@ OPEN ACCESS

Saudi Journal of Medical and Pharmaceutical Sciences
Abbreviated Key Title: Saudi ] Med Pharm Sci

ISSN 2413-4929 (Print) | ISSN 2413-4910 (Online)

Scholars Middle East Publishers, Dubai, United Arab Emirates

Journal homepage: https://saudijournals.com

Original Research Article | Hepatology

Role of Genetic Polymorphism in the Development of Metabolic
Associated Fatty Liver Disease among the Family Members of Metabolic

Associated Steatohepatitis Cirrhosis Patients
Saiful Islam'*, SKM Nazmul Hasan?, Tanvir Ahmad?, Md. Mahabubul Alam*, Asma Helen Khan®, Md. Shahinul Alam®

'Research Assistant, Department of Hepatology, Bangabandhu Sheikh Mujib Medical University, Dhaka, Bangladesh
2Assistant Professor, Department of Hepatology, Shahid Syed Nazrul Islam Medical College, Kishoreganj, Bangladesh
3Consultant, Kurmitola General Hospital, Dhaka, Bangladesh

4Medical Officer, Department of Hepatology, Bangabandhu Sheikh Mujib Medical University, Dhaka, Bangladesh
SMedical Officer, Department of Hepatology, Bangabandhu Sheikh Mujib Medical University, Dhaka, Bangladesh
SProfessor, Department of Hepatology, Bangabandhu Sheikh Mujib Medical University, Dhaka, Bangladesh

DOI: 10.36348/sjmps.2023.v09i12.017 | Received: 08.11.2023 | Accepted: 21.12.2023 | Published: 30.12.2023

*Corresponding author: Dr. Saiful Islam
Research Assistant, Department of Hepatology, Bangabandhu Sheikh Mujib Medical University, Dhaka, Bangladesh

Abstract

Introduction: Metabolic associated fatty liver disease (MAFLD) is one of the most common liver diseases worldwide.
NAFLD is associated with metabolic syndrome, which consists of obesity, hypertension, diabetes, and hyperlipidemia.
This study aimed to identify the role of Genetic polymorphism in the development of metabolic-associated fatty liver
disease among the family members of metabolic-associated steatohepatitis cirrhosis patients. Methods: This was a cross-
sectional observational study conducted in the Department of Hepatology, Bangabandhu Sheikh Mujib Medical University,
Dhaka, Bangladesh, from January 2015 to December 2016. In this study, 50 patients with NASH cirrhosis attended
Hepatology OPD or were admitted to the inpatient department within the study period, and 81 first-degree family members
were included after considering inclusion and exclusion criteria. Result: The mean age was 35.34 + 10.29 years, and the
mean BMI was 25.59 + 4.28. Serum lipid profiles showed mean HDL at 36.91 + 7.49 mg/dL and triglycerides at 161.23 +
59.76 mg/dL. Male predominance (54.32%) was observed among family members. A total of 78% of families had 1st-
degree relatives affected by fatty liver. Fatty liver was present in 47 family members (58%), with 36 (76.6%) showing
PNPLA3 polymorphism (C/G), compared to 19 (55.9%) in the non-fatty liver group (P=0.033). Comparing metabolic
syndrome components, fatty liver family members showed significantly higher serum triglycerides (>150 mg/dL, P=0.001),
fasting glucose (>5.6 mmol/L, P=0.003), and HDL <40 mg/dL for males or <50 mg/dL for females. Conclusion: This
study showed that family members of MASH cirrhosis patients show a high prevalence of fatty liver, metabolic
abnormalities, and PNPLA3 polymorphism, especially in 1st-degree relatives.
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INTRODUCTION wide range of disorders, including cirrhosis, fibrosis,
hepatocellular  carcinoma (HCC), non-alcoholic
steatohepatitis (NASH), and non-alcoholic fatty liver
(NAFL). [3,4,5] It has been determined that several
environmental factors, such as lifestyle and enteral
environment, affect the development of MASH.
However, the disease state in MAFLD is different in
individuals with any body mass index or visceral fat.
Moreover, twin studies have suggested that NAFLD is
inherited. [6] In individuals without symptoms of alcohol
abuse or viral hepatitis, twin studies revealed that alanine
transaminase (ALT) levels, which mainly indicated the

Metabolic associated fatty liver disease
(MAFLD) is the present term for NAFLD (Non-
Alcoholic Fatty Liver Disease) which is one of the most
common liver diseases worldwide. A significant
Japanese cohort study found that 29.7% of persons have
NAFLD. [1] NAFLD is associated with metabolic
syndrome, which consists of obesity, hypertension,
diabetes, and hyperlipidemia. [2, 3] For this reason,
NAFLD is considered a part of the metabolic syndrome.
Non-alcoholic fatty liver disease (NAFL) encompasses a
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buildup of liver fat, were a heritable characteristic, with
genetic factors explaining more than 60% of the
variability.[7] Overall, evidence indicates that about half
of steatosis variability, determined by biochemical
indices or noninvasive assessment of liver fat, is
inherited. [8] Therefore, several hypothesis-driven
studies tried to evaluate the role of candidate genetic
variants in the susceptibility to NAFLD and progressive
NASH, to identify disease markers or potential drug
targets, but with inconsistent results.[8]

PNPLA3, alternatively referred to as
adiponutrin, encodes a 481 amino acid protein that is
highly expressed in the liver and plays a role in the
hydrolysis of triglycerides. [9,10]

The rs738409 single-nucleotide polymorphism
(SNP) in the PNPLA3 gene is a missense variation, in
particular isoleucine to methionine substitution at amino
acid 148 (I148) that results in the abolishment of
triglyceride lipase activity, which interferes with hepatic
triglyceride  hydrolysis, leading to  decreased
incorporation into very low-density lipoprotein (VLDL)
and increased intracellular triglyceride content. [11,12]

A genome-wide association study also revealed
that the rs738409 SNP in patatin-like phospholipase
domain-containing 3 (PNPLA3) is strongly associated
with hepatic fat content. [5] Recently, Kumari et al.
(2012) showed that PNPLA3 1148 substitution increases
TG synthesis by converting lysophosphatidic acid (LPA)
into phosphatidic acid, leading to hepatic steatosis.[13]

NAFLD has a strong association with insulin
resistance and other components of metabolic syndrome
(MS), like Type 2 DM, central obesity, hyperlipidemia
as well as hypertension. The etiology of severe non-
alcoholic fatty liver disease (NAFLD) is complicated
and involves metabolic, genetic, and environmental
factors. Nearly 90.0% and 33.0% of NAFLD patients
have a four to eleven times higher risk and are less likely
to remit when MS is present. At least one MS feature and
all MS characteristics were present in NAFLD
individuals, respectively. The majority of NAFLD
patients are obese, which increases their risk of steatosis
by around five times. Those with impaired fasting
glucose have a considerable risk of non-alcoholic fatty
liver disease (NAFLD), even if their risk is smaller than
that of type 2 diabetes mellitus (T2DM).

Therefore, in this study, we aimed to identify the role of
Genetic polymorphism in the development of metabolic-

associated fatty liver disease among the family members
of metabolic-associated steatohepatitis cirrhosis patients.

METHODOLOGY AND MATERIALS

This was a prospective observational study
conducted in the Department of Hepatology,
Bangabandhu Sheikh Mujib Medical University, Dhaka,
Bangladesh, from January 2015 to December 2016. In
this study, 50 patients with MASH cirrhosis attended
Hepatology OPD or were admitted to the inpatient
department within the study period, and 81 first-degree
family members were included after considering
inclusion and exclusion criteria.

These are the following criteria to be eligible
for enrollment as our study participants: a) Patients aged
from 18 years to 70 years; b)Patients with biopsy-proven
cirrhosis; ¢) Patients with coarse hepatic parenchyma on
ultrasonogram with esophageal varices in endoscopy; d)
Patients with liver stiffness measurement of greater than
14 Kpa; e) Patients with the chronic liver disease having
signs of decompensation; f) First-degree relative of the
index patients who were willing to participate were also
included in the study And a) Patient with significant
alcohol intake (more than 30 gm/day in case of male and
more than 20 gm/day in case of female); b) Patients
receiving drugs that may cause fatty liver (i.e. tamoxifen,
valproate, amiodarone and methotrexate); c) Patients
with any other liver diseases i.e (Chronic viral hepatitis,
Wilson’s  disease, Autoimmune liver diseases,
Hemochromatosis); d) Patients with Pregnancy,
hypothyroidism & liver cirrhosis other than MASH; e)
Patients with any history of acute illness (e.g., renal or
pancreatic diseases, ischemic heart disease, asthma,
COPD, etc.); f) Patients who were not willing to
participate were excluded from our study.

Statistical Analysis

All data were recorded systematically in
preformed data collection form. Quantitative data was
expressed as mean and standard deviation and qualitative
data was expressed as frequency distribution and
percentage. The differences between groups were
analyzed by unpaired t-test and chi-square (X?) test. A p-
value <0.05 was considered as significant. Statistical
analysis was performed by using SPSS 20 (Statistical
Package for Social Sciences) for Windows version 10.
Ethical approval was taken from the Institutional Review
Board (IRB) of Bangabandhu Sheikh Mujib Medical
University.
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RESULTS

Table 1: Baseline characteristics of the family members.

Parameter Family members (Mean+SD)
Age (year) 35.34+10.29
Waist circumference (cm) 91.18+8.21
Systolic BP (mm of Hg) 112.59+9.84
Diastolic BP (mm of Hg) 73.82+6.23
BMI (Kg/m?) 25.59+4.28
Fasting blood sugar (mmol/L) 5.28+2.14

Total cholesterol (mg/dl)

187.10+33.66

LDL (mg/dl) 114.92+21.45
HDL (mg/dl) 36.91+7.49
TG (mg/dl) 142.03£60.41
AST (U/L) 35.53421.98
ALT (U/L) 36.81+35.40

Table 1 shows the baseline characteristics of the
family member’s mean age was 35.34+10.29. The mean
waist circumference was 91.18+8.21, which is above the
metabolic range. Mean systolic BP and diastolic BP were
112.5949.84 and 73.82+6.23 mmHg respectively. The
mean BMI was 25.59+4.28 kg/m?, which is at the obese
level. Mean fasting blood sugar 5.2842.14 mmol/L. The
serum lipid profile of family members shows that mean

37(45.68%)

total cholesterol was 187.10+33.66 mg/dL, mean LDL
114.92421.45 mg/dL, mean HDL 36.91+7.49 mg/dL,
and mean triglyceride was 36.91+£7.49 mg/dL.
Regarding liver enzymes, the mean AST was
35.53+21.98 U/L, and the mean ALT was 36.81+35.40
U/L. It was observed that family members were
relatively younger, had high BMI and waist
circumference was above metabolic range.

44( 54.32%)

Male

M Female

Figure 1: Sex distribution of family member groups

The pie chart shows that among the 81 family
members evaluated 44 (54.32%) were male and 37

(45.68%) were female. A male predominance was
observed.

Table 2: Affected number of families with fatty liver and PNPLA3 Genotype (n=50)

Fatty liver on USG Frequency Percent

Fatty change in liver 39 78

No fatty change in the liver 11 22

Total no of family 50 100.0

PNPLA3 Genotype Frequency Percent

C/G + G/G 39 78

C/C 11 22

Total 50 100.0

Table 2 shows the number of affected families
in whom fatty liver was found in either siblings or the
next generation. A maximum number of families (78%)
had affected 1st-degree relatives. The number of affected

families in whom PNPLA3 polymorphism either in the
form of C/G or G/G in siblings or the next generation.
The maximum number of families (78%) had affected
1st-degree relatives.
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Table 3: Relationship between PNPLA3 genotyping with and without fatty liver

With fatty liver Without fatty liver
(n=47) (n=34)
Genotype No % No % P-value
C/C 09 19.1 15 44.1
C/G 36 76.6 19 55.9 0.033
G/G 02 4.3 00 00

Table 3 shows the relationship between the
PNPLA3 genotyping with and without fatty liver.
Among 47 family members with fatty liver, 36 (76.6%)
of them had PNPLA3 polymorphism variety C/G and 02
(4.3%) of them had PNPLA3 polymorphism variety
G/G. Among 34 family members without fatty liver, 19

(55.9%) of them had PNPLA3 polymorphism variety
C/G and 15 (44.1%) of them had PNPLA3
polymorphism variety C/C. The difference between the
two groups is statistically significant (P=0.033). It was
observed that the frequency of genetic polymorphism
was significantly higher among the fatty liver groups.

Table 4: Pattern of Fatty liver, PNPLA3 polymorphism among family members

Son (n=38) Daughter (n=31) Brother (n=06) Sister (n=06)
PNPLA3 | FL Normal FL Normal FL Normal FL Normal
n=22 n=16 n=16 n=15 n=05 n=01 n=04 n=02
(57.89%) (42.10%) | (51.6%) (48.4%) (83.3%) | (16.7%) (66.7%) | (33.3%)
C/C 06(27.27%) | 06(37.5%) | 02(12.5%) | 05(33.3%) | 02(40%) | 01(100%) | 01(25%) | 01(50%)
C/G 14(63.63%) | 10(62.5%) | 14(87.5%) | 10(66.7%) | 03(60%) 03(75%) | 01(50%)
G/G 02(9.09%) | 00

Table 4 shows that among the 81 family
members we evaluated, 38 were sons, 31 were daughters,
06 brothers, and 06 sisters of the MASH cirrhosis
patients. Out of 38 sons, 22(57.89%) have fatty liver on
ultrasonogram and 16(42.10%) have normal liver on
ultrasonogram. Of these 22 fatty liver son PNPLA3
polymorphism was found in 16 person, 02(9.09%) with
G/G and 14(63.63%) with C/G. Among 31 daughters,
fatty liver was found in 16 (51.6%) daughters, and
14(87.5%) of them had PNPLA3 polymorphism with
C/G. 15(48.4%) daughters found normal on

ultrasonogram and 10(66.7%) of them had PNPLA3
polymorphism with C/G. A total of 06 brothers were
evaluated among 05(83.3%) who were found fatty livers
and 03(60%) of them had PNPLA3 polymorphism with
C/G. A total of 06 sisters were evaluated among 04
(66.7%) who were found fatty livers and 03(75%) of
these 04 sisters had PNPLA3 polymorphism with C/G.
So, it was observed that sons and daughters are equally
affected by fatty liver but the rate of genetic
polymorphism was relatively higher in daughters.

Table S: Distribution of MASH Cirrhosis patients according to metabolic syndrome

Metabolic syndrome Frequency Percent %
DM 38 76
FBS (=110 mg/dl)
Waist circumference (cm) 47 94
>80 for female, >90 for male
Dyslipidemia 44 88
TG>150mg/dl, HDL (M<40 mg/dl, F<50 mg/dl),
HTN 28 56
BP (>130/>85 mmHg)

Table 5 shows the distribution of MASH
cirrhosis patients according to components of metabolic
syndrome. Among 50 MASH cirrhosis patients 38(76%)
had diabetes mellitus, dyslipidemia characterized by
raised Triglyceride (>150 mg/dl), reduced HDL
cholesterol (M<40 mg/dl, F<50 mg/dl) found in 44(88%)

of patients. Waist circumference above the metabolic
range was found in 47(94%) of patients. Hypertension
was also common and found in 28(56%) patients. Most
of the patients showed at least two or more components
of metabolic syndrome.
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Table 6: Comparison of metabolic syndrome between two groups of family members with or without fatty liver.

Variables With fatty liver Without fatty liver P-value
(n=47) (n=34)
No Y% No %
Waist circumference (cm) 36 80.0 23 63.9 0.105
>80 for female, 90 for male
Serum triglycerides 24 54.5 6 16.7 0.001
>150 mg/dl
Fasting blood glucose 13 28.9 | 2.9 0.003
>5.6 mmol/L
HDL (mg/dl) 10 22.7 10 27.8 0.606
<40 for males <50 for female
Blood pressure (mmHg) 2 4.4 0 00 0.203
>130 SBP, 85 DBP

Table 6 shows the distribution of metabolic
syndrome in family members. Comparison of different
components of metabolic syndrome of these two groups
showed Waist circumference (cm) (>80 for females, >90
for males), 36 (80.0%) in the fatty liver group and
23(63.9%) in the without fatty liver group. Serum
triglycerides > 150(mg/dl) are found in 24 (54.5%) in the
fatty liver group and 06 (16.7%) in the without fatty liver
group. The difference is statistically significant (P =
0.001) between the two groups. Fasting blood glucose
>5.6 mmol/L is found 13 (28.9%) in the fatty liver group
and 01 (2.9%) in the without fatty liver group. The
difference is statistically significant (P = 0.003) between
the two. HDL <40 mg/dl for males and <50 mg/dl for
females was found 34 (77.3%) in the fatty liver group
and 26 (72.2%) in the without fatty liver group.

DISCUSSION

This study comprised 50 MASH cirrhosis
patients and their 81 1% degree relatives to identify the
role of Genetic polymorphism in the development of
metabolic-associated fatty liver disease among the
family members of metabolic-associated steatohepatitis
cirrhosis patients.

MAFLD has an association with serious
cardiometabolic abnormalities, including type -2
diabetes mellitus, metabolic syndrome, and coronary
heart disease. With the increasing prevalence of obesity,
diabetes, and metabolic syndrome in the general
population, metabolic associated fatty liver disease
(MAFLD) has become the most common cause of
chronic liver disease in Western countries as well as
lower BMI areas such as in regions of Asia.

In the present study, the mean age of the family
members was 35.34+10.29 years with a range from 18-
66 years. The mean age of the participants in the study
by Alam et al. (2013) was 40.8 + 10.2 years. [1] Of the
patients with MASH cirrhosis in this research, 28 (56%)
of them were female. A similar female majority (57%)
was seen in other studies. [1, 14] There is growing
evidence that both hereditary and environmental factors
have a role in the development of NAFLD. [15] In recent
years, genetic determinants of steatosis have been

revealed using genome-wide association studies,[5]
among which PNPLA3 gene polymorphism has been
identified as a major genetic determinant for the
predisposition to NAFLD in different ethnic populations.

NAFLD is strongly associated with insulin
resistance and other components of the metabolic
syndrome, like Type 2 DM, central obesity,
hyperlipidemia, and hypertension.[16] The occurrence
of NAFLD is reported to range from 60-95% in obese
patients, 28-55% in Type 2 DM patients, and 27-92% in
hyperlipidemic patients. [17] Some investigations have
previously reported an association between increased
abdominal obesity and hepatic steatosis.[18] Obesity is
the condition most often reported in association with
MAFLD. In morbidly obese patients (BMI >35 kg/m?),
the frequency of NAFLD is as high as 90%, with
advanced disease (i.e. NASH) seen in 9% to 40%. [19]

Regarding PNPLA3 polymorphism 85% of
MASH cirrhosis patients had genetic polymorphism
either in the form of C/G or G/G. These findings are
similar to previous studies done by Xu et al, 2015.[20]
Strong evidence of an association was detected between
the PNPLA3 polymorphism and MASH risk under the
additive model.

Based on ultrasonographic findings of the
hepatobiliary system, we found 47 (58.02%) family
members in the group with fatty liver and 34(41.98%)
family members in the group without fatty liver. The
estimated prevalence of NAFLD is 20-30% and for
NASH it is estimated at 3.5-5%.[21] The probable
reason behind this is that genetic predisposition is
triggered by several other environmental factors like
insulin resistance, DM, metabolic syndrome, sedentary
lifestyle, etc.

The present study successfully replicated the
findings of an association of the PNPLA3 variant with
NAFLD in the population as was observed in several
studies, where they showed a positive association
between genetic polymorphism in the PNPLA3 gene
particularly those having the G allele with the
development of NAFLD. [22-24]
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The maximum number of families (78%) had
affected 1% degree relatives by fatty liver and genetic
polymorphism. To explore the pattern of involvement of
fatty liver among the family members and distribution of
genotype frequency we further subdivided the 1% degree
relatives for better analysis. 38 were sons, 31 were
daughters, 06 brothers and 06 sisters of MASH cirrhosis
patients. It was observed that sons and daughters are
equally affected by fatty liver, but the rate of
polymorphism was found more among the daughters and
sisters.

A comparison of different components of
metabolic syndrome between two groups of family
members shows BMI, serum triglyceride, total
cholesterol, fasting blood sugar, AST, and ALT levels
are significantly higher in the fatty liver group. This
result is similar to a previous study done by Bajaj et al.
2007, where they found significantly higher values of
BMI, fasting blood sugar, total cholesterol, and
triglyceride levels in the NAFLD group in comparison to
the healthy group. [25]

The majority of people with metabolic
associated fatty liver disease (MAFLD) have several risk
factors, including central obesity, type 2 diabetes
mellitus, and hyperlipidemia, while some affected
individuals may not have all recognized risk factors. The
risk and severity of MAFLD increase with the number of
metabolic syndrome components. [26]

Limitations of the study

Our study was a single-center study. The
sample size was small due to our short study period.
After evaluating those patients and their family
members, we did not follow up with them for the long
term and did not know of other possible interference that
may happen in the long term with these patients.

CONCLUSION AND RECOMMENDATIONS

This study's findings show that PNPLA3, a
genetic polymorphism, is a significant contributor to the
development of metabolic-associated fatty liver disease
among family members of patients with metabolic-
associated steatohepatitis cirrhosis. People with fatty
liver were shown to have a higher prevalence of the
PNPLA3 polymorphism, namely the C/G genotype, than
those without it. Significant metabolic abnormalities
were also observed in family members with fatty livers,
including higher fasting glucose levels, reduced HDL
cholesterol, increased waist circumference, and elevated
triglycerides—all key components of metabolic
syndrome.

So further study with a prospective and
longitudinal study design including a larger sample size
needs to be done to validate the findings of our study.
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