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Abstract

Background: It has been claimed that smoking is linked with an increased risk for gallbladder disease (GBD); however,
related issues need further consolidation and clarification. The present systematic review and meta-analysis aimed to
further investigate the potent correlation between GBD and smoking.

Methods: We conducted a comprehensive literature review to identify every study published from January 1989 to
December 2019, reporting risk estimates regarding GBD and smoking. The random-effect, generic inverse variance
method, according to description by DerSimonian and Laird, was used to compute pooled estimates. We used the New-
castle-Ottawa quality assessment scale to appraise the included studies’ quality.

Results: Thirty published case-control, cross-sectional, and cohort studies including 4,623,435 individuals met the eligi-
bility criteria and were considered for data synthesis. Compared to the non-smokers, ever smokers had 1.25 times higher
odds of developing GBD [95 % confidence interval (CI): 1.09-1.44]; however, increased heterogeneity was observed
(I2=96 %, 95 % CI: 62-100 %, p <0.001). Publication bias was non-significant (Eggers’ regression p =0.072). The main
sources of heterogeneity, as detected by meta-regression analyzing study characteristics, biases and confounders, were
non-adjustment for family history (p =0.007) and alcohol (p =0.020), respectively. Subgroup analysis indicated a compa-
rable risk for GBD as far as current, former and ever smokers are concerned (p =0.520). Quantitative analysis suggested
a dose-effect for current smoking and GBD (p =0.010).

Conclusions: Non-smokers were demonstrated to be at a lower risk of presenting GBD when compared with ever smokers;
all relevant risk estimates necessitate adjustment for family history and alcohol intake. HIPPOKRATIA 2020, 24(4): 147-156.
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Introduction of smoking in GBD is believed to be minor, if any’. A

Gallbladder disease (GBD), constituting gallstones,
cholecystitis, and other causes, is a major public health
determinant with significant morbidity and mortality
worldwide'. Its frequency ranges from <5 % in Chinese,
Japanese, and Thai to >60 % in Indians®. Risk for GBD
rises with age while it is increased in females and indi-
viduals with family history or genetics (non-modifiable
factors); however, a series of modifiable factors as obe-
sity, rapid weight loss, and sedentary lifestyle have been
recognized*>.

Several studies investigated the possible relation of
smoking and GBD, surprisingly with seemingly contra-
dictory results. The related topic remained obscure as
published results were based on studies that differ sig-
nificantly concerning characteristics and methodology.
A five-year-old meta-analysis, including ten published
studies, suggested that there might be a positive correla-
tion between smoking and GBD®. Since then, the effect

recently published study reports that lifetime smoking
abstinence could contribute only a small portion of the
multivariate and mutually adjusted partial population at-
tributable risks for symptomatic cholelithiasis (1 % for
women and 5 % for men)?.

To investigate the potent underlying pathophysiology
between smoking and GBD, a sonographic study exhib-
ited that the maximal emptying time of the gallbladder
was larger in smokers compared to non-smokers; how-
ever, the result was not statistically significant. Thus, the
study proposed that chronic smoking delays gallbladder
contraction and leads to a significant decrease in gall-
bladder emptying volume, though it does not influence
gallbladder refilling. As a result, bile stasis, a cause of
most gallbladder disorders, could be attributed to smok-
ing adverse effects’.

The present systematic review and meta-analysis aim
to provide any additional evidence concerning the poten-
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tial correlation between GBD and smoking by detecting
all relevant studies and summarizing the results derived
from them.

Materials and Methods
Literature search

We conducted a systematic review of the literature
using the EMBASE, PubMed/Medline, and Cochrane
Library databases and ClinicalTrials.gov from January
1989 to December 2019 to identify every study that re-
ported risk estimates regarding GBD and smoking. We
utilized Google Scholar as a secondary pool of published
data; iterative search lasted until no additional publica-
tion could be traced. Lastly, we scavenged, wherever pos-
sible, unpublished dissertations and other unpublished
work. The study protocol was submitted to the PROS-
PERO database on 24/7/2019 and revised on 28/10/2019
(ID: 144620).

Study selection

Study selection was independently performed by two
authors (V.P. and D.F.) and included a search for the fol-
lowing terms: (cholelithiasis OR gallstones OR gallblad-
der disease OR cholecystitis OR cholecystectomy) AND
(smoking OR tobacco); the third author (K.M.) closely
observed the process and was responsible for dissolving
any dispute. We did not use any software for the study
retrieval process. Wherever possible, we traced every
source of financial support. Eligible studies were consid-
ered to be all that 1) were published in English; ii) were
case-control, cross-sectional, or cohort ones; iii) reported
a risk estimate in the form of an odds ratio (OR) or pro-
vided sufficient information for result conversion to OR
format; iv) reported a measure of statistical significance;
and v) were not duplicates.

Outcome measures

The study was carried out according to the PRISMA
statement guidelines to pre-specify eligibility criteria
based on the well-established PICO [P- for Populations/
People/Patient/Problem: patients with GBD and con-
trols, I- for Intervention(s): smoking, C- for Compari-
son: between ever smokers and never smokers (primary
endpoint); between current smokers and never smokers;
between ex-smokers and never smokers, O- for Out-
come: cholelithiasis] worksheet and search strategy!®.
AMSTAR checklist was used to assess the quality of the
present meta-analysis''.

Data extraction

A pre-specified structured form for data collection by
means of an Excel worksheet was used for data extraction
from each study. In detail, title of the study, first author’s
name, publication year, country where the study was con-
ducted, number of patients with cholelithiasis, number of
healthy individuals, risk estimates in the form of an OR
for current smokers, ex-smokers, and never smokers, ad-
justment for potent confounders (sex, age, alcohol intake,

and family history) and quality assessment data. Two of
the authors (V.P. and D.F.) independently performed data
extraction, while K.M. closely observed the process and
was responsible for cross-checking in case of any dispute.

Quality assessment of the studies

We used the Newecastle-Ottawa quality assessment
scale (NOS) to estimate the quality of the included stud-
ies by means of three distinct grouping items, namely 1)
the selection item (referring to the identification and re-
cruitment of participants), ii) the comparability item (re-
ferring to the comparability between the two groups), and
iii) the exposure/outcome of interest item (referring to the
ascertainment of either the exposure or the outcome of in-
terest regarding case-control and cohort studies, respec-
tively). We used a modified version of NOS'? for cross-
sectional studies. In detail, the selection item was given
a maximum of either four stars (in case of cohort / case-
control studies) or five stars (in case of cross-sectional
studies), comparability item a maximum of two stars, and
exposure/outcome of interest a maximum of three stars.
The inter-rater agreement evaluation concerning the NOS
assessment was performed using Kappa statistics.

Data synthesis

Data synthesis was performed using the Revman 5.3
software that is freely available from the Cochrane Col-
laboration’®. As effect estimates, the natural logarithm
of OR (LnOR) was used; wherever OR was not avail-
able, conversion from relative risk (RR) or hazard ratio
(HR) was performed using the formulas OR =RRe(1-r)/
(I-RRer) and RR =[1-&"™®"(11) ]/,

Conventional meta-analytic techniques assume that
all effect size estimates derived from different studies are
independent; however, this assumption might be violated
if several estimates based on the same individuals are
available, as is the case here. A commonly used meth-
odology is simply ignoring that some of the effect size
estimates might not be independent and thus use the same
meta-analytic approaches as usual. Generally, this strat-
egy inflates type I error rates as far as the significance
of the moderators is concerned'; nevertheless, it may
not be too misleading if the number of studies reporting
more than one effect size is relatively small. Additionally,
it may lead to conservative estimation of the difference
between average effects of different types, which may, in
fact, be sufficient for rough inferences'.

Statistical analysis

Given the OR and confidence intervals (CI) of each
risk estimation, standard error (SE) was calculated; Fur-
thermore, the random effects model was used to estimate
overall OR and its CI; for that purpose, the Revman 5.3
software was preferred'.

We performed analysis of publication bias through
several approaches, including Eggers’ regression, funnel
plot accompanied by the relevant trim-and-fill analysis,
Galbraith plot, normal quantile plot, standardized residu-
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al histogram, Rosenthal failsafe-N test as well as Gleser
and Olkin number of unpublished studies using Meta-
Essentials software!S.

Heterogeneity was approached using Q test and I
statistic as derived from Meta-Essentials (Q test p-val-
ue <0.10 and/or I> >50 % was indicative of significant
heterogeneity). CI of I? statistics was computed using
either the formula +7.96°0.50+{/Ln(Q)-Ln(df)]/[(20)"-
(2+df-1)”] for Q >df+1 or +1.96/{[2(df-1)*{1-{1/[3(df-
1)’]}}}* for Q<df+1, where df denotes degrees of free-
dom!”.

Heterogeneity was quantitatively approached through
three separate meta-regressions focusing separately on
the study characteristics, quality assessment, and poten-
tial confounders; subgroup analyses followed in all cases,
independently of the result of the multivariate analysis.

Quantitative analysis regarding the potential effect of
current smoking was based on pooled data expressed as
OR for every increment of ten cigarettes/day up to 30.
Spearman’s r non-parametric correlation coefficients be-
tween medians of the above-mentioned increments and
the relevant OR were computed. Regression was used to
define the best fit curve that could approach the phenom-
enon.

The IBM SPSS Statistics for Windows, Version 20.0.
(IBM Corp., Armonk, NY, USA) was used for all statisti-
cal tests.

Results
Study characteristics

Our concise literature search revealed 920 publica-
tions of interest in EMBASE (377), PubMed/Medline
(448), Cochrane Library (89), and ClinicalTrials.gov
(4). Two additional publications were scavenged through
Google Scholar search. No unpublished data of interest
was traced. No personal contact was performed.

After the initial exclusion of 397 duplicates, we re-
viewed the remaining 523 publications based on the
title and abstract; during this procedure, we excluded
460 as being ineligible. Moreover, 31 failed to fulfill the
eligibility criteria based on the type of article, measured
outcomes, and risk estimates. We included the remain-
ing 32 publications in the qualitative synthesis; two were
excluded from meta-analysis as they reported unadjusted
risk estimates.

Finally, 30 studies (four case-control, 12 cross-sec-
tional, and 14 cohort studies), including 4,623,435 indi-
viduals, were considered for quantitative data synthesis
(Figure 1). Based on these studies, 91 risk estimates (63
direct and 28 pooled) regarding current, ex-, or ever ver-
sus never smokers and GBD were collected.

All characteristics regarding leading author, year
of publication, study design, origin, endpoint, outcome
measures, sex representation, number of patients and
controls, adjustment for potent confounders, and OR re-
garding smokers, ex-smokers and ever smokers vs non-
smokers are analytically presented in Table 1.

Quality assessment items are analyzed in Table 2.

Publications identified: EMBASE
(377}, PuMedMedine (448),
Cochrane (89, GlinicalTrials gov (4),
Google Scholar (2).

397 were duplicates and 460
excluded as being ineligible from title
or abstract

920 publications assessed for
eligibility

31 of full-text publications excluded,
with reasons (4 letters, 3 reviews, 2
meta-analyses, 17 irrelevant
outcomes, 5 insufficient data far
assessment of effect estimates)

63 full-text publications assessed far
eligibility

32 studies included in gualitative
synthesis

30 studies included in guantitative
synthesis (meta-analysis)

2 studies excluded due to unadjusted
risk estimates

Figure 1: Flow chart of the systematic review of the literature
from January 1989 to December 2019 for studies reporting
risk estimates regarding gallbladder disease and smoking.

The inter-rater agreement between the two authors who
accomplished the quality assessment process was high
(kappa =0.74).

Publication bias

There was cumulative evidence for absence of sig-
nificant publication bias. In detail, Eggers’ regression
was not significant (p =0.072), Rosenthal failsafe-N test
failed to reject the ad hoc rule (Failsafe-N =70), and Gle-
ser & Olkin number of unpublished studies yielded a null
result. Moreover, no lack of symmetry was observed in
the funnel plot, no imputed data points were produced
in the relevant trim-and-fill analysis (Figure 2), and all
studies were within the 95 % CI area of the Galbraith plot
(Figure 3).

Primary outcome

Compared to the non-smokers, ever smokers had
1.25 times higher odds of developing cholelithiasis (95
% CI: 1.09-1.44); however, increased heterogeneity was
observed (I=96 %, 95 % CI: 62-100 %, p <0.001) (Fig-
ure 4).

Meta-regression analysis

The main sources of heterogeneity, as detected by
meta-regression analyzing potent confounders, were
family history (p =0.007) and alcohol (p =0.020) non-
adjustment (Table 3). Interestingly, sex was not consid-
ered as a major determinant of heterogeneity (p =0.330).
No statistically significant result was revealed from the
meta-regression carried out regarding study characteris-
tics and quality assessment.
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Figure 2: Funnel plot with trim-and-fill analysis indicating
absence of significant publication bias as the plot is sym-
metrical and no imputed data points have been added.
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Figure 3: Galbraith plot depicting all studies within its 95
% confidence intervals area.

Table 2: Quality assessment based on selection (identification and recruitment of participants; maximum of 4% for cohort and
case-control studies, and 5% for cross-sectional studies), the comparability between the two groups (maximum of 2¥), and
the ascertainment of either the exposure (for case-control studies; maximum of 37%) or the outcome of interest (for cohort and

cross-sectional studies; maximum of 37).

Study Design NOS Selection Comparability Exposure Outcome
Jorgensen, 1989 CS 6 He e He e Hook
Pastides, 1990" cC 5 e Y He

La Vecchia, 1991%° CcC 7 He ek g S

McMichael, 1992 cC 6 e e He

Stampfer, 19922 PrC 8 Hee e Heie P g g e
Kato, 1992% PrC 9 PAGk Gk gk g Sk e
Murray, 1994* PrC 8 Pk gk gk g Yok PAghe
Grodstein, 1994% CS 5 P e ¥ e
Kono, 1995 CS 5 Yok * PAghe
Misciagna, 1996 PrC 7 AAN * et
Kratzer, 1997 CS 6 Yok Yok PAghe
Martinez de Pancorbo, 1997% CS 6 e e ¥ P Ae
Sahi, 19983 PrC 7 Pk g e Ph g e e
Okamoto, 20023 CS 5 e ¥ e
Volzke, 200532 CS 6 Yok e He e
Yamada, 2005% PrC 8 e e He e
Gonzalez-Peres, 2007%* PrC 8 He Aok g e
Abu-Eshy, 2007 CS 5 A * Hee
Katsika, 20073¢ PrC 5 He e g g
Panpimanmas, 2009% cc 5 At # Fe e

Halldestam, 200938 PrC 8 PAQk gk gk g pie Fe P
Liu, 2009% PrC 9 PAGH A g g Yok PAGH kY
Walcher, 2010%° CS 5 e e e
Etminan, 2011# RetroC 5 Hoke b e
Palermo, 2013+ CS 3 e e
Shabanzadeh, 2016% PrC 7 He e Yo b ek
Figuierdo, 2017° PrC 9 Hede ek Heve Pi g g e
Kang, 2018 CS 7 oA ¢ P g e
Chang, 2019+ PrC 8 Hede ek i Pi g g e
Kim, 20194 CS 6 S SAY H Hes

CC: Case-control, CS: Cross-sectional, RetroC: Retrospective cohort, PrC: Prospective cohort, NOS: Newcastle-Ottawa quality assessment scale.

Subgroup analysis

Pooled OR between case-control, cross-sectional, and
cohort studies and GBD was 1.23 (95 % CI: 0.77-1.97),
1.20 (95 % CI: 1.02-1.42), and 1.27 (95 % CI: 1.04-1.55),
respectively (Figure 4). No sources of heterogeneity were
identified regarding the basic issues of smoking habits
and type of study by subgroup analysis (p =0.920).

Moreover, pooled OR between current, former, and
ever versus never smokers and GBD was computed to be
1.19 (95 % CI: 1.10-1.28), 1.15 (95 % CI: 1.10-1.19), and
1.24 (95 % CI: 1.05-1.47), respectively (Figure 5). Sub-
group analysis indicated comparable risk as far as cur-
rent, former, and ever smokers are concerned (p =0.520).

Interestingly, a positive dose effect was observed
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for smoking, at least current; Spearman’s r =1.000 (p
=0.010). The best-fit regression model was linear, as
demonstrated after analysis of various alternatives. Lin-
ear regression analysis revealed a 0.011+0.002 increase
in OR per cigarette per day (p =0.046). Analytical presen-
tation of pooled ORs per ten cigarettes/day increments is
available in Figure 6.

As far as quality assessment is concerned, studies
with optimal comparability (two stars independently of
the type of the study), when compared with studies with
suboptimal comparability, were characterized by a more
conservative positive correlation of smoking with GBD
(p <0.001).

Lastly, potential confounders, as non-adjustment for
age and alcohol intake (Q test P=0.05 and P=0.08, re-
spectively), could lead to statistically significant hetero-
geneity and thus affect pooled effect estimates.

Sensitivity analysis

About one-third of increased heterogeneity was attribut-
ed to the study of Etminan (2011)*; excluding this study,
12 falls from 96 % to 60 %. In that case, compared to the
non-smokers, smokers still had 1.17 times higher odds of
developing GBD (95 % CI: 1.10-1.25).

Discussion

Whether smoking is associated with GBD remained
disputable for a long period of time. Interestingly, some
early publications proposed a prophylactic effect of

smoking over symptomatic cholelithiasis or even the
whole spectrum of GBD'"#7#8, Two meta-analyses based
on few studies suggested a positive correlation of smok-
ing with GBD; however, the limited number of studies
included could be considered potent drawbacks®*!.

The present meta-analysis, being the first to incorpo-
rate as many as 30 studies of different types, concludes
that smoking is positively correlated with GBD and that
this phenomenon is dose-dependent, at least as far as cur-
rent smoking is concerned.

In particular, it is hereby clearly stated for the first
time that there is a comparable risk between current, for-
mer, and ever smokers as indicated by subgroup analysis.
Consequently, smokers, independently of being reported
as current or ex-, could be considered in practice as a
single group, as a comparable increase of risk for GBD
was observed between relevant subgroups. Furthermore,
our main result, namely the 25 % increased odds ratio
of GBD among either current or former or ever smok-
ers, although characterized by increased heterogeneity,
is merely uniformly repeated in all analyzed subgroups.
This finding considerably enhances the possibility that it
indeed reflects a true statement.

Of interest, a clear-cut positive dose-dependent ef-
fect was observed for smoking, at least current, and GBD
through quantitative analysis: every additional cigarette
per day increases by 0.011£0.002 the OR for GBD. More
complex methods as that proposed by Greenland and
Longnecker* were avoided during that process as all risk

Heterogeneity: Tau® = 0.04; Chi*= 3538, df=11 (P = 0.0002); F= 3%
Testfor overall effect £Z=2.25 (P=0.02)

Cohort

Chang, 2018 (pooled) 0.2546 068312 0.9%
Etrninan, 2011 (GBD, F, ever) 072852 0018 45%
Figuierdo, 2017 (curr+ex, pooled) 0174 00264 4.5%
Gonzalez-Peres, 2007 (pooled) 0.0862 00543 44%
Halldestam, 2009 (ever) 016551 0517 1.3%
Kato, 1992 (W) 040441 0258 28%
Katsika, 2007 {pooled) 0077 00763 4.3%
Liu, 2009 {curr+ex, pooled) 0.1823 0.0352 4.5%
Misciagna, 1896 0.63657 0241 3.0%
Murray, 1994 (GBD, F) 017898 0063 44%
Sahi, 1988 (curr+ex, pooled) 03507 01121 4.0%
Shabanzadeh, 2016 (ever) -0.17435 0149 3.8%
Stampfer, 1992 (F, ex) 01044 00B47  4.3%
Yamada, 2003 {every 018392 0091 4.2%
Subtotal (95% CI) 50.9%

Heterogeneity: Tau®= 0.11; Chi®= 546.04, df= 13 (P < 0.00001}; 7= 98%
Testfor overall effect £=2.39 (P=0.02)

Total (95% CI) 100.0%
Heterogeneity: Tau?= 0.11; Chi*= 665 61, df= 28 (P = 0.00001); P = 98%
Testfor overall effect Z=3.18 (P =0.001)

Testfor suboroup differences: ChiF=017, di= 2 (P=082), F=0%

0Odds Ratio Odds Ratio
Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Case-control
LaVecchia, 1991 {poaled) 0174 01598 37% 1.19[0.87,1.63] L
MeMichael, 1992 fpooled) 04511 02457  2.9% 1.57 [0.97, 2.54] T
Panpimanmas, 2009 {pooled) 07608 03021 2.4% 2.1401.17,3.91]
Pastides, 1890 (GED) -069318 036 21% 0.50 [0.25,1.01] —_—
Subtotal (95% CI) 1M.1% 1.23[0.77, 1.97] e
Heterogeneity: Tauf= 016, Chi*=1048,df=3 (P=001), F=71%
Testfor overall effect =086 (P=038)
Cross-sectional
Abu-Eshy, 2007 0.47623 08752 06% 1.61 [0.29, 8.95] +
Grodstein, 1994 (F) 02639 0137 38% 1.30[1.00,1.70] —
Jorgensen, 1988 (pooled) 0.6523 04403 1.6% 1.92 [0.81, 4.55] 7
Kang, 2018 (pooled) 0.2151 00897 42% 1.24[1.04,1.48] [
Kirn, 2018 {poalec) 0 00538 44% 1.00[0.80,1.11] il
Kono, 1985 {pooled) -0.1054 0190 4% 0.90 [0.62,1.31] O ERRE
Kratzer, 1897 (ever) 03228 D268 268% 1.3810.82,2.37] =T
Martinez de Pancorbo, 1897 04001 0201 3% 1.4301.01,2.21] o m—
Okamoto, 2002 {curr+ex, pooled) 0.0853 01258 3.9% 1.10 [0.88,1.41] S
Palerma, 2012 (M 1.0402 0227 31% 2.8301.81,4.42]
Wilzke, 2003 (F) -0.27444 D135 3T7% 0.76 [0.56,1.03] |
Walcher, 2010 {pooled) 0.0853 02162 33% 1.10 [0.72,1.68] e
Subtotal (95% CI) 38.0% 1.20[1.02, 1.42] &

1.28[0.36, 4.62]
2.07 [2.00,2.15] 22
1.18[1.13,1.24] i
1.08[0.88,1.21] e
1.18[0.43,3.25] —
1.88[1.00,2.74]
1.08[0.93,1.25] =
1.20[1.12,1.29] o
1.88[1.18,3.03]
1.201.08,1.35] s
1.42[1.14,1.77] =
0.84[0.63,1.12] =T
1.11[0.88, 1.26] B
1.21 [1.02,1.45] =
1.27 [1.04, 1.55] -

1.25[1.09, 1.44] L

0z

05 2
Newer smokers  Ewer smokers

Figure 4: Subgroup analysis according to study type (never versus ever smokers).
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Table 3: Meta-regression and subgroup analysis (never versus ever smokers, pooled data).

Meta-regression

Subgroup analysis

Univariate 1%, p value I%, p value
Parameter analysis Multivariate analysis o »pva °P
, OR 95%CI within between
(Spearman’s (beta, 95 % CI, p)
D) subgroups subgroups
Study characteristics
Studies including former smokers 0.036, 0.850
Yes .17  1.11-1.22 23%, 0.18 0%. 0.34
No 1.35  1.01-1.80  96%, <0.001 0 U
Publication year
1999 and before  0.016, 0.935 1.26  1.12-1.41 43%, 0.05
Between 2000 and 2009 -0.164, 0.387 .12 1.03-1.23 46%, 0.06 31%, 0.24
2010 and later ~ 0.152, 0.421 133 0.98-1.80  98%, <0.001
Type of study
Case-control  0.028, 0.882 .23 0.77-1.97 71%, 0.01
Cross-sectional ~ 0.165, 0.383 .20  1.02-1.42  69%, <0.001 0%, 0.92
Cohort  -0.181, 0.337 1.27  1.04-1.55  98%, <0.001
Origin of study
Europe  -0.166, 0.381 .12 1.02-1.23 54%, 0.02
Asia and Middle East  -0.026, 0.891 1.13  1.00-1.28 42%, 0.05 57%, 0.10
America and Australia  0.213, 0.258 1.54 1.17-2.03 98%, 0.002
Endpoint: entire GBD spectrum -0.076, 0.691
Yes 123 0.98-1.54  98%, <0.001 0%. 0.97
No (cholelithiasis only) 1.22 1.09-1.38  58%, <0.001 9 H
Sample size >10000 -0.114, 0.549
Yes 1.24  1.02-1.50  98%, <0.001 0%. 0.87
No 1.27  1.05-1.53  66%, <0.001 % M
Sex
Females  0.119, 0.532 126 0.94-1.70  98%, <0.001
Males -0.171, 0.368 1.54  1.01-2.33 80%, 0.002 11%, 0.33
Both _-0.040. 0.830 1.14 _ 1.06-1.23 46%. 0.02
Quality assessment
Selection  -0.152, 0.423
Optimal 1.18  1.12-1.25 32%, 0.14
Suboptimal 126  1.02-155 95%,<0.001 07056
Comparabilit}{ 0.008, 0.965
Optima 1.20  1.15-1.24 0%, 0.56
Suboptimal 170 1.65-1.75  95%,<0.001  29%.<0.001
Exposure (case-contrrol studies)  -0.258, 0.742
Optimal .19 0.87-1.63 NAT 0%. 0.95
Suboptimal .22 0.56-2.65 80%, 0.006 % M
Outcome (cross-sectional 'fmd -0372, 0.061
cohon(s)tuc_hes% 1.15  1.08-1.23 47%, 0.07
ptima . .08-1. 0, 0.
Suboptimal 132 1.07-1.63 _ 95%, <0001 327,022
Adjustment for potent
confounders
Adjustment for family history .
YeS 02570017 0454,[0.1200.7331,0.007 1] 103240 986 005 330,022
Adjustment for alcoho! 0.383, [(-0.506)-(-0.047)] 1.09-1.2 2 “; 0.16
Yes -0.383, [(-0.506)-(-0.047)], 1.15 .09-1.21 5%, 0.
No -0:311,0.004 0.020 147 1.13-193  96%,<0.001 687,008
Adjustment for age
_ 0,
U R
Adjustment for BMI
Yes 1.20  1.01-1.43  97%, <0.001 6%, 0.30
No -0378,<0.001 136 1.15-1.62  68%, 0.001
Adjustment for sex
Yes 1.29  1.09-1.53  96%, <0.001
No  0.022,0.841 114 093-139  48%,0.11 0%, 0.35

CI: confidence interval, 1NA: Not Applicable.

estimates used for pooling were adjusted for confound-
ers. As we have observed that current and former smok-
ing had comparable effects over GBD, it was reasonable
to assume that the dose-dependent effect also referred
to ex-smoking. Our results agree with those reported by
Kato et al, who demonstrated a positive correlation be-
tween pack-years of cigarettes and GBD?*; similar obser-
vations are reported by Figueiredo et al independently of
current or former smoking status?.

Furthermore, the study performs publication bias
analysis as well as subgroup analyses and meta-regression
regarding the potent effect of publication period, study
type, region of origin, sample size, outcomes (either the
whole spectrum of GBD or cholelithiasis only), quality

assessment (either optimal or suboptimal in every NOS
grouping item), and potent confounders on pooled OR.
Interestingly, no publication bias was detected, which
could be because there had been no clear-cut pre-defined
or pre-judged size or even direction of difference in the
whole literature. However, several potential sources of
heterogeneity were proposed.

Among the three quality assessment items, subgroup
analysis suggested that comparability might contribute to
the increased heterogeneity; retaining only the group of
studies with optimal comparability diminishes heteroge-
neity from 96 % to 0 %. Furthermore, subgroups regard-
ing adjustment to age and alcohol intake exhibit statis-
tically significant differences. Using meta-regression,
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Odds Ratio Odds Ratio
Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI1
Current smokers
Abu-Eshy, 2007 0.47623 0.8742 0.2% 1.67 [0.29, 8.95]
Chang, 2019 0.2546 0.6512  0.4% 1.29[0.36, 4.62]
Figuierdn, 2017 0207 00388  26% 133[1.14,1.33] =
Gonzalez-Peres, 2007 0.04879 0.058 2.5% 1.05[0.94,1.18] = =
Grodstein, 1994 0.2639 0137 2.0% 1.30[1.00,1.70] e
kang, 2018 013876 0065  25% 145 [.01,1.31] e
Kato, 1992 0450441 0.256 1.3% 1.66 [1.00, 2.74]
Katsika, 2007 -0.omot 0122 21% 0.99[0.78, 1.26] s T
Kim, 2019 0 0.0538 2.5% 1.00[0.90,1.11] ==
Kaono, 1935 -0.10836 021 1.6% 0.50[0.60, 1.36] T
La‘ecchia, 1991 0107396 0185 1.7% 1.1 [0.78, 1.60] S e —
Liu, 2009 0.207 0.0383 2.6% 1.23[01.14,1.33] =
Martinez de Pancorbo, 1997 04001 0201 1.6% 1.449[1.01, 2.21]
meiichael, 1892 0.5306 0323 1.0% 1.70[0.90, 3.20] T
Misciagna, 1996 063657 0241 1.4% 1.89[1.18, 3.03]
Murray, 1994 017898 0063 2.5% 1.20[1.06,1.39] o
Okamato, 2002 03293 01838 1.7% 1.39[0.97,1.99] T
Falermao, 2013 1.0403 0237 1.5% 283[01.81,447
Fanpimanmas, 2008 05878 0479 06% 1.80[0.70, 4.60] —
Fastides, 1990 -0.69315 0.36 0.9% 0.50[0.25,1.01]
Sahi, 1998 0.4055 014 2.0% 1.50[1.14,1.87] ===
Stapmfer, 1992 01906 0.0852 2.4% 1.21[1.02,1.43] [T
‘ilzke, 2005 -0.27444 01355 1.9% 0.76 [0.56,1.03] el
Walcher, 2010 -011653 0222 1.5% 0.89[0.58,1.38] o
Subtotal (95% CI) 41.0% 1.19[1.10, 1.28] 4
Heterogeneity Tau® = 0.02; Chi= 63.24, df= 23 (F = 0.0001); F= 64%
Tect for overall effect: 2= 4.33 (P = 0.0001)
Former smokers
Figuierda, 2017 01484 0.0365 2.6% 1.6 [1.08,1.28] o
Gonzalez-Peres, 2007 016551 0091 2.3% 1.18[0.99,1.41] o=
Kang, 2018 031481 00964  2.3% 137 [1.13,1.65] ——
Katsika, 2007 0133876 0.088 2.3% 1.15[0.95,1.39] T
Kono, 1985 -0.10536 0.43 0.6% 0.90[0.34, 2.35] ]
Laecchia, 1991 0.38662 0321 1.0% 1.47 [0.78, 2.76] a
Liu, 2009 012927 0015 2.6% 104111, 1.17] 5
McMichael, 1992 0.33658 0382 0.8% 1.40 [D.68, 2.96] TR
Okamato, 2002 -0.1054 01739 1.8% 0.90[0.64,1.27] =
Fanpimanmas, 2008 08755 0396  08% 240[1.10,5.27
Sahi, 1998 025851 0188 1.7% 1.29[0.89, 1.88] g e
Stampfer, 1982 005827 0051 2.5% 1.06 [0.86,1.17] [
Walcher, 2010 030734 0.225 1.8% 1.36 [0.98, 2.11] SO
Subtotal (95% CI) 22.8% 1.15[1.10, 1.19] L]
Heterogeneity: Tau®= 0.00; Chi®= 1366, df=12 (P=032); F=12%
Testfor overall effect Z=6.71 (P = 0.00001)
Ever smokers
Etminan, 2011 072852 0018 2.6% 2.07[2.00,2.15] =
Figuierdo, 2017 0474 00264  2.6% 119[1.13,1.246] =
Gonzalez-Pereg, 2007 0.0862 0.0543 2.8% 1.09 [0.98,1.21] i
Halldestam, 2009 0165851 0417 0.8% 1.18[0.43, 3.25]
Jorgensen, 1989 0.6523 0.4403 0.7% 1.92[0.81, 4.59] =
Kang, 2018 0.2151 0.0897  2.3% 1.24[1.04,1.48] =
Katsika, 2007 0.077 0.0763 2.4% 1.08[0.93,1.25] % ol
Kono, 1385 -0.1054 0.19M 1.7% 0.90 [0.62,1.31] o P
Kratzer, 1997 03228 0.266 1.3% 1.38[0.82, 2.33] =
Laecchia, 1991 0174 0.1593 1.9% 1.19[0.87,1.63] SR T
Liu, 2009 01823 0.0352 2.6% 1.20[1.12,1.29] e
McMichael, 1992 0.4511 0.2457  1.4% 1.57 [0.97, 2.54] T
Okamato, 2002 0.0953 01258 24% 1.10[0.86,1.41] =
Fanpimanmas, 2008 07608 03081 1.1% 214117, 3.81]
Sahi, 1998 03507 01121 2.2% 142 [1.14,1.77] =
Shabanzadeh, 2016 -017435 0149 2.0% 0.84 [0.63,112] o
Starpfer, 1982 01044 00647 25% 111 [0.88, 1.26] —
‘Walcher, 2010 0.0953 0.2162 1.8% 1.10[0.72, 1.68] e [ —
Yarnada, 2005 019392 0091 23% 1.21[1.02,1.45] ==
Subtotal (95% CI) 36.2% 1.24 [1.05, 1.47] i
Heterogeneity Tau?=011; Chi*= 856 42 df=18 (F = 0.00001); F= 97%
Testfor overall effect 7= 253 (P =001}
Total {95% CI) 100.0% 1.22 [1.12,1.32] L ]
Heterageneity: Tau®= 0.07; Chi®= 840.71, df= 65 (P = 0.00001); F= 94% 052 D=5 é é
Testfor overall effect 2= 4.79 (P < 0.00001}) Never smokers Smokers
Testfor subaroun differences: Chi*=1.29, df= 2 (P=052F=0%

Figure 5: Subgroup analysis according to smoking habits.

lack of adjustment for family history and alcohol intake
is shown to be independently correlated with LnOR. All
our findings align with existing knowledge and current
literature: age, family history, and alcohol are known
determinants for GBD*!. Understanding heterogeneity
sources might enable more careful data interpretation and
more precise study design in the future.

Sensitivity analysis carried out for each study sepa-
rately indicated that the study of Etminan et al explained
37.5 % of total heterogeneity, while no other study con-

tributed more than 1 % itself*. Thus, despite this study
being the largest one included in the present meta-analy-
sis by contributing 2,721,014 women (58.9 % of the total
number of individuals), its influence on the results needs
special care due to the major drawback of lack of adjust-
ment to any confounder. Additionally, a positive though
not decisively significant correlation of oral contracep-
tives with cholelithiasis was reported, thus explaining at
least a portion of substantially increased OR for female
smokers and GBD in the study of Etminan et al’!. Based
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Odds Ratio 0dds Ratio

Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI

Figuierdo, 2017 0157 00361 42.0% 117 [1.09, 1.26) L2

Liu, 2009 011867 0.033 503% 1.13[1.06,1.20] =

Okamoto, 2002 043825 04394 03% 1.55 [0.66, 3.67] —

Stammpfer, 1992 0.0953 0.0856 7.5% 1.10[0.93,1.30] o

Total (95% CI) 100.0% 1.14 [1.09, 1.20] [ ]

Heterogeneity: Tau®= 0.00; Chi*=1.31,df=3 (P=0.73); F= 0% 012 UEG 5 %

Test for overall effect Z=5.72 (P < 0.00001) ' Non smiokers Briakere (0-9 cigiday)
Odds Ratio Odds Ratio

Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI

Figuierdo, 2017 0157 00361 33.8% 117 [1.09,1.26] -

Liu, 2009 022713 0023 39.4% 1.25[1.20,1.31] L]

Okamoto, 2002 043825 04394 09% 1.55 [0.66, 3.67) —

Stampfer, 1992 0.0583 00547 25.8% 1.06[0.95,1.18] ™

Total (95% CI) 100.0% 1.18[1.08, 1.28] L3

Heterogeneity: Tau®= 0.00; Chi*= 9.56, df= 3 (P= 0.02), F=69% 042 u¥5 5 !’-5

Test for overall effect: Z= 3.76 (P = 0.0002) Non smokers Smokers (10-18 cigiday)
Odds Ratio Odds Ratio

Subgroup log|Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI

Figuierdo, 2017 0.26236 0.0451 24.1% 1.30[1.19,1.42] -

Liu, 2009 02685 0.026 72.6% 1.31[1.24,1.389] | |

Okamoto, 2002 0.30748 0.3886 0.3% 1.36 [0.63, 2.91] I

Starnpfer, 1992 01484 01277 3.0% 1.16[0.90,1.49] =

Total (95% CI) 100.0% 1.30[1.25, 1.36] 4

Heterogeneity: Tau? = 0.00; Chi*= 0.86, df= 3 (P = 0.83); F= 0% 052 Dlrﬁ + é

Testfor overall effect Z=11.90 (P < 0.00001) ' Non smokers Smokers (20-29 cigiday)

Figure 6: Quantitative (subgroup) analysis for different levels of smoking (from top to bottom: 0-9 cig/day, 10-19 cig/day, and
20-29 cig/day versus never smokers). Assuming that OR =1 for non-smokers, Spearman’s r =1.000 (p <0.01).

on the above, the fact that the study of Etminan et al was
included in the meta-analysis published by Aune et al
might be disputable®. Nevertheless, the present study still
included the vast study of Etminan et al, as all appropriate
measures have been used to interpret heterogeneity, con-
cluding to an overall OR that agrees with that reported
by Aune at al.

Data combination from different kinds of studies,

thus case-control, cross-sectional, and cohort ones might
be considered the present study’s major limitation. How-
ever, neither subgroup analysis nor meta-regression re-
vealed any statistically significant difference regarding
overall OR. Therefore, our approach might be considered
non-misleading. A second limitation is that we failed to
incorporate unpublished data; despite that neither posi-
tive nor negative prejudiced correlation between smok-
ing and GBD had been prevailed in the literature, the ob-
served absence of any publication bias would be further
strengthened in case of implementation of unpublished
sources.
In the present systematic review and meta-analysis, we
argue that smoking, either current or former, has an ap-
parent positive effect on gallbladder disease. We had also
demonstrated that this effect is dose-dependent, at least
for current smoking. Additionally, we concluded that
family history and alcohol intake could represent poten-
tial confounders; therefore, all risk estimates regarding
smoking and GBD have to be appropriately adjusted for
proper study design and performance in the future.
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