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12 Abstract

13 Background: There are few established risk factors for gallblad-
14 der cancer beyond gallstones. Recent studies suggest a higher risk
15 with high body mass index (BMI), an indicator of general heavi-
16 ness, but evidence from other body size measures is lacking.
17 Methods: Associations of adult BMI, young adult BMI, height,
18 adult weight gain, waist circumference (WC), waist–height ratio
19 (WHtR), hip circumference (HC), and waist–hip ratio (WHR)
20 with gallbladder cancer risk were evaluated. Individual-level data
21 from 1,878,801 participants in 19 prospective cohort studies (14
22 studies had circumference measures) were harmonized and
23 included in this analysis. Multivariable Cox proportional hazards
24 regression estimated HRs and 95% confidence intervals (CI).
25 Results: After enrollment, 567 gallbladder cancer cases were
26 identified during 20.1 million person-years of observation,
27 including 361 cases with WC measures. Higher adult BMI (per

295 kg/m2, HR: 1.24; 95% CI, 1.13–1.35), young adult BMI (per
305 kg/m2, HR: 1.12; 95% CI, 1.00–1.26), adult weight gain (per
315 kg, HR: 1.07; 95% CI, 1.02–1.12), height (per 5 cm, HR: 1.10;
3295%CI, 1.03–1.17),WC (per 5 cm,HR: 1.09; 95%CI, 1.02–1.17),
33WHtR (per 0.1 unit, HR: 1.24; 95% CI, 1.00–1.54), and HC (per
345 cm, HR: 1.13; 95% CI, 1.04–1.22), but not WHR (per 0.1 unit,
35HR: 1.03; 95%CI, 0.87–1.22),were associatedwith higher risks of
36gallbladder cancer, and results did not differ meaningfully by sex
37or other demographic/lifestyle factors.
38Conclusions: These findings indicate that measures of overall
39and central excess body weight are associated with higher gall-
40bladder cancer risks.
41Impact: Excess body weight is an important, and potentially
42preventable, gallbladder cancer risk factor. Cancer Epidemiol Biomar-
43kers Prev; 1–10. �2016 AACR.

44

45 Introduction
46 Gallbladder cancer etiology is poorly understood with only a
47 few, mostly nonmodifiable, established risk factors, including
48 older age, female sex, abnormal pancreatic-biliary junction, and
49 history of cholesterol gallstones (1). Identifying modifiable risk
50 factors for gallbladder cancer is hindered by its rarity and poor

52prognosis. In more-developed areas, such as the United States,
53Australia, andWestern Europe, incidence rates are 1 to 2 cases per
54100,000 persons each year, whereas in certain high-risk popula-
55tions, such as Mapuche Indians in South America, incidence rates
56exceed 20 per 100,000 (2). Overall 5-year relative survival is
57approximately 18% for U.S. adults diagnosed with gallbladder
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60 cancer, and the overall median survival time is 3 to 7 months (3).
61 Thepoor prognosis is due, in part, to the lack of specific symptoms
62 for the disease. Early-staged gallbladder cancers are uncommon
63 and are typically only detected incidentally during cholecystec-
64 tomy for gallstones, but only 1% to 3%of patients with gallstones
65 will ever develop gallbladder cancer (4).
66 Because excess body weight is a risk factor for gallstones and
67 several other digestive system cancers (e.g., colorectum, liver, and
68 pancreas; refs. 5–9), it is a plausible risk factor for gallbladder
69 cancer. The 2015 World Cancer Research Fund's Continuous
70 Update Project (CUP) on gallbladder cancer concluded that body
71 fatness, as defined by high bodymass index (BMI), is a "probable"
72 risk factor for gallbladder cancer (10). The CUP identified eight
73 prospective cohort studies (11–18) that contributed to dose–
74 response meta-analyses and reported that each 5 kg/m2 increase
75 in BMI was associated with a 25% higher risk of gallbladder
76 cancer. Of those eight studies, four provided relative risks (RR)
77 for BMI that were not statistically significant (11, 12, 14, 15), and
78 two included biliary system cancermortality as themain outcome
79 (14, 18). Waist circumference, an indicator of central adiposity
80 that might be more etiologically relevant to cancers of the diges-
81 tive system, has been evaluated by only one relatively small study
82 (76 cases) that reported higher risks with increasing waist circum-
83 ference (11).
84 Because the evidence base for overall body fatness (based on
85 BMI) and gallbladder cancer risk is considered probable and not
86 convincing, and because risk estimates for indicators of central
87 adiposity and other non-BMImeasures of body size are especially
88 rare, we conducted a pooled analysis of data from 19 prospective
89 cohort studies based in the United States, Europe, Australia, and
90 Asia to investigate associations of BMI (at enrollment during
91 adulthood and recalled from young-adulthood), height, adult
92 weight gain, waist circumference, waist–height ratio, hip circum-
93 ference, and waist–hip ratio with gallbladder cancer risk.

94 Materials and Methods
95 Study population
96 All member studies of the NCI Cohort Consortium (http://epi.
97 grants.cancer.gov/Consortia/cohort.html) with body size data
98 were invited to participate, and 19 prospective cohort studies
99 were included in this analysis: Physicians' Health Study (PHS);
100 NIH-AARP Diet and Health Study (NIH-AARP); Agricultural
101 Health Study (AHS); Breast Cancer Detection Demonstration
102 Project Follow-Up Study (BCDDP); Prostate, Lung, Colorectal
103 and Ovarian Cancer Screening Trial (PLCO); Women's Health
104 Study (WHS); New York University Women's Health Study
105 (NYUWHS); Cancer Prevention Study-II Nutrition Cohort
106 (CPS-II); Iowa Women's Health Study (IWHS); California
107 Teachers' Study (CTS); European Prospective Investigation into
108 Cancer and Nutrition (EPIC); Melbourne Collaborative Cohort
109 Study (MCCS); Cohort of Swedish Men (COSM); Swedish Mam-
110 mography Cohort (SMC); The Sister Study (SISTER); Shanghai
111 Men's Health Study (SMHS); Shanghai Women's Health Study
112 (SWHS); Vitamins and Lifestyle Study (VITAL); and Women's
113 Lifestyle and Health Study (WLH). Participants gave written,
114 informed consent at enrollment or consent was implied from
115 the return of questionnaires. All studies were approved by the
116 Institutional Review Boards of their host centers.
117 All studies submitted de-identified, participant-level data
118 from their entire cohort study to the data coordinating center.

120Data were centrally harmonized and pooled for analyses. Prior
121to exclusions, participant-level data were provided for
1222,213,174 men and women. The following exclusions were
123applied: missing age at study entry, or baseline age less than 18
124years, or older than 85 years (n ¼ 5,501); less than 1 year of
125follow-up time (n ¼ 51,399); missing BMI (n ¼ 147.552); BMI
126less than 15 kg/m2 or greater than 60 kg/m2 (n ¼ 2,110);
127missing height (n ¼ 26,698); height less than 122 cm or greater
128than 244 cm (n ¼ 137); and prevalent cancer at baseline (n ¼
129100,976). Data from 1,878,801 participants comprised the
130analytic cohort.
131Gallbladder cancer diagnoses [International Classification of
132Diseases, 10th version (ICD-10): C23.9; ref. 19] were verified after
133enrollment by linking to state/provincial/federal cancer or death
134registries and/or medical record abstraction.

135Exposures
136Height and weight were self-reported in most cohorts and
137directly measured in others (MCCS, SMHS, SWHS, EPIC, SIS-
138TER); BMI was calculated as weight (kg) divided by height-
139squared (m2) and categorized according to World Health
140Organization criteria (20): underweight (15 < 18.5 kg/m2),
141normal weight (18.5 < 25 kg/m2), overweight (25 < 30 kg/m2),
142and obese (�30 kg/m2). Obesity was additionally stratified as
143classes I (30–34.9 kg/m2), II (35–39.9 kg/m2), and III (�40 kg/
144m2). Young-adult BMI was available from 10 of the cohort
145studies (NIH-AARP, AHS, COSM, CPS-II, IWHS, MCCS, PLCO,
146SMC, VITAL, and WLH), derived from recalled weight at ages
14718 to 21 years, and categorized as above for adult BMI. Height,
148in cm, was categorized into four groups for women (<160, 160
149< 165, 165 < 170, and � 170) and men (<170, 170 < 175, 175 <
150180, and �180). Adult weight gain was estimated by subtract-
151ing young adult weight from baseline weight, both in kg, and
152categorized as: any weight loss, weight stable (0 kg change) or
153weight gain of � 5, weight gain of 6 to 10, weight gain of 11 to
15415, weight gain of 16 to 20, and weight gain of �21.
155Waist circumference and hip circumference were measured by
156trained staff (EPIC, MCCS, NYUWHS, SISTER, SMHS, SWHS) or
157self-measured by participants who were given instructions on the
158protocol [NIH-AARP, BCDDP, COSM, CTS, IWHS, CPS-II (waist
159circumference only), WLH, and SMC]. The remaining five cohort
160studies did not collect waist circumference or hip circumference
161data.Waist circumference and hip circumference were available at
162baseline enrollment for COSM, IWHS, MCCS, SISTER, SMC,
163SMHS, SWHS, and WLH, whereas NIH-AARP, BCDDP, CPS-II
164(waist circumference only), CTS, EPIC, and NYUWHS collected
165these data 1 to 8 years after baseline. Participants with waist or hip
166circumference measures below 50 cm or above 190 cm were
167excluded from the relevant analysis (n¼ 1,329 and n¼ 345 were
168excluded from waist and hip circumference analyses, respective-
169ly).Waist circumference, in cm,was categorized in four predefined
170groups (women: 50–<70, 70–<80, 80–<90, and 90–<191; men:
17150–<90, 90–<100, 100–<110, and 110–<191). Hip circumfer-
172ence, in cm, was also categorized in four pre-defined groups
173(women: 50–<90, 90–<100, 100–<110, and 110–<191; men:
17450–<95, 95–<105, 105–<115, and 115–<191). Waist–height
175ratio was calculated by dividing waist by height, both in cm, and
176categorized as <0.45, 0.45–<0.50, 0.50–<0.55, and �0.55 for
177women and <0.50, 0.50–<0.55, 0.55–<0.60, and �0.60 for men.
178Waist–hip ratio was calculated by dividingwaist circumference by
179hip circumference, both in cm, and categorized into four groups
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182 forwomen (<0.75, 0.75–<0.80, 0.80–<0.85, and�0.85) andmen
183 (<0.90, 0.90–<0.95, 0.95–<1.00, and �1.00).
184 Smoking was defined according to baseline cigarette smoking
185 status and categorized as never, former, current, or missing.
186 Alcohol consumption was defined as non-drinker and, among
187 persons who consumed alcohol, in categories of grams per day
188 (grams/day: <10, 10–<20, 20–<30, and 30þ), or missing. Race
189 was self-identified and categorized as white, black/African Amer-
190 ican, and all other races including those who did not report race.
191 Physical activity was categorized into study-specific quintiles or
192 missing. Education was categorized as less than high school, high
193 school graduate, some college, college graduate or more, or
194 missing. Sex (men, women) and history of gallstones (yes, no)
195 were defined as binary variables.Missing datawere treatedwith an
196 indicator variable.

197 Statistical analysis
198 Cox proportional hazards regression models estimated HRs
199 and 95% confidence intervals (CI) for the associations of body
200 size variables with gallbladder cancer risk. Follow-up time for
201 both BMI measures and height began on the date of enrollment
202 when height and weight were first reported, whereas follow-up
203 time for waist circumference, hip circumference, waist–height
204 circumference, and waist–hip ratio analyses began on the date
205 waist/hip circumferencewas evaluated. Cases thatwere diagnosed
206 after baseline but before the time of waist/hip circumference
207 assessment were excluded from those analyses. Studies that did
208 not collect waist/hip circumference data were omitted from the
209 respective analyses. All statistical models were analyzed from a
210 pooled cohort of the combined studieswith individual-level data.
211 Initially, Coxmodels included only baseline age, study, and sex as
212 covariates. Subsequently, more comprehensive models included
213 age, study, sex, alcohol consumption, race, education, physical
214 activity, and smoking status. An additional more comprehen-
215 sively adjustedmodel also includedpersonal history of gallstones.
216 Waist circumference, waist–height ratio, hip circumference, and
217 waist–hip ratio are presented with and without adjustment for
218 BMI. Adult weight gain statistical models included young adult
219 BMI. Linear models estimated associations of continuous body
220 size measures (per unit increase and per 1 SD) with gallbladder
221 cancer risk. Wald tests assessed linear trends.
222 Sensitivity analyses excluded gallbladder cancers that were
223 diagnosed in the first 2 and 5 years after baseline to evaluate
224 potential bias from prediagnosis weight loss due to disease
225 progression. Sensitivity analyses also evaluated the impact of
226 excluding participants who were diagnosed with gallstones at
227 baseline. Two-stage individual participant meta-analyses
228 explored potential heterogeneity of HRs across studies for con-
229 tinuous body size measures. Meta-analysis methods also evalu-
230 ated potential heterogeneity according to region of study origin
231 [i.e., North America (NIH-AARP, AHS, BCDDP, CPS-II, CTS,
232 NYUWHS, PHS, PLCO, SISTER, VITAL, and WHS), Europe (i.e.,
233 COSM, EPIC, SMC, and WLH), Asia (i.e., SMHS and SWHS), and
234 Australia (i.e., MCCS)] and BMI-assessment method (i.e., self-
235 reported vs. directly measured weight and height) for the associ-
236 ation between adult BMI and gallbladder cancer risk.
237 Interaction terms with the main exposures (continuous terms)
238 and time tested the proportional hazards assumption of the Cox
239 models. No interactions were observed. Restricted cubic splines
240 evaluated potential nonlinearity of the associations for body size
241 measureswith gallbladder cancer risk. AllP valueswere two-sided;

243P values less than 0.05 were considered statistically significant.
244SAS software was used for all statistical analyses (SAS Institute,
245Inc., version 9.4).

246Results
247In this analysis of 1.88 million adults enrolled in 19 pro-
248spective cohort studies, 567 gallbladder cancers occurred dur-
249ing 20.1 million person-years of observation. For analyses of
250waist circumference/waist–height ratio and hip circumference,
251361 and 318 cases were identified, respectively. Table 1 shows
252baseline characteristics of participants: mean age was 56.7
253years, mean BMI at baseline was 26.1 kg/m2, mean waist
254circumference was 86.5 cm, 71% reported any alcohol intake,
255and 15.6% were current smokers.
256The overall and sex-specific associations between adult BMI
257and gallbladder cancer risk are shown in Table 2. Compared
258with a normal adult BMI at baseline, overweight, class I obesity,
259class II obesity, and class III obesity were associated with 27%,
26053%, 86%, and 131% higher risks of gallbladder cancer,
261respectively, after adjusting for age, sex, study, race, physical
262activity, education, smoking, alcohol, and gallstones. There was
263no indication that risks differed meaningfully by sex (P inter-
264action, 0.89). There was no statistically significant evidence of
265between-study heterogeneity for adult BMI (I2: 0%; P value,
2660.49; Supplementary Fig. S1). HRs for continuous adult BMI
267from both the pooled cohort approach (Table 2) and from the
268two-stage individual participant meta-analysis (Supplementary
269Fig. S1) yielded similar results. Restricted cubic spline analyses
270supported a linear association (Fig. 1; P value for linearity:
271<0.0001; P value for nonlinearity: 0.95).
272There was evidence supporting a positive association between
273young adult BMI (modeled as a continuous measure) and gall-
274bladder cancer risk (HR, 1.12, per 5 kg/m2), although the prev-
275alence of obesity was lower than at baseline enrollment, as
276expected, and the sex-specific obese categories contained few
277cases (Table 2). Adult weight gain also was positively associated
278with risk (HR, 1.07, per 5 kg). The continuous model for height
279showed a 10% increased risk with each 5 cm increase. There was
280no evidence of statistically significant interactions for sex and
281young adult BMI, height or adult weight gain (all P values for
282interaction � 0.23) or of between-study heterogeneity for young
283adult BMI (I2: 0%; P value: 0.72; Supplementary Fig. S2), height
284(I2: 28%; P value: 0.13; Supplementary Fig. S3), or adult weight
285gain (I2: 6%; P value: 0.39; Supplementary Fig. S4). Restricted
286cubic spline analyses confirmed linear associations of young adult
287BMI, adult weight gain, and height with gallbladder cancer risk
288and demonstrated no evidence of nonlinearity (all P values for
289linearity: <0.0001; all P values for nonlinearity: � 0.30).
290Associations of waist circumference, waist–height ratio, hip
291circumference, and waist–hip ratio overall and by sex with gall-
292bladder cancer risk are shown in Table 3. Although sample sizes
293were smaller for the waist- and hip-circumference–related mea-
294sures than for the weight- and height-related measures, statisti-
295cally significant positive associations were identified for contin-
296uousmeasures ofwaist circumference (HR, 1.09, per 5 cm),waist–
297height ratio (HR, 1.24, per 0.1), and hip circumference (HR, 1.13,
298per 5 cm). Waist–hip ratio was not statistically significantly
299associated with risk. Associations were similar when stratified by
300sex (all P values for interaction:�0.34). There was no statistically
301significant evidence of between-study heterogeneity for waist

Anthropometry and Gallbladder Cancer Risk
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304 circumference (I2: 9%; P value: 0.36; Supplementary Fig. S5),
305 waist–height ratio (I2: 35%;P value: 0.11; Supplementary Fig. S6),
306 hip circumference (I2: 16%;P value: 0.29; Supplementary Fig. S7),
307 or waist–hip ratio (I2: 0%; P value: 0.88; Supplementary Fig. S8).
308 Restricted cubic spline analyses supported linear associations of
309 waist circumference (Fig. 2; P value for linearity: <0.0001; P value
310 for nonlinearity: 0.62), waist–height ratio (P value for linearity:
311 <0.0001; P value for nonlinearity: 0.76), hip circumference
312 (P value for linearity: <0.0001; P value for nonlinearity: 0.97),
313 and waist–hip ratio (P value for linearity: <0.0001; P value for
314 nonlinearity: 0.13) with gallbladder cancer risk.
315 When analyses were restricted to studies and participants that
316 hadbothBMI andwaist circumference in the individual-level data
317 that included all participants, gallbladder cancer risks were sim-
318 ilarly elevated for each 1 SD unit increase in waist circumference
319 (HR, 1.28; 95%CI, 1.13–1.46) and BMI (HR, 1.21; 95%CI, 1.09–
320 1.34), when modeled separately. When BMI and waist circum-
321 ference were included in the same model, both HRs were atten-
322 uated and no longer statistically significant (waist circumference
323 HR, 1.21; 95%CI, 0.99–1.50; BMI HR, 1.06; 95%CI, 0.89–1.27).
324 In sensitivity analyses, the main study findings were not mate-
325 rially different after excluding gallbladder cancers that occurred in
326 the first 2 and 5 years after baseline and after excluding partici-
327 pants who reported history of gallstones (data not shown). No
328 strong evidence for geographic heterogeneity was detected for
329 continuous adult BMI and gallbladder cancer risk (i.e., North
330 America: HR, 1.25; 95%CI, 1.12–1.38; Europe: HR, 1.12; 95%CI,
331 0.91–1.37; Asia:HR, 1.18; 95%CI, 0.84–1.67; Australia:HR, 1.85;
332 95% CI, 1.32–2.59; P value for heterogeneity: 0.09). Studies with
333 self-reported versus directly measured height and weight yielded
334 relatively similar results (i.e., self-reported BMI, per 5 kg/m2, HR,
335 1.22; 95%CI, 1.10–1.35; directlymeasured BMI, per 5 kg/m2,HR,
336 1.30; 95% CI, 1.10–1.54; P value for heterogeneity: 0.53).

337 Discussion
338 In this large prospective analysis of 1.88million adults enrolled
339 in 19 cohort studies, greater BMI (both at middle age and during

341young adulthood), adultweight gain, height,waist circumference,
342waist–height ratio, and hip circumference were all consistently
343associated with higher risks of gallbladder cancer. Results for
344waist–hip ratio generally suggested an increased risk, consistent
345with the other anthropometric measures, but the results were not
346statistically significant. Restricted cubic spline analyses supported
347linear associations for all anthropometricmeasures with gallblad-
348der cancer risk, indicating dose–response associations throughout
349the ranges of body sizemeasures observed in this study. Themain
350study results were consistent when stratified by sex, and they were
351not materially different in statistical models that included many
352confirmed andpotential risk factors for gallbladder cancer, includ-
353ing sex, smoking, alcohol, race, education, and history of choles-
354terol gallstones. Themain study results were robust after a series of
355sensitivity analyses, including individual participant meta-anal-
356yses and when excluding cases that occurred in the first 5 years of
357follow-up.
358Studies regarding BMI and gallbladder cancer risk have been
359generally hampered by small numbers of outcomes and the
360related issues of limited statistical power and imprecise risk
361estimates: of the 12 prospective cohort studies on this topic
362in the literature (11–13, 15–17, 21–26), six identified fewer than
363100 cases (11, 12, 17, 22, 23, 25), andwhilemost studies reported
364HRs above one,many studies were not statistically significant (11,
36512, 15, 23, 25). With data from 567 gallbladder cancer cases, this
366study makes an important contribution toward confirming the
367association between high BMI and this rare and highly fatal
368cancer. The HR identified in this study for obese BMI and gall-
369bladder cancer risk (HR, 1.64) is similar in magnitude to results
370from individual large, prospective cohort studies (13, 16, 21, 26),
371and to results from a recent meta-analysis (HR, 1.62; ref. 27). In
372addition, this study identified similar HRs for linear BMI and
373gallbladder cancer risk when stratified by sex, similar to the
374conclusion reached by the recent CUP (10), but somewhat in
375contrast to earlier reports that suggested the association was
376higher for women than men (27–29). Because gallbladder cancer
377is more common in women than in men (by approximately
3782-fold, typically), it is plausible that the earlier studies compared
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Figure 1.

Restricted cubic spline analysis of BMI
and risk of gallbladder cancer in the
Rare Cancer Collaboration. The solid
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Campbell et al.

Cancer Epidemiol Biomarkers Prev; 2017 Cancer Epidemiology, Biomarkers & Prevention6



Ta
b
le

3.
A
ss
o
ci
at
io
ns

o
f
w
ai
st

ci
rc
um

fe
re
nc
e,

w
ai
st

to
he

ig
ht

ra
ti
o
,h

ip
ci
rc
um

fe
re
nc
e,

an
d
w
ai
st

to
hi
p
ra
ti
o
w
it
h
g
al
lb
la
d
d
er

ca
nc
er

A
ll

W
o
m
en

M
en

M
in
im

al
ly

ad
ju
st
ed

M
ul
ti
va

ri
ab

le
-a
d
ju
st
ed

M
ul
ti
va

ri
ab

le
-a
d
ju
st
ed

M
in
im

al
ly

ad
ju
st
ed

M
ul
ti
va

ri
ab

le
-a
d
ju
st
ed

M
ul
ti
va

ri
ab

le
-a
d
ju
st
ed

M
in
im

al
ly

ad
ju
st
ed

M
ul
ti
va

ri
ab

le
-a
d
ju
st
ed

M
ul
ti
va

ri
ab

le
-a
d
ju
st
ed

C
as
ea

R
R
(9
5%

C
I)
b

R
R
1
(9
5%

C
I)
c

R
R
2
(9
5%

C
I)
d

C
as
ea

R
R
(9
5%

C
I)
b

R
R
1
(9
5%

C
I)
c

R
R
2
(9
5%

C
I)
d

C
as
ea

R
R
(9
5%

C
I)
b

R
R
1
(9
5%

C
I)
c

R
R
2
(9
5%

C
I)
d

W
ai
st

ci
rc
um

fe
re
nc
e
(c
m
)

M
<9

0
,W

<7
0

59
1.0

0
(r
ef
)

1.0
0
(r
ef
)

1.0
0
(r
ef
)

36
1.0

0
(r
ef
)

1.0
0
(r
ef
)

1.0
0
(r
ef
)

23
1.0

0
(r
ef
)

1.0
0
(r
ef
)

1.0
0
(r
ef
)

M
9
0
–<

10
0
,W

70
–<

8
0

9
9

1.3
0
(0
.9
2–

1.8
2)

1.2
6
(0
.9
0
–1
.7
8
)

1.2
5
(0
.8
7–

1.8
0
)

73
1.4

2
(0
.9
3–

2.
18
)

1.3
7
(0
.8
9
–2

.10
)

1.3
8
(0
.8
8
–2

.16
)

26
1.0

7
(0
.5
9
–1
.9
2)

1.0
4
(0
.5
8
–1
.8
7)

0
.7
8
(0
.4
0
–1
.5
3)

M
10
0
–<

11
0
,W

8
0
–<

9
0

11
0

1.8
7
(1
.3
1–
2.
6
6
)

1.7
2
(1
.2
1–
2.
4
6
)

1.6
8
(1
.11
–2

.5
5)

8
7

1.9
3
(1
.2
6
–2

.9
8
)

1.7
3
(1
.12

–2
.6
7)

1.7
7
(1
.0
8
–2
.9
1)

23
1.8

0
(0
.9
6
–3

.3
7)

1.6
9
(0
.9
0
–3

.19
)

1.1
7
(0
.5
4
–2
.5
5)

M
11
0
þ,

W
9
0
þ

9
3

2.
4
5
(1
.6
8–

3.
55

)
2.
0
8
(1
.4
2–
3.
0
5)

2.
0
3
(1
.2
3–

3.
35

)
79

2.
4
6
(1
.5
7–

3.
8
5)

2.
0
2
(1
.2
8
–3

.19
)

2.
0
9
(1
.16

–3
.7
7)

14
2.
79

(1
.3
6
–5

.7
5)

2.
4
6
(1
.17

–5
.13

)
1.8

3
(0
.6
8–

4
.9
2)

P
er

5
cm

1.1
2
(1
.0
8
–1
.17

)
1.1
0
(1
.0
5–

1.1
5)

1.0
9
(1
.0
2–
1.1
7)

1.1
2
(1
.0
6
–1
.17

)
1.0

9
(1
.0
3–

1.1
4
)

1.0
9
(1
.0
2–

1.1
8
)

1.1
5
(1
.0
4
–1
.2
6
)

1.1
2
(1
.0
2–

1.2
4
)

1.0
8
(0
.9
4
–1
.2
4
)

P
va

lu
e
fo
r
tr
en

d
<0

.0
0
0
1

0
.0
0
0
1

0
.0
0
76

<0
.0
0
0
1

0
.0
0
15

0
.0
15
7

0
.0
0
51

0
.0
19
1

0
.2
9
8
1

P
in
te
ra
ct
io
n
w
it
h
se
x

0
.6
2

0
.4
7

0
.4
6

P
er

S
td

D
ev

1.3
8
(1
.2
2–

1.5
5)

1.2
9
(1
.14

–1
.4
6
)

1.2
7
(1
.0
7–

1.5
2)

1.3
6
(1
.19

–1
.5
5)

1.2
6
(1
.0
9
–1
.4
5)

1.2
8
(1
.0
5–

1.5
7)

1.4
6
(1
.12

–1
.9
0
)

1.3
8
(1
.0
5–

1.8
1)

1.2
3
(0
.8
3–

1.8
2)

W
ai
st

to
he

ig
ht

ra
ti
o

M
<0

.5
0
,W

<0
.4
5

71
1.0

0
(r
ef
)

1.0
0
(r
ef
)

1.0
0
(r
ef
)

6
0

1.0
0
(r
ef
)

1.0
0
(r
ef
)

1.0
0
(r
ef
)

11
1.0

0
(r
ef
)

1.0
0
(r
ef
)

1.0
0
(r
ef
)

M
0
.5
0
–<

0
.5
5,

W
0
.4
5–

<0
.5
0

8
5

1.2
5
(0
.9
0
–1
.7
4
)

1.2
0
(0
.8
6
–1
.6
7)

1.1
5
(0
.8
1–
1.6

3)
56

1.1
5
(0
.7
8
–1
.6
9
)

1.0
9
(0
.7
4
–1
.6
0
)

1.0
5
(0
.7
0
–1
.5
7)

29
1.6

6
(0
.8
2–
3.
36

)
1.6

3
(0
.8
1–
3.
30

)
1.5

0
(0
.6
7–

3.
36

)
M

0
.5
5–

<0
.6
0
,W

0
.5
0
–<

0
.5
5

10
0

1.7
8
(1
.2
8
–2

.4
8
)

1.6
2
(1
.16

–2
.2
6
)

1.4
7
(1
.0
0
–2
.17

)
72

1.6
5
(1
.13

–2
.4
1)

1.4
5
(0
.9
9
–2
.13

)
1.3

8
(0
.8
9
–2
.13

)
28

2.
36

(1
.16

–4
.8
2)

2.
25

(1
.10

–4
.6
1)

1.7
2
(0
.7
0
–4

.2
6
)

M
0
.6
0
þ,

W
0
.5
5þ

10
5

2.
0
0
(1
.4
3–

2.
8
1)

1.6
7
(1
.18

–2
.3
7)

1.4
2
(0
.9
0
–2
.2
7)

8
7

1.9
0
(1
.3
0
–2
.7
6
)

1.5
2
(1
.0
3–

2.
25

)
1.3

8
(0
.8
2–

2.
32

)
18

2.
4
4
(1
.12

–5
.3
1)

2.
22

(1
.0
1–
4
.9
0
)

1.5
1
(0
.5
2–
4
.3
7)

P
er

0
.1

1.4
2
(1
.2
3–

1.6
3)

1.3
0
(1
.12

–1
.5
0
)

1.2
4
(1
.0
0
–1
.5
4
)

1.4
1
(1
.2
1–
1.6

4
)

1.2
7
(1
.0
8
–1
.5
0
)

1.2
9
(1
.0
2–

1.6
3)

1.4
6
(1
.0
4
–2

.0
5)

1.3
7
(0
.9
7–

1.9
4
)

1.0
6
(0
.6
3–

1.8
0
)

P
va

lu
e
fo
r
tr
en

d
<0

.0
0
0
1

0
.0
0
0
5

0
.0
4
9
7

<0
.0
0
0
1

0
.0
0
32

0
.0
37

1
0
.0
28

9
0
.0
75

1
0
.8
18
7

P
in
te
ra
ct
io
n
w
it
h
se
x

0
.8
3

0
.7
1

0
.7
2

P
er

S
td

D
ev

1.3
0
(1
.17

–1
.4
5)

1.2
2
(1
.0
9
–1
.3
6
)

1.1
8
(1
.0
0
–1
.3
9
)

1.3
0
(1
.15

–1
.4
5)

1.2
0
(1
.0
6
–1
.3
6
)

1.2
1
(1
.0
1–
1.4

5)
1.3

3
(1
.0
3–

1.7
2)

1.2
7
(0
.9
8
–1
.6
5)

1.0
5
(0
.7
0
–1
.5
6
)

H
ip

ci
rc
um

fe
re
nc
e
(c
m
)

M
<9

5,
W

<9
0

55
1.0

0
(r
ef
)

1.0
0
(r
ef
)

1.0
0
(r
ef
)

4
2

1.0
0
(r
ef
)

1.0
0
(r
ef
)

1.0
0
(r
ef
)

13
1.0

0
(r
ef
)

1.0
0
(r
ef
)

1.0
0
(r
ef
)

M
9
5–

<1
0
5,

W
9
0
–<

10
0

10
9

1.7
0
(1
.14

–2
.5
4
)

1.6
7
(1
.12

–2
.4
9
)

1.6
6
(1
.0
9
–2

.5
3)

8
4

2.
12

(1
.3
1–
3.
4
3)

2.
0
5
(1
.2
6
–3

.3
2)

2.
11
(1
.2
5–

3.
55

)
25

0
.9
8
(0
.4
9
–1
.9
6
)

0
.9
8
(0
.4
9
–1
.9
6
)

0
.7
8
(0
.3
5–

1.7
0
)

M
10
5–

<1
15
,W

10
0
–<

11
0

9
3

2.
15

(1
.3
9
–3

.3
2)

2.
0
0
(1
.2
9
–3

.0
9
)

1.9
2
(1
.17

–3
.17

)
6
9

2.
15

(1
.2
8
–3

.6
3)

1.9
5
(1
.15

–3
.3
0
)

2.
0
1
(1
.0
9
–3

.6
9
)

24
2.
4
4
(1
.17

–5
.0
7)

2.
33

(1
.11
–4

.8
8
)

1.5
4
(0
.6
3–

3.
78

)
M

11
5þ

,W
11
0
þ

6
1

3.
52

(2
.2
0
–5

.6
4
)

2.
9
3
(1
.8
2–
4
.7
3)

2.
74

(1
.4
8–

5.
0
8
)

54
3.
77

(2
.18

–6
.5
2)

3.
0
4
(1
.7
4
–5

.3
2)

3.
24

(1
.5
5–

6
.7
5)

7
3.
50

(1
.3
1–
9
.3
5)

3.
0
1
(1
.11
–8

.17
)

1.9
6
(0
.5
8
–6

.6
8
)

P
er

5
cm

1.1
7
(1
.11
–1
.2
3)

1.1
3
(1
.0
7–

1.2
0
)

1.1
3
(1
.0
4
–1
.2
2)

1.1
6
(1
.0
9
–1
.2
2)

1.1
2
(1
.0
5–

1.1
9
)

1.1
4
(1
.0
5–

1.2
4
)

1.2
2
(1
.0
7–
1.3

8
)

1.1
9
(1
.0
4
–1
.3
5)

1.1
0
(0
.9
2–
1.3

0
)

P
va

lu
e
fo
r
tr
en

d
<0

.0
0
0
1

<0
.0
0
0
1

0
.0
0
21

<0
.0
0
0
1

0
.0
0
0
0

0
.0
0
28

0
.0
0
24

0
.0
0
9
5

0
.3
0
4
4

P
in
te
ra
ct
io
n
w
it
h
se
x

0
.4
9

0
.3
5

0
.3
4

P
er

S
td

D
ev

1.3
7
(1
.2
3–

1.5
3)

1.3
0
(1
.16

–1
.4
5)

1.2
8
(1
.0
9
–1
.5
0
)

1.3
5
(1
.2
0
–1
.5
2)

1.2
7
(1
.12

–1
.4
4
)

1.3
1
(1
.10

–1
.5
6
)

1.5
0
(1
.15

–1
.9
5)

1.4
2
(1
.0
9
–1
.8
6
)

1.2
1
(0
.8
4
–1
.7
3)

W
ai
st

to
hi
p
ra
ti
o

M
<0

.9
0
,W

<0
.7
5

4
3

1.0
0
(r
ef
)

1.0
0
(r
ef
)

1.0
0
(r
ef
)

27
1.0

0
(r
ef
)

1.0
0
(r
ef
)

1.0
0
(r
ef
)

16
1.0

0
(r
ef
)

1.0
0
(r
ef
)

1.0
0
(r
ef
)

M
0
.9
0
–<

0
.9
5,

W
0
.7
5–

<0
.8
0

9
4

1.4
8
(1
.0
3–

2.
13
)

1.4
2
(0
.9
9
–2

.0
5)

1.3
5
(0
.9
4
–1
.9
6
)

70
1.5

6
(1
.0
0
–2
.4
3)

1.4
7
(0
.9
4
–2
.3
0
)

1.4
3
(0
.9
1–
2.
24

)
24

1.3
5
(0
.7
1–
2.
58

)
1.3

1
(0
.6
9
–2

.5
0
)

1.1
3
(0
.5
8
–2
.2
1)

M
0
.9
5–

<1
.0
0
,W

0
.8
0
–<

0
.8
5

8
1

1.3
4
(0
.9
2–
1.9

6
)

1.2
3
(0
.8
4
–1
.8
1)

1.1
1
(0
.7
5–

1.6
4
)

6
6

1.4
0
(0
.8
9
–2

.2
1)

1.2
6
(0
.8
0
–1
.9
9
)

1.1
7
(0
.7
4
–1
.8
7)

15
1.2

3
(0
.6
0
–2

.5
4
)

1.1
4
(0
.5
5–

2.
37

)
0
.8
3
(0
.3
8
–1
.8
1)

M
1.0

0
þ,

W
0
.8
5þ

9
9

1.6
5
(1
.13

–2
.4
0
)

1.4
3
(0
.9
8–

2.
0
9
)

1.1
9
(0
.8
0
–1
.7
9
)

8
5

1.6
9
(1
.0
8
–2

.6
4
)

1.4
3
(0
.9
1–
2.
24

)
1.2

7
(0
.7
9
–2
.0
3)

14
1.6

9
(0
.8
0
–3

.6
0
)

1.4
9
(0
.7
0
–3

.2
0
)

0
.9
6
(0
.4
2–
2.
20

)
P
er

0
.1

1.1
9
(1
.0
3–

1.3
7)

1.1
2
(0
.9
6
–1
.3
1)

1.0
3
(0
.8
7–

1.2
2)

1.1
7
(0
.9
9
–1
.3
8)

1.0
9
(0
.9
2–

1.3
0
)

1.0
3
(0
.8
5–

1.2
5)

1.2
6
(0
.9
7–
1.6

6
)

1.2
2
(0
.8
9
–1
.6
6
)

1.0
4
(0
.7
0
–1
.5
3)

P
va

lu
e
fo
r
tr
en

d
0
.0
19
7

0
.14

9
6

0
.7
0
76

0
.0
6
55

0
.3
22

9
0
.7
4
56

0
.0
8
76

0
.2
10
2

0
.8
4
8
2

P
in
te
ra
ct
io
n
w
it
h
se
x

0
.6
3

0
.4
5

0
.4
2

P
er

S
td

D
ev

1.1
8
(1
.0
3–

1.3
6
)

1.1
2
(0
.9
6
–1
.3
0
)

1.0
3
(0
.8
8
–1
.2
2)

1.1
6
(0
.9
9
–1
.3
7)

1.0
9
(0
.9
2–

1.2
9
)

1.0
3
(0
.8
6
–1
.2
4
)

1.2
5
(0
.9
7–

1.6
3)

1.2
1
(0
.9
0
–1
.6
4
)

1.0
4
(0
.7
1–
1.5

1)

A
b
b
re
vi
at
io
n:

R
R
,r
el
at
iv
e
ri
sk
.

a
S
o
m
e
co

un
ts

d
o
no

t
ad

d
to

to
ta
ls
b
ec
au

se
o
f
m
is
si
ng

d
at
a.

b
A
d
ju
st
ed

fo
r
ag

e,
se
x,

an
d
st
ud

y.
c A

d
ju
st
ed

fo
r
ag

e,
se
x,
st
ud

y,
ra
ce
,p

hy
si
ca
la

ct
iv
it
y,

ed
uc
at
io
n,

sm
o
ki
ng

,a
lc
o
ho

l,
an

d
g
al
ls
to
ne

s.
d
A
d
ju
st
ed

fo
r
ag

e,
se
x,

st
ud

y,
ra
ce
,p

hy
si
ca
la

ct
iv
it
y,

ed
uc
at
io
n,

sm
o
ki
ng

,a
lc
o
ho

l,
g
al
ls
to
ne

s,
an

d
B
M
I.

Anthropometry and Gallbladder Cancer Risk

www.aacrjournals.org Cancer Epidemiol Biomarkers Prev; 2017 7



381 with the more recent, larger studies lacked sufficient statistical
382 power to detect a meaningful association for men.
383 We are not aware of any epidemiologic studies on young adult
384 BMI as a risk factor for gallbladder cancer; therefore, our finding of
385 higher risk with obese levels of BMI during young adulthood is
386 novel but requires replication in other large, prospective studies.
387 This finding may highlight the importance of early life energy
388 excess with gallbladder cancer etiology. We identified a moderate
389 association between adult weight gain and gallbladder cancer risk:
390 only one previous cohort study assessed adult weight gain with
391 gallbladder cancer risk (11) and reported that average weight gain
392 (in kg) per year from age 20 years onward was not statistically
393 significantly associated with risk, although only 37 gallbladder
394 cancer cases were identified in the cohort, so statistical power to
395 detect an association was limited.
396 Taller height was associated with higher risk of gallbladder
397 cancer in this study, whereas in one previous large prospective
398 cohort study (16), height was not associated with gallbladder
399 cancer risk. The Million Women Study collaboration reported an
400 associationbetweenheight and cancer risk overall (30), consistent
401 with this study for gallbladder cancer, but that studydidnot report
402 results specifically for gallbladder cancer, and it is unlikely that the
403 overall result was materially affected from what would have been
404 very few gallbladder cancer cases.
405 Prospective studies on waist and hip circumference–related
406 measures and gallbladder cancer risk are especially rare, with
407 only one published study to date (11) that reported each 5 cm
408 increase in waist and hip circumferences was associated with 17%
409 and 18% higher risks of gallbladder cancer risk, respectively, and
410 the results were statistically significant despite a relatively small
411 number of cases (n¼ 76). Likewise, a 0.1 increase in thewaist–hip
412 ratio was associated with a nonstatistically significant 33% higher
413 risk of gallbladder cancer (11). With over 300 prospectively
414 identified gallbladder cancer cases with reported waist- and hip
415 circumference–related measures, our study adds considerably to
416 the sparse literature on central adiposity and gallbladder cancer
417 risk, although further research from additional large, prospective
418 cohort studies is still warranted.

420From the statisticalmodels that includedmutual adjustment of
421BMI and waist circumference, some of the risk imparted by these
422variables is likely shared since both of themain effect associations
423were attenuated to the null and were no longer statistically
424significant, although the HR for BMI decreased appreciably more
425than did the HR for waist circumference. Obesity increases risk of
426cholesterol gallstones and other gallbladder diseases (31), and
427gallstones, in turn, are a major risk factor for gallbladder cancer
428(4). Thus, gallstones might lie on the causal pathway between
429obesity and gallbladder cancer risk for somemen andwomen; but
430when history of gallstones at baseline was included in the statis-
431tical models, there was no appreciable change to the HRs for
432obesity. In addition, when persons with a history of gallstones at
433baseline were excluded, the results were not materially different
434(data not shown). More work is needed to define themechanisms
435that connect general and central obesity to gallbladder cancer risk.
436Some plausible mechanisms to explain this link may include
437localized inflammation and the ensuing damage that occurs to
438gallbladder epithelial tissue over time which for some men and
439women may lead to gallbladder cancer.
440The current study's strengths include its large sample size,
441prospective study design, inclusion of cohort studies from several
442regions of the world, long follow-up, and inclusion of harmo-
443nized data on many confirmed and plausible gallbladder cancer
444risk factors. Several limitations of this study should be also
445considered, particularly regarding the reliance by most studies
446on self-reported height and weight. Cross-sectional studies sug-
447gest that self-reported BMI is slightly lower than directlymeasured
448BMI, especially at obese levels of BMI (32); under-reporting
449of BMI may inflate associations for overweight BMI and gallblad-
450der cancer risk and simultaneously underestimate the association
451for obese BMI. Good-to-excellent agreement has been reported
452for self-reported and directly measured values of height and
453weight, however, in studies with participants who shared similar
454demographic characteristics to this study (33, 34), and it is
455reassuring that the main associations for adult BMI and gallblad-
456der cancer risk were similar for studies with directly measured
457versus self-reported height and weight. Six studies in this study
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Figure 2.

Restricted cubic spline analysis of waist
circumference and risk of gallbladder
cancer in the Rare Cancer
Collaboration. The solid line indicates
the HR, whereas the dashed line
indicates 95% CIs.
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460 had interviewer-measured waist and hip circumference data,
461 whereas eight studies had these data from participant measure-
462 ments. The validity of self-measured versus interviewer-measured
463 waist and hip circumferences is generally quite high, with correla-
464 tions coefficients of 0.84 to 0.9 (35). Nonetheless, if circumfer-
465 ence-related measures are more measurement-error prone than
466 height and weight, then studies of body circumference measures
467 and disease outcomes would tend to underestimate the true
468 associations compared with studies that rely on height and
469 weight. Further, waist–hip ratio tends to showweaker correlations
470 between self-measured and interviewer-measured indices, sug-
471 gesting that it is more prone to measurement error than other
472 body size variables (35, 36). This potential measurement error
473 may explain, at least in part, our null result for waist–hip ratio and
474 gallbladder cancer risk. We did not have access to updated risk
475 factor information in this pooling project study even though some
476 individual cohort studies collected updated risk factor informa-
477 tionduring follow-up. For factors that changeover time, including
478 body weight and circumference-related measures, this limitation
479 likely causes underestimation of the true associations. Another
480 limitation in this study is the lack of data on cholecystectomy (i.e.,
481 gallbladder removal); although it is unclearwhat effect, if any, this
482 omissionwould have on theHRs in this study. Five cohort studies
483 did not collect circumference-related measures, and other studies
484 only collected this information after their initial baseline enroll-
485 ment; thus,wehad fewer casenumbers for thesemeasures than for
486 the height- and weight-related analyses.
487 In conclusion, this pooled cohort analysis of individual-level
488 data from 19 prospective cohort studies identified higher risks of
489 gallbladder cancer with indicators of general and central obesity
490 and height. Because gallbladder cancer has such a poor prognosis
491 with so few established risk factors, additional studies are required
492 to identify further primary prevention opportunities for this
493 disease.
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