Scientific Foundation SPIROSKI, Skopje, Republic of Macedonia
Open Access Macedonian Journal of Medical Sciences. 2021 Jun 15; 9(B):541-546. _}"7/

https://doi.org/10.3889/0amjms.2021.5976
elSSN: 1857-9655

Category: B - Clinical Sciences

Section: Endocrinology

o
RO,

T

's
s
N C/ )6”
% cal

oundation’

05 Hay,

&

OPEN a ACCESS

Non-alcoholic Fatty Liver and Vitamin D Levels in Extremely Obese
Individuals: A Case—Control Study

Mohamed Sayed', Ebthal Mahmoud Abozeid'®, Hoda M. Amin', Naglaa M. Elsayed’, Yasser H. Nassar’, Hend A. Elsheimy

"Department of Internal Medicine, Faculty of Medicine, Cairo University, Giza, Egypt; “Department of Medical Biochemistry and
Molecular Biology, Faculty of Medicine, Cairo University, Giza, Egypt

Edited by: Ksenija Bogoeva-Kostovska

Citation: Sayed M, Abozeid EM, Amin HM, Elsayed
NM, Nassar YH, Elsheimy HA. Nonalcoholic Fatty Liver
and Vitamin D Levels in Extremely Obese Individuals:

A Case—Control Study. Open Access Maced J Med Sci.
2021 Jun 15; 9(B):541-546.
https://doi.org/10.3889/0amjms.2021.5976

Keywords: Non-alcoholic fatty liver disease; Vitamin D;
Extreme obesity

*Correspondence: Hend A. Elsheimy, Department of
Internal Medicine, Faculty of Medicine, Cairo University,
Giza, Egypt. E-mail: hendaelshemy@gmail.com
Received: 06-Mar-2021

Revised: 27-Mar-2021

Accepted: 15-Apr-2021

Copyright: © 2021 Mohamed Sayed,

Ebthal Mahmoud Abozeid, Hoda M. Amin, Naglaa M.
Elsayed, Yasser H. Nassar, Hend A. Elsheimy

Funding: This research did not receive any financial
support

Competing Interests: The authors have declared that no
competing interests exist

Open Access: This is an open-access article distributed
under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

Abstract

BACKGROUND: Non-alcoholic fatty liver disease (NAFLD) is currently one of the most prevalent liver diseases.
NAFLD is exemplified by the deposition of fat in the liver, in the absence of other etiologies. The spectrum of
histological features in NAFLD ranges from macro-vesicular steatosis and nonalcoholic steatohepatitis, and it can
eventually end in fibrosis, cirrhosis, or hepatocellular carcinoma. Vitamin D deficiency (VDD) is the most common
micronutrient deficiency worldwide. Obese subjects are more prone to VDD, particularly those with liver disease.
Non-classic functions of Vitamin D may be involved in the metabolic pathways beyond NAFLD development and
progression.

AIM: The aim of the study was to evaluate the relationship between NAFLD and Vitamin D levels in extreme obese
subjects, and the correlation between Vitamin D levels and NAFLD severity.

MATERIALS AND METHODS: The study included 80 Egyptian subjects of both sexes, divided into two groups:
50 patients with Stage Il obesity (defined as body mass index [BMI] 240 kg/m?) and NAFLD, their age ranging from
20 to <60 years, and 30 age- and sex-matched healthy volunteers as control subjects. All patients were recruited
from nutrition outpatient clinic at endocrinology unit, Cairo University Hospitals during the period from January 2019
to June 2019. Diagnosis of NAFLD was done by ultrasonography and laboratory evaluation included Vitamin D level.
Nutritional evaluation included BMI, waist circumference, and weight.

RESULTS: Vitamin D was significantly lower in the NAFLD group versus healthy controls: About 34%, deficient,
32% insufficient, and 34% sufficient in NAFLD group versus 23.3% insufficient, and 76.7% sufficient only in control,
p < 0.001. The severity of NAFLD, as graded by ultrasonography, was positively correlated with BMI and inversely
correlated with Vit D levels, p = 0.001 and 0.024, respectively. Multivariate linear regression proved that both BMI
and Vit D were independent predictors for NAFLD progression, BMI in a positive manner and Vit D in a negative
manner. A cutoff Vit D level of 27.75 had 64% sensitivity and 90% specificity in NAFLD detection, area under the
curve was 0.821.

CONCLUSION: Vitamin D is significantly lower in the NAFLD group versus healthy controls in this cohort. VDD and
BMI were associated with increased NAFLD severity. VDD was found to be an independent predictor of NAFLD
progression. Vitamin D supplementation may be added to lifestyle modifications to prevent NAFLD occurrence in
obese subjects.

prevalence increases up to 90%. Insulin resistance,
obesity, type Il diabetes, hypertension, and dyslipidemia
are strongly associated with NAFLD, and NFLD is now

Non-alcoholic fatty liver disease (NAFLD) is
currently one of the most prevalent liver diseases [1],
and it is exemplified by the deposition of fat in the
liver, in the absence of other etiologies, for example,
alcohol abuse, and viral hepatitis [2]. The spectrum
of histological features in NAFLD ranges from macro-
vesicular steatosis and non-alcoholic steatohepatitis
(NASH), and it can eventually end in fibrosis, cirrhosis,
or hepatocellular carcinoma [3]. Various metabolic
pathways are implicated in the development of NAFLD,
and its progression from steatosis up to cirrhosis and
hepatocellular carcinoma, this is known as the two-hit
hypothesis [4].

NAFLD affects nearly 30% of the population
in general, in patients with diabetes or obesity the

marked as a hepatic manifestation of the metabolic
syndrome [5], [6].

Vitamin D deficiency (VDD) can be the result of
defects in the absorption or hydroxylation of Vitamin D
due to impaired liver or kidney function, decreased
dietary intake, or lack of sunlight exposure. It is the
most common micronutrient deficiency worldwide, with
nearly 1 billion of people affected [7]. Obese subjects
are more prone to VDD, particularly those with liver
disease [8], possibly due to the impaired synthesis of
25(0OH) vitamin from the liver due to steatosis.

Asourknowledge regarding Vitamin D functions
expand, it became accepted that Vitamin D has an
important role in cell differentiation, immune regulation,
and inflammatory response. Some of these functions,
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non-classic functions of Vitamin D, are involved in the
metabolic pathways beyond NAFLD development and
progression [9].

In fact, Vitamin D intracellular signals are
mediated by Vitamin D receptor (VDR), which are
expressed in hepatocytes, VDD can aggravate NAFLD
through an inflammatory-mediated pathway [10]. The
expression of VDR in NAFLD hepatocytes is inversely
correlated with the disease severity [11]. VDD may also
share in the pathogenesis of NAFLD as it interferes
with lipid metabolism by the liver [12]. Hence, the
effectiveness of Vitamin D replacement in patients
with, or at high risk of NAFLD has become the topic of
growing research [9].

Our work aimed to study the relationship
between NAFLD and Vitamin D status in extremely
obese patients, and the correlation between Vit D levels
and NAFLD severity.

Materials and Methods

Patient population

Our study is a case—control study that included
80 subjects who were divided into two groups. Group 1
included fifty Egyptian male and female patients with
Stage Ill obesity, and NAFLD. Their age ranged from 20
to <60 years. Group 2 included 30 age- and sex-matched
healthy volunteers as control subjects. All patients were
recruited from nutrition outpatient clinic at endocrinology
unit, Cairo University Hospitals during the period from
January 2019 to June 2019. The study protocol was
approved by the Internal Medicine Department Ethical
Committee. An informed consent was obtained from all
participants before their enroliment.

The inclusion criteria were, male and female
patients, age above 20 and <60 years, Stage Ill obesity
and NAFLD. The following categories were excluded
from participating in the study; women who are pregnant
or lactating, patients with clinical manifestations
of and or who are diagnosed with malabsorption
syndrome, patients suffering from acute or chronic
infections, diabetic patients, adrenal insufficiency, or
hypothyroidism, subjects receiving Vitamin D treatment,
consuming alcohol or hepatotoxic drugs, and patients
with history of chronic liver disease.

Data collection
All participating individuals were subjected to:

° Detailed history and physical examination,
including measurement of waist circumference,
which was measured while the patient was
standing, feet together, arms by the sides,

abdomen relaxed, and measured by a non-
extensible tap. Height was measured in (m?)
and weight in (kg) to calculate the body mass

index (BMI), where Stage Il obesity was
defined as BMI 240 Kg/m? [13]
° Routine biochemical tests including for

assessment of liver enzymes, lipid profile, and
blood glucose.

o Totalserum25-hydroxyvitaminD (VitaminD): We
used Human 25-Dihydroxy Vitamin D human
ELISA kit to measure Vitamin D in the
sera our study subjects. The kit is based
on double antibody sandwich technique,
it was provided by Sunredbio, Shanghai,
China [14]. Vitamin D levels were classified
into sufficient (=30 to <100 ng/ml), insufficient
(20 to 29.9ng/ml), and deficient (<20 ng/ml),
this classification was based on Endocrine
Society guidelines [15]

° Diagnosis of NAFLD by ultrasonography
was performed using a 2-5 MHz convex
transducer. We classified our patients as
having different grades of steatosis (0-3)
according to the liver echogenicity. Grade I:
Liver echogenicity is mildly increased, and
Grade 2: The liver echogenicity obscures the
branches of the portal vein and Grade 3, where
the echogenicity obscures the diaphragmatic
outline [16]. We diagnosed NAFLD when the
score was > or = 2 on the Hamaguchi et al.
2007 ultrasonographic scoring system [17].

Statistical methods

Data were coded and entered using the
Statistical Package for the Social Sciences version 25
(IBM Corp., Armonk, NY, USA). We summarized
quantitative variables using mean and standard
deviation, for categorial variables we used frequencies
and relative frequencies. Comparison between different
groups was done using unpaired t-test. We used
Chi-square (x°) to compare categorical data, when
the frequency was expected to be <5 we used Exact
test instead. The correlation between quantitative
variables was performed using Pearson correlation
coefficient. Linear regression analysis was done to
predict independent predictors of NAFLD degree in
obese cases. Logistic regression was done to detect
independent predictors of NAFLD. p < 0.05 was
considered as statistically significant.

Results

Our study population was divided into two
groups. Group | (cases) included 50 extremely obese
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(BMI 240) patients with NAFLD, 20 (40%) of them were
males, and 30 (60%) females with their age ranging from
220 to <60 years. Group Il (control) included 30 healthy
volunteers, 14 (47.7%) of the control group were males
and 16 (53.3%) females, with matching age. Weight,
BMI, and waist circumferences were all higher in cases
in comparison to controls, the difference was highly
significant (p < 0.001).

Platelet count and high-density lipoprotein
(HDL) levels were significantly lower in the cases in
comparison with the control subjects with p < 0.001. On
contrary, total bilirubin, international normalized ratio
(INR), serum aspartate transaminase (AST), Alanine
transaminase (ALT), fasting blood sugar (FBS), total
CHOL, low-density lipoprotein (LDL), and triglycerides
levels were significantly higher in cases in comparison
to controls, also with a highly significant statistical
difference (p < 0.001), these data are presented in
Table 1.

Table 1: Comparison of the different laboratory variables
between the two studied groups

Variables Cases Controls p-value (t-test)
Mean SD Mean SD

HB 12.01 1.61 11.82 0.94 0.559
TLC 717 1.69 7.75 1.87 0.158
PLT 243.32 86.63 315.33 81.98 <0.001
AST 51.46 32.54 24.00 9.35 <0.001
ALT 53.56 31.36 24.00 9.73 <0.001
Bil (T) 1.00 0.22 0.84 0.21 0.002
Bil (D) 0.31 0.12 0.30 0.19 0.728
Albumin 3.98 0.25 3.94 0.77 0.744
INR 1.07 0.09 1.00 0.00 <0.001
FBS 94.72 11.64 83.43 6.84 <0.001
Urea 17.70 5.40 16.2 52 0.612
Creatinine 0.80 0.24 0.85 0.19 0.783
ALP 75.6 18.7 71.97 20.91 0.279
GGT 27.2 125 26.37 10.25 0.821
Chol 244.32 47.73 137.10 27.19 <0.001
LDL 144.34 27.62 90.13 12.07 <0.001
HDL 43.50 8.42 69.03 17.19 <0.001
TGs 22112 97.82 65.77 22.53 <0.001
Vit D 26.34 11.28 44.12 15.70 <0.001

HB: Hemoglobin, TLC: Total leukocyte count, PLT: Platelet, AST: Aspartate transaminase, ALT: Alanine
transaminase, INR: International normalized ratio, FBS: Fasting blood sugar, LDL: Low-density lipoprotein,
HDL: High-density lipoprotein, TGs: Triglycerides, Vit D: Vitamin D.

Levels of Vitamin D were significantly lower in cases (26.34
+ 11.28) compared with controls (44.12 + 15.7). Further
analysis of Vitamin D levels in the studied groups revealed
that 17 cases (34%) were deficient, 16 (32%) were
insufficient, and 17 (34%) had sufficient Vit D levels; on
the other hand, the control Group had only seven (23.3%)
subjects with insufficiency, 23 (76.7%) with sufficiency,
and none of the participants were deficient in Vit D.
These differences were statistically significant (p < 0.001),
Tables 1 and Figure 1 demonstrate these data.

In our obese cases, we did not detect any
significant correlation between Vitamin D levels
and clinical variables including age, weight, waist
circumference, and BMI. Furthermore, no significant
correlation was found with other laboratory variables
including hemoglobin, total leukocytic count, platelets,
AST, ALT, billirubin, albumin, INR, fasting blood
glucose (FBG), urea, creatinine, total cholesterol, LDL
cholesterol, HDL cholesterol, and triglycerides.

According to the abdominal ultrasound, all
obese cases were suffering from NAFLD. We found

m Cases m Controls

90% -
o |
jg j p <0.001
-
60% -
50% -
40% -
30% -
20% |
10% -
0% - - — -
deficiency insufficient sufficient
Vit D

Figure 1: Comparison between cases and control as regarding
Vitamin D level

that 40% of them had Grade 2, 32% had Grade 3, and
28% had Grade 1 fatty changes. None of our control
subjects suffered from NAFLD.

The degree of NAFLD by ultrasonography
was positively correlated with weight and BMI, both
with a highly significant statistical difference. There
was no significant correlation with age, height or waist
circumference, these data are demonstrated in Table 2.

Table 2: Correlation between vitamin NAFLD degree and
clinical variables in cases

NAFLD (U/S) r p-value
Age 0.258 0.071
Waist circumference 0.246 0.085
WT 0.428 0.002
Height 0.212 0.139
BMI 0.460 0.001

BMI: Body mass index, NAFLD: Non-alcoholic fatty liver disease, WT: Weight.

NAFLD was negatively correlated with Vit D
levels and positively correlated with platelet count in
the cases (Group |); the correlation was statistically
significant with a p-value of 0.024 and 0.035,
respectively. On contrary, there was no significant
correlation with other laboratory parameters Table 3.

Multivariable  regression  analysis was
done within the NAFLD group to test for potential
independent predictors of disease progression as
marked by ultrasound grades. The ultrasound grade
was used as a continuous variable. Potential factors

Table 3: Correlation between NAFLD ultrasonographic grades
and different laboratory variables in patients with extreme
obesity

NAFLD (U/S) r p-value
Vit D -0.318 0.024
HB 0.064 0.657
TLC 0.056 0.697
PLT 0.298 0.035
AST —-0.008 0.956
ALT 0.016 0.914
Bil(T) 0.058 0.688
Bil(D) -0.028 0.849
Albumin 0.045 0.756
INR 0.195 0.175
FBS -0.145 0.316
Urea -0.113 0.434
Creatinine -0.010 0.943
Chol 0.211 0.142
LDL 0.064 0.661
HDL -0.257 0.071
TGs 0.222 0.121

HB: Hemoglobin, TLC: Total leukocyte count, PLT: Platelet, AST: Aspartate transaminase, ALT: Alanine
transaminase, INR: International normalized ratio, FBS: Fasting blood sugar, LDL: Low-density lipoprotein,
HDL: High-density lipoprotein, TGs: Triglycerides, Vit D: Vitamin D.
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that were entered into the model include age, gender,
waist circumference, lipid profile, liver function tests,
blood picture parameters FBG, and Vitamin D level.
Insignificant variables by univariable analysis were
excluded from the study. BMI and Vitamin D prove to
be independent predictors of NAFLD severity. BMI in a
positive manner and Vitamin D in a negative manner is
shown in Table 4.

Table 4: Multivariable linear regression to detect predictors of
NAFLD degree in patients with extreme obesity

Independent variables Coefficient Std. Error t p rpartial
BMI 0.09402 0.02493 3.771 0.0005 0.4985
PLT 0.001891 0.001053 1.796 0.0796 0.2641
TGs 0.001277 0.0009063 1.409 0.1661 0.2100
Vit_D —-0.02130 0.007842 -2.717 0.0095  -0.3828

Waist circumference —0.002610 0.005335 —0.489
BMI: Body mass index, PLT: Platelet, TGs: Triglycerides, Vit D: Vitamin D.

0.6272 —0.07439

We performed receiver operating characteristic
(ROC) curve on the studied groups, both NAFLD and
non-NAFLD. ROC curve showed that at a cutoff 27.75
of Vitamin D, the sensitivity to predict the presence of
NAFLD is 64%, the specificity to exclude the presence
of disease is 90%, and the area under the curve (AUC)
was 0.821.

Discussion

In our study, most of the patients are females
constituting 60%, a previous research showed similar
results, where the percent of females seeking advice in
weight control clinics were as high as 80%, thus gender
is not a confounding factor in our work [18].

In our study, Vitamin D levels were significantly
lower in obese cases with NAFLD compared with
control subjects. In obese NAFLD group, 32% were
insufficient, 34% deficient, and 34% sufficient versus
23.3% insufficient and 76.7% sufficient in control,
demonstrating a highly significant statistical difference
between the two studied groups p < 0.001.

There was no significant difference between
the two studied groups regarding the synthetic liver
functions. Hence, lower Vit D levels in the cases
cannot be attributed to diminished hepatic synthesis
of Vit D.

These results agree with a previous meta-
analysis including 17 case—control and cross-sectional
studies, the result of which revealed that Vitamin D
levels were lower in patients with NAFLD. VDD was
associated with 1.26 fold increase in the risk of NAFLD,
compared with non-deficient subjects suggesting an
important role of Vitamin D in NAFLD development [19].

Our results are also in agreement with Targher
et al. [20], Targher et al. [21] who similarly detected
lower levels of Vitamin D in NAFLD patients compared
with normal individuals.

On contrary to our results, no association
between Vitamin D levels and NAFLD in the results of
Patel et al. [22], Paula et al. [23]. Variations in nutrition
state or study population may explain the opposing
results.

In the present study, AST and ALT levels were
significantly higher in the cases in comparison to the
control group (mean 51.46 and 53.56 vs. 24 and 24, p
< 0.001), levels. Our results in this concern agree with
variable previous results, including [24] where ALT was
significantly higher in NAFLD patients.

In our current work, NAFLD ultrasonographic
grades were inversely correlated with Vitamin D, and
positively correlated with BMI, the correlation was
statistically significant (r = —0.318 and p = 0.024) and
(r=0.460 and p = 0.001), respectively.

Interestingly, there was no significant correlation
between vit D level and BMI, r = 0.035, p = 0.811.
Hence, Vit D may have a direct effect on NAFLD that is
independent from BMI.

Multivariate linear regression performed to
detect independent predictors of NAFLD progression
demonstrated that BMI and Vitamin D prove to be
independent predictors of NAFLD severity. BMI in a
positive manner and Vitamin D in a negative manner.
Therefore, VDD is associated with more severe NAFLD.
It may have a causative role in its progression that is
not related to obesity.

Similarly, Vitamin D level was inversely related
tothe degree of liver steatosis and fibrosis, with Vitamin D
levels of 25.1 £ 0.29 ng/mL for normal ultrasonogaphy,
24.7 + 0.42 ng/mL for mild steatosis, 23.7 + 0.37 ng/mL
for moderate steatosis, and 23.6 + 0.60 ng/mL for sever
steatosis, (p < 0.001) [25].

The previous studies have also demonstrated
that the expression of VDR is inversely correlated with
NASH severity, in terms of inflammatory stages [11].

The exact pathogenesis of NAFLD
development and deterioration in VDD is not fully
understood. Theories include the lack Vitamin D
anti-inflammatory and antifibrotic effect on hepatic
stellate cells. As Vitamin D decreases peripheral
and hepatic insulin resistance induced by free fatty
acids, VDD could be associated with increased
accumulation of lipids in the liver and hence NAFLD
development [26].

In our study, ROC curve used to predict
NAFLD using Vitamin D level in obese patients; at a
cutoff point<27.75 of Vitamin D, its sensitivity to predict
the presence of NAFLD is 64%, and its specificity to
exclude the presence of disease is 90, AUC 0.821
and p < 0.000, these results are shown in Figure 2.
A higher cutoff point <40 had 77.17% sensitivity and
89.36% specificity of predicting NAFLD, AUC 0.749
and p < 0.000 in a previous study [27]. Another recent
study revealed a much lower cutoff point, where serum
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Figure 2: Receiver operating characteristic curve used to predict non-
alcoholic fatty liver disease (NAFLD) using Vitamin D level, at a cutoff
27.75 of Vitamin D, 64% sensitivity to predict and 90% specificity to
exclude NAFLD, area under the curve = 0.821

25(OH)D level of <11.2 ng/ml increases the risk of
NAFLD with 45% sensitivity and 97.5% specificity [26].

Conclusion

Extremely obese NAFLD patients included
in our study had significantly lower Vitamin D levels
compared with healthy volunteers. Furthermore, Vit D
level was inversely correlated with NAFLD severity.
A cut off 27.75 of Vitamin D, had 64% sensitivity and
90% specificity in NAFLD prediction.

Limitations

The lack of liver biopsy and the dependence on
ultrasonography on diagnosis and grading of NAFLD.
Even though biopsy is the gold standard, we choose
ultrasonography as a safe, non-invasive, and reliable
method in NAFLD assessment.

Recommendations

The authors recommend correction of
Vitamin D level in all NAFLD patients. This may aid in
preventing the disease progression. Further prospective

and interventional studies are needed to delineate the
cause-effect relationship between VDD and NAFLD.
Further studies are also needed to determine the effect
of Vitamin D treatment on NAFLD progression.
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