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ABSTRACT

Background: Non-alcoholic fatty liver disease (NAFLD) is the most unabating cause of chronic liver disease in children and ado-
lescents. This study aimed to examine the association of single nucleotide polymorphism in patatin-like phospholipase domain
containing 3 (PNPLA3) gene with paediatric non-alcoholic fatty liver disease.

Methods: This case-control study was conducted from June 2021 to December 2022. Fifty-one overweight children aged 6-17
years were recruited in this study and divided into NAFLD (cases) and non-NAFLD (controls) groups based on hepatic steatosis
detected by liver ultrasonography. We analysed the rs738409 polymorphism by TagMan assay and examined its association
with NAFLD.

Results: Thirty-one (60.8%) children were in the case group and 20 (39.2%) children were in the control group. Alanine ami-
notransferase (P<0.001) and triglycerides (P=0.02) were found to be significantly higher in cases. However, no significant asso-
ciation was found between the PNPLA3 rs738409 single nucleotide polymorphism (SNP) and the presence of NAFLD in chil-
dren.

Conclusion: Our study didn't find any association between PNPLA3 rs 738409 single nucleotide polymorphisms and presence of
NAFLD in children, but we discovered that high alanine aminotransferase and triglycerides level can be useful in screening
overweight children for NAFLD.
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INTRODUCTION stress, insulin signalling, as well as fibrogenesis have

Non-alcoholic fatty liver disease (NAFLD) is the most

unabating cause of chronic liver disease in children and

been associated with the histological severity of liver
damage in NAFLD.5 A genome-wide association study

adolescents.!NAFLD is a broad spectrum of disease revealed that the rs738409 polymorphism in PNPLA3 is

manifested by hepatic fat accumulation. It varies from strongly associated with hepatic fat content and

. . . " fibrosis.® PNPLA3 en a 481 amino acid protein
simple steatosis to non-alcoholic steatohepatitis and ibrosis encodes a 48 ino acid protei

may even develop cirrhosis.2 The prevalence of
paediatric NAFLD has increased up to 10%, and this
rises to 40-70% among obese individuals.3 Various
epidemiological, familial and twin studies have
concluded that genetic factors may also play a role in
non-alcoholic

determining the vulnerability to

steatohepatitis.4

Single nucleotide polymorphisms in the patatin-like
phospholipase domain-containing protein 3 (PNPLA3)
genes involved in hepatic inflammation, oxidative

that is notably expressed in the liver.” The rs7384089
single nucleotide polymorphism in the PNPLA3 gene is
a missense variation, in particular isoleucine to
methionine substitution at amino acid 148 (1148). It
results in the abolishment of triglyceride lipase activity
leading to increased intracellular triglyceride content.8

The risk allele (G allele) frequencies of the rs738409
single nucleotide polymorphisms are concordant with
the prevalence of NAFLD in various ethnic groups such

as Hispanics, Europeans, African Americans and Asians
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HIGHLIGHTS

1. No association was found between the PNPLA3 rs738409
single nucleotide polymorphism and the presence of non-
alcoholic fatty liver disease (NAFLD) in overweight children.

2. The elevated levels of alanine aminotransferase and triglycer-
ides among NAFLD overweight children could serve as valuable
early screening indicators.

including Taiwanese and Japanese populations.? There
is a scarcity of data on PNPLA3 polymorphism in the
Bangladeshi paediatric population. Therefore, this study
was done to examine the relationship of PNPLA3
polymorphism with NAFLD in overweight children.

METHODS

This case—control study was performed in overweight
Bangladeshi children from June 2021 to December
2022. We recruited consecutive children who attended
the outpatient and inpatient departments of Paediatric
Gastroenterology and Paediatric Endocrinology of
Bangabandhu Sheikh Mujib Medical University
(BSMMU), Dhaka. After obtaining informed consent
from responsible guardians and assent from patients,
we started recruitment. Inclusion criteria were all
overweight children (aged 6-17 years) where body mass
index >85th percentile to <95th percentile was defined
as overweight for children and teenagers of the same
age and sex.3 Exclusion criteria were (i) acute hepatitis
in the previous six months; (ii) unusual thyroid profile;
(iii) known and overt case of any other liver diseases i.e.
chronic viral hepatitis (hepatitis B and hepatitis C),
autoimmune liver diseases, Wilson's disease, hereditary
hemochromatosis, cirrhosis of the liver; (iv) severe
malnutrition; (v) syndromic obesity; (vi) history of
taking drugs that may cause fatty liver like steroids,
tamoxifen and

amiodarone, methotrexate,

antitubercular therapy.

Based on the above criterias, 55 children were included.
Among them, 4 children refused to give consent.
Finally, 51 children were divided into cases and controls
of fatty
ultrasonography. Thirty-one overweight children with

according to the presence liver by
NAFLD were included in the case group and 20 who

had no NAFLD were in the control group. All the

children were tested for secondary causes that cause
fatty liver. Acute viral hepatitis was ruled out using the
appropriate tests (anti-HAV IgM, anti-HEV IgE, anti-
HBcIgM).

Biochemical and anthropometric measurments

Previous family and medical history were assessed in all
children during physical examination by the physician.
The lipid profiles were assessed using morning blood
samples obtained after about about 12-hour of fasting.
Fasting and 2 hours after breakfast blood glucose,
alanine aminotransferase measurements were done.

For the PNPLA3 genotyping assay, 3 ml of blood was
taken. All samples were stored at -20°C until use. Real-
time polymerase chain reaction was performed on the
Stratagene Mx3005P instrument (held at 95°C for 10
min, followed by 40 cycles of 95°C for 15 second, and
60°C for 45 second) with an single nucleotide
polymorphisms genotyping assay for rs738409 by using
predesigned Tagman single nucleotide polymorphisms
genotyping kit. Human PNPLA3 rs738409 is bi-allelic
C/C,
homozygous wild-type; C/G, heterozygous; and G/G,

with three possible genotypes as follows:

homozygous variant.
Statistical analysis

Data were analyzed by Statistical Package for the Social
Sciences software for Windows version 22.0. Data were
expressed as number (percent) and mean (standard
deviations) for categorical and quantitative variables,
respectively. NAFLD was graded as Grade 1: when there
is a slight and diffuse increase of liver echogenicity with
normal visualization of the diaphragm and of the portal
vein wall; Grade 2: moderate increase of liver
echogenicity with slightly impaired appearance of portal
vein wall and the diaphragm; and Grade 3: marked
increase of liver echogenicity with poor or no
visualization of portal vein wall, diaphragm and right
lobe of liver.3 Analysis was done by independent ¢ test
(Mann—Whitney U test for non-normal data) for
variables test for

quantitative and Chi-square

categorical variables. Univariate and multivariate
logistic regression analysis were done to examine the
association between NAFLD and PNPLA3 genotypes.
Age, sex, body mass index, alanine aminotransferase,

and triglycerides which exhibited statistically significant
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differences between the case and control groups were
adjusted in the multivariate model and the G/G
genotype was considered as the reference category.
P<0.05 was considered as statistically significant.

RESULTS

The mean (standard deviation) age of the participants
was 10.8 (2.9) years and significantly different between
cases and controls (P=0.04). More than two-thirds
(68.6%) were boys. The mean (standard deviation) body
mass index was 26.7 (4.1) kg/m2 and significantly
different between cases and controls (P=0.01).

Among the participants, 62% exhibited acanthosis. The
mean (standard deviation) haemoglobin, fasting blood
sugar, alanine aminotransferase, triglycerides and total

cholesterol level were 12.5 (1.4) gm/dl, 5.1 (0.7) mg/dl,

to PNPLA3 genotypes were 5.0 (95% CI 0.06, 453.0) for
C/C and 1.8 (95% CI 0.04, 91.0) for C/G in the
multivariate logistic regression model, adjusted for age,
sex, body mass index, alanine aminotransferase, and
triglycerides but not statistically significant. Notably, no
significant association was observed between the
genotypes and the presence of Grades 1 and 2 of NAFLD
(FIGURE 1).

DISCUSSION

This study investigated the association between the
PNPLA3 gene and NAFLD in Bangladeshi overweight
children. The study identified a noteworthy association
PNPLA3 gene
particularly the C/G and C/C genotypes, and an
risk of NAFLD

between specific polymorphisms,

increased among Bangladeshi

TABLE 1 Distribution of demographic, clinical and laboratory features among study participants.

Characteristics All NAFLD* (Cases) Non-NAFLD (Controls) P
(n=51) (n=31) (n=20)
Age (years) 10.8 (2.9) 11.5(2.7) 9.8(2.9) 0.04
Male sex, n (%) 35 (68.6) 21 (67.7) 14 (70.0) 0.87
Body mass index (kg/m?) 26.7 (4.1) 279 (4.4) 24.8(2.8) 0.01
Acanthosis, n (%) 31(62.0) 20 (66.7) 11(55.0) 0.41
Haemoglobin (gm/dl) 12.5(1.4) 122(1.2) 12.9 (1.6) 0.07
Fasting blood sugar (mg/dl) 5.1(0.7) 5.2 (0.6) 5.1(0.7) 0.72
Alanine aminotranferase (IU/L)t 54.4 (45.8) 745 (49.4) 242 (8.8) <0.001t
Triglycerides, mg/dit 178.8 (95.4) 204.3 (105.3) 139.3 (61.2) 0.02t
Total cholesterol, mg/dlt 177.3 (53.7) 186.8 (65.3) 162.6 (22.1) 0.09t

Results are mean (standard deviation), unless otherwise indicated.
*Non-alcoholic fatty liver disease;
tMann-Whitney U test

54.4 (45.8) TU/L, 178.8 (95.4) mg/dl and 177.3 (53.7)
mg/dl,

aminotransferase (P<0.001) and triglycerides (P=0.02)

respectively. = However, only alanine
had significant differences between cases and controls

(TABLE 1).

Most participants (58.8%) possessed the C/G genotype,
while 31.4% had the C/C genotype, and 9.8% had the G/
G genotypes (TABLE 2). Univariate logistic regression
found statistically non-significant odds ratio for C/C

and C/G genotypes. The odds ratios for cases in relation

overweight children. Although the odds ratios did not
reach statistical significance, this trend suggests a
potential genetic predisposition to NAFLD within this
population. Importantly, no significant association was
found between PNPLA3 genotypes and the severity of
NAFLD, as assessed by Grades 1 and 2 of fatty liver
disease. However, body mass index, alanine
aminotransferase and triglycerides were found to be

higher in the NAFLD group.

Several studies, mostly in adults, have detected a strong
association between PNPLA3 polymorphism with
hepatic steatosis as well as steatohepatitis. Results vary

TABLE 2 Association of single nucleotide polymorphism in patatin-like phospholipase domain containing 3 (PNPLA3) gene with paediatric non-

alcoholic fatty liver disease (NAFLD)

PNPLA3 genotype All NAFLD (Cases) Non-NAFLD (Controls) Crude Odds ratio Adjusted Odds ratio*
(n=51) (n=31) (n=20) (95% CI) (95% CI)
GIG 5(9.8) 2(6.5) 3(15.0) Reference Reference
CIC 16 (31.4) 10(32.3) 6(30.0) 25(0.3-19.5) 5.0 (0.06 - 453.0)
CIG 30 (58.8) 19(61.3) 11(55.0) 26(04-18.0) 1.8 (0.04-91.0)

*Adjusted for age, sex, body mass index, triglycerides and alanine aminotransferase which exhibited statistically significant differences between the case and control groups
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FIGURE 1 PNPLA3 genotypes of rs738409 genes in grades 1 and 2
among in children with NAFLD (n=31)

from study to study in paediatric populations with
overweight or obesity. Our finding is similar to a study
done in India where 69.9% of obese and overweight
children were found to have NAFLD.?° Huang et al.
showed that higher body mass index and alanine
aminotransferase were independent predictors of
NAFLD in children as we also observed.! Previous
studies from several geographical regions also reported
serum total cholesterol and triglycerides levels are
significantly higher in paediatric NAFLD.!%.12 Serum
alanine aminotransferase had been used as a screening
test to early pick up paediatric NAFLD cases.3-15

In the present study, we did not find any association
between homozygosity for PNPLA3 polymorphism and
NAFLD. Sood et al. found similar results.© This may be
because NAFLD
Various risk factors like dietary habits, physical activity,

is a multi-dimensional disease.1©

and metabolic or genetic polymorphism of the PNPLA3
gene may play a role in the development of paediatric
NAFLD. A series of studies showed an association
between rs738409 single nucleotide polymorphism in
the PNPLA3 gene with hepatic steatosis and its severity
in adult as well as the paediatric age group6-19. This has
been further supported by a recent meta-analysis.2°

Our study has a limitation in diagnosing NAFLD by
ultrasonography, which has been accepted as the first-
line screening test. An invasive procedure of liver biopsy
is necessary to confirm the diagnosis of NAFLD, but we
could not do it. We do not have diet and physical

activity data either. These reasons exhibit a lack of

generalizability. However, this study contributes to the
limited pool of research on the association between the
PNPLAS3 gene and pediatric NAFLD in the Bangladeshi
data to the global

population, adding valuable

knowledge base.
Conclusion

In his study, we did not uncover any significant
association between the PNPLA3 rs738409 single
nucleotide polymorphism and the presence of NAFLD
in children. However, our findings suggest that elevated
levels of alanine aminotransferase and triglycerides may
serve as an early screening indicators for NAFLD in
overweight children.

Acknowledgments

We thank all the staffs of the Department of Paediatric
Gastroenterology and Nutrition and Department of Microbiology
who helped us to complete the work. Also thanks to all participants
of this study.

Author Contributions

Conception and design: RA, MR, KLN, SM. Acquisition, analysis,
and interpretation of data: RA, KF, SM, LA. Manuscript drafting
and revising it critically: RA, KF, MR, KLN, SM, LA, ANIS.
Approval of the final version of the manuscript: RA, KF, MR, KLN,
SM, LA, ANIS. Guarantor accuracy and integrity of the work: RA,
KF, MR, KLN, SM, LA, ANIS.

Funding

This study received a research grant from BSMMU.
Conflict of Interest

The authors have no conflict of interest to declare.
Ethical Approval

Prior to the commencement of this study, ethical clearance was
taken from the Institutional Review Board of the BSMMU.
Approval was given on 18 January 2020 (Memo No.
BSMMU/2020/1102).

ORCID iD
Rubaiyat Alam https://orcid.org/0000-0002-6140-7571

REFERENCES

1. Nobili V, Alisi A, Newton KP, Schwimmer JB. Comparison of
the Phenotype and Approach to Pediatric vs Adult Patients
With Nonalcoholic Fatty Liver Disease. Gastroenterology.
2016 Jun;150(8):1798-1810. DOI: https://doi.org/10.1053/
j-gastro.2016.03.009.

2. Lazo M, Clark JM. The epidemiology of nonalcoholic fatty
liver disease: a global perspective. Semin Liver Dis. 2008
Nov;28(4):339-350. DOI: https://doi.org/10.1055/s-0028-
1091978.

3. Clemente MG, Mandato C, Poeta M, Vajro P. Pediatric non-
alcoholic fatty liver disease: Recent solutions, unresolved
issues, and future research directions. World J Gastroenterol.

Alam R et al. Bangabandhu Sheikh Mujib Medical University Journal 2023; https://doi.org/10.3329/bsmmuj.v16i3.68260



10.

11.

12.

Association of PNPLA3 gene with NAFLD

2016 Sep 28;22(36):8078-8093. DOI:

doi.org/10.3748/wjg.v22.i36.8078.

Schwimmer JB, Celedon MA, Lavine JE, Salem R, Campbell
N, Schork NJ, Shiehmorteza M, Yokoo T, Chavez A,
Middleton MS, Sirlin CB. Heritability of nonalcoholic fatty
liver disease. Gastroenterology. 2009 May;136(5):1585-1592.
DOI: https://doi.org/10.1053/j.gastro.2009.01.050.

Dongiovanni P, Valenti L, Rametta R, Daly AK, Nobili V,
Mozzi E, Leathart JB, Pietrobattista A, Burt AD, Maggioni M,
Fracanzani AL, Lattuada E, Zappa MA, Roviaro G, Marchesini
G, Day CP, Fargion S. Genetic variants regulating insulin
receptor signalling are associated with the severity of liver
damage in patients with non-alcoholic fatty liver disease. Gut.
2010 Feb;59(2):267-273. DOIL: https://doi.org/10.1136/
gut.2009.190801.

Romeo S, Kozlitina J, Xing C, Pertsemlidis A, Cox D,
Pennacchio LA, Boerwinkle E, Cohen JC, Hobbs HH. Genetic
variation in PNPLA3 confers susceptibility to nonalcoholic
fatty liver disease. Nat Genet. 2008 Dec;40(12):1461-1465.
DOI: https://doi.org/10.1038/ng.257.

Lake AC, Sun Y, Li JL, Kim JE, Johnson JW, Li D, Revett T,
Shih HH, Liu W, Paulsen JE, Gimeno RE. Expression,
regulation, and triglyceride hydrolase activity of Adiponutrin
family members. J Lipid Res. 2005 Nov;46(11):2477-2487.
DOI: https://doi.org/10.1194/jlr.m500290-jlr200.

Pirazzi C, Adiels M, Burza MA, Mancina RM, Levin M,
Stdhlman M, Taskinen MR, Orho-Melander M, Perman J,
Pujia A, Andersson L, Maglio C, Montalcini T, Wiklund O,
Borén J, Romeo S. Patatin-like phospholipase domain-
containing 3 (PNPLA3) 1148M (rs738409) affects hepatic
VLDL secretion in humans and in vitro. J Hepatol. 2012
Dec;57(6):1276-1282.DOI: https://doi.org/10.1016/
j.jhep.2012.07.030.

Xu R, Tao A, Zhang S, Deng Y, Chen G. Association between
patatin-like phospholipase domain containing 3 gene
(PNPLA3) polymorphisms and nonalcoholic fatty liver
disease: a HuGE review and meta-analysis. Sci Rep. 2015 Mar
20;5:9284. DOI: https://doi.org/10.1038/srep09284.

Sood V, Khanna R, Rawat D, Sharma S, Alam S, Sarin SK.
Study of Family Clustering and PNPLA3 Gene Polymorphism
in Pediatric Non Alcoholic Fatty Liver Disease. Indian
Pediatr. 2018 Jul 15;55(7):561-567. PMID: 30129536.

https://

Huang SC, Yang YJ. Serum retinol-binding protein 4 is
independently associated with pediatric NAFLD and fasting
triglyceride level. J Pediatr Gastroenterol Nutr.2013; 56:145-
150. DOLI: https://doi.org/10.1097/mpg.0bo13e3182722acee.

Schwimmer JB, Zepeda A, Newton KP, Xanthakos SA,
Behling C, Hallinan EK, Donithan M, Tonascia J;
Nonalcoholic Steatohepatitis Clinical Research Network.
Longitudinal assessment of high blood pressure in children
with nonalcoholic fatty liver disease. PLoS One. 2014 Nov
24;9(11):€112569. DOLI: https://doi.org/10.1371/
journal.pone.0112569.

13.

14.

15.

16.

17.

18.

19.

20.

143

Welsh JA, Karpen S, Vos MB. Increasing prevalence of
nonalcoholic fatty liver disease among United States
adolescents, 1988-1994 to 2007-2010. J Pediatr.
2013;162 :496-500. DOIL: https://doi.org/10.1016/
j.jpeds.2012.08.043.

Wiegand S, Keller KM, Robl M, L'Allemand D, Reinehr T,
Widhalm K, Holl RW; APV-Study Group and the German
Competence Network Adipositas. Obese boys at increased risk
for nonalcoholic liver disease: evaluation of 16,390
overweight or obese children and adolescents. Int J Obes
(Lond). 2010  Oct;34(10):1468-1474. DOI:  http://
dx.doi.org/10.1038/ij0.2010.106.

Fraser A, Longnecker MP, Lawlor DA. Prevalence of elevated
alanine aminotransferase among US adolescents and
associated factors: NHANES 1999-2004. Gastroenterology.
2007;133:1814-1820. DOI: https://doi.org/10.1053/
j-gastro.2007.08.077.

Valenti L, Alisi A, Galmozzi E, Bartuli A, Del Menico B,
Alterio A, Dongiovanni P, Fargion S, Nobili V. 1148M patatin-
like phospholipase domain-containing 3 gene variant and
severity of pediatric nonalcoholic fatty liver disease.
Hepatology. 2010 Oct;52(4):1274-1280. DOI: https://
doi.org/10.1002/hep.23823.

Krawczyk M, Portincasa P, Lammert F. PNPLA3- Associated
Steatohepatitis: Toward a Gene-Based Classification of Fatty
Liver Disease. Semin Liver Dis. 2013;33:369-379. DOI:
https://doi.org/10.1055/s-0033-1358525.

Lin YC, Chang PF, Hu FC, Yang WS, Chang MH, Ni YH. A
common variant in the PNPLA3 gene is a risk factor for non-
alcoholic fatty liver disease in obese Taiwanese children. J
Pediatr. 2011;158:740-744. DOI: https://doi.org/10.1016/
j.jpeds.2010.11.016.

Bhatt SP, Nigam P, Misra A, Guleria R, Pandey RM, Pasha
MA. Genetic variation in the patatin-like phospholipase
domain-containing protein-3 (PNPLA-3) gene in Asian
Indians with nonalcoholic fatty liver disease. Metab Syndr
Relat Disord. 2013 Oct;11(5):329-335. DOI: https://
doi.org/10.1089/met.2012.0064.

Tang S, Zhang J, Mei TT, Guo HQ, Wei XH, Zhang WY, Liu
YL, Liang S, Fan ZP, Ma LX, Lin W, Liu YR, Qiu LX, Yu HB.
Association of PNPLA3 rs738409 G/C gene polymorphism
with nonalcoholic fatty liver disease in children: a meta-
analysis. BMC Med Genet. 2020 Aug 18;21(1):163. DOI:
https://doi.org/10.1186/5s12881-020-01098-8.

Alam R et al. Bangabandhu Sheikh Mujib Medical University Journal 2023; https://doi.org/10.3329/bsmmuj.v16i3.68260



