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INTRODUCTION

Gallstones are highly prevalent and the majority are asymptomatic. However, symptoms due to
gallstone disease are a leading gastrointestinal cause for hospitalization and health care
utilization [1]. This topic will review the epidemiology, risk factors, and strategies for prevention
of gallstones. The clinical presentation, diagnosis and management of gallstone disease are
discussed in detail separately. (See "Overview of gallstone disease in adults" and "Approach to
the management of gallstones".)

EPIDEMIOLOGY

Type and composition — Gallstones are composed of a mixture of cholesterol, calcium salts of
bilirubinate or palmitate, proteins, and mucin. Based upon the predominant constituents,
gallstones are broadly classified into the following ( picture 1):

* Cholesterol stones - Cholesterol stones usually form in individuals with a genetic or
environmental predisposition to bile that is supersaturated with cholesterol. Most
"cholesterol" stones have a mixed composition with small amounts of calcium palmitate
and bilirubinate salts.

* Black pigment stones - Black pigment stones result from hemolysis and consist primarily
of calcium bilirubinate.
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* Brown pigment stones - Brown pigment stones are associated with a bacterial infection
or parasitic infestation of the biliary system. They are also often found in the bile ducts in
association with prior biliary manipulation. They may also occur as de novo common bile
duct stones following cholecystectomy.

Gallstones in an individual are usually homogeneous in composition.
Prevalence

* Overall prevalence - Gallstones are exceedingly rare in children except in the presence of
hemolytic states. Prevalence of gallstone disease increases with age in both sexes,
reaching a plateau after 50 and 60 years of age in females and males, respectively [2,3].

The prevalence of cholelithiasis varies widely by geographic region and appears to be
higher in White and Native American populations as compared with Eastern European,
African American, and Japanese populations (  table 1) [4-20]. The variation in the
prevalence of gallstones may be attributable to both genetic and dietary factors.

In North America, Native Americans appear to have high prevalence of cholelithiasis and
gallbladder disease. As an example, in one study that includes 596 Pima Indians, 290 (49
percent) had gallstone disease. Gallstone disease was more prevalent in females as
compared with males with a peak prevalence of 73 percent in females between the ages of
25 and 34 years [10]. Similar high rates have been found in multiple other Native American
populations [11,12,21].

In the United States, it is estimated that 6.3 million males and 14.2 million females aged 20
to 74 have gallstones or have undergone cholecystectomy for gallbladder disease [2].
These estimates were based upon a representative sample of more than 14,000 persons
aged 20 to 74 who underwent abdominal ultrasonography to detect gallstones or had a
history of cholecystectomy. Prevalence rates varied by ethnicity with the highest rates in
Mexican American males and females (8.9 and 26.7 percent, respectively) and were lowest
rates in non-Hispanic White American males and females (8.6 and 16.6 percent,
respectively).

* Prevalence by gallstone composition - The prevalence of pigment stones is dependent
primarily upon the frequency of hemolytic disorders. In industrialized countries,
cholesterol gallstones account for approximately 75 percent of stones, black pigment
stones for 20 percent, and brown pigment stones for 5 percent [15,22-25].
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RISK FACTORS

Age and female sex — Increasing age and female sex are important risk factors for gallstones.
The prevalence of gallstones is higher in females as compared with males in all age groups
[9,10,15]. However, the differences in prevalence between females and males are greater in
younger as compared with older adults. In a large cohort study of 46,139 individuals of whom
29,739 underwent abdominal ultrasound, the prevalence of gallstone disease was two to three
times greater for females as compared with males prior to age 50 but less than twice the rate at
ages over 50 years [15,26]. (See 'Epidemiology' above.)

Genetic susceptibility — Family history studies suggest that genetics has a significant role in
the development of gallstones [27]. In one such study of 105 patients with gallstones using
ultrasonography; cholelithiasis was found in 51 of 330 (15.5%) first-degree relatives, as
compared to 12 of 330 (3.6%) of matched controls [28]. The risk of gallstones was higher in
female relatives. Twin studies suggest that approximately 25 percent of the risk of gallstone
disease is determined by an underlying genetic predisposition [29]. Mutations in the hepatic
cholesterol transporter ABCG8 confers most of the genetic risk of developing gallstones [30].

Pregnancy — Pregnancy is a risk factor for the development of cholesterol gallstones.
Pregnancy is associated with both a qualitative change in bile composition and delayed
gallbladder emptying, both of which promote stone formation. The risk increases with the
frequency and number of pregnancies. (See "Gallstone diseases in pregnancy", section on
'Pathophysiology'.)

Diabetes mellitus — Diabetes mellitus is associated with an increased risk of cholesterol
gallstones. As an example, a case control study compared 336 patients who had gallstones or
had undergone cholecystectomy with 336 controls [31]. Diabetes mellitus was more prevalent in
the patients with gallbladder disease (11.6 versus 4.8 percent). In another case control study, an
increased prevalence of gallstones in diabetes could only be demonstrated in females (42
versus 26 percent in nondiabetic females) [32].

How diabetes mellitus predisposes to gallstones is not well understood. Hepatic insulin
resistance appears to be important [33,34]. Other contributing factors may be
hypertriglyceridemia and autonomic neuropathy leading to biliary stasis due to gallbladder
hypomotility [35].

Dyslipidemia — Elevated non-high density lipoprotein (HDL) cholesterol may be a risk factor for
gallstones. In a 2016 meta-analysis that included 2848 individuals with no gallstones at
baseline, the cumulative incidence of gallstones after a mean follow-up of 12 years was 0.6
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percent per year [36]. Non-HDL cholesterol was associated with an increased risk of gallstones
(adjusted OR 1.2, 95%CI 1.07-1.32), however, there was significant statistical heterogeneity in
the studies included. HDL cholesterol and triglyceride levels were not associated with the risk of
gallstones in the meta-analysis.

Diet and lifestyle factors

Obesity — Obesity is an established risk factor for the development of cholesterol gallstones,
presumably due to enhanced cholesterol synthesis and secretion (  figure 1) [37-40]. The risk is
particularly high in females, in those with Class 3 (morbid) obesity, and in younger age groups
in which a threefold increase in risk has been reported [16,26,40-43]. Obesity is also associated
with an increase in risk of symptomatic gallstones [43,44].

Rapid weight loss — High rates of gallstone formation have also been associated with rapid
weight loss in patients on very low calorie diets (diets containing less than 800 kcal per day) or
after gastric bypass [45-47]. In observational studies, gallstones have been reported a mean of
7.5 years after surgery [48]. (See "Bariatric operations: Late complications with subacute
presentations".)

The mechanism by which this occurs is incompletely understood. One report evaluated changes
in gallbladder bile during periods of weight loss [49]. Bile mucin content increased 18-fold and
bile calcium concentration rose 40 percent. These factors may promote cholesterol nucleation
and stone formation. In contrast to the general population in which the great majority of
gallstones are asymptomatic, persons with weight-loss-related cholelithiasis are more likely to
be symptomatic [43].

Medications — Several drugs can promote the formation of gallstones.

* Fibrates - The use of fibrates has been associated with an increase in lithogenicity of bile
and increase in the risk of gallstones. Fibrates reduce bile acid secretion by inhibiting the
rate limiting enzyme in bile acid synthesis, cholesterol 7-alpha-hydroxylase; this results in
cholesterol supersaturated bile and stone precipitation [50]. In an observational study of
659 dyslipidemic patients treated with bezafibrate and ezetimibe, gallstones developed in
4 (0.6 percent) at 12 months [51]. In a population study that included 5466 individuals, the
use of a fibrate (primarily fenofibrate) was an independently associated with an increased
risk of gallstone formation (adjusted relative risk 1.7; 95% CI 1-2.7) [52].

* Ceftriaxone - Ceftriaxone can cause biliary sludge. Cholelithiasis has been reported with
prolonged use (three weeks) at high doses. Biliary excretion accounts for up to 40 percent
of ceftriaxone elimination and drug concentrations in bile can reach 200 times that of the
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serum [53,54]. When supersaturated, ceftriaxone complexes with calcium and precipitates
out of bile. This process is probably potentiated in intensive care unit patients who are not
fed enterally and have bile stasis.

* Somatostatin analogues - Long-term administration of the somatostatin analogues in
the treatment of acromegaly has been associated with gallstones [55-57]. Up to 25 percent
of patients develop asymptomatic cholesterol gallstones or sludge during the first 18
months of therapy with octreotide [56,57]. Somatostatin use predisposes to gallstone
formation by prolonging intestinal transit, impairing gallbladder emptying via reduced
cholecystokinin release, and by inducing lithogenic changes in bile. (See "Treatment of
acromegaly".)

* Hormone replacement - Estrogen therapy is associated with higher rates of gallstones
and gallbladder disease. These associations have been noted both in females on
menopausal hormone therapy and in men receiving estrogen therapy [58,59]. The risk of
gallstones and gallstone disease in females on menopausal hormone therapy is discussed
in detail separately. (See "Menopausal hormone therapy: Benefits and risks", section on
'Gallbladder disease'.)

* Oral contraceptive - Oral contraceptives have only a transient effect on gallstone
formation. Females under the age of 40 years and those taking high-dose estrogen (>50
mcg) preparations have the greatest added risk [60,61]. In support of this hypothesis, a
case control study found a slightly higher incidence of gallstones shortly after starting oral
contraceptives, an effect which disappeared after 10 years [62]. A similar relationship was
noted in a meta-analysis of epidemiologic studies [63].

Conditions associated with gallbladder stasis

Prolonged fasting/parenteral nutrition — Gallstones are a frequent complication of
prolonged total parenteral nutrition [64,65]. As an example, one study of 84 patients with
severe short bowel syndrome treated with total parenteral nutrition found asymptomatic
gallstones in 44 percent [65]. Two factors are thought to contribute: biliary stasis due to lack of
enteral stimulation; and, in patients with ileal resection, interruption of the enterohepatic
circulation of bile acids results in a reduction in hepatic bile acid secretion and an altered
composition of hepatic bile, which becomes supersaturated with respect to cholesterol.

Conditions that result in bile stasis are associated with a higher prevalence of gallstones. In the
normal state, the gallbladder avidly absorbs water from bile. Thus, if bile remains within the
gallbladder for a prolonged period, it can become overly concentrated with cholesterol, thereby
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promoting stone formation. Prolonged fasting and the use of total parenteral nutrition both
prevent normal enteral stimulation of gallbladder activity [64-66].

Spinal cord injury — Increased risk of gallstone disease in patients with spinal cord injury
include decreased gallbladder motility leading to gallbladder stasis, decreased intestinal transit
leading to an alteration in the enterohepatic circulation, and metabolic changes leading to
abnormal biliary lipid secretion [66,67].

Additional risk factors predominantly for pigment stones

Cirrhosis — Cirrhosis is a risk factor for pigment gallstones. Only a small proportion of
patients with cirrhosis have cholesterol stones. The increased risk of gallstone formation in
these patients may be due to several factors, including reduced hepatic synthesis and transport
of bile salts and nonconjugated bilirubin, high estrogen levels, and impaired gallbladder
contraction in response to a meal [68-70]. The increased risk was illustrated in a combined
cross-sectional and longitudinal study that included 1010 patients with cirrhosis [71]. The
overall prevalence of gallstones was 29.5 percent. During an average follow-up of 50 months,
141 of 618 patients (23 percent) developed gallstones (which is approximately 10 times higher
than would be expected in a general population). Multivariate analysis demonstrated that the
risk was increased in patients with Child classes B and C cirrhosis (regardless of the cause), and
in patients with a high body mass index.

Crohn disease/ileal resection — The prevalence of gallstones is increased in patients with
Crohn disease [72-75]. In a population-based study, for example, gallstones were detected in 26
percent of patients with Crohn disease, which was approximately twice as frequent as the
general population [72]. Gallstones in patients with ileal Crohn disease (or those who have
undergone ileal resection) are frequently pigment based, reflecting an increased concentration
of bilirubin conjugates, unconjugated bilirubin, and total calcium in the gallbladder bile due
perhaps to altered enterohepatic cycling of bilirubin [73].

Hyperbilirubinemia — Elevations in serum bilirubin levels are associated with the risk of
developing gallstones. In a population-based study that included 61,212 subjects, patients with
mean bilirubin levels in the highest decile had an increased risk of symptomatic gallstone
disease compared with patients who had lower mean bilirubin levels (hazard ratio 1.6, 95% CI
1.3-2.0) [76].

Disorders associated with hemolytic anemias (eg, hereditary spherocytosis, sickle cell disease,
thalassemia and erythrocyte enzyme deficiencies) are associated with an increase the risk of
gallstones due to increased efflux of bilirubin into bile. An increased risk of pigment stones has
also been associated with decreased hepatic conjugation of bilirubin due to genetic variation in
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the gene encoding the bilirubin-conjugating enzyme UGT1A1 [77]. Biliary bilirubin and calcium
can combine to form calcium bilirubinate salts, which may grow and become symptomatic as
pigment gallstones or act as a nucleating factor for the precipitation of biliary cholesterol and
formation of cholesterol stones. (See "Hepatic manifestations of sickle cell disease", section on
'Cholelithiasis' and "Diagnosis of thalassemia (adults and children)", section on 'Jaundice and
pigment gallstones' and "Hereditary spherocytosis", section on 'Pigment gallstones'.)

PROTECTIVE FACTORS

Ascorbic acid — Vitamin C supplementation may have a protective effect on gallstones. The
benefit of ascorbic acid may be related to its effects on cholesterol catabolism and conversion
of cholesterol to bile acids [78]. In a population-based study that included 2129 subjects, the
prevalence of gallstones detected by ultrasound was significantly lower in individuals who
reported regular use of vitamin C as compared with those who did not (4.7 versus 8.2 percent,
respectively) [79].

Dietary factors

* Poly- and monounsaturated fats and nuts - Mono- and polyunsaturated fats inhibit
cholesterol gallstone formation and may reduce the risk of gallstone disease. In a cohort
study of approximately 45,000 male health professionals [80], after 14 years of follow-up,
the relative risk for gallstone disease was lower in those in the highest compared with the
lowest quintile of polyunsaturated and monounsaturated fat consumption (RR 0.84, 95%
CI0.73-0.96 and 0.83, 95% CI 0.70-1.00), respectively.

Daily consumption of nuts has been associated with a reduced risk of gallstone disease
[81]. It is unclear of this reduction in risk is due to high monounsaturated and
polyunsaturated fat content of nuts or due to the effect of other components present in
nuts (eg, dietary fiber or vitamin E).

* Coffee - Coffee consumption has been associated with a decreased risk of developing
gallstones [82,83]. The mechanism of benefit is not precisely known. Coffee has several
effects on hepatobiliary processes involved in cholesterol gallstone formation. In a meta-
analysis that included 227,749 participants, patients who drank coffee were less likely than
those who did not to develop gallstones (relative risk [RR] 0.83; 95% CI 0.76 to 0.89) when
prospective studies were examined [84]. There was a dose-response relationship, with the
lowest risk seen among patients with the highest levels of coffee consumption (RR 0.75 for
participants who consumed six cups per day; 95% CI 0.64-0.88).
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* Vegetable protein - Limited evidence suggests that vegetable protein intake may be
associated with a decrease in the risk of gallbladder disease, however existing studies are
conflicting [85-87].

Physical activity — Physical activity is associated with a decreased risk of gallstone formation
and symptomatic cholelithiasis. This was illustrated in a prospective cohort study of over 45,000
males, in which 828 subjects developed symptomatic gallstones during eight years of follow-up
[88]. The males in the lowest quintile of physical activity had a relative risk of 1.72 between the
ages of 40 and 64 and 1.33 above age 64 compared with those in the highest quintile. It was

estimated that 34 percent of cases of symptomatic gallstones in males could be prevented by 30

minutes of endurance-type training five times per week.

The benefit of physical activity for the prevention of symptomatic cholelithiasis was also
demonstrated in another cohort study that included 60,290 females between the ages of 40 to
65 who were followed for 10 years during which 3257 underwent cholecystectomy [89]. On
multivariate analysis, the relative risk for females in the highest compared with the lowest
quintile of physical activity was 0.69. In contrast, females who had a sedentary lifestyle were at
increased risk of cholecystectomy (relative risk 1.42).

Statins — The effect of statins on decreasing the risk of gallstones has not been consistently
demonstrated, however, statin use may reduce the risk of gallstone disease [90,91]. A case-
control study compared 27,035 patients with gallstone disease requiring cholecystectomy with
106,531 matched controls [90]. Long-term statin use (>20 prescriptions filled) was associated
with a decreased risk of gallstone disease requiring cholecystectomy (adjusted OR 0.64). The
protective effect of statins started to be seen after approximately 1 to 1.5 years of statin use.

PREVENTION OF GALLSTONES

Dietary and lifestyle measures — Dietary and lifestyle recommendations to decrease the risk
of gallstones aim to maintain ideal weight are in large part similar to recommendations for the
general population and include the following (see "Healthy diet in adults"):

* Dietary measures include eating three well-balanced meals per day. Meals should be low
in saturated fats and high in fiber and calcium to reduce biliary concentrations of
hydrophobic lithogenic bile acids. Regular meal timing decreases the cholesterol
saturation of gallbladder bile and reduces gallbladder stasis by promoting gallbladder
emptying.
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* Weight reduction in overweight and obese individuals to decrease the risk of gallstones
but weight loss should be gradual (<1.5 kg per month) to reduce the risk of gallbladder
sludge due to stasis. In individuals with rapid weight loss due to a very low calorie diet or
following bariatric surgery, fat intake should be no lower than 7 to 10 grams per day to
ensure good gallbladder contraction and bile cycling [92].

* Patients receiving total parenteral nutrition (TPN) should be periodically assessed for
possible enteral feeding. Biliary sludge may resolve when a normal diet is reinstituted
[64,93,94].

* Regular physical activity is important in maintaining a low body weight and may itself
prevent gallstone formation. (See 'Physical activity' above.)

Ursodeoxycholic acid in selected patients — We reserve the use of ursodeoxycholic acid to
prevent gallstones due to rapid weight loss in patients undergoing gastric bypass surgery
without a prophylactic cholecystectomy [46,47,92,95]. Prophylaxis with ursodeoxycholic acid has
been shown to be effective at reducing the risk of stone formation during rapid weight loss. In
one trial of 1004 patients treated with a very low calorie diet, ultrasonography was performed at
baseline and 8 and 16 weeks [47]. The incidence of gallstones was 28 percent in the placebo
group compared with 8, 3, and 2 percent of those treated with 300, 600, and 1200 mg per day of
ursodeoxycholic acid, respectively. Gallstones have been reported several years after bariatric
surgery, but controlled studies on long-term use of ursodeoxycholic acid are lacking [48]. (See
"Bariatric surgery: Postoperative and long-term management", section on 'Assessment and
management of changes in comorbid diseases' and "Bariatric operations: Late complications
with subacute presentations"”, section on 'Cholelithiasis'.)

Other interventions with unclear role — High doses of rapidly infused crystalline amino acids
have been demonstrated to induce secretion of endogenous cholecystokinin and promote
gallbladder emptying to prevent stasis in patients on TPN [96]. However, additional studies are
needed to determine if these infusions can decrease the risk of gallstone formation.

SOCIETY GUIDELINE LINKS

Links to society and government-sponsored guidelines from selected countries and regions
around the world are provided separately. (See "Society guideline links: Gallstones".)

INFORMATION FOR PATIENTS
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UpToDate offers two types of patient education materials, "The Basics" and "Beyond the Basics."
The Basics patient education pieces are written in plain language, at the 5 to 6" grade reading
level, and they answer the four or five key questions a patient might have about a given
condition. These articles are best for patients who want a general overview and who prefer
short, easy-to-read materials. Beyond the Basics patient education pieces are longer, more
sophisticated, and more detailed. These articles are written at the 10t to 12t grade reading
level and are best for patients who want in-depth information and are comfortable with some

medical jargon.

Here are the patient education articles that are relevant to this topic. We encourage you to print
or e-mail these topics to your patients. (You can also locate patient education articles on a
variety of subjects by searching on "patient info" and the keyword(s) of interest.)

* Basics topics (see "Patient education: Gallstones (The Basics)" and "Patient education:
Choosing surgery to treat gallstones (The Basics)")

* Beyond the Basics topics (see "Patient education: Gallstones (Beyond the Basics)")

SUMMARY AND RECOMMENDATIONS

* Gallstones are composed of a mixture of cholesterol, calcium salts of bilirubinate or
palmitate, proteins, and mucin. Based upon the predominant constituents, gallstones are
broadly classified into cholesterol, brown pigment, and black pigment stones. (See 'Type
and composition' above.)

* The prevalence of cholelithiasis varies widely by geographic region and appears to be
higher in White and Native American populations as compared with Eastern European,
African American, and Japanese populations. Gallstones are exceedingly rare in children
except in the presence of hemolytic states. Prevalence of gallstone disease increased with
age in both sexes, reaching a plateau after 50 and 60 years of age in females and males,
respectively. (See 'Prevalence’ above.)

* Risk factors for gallstones include increasing age, female sex, pregnancy, diabetes
mellitus, obesity, rapid weight loss, conditions associated with gallbladder hypomotility,
and certain medications ( table 2). Approximately 25 percent of the risk of gallstone
disease is determined by an underlying genetic predisposition. Important risk factors for
pigment stones include cirrhosis, Crohn disease/ileal resection, and hyperbilirubinemia.
(See 'Risk factors' above.)
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* Physical exercise and dietary factors (eg, ascorbic acid, mono- and polyunsaturated fats,

coffee) may decrease the risk of gallstones. (See 'Protective factors' above.)

Dietary and lifestyle recommendations to decrease the risk of gallstones aim to maintain

ideal weight. Weight reduction in overweight and obese individuals should be gradual and

patients receiving total parenteral nutrition should be periodically assessed for possible
enteral feeding. We reserve the use of ursodeoxycholic acid to prevent gallstones due to
rapid weight loss in patients undergoing gastric bypass surgery without a prophylactic
cholecystectomy. (See 'Protective factors' above.)

Use of UpToDate is subject to the Terms of Use.
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GRAPHICS

Gallstones

e

Gallstones retrieved from six different patients. Note how gallstones are similar in the same
patient but differ among patients.

(A-D) Cholesterol stones.
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(E) Brown pigment stones.

(F) Black pigment stones.

Courtesy of Salam F Zakko, MD, FACP, AGAF.
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The prevalence of gallstone disease in selected populations

Population
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55-64
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Female percent
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26.4

44.4
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21.2
12.1
2.5
5.9
10.9
17.8
25
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6.4
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14.2
22.4
12.7
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62.0
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3.0
3.5
3.0
4.0

Male percent

2.6
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2.0
3.3

2.3
2.0
6.7
14.7
14.4

31.9
66.3
67.8
1.0
1.0
2.5
2.0
1.5

20/24



10/15/23, 12:58 PM Gallstones: Epidemiology, risk factors and prevention - UpToDate

60-69 9.0 4.5
>70 9.5 15.0
United Statest®]  Ultrasonography 20-29 4.4 1.3
1988-1991 30-39 52 1.1
(n=14,000) 40-49 8.2 5.9
50-59 11.9 7.3
60-74 16.4 17.2
Chinal4l Ultrasonography 20-29 1.1 1.2
2008 30-39 2.6 2.6
(n =54,584) 40-49 3.6 5.1
50-59 8.2 7.9
60-69 8.8 8.0
70+ 12.2 10.7

GSD: gallstone disease.
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Relationship between body mass index (BMI) and

gallstones
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Body mass index, kg/m 2
Relationship between the incidence of symptomatic gallstones

(defined as cholecystectomy or newly diagnosed symptomatic
unremoved gallstones) and BMI in the Nurse's Health Study.

Reproduced with permission from: the American Gastroenterological Association.
Klein S, Wadden T, Sugerman HJ. AGA technical review on obesity. Gastroenterology
2002; 123:882.
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Major risk factors for the development of gallstones

Age
Female sex
Genetic
Pima Indians and certain other Native Americans
Chileans
Pregnancy
Obesity
Rapid weight loss
Very-low-calorie diet
Bariatric surgery
Cirrhosis
Hemolytic anemias
Hypertriglyceridemia
Medications
Estrogen and oral contraceptives
Clofibrate
Ceftriaxone
Octreotide
Terminal ileal resection
Gallbladder stasis
Diabetes mellitus
Total parenteral nutrition
Postvagotomy
Octreotide or somatostatinoma
Spinal cord injury

Reduced physical activity (at least in men)
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