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Objective
The aim of this study was to determine if a significant genetic
component contributes to the pathogenesis of symptomatic
gallstones.

Summary Background Data
Gallstones represent a polygenic disorder that affects more
than 30,000,000 Americans and results in more than 750,000
cholecystectomies in the United States annually. Risk factors
include age, gender, race, parity, obesity, and diabetes. A
family history of gallstones also has been identified as a risk
factor suggesting that genetics play a role in gallstone forma-
tion. However, the role of genetics in the pathogenesis of gall-
stone formation has not been determined.

Methods
A gallbladder disease-specific questionnaire was administered
to 904 healthy unrelated adult volunteers (association study).
The questionnaire ascertained a history of cholecystectomy
and gallstone disease in first-degree relatives, as well as med-
ical history, demographic, and anthropometric data. A logistic
regression model was used to identify risk factors for symp-
tomatic gallstone disease in a multivariate analysis. A maxi-

mum likelihood based variance decomposition approach was
then used in 1,038 individuals from 358 families (family study)
to estimate the additive genetic heritability of symptomatic
gallstone disease.

Results
In the association study significant risk factors for symptom-
atic gallstone disease were female gender (relative risk 8.8, P
� .003), obesity (BMI � 30, relative risk 3.7, P � .001), age �
50 (relative risk 2.5, P � .001), and a positive family history of
previous cholecystectomy in a first-degree family member
(relative risk 2.2, P � .01). In the family study the additive ge-
netic heritability of symptomatic gallstones was 29% (P �
.02), age and gender were significant covariates and ex-
plained 9.3% of the phenotypic variation in gallbladder
disease.

Conclusions
These data suggest that genetic factors are responsible for at
least 30% of symptomatic gallstone disease. However, the
true role of heredity in gallstone pathogenesis is probably
higher because data based on symptomatic gallbladder dis-
ease underestimates the true prevalence in the population.

Gallbladder disease represents a major healthcare prob-
lem in the United States. Approximately 12% of the U.S.
population, or 30,000,000 Americans have gallstones. More

then 750,000 cholecystectomies are performed each year,
and the cost of caring for these patients is between 8 and 10
billion dollars annually.1 Age, gender, race, obesity, diabe-
tes, and parity have all been identified as significant risk
factors for the development of gallstones.2,3 Many of these
patients also have a family history of gallstones, but sur-
prisingly little is known about the link between genetics and
gallstone disease in humans.

Approximately three-fourths of the patients with gall-
stones in the United States have stones that are composed
primarily of cholesterol. The pathogenesis of cholesterol
gallstones is known to be multifactorial, with the key factors
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including: 1) cholesterol supersaturated bile; 2) nucleation
and growth of cholesterol monohydrate crystals; and 3)
altered biliary motility. In addition, epidemiologic evidence,
particularly ethnic differences in gallstone prevalence, fam-
ily clustering, and twin studies suggest the importance of
genetic factors that affect susceptibility to gallstone forma-
tion and gallbladder disease.4

Gallstones are likely to result from a complex interaction
of the environment and the effects of multiple undetermined
genes. A possible genetic basis for gallstone disease has
been suggested by studies documenting an increase in the
incidence of gallstone disease in first-degree relatives of
patients relative to controls. Van der Linden and Simonson5

showed a 2.5:1 ratio favoring a familial occurrence of
gallstones in a Swedish population. Gilat et al.,6 in a study
of gallstone disease in Israel, demonstrated a nearly 2:1
ratio, while in India gallstones have been shown to be three
times more frequent in family members of gallstone patients
than controls.7 In a twin study from Denmark, 14 of 25
monozygotic twins had concordance of clinically symptom-
atic gallstone disease, compared to 6 of 40 (same sex) and
0 of 36 (different sex) dizygotic twins.8

In order to better define the role of genetic factors in
human gallbladder disease and gallstone pathogenesis we
have conducted two studies: 1) an association study on a
group of unrelated individuals to determine if family history
is a risk factor for gallbladder disease; and 2) a family study
on a group of Midwestern white families to quantify the
influence of genetic factors on symptomatic gallstone
disease.

METHODS

Association Study

Subjects

Subjects for the association study were healthy unrelated
adult volunteers. Subjects were asked to complete a gall-
bladder disease specific questionnaire detailing a history of
gallstone disease, prior cholecystectomy, and a history of
gallstone disease in first-degree family members. Subjects
were considered to be affected if they answered yes to either
of the following questions: 1) “have you had your gallblad-
der removed?”; or 2) “have you ever had a x-ray or ultra-
sound of your gallbladder that showed stones?” In addition,
demographic and medical history data were collected.
Trained technicians in all subjects recorded anthropometric
data including height, weight, waist circumference, and hip
circumference.

A total of 904 study subjects were evaluated between
January 1999 and September 2000. The mean age was
52.6 � 13.5 years (range 18–84 years). The study popula-
tion was predominantly female and white. 798 (88%) sub-
jects were female, and 106 (12%) were male. Ninety-six
percent of the subjects were white. The mean weight was

87.6 � 26.2 kg, and the mean body mass index (BMI) was
32.2 � 9.8 kg/m2.

Statistics

Univariate and multivariate statistical analysis was per-
formed using the SPSS statistical package (SPSS Inc, Chi-
cago, IL). Chi Squared and Student t-test were performed as
appropriate to determine possible risk factors. A P value of
� .05 was considered significant. Variables investigated as
possible risk factors for gallstones included age, gender,
height, weight, body mass index (BMI), family history of
gallbladder disease in a first-degree relative, history of di-
abetes, hypertension, dyslipidemia, coronary artery disease,
cerebrovascular disease, tobacco use, and alcohol use. Vari-
ables found to be significant in the univariate analysis were
placed into a logistic regression model to identify risk
factors of symptomatic gallstone disease or gallbladder
dysfunction.

Family Study

Subjects

Subjects for the family study were participants in The
Metabolic Risk Complications of Obesity (MRC-OB)
Genes project, which was initiated at the Medical College of
Wisconsin in 1994 with the formulation of a nine-page
questionnaire that collected information on family structure,
health and behavior status, and detailed family and personal
history of obesity and its health complications. These fam-
ilies were recruited from the TOPS (Take Off Pounds Sen-
sibly, Inc.) membership. TOPS provided mailing material
on membership attending its chapters in 10 states (Wiscon-
sin, Illinois, Michigan, Iowa, Minnesota, Ohio, West Vir-
ginia, Missouri, Kentucky, and Indiana).

Questionnaire data received from 60,000 respondents
were verified and entered into the TOPS Obesity and Met-
abolic Research Center databases at the Medical College of
Wisconsin. Families with at least two obese siblings (body
mass index [BMI] � 30 kg/m2), availability of one (pref-
erably both) parents, as well as at least one never-obese
sibling and/or parent (BMI � 27 kg/m2) were identified and
contacted for ascertainment. Families were scheduled to
visit satellites (4–6 per state), where an experienced team
undertook the phenotypic procedures. A more detailed
questionnaire garnered personal data (date of birth, race,
marital status), health history (asthma, kidney or liver dis-
ease, hypertension, heart disease, stroke, hyperlipidemia,
thyroid disorders, diabetes, medications, menopausal status,
and hormonal replacement therapy), weight history (age of
onset, maximum and minimum adult weight, dietary and
exercise profiles), smoking and alcohol history, as well as
family structure data. Exclusion criteria included preg-
nancy, type 1 diabetes mellitus, history of cancer, renal or
hepatic disease, severe coronary artery disease, substance
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abuse, corticosteroids or thyroid medications above replace-
ment dose, and history of weight loss of more than 10% of
body weight in the preceding 12 months.

2,209 individuals distributed across 507 white families
have subsequently undergone genotyping using the Weber
screening set 9 (Research Genetics, Huntsville, AL). These
individuals were subsequently mailed the same gallbladder
disease specific questionnaire detailing a history of gall-
stone disease, prior cholecystectomy, and a history of gall-
stone disease in first-degree family members as was admin-
istered to the subjects in the association study. Forty-seven
percent of the subjects responded to the questionnaire. Data
for the genetic analyses presented here include 1,038 indi-
viduals distributed across 358 white families of predomi-
nantly northern European ancestry and residing in Midwest-
ern states. Research protocols were approved by the
Institutional Review Board of the Medical College of
Wisconsin.

Genotyping

Whole blood was obtained from all consenting family
members for DNA extraction. DNA was prepared by using
commercial kits (Puregene, Gentra Systems, Minneapolis),
which use a nonphenol-based method involving RNase A
treatment. The DNA samples were stored in aliquots at 4°C,
and back-up DNA samples were stored in ethanol at -70°C.
Additional whole blood aliquots were stored at -70°C for
further DNA extraction. More than 200 (g genomic DNA
with a 260/280 ratio of 1.8 to 2.1 was available from each
family member.

Genotyping was performed at the Marshfield (Wisconsin)
Medical Research Foundation by using the Weber screening
set 9 (Research Genetics, Huntsville AL). This procedure
used 387 markers, representing tandem repeat polymor-
phisms, including 366 autosomal markers, as well as 17
X-linked and 4 Y-linked markers, and yielded an average
map density of 10 cM. Initial analyses included validation
of the reported relationships between individuals, checked
by calculating likelihoods of the relationships based on the
autosomal genotype data. The genotypic data also were
examined for Mendelian inconsistencies, and those geno-
types proven to be inconsistent were removed. The autoso-
mal genotype data were 97.6% complete. The average
(�SD) heterozygosity of these markers used was .79 � .06,
and the sex-averaged genetic spacing was 9.1 � 3.8 cM.
DNA was screened by using fluorescently labeled primers
from Research Genetics. The PCR assay mixture contained
45 ng DNA, 0.075 (mol/L fluorescently labeled primers,
0.12 units AmpliTaq Polymerase (Sigma), 100 (mol/L each
dNTP, 25 mmol/L MgCl2, and buffer. PCR conditions in-
cluded 27 cycles of denaturation (95°C for 30 seconds),
annealing (55°C for 75 seconds), and elongation (72°C for
30 seconds), followed by a final 6-minute elongation period.
Samples were analyzed through automated high-throughput

scanning fluorescence detectors, each simultaneously de-
tecting three separate dyes.

Statistics

All quantitative genetic analyses were conducted using
the maximum likelihood based variance decomposition ap-
proach implemented in the computer package SOLAR.9 This
approach, which was developed following methodology
originally proposed by Hopper and Mathews,10 and has
been described in detail elsewhere.9 In short, we used this
approach to partition the phenotypic variance (�P

2) into
components corresponding to the additive genetic (�G

2 ) and
non-genetic – i.e., environmental –(�E

2) effects. Because
these components are additive, such that �P

2 � �G
2 ��E

2 , we
estimate the heritability, or proportion of the phenotypic vari-
ance attributable to additive genetic effects, as h2 ��G

2 /�P
2. We

estimate the proportion of the phenotypic variance attributable
to nongenetic (environmental) factors as e2 � 1-h2. In addition
to these terms, we also simultaneously estimated the mean
effects of sex, sex-specific age and other significant covariates
(obesity, menopause, current oral estrogen use, overweight
during puberty, overweight during adolescence, smoking, dia-
betes, and hypertension).

Significance of the maximum likelihood estimates for
heritability and other parameters were assessed by means of
likelihood ratio tests. The likelihood for the general model
in which all parameters were estimated are compared to the
likelihood for restricted models in which the value of the
parameter to be tested will be held constant at zero. Twice
the difference in the natural log (ln) likelihoods of the two
models to be compared is distributed approximately as a
1/2:1/2 mixture of �2 with one degree of freedom and a
point mass at zero.

RESULTS

Association Study

Two hundred sixteen subjects (24%) reported a history of
prior cholecystectomy or gallstones by radiologic imaging
study. The subjects with a history of symptomatic gallstones
were significantly older than those subjects with no history
of gallstones (58.2 � 10.1 vs. 50.9 � 14.0 years, P � .001)
and were more obese (BMI 37.6 � 8.0 vs. 30.5 � 9.6
kg/m2, P � .001). Three hundred fifty-seven subjects (39%)
reported a family history of cholecystectomy in a first
degree relative.

Results for a univariate analysis of the risk factors for a
history of symptomatic gallstone disease are shown in Table
1 Variables found to be significantly related to a history of
cholecystectomy included age, obesity (BMI � 30), female
sex, history of gallstone disease in a first degree relative
(Fig. 1), and a history of diabetes, dyslipidemia, heart dis-
ease, cerebrovascular disease, or hypertension. A history of
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alcohol consumption showed a decrease in the prevalence of
gallbladder disease in this analysis.

Table 2 shows the results of the multivariate analysis of
risk factors for symptomatic gallbladder disease. All risk
factors identified in the univariate analysis were entered into
a logistic regression model. Female sex was the strongest
risk factor with a relative risk approaching 9.0. In addition,
obesity (BMI � 30), age (� 50years), and a positive family
history of gallbladder disease in a first-degree relative were
also found to be significant risk factors.

Family Study

Data on prior cholecystectomy for gallbladder disease
were available for 1,038 individuals who participated in the
MRC-OB genes project. Two hundred and thirteen subjects
(21%) were male and 825 subjects (79%) were female. The
mean age of the population was 49.8 � 14.2 years (54.6 �
15.5 years in males and 48.6 � 13.5 years in females). As
shown in Figure 2, the prevalence of symptomatic gallstone

disease in the family study was significantly greater (P �
.01) in females as compared to males, 28% versus 6.6%
respectively. Table 3 shows the results of gender, age,
obesity (BMI), and family history of cholecystectomy in a
first-degree relative stratified by gallstone disease status.
Subjects with symptomatic gallstones were more likely to
be female (P � .05), older (P � .05), heavier (P � .05) and
to have a positive family history (P � .05).

The additive genetic heritability (h2) of gallbladder dis-
ease in this population is .29 � .14 (P � .013), indicating
that a substantial portion of the variations in gallbladder
disease is due to the additive effects of genes. In this model,
age and gender were found to be significant covariates and
explained approximately 9.3% of the phenotypic variation
in symptomatic gallbladder disease.

DISCUSSION

Symptomatic gallbladder disease is common in the
United States and results in approximately 750,000 chole-
cystectomies per year. The vast majority of cholecystecto-
mies are performed for gallstone disease with cholesterol
gallstones accounting for nearly 75% of all gallstones. Su-
persaturation of cholesterol in bile, the nucleation and
growth of crystals in the gallbladder, and gallbladder dys-
motility are important factors in gallstone pathogenesis.
Gallstones are likely to result from a complex interaction of
the environment and the effects of multiple undetermined
genes. In this study we have investigated potential risk
factors for symptomatic gallbladder disease using a gall-
bladder disease specific questionnaire. In a predominantly
white, female population of 904 unrelated adults, 24% of
the subjects reported a history of previous cholecystectomy.
A multivariate analysis of this population revealed that
female gender, obesity (BMI � 30), age, and a positive
family history of gallbladder disease in a first-degree rela-
tive to be significant risk factors for symptomatic gallstone
disease. A subsequent investigation of more than 1,000

Fig. 1. Prevalence of gallstone by family history in the association
study.

Table 1. UNIVARIATE ANALYSIS OF RISK
FACTORS FOR SYMPTOMATIC

GALLSTONE DISEASE

Variable n % P-Value

Gender
Male (n � 106) 2 1.9 �.01
Female (n � 798) 214 26.8

Obesity
BMI � 30 (n � 409) 36 8.8 �.01
BMI � 30 (n � 495) 180 36.4

Age
� 50 years (n � 368) 42 11.4 �.01
� 50 years (n � 536) 174 32.5

Family history of cholecystectomy
Negative (n � 547) 83 15.3 �.01
Positive (n � 357) 133 37.3

Diabetes Mellitus
Negative (n � 759) 161 21.2 �.01
Positive (n � 144) 54 37.5

Hypertension
Negative (n � 579) 99 17.0 �.01
Positive (n � 311) 112 36.0

Dyslipidemia
Negative (n � 586) 108 18.4 �.01
Positive (n � 241) 97 33.3

Coronary Heart Disease
Negative (n � 804) 171 21.3 �.01
Positive (n � 74) 34 45.9

Cerebrovascular Disease
Negative (n � 870) 208 24.6 �.01
Positive (n � 34) 14 41.2

Tobacco use
Negative (n � 845) 208 24.6 ns
Positive (n � 57) 8 14.0

Alcohol use
Negative (n � 401) 125 31.2 �.01
Positive (n � 496) 86 17.3
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individuals from 358 families demonstrated a prevalence of
prior cholecystectomy or gallstones of 23%. Using a max-
imum likelihood based variance decomposition approach,
the additive genetic heritability was approximately 30% for
symptomatic gallstone disease.

Most epidemiologic studies in the Western literature have
shown that females have a higher frequency of gallbladder
disease then males. The female to male ratio of gallstone
and gallbladder disease approaches 4:1 in younger subjects
(� 40 years of age).3,11 The female to male ratio decreases
to 2:1 in older age groups.3,12–14 Both the prevalence and
incidence of gallstone disease increases with age.3,12–14

Gallstones are seldom found in prepubertal children and are
rare in adolescent whites. Less than 5% of the cholecystec-
tomies performed are in patients less than 20 years of
age.15,16 In the Sirmione study only 1 of 135 in the 18 to 21
year old subgroup had gallstones demonstrated by ultra-
sonography. Both the GREPCO12,13 and the Sirmione14

studies found gallstone prevalence rates that increase lin-
early with advancing age. An examination of the Third
National Health and Nutrition Examination survey
(NHANES III)3 has shown the prevalence of both symp-
tomatic and asymptomatic gallbladder disease in men to
increase from 1.3% in the 20–29 year age group to 25.3%
in the 60–74 year age group. Similarly, the prevalence of
gallbladder disease in females increased from 6.5% in the
20–29 year age group to 33.1% in the 60–74 year age
group.

Obesity dramatically increases the risk of gallstone for-
mation, especially in females.3,17–19 In a large population
study, Heaton et al.20 have shown that a high waist-hip ratio
predicts gallstones in men, whereas a high BMI and high
weight gain after age 20 do not. In the Framingham study,
the clinical risk increased two-fold in those women 20%
above the median weight.11 In the large ultrasonographi-
cally surveyed Copenhagen cohort (n � 5581), Jorgensen21

found that gallstone prevalence correlated positively with
body mass index in women but not in men, a feature also
seen in the GREPCO13 study of Roman civil servants and in
West Britain.20 In the Sirmione study,22 gallstone preva-
lence was significantly higher in obese subjects of younger
age, and incidence rates over 5 years of follow-up were
three times higher in obese than in nonobese subjects. In
Texas, most Mexican-American teenagers with cholesterol
stones were found to be markedly obese.23 In the large
MICOL study of 29,584 individuals carried out on 14 co-
horts between 1984 and 1987 in Italy,17 obesity proved to be
one of the most consistent associations with gallstones in
both males and females.

A well-established pathophysiologic link between obesity
and gallstone formation is cholesterol-supersaturated
bile.24,25 Obese people hypersecrete biliary cholesterol, bile
salts, and phospholipids, but the rate of cholesterol secretion
supersedes that of the other biliary lipids, leading to cho-
lesterol-supersaturated bile.26 Weight reduction aggravates
this phenomenon, as hepatic stores of cholesterol are mo-
bilized, bile salt synthesis is decreased, and normal gall-
bladder emptying is interrupted, leading to further supersat-
uration of bile and rapid gallstone formation.27,28 In theory,
increased flux of cholesterol from the bile into gallbladder
muscle cells stiffens the sarcolemmal membranes, de-
couples signal transduction, and inhibits gallbladder muscle
function.29,30 However, ultrasound data on gallbladder vol-
ume and emptying in obese humans are conflicting.31,32

While most studies suggest increased resting gallbladderFig. 2. Prevalence of gallstone disease in the family study.

Table 2. MULTIVARIATE ANALYSIS OF
RISK FACTORS FOR SYMPTOMATIC

GALLSTONE DISEASE

Relative risk 95% CI P-Value

Gender 8.8 2.0–35.9 .003
Obesity 3.7 2.3–5.3 �.001
Age 2.5 1.5–3.4 �.001
Family history of gallstones 2.2 1.5–3.0 .001

Table 3. FAMILY STUDY CLINICAL
CHARACTERISTICS

Symptomatic
gallstones
(n � 237)

No
gallstones
(n � 794)

Gender
Male (n � 213) 14 (6%)* 197 (25%)
Female (n � 825) 223 (94%)* 597 (75%)

Age (years) 53.2 � 12.6* 48.6 � 13.7
BMI (kg/m2) 35.2 � 7.9* 31.6 � 7.7
Family History of

Cholecystectomy
Positive (n � 600) 184 (78%)* 416 (52%)
Negative (n � 431) 53 (22%)* 378 (48%)

* P � 0.05 vs No gallstones.
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volume in obese subjects, some reports demonstrate that
these large gallbladders empty normally.31

The association between gallbladder disease and family
history has been hypothesized since the mid 1900s. Jackson
and Gay33 investigated the family members of 100 consec-
utive white patients undergoing gallbladder surgery utiliz-
ing oral cholecystography and cholecystectomy. For 72% of
the families, definite or suggestive evidence of gallbladder
disease was obtained in a sibling, parent, or offspring.
Because of an observed 3:1 female-to-male ratio in the
study, they suggested that gallstone disease may be inher-
ited as a sex-linked dominant trait. In a cross-sectional
ultrasonographic study of a large cohort in Copenhagen
(n � 4,581), Jorgensen34 found a 2:1 positive association
between gallstone disease in first degree relatives of sub-
jects with gallstones, irrespective of the symptom status of
the patients. In a 430 pair subset of the Sirmione
study,14,22,35 the relative risk of gallstones was 3.3-fold
higher in sons and daughters of parents with gallstones
when controlled for age and other confounding variables.

Nürnberg et al.36 examined by ultrasonography 1,616
symptom-free patients, mostly female, aged 12 to 93 years
with gallstones in Northern Germany. They found a three-
fold increased family prevalence of gallstones in the
younger age groups, compared with stone-free controls.
Recently, a similar familial frequency of gallstones was
found by Kratzer et al.37 among 1,116 young-to-middle-
aged healthy blood donors who were mostly men. In the
Italian MICOL study,17 subjects with a history of gallstones
in either parent had an increased risk of having gallstones;
the risk was significantly higher when both parents had
gallstone disease. The present analysis is consistent with
these earlier studies in that a 2.5:1 incidence of symptomatic
gallstones was found in both the association and family
studies.

Willem van der Linden in Northern Sweden did very
useful work on the familial occurrence of gallstones during
the 1960s and 70s. He attempted to sort out diagnostic and
ascertainment bias with respect to control groups, as well as
verifying the presence of stones by oral cholecystography or
cholecystectomy. Van der Linden and Lindelof5 restricted
their investigation to proven gallstone patients who were
married and who had siblings of the opposite sex. If the
patient was a man, the occurrence of gallstones in his wife
was compared with that of his sister nearest in age to his
wife. If the patient was a woman, her husband was com-
pared with her brother nearest in age to her husband. Em-
ploying this approach, 263 individuals (87 males, 176 fe-
males—mean ages 49 and 51 years, respectively) were
evaluated rigorously for gallstones. The data showed a clear
2:1 ratio in favor of a familial occurrence for gallstone
disease. Because familial occurrence does not necessarily
reflect genetic factors, van der Linden and Westlin38 then
studied the occurrence of gallstone disease in spouses who
had lived together continuously and presumably shared the
same environment, especially diet, during adult life. They

used similar methodology and found that women married to
patients with gallstone disease do not suffer more often
from the disease than do other women.

The impact of heredity has been corroborated in three
large, carefully controlled prevalence studies (by cholecys-
tography/surgery/ultrasonography) from Sweden,39 Israel6

and North India.7 In each case, the data showed significantly
higher, (�2:1) prevalence rates of gallstones in the first-
degree relatives of the probands compared with controls.
Hanis et al.23 also established in Mexican-Americans that
the probability of an individual with gallbladder disease
having a first degree relative similarly affected was 1.8
times the random probability.

Several anecdotal reports of concordance of cholesterol
gallstones in small numbers of monozygous twins have
been published. In a large Danish study,8 1,900 unselected
twin pairs born between 1870 and 1910 were sent a ques-
tionnaire, which requested that they describe “any and all
admissions to hospital, where, when and for what condi-
tion.” Diagnosis of gallstones was obtained from the chart
descriptions of the hospitalized cases. In the entire cohort,
the crude incidence of cholelithiasis was 2.6%. Of a total of
101 twin pairs with a hospital diagnosis of cholelithiasis,
concordance for the disease was found among 14/25
monozygotic pairs compared with 6/40 (same sex) and 0/36
(different sex) dizygotic pairs. Zero concordance among
white twins of different sex most likely reflects the different
frequencies of symptomatic cholelithiasis between men and
women. Further, if silent gallstone cases were ascertained,
the actual frequency and concordance of gallstones might
have been much more impressive. Kesaniemi et al.40 ran-
domly selected male twins (17 monozygotic and 18 dizy-
gotic pairs) from the Finnish Twin Cohort. The males were
living apart but residing in the Helsinki area. Their ages
ranged from 43 to 58 years (mean 50) and mean body
weight was 78 kg. Employing oral cholecystography and
history of cholecystectomy, gallstones were ascertained in
seven monozygotic and three dizygotic subjects, with two
monozygotic and none of the dizygotic twin pairs being
concordant for gallstones giving 40% pairwise concordance
for the former and 0% for the latter. These studies, albeit
imperfect, constitute the best information on familial occur-
rence and monozygotic twin concordance for gallstones.

While epidemiologic studies and the increased risk of a
positive family history of gallbladder disease in a first
degree relative suggest a role of genetic factors for gallblad-
der disease, direct evidence for the genetic determination of
gallbladder disease is limited. In a recent study by Duggirala
et al.41 of 579 individuals from 32 Mexican-American fam-
ilies, questionnaire data on prior cholecystectomy was used
to determine gallbladder disease status. Using a maximum
likelihood-based variance decomposition approach the her-
itability of symptomatic gallbladder disease was estimated
to be 44% � 18%. This heritability is similar to the 29% �
14% we have reported in our family study of midwestern
white families. Similar to our model, age and gender were
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also found to be significant covariates in this Mexican–
American study.

Our findings should be interpreted with caution for the
following reasons. First, because obesity is a significant risk
factor for gallbladder disease and the subjects in our family
study have been ascertained by an obese proband, the prev-
alence of gallbladder disease in the study population may be
higher than the general population. Conversely, it is likely
that some of the genetic factors responsible for obesity may
also play a significant role in gallbladder disease. Second,
gallbladder disease status was defined by a self-reported
clinical history of cholecystectomy, rather than an ultra-
sound examination. Therefore, the reported prevalence of
gallbladder disease is underestimated as two thirds of pa-
tients with gallstones are asymptomatic. Our estimate of
heritability may be low because it is based on symptomatic
gallstone disease. Thus, the potential overestimate due to
obesity may have been balanced by an underestimate of
studying only symptomatic gallstone disease. Because our
model did not account for any shared environmental (non-
genetic factors) among family members such as diet, our
estimates of heritability may be elevated. Moreover, hered-
ity has recently been shown to contribute to approximately
one-third of the pathogenesis of other polygenic disorders
such as obesity, hypertension and diabetes. As a result, our
estimate that genetic factors are responsible for approxi-
mately 30% of symptomatic gallstones is consistent with
current theories on the pathogenesis of polygenic diseases.
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Discussion
DR. KEITH D. LILLEMOE (Baltimore, Maryland): I would like to congrat-

ulate Drs. Pitt, Nakeeb, and their co-authors for an excellent analysis and
fine presentation. It appears that Dr. Pitt and his co-workers have added a
fifth ‘F‘ to the four ‘Fs‘ that we learned in medical school as risk factors
for gallstone disease. To ‘fat, forty, female, and fertile‘ they have now
added ‘family history.‘ Clearly their analysis of these two groups of
patients has provided strong evidence that having a first-degree relative
with gallstone disease is a significant risk factor to develop with this
problem in the patients.

I would like to ask a few questions, however, that may require Dr.
Nakeeb to do some speculation. Recognizing the strong influence of female
gender as a risk factor as well as the strong preponderance of females in
their study population, I would like to ask if they think that the familial risk
factor for gallstone disease is gender specific; that is, are males at as much
risk for the development of gallstones due to familial factors as are
females?

Second, is it really possible even with your sophisticated analysis and
razzle-dazzle statistical techniques to separate the familial risk factors from
those of obesity reflecting similar eating patterns in the homes of patients
shared with first-degree relatives with gallstone disease?

Finally, although I know it is impossible to tell from your data analysis,
is it your best guess that this reflects primarily cholesterol gallstone disease,
or do you think this is likely through the entire spectrum of different types
of gallstones?

Thank you again for letting me review the manuscript and thank you to
the Society for the opportunity to discuss the paper.

DR. J. PATRICK O’LEARY (New Orleans, Louisiana): I am concerned that
certain risk factors such as pregnancy, certainly specific to the female
gender, may not have been appropriately evaluated in this study. Being
with child and the hormonal changes that go along with pregnancy pre-
disposes the woman to the development of a nidus in the gallbladder that
ultimately may become a stone. We weren’t appraised of any evaluation
with regard to pregnancy or the number of pregnancies being addressed. I
wonder if that might have impacted on the data.

DR. SUSAN GALANDIUK (Louisville, Kentucky): I have a question regard-
ing a similar comment of Dr. Lillemoe. With Association studies there is
always a significant risk of bias due to population substructure. It seems as
if you are selectively analyzing a group of patients from T.O.P. centers
where patients were trying to lose weight and were more frequently
women. Do you think that this may have biased your results? And have
there been any genetic studies, linkage studies or any kind of transmission
disequilibrium studies on these patients?

DR. BRUCE D. SCHIRMER (Charlottesville, Virginia): One question about
the obesity aspect with gallstone formation. We know with weight reduc-

tion surgery and with severe diets that if patients lose weight rapidly they
will form gallstones. I wonder if the questionnaire in any way looked at
whether or not patients had lost weight as part of their obesity. It has been
my impression in dealing with obese patients over the years that the ones
that have lost weight in a yo-yo fashion have a higher chance of having
gallstones than the ones that didn’t.

DR. ATTILA NAKEEB (Milwaukee, Wisconsin): Thank you, Dr. Carey and
Dr. Townsend and the Association, for the opportunity to present our work.
I would like to thank all of the discussants for their insightful comments.

I’ll address Dr. Schirmer’s question first in terms of the procedural
aspect of our study. We excluded all patients who lost greater than 10% of
their weight in the last year in order to eliminate that bias in both the family
and the Association study. In terms of Dr. Lillemoe’s question, is the
phenomenon gender specific? The answer is, no, it is not. We have seen
similar increases in family history prevalence data in both the males and
the females. Unfortunately our population again was heavily skewed to
females because they were the ones who responded to our survey studies
and would come in for the testing that was required. However, in the
percentage of males who did, we were able to investigate that there was
similar family history data in terms of prevalence rates.

In sorting out the genetic versus environmental factors, it is a little bit
more complicated. In this kind of statistical analysis, the premise is based
on having good family structure data, being able to do genotyping in the
patients to look at the alleles that are brought down from parents through-
out the generations, and to actually track the alleles that get transmitted.
The analysis basically lumps the study genetic alleles and factors. Those
are the groups that are characterized as the heritable component. The
environmental component really gives a much broader sense and really is
more of a nongenetic component and really takes into account environ-
mental factors as well as unstudied genetic factors as well. Unfortunately,
we don’t have a lot of data on diets and things like that that are shared
within the families.

Again, one of the limitations of the study is that it is survey data
basically looking at symptomatic gallbladder disease. There is no way to
differentiate between cholesterol and pigment gallstones. We know at least
in the obese population that cholesterol gallstones are more common. They
account for 75% of all the gallbladder disease in this country. So we think
that most of these stones are likely to be cholesterol stones.

For Dr. O’Leary, again a very excellent question. Again, parity is going
to be – it has been known as one of the four risk factors for gallbladder
disease. Unfortunately, in our Association study, we were not set up to look
at parity issues, so we have limited data on that. In the family study,
however, we do have good data on parity, as well as supplemental estrogen
and hormonal replacement therapies. Those were taken into the genetic
models and were not found to be significant covariants for this.

In terms of looking at other different deliberium and genetic methods for
looking at the study, there has not been any real work done in looking at
different deliberium studies in gallstone disease particularly. Some of this
has been done in the obesity population, and our co-workers have actually
identified four different genes that are associated with obesity.

The long-term goal of this project is to investigate and identify those
genetic factors. This population is ideal for studying the genetics of
gallstone disease in that it is a population that we have been able to
characterize and do genotyping on 2,000 of these individuals. We have
good family structure data. And, we are currently going back to look at
some of the pre-gallstone phenotypes, such as gallbladder ejection faction,
number of stones, to further dissect out which genes are actually involved
in this process.
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