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Background: This study sought to appraise the association between raised body mass index (BMI) and the risk of gallblad-
der cancer (GBC) by performing a meta-analysis of 14 cohort studies.

Materials/Methods: Eligible cohort studies were selected by searching PubMed and EMBASE from their inception to May 26, 2016,
and the reference lists of retrieved articles were also consulted. The information was screened by two authors
separately. We used a fixed-effects model to calculate the overall pooled risk estimates. A random-effects mod-
el was used to identify heterogeneity.

Results: The meta-analysis incorporated 14 cohort studies. Nine papers were deemed to be of high quality based on the
Newcastle-Ottawa Scale (NOS). Compared with normal weight (BMI 18.5-24.9 kg/m?), the overall pooled rel-
ative risks (RR) of GBC was 1.45 (95% Cl 1.30-1.61) for excess body weight individuals (BMI >25 kg/m?); 1.10
(95% Cl 1.02-1.18) for overweight persons (BMI 25-29.9 kg/m?) and 1.69(95% ClI 1.54-1.86) for obese folks
(BMI >30 kg/m?). A higher risk of GBC was presented in obese women (women: RR 1.78, 95% Cl 1.59-1.99;
men: RR 1.50, 95% ClI 1.25-1.79). And a positive relationship between overweight and GBC risk was also dis-
played in female (RR 1.25, 95% Cl 1.11-1.40), but not in male (RR 1.01, 95% CI 0.93-1.11). The sensitivity anal-
ysis indicated stable results, and no publication bias was observed.
Conclusions: This meta-analysis of 14 cohort studies demonstrated that raised BMI has a dramatic association with risk of
GBC, especially in women. But, no association between overweight and GBC in men was found.
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Background

The World Health Organization (WHO) Cancer Report [1] said
that approximately 15 million new cancer cases could be fur-
ther increased in the next decades. Gallbladder cancer (GBC)
is @ common disease which has poor prognosis and is highly
aggressive [2]. The incidence and mortality rates are the high-
est cancer rates and the trend is increasing worldwide [3].
Many studies [4-12] have reported multiple factors closely re-
lated to GBC, such as gallstones, alcohol consumption, smok-
ing, blood glucose and diabetes mellitus (DM), genetic suscep-
tibility, and obesity. Thus, the etiologies of GBC in its acute
stage are of interest.

Body mass index (BMI) is a simple index and an accepted mea-
sure used to distinguish excess body weight, including over-
weight and obesity [13]. A WHO report [14] indicated that
global obesity, which is defined as abnormal or excessive fat
accumulation, has more than doubled in the past thirty years.
Another WHO report [15] indicated that obesity is a well-es-
tablished risk factor of gallbladder disease. Furthermore, ac-
cording to WHO, overweight (BMI >25 kg/m? and <29.9 kg/m?)
and obesity (BMI >30 kg/m?) are recognized as important risk
factors for multiple cancer types [16,17]. In our study, we de-
fined excess body weight as BMI >25 kg/m?2.

Based on the complicated etiology of GBC, obesity plays an
important role in biliary tract cancers [18] and the frequency
of obesity was high among patients with GBC [19]. In order
to further evaluate the relationship between obesity and GBC,
we performed this meta-analysis. The study complied with
the Meta-analysis of Observational Studies in Epidemiology
(MOOSE) guidelines [20].

Material and Methods

Search strategy and data sources

We searched PubMed and EMBASE (from their inception
to May 26, 2016) for cohort studies describing the asso-
ciation between BMI and GBC. To identify any additional
studies, the bibliographies of relevant articles were also
searched. The search used the following keywords: (1) “Cancer
of Gallbladder”, “Gallbladder Cancer”, “ Neoplasm, Gallbladder”,
“Gallbladder Neoplasm”, “Gallbladder Cancers”, “Gall Bladder
Cancers”, “Cancers, Gallbladder”, “Cancers, Gall Bladder”,
“Cancer, Gallbladder”, “Cancer, Gall Bladder”, “Bladder Cancers,
Gall”, “Bladder Cancer, Gall”, “Neoplasms, Gallbladder”, “Gall
Bladder Cancer”, “Cancer of the Gallbladder” [Title/Abstract]
OR “Gallbladder Neoplasms” [Mesh]; and (2) “Quetelets Index”,
“Index, Quetelet”, “Quetelet Index”, “Quetelet’s Index”, “Index,

” o«

Body Mass”, “overweight”, “obesity”, “excess body weight” OR
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“Body Mass Index”[Mesh]; and (3) “cohort study” OR “Cohort
Studies”[Mesh].

Study selection

Studies were considered eligible if they met all of the follow-
ing criteria: (1) a cohort study not a case-control study; (2) it
evaluated the association of raised BMI with GBC incidence;(3)
the interesting outcome was GBC incidence; (4) the interest-
ing exposure was overweight or obesity defined by BMI; and
(5) it provided HRs or RRs and the corresponding 95% Cls or
data to calculate them. Extra studies were identified by a hand
search of all the references of the retrieved articles.

Data extraction and quality assessment

The two authors (HL and ZWT) independently computed all
the retrieved studies based on the aforementioned selection
criteria. We also performed a cross-reference search of eligi-
ble articles to identify studies which we did not find in the
computerized search. The following information from cohort
studies were extracted: the name of the first author; publica-
tion year; regions of study; study period; sample size; cases
size; gender; mean age or age range; follow-up year; BMI cat-
egories; assessment of BMI; RR or HR and the 95% Cl; and the
confounding factors. Together with the co-corresponding au-
thors (LL and YSW), we resolved any disagreements by discus-
sion or consultation. The Newcastle-Ottawa Scale (NOS) [21]
was used for methodological quality assessment. The three
parameters for quality of a cohort study were consisted with
the NOS, namely selection, comparability, and outcome. The
maximum NOS score was 9. NOS score <7.0 was defined as
low quality and NOS score >7.0 was high quality.

Statistical analyses

The association between raised BMI and GBC was estimated
by computing the pooled RR and its 95% Cl, which was calcu-
lated from the adjusted RR or HR and 95% Cl offered in the
studies. In this meta-analysis, HRs was deemed equivalent to
relative risks (RRs) [22]. The Q test and the I? test [23] were
used to assess the studies heterogeneity. The D-L random ef-
fects model [24] was used as the pooling method when sig-
nificant heterogeneity existed and the M-H fixed effect model
[25] was used when no heterogeneity was observed. Subgroup
analyses by gender, geographic location, and follow-up time
(>10 years and <10 years) were performed in order to further
explore the origin of heterogeneity. Additionally, Begg funnel
plots and Egger regression test [26] were done to test poten-
tial publication bias. The data analyses were performed using
Stata version 13.1 (StataCorp LP, College Station, TX, USA).

Indexed in: [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]



META-ANALYSIS

PubMed: N=90 EMBASE: N=128

‘ 218 identified articles from the databases ‘

204 studies were excluded based
on removing duplicates, screening
title and abstract with inclusion
criteria and no relevant content

14 cohort articles were finally included in our meta-analysis

Figure 1. Flow chart illustrating the literature search for cohort
studies on BMI in relation to GBC. BMI — means body
mass index; GBC — means gallbladder cancer.

Results

Literature search and study characteristics

As shown in Figure 1, a total of 218 articles (90 from PubMed
and 128 from EMBASE) were retrieved. Among these articles,
204 articles were excluded after screening the titles and ab-
stracts, eliminating repetitions, and reviewing the full pa-
per. Finally, we retained 14 cohort studies in our analysis. Six
[10,27-31] of the 14 cohort studies were from Europe, five
[32-36] were from Asia and three [37-39] were from America.
The main information and NOS scores of the 14 studies are
summarized in Table 1. Nine of the 14 articles were high-qual-
ity studies (scores >7.0).

Main analysis

The meta-analysis, which included 10,530,142 individuals, found
a positive association between excess body weight and GBC
risk (RR 1.45,95% Cl 1.30-1.61) compared with normal weight
(Figure 2). After combining the data, we also found a prom-
ising association between overweight and GBC risk (RR 1.10,
95% Cl 1.02-1.18) compared with normal weight (Figure 3).
In addition, we found a dramatic association between obesi-
ty and GBC risk (RR 1.69, 95% Cl 1.54-1.86) compared with
normal weight (Figure 4). No heterogeneities were observed.

Subgroup meta-analysis

Depending on the subgroup analysis of gender, a promising
connection between BMI and GBC risk was observed, espe-
cially in women. Higher risks for GBC were present in wom-
en compared to men who had BMI of excess body weight
and obesity. No relationship was found in overweight men
(RR 1.01, 95% Cl 0.93-1.11). When BMI >25 kg/m?, statisti-
cal heterogeneity was observed in women (p=0.002; 1?=59.3).
A positive relationship between excess body weight and obe-
sity and GBC risk were revealed in the subgroup analysis of
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study region. No statistical heterogeneity was observed in the
European group. Moreover, among each stratum of BMI, the
risk of GBC in the Asia group was lower than the other three
groups. Additionally, we also observed statistical heterogene-
ity in American overweight and excess body weight groups.
Furthermore, no association was observed between overweight
and GBC risk in the follow-up >10 year group (RR 1.05, 95%
€1 0.97-1.15) (Table 2).

Sensitivity analysis

To appraise the study’s robustness, a sensitivity analysis was
performed by excluding one study per iteration and recount-
ing the pooled results of the primary analysis. The overall com-
bined result was stable (Figure 5).

Publication bias
Among the studies, no evidence of publication bias was ap-
peared by the Begg test and Egger linear regression test

[Begg, p>|z|=0.125; Egger, p=0.051, 95% Cl: -0.065-2.519]
(Figures 6, 7).

Discussion

The primary results of this study demonstrated that excess
body weight, overweight, or obesity were associated with an
increase in GBC risk. In this meta-analysis, we found that the
risk of GBC were 1.45 times, 1.10 times, and 1.69 times that of
normal weight people in excess body weight (BMI >25 kg/m?),
overweight (BMI 25-29.9 kg/m?) and obesity (BMI >30 kg/m?)
groups, respectively. Among each stratum of BMI, the risk of
GBC in men was lower than women, a finding that was con-
sistent with previous studies. Our sensitivity analysis suggest-
ed that the combined results were stable and robust. No pub-
lication bias was observed in our study.

The etiology of gallbladder carcinoma involves an intricate in-
teraction of metabolic alterations [40]. Numerous of studies
[4,5,41] have confirmed that gallstone are the main cause of
GBC. We found that obesity was not only strongly associated
with gallstones [42] but also had an increased frequency of
gallstones [43]. Another study [44] found that obese people
had supersaturated gallbladder bile accounting for the incli-
nation to cholesterol cholelithiasis. In addition, diabetes has
been shown to be a risk factor for gallstones [45] in general,
and in people with abdominal obesity [46]. A Danish study [47]
found a positive association between elevated glucose levels
and gallbladder carcinoma. When individuals with gallstone
diseases or unknown status were excluded in an analyses on
GBC, one study [46] found that the risk of GBC was 1.50 times
(1.01-2.22) than the risk of GBC for an increment of 5 kg/m? in
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Table 1. Characteristics of 14 cohort studies.

Author, year,
country
(study period)

Age:
Mean
or range

Follow-up BMI

years

Sample

lkuko Kato,
1992,
Hawaii
(1965-
1968)

7,831 m  Born from >22 Measured

1900 to
1919

1.30 (0.8-1.8)

43,965 Discharge

1994, diagnosis
Denmark
(1977-

1987)

1.60 (1.1-2.3)

Wolk, 2001,
Sweden
(1965-
1993)

28,129 Discharge

diagnosis

Calle, 2003,
USA
(1982-
1998)

900,053 Self-reported

Samanic,
2004,
USA
(1969-
1996)

4,500,700 m
B: 832,214
W: 3,668,486

Discharge
diagnosis

Anders Measured
England,

2005,

Norway

(1963-

2001)

2,001,511 44(20-74)

Kuriyama, 27,539 >40 9
2005

Japan

(1984~

1992)

Self-reported

Sang Woo Measured
Oh, 2005,

Korea

(1992-

2001)

781,283 m

Samanic, 18-67 Measured
2006,

Sweden

(1971~

1999)

362,552 m
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ascerta-inment

BMI
categories
(kg/m?)

<21.65

21.65-23.19
23.80-25.80

>25.80

Non-obese
Obese

Non-obese
Obese

18.5-24.9

25.0-29.9

30.0-34.9
235

Non-obese
Obese

<18.5
18.5-24.9
25.0-29.9

>30.0

<185
18.5-24.9
25.0-29.9

>30.0

<18.5
18.5-22.9
23.0-24.9
25.0-26.9
27.0-29.9

>30.0

25.0-29.9
>30.0

RR and 95% CI

Total

NA

1.0
1.1 (0.9-1.5)
1.4 (1.1-1.9)
1.8 (1.4-2.3)

0.50 (0.1-1.8)

META-ANALYSIS

1.40 (0.9-2.1)

1.70 (1.1-2.5)

1.00 (reference)

Adjustments

Occupation,
education,
smoking,
dietary, alcohol,
age, physical
activity

Age,
calendar
year

Age, race,

1.34 (0.97-1.84) 1.12 (0.86-1.47) marital status,

NA 1.00 (reference)
1.76 (1.06-2.94)
NA
1.62 0.93 (0.23-3.86)
(1.09-2.41) W 1.70
(1.13-2.57)B

0.31 (0.04-2.24)
1.00 (referent)
1.00 (0.84-1.17)
1.38 (1.01-1.89)

1.00 (reference)
0.46 (0.05-3.93)
NA
NA

2.44 (1.12-5.34)

1.00 (reference)

1.5 (1.10-2.20)

1.1 (0.74-1.80)

1.2 (0.70-2.24)
NA

0.93 (0.62-1.39)
1.40 (0.73-2.70)

Indexed in:

2.13 (1.56-2.90)
NA

NA

1.02 (0.54-1.91)
1.00 (referent)
1.27 (1.10-1.47)
1.88 (1.60-2.21)

1.00 (reference)
0.83 (0.23-2.98)
3.43 (1.19-9.94)
4.45 (1.39-14.23)

NA

NA

[Chemical Abstracts/CAS] [Index Copernicus]

smoking,
aspirin, alcohol,

estrogen

therapy

Age, calendar
year

Age, birth

Age, smoking,
health
insurance,
alcohol

Age, smoking,
alcohol,
exercise, region

Age, smoking

[Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]

NOS

6
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Table 1 continued. Characteristics of 14 cohort studies.
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RR and 95% CI

NOS

- Adjustments

Author, year, Age: :] ]
Follow-up BMI .
country Sample Mean ., categories -
5 years ascerta-inment
(study period) or range (kg/m?)
Ishiguro, 101,868 40-69 10.9 Self-reported <229
2008, 23.0-24.9
Japan 25.0-26.9
(1994- >27.0
2004)
Sun Ha Jee, 1,213,829 450 m 10.8 Measured 25.0-29.9
2008, 49.4f >30
Korea
(1992-
2006)
Yun-Mi 170,481 f 40-64 8.75 Measured <18.5
Song, (55.9) 18.5-20.9
2008, 21.0-22.9
Korea 23.0-24.9
(1994- 25.0-26.9
2003) 27.0-29.9
>30
Kari 30,020 NA 11.2 Discharge Non-obese
Hemminki, diagnosis obese
2011,
Sweden
(1964
2006)
Schlesinger, 363,426 25-70 8.5 Discharge Non-obese
2013, diagnosis obese
Europe
(1992-
2000)

NA 1.00 (reference) 1.00 (reference) Age, gender, 6
0.74 (0.28-1.92) 0.47 (0.22-0.98) study
1.26 (0.48-3.33) 0.62 (0.29-1.34) area, diabetes,
1.39 (0.45-4.34) 0.94 (0.48-1.88) smoking,
alcohol
1.00 0.97 (0.86-1.10) 1.27 (1.02-2.12) Age, smoking, 8
(0.89-1.12) 1.65 (1.11-2.44) 1.44 (0.98-2.12) alcohol,
1.54 physical activity
(1.17-2.03)
NA NA 1.91 (0.78-4.68)  Age, height, 7
1.35 (0.74-2.47) smoking,
1.00 (reference) alcohol,
1.06 (0.62-1.80) exercise, pay
1.30 (0.76-2.22) level
1.86 (1.09-3.18)
2.10 (0.97-4.51)
1.73 NA 1.55 (0.93-2.43) Age, sex, 7
(1.16-2.57) region,
economic
status
2.71 NA NA Weight, 6
(1.17-6.31) height, waist
circumference,
alcohol,
smoking,
education,
diet, lifestyle,

medical history,
Blood samples

BMI — means body mass index(kg/m?); RR — represents the relative risk; Cl — represents the confidence interva; m — means men;
f — means female; B — means black; W — means white; NA — represents data not applicable; NOS — means the Newcastle-Ottawa Scale.

BMI. Another analysis [17] found that the risk of GBC in indi-
viduals with gallstones was 1.31 times (1.12-1.52). Rapp et al.
[12] reported that elevated BMI was positively correlated with
blood glucose. Thus, we can affirm that obesity could increase
the prevalence of GBC by promoting formation of gallstones
and elevating blood glucose level. Some studies [48-50] have
shown that retinol binding protein 4 (RBP4) is closely associat-
ed with insulin resistance and obesity. Elevated RBP4 has been
shown to increase the incidence rate of gallstone disease [51].
Wang et al. [52] reported that bile RBP4 was correlated with
BMI positively. Hence, we can suppose that increased BMI may
play a role in the course of gallstone formation so as to in-
fluence the morbidity of GBC by elevating RBP4. These afore-
mentioned interconnected pathways may suggest pathophys-
iological mechanism of the obesity-cancer link.
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However, one study [53] showed that estrogen was the main
factor for the difference between males and females in terms
of gallbladder stone formation. Another study [54] revealed
that exogenous estrogens affected physiological markers fa-
cilitating gallstones formation. In addition, estrogens play a
role in cholesterol secretion increasing and bile salt secretion
diminishing [2]. Female sex hormones influence hepatic bile
secretion and gallbladder function adversely [55] and oral hor-
monal replacement therapy could increase the risk of GBC [2],
which have been shown to play an important role in the car-
cinogenesis process of this organ. These findings may partial-
ly explain the reason why the connection between raised BMI
and GBC was stronger in women than in men.
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Figure 2. Forest plot of risk of GBC associated

Study ID ES (95% CI) % weight with excess body weight (BMI
; N .
lkuko Kato, 1992, Hawaii (1965-1968) - 1.80(1.40,230) 15.61 225 Kg/m?) in general population.
Moller, 1994, Denmark (1977-1987) 1T = 1.30(0.80,1.80)  5.85
Wolk, 2001, Sweden (1965-1993) —= 1.60(1.10,2.30)  7.07
Calle, 2003, USA (1982-1998) — 1.51(1.11,2.07)  9.90
Samanic, 2004, USA (1969—1996) —E 1.62(1.09,2.41)  6.11
Anders Engeland, 2005, Norway (1963-2001) — 1.35(1.01,1.79) 11.75
Kuriyama, 2005 Japan (1984-1992) s 232(1.02,530) 1.42
Sang Woo Oh, 2005, Korea (1992-2001) — 1.19(0.83,5.30) 7.61
Samanic, 2006, Sweden (1971-1999) —E— 1.04(0.74,1.47) 8.16
Ishiguro, 2008, Japan (1994-2004) —&— 0.92(0.61,1.41) 5.48
Sun Ha Jee, 2008, Korea (1992-2006) — 1.22(0.80,1.86)  5.40
Yun-Mi Song, 2008, Korea (1994—2003) — 1.65(1.17,2.32) 8.21
Kari Hemminki, 2011, Sweden (1964—2006) —_—— 1.73(1.16,2.57)  6.08
Schlesinger, 2013, Europe (1992-2000) ——~—>2 71(1.17,6.31) 135
Overall (I-squared=30.5%, p=0.1333) Q 1.45(1.31,1.59) 100.00
T T
158 1 6.31
. e Figure 3. Forest plot of risk of GBC associated
Study ID ‘ ES(5%CH) 9% weight with overweight (25-29.9 Kg/m?) in
Calle, 2003, USA, men '-v—v— 134 (097, 184) 4.75 general populat|on
Anders Engeland, 2005, Norway, men == 1.00(0.84,1.17) 17.72
Kuriyama, 2005 Japan, men L 0.46 (0.05, 3.93) 0.10
Sang Woo Oh, 2005, Korea, men +._ 1.19(0.83,1.69)  3.85
Samanic, 2006, Sweden, men —= 0.93(0.62,1.39) 2.98
Ishiguro, 2008, Japan, men —L.— 1.26(0.48,333)  0.52
Sun Ha Jee, 2008, Korea, men = 0.97(0.86,1.10)  32.11
Calle, 2003, USA, women = 1.12(0.86,1.47)  6.77
Anders Engeland, 2005, Norway, women == 1.27(1.10,1.47) 23.14
Kuriyama, 2005 Japan, women L . 177(044,7.08) 025
Ishiguro, 2008, Japan, women — e 0.62(0.29, 1.34) 0.83
Sun Ha Jee, 2008, Korea, women e 1.27(1.02,212)  3.63
Yun-Mi Song, 2008, Korea, women - 1.10(1.06, 2.27) 3.35
Overall (I-squared=35.2%, p=0.101) 0 1.10(1.02,1.18) 100.00
.05 1 20
ES (95%1) 0 Figure 4. Forest plot of risk of GBC associated
Study D (95% C1) % weight with obesity (30 Kg/m?) in general
Moller, 1994, Denmark, men + 0.50(0.10,1.80) 0.45 lati
Wolk 2001, Sweden, men 0.90(0.10,3.40) 0.30 population.
(alle, 2003, USA, men —a— 1.76 (1.06,2.94)  3.60
Samanic, 2006, Sweden, men —— 1.62(1.09,2.41) 5.96
Anders Engeland, 2005, Norway, men [t 1.38(1.01,1.89) 9.55
Samanic, 2006, Sweden, men —— 1.40(0.73,2.70) 2.19
Ishiguro, 2008, Japan, men —_— 1.39(0.45,4.34) 0.73
Sun Ha Jee, 2008, Korea, men — 1.65(1.11,2.44)  6.05
Moller, 1994, Denmark, women +— 1.40(0.90,2.10) 5.22
Wolk, 2001, Sweden, women —— 1.70(1.10,2.50) 5.57
(alle, 2003, USA, men —— 2.13(1.56,2.90) 9.76
Anders Engeland, 2005, Norway, women - 1.88(1.60,2.21) 35.96
Kuriyama, 2005 Japan, women ———————445(1.39,14.23)  0.69
Ishiguro, 2008, Japan, women _— 0.94(0.48,1.88) 2.01
Sun Ha Jee, 2008, Korea, women - 1.44(0.98,2.12) 6.30
Yun-Mi Song, 2008, Korea, women — 2.10(0.97,4.51) 1.59
Kari He mminki, 2011, Sweden, women s 1.55(0.93,2.43) 4.07
Overall (I-squared=3.0%, p=0.418) 03 1.69 (1.54, 1.86)100.00
0703 1 142
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Table 2. Subgroup analyses of the association between BMI and GBC risk.

Overweight (25-29.9 Kg/m?) Obesity (>30 Kg/m?) Excess body weight (>25 Kg/m?)

Men 6 1.01 0.532 9 1.50 0.822 11 1.09 0.058
(0.93,1.11) (0.0) (1.25,1.79) (0.0) (1.01, 1.18) (39.5)
Women 6 1.25 0.362 9 1.78 0.237 9 1.48 0.002
(1.11, 1.40) (8.5) (1.59, 1.99) (23.2) (1.27, 1.72) (59.3)
Region

Asia 5 1.04 0.193 4 1.55 0.136 5 1.29 0.007
(0.94, 1.16) (34.3) (1.23, 1.96) (45.9) (1.02, 1.62) (62.0)
Europe 5 1.07 0.415 5 1.56 0.861 6 1.36 0.100
P (0.88, 1.32) (0.0) (1.31, 1.87) (0.0) (1.19, 1.55) (41.8)
America 5 1.47 0.016 5 1.89 0.365 3 1.62 0.013
(0.99, 2.16) (82.8) (1.51, 2.35) (0.0) (1.26, 2.09) (72.1)
. 1.14 0.157 1.68 0.185 1.41 0.230
e (096137 (50.1) / (1.46,1.93)  (43.0) ° 26159 (309)

Follow-up time
<10 2 1.52 0.677 3 1.59 0.106 a 1.63 0.288
(1.06, 2.19) (0.0) (1.13, 2.24) (55.1) (1.28, 2.07) (19.2)
510 6 1.05 0.490 7 1.70 0.449 10 1.37 0.000
(0.97, 1.15) (0.0) (1.49, 1.93) (0.0) (1.17, 1.60) (76.5)

BMI — represents the body mass index; GBC — represents the gallbladder cancer; RR — represents the relative risk; Cl — represents the
confidence interval; the values of P and I? represent the heterogeneity.

Meta-analysis estimates, given named study is omitted Figure 5. z::;izi;/r:t)é Aa/\r: a(l>yzs _I;S ,?gf /tr:f) aasns g c(;:;t(i:on
| Lower CI limit Q Estimate | Upper Cl limit
Ikuko Kato, 1992, Hawaii B L. L0 e N
Moller, 1994, Denmark AU 7 SRRV S
Wolk, 2001, Sweden [ ] e Q[ e
Calle, 2003, USA | : C O -
Samanic, 2004, USA 5 O+ ] TSSOV
Anders Engeland, 2005, Norway 1 I STUUIHIRTSTN W
Kuriyama, 2005 Japan [N TR o O P
Sang Woo Oh, 2005, Korea | C B Y . Ce .|
Samanic, 2006, Sweden SRRSO NSO SRRSO I |
Ishiguro, 2008, Japan [N T VPN N
Sun Ha Jee, 2008, Korea | . o - . . |
Yun-Mi Song, 2008, Korea [ R - I RS Y |
Kari Hemminki, 2011, Sweden [ oo rrrevm ons v oo v s s ]
Schlesinger, 2013, Europe T R O |
123 127 1.44 1.62 1.I67
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Figure 6. Begg’s funnel plot of the 14 cohort studies.

A meta-analysis [56] found that BMI for persons from East
Asian countries was 1.9-3.2 kg/m? lower than for Caucasians,
when they were at the same percentage of body fat. Another
study [57] found that compared with Asian populations,
Western white populations have a lower percentage of body fat
at a particular BMI level. For the aforementioned evidence, Asian
populations may have a higher risk of GBC than Caucasians.
But in our study, the subgroup meta-analysis found that the
risk of GBC in the Asia group was lower than the other three
groups within each stratum of BMI. It is possible that race or
lifestyle is a principal factor. One research study [58] concluded
that a Western diet elevates body adiposity without changing
body weight. BMI associating with cancer risk was defined by
a Western cut-off point [35]. Hence, what we need is the es-
tablishment of different cut-off points for Asian populations
or identical cut-off points for the globe population.

There were several strengths in our meta-analysis. Observational
studies cannot prove causality [59]. All of the included studies
were cohort design with no epidemiological observational stud-
ies, which are considered a higher level of study design. A major-
ity of the cohorts comprised at least one RR and 95% Cl, allowing
for subgroup analysis. Fourteen studies followed the participants
for a long time (e.g., 10 years). All the included studies estimated
multiple confounders. Of the studies that had large sample sizes,
nine studies were judged to be high quality. Additionally, though
several studies with high 12 values (Table 2) were presented in
certain subgroup analyses, we did not find heterogeneity in the
three main analyses presented. However, in the subgroup anal-
ysis of study regions, studies conducted in America made princi-
pal contributions to heterogeneity. The number of articles (only
three) may be an important reason for the heterogeneity. Yet, no
heterogeneity was observed after we put the European group
and American group into one group called non-Asian group. In
addition, gender and follow-up year also introduced heterogene-
ity to some extent in the subgroup analysis. When more data is
available, we will evaluate these factors again, in a future study.

This work is licensed under Creative Common Attribution-
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Figure 7. Egger’s publication bias plot.

Regardless of the advantages of this study, the meta-analysis
also had limitations. First, notwithstanding that we searched
all cohort studies for the association between BMI and GBC
risk; all eligible studies were restricted to English language
publications. This linguistic barrier excluded some non-English
language studies. We also missed some studies published in
a book or a journal that was not available through the inter-
net databases. Additionally, journals may reject studies with
non-significant results, or studies showing an absence of ef-
fect may not be submitted by investigators. Fortunately, no
publication bias was found in our study, although we could
not rule out publication bias completely. Second, a few stud-
ies did not present clear or entire data, making data analysis
difficult. For this reason, in the sub-analysis, the sum of some
of the groups’ data were not equal to the total numbers in-
cluded in the literature. When we could not get original data
from the authors by email or other means, we combined data.
Moreover, some studies only described the relationship be-
tween BMI and men or women and did not describe the re-
lationship among the general population. In these cases, we
dealt with the data only in subgroup analysis depending on
gender. In the gender sub-group analysis, significant heteroge-
neity was found in data for women whose BMI >25 kg/m?, un-
fortunately, we did not find the reason for this heterogeneity
by searching the databases. Furthermore, the class of BMI of
other studies did not always follow the WHO criterion. In order
to resolve this problem, we chose the class of BMI closest to
the WHO criterion. For example in one study [37], the authors
divided BMI (kg/m?) into <21.65, 21.65-23.19, 23.80-25.80,
and >25.80, and we then classified BMI >25.80 kg/m? as ex-
cess body weight group. Another study [33] divided BMI (kg/m?)
classes into 25.0-6.9, 27.0-29.9, and >30.0. Similarly, we com-
bined 25.0-26.9 and 27.0-29.9 into one group. No heteroge-
neity was observed. Third, although nine of the fourteen stud-
ies were considered high quality, the NOS score of five articles
were less than 7. In other word, nearly one third of the study
reports supplied vague data, which would overestimate the
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pooled effect. Fourth, we did not appraise all the adjustments
for confounders. The subgroup analysis only used gender, re-
gion, and follow-up year without other confounding factors.
One meta-analysis [60] noted that smoking and alcohol con-
sumption were also strongly associated with GBC risk in over-
weight people. Considering the difference and uncontrollability
of lifestyles among people, we assumed that all confounders
were equal, and our results were consistent with this assump-
tion. Fifth, although BMI is the authoritative measure for nor-
mal weight assessment, there are still other tools for weight
assessment used in judging abdominal adiposity that may be
more sensitive in forecasting the risk of cancer, namely waist-
to-hip ratio and waist circumference. Adipose tissue is known to
play a positive role in tumor microenvironment [61]. However,
BMI cannot make the distinction between fat mass and muscle
mass. Finally, because of the small number of eligible articles,
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our study was not the most comprehensive. Thus, more com-
prehensive and higher quality analyses are still required in the
future when more practicable data are published.

Conclusions

In summary, the cohort studies meta-analysis indicated that
raised BMI played an important role in the risk of GBC. Further
studies that meet strict criteria on this subject are needed in
order to provide more convincing evidence and to reinforce
the association between BMI and GBC risk.
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