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Abnormal body weight and risk of gallbladder D
cancer: an updated meta-analysis
incorporating recent evidence
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Abstract

Background To update previous meta-analyses by evaluating the association between body mass index (BMI)
categories (underweight, overweight, and obesity) and gallbladder cancer (GBC) risk, and to compare findings
between earlier and more recent studies.

Methods A systematic search of PubMed and Web of Science identified 10 observational studies published between
January 2017 and May 2025. Studies reporting risk ratios (RRs), hazard ratios, or odds ratios with 95% confidence
intervals (Cls) for GBC by BMI category were included. Pooled RRs were calculated using fixed- and random-effects
models, and heterogeneity was assessed using I statistics. Subgroup analyses compared older with newer studies,
and men with women.

Results Twenty-four studies (14 previous, 11 new) were included. The underweight group showed a a 5% increased
possible risk of GBC (fixed-effects RR=1.05, 95% Cl: 0.89-1.24), but there was no clear evidence as statistical
significance was not demonstrated. The overweight group was associated with a 19% increased risk (random-effects
RR=1.19,95% Cl: 1.11-1.27), and obesity with a 69% increased risk (random-effects RR=1.69, 95% Cl: 1.51-1.88).
Recent studies reported higher RRs for the overweight and obesity groups compared with earlier studies.

Conclusions Excess body weight is significantly associated with increased GBC risk, with stronger associations
reported in recent studies. Underweight also suggests a possible positive association. These findings emphasize the
importance of weight management in GBC prevention strategies.
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Trial registration Prospero registration ID: CRD420251089832.
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Introduction

Gallbladder cancer (GBC) is the sixth most common
cancer worldwide and the most common malignancy to
develop in the biliary system [1]. According to the GLOB-
OCAN Annual Report in 2010, 115,000 individuals were
diagnosed with GBC globally, accounting for 0.6% of all
cancers, and 84,000 died from the disease, representing
0.63% of all cancer-related deaths [2, 3]. The high mor-
tality associated with GBC is attributable to its unique
characteristics. Early detection of GBC can increase the
five-year survival rate to over 80% [4]. Unfortunately, due
to its malignant nature, delayed presentation, complex
anatomic location, and advanced stage at diagnosis, the
prognosis for GBC remains poor [1]. These challenges
result in a 5-year survival rate of approximately 5% and a
median survival time of only 6 months [5]. Reported risk
factors for GBC include gallstones [6], porcelain gallblad-
der [7], gallbladder polyps [8], chronic infection [9-11],
obesity [12], and diabetes [13].

Obesity, a well-recognized risk factor for GBC, has
emerged as a major global health challenge, profoundly
affecting both public health and individual outcomes. Its
prevalence has risen markedly, placing increasing strain
on healthcare systems worldwide [14]. According to a
World Health Organization (WHO) report in 2023, the
global prevalence of obesity has nearly doubled since
1980 [14]. Similarly, it was predicted in the 2023 report
of the World Obesity Federation that more than half of
the global population will be living with obesity or being
overweight within the next 12 years [14]. Of particular
concern is the strong association between obesity and
cancer risk. Growing evidence demonstrates a robust and
consistent link between obesity and increased suscepti-
bility to multiple cancers, including GBC [15].

Several meta-analyses have examined the relation-
ship between excess body weight and the risk of GBC.
However, the number of studies directly addressing this
association remains limited. Although Piovani et al. [16]
reported a correlation between excess body weight and
GBC risk, the topic was not explored in depth. Further-
more, no new meta-analyses focusing specifically on
body weight and GBC risk have been published since
the 2016 reports by Li et al. [17] and Liu et al. [18]. The
studies included in those meta-analyses are relatively
old, limiting their ability to reflect the current evidence
landscape. In addition, although some studies in Liu et al.
[18] indicated an elevated GBC risk among underweight
individuals, this finding was overlooked, with analyses
restricted to overweight and obese groups. Therefore,

updating the available evidence with recently conducted
studies is necessary to better define the relationship
between body weight and GBC risk. Accordingly, it is
sought to re-establish association between non-normal
body weight and the risk of GBC by defining under-
weight (BMI < 18.5 kg/m?), overweight (BMI 25-29.9 kg/
m?), and obesity (BMI>30 kg/m?), based on the WHO
classification, as “abnormal body weight’, which is out of
normal body weight (BMI 18.5-24.9 kg/m?).

Methods

Study design

This meta-analysis was conducted in accordance with
the Meta-analysis Of Observational Studies in Epidemi-
ology (MOOSE) guidelines [19]. Our study followed the
PRISMA 2020 statement [20]. The PRISMA checklist
was also completed (Table S1). The protocol for the study
has been registered in PROSPERO with the following ID
number: CRD420251089832.

Search strategy

To update prior analyses of Li et al. [17] and Liu et al.
[18], including 14 common studies, a comprehensive
search was performed for studies published between Jan-
uary 2017 and May 2025. Studies were collected from two
databases: PubMed and Web of Science. The following
keywords were used: “body mass index” OR “BMI” OR
“obesity” OR “overweight” OR “underweight” combined
with “gallbladder cancer” OR “gallbladder carcinoma”
The search was restricted to the studies conducted in
humans and published in English.

Inclusion and exclusion criteria

Two investigators independently evaluated all retrieved
studies to assess eligibility. Disagreements were resolved
through discussion and, when necessary, consultation
with the senior author. Studies were included if they met
the following criteria: (1) full-text articles accessible in
the database; (2) exposure of interest was underweight,
overweight, or obesity defined by BMI or by diagnosis at
discharge; (3) the study reported an association between
BMI and GBC; and (4) the association was expressed as a
risk ratio (RR), odds ratio (OR), or hazard ratio (HR) with
the corresponding confidence interval (CI).

Studies were excluded if: (1) they were not full reports
(e.g., conference abstracts or letters to the editor); (2)
the full text was not freely available in the database; (3)
RRs, ORs, or HRs were reported only for specific BMI
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ranges; or (4) they lacked sufficient calculations for data
synthesis.

Data extraction

The following information was extracted from each
study: the last name of the first author (with “et al” added
if more than three authors), year of publication, study
design, country, follow-up duration (for cohort studies),
age range or mean baseline age, sex, number of partici-
pants, outcome, HR/OR/RR with 95% ClIs, and variables
adjusted in the analysis. When studies reported multiple
types of adjusted risks (e.g., univariate and multivariate),
the most fully adjusted estimate was extracted.

Quality assessment

The quality of selected studies was evaluated using the
Risk of bias in non-randomized studies of interven-
tions (ROBINS-I) tool. ROBINS-I assesses the validity
and potential risk of bias in effect estimates from non-
randomized studies [21]. It evaluates seven domains:
confounding, selection of participants, classification of
interventions, deviations from intended interventions,
missing data, measurement of outcomes, and selection
of reported results. Each domain was graded as “Low;
“Moderate, “Serious,” or “Critical” Although quality
assessment of the 14 previously included studies had
already been performed using the Newcastle—Ottawa
Scale (NOS) in earlier meta-analyses, since NOS and
ROBINS-I are not directly comparable tools, the 14 stud-
ies utilized in the previous meta-analyses were also sub-
jected to a quality assessment using ROBINS-I; therefore,
reassessment was conducted for those studies [17, 18].

Statistical analysis

Random-effects and fixed-effects meta-analyses were
used to estimate the summary RR for the association
between BMI and GBC risk. In this analysis, as GBC is
a rare disease with a prevalence of less than 10%, HRs
and ORs were considered equivalent to RRs, in accor-
dance with the rare disease rule [22]. Following the WHO
classification for BMI in adults, summary RRs were cal-
culated for underweight (BMI<18.5 kg/m?), overweight
(BMI 25-29.9 kg/m?), and obesity (BMI>30 kg/m?)
using normal weight (BMI 18.5-24.9 kg/m?) as the ref-
erence category. When nonstandard BMI categories were
reported, the categories most similar to the WHO defi-
nitions were selected [23]. Additionally, the RR per 5 kg/
m? increment in BMI was estimated using the general-
ized least-squares method for trend estimation [24]. The
median or mean in each BMI category was assigned to
its corresponding dose. If not reported, the midpoint of
the upper and lower boundaries of the category was used.
For open-ended highest categories, the median value was
assumed as the lower cut-off plus a 25% increment [18].
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Subgroup analyses were performed to compare results
from studies included in previous meta-analyses with
those from newly selected studies, as well as to compare
results based on sex. These analyses aimed to determine
whether the association between BMI and GBC risk dif-
fered between earlier and more recent evidence. Funnel
plot and Egger’s regression test were also used to check
the publication bias. Furthermore, the analysis of results
based on sex aims to determine which sex constitutes a
higher-risk group and to identify the associated factors.
Statistical heterogeneity was assessed using the I? sta-
tistic, with thresholds of 25%, 50%, and 75% indicating
low, moderate, and high heterogeneity, respectively [25].
Fixed-effects models were applied when heterogeneity
was <50%, while random-effects models were applied
when heterogeneity exceeded 50%. Sensitivity analyses
were conducted to evaluate the robustness of the pooled
effect estimates. Analyses were repeated after excluding
studies assessed as having a serious risk of bias accord-
ing to the ROBINS-I v2 tool. This approach was used to
determine whether the inclusion of lower-quality studies
influenced the overall results. In addition, a leave-one-
out sensitivity analysis was performed, in which each
study was sequentially removed and the pooled estimate
recalculated to assess the influence of individual studies
on the overall findings. Particular attention was given to
the exclusion of the study with the highest weight to eval-
uate whether the results were disproportionately driven
by highly weighted studies. All statistical analyses were
performed using R Studio.

Results

Literature search

The study selection process is shown in Fig. 1. A total of
689 studies were initially extracted, 559 from PubMed
and 130 from Web of Science. Of these, 173 were
excluded as duplicates. The remaining 516 studies were
screened by titles and abstracts, resulting in the exclu-
sion of 426. Eligibility was assessed for 90 studies, and
after full-text review, 79 were excluded because they
did not report RRs with 95% CIs or did not provide suf-
ficient data for calculation. Ultimately, 14 previous stud-
ies [26—-39] and 11 newly identified studies [40—50] were
included in the meta-analysis (Table 1).

Study characteristics

In total, 25 studies published between 1992 and 2024
were included. All studies examined the association
between abnormal body weight and GBC. Of these, 16
studies reported associations between GBC and obesity
within the WHO-defined BMI range, 14 reported asso-
ciations between GBC and overweight, and 10 reported
associations between GBC and underweight. 14 studies
reported results for both sexes combined, nine reported
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Fig. 1 Flowchart of study selection. Flow chart illustrating the literature search for studies on BMI in relation to GBC

results stratified by sex, four reported results for men
only, and three reported results for women only. Quality
assessment showed that, among the 25 included studies
evaluated with the ROBINS-I v2 tool, eight were graded
as low risk of bias, 16 as moderate, and one as serious.

Publication bias

Two methods, the funnel plot and Egger’s regression
test, were used to investigate the possibility of publica-
tion bias. Publication bias was analyzed by separately
examining studies on underweight, overweight, and
obese groups. For the underweight group, the funnel plot

appeared generally symmetrical, although slight asym-
metry was observed (Fig. 2A). In the overweight group,
the funnel plot showed a largely symmetrical distribution,
suggesting no substantial evidence of publication bias
(Fig. 2B). In the obese group, asymmetry was observed
as studies exhibited a tendency to skew toward the left
(Fig. 2C). It indicated the possibility that only statistically
significant results had been published. Consequently,
the possibility that the actual effect was overestimated
was taken into consideration. Meanwhile, Egger’s regres-
sion test revealed no evidence of publication bias in any
of the groups (Underweight group: z=1.0390, p=0.2988,
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Fig. 2 Publication Bias of Underweight, Overweight, and Obese Groups using Funnel Plot. A Underweight group, B Overweight group, C Obese group
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Fig. 4 Sensitivity Analysis excluding studies with serious risk. A Overweight group, B Obese group, M: Men, W: Women, T: Total

Overweight group: z=-0.5442, p=0.5863, Obese group:

z=-1.4738, p=0.1405) (Fig. 3).

Sensitivity analysis

The sensitivity analysis was conducted while excluding
the study by Sun et al. [49], which was determined to

included only the overweight and obese groups, the sen-
sitivity analysis was performed within these two groups.
The results remained materially unchanged compared
with the original analysis, with no meaningful differences
in the pooled effect estimates or their statistical signifi-
cance (Fig. 4). This suggests that the overall findings were

carry a serious risk of bias. Since the study by Sun et al.
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Fig. 5 Leave-one-out analysis excluding a study with the largest sample size. A Underweight Group, B Overweight group, C Obese group. M: Men, W:

Women, T: Total
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Fig. 6 Relative risks of gallbladder cancer associated with BMI. Forest plot of the risk of GBC associated with underweight (< 18.5 kg/m2) in the general

population. M: Men, W: Women, T: Total

not unduly influenced by studies with a higher risk of
bias.

Leave-one-out analysis

The leave-one-out analysis excluded the study results
with the highest weight within each of the underweight,
overweight, and obese groups. In the underweight
group, the study by Fujii et al. [44] was excluded; in the
overweight group, the study by Recalde et al. [47] was
excluded; and in the obese group, the study by Alkhayyat
et al. [41] was excluded. The analysis of the underweight
group indicated that a study by Fujii et al. [44] influenced
the overall results (Fig. 5A). In contrast, the pooled effect

estimates remained largely unchanged, with no mean-
ingful differences in magnitude or statistical significance
in the overweight and obese analysis (Fig. 5B, C). These
findings indicate that the overall results of the overweight
and obese groups were not driven by any single study,
including the most influential study by sample size.

Association between underweight and GBC risk

Fourteen reports from 10 studies examined the associa-
tion between GBC risk and underweight. As shown in
Fig. 6, the pooled RR under the fixed-effects model was
modestly elevated at 1.05 (95% CI: 0.89-1.24), while the
random-effects model produced a slightly higher estimate
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of 1.13 (95% CI: 0.90-1.41). These findings suggest that
although individuals classified as underweight may have
a 5-13% increased risk of developing GBC compared to
those with normal BMI, this increase was not statistically
significant and therefore does not provide clear evidence
of an association. The observed heterogeneity was low
to moderate across studies (I*=27.3%, p=0.1623), indi-
cating a notable degree of inter-study variability; there-
fore, the fixed-effects model was selected for the primary
analysis. Tests for the overall effect were not significant
(z=0.63, p=0.5315 for the fixed-effects model; t=1.14,
p=0.2752 for the random-effects model).

Association between overweight and GBC risk

Twenty-five reports from 16 studies assessed the asso-
ciation between GBC risk and overweight. Figure 7
represents a forest plot illustrating the results of a meta-
analysis examining the relationship between being over-
weight and the risk of GBC. The pooled RR derived from
both fixed-effects and random-effects models was 1.19,
with corresponding 95% CI of 1.15-1.24 and 1.11-1.27,
respectively. These results indicate a statistically sig-
nificant 19% increased risk of GBC among overweight
individuals compared with those of normal BMI. Het-
erogeneity was moderate to high (I>=64.9%, p <0.0001),
suggesting notable inter-study variability; therefore, a
random-effects model was applied in the results analysis.
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The consistency in effect size across models supports
the robustness of the association. Tests for overall effect
were highly significant (z=10.07, p<0.0001 for the fixed-
effects model; t=5.53, p<0.0001 for the random-effects
model).

Association between obesity and GBC risk

30 reports from 20 studies indicated an association
between GBC risk and obesity. As shown in Fig. 8, the
forest plot presents a meta-analysis synthesizing data on
this association. The pooled RR under the fixed-effects
model was markedly elevated at 2.14 (95% CI: 2.05-2.24),
while the random-effects model yielded a slightly attenu-
ated yet significant RR of 1.69 (95% CI: 1.51-1.88). These
findings indicate that obese individuals have a 69-114%
higher risk of developing GBC compared with those of
normal BMI. Substantial heterogeneity was observed
across studies (I>=90.7%, p<0.0001), suggesting con-
siderable inter-study variability. Therefore, a random-
effects model was adopted for the primary analysis. The
overall effect remained highly significant in both models
(z=33.73, p<0.0001 for the fixed-effects model; t=9.80,
»<0.0001 for the random-effects model).

Subgroup analyses
In the underweight comparison, previous studies (Fig.
9A) showed a pooled RR of 1.43 (95% CI: 0.80-2.55)

Weight Weight
Study logRR SE(logRR) Risk Ratio RR 95%-Cl (common) (random)
Anders et al.,2005(M) 0.0000 0.0845 —-— 1.00 [0.85; 1.18] 4.3% 5.7%
Anders et al.,2005(W) 0.2390 0.0740 —t-— 1.27 [1.10; 1.47] 5.6% 6.2%
Calle et al. 2003(W) 0.1133 0.1368 1.12 [0.86; 1.46] 1.7% 3.7%
Calle et al., 2003(M) 0.2927 0.1633 1.34 [0.97; 1.85] 1.2% 2.9%
Campbell et al,2017(M) 0.3784 0.1990 1.46 [0.99; 2.16] 0.8% 2.2%
Campbell et al,2017(W) 0.1906 0.1146 1.21 [0:97;1.51] 2.4% 4.4%
Dikaiou et al.,2024(W) 0.0198 0.1822 1.02 [0.71; 1.46] 0.9% 2.5%
Ishiguro et al. 2008(M) 0.2311 0.4941 1.26 [0.48; 3.32] 0.1% 0.5%
Ishiguro et al., 2008(W) -0.4780 0.3904 0.62 [0.29; 1.33] 0.2% 0.7%
Jackson et al,2019(T) 0.2700 0.0858 —+-— 1.31 [1.11; 1.55] 4.2% 5.7%
Jee et al. 2008 (W) 0.2390 0.1866 1.27 [0.88; 1.83] 0.9% 2.4%
Jee et al., 2008 (M) -0.0305 0.0628 —-— 0.97 [0.86; 1.10] 7.8% 6.8%
Jeong et a.,2018(T) 0.1570 0.1213 1.17 [0.92; 1.48] 2.1% 4.2%
Kuriyama et al., 2005(W) 0.5710 0.7087 1.77 [0.44;7.10] 0.1% 0.2%
Lee et al.,2018(M) -0.0619 0.1001 —-— 0.94 [0.77; 1.14] 3.1% 5.0%
Lee et al.,2018(W) 0.2311 0.1026 1.26 [1.03; 1.54] 2.9% 4.9%
Oh et al., 2005(M) 0.1740 0.1814 1.19 [0.83; 1.70] 0.9% 2.5%
Recalde et al.,2021(T) 0.1133 0.0319 il 1.12 [1.05; 1.19] 30.3% 8.1%
Saeed et al.,2023(M) 0.1044 0.1622 1.11 [0.81; 1.53] 1.2% 3.0%
Saeed et al.,2023(W) 0.4447 0.0489 - 1.56 [1.42;1.72] 12.9% 7.4%
Samanic et al.,2006(M) -0.0726 0.2060 0.93 [0.62; 1.39] 0.7% 2.1%
Song et al.,2008(T) 0.0953 0.1943 1.10 [0.75; 1.61] 0.8% 2.3%
Sun et al.,2022(T) 0.3716 0.1335 +—— 1.45 [1.12; 1.88] 1.7% 3.8%
Zakaria & Shaw,2017(M) 0.2151 0.0574 - 1.24 [1.11; 1.39] 9.4% 7.0%
Zakaria & Shaw,2017(W) 0.2700 0.0903 —t-— 1.31 [1.10; 1.56] 3.8% 5.5%
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Fig. 7 Relative risks of gallbladder cancer associated with BMI. Forest plot of the risk of GBC associated with overweight (25-29.9 kg/m2) in the general

population. M: Men, W: Women, T: Total
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Weight Weight
Study logRR SE(logRR) Risk Ratio RR 95%-Cl (common) (random)
Alkhayyat et al., 2023 (T) 1.1939 0.0355 : - 3.30 [3.08; 3.54] 40.4% 6.1%
Anders et al.,2005 (M) 0.3221 0.1599 —0— : 1.38 [1.01; 1.89] 2.0% 4.3%
Anders et al.,2005 (W) 0.6313 0.0824 “‘T 1.88 [1.60; 2.21] 7.5% 5.6%
Calle et al., 2003(M) 0.5653 0.2602 —_— 1.76 [1.06; 2.93] 0.8% 2.8%
Calle et al., 2003(W) 0.7561 0.1582 4—1'»— 2.13 [1.56; 2.90] 2.0% 4.3%
Campbell et al,2017(M) 0.3293 0.5331 > : 1.39 [0.49; 3.95] 0.2% 1.0%
Campbell et al,2017(W) 0.1906 0.1146 1= 3 : 1.21 [0.97; 1.51] 3.9% 5.0%
Dikaiou et al.,2024 (W) 0.7227 0.2189 ‘*—‘:— 2.06 [1.34; 3.16] 1.1% 3.3%
Hemminki et al.,2011(T) 0.4383 0.2450 T 1.55 [0.96; 2.51] 0.8% 3.0%
Jackson et al, 2019 (T) 0.5423 0.0992 —— 1.72 [1.42; 2.09] 5.2% 5.3%
Jee et al.,2008(M) 0.5008 0.1791 e 1.65 [1.16; 2.34] 1.6% 4.0%
Jee et al.,2008(W) 0.3646 0.1968 —‘—’I 1.44 [0.98; 2.12] 1.3% 3.7%
Jeong et al.,2018(T) 0.6471 0.2633 —_— 1.91 [1.14; 3.20] 0.7% 2.8%
Kuriyama et al.,2005(W) 1.4929 0.5934 —F— > 4.45 [1.39; 14.24] 0.1% 0.9%
Lee et al.,2018(M) 0.2231 0.2614 R 1.25 [0.75; 2.09] 0.7% 2.8%
Lee et al.,2018(W) 0.4055 0.1949 —t 1.50 [1.02; 2.20] 1.3% 3.7%
Moller et al.,1994 (M) -0.6931 0.7373 H : 0.50 [0.12; 2.12] 0.1% 0.6%
Moller et al.,1994 (W) 0.3365 0.2161 ——o—-—4| 1.40 [0.92; 2.14] 1.1% 3.4%
Recalde et al.,.2021 (T) 0.2231 0.0633 - 1.25 [1.10; 1.42] 12.7% 5.8%
Saeed et al.,2023(M) 0.2311 0.3024 ——~—ﬁl- 1.26 [0.70; 2.28] 0.6% 2.4%
Saeed et al.,2023(W) 0.8838 0.0944 :—6— 2.42 [2.01; 2.91] 5.7% 5.4%
Samanic et al.,2004(M/Black) 0.5306 0.2096 %—% 1.70 [1.13; 2.56] 1.2% 3.5%
Samanic et al.,2004(M/White) -0.0726 0.6430 A 0.93 [0.26; 3.28] 0.1% 0.7%
Samanic et al.,2006(M) 0.3365 0.3337 —_—t 1.40 [0.73; 2.69] 0.5% 2.1%
Song et al.,2008(W) 0.7419 0.3920 ————+—+———— 2.10 [0.97; 4.53] 0.3% 1.7%
Sun et al.,2022(T) 0.6098 0.2395 ——*:— 1.84 [1.15; 2.94] 0.9% 3.1%
Wolk et al., 2001(M) -0.1054 0.8996 : 0.90 [0.15; 5.25] 0.1% 0.4%
Wolk et al., 2001(W) 0.5306 0.2094 —*—T— 1.70 [1.13; 2.56] 1.2% 3.5%
Zakaria & Shaw,2017(M) 0.4187 0.1082 —-— 1.52 [1.23; 1.88] 4.3% 5.1%
Zakaria & Shaw,2017(W) 0.5128 0.1780 — 1.67 [1.18; 2.37] 1.6% 4.0%

HE]
'
Total (fixed effect, 95% CI) ¢ 2.14 [2.05; 2.24] 100.0% .
Total (random effects, 95% CI) - 1.69 [1.51; 1.88] 100.0%
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Test for overall effect (common effect): z = 33.73 (p < 0.0001)
Test for overall effect (random effects): t,9 = 9.80 (p < 0.0001)

Risk Ratio

Fig. 8 Relative risks of gallbladder cancer associated with BMI. Forest plot of the risk of GBC associated with obesity (=30 kg/m2) in the general popula-

tion. M: Men, W: Women, T: Total
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Weight ~ Weight
Study logRR SE(logRR) Risk Ratio RR  95%-Cl (common) (random)
Anders et al.,2005(M) 4712 1.0269 «—oj— 031 [0.04; 2.32] 38%  4.9%
Anders et al.,2005(W) 00198 03223 e 102 (054 192)  388%  34.0%
Kuriyama et al., 2005(M) 07747 11179 247 [0.24;19.41) 32% 4%
Kuriyama et al.,2005(W) 01823 06503 120 [0.34; 4.29) 95%  11.3%
Oh et al.,2005(M) 08920 03984 ———— 244 [112; 533]  254%  253%
Song et al. 2008(W) 06471 04571 = 191 [0.78; 468  19.3%  20.5%
Total (fixed effect, 95% Cl) 143 [0.96; 212  100.0% .
Total (random effects, 95% Cl) 1.43 [0.80; 2.55] . 100.0%

Heterogeneity: /2 = 12.7%, v* = 0.0549, p = 0.3337
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Weight ~ Weight
Study 10gRR SE(IogRR) Risk Ratio RR  95%-Cl (common) (random)
Campbell et al. 2017(M) 07080 07279 203 [0.49; 8.45] 16%  26%
Campbell et al.,2017(W) 00583  0.4149 1.06 [0.47;2.39) 50%  72%
Dikaiou et al.,2024(W) -0.1165 03681 0.89 [0.43; 1.83] 63%  87%
Jackson et al.,2019(T) 00202 02502 098 [0.60;1.60]  137%  15.0%
Lee et al. 2018(M) -0.1625  0.2803 085 [049;1.47)  110%  13.0%
Lee et al. 2018(W) 04121 02481 151 [0.93;246]  14.0%  152%
Fujii et al. 2019(T) 02744 01530 —— 076 [0.56:1.03]  36.8%  24.8%
Jeong et al.,2018(T) 03853 02722 147 [0.86;251]  11.6%  13.5%
Total (fixed effect, 95% CI) L & 099 [0.82;1.18]  100.0% .
Total (random effects, 95% CI) - 1.04 [0.80; 1.34] . 100.0%

0.2 05 1 2 5
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Fig. 9 Comparison of underweight groups in previous studies and newly selected studies. A Previous studies, B Newly selected studies. M: Men, W:

Women, T: Total

under the random-effects model and 1.43 (95% CI:
0.96-2.12) under the fixed-effects model. Heteroge-
neity was low (I*=12.7%), and the fixed-effects model
was selected for the primary analysis. Newly included
studies (Fig. 9B) reported a pooled RR of 1.04 (95% CI:
0.80-1.34) under the random-effects model and 0.99
(95% CI: 0.82—1.18) under the fixed-effects model. Het-
erogeneity was low (I? = 13.8%). Therefore, it was decided
that fixed-effects would be used in the results analysis.
The direction of effect differed between earlier and more
recent evidence—previous studies suggested a possible
increased risk, while newer studies leaned toward a low-
ered risk. However, both comparisons lacked statistical

significance, and Cls overlapped considerably, indicat-
ing no consistent evidence that underweight status influ-
ences GBC risk across study periods. Men group with
underweight (Fig. 10A) showed a pooled RR of 1.31
(95% CI. 0.53-3.23) under the random-effects model
and 1.21 (95% CI: 0.80-1.83) under the fixed-effects
model. Heterogeneity was moderate (I*>=44.6%), and
the fixed-effects model was selected for the primary
analysis. Women group with underweight (Fig. 10B)
reported a pooled RR of 1.24 (95% CI: 0.93-1.65) under
the random-effects model and 1.24 (95% CI: 0.93-1.65)
under the fixed-effects model. There was no heterogene-
ity (I?=0.0%). Therefore, it was decided that fixed-effects
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A

Weight  Weight
Study I0gRR SE(IogRR) Risk Ratio RR  95%Cl (common) (random)
Anders et al.,2005(M) 11712 1.0269 %';:— 031 [0.04; 2.32) 4.2% 9.0%
Kuriyama et al.,2005(M) 0.7747 11179 —:—~—> 217 [0.24;19.41) 3.5% 7.8%
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Fig. 10 Comparison of underweight groups based on sex. A Men's group, B Women's group

A

Weight ~ Weight
Study IogRR SE(IogRR) Risk Ratio RR  95%-Cl (common) (random)
Anders et al. 2005 (M) 00000  0.0845 100 [0.85;1.18]  17.7%  16.9%
Anders et al. 2005 (W) 02390  0.0740 127 [1.10;1.47)  232%  18.9%
Calle et al., 2003 (M) 02027 0.1633 134 [0.97;1.85) 48%  7.4%
Calle et al. 2003 (W) 01133 0.1368 1.12 [0.86; 1.46) 68%  9.6%
Ishiguro et al. 2008 (M) 02311 0.4941 1.26 [0.48;3.32) 05%  1.0%
Ishiguro et al., 2008 (W) 04780 03904 062 [0.29;1.33] 08%  16%
Jee etal., 2008 (M) 00305 00628 | 3 097 [0.86;1.10]  321%  21.4%
Jee et al. 2008 (W) 02390  0.1866 e 127 [0.88;1.83) 36%  6.0%
Kuriyama et al., 2005 (W) 05710 07087 ———————— 177 [0.44;7.10] 03%  05%
Oh et al(M)., 2005 01740 0.1814 e 1.19 [0.83;1.70) 39%  62%
‘Samanic et al. 2006 (M) 00726 02060 e 093 [0.62; 1.39] 30%  51%
Song et al.,2008(T) 00953 0.1943 B 1.10 [0.75; 1.61] 34%  56%
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Total (fixed effect, 95% CI) * 1.09 [1.01;1.16]  100.0% .
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Study logRR SE(IogRR) Risk Ratio RR  95%-Cl (common) (random)

Anders et al. 2005(W) 00198 0.3223 102 [054;1.92)  208%  20.8%

Kuriyama et al.,2005(W) 01823 06503 1.20 [0.34;4.29] 51%  51%

Song et al.,2008(W) 0.6471 04571 1.91 [0.78; 4.68] 104%  10.4%

Campbell et al.,2017(W) 00583 04149 106 [047;239]  126%  126%

Dikaiou et al.,2024(W) 01165 0.3681 = 089 (043,183  16.0%  16.0%
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Weight  Weight

Study logRR SE(logRR) Risk Ratio RR  95%-Cl (common) (random)
Campbell et al 2017(M) 03784 0.1990 1.46 [0.99; 2.16] 10%  34%
Campbell et al,2017(W) 0.1906  0.1146 121 (0.97;1.51) 31%  6.9%
Dikaiou et al., 2024(W) 00198 0.1822 1.02 [0.71; 1.46] 12%  39%
Jackson et al,2019(T) 02700 00858 131 [1.11;1.55) 55%  8.9%
Jeong et a,,2018(T) 01570 0.1213 117 [0.92;1.48) 28%  65%
Lee et al. 2018(M) 00619 0.1001 094 [0.77;1.14] 41%  79%
Lee et al. 2018(W) 02311 0.1026 1.26 [1.03;1.54] 39%  17%
Recalde et al.,2021(T) 01133 00319 112 [1.051.19]  400%  129%
Saeed et al. 2023(M) 01044 0.1622 111 [0.81;1.53] 16%  46%
Saeed et al. 2023(W) 04447 00489 156 [142,1.72)  171%  11.8%
Sun et al. 2022(T) 03716 0.1335 145 [1.12;1.88) 23%  59%
Zakaria & Shaw,2017(M) 02151 0.0574 124 (111,139 124%  11.1%
Zakaria & Shaw,2017(W) 02700 0.0903 131 [1.10; 1.56) 50%  86%
Total (fixed effect, 95% Cl) 123 [1.18;1.28]  100.0% .
Total (random effects, 95% Cl) 1.24 [1.14;1.35] . 100.0%
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Fig. 11 Comparison of overweight groups in previous studies and newly selected studies. A Previous studies, B Newly selected studies. M: Men, W:

Women, T: Total
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Study logRR SE(IogRR) Risk Ratio RR  95%-Cl (common) (random)
Anders et al., 2005 (M) 0.0000 0.0845 E 3 1.00 [0.85;1.18] 146%  15.5%
Calle et al., 2003 (M) 0.2927 0.1633 |_'_ 1.34 [0.97;1.85) 3.9% 7.2%
Campbell et al,2017(M) 0.3784 0.1990 Iﬂ— 1.46 [0.99; 2.16] 26% 5.4%
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Jee etal., 2008 (M) -0.0305 0.0628 .; 0.97 [0.86; 1.10] 26.5%  19.0%
Lee et al.,2018(M) -0.0619 0.1001 Alvl 0.94 [0.77;1.14] 104%  13.3%
Oh et al(M)., 2005 0.1740 0.1814 -1 I*— 1.19 [0.83;1.70] 32% 6.2%
Saeed et al.,2023(M) 0.1044 0.1622 —t— 1.11 [0.81;1.53] 4.0% 7.3%
Samanic et al.,2006 (M) -0.0726 0.2060 — 0.93 [0.62;1.39) 25% 5.1%
Zakaria & Shaw,2017(M) 0.2151 0.0574 i. 124 [1.11;1.39] 318%  20.0%
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Anders et al. 2005(W) 0239 00740 - 127 [110;147)  180%  16.9%
Calle et al. 2003(W) 01133 01368 e 112 [0.86;146]  53%  9.2%
Campbell et al,2017(W) 01906 01146 - 121 097,151 75%  114%
Dikaiou et al.,2024(W) 00198 01822 e 102 (0.71;146]  30%  6.1%
Ishiguro et al., 2008(W) 04780 03904 < ————1— 062 (029,133 06%  16%
Jee etal. 2008 (W) 0239 01866 i 127 [0.88;1.83]  28%  59%
Kuriyama et al., 2005(W) 05710 0.7087 ——— 177 0447.00)  02%  05%
Lee et al. 2018(W) 02311 01026 - 126 (103,154 94%  12.8%
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Fig. 12 Comparison of overweight groups based on sex. A Men's group, B Women's group

would be used in the results analysis. Both groups
showed a potential, possibly increased risk, but none
were statistically significant.

In the overweight comparison, previous studies (Fig.
11A) showed a pooled RR of 1.10 (95% CI: 1.00-1.21)
under the random-effects model and RR of 1.09 (95%
CI: 1.01-1.16) under the fixed-effects model, suggesting
a borderline significant association with increased GBC
risk. Heterogeneity was low (I?=24.3%), and the fixed-
effects model was selected for the primary analysis. In
contrast, newly included studies (Fig. 11B) demonstrated
a stronger and statistically significant association, with

a pooled RR of 1.24 (95% CI: 1.14-1.35) accompanied
by high heterogeneity (I*=73.0%) in the random-effects
model, and RR of 1.23 (95% CI: 1.18-1.28) in the fixed-
effect model. Accordingly, the random-effects model was
adopted. The direction of effect was consistent across
both groups, but the association was larger and more
robust in the newly included studies, suggesting stron-
ger evidence linking overweight status to elevated GBC
risk in recent research. Men group with overweight (Fig.
12A) showed a pooled RR of 1.09 (95% CI: 0.98-1.21)
under the random-effects model and 1.09 (95% CI: 1.02—
1.16) under the fixed-effects model. Heterogeneity was
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A

Weight ~ Weight

Study logRR SE(IogRR) Risk Ratio RR  95%-Cl (common) (random)
Anders et al. 2005 (M) 03221 0.1599 Com 1.38 [1.01; 1.89) 96%  102%
Anders et al. 2005 (W) 06313 0.0824 E 3 188 [160; 221]  363%  31.1%
Calle et al., 2003(M) 05653 0.2602 1.76 [1.06; 2.93) 36%  40%
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Samanic et al. 2004(MBlack)  0.5306  0.2096 — 170 [1.13; 2.56) 56%  6.1%
Samanic et al., 2004(M/White)  -0.0726 06430 093 [0.26; 3.28) 06%  07%
Samanic et al.,2006(M) 03365  0.3337 140 [0.73; 2.69) 22%  25%
Song et al. 2008(W) 07419 0.3920 210 [o. 16%  1.8%
Wolk et al., 2001(M) -0.1054  0.8996 0.90 [0.15; 5.25) 03%  03%
Wolk et al., 2001(W) 05306 0.2094 — 170 [1.13; 2.56) 56%  6.1%
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Weight  Weight

Study logRR SE(logRR) Risk Ratio RR  95%-Cl (common) (random)
Alkhayyat et al. 2023 (T) 11939 0.0355 i1 M 330 [308:354)  509%  99%
Campbell et al,2017(M) 03203 05331 —_—t 1.39 [0.49; 3.95) 02%  23%
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Jackson et al,2019 (T) 05423 00992 —i— 172 [1.42;2.09] 65%  9.0%
Jeong et al. 2018(T) 06471 02633 —— 191 [1.143.20] 09%  55%
Lee et al. 2018(M) 02231 02614 — 125 [0.75;2.09] 09%  56%
Lee et al. 2018(W) 04055 01949 —_— 150 [1.02;2.20] 17%  69%
Recalde et al. 2021 (T) 02231 00633 - 125 [1.10;142]  160%  96%
Saeed et al, 2023(M) 02311 03024 —— 1.26 [0.70; 2.28] 07%  49%
Saeed et al, 2023(W) 08838 00944 - 242 [201;2.91) 72%  9.1%
Sun etal, 2022(T) 06098 02395 —— 184 [1.15,2.94] 1% 60%
Zakaria & Shaw,2017(M) 04187 01082 — 152 [1.23;1.88] 55%  8.8%
Zakaria & Shaw,2017(W) 05128 01780 e 167 [1.18;2.37) 20%  73%
]
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Fig. 13 Comparison of obese groups in previous studies and newly selected studies. A Previous studies, B Newly selected studies. M: Men, W: Women,

T: Total
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Study IogRR SE(IogRR) Risk Ratio RR  95%-Cl (common) (random)
Anders et al, 2005 (M) 03221 0.1599 - 138 (101189  165%  165%
Calle et al,, 2003(M) 05653 02602 176 (106,293  62%  62%
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Lee et al. 2018(M) 02231 02614 125 (075,200  62%  62%
Moller et al. 1994 (M) 06931 07373 050 [0.12;212)  08%  08%
Saeed et al, 2023(M) 02311 03024 126 (070;228)  46%  46%
Samanic etal 2004(M/Black) 05306 02096 —— 170 (113,256)  96%  96%
Samanic etal. 2004(MWhite) 00726 06430 093 (0.26;328)  10%  1.0%
Samanic et al 2006(M) 0335 03337 140 (073269  38%  38%
Wolk et al,, 2001(M) 01054 0899 090 [0.15;525)  05%  05%
Zakaria & Shaw,2017(M) 04187  0.1082 E 5 152 [123;1.88]  361%  36.1%
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Weight  Weight

Study logRR SE(logRR) Risk Ratio RR 95%-Cl (common) (random)
Anders et al. 2005 (W) 06313 00824 E 3 188 [160; 221)  27.6%  13.9%
Calle et al., 2003(W) 0.7561 0.1582 —irk 213 [1.56; 2.90] 7.5% 9.7%
Campbell et al,2017(W) 0.1906 0.1146 R : 1.21 [0.97; 1.51) 14.3% 12.1%
Dikaiou et al.2024 (W) 07227 02189 —— 206 [1.34; 3.16] 39%  7.1%
Jee et al.,2008(W) 0.3646 0.1968 —O—:— 144 [0.98; 2.12) 4.8% 7.9%
Kuriyama et al.,2005(W) 1.4929 0.5934 —r—* 4.45 [1.39;14.24] 0.5% 1.5%
Lee et al. 2018(W) 04055  0.1949 e 150 [1.02; 2.20) 49%  80%
Moller et al., 1994 (W) 0.3365 0.2161 -—0+ 140 [0.92; 2.14) 4.0% 7.2%
Saeed et al. 2023(W) 0.8838 0.0944 ! -+ 242 [201; 291) 21.0%  13.2%
Song et al.,2008(W) 0.7419 0.3920 — 210 [0.97; 4.53) 1.2% 3.1%
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Fig. 14 Comparison of obese groups based on sex. A Men's group, B Women's group

moderate (I>=45.1%), and the fixed-effects model was
selected for the primary analysis. Women group with
overweight (Fig. 12B) reported a pooled RR of 1.28 (95%
CI: 1.14-1.43) under the random-effects model and 1.36
(95% CI: 1.28-1.44) under the fixed-effects model. Het-
erogeneity was moderate to high (I?=53.4%). Therefore,
it was decided that random-effects would be used in
the results analysis. Even though both groups exhibited
a clear association with GBC risk, the association was
larger in the women’s group. It proved stronger evidence
linking women to elevated GBC risk in overweight status
than men.

In the obesity comparison, previous studies (Fig. 13A)
reported a pooled RR of 1.70 (95% CI: 1.53-1.89) under
the random-effects model and 1.71 (95% CI: 1.55-1.89)
under the fixed-effects model, showing a significant
positive association with no observed heterogeneity
(I2=0.0%). The fixed-effects model was therefore applied.
Newly included studies (Fig. 13B) also demonstrated
a significant association, with a pooled RR of 1.71 (95%
CIL: 1.43-2.05) under the random-effects model and
2.27 (95% CI: 2.16—2.38) under the fixed-effects model,

accompanied by very high heterogeneity (I*>=95.6%).
The random-effects model was therefore selected for the
primary analysis. Although the pooled effect size was
similar across older and newer studies, the newer stud-
ies exhibited greater variability in individual estimates.
Overall, both sets of studies consistently indicated that
obesity is associated with a markedly increased risk of
GBC. Men group with obese (Fig. 14A) showed a pooled
RR of 1.48 (95% CI: 1.34—1.63) under the random-effects
model and 1.48 (95% CI: 1.30-1.68) under the fixed-
effects model. Heterogeneity didn’t exist (I>=0.0%), and
the fixed-effects model was selected for the primary anal-
ysis. Women group with overweight (Fig. 14B) reported a
pooled RR of 1.77 (95% CI: 1.50-2.08) under the random-
effects model and 1.81 (95% CI: 1.66—1.97) under the
fixed-effects model. Heterogeneity was high (I*=63.2%).
Therefore, it was decided that random-effects would be
used in the results analysis. Even though both groups
exhibited a clear association with GBC risk, the associa-
tion was larger in the women’s group. It proved stronger
evidence linking women to elevated GBC risk in obese
status than men.
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Discussion

The purpose of this meta-analysis was to update prior
evidence and assess whether the association between
excess body weight and GBC risk has changed over time.
In addition, it aimed to evaluate the association between
underweight and GBC risk, which has not been ade-
quately addressed in previous meta-analyses. The study
results showed that underweight individuals had a 5%
higher RR compared with individuals of normal weight,
despite no statistical significance. Even the leave-one-out
analysis identified Fujii et al. [44] as a highly influential
study in the underweight subgroup. This study contrib-
uted the largest statistical weight and reported an effect
estimate below unity, thereby attenuating the overall
pooled association. When this study was excluded, the
pooled estimate increased and heterogeneity was elimi-
nated (RR = 1.22, 95% CI: 1.00-1.48, I*= 0%), suggesting a
more consistent positive association across the remaining
studies. This pattern indicates that the inclusion of this
single influential study may obscure an underlying rela-
tionship between underweight and gallbladder cancer
risk. Similar findings have been reported in other malig-
nancies. For example, one study found that the risk of
gastric cancer was 12.4% higher in underweight individu-
als compared with those of normal weight [51], a result
comparable to the 15.5% higher risk of gastric cancer
observed in overweight individuals [52]. Other studies
have reported that in childhood, underweight increases
cancer mortality by 285-315% [53]. In the present study,
the underweight patients also presented with more
aggressive tumors, as evidenced by higher tumor marker
levels compared with patients having normal weight or
overweight [53]. This finding suggests that underweight
status may reflect frailty and low lean mass, both of
which contribute to vulnerability to life-threatening ill-
nesses. Low lean mass implies limited nutrient reserves,
which compromises the ability of the body to toler-
ate illness and reduces the available treatment options.
Furthermore, previous studies have reported that poor
nutritional status is associated with increased treatment
toxicity and reduced response to anti-cancer therapy
[54-56]. In contrast, overweight and obese patients may
benefit from greater nutritional reserves and have been
shown to experience lower rates of treatment-related tox-
icity, whereas underweight patients have higher toxicity
rates [53]. Collectively, these findings suggest that the
adverse impact of underweight observed in other can-
cers may also apply to patients with GBC, contributing to
poor prognosis and higher RR compared with individuals
of normal weight.

However, studies directly examining the correlation
between underweight and GBC risk remain rare, mak-
ing it difficult to establish a definitive relationship. Fur-
thermore, in the subgroup analysis, the previous studies
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subgroup showed an RR of 1.43 (95% CI: 0.80-2.55),
whereas the newly selected studies subgroup showed
an RR of 0.97 (95% CI: 0.75-1.27). Despite the possible
potential association between being underweight and the
risk of GBC, the inconsistency in the association revealed
by subgroup analyses has the possibility of negating the
association. The inconsistent associations observed in the
subgroup analyses may be explained by limited statisti-
cal power and the presence of wider confidence intervals
within each subgroup. Because each subgroup contains a
relatively small number of studies, the estimates are less
precise and more susceptible to random variation, mak-
ing it difficult to detect a statistically significant effect.
When the subgroups are combined, the overall sample
size increases substantially, which improves statistical
power, narrows confidence intervals, and reduces the
influence of random error. This allows a modest positive
association between underweight status and gallbladder
cancer risk, despite still not being statistically significant.
Separately, further research will be required to deter-
mine whether the observed differences in the association
between underweight and GBC risk, specifically between
previous studies and the newly selected studies, stem
from methodological differences or from the presence of
clinical factors that may have mitigated the risk for GBC
patients with underweight in the previous versus the
newly selected studies.

Overweight individuals demonstrated a 19% higher
RR for GBC compared with those of normal weight. In
obesity, individuals showed a 69% higher RR compared
with normal-weight individuals. Notably, statistical
analyses for overweight and obesity demonstrated high
heterogeneity, at 66.3% and 91.0%, respectively. The high
heterogeneity for the obese group appears to be driven
by several studies [29, 45, 47-50] that reported statisti-
cally significant increased risk. The largest effect size was
observed in Saeed et al. [48], with an RR of 1.56 (95% CI:
1.42-1.72). In contrast, studies such as those by Ishiguro
et al. [34] and Samanic et al. [30] reported reduced or
non-significant risks, contributing to the observed vari-
ability. A similar pattern was noted for obesity. For exam-
ple, Alkhayyat et al. [41] reported the largest effect size
(RR=3.30, 95% CI: 3.08-3.54). Other studies with strong
associations included Kuriyama et al. [32](RR=4.45),
Saeed et al. [48] (RR=2.42), and Zakaria & Shaw [50]
(RR=1.67). Conversely, studies such as Moller et al. [27]
and Wolk et al. [28] reported non-significant or impre-
cise estimates with wide Cls, contributing minimally to
the pooled effect. Furthermore, in the subgroup analysis,
considering that the heterogeneity was 0.0% in the obese
group among previous studies, compared to 95.2% in the
newly selected studies, and that the heterogeneity was
0.0% in the men group versus 63.2% in the female group,
it appears that methodological differences between the
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previous and newly selected studies, as well as sex, served
as driver of this substantial heterogeneity. Similarly, in
the subgroup analysis of the overweight group, the newly
selected studies exhibited markedly higher heterogene-
ity (73.0%) than the previous studies (24.3%); likewise,
regarding gender, women displayed high heterogene-
ity (53.4%) while men displayed moderate heterogene-
ity (45.1%). Consequently, the overweight group, despite
exhibiting lower heterogeneity than the obese group, still
displayed a high heterogeneity due to factors such as sex
and methodology differences. In contrast, the heteroge-
neity of the underweight group is 27.3%, which is mark-
edly lower than that of the overweight or obese groups.
This relative homogeneity likely reflects the generally
consistent direction and magnitude of effect estimates
across the included studies. Furthermore, subgroup-
specific forest plot analyses indicated that heterogeneity
remained low across most strata, with the exception of
the subgroup comprising underweight men, where vari-
ability was more pronounced. The overall consistency in
findings may suggest a more uniform underlying biologi-
cal response or reduced variability in exposure classifica-
tion within this group.

A subgroup analysis comparing studies from previous
meta-analyses with the newly included studies in this
review yielded notable findings. For underweight indi-
viduals, earlier studies reported an RR of 1.43, whereas
recent studies reported a lower RR of 0.99. For over-
weight individuals, previous studies reported RRs of 1.09,
while the newer studies showed higher RRs of 1.24. A
similar pattern was observed for obesity: the pooled RR
of earlier studies was 1.71, while that of the newer studies
was 1.71. Although the point estimates were comparable,
the upper bound of the CI was higher in newer stud-
ies (2.05 vs. 1.89), suggesting greater variability in more
recent evidence. A subgroup analysis based on sex, the
men’s and women’s groups within the underweight range
reported RRs of 1.21 and 1.24, respectively. For over-
weight individuals, the men’s group reported RRs of 1.09,
while the women’s group reported RRs of 1.28. For obese
individuals, the men’s group reported RRs of 1.48, com-
pared to the women’s group reporting RRs of 1.77.

The comparatively elevated pooled risk estimates
observed in newer studies may reflect underlying differ-
ences in the anthropometric and metabolic character-
istics of the overweight strata. Specifically, more recent
datasets may include populations with a higher preva-
lence and severity of overweight and obesity. The total
number of cases in the earlier studies was 5,260, averag-
ing 375.71 per study, whereas the newly included stud-
ies involved 10,330 cases, averaging 1,033 per study,
demonstrating more than twofold increase in sample
size. From an evolutionary perspective, obesity has been
linked to adaptive mechanisms such as the thrifty gene
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and fructose survival hypotheses [57]. These traits were
advantageous in environments characterized by inter-
mittent food availability but have become maladaptive in
modern societies. The rapid shift to “obesogenic” envi-
ronments has outpaced genetic evolution, creating a mis-
match between conserved human physiology and current
conditions [58]. In industrialized settings, the widespread
availability of calorie-dense, hyperpalatable foods, com-
bined with reduced physical activity, promotes chronic
positive energy balance. Additional factors, including
circadian disruption, environmental stressors, and socio-
economic constraints, further impair metabolic regula-
tion. These influences disrupt hormonal pathways such as
leptin and insulin signaling and alter gut—brain commu-
nication, leading to impaired satiety and increased energy
intake [59, 60]. Over time, these processes contribute to
visceral adiposity, chronic inflammation, and metabolic
dysfunction. Thus, the interaction between evolution-
ary adaptations and modern environments plays a cen-
tral role in the rising global prevalence of overweight
and obesity [60]. Consequently, the interplay of lifestyle,
dietary, genetic, and evolutionary factors in modern soci-
ety has contributed to the rapid rise in overweight and
obesity prevalence, as reflected in recent studies report-
ing a higher number of individuals with abnormal body
weight.

The finding that women exhibit a higher risk of gall-
bladder cancer (GBC) than men across all abnormal
weight categories—underweight, overweight, and obe-
sity—provides important clinical insight. A previous
meta-analysis reported that women with overweight
or obesity had a higher risk of GBC compared to men,
while the association in men remained inconclusive [18].
The present analysis not only confirms the elevated risk
among overweight and obese women but also suggests
that this increased susceptibility may extend to under-
weight individuals. Moreover, unlike prior findings, a
positive association between overweight status and GBC
risk was also observed in men, indicating a broader rela-
tionship between abnormal body weight and GBC risk
across sexes.

A biologically plausible explanation for the higher risk
observed in women involves the role of estrogen signal-
ing. Estrogen receptor beta (ERP) has been reported to be
highly expressed in GBC, with one study identifying its
presence in approximately 89% of cases and associating it
with poorer survival outcomes. This suggests a potential
role for estrogen-mediated pathways in GBC pathogen-
esis and progression. In the context of obesity, adipose
tissue functions as an active endocrine organ and a major
site of peripheral estrogen production. Elevated estro-
gen levels may increase cholesterol saturation in bile and
impair gallbladder motility, thereby promoting gallstone
formation and chronic inflammation—well-established
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precursors to GBC [61]. In addition, estrogens play a
critical role in regulating energy balance and metabolic
homeostasis. Reduced estrogen signaling has been asso-
ciated with decreased energy expenditure and increased
susceptibility to weight gain [62]. These observations
highlight a complex and potentially bidirectional rela-
tionship between estrogen, adiposity, and carcinogenesis.
On one hand, increased estrogen exposure in obesity
may enhance tumor-promoting pathways; on the other,
reduced estrogen activity may contribute to metabolic
dysfunction and obesity, indirectly elevating cancer risk.
This interplay underscores a biologically intricate frame-
work in which hormonal regulation, metabolic state, and
oncogenic processes are closely interconnected. Collec-
tively, these findings suggest that sex-specific hormonal
mechanisms, particularly those involving estrogen sig-
naling, may partially explain the higher susceptibility to
GBC observed in women. The convergence of endocrine,
metabolic, and inflammatory pathways may amplify risk
in female populations, contributing to the observed sex
disparity across BMI categories.

As a result, this meta-analysis provides several valu-
able insights. First, it is the first to suggest a possible
association between GBC and underweight. Second,
by incorporating recently published studies, it reflects
updated trends in GBC risk among obese individuals.
Third, through subgroup analysis comparing older and
more recent studies, it shows that the impact of excess
body weight on GBC risk appears more pronounced in
recent years. Fourth, subgroup analysis based on sex indi-
cates that women exhibit a higher risk of GBC than men.
Above all, the fact that no significant bias was detected
in the publication bias analysis, and that the results were
not unduly influenced by any specific study, as demon-
strated by the sensitivity and leave-one-out analyses,
attests to the robustness of this meta-analysis.

Nonetheless, some limitations should be acknowl-
edged. First, statistical analysis showed no significant
association between underweight and GBC risk. Second,
reliance on BMI as the exposure measure has inherent
shortcomings. While BMI is a convenient screening tool,
it is not a direct measure of adiposity and lacks accuracy
in reflecting true fat mass at the individual level. BMI may
overestimate adiposity in athletes with high muscle mass
or in patients with edema, and underestimate adiposity in
sarcopenic individuals with low lean mass [63—66]. This
potential misclassification could distort case categoriza-
tion and, consequently, bias the pooled effect estimates.
Another important limitation relates to the variability
in follow-up duration across the included studies, which
ranged from 5 to 28 years. Studies with shorter follow-
up periods may be more susceptible to reverse causation,
whereby preclinical or undiagnosed gallbladder cancer
leads to unintentional weight loss prior to diagnosis,
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resulting in individuals being classified as underweight
at baseline. This phenomenon could artificially inflate the
observed association between underweight status and
gallbladder cancer risk. In contrast, studies with longer
follow-up durations are less likely to be affected by this
bias, as baseline BMI is more likely to reflect habitual
body weight rather than disease-related changes. Finally,
the quality of included studies warrants caution. Among
the newly included studies, ROBINS-I v2 quality assess-
ment indicated that only eight of 25 were rated as “low”
risk of bias. Although none were rated as “critical” 15
were assessed as “moderate” and one as “serious,” sug-
gesting possible residual bias or inadequate confounder
adjustment. However, the first limitation holds potential
for resolution, as a leave-one-out analysis revealed that
the study by Fujii et al. [43] disrupted the association
between underweight status and GBC risk.

Conclusion

In conclusion, consistent with previous studies, this
meta-analysis confirmed that the risk of GBC increases
with higher body weight. When comparing more recent
studies with earlier ones, the risk of GBC associated with
excess body weight was higher in recent years, suggest-
ing that obesity- and overweight-related cancer risk may
continue to rise in the future. It was also observed that
the tendency for women to have a relatively higher risk
of GBC than men persisted. Additionally, this meta-
analysis identified a potential, possibly increased GBC
risk in the underweight group. Although the underlying
mechanisms could not be determined, this finding is sup-
ported by indirect evidence from studies on other can-
cers. However, there was no statistical significance that
the revealed higher risk may have emerged merely by sta-
tistical chance. Future research should therefore not only
monitor the increasing burden of GBC linked to excess
body weight but also investigate the biological mecha-
nisms underlying the association between underweight
and GBC risk.
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