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ABSTRACT

Background & Aims: Previous epidemiological data on the association between cigarette smoking and
risk of gallstone development remain controversial, and most relevant studies have relied on self-reported
questionnaires. We aimed to elucidate this association using both an objective biomarker of tobacco exposure
(urinary cotinine) and a self-reported questionnaire.

Methods: We analyzed 221,721 asymptomatic adults who underwent abdominal ultrasonography and urinary
cotinine measurement between January 2011 and December 2016. Cotinine-verified current smokers were
defined as participants with urinary cotinine levels >50 ng/mL.

Results: The mean age of the study population was 35.9 years, and the proportion of men was 55.8%. The
proportions of self-reported and cotinine-verified current smokers were 21.3% and 21.2%, respectively.
After adjusting for confounding factors, self-reported current smoking was associated with an increased
risk of gallstone development [adjusted odds ratio (aOR) 1.14; 95% confidence interval (95%CI), 1.04-1.25].
Moreover, among the current smokers, the risk of gallstone development increased with an increase in the
amount of cigarette smoking (<20 and >20 pack-years vs. never smoked; aOR=1.11 and 1.25; 95%CI: 1.01-1.22
and 1.07-1.45, respectively). Cotinine-verified current smoking was also associated with an increased risk of
gallstone development (aOR=1.16; 95%CI: 1.07-1.25). Among the self-reported never or former smokers,
the cotinine-verified current smokers (aOR=1.20; 95%CI: 1.01-1.44) showed a significantly higher risk of
gallstones than cotinine-verified never smokers.

Conclusions: Cotinine-verified and self-reported current smoking were independent risk factors for gallstones,
suggesting a distinct role of tobacco smoking in gallstone development.

Key words: smoking - cotinine — gallstone.

Abbreviations: aOR: adjusted odd ratio; BMI: body mass index; BP: blood pressure; CI: confidence interval;
FBG: fasting blood glucose; HBsAg: hepatitis B surface antigen; HCV: hepatitis C virus; HEPA: health-
enhancing physically active; MET: metabolic equivalent; OR: odd ratio; US: ultrasonography.

INTRODUCTION

prevalence of obesity and the westernization of the
socioeconomic environment in Asian countries, including

Gallstone disease is one
of the most common biliary
tract diseases and a major
public health concern in
many countries [1]. Previous
ultrasonography (US)-based
epidemiologic studies have
shown prevalence rates of 9.7-
19.5% in European countries,
10-12% in the United States, and
2-5% in Asian countries [2-4].
The prevalence of gallstones has
increased with the increased

Korea [3]. Although gallstones are discovered incidentally
in many patients during abdominal US without symptoms
and are classified as benign, their potential to cause
significant morbidity through critical complications such as
cholecystitis, cholangitis, and pancreatitis highlights their
clinical importance [5]. In addition, twin studies indicate
that environmental factors account for the majority of
symptomatic gallstone disease, while genetic susceptibility
is responsible for approximately 25%, a significant minority,
of symptomatic gallstone disease [6, 7]. Hence, identifying
and addressing modifiable risk factors for the development
of gallstones is crucial to mitigate the increase in gallstone
formation and its related complications.
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The results of previous epidemiological studies on
the association between cigarette smoking and the risk of
developing gallstones have not been entirely consistent. Some
studies have shown a significantly increased risk of gallstones
in smokers [8, 9], whereas other studies have suggested null
[10] or even inverse [11] associations between smoking and
gallstones. The modest sample sizes of prior studies may have
contributed to these inconsistent findings. Furthermore, these
discrepancies may be partly attributed to the predominant
use of self-reported questionnaires, which may not accurately
capture the smoking status. The main concern regarding
the reliability of self-reported smoking status is potential
underreporting. In circumstances where a substantial social
stigma exists against smoking, smokers may inaccurately
identify themselves as nonsmokers [12].

Cotinine, the main nicotine metabolite, is widely used to
indicate cigarette smoking status. Establishing a connection
between cotinine, an objective marker of tobacco exposure, and
development of gallstones could provide an accurate insight
into the relationship between smoking and gallstone formation.
However, most previous studies have assessed the association
between self-reported smoking status and gallstone formation
risk, and no data on the association between cotinine and
gallstone formation has been reported. Therefore, this study
aimed to clarify the association between cigarette smoking and
the risk of gallstones using urinary cotinine measurements and
self-reported questionnaires in a large sample of Korean adults.

METHODS

Study Population

The Kangbuk Samsung Health Study included a cohort of
adult Korean men and women aged >18 years who underwent
a comprehensive annual or biannual health examination at the
Kangbuk Samsung Hospital Total Healthcare Center in Seoul or
Suwon, South Korea [13, 14]. The present study used a subset
of participants from the Kangbuk Samsung Health Study who
underwent abdominal US screening between January 2011
and December 2016 (n=419,058). Korea’s Industrial Safety

and Health Law stipulates that employees must undergo health
examinations once or twice a year. Over 80% of the participants
were employees of diverse companies or local government
organizations (or their spouses), whereas the remaining
participants voluntarily enrolled in the screening program.

The exclusion criteria were as follows (Fig. 1): 1) history
of cholecystectomy; 2) history of malignancy, including gall
bladder cancer and cholangiocarcinoma; and 3) incomplete
data on urinary cotinine levels, self-reported smoking status,
or the presence of gallstones on US. After excluding 197,337
participants who met one or more exclusion criteria, the final
sample comprised 221,721 participants.

This study was approved by the Institutional Review Board
of Kangbuk Samsung Hospital (no. KBSMC 2023-02-023). As
this study used anonymized retrospective data collected from
regular health screening examinations, the requirement for
informed consent was waived.

Measurements and Definitions of Variables

During the health examinations, trained staff measured
anthropometric dimensions, blood pressure, and serum
biochemical parameters, while standardized self-administered
questionnaires were used to gather information on demographic
characteristics, health-related behaviors, and medical histories
[13, 14].

Smoking status was categorized as never, former, or current
smokers. Participants who had smoked 100 or more cigarettes
in their lives and who smoked cigarettes at the time of the
study were defined as “current smokers.” Participants who
had smoked 100 or more cigarettes in their lives but reported
that they did not currently smoke were defined as “former
smokers”. Participants who had never smoked a cigarette or
who had smoked fewer than 100 cigarettes in their lives were
defined as “never smokers” [15]. The average daily alcohol
consumption was calculated based on the weekly frequency
of alcohol consumption and the amount of alcohol consumed
per drinking day. Alcohol intake was defined as >10 g/d in
men and >5 g/d in women. Physical activity was estimated
using the Korean version of the International Physical Activity

Hospital, 2011-2016 (n=419,058)

Participants who underwent abdominal ultrasonography (US) during health examination at Kangbuk Samsung

Exclusions (n=197,337): some individuals met more than one criterion for exclusion

- History of cholecystectomy (n=4,231)

- History of malignancy (n=10,094)

- Incomplete data on urinary cotinine, self-reported smoking status, or presence or absence of
gallstones on abdominal US (n=183,012)

Total participants (N=221,721)

Fig. 1. Flowchart of the study population.
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Questionnaire scores, which were converted to metabolic
equivalent (MET) units and classified into three categories:
inactive, minimally active, and health-enhancing physically
active (HEPA) [16]. Participants who met at least one of the
following criteria were categorized as having a HEPA level
of physical activity: engaging in >1,500 MET min/week of
physical activity that includes at least 3 days of vigorous activity
or engaging in >3,000 MET min/week of physical activity [16].
Body mass index (BMI) was calculated by dividing measured
weight (kg) by height squared (m?). Obesity was defined as BMI
>25 kg/m?, which is the proposed cutoft value for diagnosing
obesity in Asians [17].

Blood samples were collected from the participants after
a minimum fasting period of 10 hours. Blood tests included
viral hepatitis indices [hepatitis B surface antigen (HBsAg) and
antibodies to hepatitis C virus (HCV)], lipid profiles, levels
of liver enzymes, fasting blood glucose (FBG), and glycated
hemoglobin.

Metabolic syndrome was defined as having three or more
of the following five metabolic abnormalities used in the
National Cholesterol Education Program and Adult Treatment
Panel-IIT criteria: abdominal obesity (waist circumference
290 cm in men and =85 cm in women, the proposed cutoft
values for Asians) [18], elevated FBG levels (=100 mg/dL) or
use of glucose-lowering medications, elevated blood pressure
(BP) (2130 mmHg systolic, 285 mmHg diastolic), use of
antihypertensive drugs, elevated triglyceride levels (=150 mg/
dL) or use of lipid-lowering agents, and reduced high-density
lipoprotein cholesterol levels (<40 mg/dL in men and <50 mg/
dL in women) [19].

Urinary cotinine levels were determined using the DRI
Cotinine Assay (Microgenics Corp., Fremont, CA, USA) with
a modular P800 analyzer (Roche Diagnostics, Tokyo, Japan).
Cotinine-verified current smokers were defined as participants
with urinary cotinine levels of >50 ng/mL [20].

Diagnosis of Gallstones

The presence or absence of gallstones was examined
on abdominal US, which was performed using a 3.5MHz
transducer (LOGIQ 9; General Electric, Madison, WI,
USA) after the participants had fasted for a minimum of
10 h. Abdominal US examinations were performed by 11
experienced radiologists who were unaware of the study
aims and were blinded to the clinical information. Gallstones
were defined as US-documented gallstones by the presence
of strong intraluminal echoes that were gravity-dependent
or that attenuated US transmission (acoustic shadowing) [2,
21]. The inter- and intra-observer reliability for the diagnosis
of gallstones were excellent (kappa statistics: 0.90 and 0.94,
respectively) [2].

Statistical Analysis

The baseline characteristics of the participants and the
prevalence of gallstones according to self-reported or cotinine-
verified smoking status were compared using the chi-square
test for categorical variables and Student’s t test or one-way
analysis of variance for continuous variables. Data were
expressed as mean (standard deviation), median (interquartile
range), or frequency (%).

To assess the association between development of gallstones
and self-reported or cotinine-verified smoking status, we used a
logistic regression model to estimate odds ratios (ORs) and their
corresponding 95% confidence intervals (Cls) for gallstones.
Multivariate logistic regression analysis was subsequently
performed, adjusting for confounders that showed statistical
significance in the univariate analysis. Confounders included
age, sex, obesity, hypertension, diabetes, dyslipidemia, fatty
liver, metabolic syndrome, alcohol intake, and the presence
or absence of HBsAg and anti-HCV antibodies. All reported
p values were two-tailed, and a p value <0.05 was considered
statistically significant. SPSS version 21 (IBM Corp., Armonk,
NY, USA) was used for all the statistical analyses.

RESULTS

The mean age of the 221,721 participants at baseline was
35.9 years (standard deviation, 7.4 years), and the proportion
of male participants was 55.8%. The proportions of never,
former, and current smokers based on the self-reported
questionnaire were 62.3, 16.5, and 21.3%, respectively, whereas
the proportions of cotinine-verified never and current smokers
were 78.8 and 21.2%, respectively. Among participants
who self-reported as current smokers, cotinine verification
reclassified 12.6% as never smokers. In contrast, among those
who self-reported as never smokers, 21.2% were reclassified as
current smokers after cotinine verification (Table I).

Comparisons of the baseline characteristics and
prevalence of gallstones according to self-reported and
cotinine-verified smoking status are shown in Table II. Both
self-reported and cotinine-verified current smokers tended
to be older and had a higher prevalence of male gender,
obesity, hypertension, diabetes, and metabolic syndrome
than self-reported and cotinine-verified never smokers. The
proportion of participants with alcohol intake, HEPA level
of physical activity, and presence of HBsAg were also higher
in self-reported and cotinine-verified current smokers than
in self-reported and cotinine-verified never-smokers. The
prevalence rates of gallstones in never, former, and current
smokers were 2.4, 2.5, and 2.5%, respectively, whereas those
in cotinine-verified never and current smokers were 2.4 and
2.6%, respectively.

Table I. Misclassification of cotinine-verified and self-reported smoking status

Total Never smokers ~ Former smokers Current smokers
(n=221,721) (n=138,037) (n=36,541) (n=47,143)
Cotinine-verified smoking status
Cotinine-verified never smoker 174,788 (78.8) 135,275 (98.0) 33,578 (91.9) 5,935 (12.6)

Cotinine-verified current smoker 46,933 (21.2)

2,762 (2.0) 2,963 (8.1) 41,208 (87.4)

Data are expressed as numbers (percentages).
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Table II. Baseline characteristics and prevalence of gallstones according to self-reported and cotinine-verified smoking statuses

Total Never smokers Former Current p Cotinine-verified ~Cotinine-verified p
(n =221,721) (n=138,037) smokers smokers never smokers current smokers
(n =36,541) (n=47,143) (n=174,788) (n = 46,933)
Age (years) 359+74 35172 37.7+£8.0 372174 <0.001 356+7.5 371+6.7 <0.001
Male 123,766 (55.8) 45,705 (33.1) 33,058 (90.5) 45,003 (95.5)  <0.001 80,433 (46.0) 43,333 (92.3) <0.001
BMI (kg/m?) 232+34 224+33 244 +3.1 24.6 £3.2 <0.001 229+34 245+33 <0.001
Obesity (=25 kg/m?) 61,455 (27.7)  27,429(19.9) 14,283 (39.1) 19,743 (41.9)  <0.001 42,160 (24.1) 19,295 (41.1) <0.001
Hypertension 19,725 (8.9) 8,263 (6.0) 5,352 (14.7) 6,110 (13.0) <0.001 13,903 (8.0) 5,822 (12.4) <0.001
Diabetes mellitus 6,078 (2.7) 2,321 (1.7) 1,575 (4.3) 2,182 (4.6)  <0.001 3,926 (2.2) 2,152 (4.6) <0.001
Dyslipidemia 78,696 (35.5) 38,636 (28.0) 16,365 (44.8) 23,695 (50.3)  <0.001 55,326 (31.7) 23,370 (49.8) <0.001
Fatty liver 58,101 (26.2)  25,231(18.3)  13,873(38.0) 18,997 (40.3)  <0.001 39,582 (22.6) 18,519 (39.5) <0.001
Metabolic syndrome 21,465 (9.7) 8,008 (5.8) 5,222 (14.3) 8,235 (17.5) <0.001 13,365 (7.6) 8,100 (17.3) <0.001
Alcohol intake® 69,367 (37.7) 27,594 (25.1) 16,028 (50.6) 25,745 (60.5)  <0.001 44,242 (31.2) 25,125 (59.5) <0.001
Physical activity 35,102 (16.0) 20,115 (14.7) 7,092 (19.6) 7,895 (16.9)  <0.001 27,231 (15.7) 7,871 (16.9) <0.001
High education level® 165,688 (82.7) 102,651 (81.6) 28,312 (85.3) 34,725 (83.8)  <0.001 131,580 (82.7) 34,108 (82.7) 0.720
HBsAg 6,804 (3.1) 4,058 (2.9) 1,163 (3.2) 1.583(3.4)  <0.001 5,194 (3.0) 1,610 (3.4) <0.001
Anti-HCV 180 (0.07) 94 (0.10) 37(0.10) 49 (0.08) 0.021 123 (0.07) 57 (0.12) 0.001
Gallstones 5,376 (2.4) 3,291 (2.4) 907 (2.5) 1178 (2.5) 0.278 4,173 (2.4) 1,203 (2.6) 0.028

Values are presented as mean * standard deviation or number (percentage). * >10 g/d for men and >5 g/d for women. ® Health-enhancing physical activity
level: physical activity consuming over 1,500 MET-minutes per week, including more than 3 days of vigorous activity, or physical activity consuming over
3,000 MET-minutes per week. © College graduate or higher. Anti-HCV: hepatitis C antibody; BMI: body mass index; HBsAg: hepatitis B surface antigen.

Table III shows the association between self-reported and
cotinine-verified smoking statuses and the risk of developing
gallstones. In the multivariate analysis adjusted for age,
gender, obesity, hypertension, diabetes, dyslipidemia, fatty
liver, metabolic syndrome, alcohol intake, and the presence
or absence of HBsAg and anti-HCV, which showed statistical
significance in the univariate analysis, self-reported current
smoking emerged as a significant risk factor for gallstones
[adjusted OR (aOR) =1.14; 95%CI: 1.04-1.25]. Furthermore,
among the self-reported current smokers, the risk of gallstones
was found to increase with an increasing daily amount of
cigarettes smoked (10-19, and >20 cigarettes/day vs. never
smokers; aOR were 1.18 and 1.19; 95%CI: 1.05-1.31 and 1.04-
1.37, respectively), duration of smoking (=20 years vs. never
smokers; aOR=1.18; 95%CI: 1.05-1.33), and total amount of
cigarette smoked (<20 and >20 pack-years vs. never smokers;
aOR were 1.11 and 1.25; 95%CI: 1.01-1.22 and 1.07-1.45,
respectively), even after adjusting for confounding factors. In
addition, cotinine-verified current smokers had a significantly
increased risk of gallstones (aOR=1.16; 95%CI: 1.07-1.25)
compared with cotinine-verified never smokers.

Table IV shows the effect of participant misclassification
between self-reported and cotinine-verified smoking statuses
on the risk of developing gallstones. Among the self-reported
never or former smokers, the cotinine-verified current
smokers (adjusted OR=1.20; 95%CI: 1.01-1.44) exhibited a
significantly higher risk of gallstones than cotinine-verified
never smokers.

DISCUSSION

This study investigated the association between smoking
and the risk of developing gallstones using cotinine and a
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self-reported questionnaire in a large cohort of young and
middle-aged Korean adults. Self-reported current smoking was
independently associated with an increased risk of gallstone
development. The risk of developing gallstones increased with
the increasing amount and duration of cigarette smoking in a
dose-dependent manner. Cotinine-verified current smoking
status is also an independent risk factor for gallstones.
Moreover, among self-reported never or former smokers,
cotinine-verified current smokers had a significantly higher
risk of developing gallstones than cotinine-verified never
smokers. Our results confirmed a positive association between
tobacco smoking and developing gallstones. Thus, tobacco
smoking, whether direct or secondary, may play an important
role in gallstone pathogenesis.

Epidemiological studies of the association between cigarette
smoking and developing gallstones have shown inconsistent
results. One prospective study demonstrated that smokers
were more likely to develop symptomatic gallstones than non-
smokers in women (relative risk = 1.19; 95%CI: 1.06-1.34) [22].
In another prospective study from southern Italy, cigarette
smoking was related to an approximately twofold increase in
the development of gallstones in men and women combined
[23]. A population-based prospective study from Japan
also found that smokers were associated with an increased
risk of gallstones in women (aOR, 1.66; 95%CI: 1.14-2.40),
but not in men [7]. A recent meta-analysis including 10
prospective studies showed an estimated 11% increased risk
of developing gallstone disease per 10 cigarettes per day
compared to non-smokers [9]. In agreement with these studies,
our study identified that self-reported current smoking was
independently associated with an increased risk of developing
gallstones. Additionally, among self-reported current smokers,
the risk of gallstones increased with an increase in the daily
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Table III. Multivariate analysis and relationship between self-reported and cotinine-verified
smoking status and risk of gallstones

Risk factors Multivariate- 95% CI p
adjusted OR

Age (year) 1.05 1.04-1.05 <0.001
Male gender 0.72 0.67-0.78 <0.001
Obesity (225 kg/m?) 1.42 1.32-1.53 <0.001
Hypertension 1.07 0.97-1.19 0.170
Diabetes mellitus 1.06 0.91-1.23 0.462
Dyslipidemia 0.99 0.92-1.42 <0.001
Fatty liver 1.26 1.17-1.36 <0.001
Metabolic syndrome 1.08 0.97-1.20 0.175
Alcohol intake® 0.82 0.77-0.88 <0.001
HBsAg 1.50 1.30-1.73 <0.001
Anti-HCV 0.55 0.27-1.13 0.103

Self-reported smoking status

Never smokers 1 Reference
Former smokers 1.02 0.92-1.12 0.769
Current smokers 1.14 1.04-1.25 0.005

Among self-reported current smokers

Daily amount of cigarette smoked

<10 cigarettes/day* 0.98 0.83-1.14 0.765
10-19 cigarettes/day* 1.18 1.05-1.31 0.004
>20 cigarettes/day* 1.19 1.04-1.37 0.012
Duration of cigarette smoke
<20 years* 1.10 0.98-1.22 0.101
=20 years* 1.18 1.05-1.33 0.006
Total amount of cigarette smoke
<20 pack-years* 1.11 1.01-1.22 0.040
>20 pack-years* 1.25 1.07-1.45 0.005
Cotinine-verified smoking status**
Cotinine-verified never smoker 1 Reference
Cotinine-verified current smoker 1.16 1.07-1.25 <0.001

The multivariate-adjusted model was adjusted for confounders, including age, sex, obesity,
hypertension, diabetes, dyslipidemia, fatty liver, metabolic syndrome, alcohol intake, presence or
absence of HBsAg and anti-HCV, and self-reported or cotinine-verified smoking status. a >10 g/d
for men and >5 g/d for women. *The reference group consisted of never smokers. **Self-reported
smoking status was excluded, and cotinine-verified smoking status was added for the analysis. CI:
confidence interval; OR: odds ratio. For the rest of abbreviations see Table II.

amount and duration of cigarette smoking in a dose-dependent ~ Another Mendelian randomization study also supported a
manner. Indeed, a recent Mendelian randomization study causality of gallstone disease incidence with lifetime smoking
revealed an independent causal role of smoking in developing ~ (OR=1.008; 95%CI: 1.003-1.013) and current smoking
gallstone disease (for one standard deviation increase in ~ (OR=1.007; 95%CI: 1.002-1.011) [25]. In contrast, some
smoking prevalence: OR=1.25; 95%CI: 1.16-1.34) [24].  other studies have failed to establish an association between

Table IV. Effects of participant misclassification based on self-reported and cotinine-verified smoking
status on the risk of gallstones

Multivariate-adjusted P value
OR (95% CI)
Among self-reported never or former smokers (N = 174,578)
Cotinine-verified never smokers (n = 168,853) 1 (Reference) 0.042
Cotinine-verified current smokers (n = 5,725) 1.20 (1.01-1.44) 0.042

For abbreviations see Table II1.
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smoking and developing gallstones. In a large multicenter study
including 14 cohorts from Italy, cigarette smoking and gallstone
disease were not significantly associated [26]. A case-control
study in Japanese men also showed that cigarette smoking
was not significantly associated with prevalent gallstones,
cholecystectomy, newly diagnosed gallstones, or known
gallstone disease [27]. Recently, a prospective cohort study
involving 2,848 participants without gallstones at baseline,
along with an additional systematic review and meta-analysis,
showed that smoking did not significantly increase the risk of
incident gallstones [28].

The discrepancies in the outcomes of previous studies
could be partially due to the reliance on self-reported smoking
questionnaires. Self-reported questionnaires are prone to recall
biases and reporting errors [12]. Smokers may downplay their
smoking habits or falsely identify themselves as non-smokers
because of social pressures advocating smoking cessation [12].
These self-reported surveys may also fail to accurately reflect
exposure to secondhand smoking and individual variations
in nicotine metabolism [29, 30]. Using objective biomarkers
indicative of tobacco exposure may help more accurately assess
an individual’s smoking status.

Cotinine, the main metabolite of nicotine, is widely used
to assess the accuracy of self-reported smoking status. This
is because it is not affected by diet or exposure to pollution,
and it has a relatively longer half-life and less dependence
on temporal factors than nicotine [30-34]. Furthermore, it
encompasses all forms of tobacco exposure and its metabolic
process [29, 30]. Establishing a link between cotinine levels
and gallstones could further clarify the relationship between
smoking and gallstone formation. However, to date, no studies
have examined the association between cotinine-verified
smoking status and the risk of developing gallstones. To the
best of our knowledge, this is the first study to examine the
association between smoking status and risk of gallstones using
both cotinine levels and self-reported questionnaires. We found
that cotinine-verified smoking status objectively indicated a
positive association between smoking and gallstone risk, and
higher cotinine levels, even among those who self-reported as
never or former smokers, which also significantly increased
the risk of developing gallstones. This suggests that cotinine-
verified smoking status reflects direct and passive smoking as
well as individual metabolic processes, which might contribute
to the risk of gallstones. Cotinine could play a supplementary
role in self-reported smoking status for assessing gallstone risk.

The biochemical mechanisms that connect smoking to the
formation of gallstones are not entirely understood yet, but
potential mechanisms exist. Bile acids play an important role
in eliminating excess cholesterol from the body and processing
dietary fat by promoting micelles formation [35]. When bile
acid metabolism is disrupted, cholesterol is unable to maintain
its micellar state, gradually forming crystals and precipitates,
which subsequently result in cholesterol stones [35, 36].
Indeed, almost all patients with gallstone are reported to have
abnormal bile acid metabolism [37]. Smoking may induce
dysregulation in bile cholesterol metabolism by altering the
levels of gallstone-related proteins in the gallbladder, as well
as serum concentrations of free fatty acid, lipid profile and

] Gastrointestin Liver Dis, March 2024 Vol. 33 No 1: 57-64

lipoproteins [35, 38]. This alteration can stimulate hepatic
synthesis and cholesterol secretion, thereby promoting the
formation of gallstones [38].

This study has several limitations that should be considered
when interpreting our findings. Firstly, we lacked information
on the reasons for cholecystectomy, which prevented us from
differentiating cholecystectomy cases that were unrelated to
gallstones such as gallbladder polyps or cancer. Therefore, all
participants who underwent cholecystectomy were excluded
from the analysis. Although incorporating cholecystectomy
cases into the analysis did not change the outcomes, if any
of these omitted cases were associated with gallstones, the
actual association between cigarette smoking and developing
gallstones could be more pronounced than that revealed in our
study. Secondly, information regarding the size or volume of
the stones on abdominal US was not available. In addition, we
did not evaluate interobserver variations in the sonographic
diagnosis of gallstones. However, in the current study, only
cases with definitive abdominal US-documented gallstones
were considered to have gallstones and not those with sludge
alone. All sonographic examinations were performed by
experienced board-certified radiologists using the same
classification system with a clear definition of gallstones.
Therefore, we believe that the risk of significant variations in
the ultrasonographic diagnosis of gallstones is relatively low.
Third, this was a hospital-based rather than a population-based
study, and our results were based on a sample of young, middle-
aged, and relatively healthy Koreans. Therefore, our findings
may not be generalizable to older populations or other ethnic
groups. Nonetheless, our study population, predominantly
composed of healthy young and middle-aged individuals, may
be better suited to estimate the impact of cigarette smoking
on the risk of gallstones because most of those who undergo
cholecystectomy are in their 50s, 60s, or older [39]. In fact,
the number of cholecystectomy cases that were excluded from
the analysis was minimal (1%, n=4,231/419,058). Finally, the
cross-sectional design precluded the determination of causality
and did not allow the establishment of temporal relationships.
While both self-reported and cotinine-verified smoking
statuses, which reflect actual cigarette use, may change over
time, we could not evaluate the influence of these dynamic
changes on the risk of gallstones because most participants
were only assessed during their initial visit. Nonetheless, the
substantial sample size of this study may have mitigated any
potential bias arising from disease variability.

Despite these limitations, our study offers valuable
insights into the distinct role of smoking in the risk of
gallstones. The major strengths of our study include the use
of abdominal US for gallstone detection, which also captures
asymptomatic cases, and the substantial sample size that offers
robust statistical power to evaluate the association between
smoking and gallstone development risk. Furthermore, our
findings were strengthened by the comprehensive inclusion of
potential confounding variables, the availability of high-quality
laboratory procedures with thorough quality controls, and
the relative homogeneity of the participants, which reduced
the likelihood of confounding factors such as socioeconomic
status and access to healthcare [2].
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CONCLUSIONS

Cotinine-verified current smoking and self-reported
current smoking status were significant independent risk
factors for gallstones. In addition, the risk of developing
gallstones increases with a rise in the number and duration of
cigarettes smoked. Considering the increasing prevalence of
gallstones, our observations may have important public health
implications for identifying potentially modifiable factors
associated with gallstones, suggesting that direct or secondhand
smoking should be avoided. Further large-scale prospective
studies are required to clarify the impact of smoking on the
development of gallstones and whether smoking cessation
leads to a decrease in the incidence and complications of
gallstone disease.

Conlflicts of interest: None to declare.

Authors’ contribution: N.H.K was involved in conceptualization, data
curation, formal analysis, investigation, methodology, original drafting
and revising processes. J.H.K.: contributed to conceptualization,
investigation, supervision, and revision. H.J.K. conceived the study,
collected data, and supervised the study.

REFERENCES

1. European Association for the Study of the Liver. EASL Clinical Practice
Guidelines on the prevention, diagnosis and treatment of gallstones. J
Hepatol 2016;65:146-181. doi:10.1016/j.jhep.2016.03.005

2. Ryu S, Chang Y, Yun KE, Jung HS, Shin JH, Shin H. Gallstones and
the Risk of Gallbladder Cancer Mortality:A Cohort Study. Am J
Gastroenterol 2016;111:1476-1487. doi:10.1038/ajg.2016.345

3. Stinton LM, Myers RP, Shaffer EA. Epidemiology of gallstones.
Gastroenterol Clin North Am 2010;39:157-169. doi:10.1016/j.
gtc.2010.02.003

4. Yoo EH, Lee SY. The prevalence and risk factors for gallstone disease.
Clin Chem Lab Med 2009;47:795-807. doi:10.1515/cclm.2009.194

5. Wirth ], Joshi AD, Song M, et al. A healthy lifestyle pattern and the risk
of symptomatic gallstone disease: results from 2 prospective cohort
studies. Am J Clin Nutr 2020;112:586-594. doi:10.1093/ajcn/nqaal54

6. Katsika D, Grjibovski A, Einarsson C, Lammert F, Lichtenstein P,
Marschall HU. Genetic and environmental influences on symptomatic
gallstone disease:a Swedish study of 43,141 twin pairs. Hepatology
2005;41:1138-1143. doi:10.1002/hep.20654

7. Colvin HS, Kimura T, Iso H, Ikehara S, Sawada N, Tsugane S. Risk
Factors for Gallstones and Cholecystectomy: A Large-Scale Population-
Based Prospective Cohort Study in Japan. Dig Dis 2022;40:385-393.
doi:10.1159/000517270

8. Jorgensen T. Gall stones in a Danish population. Relation to weight,
physical activity, smoking, coffee consumption, and diabetes mellitus.
Gut 1989;30:528-534. doi:10.1136/gut.30.4.528

9. Aune D, Vatten L], Boffetta P. Tobacco smoking and the risk of
gallbladder disease. Eur J Epidemiol 2016;31:643-653. doi:10.1007/
$10654-016-0124-z

10. Friedrich N, Volzke H, Hampe J, Lerch MM, Jorgensen T. Known
risk factors do not explain disparities in gallstone prevalence between
Denmark and northeast Germany. Am J Gastroenterol 2009;104:89-95.
doi:10.1038/ajg.2008.13

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Pastides H, Tzonou A, Trichopoulos Ds, et al. A case-control study of
the relationship between smoking, diet, and gallbladder disease. Arch
Intern Med 1990;150:1409-1412.

Murray RP, Connett JE, Lauger GG, Voelker HT. Error in smoking
measures: effects of intervention on relations of cotinine and
carbon monoxide to self-reported smoking. The Lung Health Study
Research Group. Am J Public Health 1993;83:1251-1257. doi:10.2105/
ajph.83.9.1251

Chang Y, Ryu S, Choi Y, et al. Metabolically Healthy Obesity and
Development of Chronic Kidney Disease: A Cohort Study. Ann Intern
Med 2016;164:305-312. doi:10.7326/M15-1323

Chang Y, Cho YK, Cho J, et al. Alcoholic and Nonalcoholic
Fatty Liver Disease and Liver-Related Mortality: A Cohort
Study. Am ] Gastroenterol 2019;114:620-629. doi:10.14309/
ajg.0000000000000074

Rodu B, Cole P. Smoking prevalence: a comparison of two
American surveys. Public Health 2009;123:598-601. doi:10.1016/j.
puhe.2009.07.014

Craig CL, Marshall AL, Sjostrom M, et al. International physical activity
questionnaire: 12-country reliability and validity. Med Sci Sports Exerc
2003;35:1381-1395. doi:10.1249/01.mss.0000078924.61453.fb

Wen CP, David Cheng TY, Tsai SP, et al. Are Asians at greater
mortality risks for being overweight than Caucasians? Redefining
obesity for Asians. Public Health Nutr 2009;12:497-506. doi:10.1017/
51368980008002802

Lee SY, Park HS, Kim DJ, et al. Appropriate waist circumference cutoff
points for central obesity in Korean adults. Diabetes Res Clin Pract
2007;75:72-80. doi:10.1016/j.diabres.2006.04.013

Grundy SM, Cleeman JI, Daniels SR, et al. Diagnosis and management
of the metabolic syndrome:an American Heart Association/National
Heart, Lung, and Blood Institute Scientific Statement. Circulation
2005;112:2735-2752. doi:10.1161/circulationaha.105.169404

SRNT Subcommittee on Biochemical Verification. Biochemical
verification of tobacco use and cessation. Nicotine Tob Res 2002;4:149-
159. doi:10.1080/14622200210123581

Everhart JE, Khare M, Hill M, Maurer KR. Prevalence and ethnic
differences in gallbladder disease in the United States. Gastroenterology
1999;117:632-639. doi:10.1016/s0016-5085(99)70456-7

Murray FE, Logan RE, Hannaford PC, Kay CR. Cigarette smoking and
parity as risk factors for the development of symptomatic gall bladder
disease in women:results of the Royal College of General Practitioners’
oral contraception study. Gut 1994;35:107-111. doi:10.1136/gut.35.1.107
Misciagna G, Leoci C, Guerra V, et al. Epidemiology of cholelithiasis
in southern Italy. Part II:Risk factors. Eur ] Gastroenterol Hepatol
199658:585-593. doi:10.1097/00042737-199606000-00017

Yuan S, Gill D, Giovannucci EL, Larsson SC. Obesity, Type 2
Diabetes, Lifestyle Factors, and Risk of Gallstone Disease:A
Mendelian Randomization Investigation. Clin Gastroenterol Hepatol
2022;20:€529-€537. doi:10.1016/j.cgh.2020.12.034

BaiY, Zhang M, Cui H, et al. Addictive behavior and incident gallstone
disease:A dose-response meta-analysis and Mendelian randomization
study. Front Nutr 2022;9:940689. doi:10.3389/fnut.2022.940689

Attili AF, Capocaccia R, Carulli N, et al. Factors associated with
gallstone disease in the MICOL experience. Multicenter Italian Study
on Epidemiology of Cholelithiasis. Hepatology 1997;26:809-818.
doi:10.1002/hep.510260401

Kono S, Eguchi H, Honjo S, et al. Cigarette smoking, alcohol use,
and gallstone risk in Japanese men. Digestion 2002;65:177-183.
doi:10.1159/000064938

] Gastrointestin Liver Dis, March 2024 Vol. 33 No 1: 57-64


https://dx.doi.org/10.1016/j.jhep.2016.03.005
https://dx.doi.org/10.1038/ajg.2016.345
https://dx.doi.org/10.1016/j.gtc.2010.02.003
https://dx.doi.org/10.1016/j.gtc.2010.02.003
https://dx.doi.org/10.1515/cclm.2009.194
https://dx.doi.org/10.1093/ajcn/nqaa154
https://dx.doi.org/10.1002/hep.20654
https://dx.doi.org/10.1159/000517270
https://dx.doi.org/10.1136/gut.30.4.528
https://dx.doi.org/10.1007/s10654-016-0124-z
https://dx.doi.org/10.1007/s10654-016-0124-z
https://dx.doi.org/10.1038/ajg.2008.13
https://dx.doi.org/10.2105/ajph.83.9.1251
https://dx.doi.org/10.2105/ajph.83.9.1251
https://dx.doi.org/10.7326/M15-1323
https://dx.doi.org/10.14309/ajg.0000000000000074
https://dx.doi.org/10.14309/ajg.0000000000000074
https://dx.doi.org/10.1016/j.puhe.2009.07.014
https://dx.doi.org/10.1016/j.puhe.2009.07.014
https://dx.doi.org/10.1249/01.mss.0000078924.61453.fb
https://dx.doi.org/10.1017/S1368980008002802
https://dx.doi.org/10.1017/S1368980008002802
https://dx.doi.org/10.1016/j.diabres.2006.04.013
https://dx.doi.org/10.1161/circulationaha.105.169404
https://dx.doi.org/10.1161/circulationaha.105.169404
https://dx.doi.org/10.1080/14622200210123581
https://dx.doi.org/10.1016/s0016-5085(99)70456-7
https://dx.doi.org/10.1136/gut.35.1.107
https://dx.doi.org/10.1097/00042737-199606000-00017
https://dx.doi.org/10.1016/j.cgh.2020.12.034
https://dx.doi.org/10.3389/fnut.2022.940689
https://dx.doi.org/10.1002/hep.510260401
https://dx.doi.org/10.1159/000064938

64

Kim et al.

28.

29.

30.

31.

32.

33.

Shabanzadeh DM, Serensen LT, Jorgensen T. Determinants for gallstone
formation - a new data cohort study and a systematic review with meta-
analysis. Scand ] Gastroenterol 2016;51:1239-1248. doi:10.1080/00365
521.2016.1182583

Cross AJ, Boca S, Freedman ND, et al. Metabolites of tobacco smoking
and colorectal cancer risk. Carcinogenesis 2014;35:1516-1522.
doi:10.1093/carcin/bgu071

Benowitz NL, Jacob P 3rd. Metabolism of nicotine to cotinine studied
by a dual stable isotope method. Clin Pharmacol Ther 1994;56:483-493.
doi:10.1038/clpt.1994.169

Patrick DL, Cheadle A, Thompson DC, Diehr P, Koepsell T, Kinne S..
The validity of self-reported smoking:a review and meta-analysis. Am
J Public Health 1994;84:1086-1093. doi:10.2105/ajph.84.7.1086
Connor Gorber S, Schofield-Hurwitz S, Hardt ], Levasseur G, Tremblay
M. The accuracy of self-reported smoking:a systematic review of the
relationship between self-reported and cotinine-assessed smoking
status. Nicotine Tob Res 2009;11:12-24. doi:10.1093/ntr/ntn010
Parker DR, Lasater TM, Windsor R, Wilkins J, Upegui DI, Heimdal J. The
accuracy of self-reported smoking status assessed by cotinine test strips.
Nicotine Tob Res 2002;4:305-309. doi:10.1080/14622200210142715

] Gastrointestin Liver Dis, March 2024 Vol. 33 No 1: 57-64

34.

36.

37.

38.

39.

Kim BJ, Han JM, Kang JG, Rhee EJ, Kim BS, Kang JH. Relationship
of cotinine-verified and self-reported smoking status with metabolic
syndrome in 116,094 Korean adults. ] Clin Lipidol 2017;11:638-645.
€632. doi:10.1016/j.jacl.2017.03.011

. Gao Q Bi P, Mi Q, et al. Effect of nicotine on cholesterol gallstone

formation in C57BL/6] mice fed on a lithogenic diet. Exp Ther Med
2023;25:84. doi:10.3892/etm.2023.11783

Rudling M, Laskar A, Straniero S. Gallbladder bile supersaturated with
cholesterol in gallstone patients preferentially develops from shortage
of bile acids. J Lipid Res 2019;60:498-505. doi:10.1194/j1r.5091199
Claudel T, Zollner G, Wagner M, Trauner M. Role of nuclear receptors
for bile acid metabolism, bile secretion, cholestasis, and gallstone
disease. Biochim Biophys Acta 2011;1812:867-878. doi:10.1016/j.
bbadis.2010.12.021

Craig WY, Palomaki GE, Haddow JE. Cigarette smoking and serum
lipid and lipoprotein concentrations:an analysis of published data. BM]
1989;298:784-788. doi:10.1136/bm;j.298.6676.784

Lee Y], Park KS, Cho KB, et al. Shifting prevalence of gallbladder
polyps in Korea. ] Korean Med Sci 2014;29:1247-1252. doi:10.3346/
jkms.2014.29.9.1247


https://dx.doi.org/10.1080/00365521.2016.1182583
https://dx.doi.org/10.1080/00365521.2016.1182583
https://dx.doi.org/10.1093/carcin/bgu071
https://dx.doi.org/10.1038/clpt.1994.169
https://dx.doi.org/10.2105/ajph.84.7.1086
https://dx.doi.org/10.1093/ntr/ntn010
https://dx.doi.org/10.1080/14622200210142715
https://dx.doi.org/10.1016/j.jacl.2017.03.011
https://dx.doi.org/10.3892/etm.2023.11783
https://dx.doi.org/10.1194/jlr.S091199
https://dx.doi.org/10.1016/j.bbadis.2010.12.021
https://dx.doi.org/10.1016/j.bbadis.2010.12.021
https://dx.doi.org/10.1136/bmj.298.6676.784
https://dx.doi.org/10.3346/jkms.2014.29.9.1247
https://dx.doi.org/10.3346/jkms.2014.29.9.1247

