0.269 0.936 0.833 1.052
Multivariate analysis model

Age 4344 0.037 1.080 1.005 1.160

BMI (kg/m2) 5.888 0.015 2.862 1.764 3972

25(0OH)D3 deficiency (ref: sufficiency) 9.151 0.002 4171 1.345 12.872

serum 25(OH)D level < 11.2 ng/ml can predict the pres-
ence of NAFLD; in male patients, the cut of level of vita-
min D < 18.1 ng/ml can predict the presence of NAFLD,
while in female patients, it was < 9.4 ng/ml.

In our study, we observed nearly normal levels of liver
enzymes in patients with NAFLD. This observation was
supported by the recent meta-analysis that conducted to
determine the proportion of NAFLD patients with nor-
mal ALT value in the overall NAFLD patients [27]. They
reported that the proportion of NAFLD patients with
normal ALT value in overall NAFLD patients was 25%
(95% CI 20-31%).

Many of the epidemiological studies linking low serum
vitamin D levels with NAFLD is that the two conditions
are associated with obesity (high BMI) [25, 28, 29]. Vita-
min D is fat soluble and stored in adipose tissue that in-
creases the sequestration of vitamin D in obese
individuals who are also prone to NAFLD [30]. Our
study showed that patients with high BMI were signifi-
cantly associated with a high risk of NAFLD.

The main limitation of our study is the small sample
size, which might limit the generalizability of the result.
We included only adult’s patients, while the study by
Manco et al. [31] reported that low levels of 25(OH)D in
children with NAFLD correlated with histological sever-
ity regardless the metabolic characteristics.

In conclusion, our results showed a significant relation-
ship between vitamin D levels and the risk of NAFLD. Par-
ticularly, our study suggests that serum 25(OH)D level less
than 9.4 ng/ml for females and 18.1 ng/ml for males can in-
crease the risk of NAFLD. It is important to maintain the
appropriate serum level of vitamin D for protecting against
NAFLD. Determination of a main role of low vitamin D in
NAFLD development might have important therapeutic
implications in future studies. In addition, conducting fu-
ture studies comparing the vitamin D levels in different
liver disease is highly recommended. Finally, the association
between vitamin D deficiency with prognosis of liver dis-
eases as progression to NASH or development of HCC
should be addressed through a prospective studies.



Gad et al. Egyptian Liver Journal (2020) 10:25

Abbreviations

ALT: Alanine aminotransferase; INR: International normalized ratio;

AST: Aspartate aminotransferase; BMI: Body mass index; BUN: Blood urea
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NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis;
ROC: Receiver operating characteristic; SD: Standard deviation
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