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Introduction

Gallstone disease and NAFLD share similar risk factors, there-
fore, the diagnosis of each one should prompt the clinician to
look for the other condition. An increase of both GD and NAFLD
prevalence rates is to be expected, which will parallel the aging

Abstract

Gallstone Disease (GD) has a 10-20% incidence rate among
adults. Non-Alcoholic-Fatty Liver (NAFLD) is a frequent health pro-
blem, affecting about 1 in 4 adults globally. Research on the patho-
genesis of gallstones in patients with NAFLD, as well of strategies
for primary prevention of gallstones have been recommended by
the EASL Clinical practice guidelines on the prevention, diagnosis
and treatment of gallstones (2016). We present here the associati-
on of GD with NAFLD, and the strategies for GD primary prevention.

An increase in the body mass index has been demonstrated
worldwide with great variations among continents. Obesity is the
main risk factor for GD in patients with known gallstone heredity,
and also in the general population. Besides age and family history
of gallstones, early onset of obesity, hyperlipoproteinemia type 4,
diabetes mellitus, reduced gallbladder motility and sedentary style
of life, are the most risk factors for GD. The frequent association be-
tween GD and obesity is part of the Metabolic Syndrome (MetS, or
Insulin Resistance Syndrome). The more the components of MetS,
the higher the prevalence of GD in both males and females.

Non-alcoholic fatty liver disease has numerous metabolic risk
factors that are common for GD. A positive concurrent and bidi-
rectional relationship between NAFLD and GD were demonstrated
by many epdemiological studies. It is difficult to establish which of
the two diseases was the first one, as the studies performed show
contradictory results. But which ever comes first, should make the
physician to look for the other one. Awareness of this association
may result in an earlier diagnosis for both diseases.

Observational studies have recently found that the MetS preva-
lence was significantly higher in subjects with a history of cholecys-
tectomy. It was suggested that cholecystectomy itself increases the
NAFLD risk. Explanation is that removal of the gallbladder will affect
its role in bile acid homeostasis as well as in the metabolic / hor-
monal activity regulated by the gallbladder mucosa. The decreased
FGF-19 (fibroblast growth factor) after removing the gallbladder
may increase the hepatic triglyceride content, thus favoring the de-
velopment of NAFLD.

A diet poor in sugars and fat, and reach in vegetable fibers, a
regular eating pattern, as well as regular physical activity seem to
protect against gallstone formation, and also against the metabolic
disorders linking liver steatosis and GD.

populations. Lifestyle interventions for prevention of both GD
and NAFLD should focus on ideal weight maintenance, recom-
mending weight loss among overweight and obese individuals
in the general population.
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Research on the pathogenesis of Gallstone Disease (GD) in
patients with Non-Alcoholic Fatty Liver Disease (NAFLD) and on
their prevention have been recommended by the most recent
EASL Clinical practice guidelines on the prevention, diagnosis
and treatment of gallstones with the aim to implement both
genetic and exogenous lithogenic risk factors in novel preven-
tion strategies of GD [1].

Cholesterol GD is a complex disease, characterized by the in-
teraction of a genetic (polygenic) predisposition to develop gal-
Istones associated with an important environmental influence.
Gallstone disease is a common pathology of the digestive sys-
tem, with a 10-20% incidence rate among adults. Prevalence of
GD is rising in the industrialized countries in Europe and North
America, and also in the Asia-Pacific countries. Given the high
incidence at advanced age, the longer life expectancy of the
population and the high costs of cholecystectomy, GD repre-
sents a significant burden for these societies. Sustained efforts
are presently directed to elucidate the etiology of this common
disease, with the goal of preventing gallstone formation. Non-
Alcoholic Fatty Liver Disease (NAFLD) is an increasingly common
chronic liver disease around the world, and has some common
metabolic risk factors with GD. It is an important public health
problem, as it affects about 1 in 4 adults globally.

Most recommendations for prevention these diseases derive
from epidemiological information. Prevention could be addres-
sed for the entire population with recommendations for a heal-
thy life, but could be more productively focused on subjects
with increased risk [1].

This review presents the association of GD with common di-
seases, mainly with NAFLD, and describes the strategies for GD
primary prevention, i.e. the inhibition of gallstone formation in
the subjects who have not previously had gallstones.

Cholesterol Gallstones and Obesity

An association of obesity with GD has been mentioned al-
ready in1892 by Osler. Most studies have confirmed this asso-
ciation in the last decades. Obesity is the main risk factor for GD
in patients with a known heredity of GD and also in the general
population. Obesity increases the risk of symptoms, especially
in women [2-4], with each BMI unit [5], with waist circumfer-
ence, serum triglycerides and the molar concentration of biliary
cholesterol [6] and also with obesity onset early in life [7,8]. In a
2-6-yr follow-up, we found that the risk factors associated with
GS formation in moderately obese women were age, family his-
tory of GD, early obesity onset, and hyperlipoproteinemia type
IV [8]. The same risk factors have been found in most epidemio-
logical studies, and a high risk class was identified among obese
women, offering a most realistic approach for the primary pre-
vention of gallstones.

Additional obesity-associated factors that increase the risk
of GD are insulin resistance / diabetes mellitus type 2 (preva-
lence of diabetes mellitus has doubled in the last three dec-
ades), sedentary lifestyle, severe weight cycling [9]. and rapid
weight loss (>1.5 kg/week) [10]. Obese subjects also display ab-
normal gallbladder and gastric motility patterns. An age-related
decline of motility is probably secondary to excessive fat and
insulin-resistance [11].

The rapidly increasing prevalence of obesity is very alarm-
ing and has been demonstrated worldwide with great varia-
tions among continents. The most dramatic epidemic obesity
has been observed in the USA [12].

As in North America and Europe, in China and affluent Asia-
Pacific countries prosperity and lifestyle, cheap processed foods
and reduced physical activity have created an epidemic of over-
nutrition resulting in overweight/obesity. “Indigenous Austra-
lians, once the leanest and fittest humans, now have exceed-
ingly high rates of obesity and type 2 diabetes, contributing to
shorter life expectancy” [13].

Cholesterol Gallstones and the Metabolic Syndrome (MetS)

Higher insulinemia a jeun in patients with gallstones, inde-
pendent from other factors [14] has been observed even before
Reaven described the Metabolic Syndrome (MetS) in 1988 [15].
We now recognize the association between GS and obesity as
part of the more complex MetS (Insulin Resistance Syndrome).

Insulin Resistance (IR) is associated with GD, independently
from the presence of diabetes mellitus [16,17], hypertriglyceri-
demia [18], obesity [19,20] and gallbladder hypomotility [21].

Hepatic IR is associated with gallstones even in non-diabetic,
non-obese individuals. An experimental model was recently
developed in mice with specifically ablated insulin receptors
in hepatocytes. Studies in these LIRKO (Liver Insulin Receptor
KnockOut) mice showed that they are susceptible to cholesterol
gallstone formation due to at least two distinct mechanisms:
an increased expression of the biliary cholesterol transporters
Abcg5 and Abcg8, that stimulates biliary cholesterol secretion
and a decreased expression of the bile acid synthetic enzymes,
leading to a lithogenic bile salt profile [22].

Gallstone disease is strongly associated with MetS, and the
more the MetS components, the higher the prevalence of gall-
stones in both males and females [23].

Cholesterol Gallstones and NAFLD

Non-Alcoholic Fatty Liver Disease (NAFLD), recently renamed
as metabolic-associated fatty liver disease, MAFLD [24,25], is an
increasingly common chronic liver disease around the world,
with a diverse histopathological spectrum ranging from Simple
Steatosis (SS) without significant inflammation to steatohepati-
tis (NASH) with varying stages of fibrosis.

It is already well-known that NAFLD occurs more frequently
in obese and diabetics. Gallstone disease and NAFLD are both
present in patients with MetS [26-28].

Gallbladder dysfunction and increase in gallbladder wall
thickness were observed even in NAFLD patients without as-
ymptomatic without stone/sludge in the gallbladder, indicating
that evaluation of these variables in NAFLD patients might be
useful in identifying those at higher risk for GD [29].

The association between GSD and MetS was also found in
elderly people with NAFLD, in relation with reduced HDL-cho-
lesterol and elevated fasting plasma glucose [30].

A systematic review and meta-analysis of the published stud-
ies confirms that GD is significantly associated with NAFLD [31].
Awareness of this association may result in an earlier diagnosis.
Giving the positive concurrent and bidirectional relationships
between NAFLD and GD, the study concluded that clinicians
may alert the possibility of NAFLD in patients with GD and vice
versa.

Cholelithiasis, an independent risk factor for NAFLD, togeth-
er with metabolic risk factors could be regarded as an additional
risk factor of liver damage in patients with NAFLD.
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Most recent studies confirmed the significant association be-
tween cholesterol gallstones and NAFLD, indicating the growing
interest for this subject [32,33]. Further research is needed to
evaluate if the presence of GD in association with NAFLD in-
creases the risk of liver fibrosis, and if therapy of NAFLD might
impact the incidence of GD. Analysis of five large databases also
supported the positive concurrent and bidirectional relation-
ships between NAFLD and GD [34].

There are no firm recommendations regarding the screening
of NAFLD in patients at risk. A study which aimed to assess the
prevalence and the factors associated with NAFLD in a cohort
of patients operated for symptomatic GD and to evaluate the
usefulness of routine liver biopsy, concluded that the high prev-
alence of NAFLD in patients with GD may justify routine liver bi-
opsy during cholecystectomy in order to establish the diagnosis,
stage, and possible direct therapy [26].

At the question Which one comes first? of the two diseases
[35], studies performed on liver biopsy in cholecystectomized
pts with NAFLD or NASH showed that GD was more frequently
present in the advanced stages of NASH [36], that 55% of the
patients with GD had already NASH on liver histology [37] and,
on the contrary, presence of GD does not predict liver histology
in NAFLD [38].

It is thus difficult to estimate the chronology of the two dis-
eases. Is advanced stage of liver disease a risk factor for gall-
stone formation? Or does longstanding GD favor an increase in
the severity of the fatty liver diseases? Or do none of the two
diseases adversely influence the outcome of the other one?
Anyway, whichever comes first should make the physician to
look for the other.

Not solely Cholesterol Gallstones, but also Cholecystecto-
my is associated with NAFLD

For many years, when analyzing gallstone prevalence, both
gallstones and cholecystectomy were mentioned as GD. Cho-
lecystectomy was considered as the proof for gallstones being
symptomatic. Cholecystectomy is the mainstay of GD treat-
ment.

Some epidemiological studies found that the MetS preva-
lence was significantly higher in subjects with a history of cho-
lecystectomy than in those with GD and even than in those
without GD [39,40]. The age-standardized prevalence of NAFLD
was also higher in patients with cholecystectomy than in those
with GD. A large cross sectional retrospective study conducted
among US adults in the Third National Health and Nutrition Ex-
amination Survey (NHANES Ill) showed that after controlling for
numerous factors associated with both NAFLD and GD, the mul-
tivariate-adjusted analysis confirmed the association of NAFLD
with cholecystectomy. In that study, NAFLD was associated with
cholecystectomy (OR 2.4) but not with gallstones (OR 1.1) [41].

If prevalence of NAFLD is higher in patients with cholecystec-
tomy than in those with gallstones, Is cholecystectomy itself a
risk factor for NAFLD? [40-42]. Does gallbladder removal have
metabolic consequences?

The relationship between cholecystectomy and NAFLD was
explained by the important role of the gallbladder in regulat-
ing bile acid homeostasis within the enterohepatic circulation.
Removal of the gallbladder will affect both the gallbladder role
in bile acid homeostasis (A) and the gallbladder mucosa role in
regulating the metabolic / hormonal activity (B).

A) Cholecystectomy alters bile acids circulation, and thus ac-
tivation of the bile acid receptors FXR (farnesoid X Receptor) and
TGR5 (the transmembrane G protein-coupled receptor 5). Bile
acids are endogenous ligands for FXR and for TGR5. Gain- and
loss-of-function studies have demonstrated that both FXR and
TGRS5 play important roles in regulating lipid and carbohydrate
metabolism and inflammatory responses.The studies showing
that FXR receptor plays an important role in regulating both lip-
id homeostasis and inflammation, thus maintaining cholesterol
and bile acid homeostasis, and regulates many metabolic en-
zymes and transporters suggested that FXR may modulate the
progression of NAFLD [43]. TGR5 has been well recognized not
only for its role in bile acid homeostasis but also for its role in
glucose and lipid homeostasis as well as energy expenditure. It
regulates the expression of genes involved in inflammation and
modulates plasma glucose and lipid levels [44].

B) The epithelial cells of gallbladder mucosa and intestine se-
crete the fibroblast growth factor 19 (FGF 19), which regulates
gallbladder refilling acting on receptors in the liver and gall-
bladder [45]. FGF 19 regulates bile acid synthesis and glucose
metabolism and has an inhibitory effect on hepatic fatty acid
synthesis and a favorable effect on MetS. The decreased FGF-19
levels after cholecystectomy may increase the hepatic triglyc-
eride content, thus favoring NAFLD development. Lower serum
levels of FGF19 were found in patients with NAFLD [46,47].

Prevention of GD and of NAFLD

Occurrence of cholelithiasis is related to modifiable risk fac-
tors, mainly metabolic diseases — obesity, diabetes mellitus
type 2, hypertriglyceridemia, MetS, diabetes, NAFLD, and some
other diseases.

In obese persons, decreased gallbladder motility has been
heterogeneously reported as a consequence of the different
types of meals used to induce gallbladder contraction, charac-
teristics of the population studied, technique used, and propor-
tion of patients with hyperinsulinaemia.

The most important environmental risk factors for GD are
diet and lifestyle.

Although the link is certain, the effect of diet is difficult to
evaluate. Except for the diet rich in refined sugars and fat, and
poor in vegetable fibers, other components of the diet have a
controverse effect on lithogenesis [68]. Eating patern: fasting /
decreased meal frequency [49] and fast-food consumption [50]
were also mentioned as risk factors.

Gallbladder motility in obesity has been attributed to vario-
us factors, such as underlying autonomic neuropathy, reduced
gallbladder sensitivity to cholecystokinin and/or reduced num-
ber of cholecystokinin receptors on the gallbladder wall [51].
Prospective studies have confirmes the relationship between
physical activity and gallbladder motility.

Exercise may affect gallbladder motility via neural or hor-
monal mechanisms. The effects of aerobic exercise on gallblad-
der motility were evaluated in a group of obese women without
gallstones and showed that exercise decreased late-phase post-
prandial gallbladder volume and increased late-phase postpran-
dial gallbladder motility in these obese women [52].

Physical activity seems to protect against gallstone formation
[18,52] and to reduce the risk of symptomatic stones by about
30% [53-56]. The EPIC-Norfolk prospective study [5] showed
that the highest level of physical activity reduced by 70% the
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risk of symptomatic gallstones in both sexes after 5 years if
exercising for 1h a day in a sedentary job / 30 min a day in a
standing job / heavy manual job without any additional activity.
Regular exercise reduces insulinemia, insulin resistance, triglyc-
eride levels and increases HDL-cholesterol level (as a marker of
increased reverse cholesterol transport), and also stimulates
intestinal and gallbladder motility. Thus, it helps maintain a nor-
mal body weight, all of which, therefore, might be protective
against gallstone formation. Several beneficial effects of physi-
cal activity are anticipated regarding metabolic disorders linking
liver steatosis, GD, gut motility, enterohepatic circulation of sig-
nalling bile acids in relation to intestinal microbiota and inflam-
matory changes [56,57].

Conclusions

Gallstone disease and NAFLD share similar risk factors, there-
fore, the diagnosis of each one should prompt the clinician to
look for the other condition.

An increase of GD and NAFLD prevalence rates is to be ex-
pected, which will parallel the aging populations in these coun-
tries.

Prevention is advisable whenever possible in the general
population, and especially in specific high-risk groups (EASL CP
Guidelines 2016) [1].

Lifestyle interventions for prevention of both GD and NAFLD
should focus on ideal weight maintenance, recommending
weight loss among overweight and obese individuals in the gen-
eral population. As prevention is mainly based on promoting
lifestyle changes, it still has relatively poor results owing to the
low levels of patient adherence.
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