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Gallstone disease is a gastrointestinal disease that results from the dysfunction of 

cholesterol, bile, and bilirubin metabolism. Gallstones in the gallbladder are common and 
form through cholelithiasis. They can also grow in biliary ducts through 

choledocholithiasis. In industrial countries, gallstone disease has increased in prevalence 
and affects up to 20% of the adult population. Its major risk factors are female gender, 

age, obesity, type 2 diabetes, rapid weight loss, physical inactivity, and genetic traits. 
Various systems for gallstone classification are available. Gallstones are classified as 
cholesterol, pigmented, and mixed gallstones in accordance with their chemical 

composition. Gallstone disease is either asymptomatic or has symptoms that manifest as 
pain in the right upper part of the abdomen, fever, and jaundice. The pathogenesis of this 

disease is related to the interaction between genetic and environmental factors, which 
include hepatic cholesterol hypersecretion, bile supersaturation, mucin, inflammatory 

changes, intestinal hypomotility, intestinal cholesterol hyperabsorption, and gut microbe 
alterations. The major genetic factors of this disease are the mutations in the hepatic 

cholesterol transporter ABCC8 and the cholecystokinin a receptor gene. Metabolic 
syndrome, insulin resistance, and type 2 diabetes increase the risk of developing gallstone 

disease. The standard diagnostic method for gallstone disease is ultrasound imaging. 
Medical treatment involves the administration of bile acid drugs and/or cholecystectomy. 
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1. Introduction 

1Gallstones are solid deposits of bile salts that are formed 
in the gallbladder or bile ducts. They are formed by 

cholesterol, bile pigments, and calcium ions. Gallstones 
develop in the gallbladder through cholelithiasis, whereas 
they develop in the bile ducts through choledocholithiasis 
(Ghai, 2012). Bile salts are the potassium and sodium salts 

of the bile acids that are conjugated with glycine. Bile is 
secreted from hepatocytes and stored in the gallbladder. It 
consists of cholesterol, bile acids, pigments, lecithin, and 
fatty acids (Ramaswamy et al., 2015; Cox et al., 2018; Di 

Ciaula et al., 2018). Gallbladder contraction is stimulated by 
cholecystokinin, which is secreted from the intestinal lumen 
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for the digestion and absorption of fats after emulsification 
(Reshetnyak, 2012; Ramaswamy et al., 2015). Bile salts also 

perform choleretic, cholagogue, and laxative actions (Ghai, 
2012).  

Gallstone disease is one of the most painful diseases in 
adults and has a high prevalence among populations 

worldwide (Ramaswamy et al., 2015). The prevalence of 
gallstone disease is higher among adults than among 
children (Kaechele et al., 2006). Gallstones affect 5%–25% of 

the adult population in the western world (Lammert et al., 
2016) and approximately 16.6% of women and 7.9% of men 
(Everhart et al., 1999). The prevalence of this disease varies 
among consumers and is frequently high in industrialized 

countries (Buch et al., 2007). In the United States, 
approximately 20 million adults have gallstone disease, and 
among Mexican Americans, gallstones affect 26.7% of 
women and 8.9% of men. The prevalence of gallstone disease 

in China is approximately 4%–11% and that in Russia is 
3%–12% (Tsukanov et al., 2007). The prevalence of gallstone 
disease is associated with a high morbidity rate (Ruhl & 
Everhart, 2011). Gallstones cause numerous health 

complications, including the destruction of bile ducts and 
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the inflammation of the gallbladder and liver (Dai et al., 
2013).  

Many factors increase the risk of gallstone formation in 
populations. These factors include obesity, especially in 
women; rapid weight loss, which increases cholesterol in 
biliary secretions; estrogen, especially in birth control 

medications, which decreases gallbladder contractility; and 
diabetes, which causes neuropathy and reduces gallbladder 
contractility (Shabanzadeh, 2018). The many reasons for 
gallstone development include (Ghai, 2012) reductions in 

lecithin and bile salts, excess cholesterol, excess calcium 
ions, low bile salt production, disturbances in cholesterol 
metabolism, bile duct obstruction, gallbladder epithelium 
inflammation (mucin, water, and bile salt dysfunction), 

decreased gallbladder motility, cholesterol supersaturation, 
increased biliary bilirubin load, and decreased 
phosphatidylcholine (prevention of cholesterol 
crystallization). The factors that participate in gallstone 

formation are divided into four main groups: factors that 
cause bile cholesterol supersaturation; factors that cause 
cholesterol precipitation, core crystallization, and formation; 
factors that cause gallbladder dysfunction; and factors that 

cause bile–hepatic circulation dysfunction (Chong, 2005).  

The first and second factors include the increased 
secretion of mucin from gallbladder mucosa, which 
increases bile viscosity. The third factor involves the low 

contractility rate and increased volume of the gallbladder 
that impair motility and enhance gallstone formation 
(Olokoba et al., 2008). This impairment is associated with 
rapid weight loss, iron deficiency anemia, celiac disease, and 

gallbladder cholesterosis (Grigorieva, 2007; Pamuk et al., 
2009). The fourth factor involves some bowel diseases, such 
as Crohn’s disease, that affect acid absorption or cause bile 
loss (Ilychenko, 2004). The main risk factors of gallstone 

development include female gender, pregnancy, family 
history, genetic traits, obesity, type 2 diabetes, high 
triglyceride levels, hyperinsulinemia, low high-density 
lipoprotein levels, high-carbohydrate and -fat diets, rapid 

weight loss, folic acid and B12 vitamin deficiencies, oral 
contraceptive use, and Helicobacter pylori infection (Wang et 
al., 2012).  

The majority of gall stones are clinically silent and do not 

develop symptoms. This type is incidentally found through 
abdominal ultrasound (US) (Halldestam et al., 2004). 
Asymptomatic gallstones may develop into symptomatic 
gallstones (biliary pain) with a low rate of complications of 

approximately 1%–2% per year (Friedman, 1993). This rate 
is increased in patients with large gallbladders (>3 cm) who 
develop gallbladder cancers; in those with sickle cell disease 

who develop pigmented gall stones; patients with organ 
transplants; and patients undergoing bariatric surgery 
(Ebert et al., 2010).  

Differentiating true gallstone pain or its complications 

from general abdominal pain, such as dysplasia, is 
important. Most patients exhibit a certain pattern of 
symptoms that are considered important for the selection of 
cholecystectomy. These symptoms include persistent severe 

pain in the right upper quadrant of the abdomen, nausea, 
vomiting, fever, and jaundice (Ruhl & Everhart, 2011). In 
functional gallbladder disease (acalculous gallstones), biliary 
pain resulting from stone formation in cystic ducts impairs 

gallbladder and sphincter contraction. This type of 
gallbladder disease is also called gallbladder dyskinesia or 
biliary dyskinesia and can be detected through 
cholecystokinin–cholescintigraphy (DiBaise et al., 2011). 

Gallstone symptoms include weight loss, chills, sepsis, clay 
colored stools, and biliary colic (Chiapponi et al., 2010).  

Numerous mechanisms underlying the development and 
formation of gallstones have been suggested (Afdhal, 2007; 
Cox et al., 2018). Most studies on gall stones have 
elucidated the correlation between stone compositions and 

patient abnormalities (Ramaswamy et al., 2015). The most 
critical factors in the pathogenesis of gallstone disease are 
genetic factors; liver and gallbladder factors, which involve 
hepatic activity in cholesterol secretion, cholesterol 

transport in bile, gallbladder inflammation, and mucin 
hypersecretion; and intestinal factors, which include 
intestinal motility, gut microbiome alterations, and 
cholesterol absorption (Wang et al., 2017).  

Gallstone disease is a major epidemiological disease 
worldwide and exerts an economic burden. Its common form 
is cholesterol gallstones. Pathogenesis studies are at the 
frontline of ongoing studies, such as prevention or treatment 

studies, on gallstone disease because of the complex 
interactions among the pathogenic factors of this disease. 
Given the previous consideration, understanding the 
pathogenesis of gallstone disease is important to provide 

detailed information to support researchers. In this review, 
we present updates and brief studies related to the 
classification, pathogenesis, diagnosis, and treatment of 
cholesterol gallstones. 

2. Materials and Methods 

2.1. Gallstone Classification 

The major components of gallstones are unesterified 
cholesterol, bilirubin calcium salts, unconjugated bilirubin, 
calcium carbonate, calcium phosphate, fatty acids, and 
mucin glycoproteins. Gallstones are classified into three 

types in accordance with their chemical composition: (i) 
Cholesterol stones are oval and light yellow to dark green 
stones with a central dark spot (Ilychenko, 2004). They are 
commonly found in the gall bladder. They consist of 

cholesterol monohydrate (70%), calcium salts, bile acids, 
and glycoprotein. Electron microscopy has shown that their 
major components are lamellar vesicles with lipophilic and 

hydrophilic compounds. Bilirubin is arranged individually 
on the surfaces of sections (Reshetnyak, et al., 2009). (ii) 
Pigmented stones are black and brown stones. Black 
gallbladder stones are small, compact stones with a 

prevalence of 20%–30%. They are composed of cholesterol 
(less than 30%), calcium bilirubinate, carbonate, and 
phosphate (Origa et al., 2009). Brown gallbladder stones are 
large soft stones and are commonly found in bile ducts. 

They account for 10%–20% of gallstone cases. They are 
composed of cholesterol (less than 30%), calcium palmitate 
and stearate, calcium bilirubinate, free saturated fatty acids, 
bile acids, and phospholipase A1 (Uchiyama et al., 2007). 

The gallstones that form in children consist of calcium 
carbonate, which results from high mucin production by 
gallbladder epithelial cells (Sayers et al., 2007). (iii) Mixed 
gallbladder stones are heavy stones with various shapes and 

sizes and poor combustibility. They consist of either a single 
(protein–bilirubin) stone or multiple mixed stones (protein–
bilirubin) (Loginov et al., 1998). The types of gallstones are 
showed in Figure 1. 
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Fig.1. The types of gallstones. A: cholesterol gallstones, b: pigmented 

gallstones, c: mixed gallstones (Abdullah et al., 2015). 

2.2. Pathogenesis Of Gallstone Disease 

2.2.1. Pathogenic factors, Genes and gene–environment 
interactions 

Family history plays a critical role in the incidence of 
gallstone disease (Hsing et al., 2007). In humans, increased 

susceptibility to gallstone disease is linked to variations in 
ATP-binding cassette transporters (ABCG5-R50C and 
ABCG8-D19H), which have been found to be expressed in 
gallstones in Indian, Chinese, and German populations 

(Rudkowska & Jones, 2008; Von Kampen et al., 2013; von 
Schönfels et al., 2013). Hepatic cholesterol secretion is 
regulated by ABCG5/G8 genes. Variations in the Farnesoid 

X receptor gene, rs35724, rs11110385, and rs11110386 
(Hirobe-Jahn et al., 2015) and the polymorphisms of mucin 
genes (Chuang et al., 2012), the apolipoprotein E4 allele 
(Martinez-Lopez et al., 2015), and rs3758650 (mucin-like 

protocadherin gene) lead to symptomatic gallstone 
development (Chuang et al., 2011). The mutation in the 
ATP-binding cassette transporter B4 leads to the lack of 
phospholipids in bile because it regulates hepatic 

phospholipid secretion (Poupon et al., 2013). Genetic factors 
account for the occurrence of approximately 25%–30% of 
symptomatic gallstones (Nakeeb et al., 2002; Katsika et al., 
2005).  

The interactions between genes and environmental factors 
affect the expression of genes that are involved in insulin 
resistance and fat deposition (Di Ciaula et al., 2013; Di 
Ciaula & Portincasa, 2014; Wang et al., 2017). Genetic 

factors include microRNAs. The miRNA miR-122 is involved 
in cholesterol homeostasis (Moore et al., 2010). Wang et al. 
(2015) showed that obese patients with insulin resistance 
have high miR-122 levels, which are considered as one of 

the risk factors for cholesterol gallstones. Genetic variations 
in the human CCKAR gene enhance susceptibility to 
cholesterol gallstones through two principal mechanisms: (i) 
the development of bile stagnation and biliary sludge 

formation and (ii) delayed small intestinal transit (Wang et 
al., 2017). 

2.2.2. Intestinal Factors 

In gallstone disease, bile supersaturation is related to the 

imbalance between the absorption and synthesis of 
cholesterol (Kern, 1994). Intestinal factors depend on dietary 
cholesterol (Wang, 2007; Wang & Lee, 2008) and on the 
expression of sterol transport proteins on the enterocyte 

brush border membrane, which is regulated by many genes 
(Wang, 2007). The dysfunction of these genes leads to 
cholesterol gallstone formation (Wang et al., 2011). 
Cholesterol homeostasis affects the occurrence of insulin 

resistance (independent of obesity) by increasing cholesterol 
synthesis and reducing intestinal cholesterol absorption 
(Gylling et al., 2010; Paramsothy et al., 2011).  

Patients with gallstones exhibit reduced cholesterol 
absorption and unchanged or increased de novo cholesterol 

synthesis (Krawczyk et al., 2012; Renner et al., 2013). 
Osteopontin (OPN) is a soluble cytokine that is involved in 
cholesterol homeostasis (Takemoto et al., 1999). OPN 
knockout mice are protected against lithogenic diet-induced 

gallstone formation (Lin et al., 2017). Estrogen decreases 
bile acid synthesis and enhances cholesterol synthesis via 
the upregulation of the α estrogen receptor and G protein-
coupled receptor 30 (De Bari et al., 2015). Lipid-induced 

lipotoxicity to the gallbladder leads to defects in smooth 
muscle contraction and relaxation (Amaral et al., 2001). 
Excessive cholesterol absorption causes the inflammation 
and proliferation of gallbladder mucosa; the resulting 

hypomotility leads to stone growth through cholesterol 
nucleation (Wang et al., 2008).  

Recently, Villanacci et al. (2016) found reductions in the 
neurons, enteric glial cells, mast cells, and interstitial cells 

of Cajal in patients with cholesterol stones and acalculous 
gallbladders. Patients with cholesterol gallstones present 
intestinal dysbiosis that may play an important role in 
disease pathogenesis. The ceca of patients with gallstones 

contain high amounts of Gram-positive anaerobic bacteria 
and increased concentrations of the lithogenic secondary 
bile acid deoxycholate (Thomas et al., 2005). The gut 
microbiota of patients with gallstones are diverse, whereas 

patients undergoing cholecystectomy show reductions in 
Roseburia spp and patients without treatment show 
enrichments in Oscillospira spp, which are positively 

correlated with the concentration of secondary bile acids 
(Keren et al., 2015). Exposure to organochlorine pesticides, 
such as dichlorodiphenyldichloroethylene, causes 
abnormalities in gut microbiota that then result in changes 

in bile acid composition, the decreased expression of genes 
regulating bile acid reabsorption, and the increased 
expression of genes responsible for hepatic bile acid 
synthesis (Liu et al., 2017).  

2.3. Pathogenicity 

The pathogenesis of gallstone disease originates from the 
interaction between environmental and genetic factors (Sun 
et al., 2009). Cholesterol stones result from the hypomotility 

of the gallbladder and the increased secretion of cholesterol 
and mucin (Carey, 1993). Their formation involves three 
processes: saturation, crystallization, and growth. High 
cholesterol concentration that is associated with low 

phospholipid and or bile salt levels results in the 
development of phospholipid vesicles (bile cholesterol) that 
form unstable unilamellar and multilamellar vesicles 
(liposomal) with liquid crystal structures (liquid–crystalline 

phase). Aggregated and fused unilamellar vesicles act as the 
core of gallstones by precipitating in the form of cholesterol 
monohydrate crystals during the reduction in gallbladder 
contractility (Cohen et al., 1993). The interaction of these 

crystals with bile protein molecules and with unconjugated 
bilirubin results in the formation of the structural 
components of human gallstones and lithogenic bile salts 
(Loginov et al., 1998). Mucin hypersecretion has a critical 

role in the pathogenesis of gallstones, and gallbladder wall 
inflammation increases mucin secretion that then results in 
lipid peroxidation, which enhances cholesterol crystal 
formation (Jüngst et al., 2007). The pathogenesis of 

gallstones is illustrated in Figure 2. 

Under healthy conditions, bile has bactericidal activity 
(Hofmann, 2007). As bile salt composition changes under 
disease conditions, bacteria promote bile lithogenesis and 
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secrete phospholipid A2, which causes the hydrolysis of 
phospholipids and the accumulation of fatty acids, such as 

arachidonic acid, that enhance the production of 
leukotrienes, prostaglandins, and thromboxane from gall 
bladder mucosa and then increase mucin secretion. 
Moreover, cholic acid is converted into lithocholic acid, 

which enhances the aggregation of cholesterol monohydrate 
crystals especially when secreted in high amounts 
(Uchiyama et al., 2007). The morphological change in the 
gallbladder mucosa impairs the absorption of water and 

electrolytes; this impairment, along with the hypersecretion 
of mucin, leads to the formation of a viscoelastic 
glycoprotein–mucin gel. This gel contributes to phospholipid 
vesicle aggregation (cholesterol monohydrate crystals) or 

bilirubin precipitation. All these components, along with 
bilirubinate granules, form the pigmented matrix that serves 
as the core of cholesterol gallstones. Intrahepatic stones are 
related to biliary tract infection, which is caused by 
opportunistic bacteria, such as Escherichia coli, streptococci, 
staphylococci, and typhoid bacilli. Various types of stones are 

formed depending on the type of microorganism that causes 
the biliary tract infection (Stewart et al., 2006). 

Pigmented stones: The high production of bile pigment 
(bilirubin) in the bile is related to hemolytic anemia (sickle 

cell anemia or hereditary spherocytosis), biliary tract 
infections, or liver cirrhosis. This phenomenon leads to the 
combination of bilirubin with other bile constituents, such 
as calcium, phosphate, and carbonate, to form the pigment 

salts of bilirubin. These poorly dissolved pigments aggregate 
with each other to form particles and then develop into 
stones with black-brown coloration (Cox et al., 2018).  

Mixed stones: Mixed stones are a mixture of varying 

proportions of cholesterol and bilirubin stones (bilirubin 
salts). They contain other compounds, such as calcium 
bilirubinate, carbonate, palmitate, phosphate, and stearate 
(Singh et al., 2008). Stones in the gallbladder or in the ducts 

(hepatic, cystic, or bile ducts) can block bile flow and cause 
inflammation in other parts that result in severe damage to 
the gallbladder, liver, and pancreas, including cholangitis, 
gallstone ileus, pancreatitis, and gall bladder cancer (Iqbal 

et al., 2019). The lack of treatment leads to chronic diseases 
and then death (Cox et al., 2018). 

 

 
Fig. 2: the pathogenesis of cholesterol, pigmented and mixed gallstones. 

 

3. Results & Discussion 

3.1. Diagnosis and Treatment 

Gallstones are diagnosed either through physiological 

examination, which is dependent on the presence of pain in 
the right upper quadrant of the abdomen. This symptom 
overlaps with the symptoms of other diseases, such as 
myocardial infarction or hepatic or duodenal ulcer (Iqbal et 

al., 2019). Gallstones are also diagnosed via blood tests as 
follows: (i) Complete blood count. Some cases show elevated 
white blood cell counts. (ii) Liver function test, which 

includes aspartate transaminase (AST), alanine 

transaminase (ALT), alkaline phosphatase, and ALT/AST 
levels. (iii) Serum levels of lipase and amylase. (iv) 
Urinalysis. (vi) Stool test in cases with intestinal bleeding.  

The final and most important diagnostic method is 

imaging examination, which is considered as the essential 
and standard choice for the diagnosis of all types and 
complications of gallstone disease. This method prevents 
unnecessary treatment by excluding other abdominal 

diseases, such as renal stones, pancreatitis, and intestinal 
obstruction, with symptoms that overlap with gallstone 
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symptoms; it is also used for early diagnosis and for 
preventing future complications (Aslam et al., 2013; 

Heuman et al., 2019). Ultrasonography (US) is the gold 
standard for the diagnosis of gallstone because of its 
accuracy, lack of ionizing radiation, noninvasiveness, and 
low cost with high sensitivity (97%) and specificity (93.6%) 

(Giljaca et al., 2015). Computed tomography (CT), magnetic 
resonance cholangiopancreatography (MRCP), and 
endoscopic retrograde cholangiopancreatography (ERCP) are 
recommended for undefined cases (Febyan, 2020).  

Gallstone treatment includes medical treatment and 
surgical treatment. Medical treatment involves the oral 
administration of bile acids to dissolve gallstones. Bile acids 
include deoxycholic, chenodeoxy cholic, and ursodeoxy 

cholic acids. Patients treated with these drugs must be 
monitored appropriately for side effects (Guarino et al., 
2013). Biliary colic is treated with pethidine combined with 
atropine or glycopyrronium (antispasmodic agents). The 

acute biliary duct is treated with nonsteroidal anti-
inflammatory drugs and antispasmodic drugs (Tazuma et 
al., 2017). Surgical treatment is the standard treatment for 
gallstone disease. Patients with symptomatic gallstones 

either exhibit simple biliary colic or gallstone complications. 
Most symptomatic patients are treated through laparoscopic 
cholecystectomy, which shows similar results (surgical time 
and complication rate) but results in shorter hospital stays 

and convalescence periods when compared with open 
surgery (Keus et al., 2006). The use of open surgery or 
laparoscopic surgery depends on the sex, age, and 
gallbladder wall thickness of the patient and presence of 

acute cholecystitits (Tayeb et al., 2005; Berger et al., 2003). 
Cholecystectomy is characterized by the low risk of gallstone 
recurrence and bile complications and relevance for most 
patients (Gutt et al., 2020; Bagepally et al., 2021).  

4. Conclusions 

This review presents several mechanisms for gallstone 

formation, including the pathway of cholesterol homeostasis 
and alterations in the gut microbiota. Recent studies have 
tended to focus on changes in the genes involved in the 

pathways of cellular signaling and the influence of epigenetic 
factors. Gallstone risk factors have been observed to 
interfere with the pathogenic pathways of obesity, insulin 
resistance, and type 2 diabetes. The pathogenesis profile of 

stone formation is useful for developing prevention 
strategies for patients with moderate or high gallstone risk; 
nonsurgical therapy; and controlling exogenous triggering 
factors, such as lifestyle. 
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