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Elevated body mass index (BMI) is associated with an increased risk of gallstone disease.
Whether this reflects a causal association is unknown. Using a Mendelian randomization
approach, we studied 77,679 individuals from the general population. Of these, 4,106
developed symptomatic gallstone disease during up to 34 years of follow-up. Subjects
were genotyped for three common variants known to associate with BMI:
FTO(rs9939609); MC4R(rs17782313); and TMEM18(rs6548238). The number of BMI-
increasing alleles was calculated for each participant. In observational analyses, mean
baseline BMI was 55% (11.6 kg/m2) increased in individuals in the fifth quintile versus
the first quintile, similar in women and men. The corresponding multifactorially
adjusted hazard ratio (HR) for symptomatic gallstone disease was 2.84 (95% confidence
interval [CI]: 2.32-3.46) overall, 3.36 (95% CI: 2.62-4.31) in women, and 1.51 (95%
CI: 1.09-2.11) in men (P trend: 0.001 to <0.001; P interaction: BMI*sex on risk 5
0.01). In genetic analyses, carrying 6 versus 0-1 BMI-increasing alleles was associated
with a 5.2% (1.3 kg/m2) increase in BMI overall and with increases of 4.3% in women
and 6.1% in men (all P trend: <0.001). Corresponding HRs for symptomatic gallstone
disease were 1.43 (95% CI: 0.99-2.05) overall, 1.54 (95% CI: 1.00-2.35) in women, and
1.19 (95% CI: 0.60-2.38) in men (P trend 5 0.007, 0.02, and 0.26, respectively;
P interaction allele score*sex on risk 5 0.49). The estimated causal odds ratio (OR) for
symptomatic gallstone disease, by instrumental variable analysis for a 1 kg/m2 increase
in genetically determined BMI, was 1.17 (95% CI: 0.99-1.37) overall and 1.20 (95%
CI: 1.00-1.44) and 1.02 (95% CI: 0.90-1.16) in women and men, respectively. Corre-
sponding observational HRs were 1.07 (95% CI: 1.06-1.08), 1.08 (95% CI: 1.07-1.10),
and 1.04 (95% CI: 1.02-1.07), respectively. Conclusion: These results are compatible
with a causal association between elevated BMI and increased risk of symptomatic gall-
stone disease, which is most pronounced in women. (HEPATOLOGY 2013;58:2133-2141)

E
levated body mass index (BMI) is associated
with an increased risk of gallstone disease, one
of the most common and costly of gastrointesti-

nal diseases.1-5 However, whether this association
reflects a causal effect of obesity on gallstone disease is

unclear. It may be that another factor simultaneously
raises BMI and causes gallstone disease, and that ele-
vated BMI is merely a marker of this other causal fac-
tor (in epidemiology, this common phenomenon is
termed “confounding”). For instance, a high-fat diet
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might cause obesity as well as changes in the bile com-
position that promote the formation of cholesterol
gallstones.6 Likewise, physical inactivity is known to be
associated with both obesity and gallstone disease and
thus constitutes another potential confounder.7 Apart
from confounding, reverse causation could also explain
part of the association between BMI and gallstone dis-
ease in retrospective or cross-sectional studies (i.e., col-
icky pain associated with gallstone disease may lead to
a more sedentary lifestyle and hence raised BMI). A
sometimes underappreciated fact is that confounding
and reverse causation can be difficult, if not impossi-
ble, to obviate by statistical methods in conventional
observational epidemiology.8

Mendelian randomization is a new epidemiological
approach that aims to avoid confounding and reverse
causation by use of genetic variation in human popula-
tions.8 Because of the random assortment of genotypes
during conception, genetic variants with effect on a
modifiable exposure of interest are randomly distrib-
uted in relation to potential confounders.8 Put simply,
genetic variants that associate with increased BMI can
be used as unconfounded instruments to study the
effect of raised BMI on outcomes. Thus, if raised BMI
truly is a causal factor in the development of gallstone
disease, genetic variants that increase BMI would be
expected to also increase risk of gallstone disease.
Furthermore, because genetic variants are determined
at conception and remain constant throughout life,
Mendelian randomization is not influenced by reverse
causation (i.e., gallstone disease cannot change the
genotype of an individual).

Using a Mendelian randomization design, we tested
the hypothesis that there is a causal association
between elevated BMI and increased risk of sympto-
matic gallstones (Fig. 1, arrows 1-4). First, we
tested whether elevated BMI at baseline was associated
prospectively with increased risk of symptomatic
gallstones (Fig. 1, #1), second, whether
BMI-increasing alleles of FTO(rs9939609),
MC4R(rs17782313), and TMEM18(rs6548238), three
common genetic variants with the largest known
effects on BMI,9 were associated with elevated BMI, as

expected (Fig. 1, #2), third, whether BMI-increasing
alleles were associated directly with an increased risk of
symptomatic gallstones (Fig. 1, #3), and fourth,
whether the causal effect of BMI-increasing alleles on
risk of symptomatic gallstones, using instrumental vari-
able analysis, was consistent with the observational
association between BMI and risk of gallstone disease
(Fig. 1, #4, compared with #1).

Patients and Methods

Studies were approved by institutional review boards
and Danish ethical committees and were conducted
according to the Declaration of Helsinki. Written
informed consent was obtained from participants. All
participants were white and of Danish descent.

Participants. We included participants in two sim-
ilar prospective studies of the Danish general popula-
tion: The Copenhagen General Population Study
(CGPS; n 5 67,314) and The Copenhagen City
Heart Study (CCHS; n 5 10,365).10-12 Combining
these two studies yielded a total of 77,679 participants,
of whom 4,106 developed symptomatic gallstone
disease.

The CGPS. The CGPS10-12 is a prospective study
of the Danish general population initiated in 2003
with ongoing enrollment. Individuals were selected
based on the National Danish Civil Registration

Fig. 1. Mendelian randomization design underlying the present
study. If evidences #1-3 are all documented firmly, the interpretation
would be that the data are compatible with a causal relationship
between elevated BMI and risk of symptomatic gallstone disease. This
is then tested directly using instrumental variable analysis (#4, causal
association), which is compared with the observational estimate (#1).
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System to reflect the adult Danish population at 20-
100 years of age. Data were obtained from a self-
administered questionnaire reviewed together with an
investigator at the day of attendance, a physical exami-
nation, and from blood samples, including DNA
extraction. We included 67,314 consecutive partici-
pants from this study in the present analysis. Of these,
3,435 developed symptomatic gallstone disease.

The CCHS. The CCHS10-12 is a prospective study
of the Danish general population initiated in 1976-1978
with follow-up examinations in 1981-1983, 1991-1994,
and 2001-2003. Participants were recruited and examined
exactly as in the CGPS. Blood samples for DNA extrac-
tion were drawn at the 1991-1994 and 2001-2003 exami-
nations. We included 10,365 consecutive participants in
the present analysis. Of these, 671 developed sympto-
matic gallstone disease.

Symptomatic Gallstone Disease. We defined
symptomatic gallstone disease as International Classifi-
cation of Disease (ICD) codes for cholelithiasis or cho-
lecystitis (ICD8: 574 and 575; ICD10: K80 and K81)
received at hospitals. Information on diagnoses of
symptomatic gallstone disease was collected from the
National Danish Patient Registry and the National
Danish Causes of Death Registry. The National Dan-
ish Patient Registry has information on all patient con-
tacts with all clinical hospital departments and
outpatient clinics in Denmark, including emergency
wards (from 1994). The National Danish Causes of
Death Registry contains data on the causes of all
deaths in Denmark, as reported by hospitals and gen-
eral practitioners.

Follow-up time for gallstone disease for each partici-
pant in either study began at the establishment of the
National Danish Patient Registry (January 1, 1977) or on
the participant’s birthday, whichever came last. Follow-up
ended at the date of death (n 5 6,490), occurrence of
event (n 5 4,106), emigration (n 5 354), or on May 10,
2011 (last update of the registry), whichever came first.
Follow-up was 100% complete, that is, no individual was
lost to follow-up.

Genotyping. An ABI PRISM 7900HT Sequence
Detection System (Applied Biosystems, Foster City, CA)
and Taqman-based assays were used to genotype for
FTO[rs9939609], MC4R[rs17782313], and
TMEM18[rs6548238], as previously described.10 These
polymorphisms were selected as those with the largest
known common effect sizes for association with BMI in
European populations.9 To act as an aggregate instru-
ment for BMI, a simple allele score of 0-6 was con-
structed as the sum of BMI-increasing alleles across the
three genotypes.10 Individuals with 0 and 1 BMI-

increasing alleles were combined into one group because
there were very few individuals with 0 BMI-increasing
alleles.10 ABCG8 D19H(rs11887534), the strongest
genetic risk factor for gallstone disease, was genotyped
by Taqman, as previously described.11

Covariates. BMI was measured as baseline weight
in kilograms divided by measured height in meters
squared (kg/m2). Physical activity in leisure time, hor-
mone replacement therapy and parity in women, alco-
hol, fast-food, and vegetable consumption were self-
reported, dichotomized, and defined as physical activity
(4 hours or more per week of light physical activity in
leisure time versus less than 4 hours), hormone replace-
ment therapy (yes/no), parity (any number of births
versus nulliparity), alcohol consumption (>14/21 versus
�14/21 units per week in women/men; 1 unit alcohol:
�12 g), fast-food consumption (at least once per week
versus less than once per week), and vegetable consump-
tion (at least once per day versus less than once per
day). Data on fast-food and vegetable consumption
were only available in the CGPS (n 5 67,314).

Statistical Analyses. Data were analyzed using
STATA/SE 12 (StataCorp LP, College Station, TX).
Chi-square tests were used to evaluate Hardy-Weinberg
equilibrium. Mann-Whitney’s U test or Pearson’s chi-
square test were used to compare characteristics in
individuals by disease status. For statistical analyses,
the allele score was coded as 1-6, BMI quintiles 1-5,
and for individual genotypes, common homozygotes,
heterozygotes, and rare homozygotes were coded as 0,
1, and 2, respectively.

A schematic of the Mendelian randomization model
underlying the present study is shown in Fig. 1. We
tested the four hypotheses described below.

First, to test whether elevated BMI associates obser-
vationally with an increased risk of symptomatic
gallstone disease, Cox’s regression models with age as
the time scale and left truncation (delayed entry) were
used to estimate hazard ratios (HRs) for symptomatic
gallstone disease prospectively. Analyses were
conducted from the time of blood sampling (baseline)
through 2011. To avoid reverse causation (i.e.,
gallstones influencing baseline BMI), individuals with
prevalent symptomatic gallstone disease at blood sam-
pling (n 5 2,941) were excluded from the prospective
analysis, leaving 74,738 participants and 1,165
incident symptomatic gallstones. Risk of symptomatic
gallstone disease was estimated as a function of BMI
in quintiles adjusted for age and sex, or multifactori-
ally for age, sex, physical activity, hormone replace-
ment therapy, and alcohol consumption. Competing
risk of any death was accounted for by censoring at
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the date of death. Interaction of BMI with all covari-
ates listed above was evaluated by including two-factor
interaction terms between BMI and covariates, one at
a time, in Cox’s regression model.

Second, to test whether genotypes, individually or as
an allele score, were associated with raised BMI, we
used Cuzick’s extension of a Wilcoxon rank-sum test
for trend. For use of such genotypes as unconfounded
instruments of increased BMI, it is essential to test
that this assumption is indeed valid, whereas, at the
same time, confounders likely associate both with BMI
and/or gallstone disease. Therefore, logistic regression
was used to assess whether observational BMI, sympto-
matic gallstone disease, or allele score were associated
with potential confounders (e.g., age, sex, physical
activity, consumption of alcohol, fast food, and/or veg-
etables, [for women] hormone replacement therapy
and parity, and ABCG8 D19H genotype).

Third, we tested for direct association between allele
score and symptomatic gallstones. Because genotype is
constant throughout life, and hence impervious to
reverse causation, risk of symptomatic gallstone disease
as a function of allele score was analyzed from 1977
through 2011 (i.e., all 4,106 symptomatic gallstones
were included in this analysis). Cox’s regression mod-
els multifactorially adjusted for age, sex, physical activ-
ity, hormone replacement therapy, and alcohol
consumption were used to estimate HRs. Theoretically
predicted risk12 of symptomatic gallstone disease was
estimated from delta BMI and the known prospective
association of BMI with symptomatic gallstone
disease.

Fourth, a potential causal relationship between
genetically increased BMI and increased risk of symp-
tomatic gallstone disease was assessed by instrumental
variable analysis by two-stage least squares regression,
using the ivreg2 command in STATA.13 In the first
stage, we performed least squares regression of BMI on
the allele score. In the second stage, we performed least
squares regression of symptomatic gallstone disease on
the predicted values from the first regression (the pre-
dicted values are the means of BMI within each allele
score category).8,13 Causal odds ratios (ORs) were esti-
mated using the multiplicative generalized method of
moments estimator implemented in the user-written
STATA command, ivpois. Strength of the instrument
(association of allele score with BMI) was evaluated by
F-statistics from the first-stage regression, where F >
10 indicates sufficient strength to ensure the validity of
the instrumental variable analysis, whereas R2 (in per-
cent) is used as a measure of percent contribution of
allele score to the variation in BMI.8 We used the

method of Altman and Bland14 to compare the causal
genetic estimate obtained from the instrumental vari-
able analysis with the corresponding risk in the obser-
vational study by Cox’s regression.

Results

Baseline characteristics of study participants by dis-
ease status are shown in Table 1. Participants with
symptomatic gallstone disease (n 5 4,106) were older
and more likely to be female, were less physically
active, more often used hormone replacement ther-
apy, and drank less alcohol than those without symp-
tomatic gallstone disease (n 5 73,573; all P <
0.001). FTO (rs9939609), MC4R (rs17782313), and
TMEM18 (rs6548238) genotypes were in Hardy-
Weinberg’s equilibrium (P 5 0.83, 0.77, and 0.27,
respectively).

BMI and Symptomatic Gallstones: Observational
Estimates. Increasing BMI in quintiles was associated
prospectively with stepwise increased risk of sympto-
matic gallstone disease (Fig. 2). During a mean follow-
up of 5.3 years (range, 0.0-19.6), age- and sex-
adjusted HRs for symptomatic gallstone disease for
individuals in the fifth quintile for BMI (mean BMI
5 32.5 kg/m2) versus individuals in the first quintile
(mean BMI 5 20.9 kg/m2) were 2.87 (95% confi-
dence interval [CI]: 2.35-3.49; P for trend: <0.001;
Fig. 2, left column). Corresponding estimates multifac-
torially adjusted (for age, sex, physical activity, hormo-
nal replacement therapy, and alcohol consumption)
were 2.84 (95% CI: 2.32-3.46; P for trend: <0.001;
Fig. 2, right column).

Stratifying on sex revealed a stronger association of
BMI with symptomatic gallstone disease in women,
compared to men (Fig. 2). Multifactorially adjusted

Table 1. Baseline Characteristics of Participants
by Disease Status

Characteristics No Event

Symptomatic Gallstone

Disease

No. of individuals (%) 73,573 (94.7) 4,106 (5.3)

Age, years (interquartile range) 57 (47-67) 62 (52-71)†

Women (%) 40,085 (54) 2,923 (71)†

Physical activity (%) 35,007 (48) 1,508 (37)†

Hormone replacement

therapy (%)*
5,075 (13) 531 (18)†

Alcohol consumption (%) 13,353 (18) 536 (13)†

Values are median (interquartile range) or numbers (percentage). Physical

activity was 4 hours or more per week of light physical activity in leisure time.

Alcohol consumption was >14/21 units per week for women/men (1 unit of

alcohol: �12 g). P values by Mann-Whitney’s U test or Pearson’s chi-square

test.

*In women only.
†P < 0.001 versus participants with no event.
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HRs for individuals in the fifth versus the first BMI
quintile were 3.36 (95% CI: 2.62-4.31) and 1.51
(95% CI: 1.09-2.11) in women and men, respectively
(P for interaction between sex and BMI on risk of
symptomatic gallstone disease 5 0.01). BMI did not
interact with age, physical activity, hormone replace-
ment therapy, or alcohol consumption on risk of
symptomatic gallstone disease (data not shown).

Allele Score and BMI. The association of the com-
bined allele score with BMI is shown in Fig. 3 (left col-
umn). An increasing number of BMI-increasing alleles
was associated with a stepwise increase in mean BMI of
up to 15.2% (1.3 kg/m2) for 6 versus 0-1 alleles,
14.3% (1.1 kg/m2) in women and 16.1% (1.6 kg/
m2) in men (all P for trend: <0.001). The individual
variants (FTO [rs9939609], MC4R [rs17782313], and
TMEM18 [rs6548238]) were associated with stepwise
increases in BMI of up to 12.6% (all P < 0.001; Sup-
porting Figure).

We tested whether potential confounding factors
were associated with BMI, symptomatic gallstone dis-
ease, and allele score (Fig. 4). Age, sex, physical activ-
ity, consumption of alcohol, fast food, and vegetables,
and (in women) hormone replacement therapy and

parity were all strongly associated with BMI and risk
of symptomatic gallstone disease and thus constitute
potential confounders for the observational BMI-
gallstone association (Fig. 4, left and middle columns).
In contrast, allele score was not associated with any of
these potential confounders (Fig. 4, right column).
ABCG8 D19H (a known genetic risk factor for gall-
stone disease) was associated with symptomatic gall-
stone disease in our cohort (Fig. 4, middle column,
bottom, DH1HH versus DD; OR, 2.1 [95% CI:
1.9-2.2]), but not with BMI or with the BMI-
increasing allele score (P 5 0.72 and 0.77).11

Allele Score and Symptomatic Gallstone Dis-
ease. Assuming that increased BMI causes sympto-
matic gallstones, lifelong increased BMI levels resulting
from genetic variation should confer a similar increase
in risk of symptomatic gallstones as that observed for
increased BMI in the general population. For example,
the 5.2% increase in BMI for individuals with 6 versus
0-1 BMI-increasing alleles would theoretically predict
an increased risk of symptomatic gallstones with an
HR of 1.10 (95% CI: 1.08-1.11; Fig. 3, middle col-
umn). During a mean follow-up of 33.0 years (range,
0.0-34.4), the multifactorially adjusted HR for

Fig. 2. Prospective risk of symptomatic gallstone disease as a function of baseline BMI in quintiles. Multifactorial adjustment was for age,
sex, physical activity, hormone replacement therapy, and alcohol consumption. N, number. P values are for tests for trend of HRs.
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symptomatic gallstone disease was 1.43 (95% CI:
0.99-2.05) in individuals with 6 versus 0-1 BMI-
increasing alleles (P for trend 5 0.007; Fig. 3, right
column). The corresponding HRs were 1.54 (95% CI:
1.00-2.35) in women and 1.19 (95% CI: 0.60-2.38)

in men (Fig. 3). There was no statistically significant
interaction between allele score and sex on risk of
symptomatic gallstone disease (P 5 0.49). Associations
of the individual genotypes are shown in the Support-
ing Figure.

Fig. 4. Associations of potential confounders with BMI, symptomatic gallstone disease, and allele score. Potential confounders were dichotom-
ized: age (�55 versus <55 years); sex (male versus female) physical activity (�4 versus <4 hours of light physical activity per week); alcohol
consumption (>14/21 versus �14/21 units per week for women/men); fast-food consumption (�1 versus <1 times per week); vegetable con-
sumption (�1 versus <1 times per day); hormone replacement therapy (yes/no); parity (any number of births versus nulliparity); and ABCG8
D19H DH1HH versus DD. For each potential confounder, logistic regression analysis was used to calculate sex- and age-adjusted ORs and P
values for, respectively, a 1-kg/m2 increase in observational BMI, symptomatic gallstones versus no event, and a 1-unit increase in allele score.

Fig. 3. BMI and theoretically predicted and observed risks of symptomatic gallstone disease as a function of a BMI-associated allele score.
Allele score was constructed by summation of BMI-increasing alleles of the following genotypes: FTO(rs9939609), 0 (TT), 1 (TA), and 2 (AA);
MC4R(rs17782313), 0 (TT), 1 (CT), and 2 (CC); and TMEM18(rs6548238), 0 (TT), 1 (CT), and 2 (CC). N, number. P values are for tests for
trend of BMI or HRs.
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BMI and Symptomatic Gallstone Disease: Causal
Estimates. We examined the potential causal effect of
increased BMI on risk of symptomatic gallstone dis-
ease in instrumental variable analyses (Fig. 5). Causal
ORs for a 1-kg/m2 increase in genetically determined
BMI were 1.17 (95% CI: 0.99-1.37) overall and 1.20
(95% CI: 1.00-1.44) and 1.02 (95% CI: 0.90-1.16) in
women and men, respectively (Fig. 5). The corre-
sponding observed multifactorially adjusted HRs for
symptomatic gallstone disease for a 1-kg/m2 increase
in BMI were 1.07 (95% CI: 1.06-1.08) overall and
1.08 (95% CI: 1.07-1.10) and 1.04 (95% CI: 1.02-
1.07) in women and men, respectively.

Discussion

The novel finding of this study of 77,679 individu-
als from the general population, including 4,106 with
symptomatic gallstone disease, is that genetically ele-
vated BMI is associated with increased risk of sympto-
matic gallstone disease, compatible with a causal
association between elevated BMI and increased risk of
symptomatic gallstones.

Obesity is known to be associated with gallstone
disease in observational epidemiology.1-5 However, a
range of environmental, socioeconomic, and/or behav-
ioural factors that are associated with obesity may
also influence risk of gallstone disease. This makes it
difficult to determine whether obesity per se is causally
involved in gallstone disease. To overcome this inher-
ent limitation of observational epidemiology, we used
the Mendelian randomization approach,8 a design that

uses genetic variants that are associated with BMI, but
not with potential confounding factors, as instruments
to examine the effect of lifelong elevated BMI on risk
of symptomatic gallstone disease.

In our Mendelian randomization study, the risk of
symptomatic gallstone disease was increased 7% for
every 1-kg/m2 increase in measured BMI (the observa-
tional estimate). The corresponding risk increase for
every 1 kg/m2 in genetically determined BMI was
17% (the causal, genetic estimate). The concordance
between the observational and genetic estimates sup-
ports that increased BMI per se is a causal risk factor
for symptomatic gallstone disease, particularly because
genetically elevated BMI even seemed to have a larger
effect size on symptomatic gallstone disease than the
effect size from observational analyses.

Numerous explanations for how obesity may influ-
ence gallstone formation have been proposed. Obesity
may increase hepatic de novo cholesterol synthesis and
hepatobiliary cholesterol efflux, a key event in the
development of cholesterol gallstones.15 Increased
abdominal fat mass may cause gallbladder hypomotil-
ity and bile stasis, another risk factor for gallstone for-
mation, a hypothesis that is supported by some,16 but
not all,17 previous studies. Weight cycling (i.e., weight
loss and regain) is a modest risk factor for gallstone
disease.18 Part of the BMI-gallstone association could
be caused by weight cycling resulting from intentional
weight loss, followed by unintentional weight regain,
among overweight individuals. Also, factors that are
secreted or metabolized by adipocytes may influence

Fig. 5. Risk of symptomatic gallstone disease for a 1-kg/m2 increase in, respectively, observational and causal, genetically determined BMI.
The HR for a 1-kg/m2 increase in observational BMI was calculated using Cox’s regression, whereas the OR for genetically elevated BMI was
derived from an instrumental variable analysis. P value: significance of HR or OR. P comparison: between the estimate from observational epide-
miology and the causal, genetic estimate. F 5 strength of the genetic instrument (>10 indicates sufficient strength). R2 5 percent contribution
of genetic instrument to the variation in BMI.
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gallstone formation. For example, estrogen is produced
by adipocytes,19 and estrogen therapy in women is
known to increase the risk of gallstone disease.20 Estro-
gen may promote gallstone formation by increasing
the rate of hepatobiliary cholesterol efflux21 and per-
haps also by a direct pronucleating effect of estrogen
molecules on biliary cholesterol.22 It has been specu-
lated that leptin, secreted by adipocytes and involved
in appetite regulation and energy expenditure, could
have lithogenic effects.23 Furthermore, low levels of
adiponectin, another hormone secreted by adipocytes
and inversely associated with fat mass, have been asso-
ciated with gallstone disease in animal and human
studies.24,25 Finally, obesity-associated hyperinsulin-
emia may have a causal effect on gallstone formation,
perhaps mediated by hepatic insulin resistance and
secretion of a more lithogenic bile.26,27

In agreement with our study, previous observational
epidemiological studies have found that obesity is a
stronger risk factor for gallstone disease in females than
in males, in adults as well as in adolescents and chil-
dren.1,2,28 The biological mechanisms underlying this
gender difference are unknown, but estrogen secreted by
adipocytes may play a role, as discussed above.

Unraveling the genetic basis of gallstone disease has
progressed rapidly during the last decade, but no
BMI-associated lithogenic variants have, so far, been
identified.29 One implication of the data presented
here is that any genetic variant that increases BMI
should also theoretically increase the risk of sympto-
matic gallstone disease to the degree predicted by the
effect of the genotype on BMI. The only genome-wide
association study (GWAS) of gallstone disease did not
report any BMI-associated lithogenic variants.30 How-
ever, this GWAS30 was not powered to detect modest
associations (less than 5% power in the discovery
cohort to detect ORs below �1.2), as those reported
on in the present study. One case-control study31 did
not observe associations between two BMI-associated
variants in the leptin gene and gallstone disease, but
the sample size (n 5 54 cases, 43 controls) was too
small to detect modest effects. Future studies will
require very large sample sizes (thousands of gallstone
cases) to detect the likely small effects of individual
BMI-associated genetic variants on risk of gallstone
disease, as also suggested by our study.

There are naturally potential limitations to our
study. We defined “symptomatic gallstone disease” by
ICD codes received in hospitals. The prevalence of
5.3% symptomatic gallstones in our study is compara-
ble to results from previous studies that identified gall-
stones by similar registry-based methods.32 Because

gallstone disease is a hard clinical endpoint with well-
defined diagnostic critera, the risk of misclassification
is likely minor, and individuals receiving ICD codes
for gallstones in hospitals likely had symptomatic gall-
stones. In support of this, approximately 68% of indi-
viduals with symptomatic gallstone disease in our
cohort underwent cholecystectomy.11 However, we
cannot rule out that a small fraction of symptomatic
gallstones defined this way were, in fact, asymptomatic
gallstones diagnosed incidentally. Another potential
limitation to our definition of symptomatic gallstone
disease is that treating physicians might be more suspi-
cious of gallbladder disease in obese than in lean indi-
viduals. Such an ascertainment bias might have led to
a slight overestimation of the BMI-gallstone associa-
tion in the present study. However, the estimates of
the BMI-gallstone association reported here are in
agreement with those from previous studies that used
ultrasound to diagnose gallstones in asymptomatic
individuals (i.e., studies unlikely to suffer from ascer-
tainment bias).1,2 Also, we did not have data on stone
composition (i.e., cholesterol/mixed/pigment). Thus,
the pathophysiological mechanisms by which obesity
influences gallstone formation could not be assessed
here. Finally, we only studied white individuals of
Danish descent. Because ethnic differences in gallstone
prevalence are well known, the results reported here
may not necessarily translate to other ethnicities.

There are also potential limitations to the use of the
Mendelian randomization approach.8 For example, the
genetic variants used may have influenced risk of
symptomatic gallstone disease by other pathways than
BMI (i.e., pleiotropy). However, this concern is less-
ened by the use of multiple genetic variants, each asso-
ciated with increased BMI and each influencing BMI
independently and by different pathways.8,10 Also, the
effect of lifelong genetically elevated BMI may have
been buffered by compensatory biological mechanisms
(i.e., canalisation). Canalization might theoretically
obscure effects of BMI-associated genetic variants on
symptomatic gallstone disease and would thus tend to
drive associations toward the null, but is unlikely to
account for positive associations, as those reported in
the present study.

In conclusion, elevated BMI as measured at base-
line, as well as genetically (lifelong and unconfounded)
elevated BMI, is associated with increased risk of
symptomatic gallstone disease. Taken together, this
indicates that elevated BMI per se is likely a causal risk
factor for symptomatic gallstone disease, which is most
pronounced in women. These data reemphasize obesity
as a major cause of human morbidity and provide
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additional impetus for lifestyle interventions aimed at
weight loss among overweight and obese individuals in
the general population.
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