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Abstract

Background: Non-alcoholic fatty liver disease (NAFLD) risk factors include gallstones and
cholecystectomy. This may be due to the fact that NAFLD and gallstones both share a
number of risk factors for development. There isn't enough data available yet to conclusively
link these clinical disorders together.

Aim: to ascertain whether there is a significant relationship between cholecystectomy and
NAFLD and gallstones.

Methods: To identify hospitalizations with a diagnosis of gallstone disease (GSD), which
includes calculus of the gallbladder without cholecystitis without obstruction and acquired
absence of the gallbladder, as well as NAFLD, which includes simple fatty liver and non-
alcoholic steatohepatitis, we studied from March 2020 to November 2021. Using logistic
regression and correcting for confounding factors, odds ratios (ORs) evaluating the
connection between GSD (which includes gallstones and cholecystectomy) and NAFLD were
determined.

Results: In individuals with GSD, the prevalence of NAFLD was 3.3%, compared to 1% in
patients without GSD. NAFLD was more common in 64.3% of GSD-afflicted women than in
35.7% of GSD-afflicted men. Multivariate-adjusted research revealed a relationship between
NAFLD and gallstones after adjusting for numerous variables linked to NAFLD and GSD.
Men were more likely than women to have NAFLD and gallstones together. In comparison to
men, women had a greater correlation between NAFLD and cholecystectomy. P value for
each comparison was below 0.001.

Conclusion: Women with GSD are more likely than men to have NAFLD. The correlation
between cholecystectomy and gallstones and NAFLD suggests that these conditions may be
risk factors for NAFLD.
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Introduction

Hepatic steatosis is a sign of non-alcoholic
fatty liver disease (NAFLD) when there
are no other underlying causes of
secondary fatty liver deposits. Hepatic
steatosis is the initial symptom of NAFLD,
which then gradually progresses to liver
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fibrosis and, in the end, end stage liver
disease. Recent studies have shown that it
is one of the most common causes of liver
disease in the United States (US), with a
prevalence as high as 20%-30%. Along
with the global obesity pandemic, the
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prevalence of NAFLD is also rising[1,2].
Despite being a disease that is thought to
advance gradually, it is currently the third
most prevalent cause of liver transplant in
the US[3].

Visceral obesity, type 2 diabetes mellitus
(T2DM), dyslipidemia, and the metabolic
syndrome are just a few of the co-
morbidities that have been linked to
NAFLD. It is unclear how other potential
risk factors, including as gallstone disease
(GSD), cholecystectomy, sleep
deprivation, polycystic ovarian syndrome,
hypertension, and pituitary problems, may
affect the development of NAFLD[1].
However, it is widely known that insulin
resistance and some form of metabolic
dysregulation play a role in the
pathophysiology  that underlies the
development of NAFLD. In this study, we
examine the relationship between GSD,
which includes cholelithiasis as a
diagnosis and its sequelae, including
cholecystectomy, and the emergence of
NAFLD. The most prevalent type of
gallstones are cholesterol stones, and the
risk factors for their development are
virtually the same as those linked to
NAFLD[4]. Bile salt supersaturation and
excessive production are linked to hepatic
insulin resistance. It is unclear whether
gallstones simply reflect the existence of
metabolic syndrome risk factors, which
hasten the course of NAFLD, or whether
NAFLD itself causes gallstone
formation[5]. On the other side,
cholecystectomy is thought to change how
bile acids are metabolized in the
enterohepatic circulation, increasing the
risk of NAFLD. In 2013, Ruhl et al[6]
reported that having undergone a
cholecystectomy may be a risk factor for
developing NAFLD using data from the
US National Health and Nutrition
Examination Survey (NHANES) from
1988 to 1994. More recently, Kakati et
al[7] discovered that NAFLD patients had
a higher prevalence of cholecystectomy
than non-NAFLD patients at a tertiary care
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facility in the US. However, this trial only
included 379 patients, and it was limited to
one centre. Therefore, a connection
between cholecystectomy and NAFLD has
not yet been established.

Regarding large-scale, multicenter
retrospective  research looking at a
connection between GSD and NAFLD,
there is a dearth of literature and data. Our
study aims to identify the prevalence of
various co-morbidities associated with
NAFLD, ascertain whether there is an
association between GSD and NAFLD,
and discuss risk factor modification for the
prevention of NAFLD development in
addition to halting its progression to end
stage liver disease.

Materials and Methods
Study design

ICD-10-CM (International Classification
of Diseases, 10th Revision, Clinical
Modification) diagnosis codes are being
used retrospectively. The codes K&80.20
(calculus of the gallbladder without
cholecystitis without blockage) and 290.49
(acquired absence of the gallbladder) were
used to identify GSD. Then, using the
codes K76.0 (simple fatty liver) and
K75.81 (non-alcoholic  steatohepatitis,
NASH), the NAFLD cohort was created.
Using the ICD-10 codes, co-morbidities
and known risk factors were located.

Statistical analysis

Data analysis was performed using SPSS
21. A biomedical statistician reviewed the
statistics. ~ To  generate  nationally
representative  estimates ~ of  illness
prevalence and demographic differences,
we employed NIS specified weights.
Statistical significance was defined as a
two-tailed P value less than 0.05. The
standardized prevalence of NAFLD and
GSD by age and sex was created.

Results

There were 256 hospitalizations overall
with GSD as the primary diagnosis.
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NAFLD was 3.3% prevalent in GSD
hospitalizations and 1.0% prevalent in
non-GSD  hospitalizations. GSD and
NAFLD patients tended to be older and
more likely to be female (Table 1). GSD
hospitalizations were more frequent in
white patients than non-GSD
hospitalizations. The proportion of non-
GSD hospitalizations was higher for other
racial groups than for GSD
hospitalizations. Compared to 40% of
hospitalizations without GSD, 60% of
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GSD hospitalizations were covered by
Medicare as the primary payer. In
comparison to non-GSD hospitalizations, a
larger percentage of GSD hospitalizations
showed signs of alcohol misuse, diabetes
mellitus,  dyslipidemia,  hypertension,
metabolic  syndrome, and nicotine
dependence. In contrast, hospitalizations
for conditions other than GSD were more
likely to result in obesity (Table 1). At P
0.001, each difference between the two
groups was considered significant.

Table 1: Age- and sex-standardized characteristics of hospitalizations

No galistone disease | All gallstone disease | P value
NAFLD (%) 1 3 <0.001
Age, yr (mean £+ SD) | 47 61 <0.001
Gender (%)
Male 41 30 <0.001
Female 59 70 <0.001
Co-morbidities (%)
Alcohol abuse 1 2 <0.001
Diabetes mellitus 10 20 <0.001
Dyslipidemia 20 30 <0.001
Hypertension 30 40 <0.001
Metabolic syndrome | 0 0 <0.001
Nicotine dependence | 30 2 <0.001
Obesity 9 6 <0.001

After adjusting for age (Table 2), patients with gallstones were 6 times more likely to have
NAFLD whereas those with cholecystectomy were 2 times more likely to have NAFLD. In
addition, after adjusting for age, men with gallstones were more likely to have NAFLD than
women, whereas women with cholecystectomy were more likely to have NAFLD than men.

Table 2: Logistic regression odds ratios for the association of non-alcoholic fatty liver disease

with gallstone disease

All Age-adjusted Multivariate-adjusted
OR 95%CI | P value OR 95%CI | P value
Gallstone disease | 3.3 2-4 <0.001 2.5 2.1-3 <0.001
Gallstones 6.5 6-8 <0.001 6. 6.1-6.5 | <0.001
Cholecystectomy | 2.2 2-2.5 <0.001 2 2-2.5 <0.001
Men
Gallstone disease | 3.1 3-3.5 <0.001 3 2.7-3.5 <0.001
Gallstones 7.2 7-7.5 <0.001 6.5 6.0-7 <0.001
Cholecystectomy | 2.1 1.5-2.5 | <0.001 2.1 1.5-2.5 [<0.001
Women
Gallstone disease | 3 2.8-3.5 | <0.001 2.5 2.1-2.7 1<0.001
Gallstones 6.2 6.2-6.9 | <0.001 6.2 5.8-6.7 |<0.001
Cholecystectomy | 2.2 2.2-2.5 1<0.001 2.1 1.8-2.4 | <0.001
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According to a multivariate-adjusted
research, patients with gallstones had a 6
times higher likelihood of developing
NALFD, while those who had
cholecystectomy had a 2 times higher
likelihood of developing NAFLD.
Additionally, the sex-adjusted study
revealed that men had a greater link
between NAFLD and gallstones than
women did. In comparison to men, women
were found to have a greater relationship
between NAFLD and cholecystectomy.

Discussion

After adjusting for metabolic risk
variables, it has been demonstrated that
gallstones and cholecystectomy are
separately linked to NAFLD, notably in
Asian populations[11,12]. According to
our study, people with GSD—which
includes both the presence of gallstones
and a history of cholecystectomy—have a
prevalence of NAFLD of 3.3%, compared
to 1% in patients without GSD. A
multivariate-adjusted research that took
into account the many variables connected
to NAFLD and GSD revealed that there
was a substantial relationship between
NAFLD and both gallstones and
cholecystectomy. However, given that the
risk for gallstones is high in patients with
central obesity, type 2 diabetes, and insulin
resistance, the association between
gallstones and NAFLD may result from
the common pathogenic factors shared by
both gallstone formation and NAFLD[13].
The exact pathophysiology behind the
presence of gallstones leading to NAFLD
is not well understood. The initiation and
course of NAFLD are metabolically
affected by gallbladder removal. After the
gallbladder is removed, the small intestine
still receives bile as a secretion. As a
result, bile acids circulate through the
enterohepatic system more quickly, which
increases their entry into the liver[6].
Additionally, the enterohepatobiliary
system's primary site of fibroblast growth
factor 19 (FGF19) expression is the
gallbladder[14]. Insulin's capacity to
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stimulate the production of hepatic fatty
acids is suppressed by FGFI19[15].
According to Barrera et al.'s research[16],
cholecystectomy increases bile acid
production while decreasing serum FGF19
levels. Studies on animals have
demonstrated  that cholecystectomy
increases serum triglycerides and very
low-density lipoprotein, which may
eventually lead to NAFLD and increased
triglyceride buildup in the liver. We
therefore hypothesize that
cholecystectomy may contribute to the
beginning or development of NAFLD.

Although there is ongoing discussion
about gender differences in NAFLD, it is
well acknowledged that this disorder is
sexually dysmorphic[17]. The majority of
research found that men were more likely
than women to have NAFLD after the
NHANES data were analyzed[18].
However, Younossi et al's study[19],
which categorizes people into lean or
obese-overweight subgroups, found that
the lean NAFLD cohort tended to be more
female. We also focused on these gender
distinctions in our study. According to our
findings, 64.3% of women with GSD and
35.7% of males with GSD had NAFLD.
Men were shown to have a stronger link
between NAFLD and gallstones than
women did, while women were found to
have a stronger association between
NAFLD and cholecystectomy. The
pathophysiology underlying this disparity
is attributed to typical changes in female
physiology, particularly in the post-
menopausal years, such as elevated rates
of insulin resistance, central obesity, and
changes in adipose tissue distribution as a
result of estrogen level fluctuations[20]. In
addition, it has been highlighted that early
menarche may raise a woman's risk of
NAFLD in adulthood due to the link
between obesity and an early menstrual
cycle[17]. Studies on animals utilizing
overfed zebrafish models have
demonstrated that the development of
hepatic  steatosis and the fibrotic
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progression of liver disease are facilitated
by ovarian senescence, which results in
hypoestrogenemia[21]. The ability to
target particular populations for improved
primary prevention and health promotion,
as well as to provide treatment strategies
that may help reduce morbidity and
mortality related to NAFLD and its
associated diseases, depends on our ability
to comprehend gender differences in
NAFLD.

Regarding the incidence of NAFLD, there
are  considerable racial disparities.
According to our study, the prevalence of
NAFLD with GSD was 72.1% in the
Caucasian population, 11.8% in the
African American population, 11.2% in
the Hispanic population, and 4.9% in the
population of other races (P 0.001). The
intricate connections between
environmental, behavioural, and genetic
factors are most likely to blame for
this[3,18]. The difference in visceral
adiposity and average BMI between
Caucasians and African Americans may be
one reason for the racial disparity. The
East Asian Indian population may have the
highest risk of NAFLD, according to the
most recent research[22-28].

Conclusion

We draw the conclusion that women with
GSD are more likely than males to have
NAFLD. Cholecystectomy and GSD may
be risk factors for NAFLD based on the
correlation between the two conditions and
NAFLD. Gallstone formation and the
associated need for cholecystectomy can
be avoided with dietary changes, exercise,
and weight loss. We are aware that
cholecystectomy is a frequently carried out
treatment and that gallstones are a
prevalent disease condition. They should
be further investigated in randomized
clinical trials and prospective studies to
determine their effect on NAFLD.
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