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Abstract
Background  Smoking is linked to an increased risk of infectious diseases, underscoring the importance of smoking 
prevention and cessation in improving public health. However, using smoking history as a surrogate marker of 
infection severity may have unintended consequences, potentially prompting clinicians to prescribe broad-spectrum 
antibiotics more readily for patients with a history of smoking. This study evaluated whether smoking history was 
independently associated with the increased prescription of broad-spectrum antibiotics to adult men in the general 
population of South Korea.

Methods  We analyzed data from two nationally representative cohorts of Korean adult men enrolled in the National 
Health Insurance Service (NHIS): the National Sample Cohort (NSC) and the Health Screening Cohort (HEALS). 
Smoking status was classified using data from self-reported questionnaires collected from 2009 to 2013. Participants 
were followed from 2013 to 2021 to assess broad-spectrum antibiotic use. The primary outcome was the receipt 
of at least one prescription of antipseudomonal penicillins, antipseudomonal cephalosporins, carbapenems, or 
glycopeptides for at least 3 consecutive days. We used a composite outcome to assess the use of antibiotics targeting 
resistant Gram-negative organisms. After accounting for confounders, the association between smoking status and 
antibiotic use was evaluated using multivariable regression models.

Results  The NHIS–NSC cohort included 50,134 adult men (17,300 never-smokers and 32,834 smokers), and the 
NHIS–HEALS cohort included 42,979 adult men (20,145 never-smokers and 22,834 smokers). In both cohorts, the rate 
of prescription of broad-spectrum antibiotics was low. For the composite outcome, the adjusted incidence rate ratios 
(IRR) for smokers compared to never-smokers were 1.55 (95% confidence interval [CI] = 0.67–3.52) in NHIS–NSC and 
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Introduction
Cigarette smoking is a significant threat to public health, 
contributing to a substantial burden of preventable dis-
eases and premature deaths worldwide [1, 2]. Smoking is 
being increasingly recognized as a risk factor for infec-
tious diseases, particularly respiratory infections, with 
increased rates of infection even among healthy adult 
populations [3, 4]. Beyond its association with infec-
tion risk, several studies have examined the relationship 
between smoking habits and the prescription of antibiot-
ics, and some smoking patterns suggest a dose–response 
relationship [5, 6]. However, whether smoking history 
increases the clinical need for broad-spectrum antibiot-
ics in the general adult population is unknown.

The overuse of broad-spectrum antibiotics remains a 
global concern, contributing to antimicrobial resistance 
and increased healthcare costs [7]. While broad-spec-
trum antibiotics are often prescribed based on clinical 
indications such as suspected infections with resistant 
microorganisms, antibiotic use may also be influenced 
by non-clinical factors, including diagnostic uncertainty, 
perceived patient risk, institutional norms, and clinician 
behavior [8–10]. In this context, the growing emphasis 
on smoking as a risk factor for infectious diseases and 
sepsis, while appropriate and important from a public 
health perspective, may carry unintended consequences 
by influencing antibiotic prescribing patterns in ways 
that are not always clinically justified [11–13]. Smok-
ing history may lead clinicians to overestimate infection 
severity in patients with infectious diseases [14], or may 
also prompt healthcare providers to overemphasize the 
significance of fever or elevated inflammatory markers 
in patients hospitalized for non-infectious conditions, 
potentially resulting in the unnecessary use of broad-
spectrum agents in patients without clear infectious indi-
cations [5].

These concerns underscore the need to investigate 
whether smoking status independently predicts expo-
sure to broad-spectrum antibiotics, particularly those 
targeting extended-spectrum β-lactamase (ESBL) pro-
ducing Enterobacterales, Pseudomonas aeruginosa, or 
methicillin-resistant Staphylococcus aureus (MRSA), in 
populations for whom the effect of comorbid conditions 

is minimal. In this study, we examined this association 
using two nationally representative cohorts of South 
Korean adults. In South Korea, the prevalence of smok-
ing is markedly higher among men than women, with 
2021 national survey data indicating rates of 31.3% and 
6.9%, respectively [15], and the epidemiology of certain 
infections, such as urinary tract infections, differs sub-
stantially by sex [16]. These pronounced sex-based dif-
ferences in smoking behavior and infection risk informed 
our decision to restrict the study population to men, 
allowing a more accurate assessment of the association 
between smoking and broad-spectrum antibiotic use.

Methods
Study population
This nationwide, population-based retrospective cohort 
study analyzed data from the National Health Insur-
ance Service (NHIS) of South Korea. Operated under a 
government-managed single-payer model, the NHIS pro-
vides compulsory health insurance coverage to nearly 
100% of the Korean population. Its database comprehen-
sively captures data—demographic characteristics, diag-
nostic codes based on the International Classification of 
Diseases, 10th Revision, prescription records, and mor-
tality data—for reimbursed healthcare services. In South 
Korea, antibiotics are strictly prescription-based, and all 
antibiotic use is systematically recorded in the national 
claims database.

We used two nationally representative cohorts of 
Korean adult men enrolled in the NHIS: the National 
Sample Cohort (NSC) and the Health Screening Cohort 
(HEALS). The NHIS–NSC was constructed using a 2.2% 
stratified random sample of the eligible Korean popula-
tion aged 18 years or older and is designed to repre-
sent approximately 5% of the national population over 
time [17]. The NHIS–HEALS comprises a 10% sample 
of adults aged 40–79 years who underwent national 
health screening examinations, representing individu-
als engaged in routine preventive care [18]. Both cohorts 
contain longitudinal data on sociodemographic charac-
teristics, medical procedures, prescriptions, and health 
screening results. The design differences show distinct 

0.59 (95% CI = 0.24–1.46) in NHIS–HEALS. Smoking history was not significantly associated with the use of different 
antibiotic subclasses in these cohorts. For glycopeptides, the adjusted IRRs were 1.07 (95% CI = 0.23–5.10) in NHIS–NSC 
and 3.47 (95% CI = 0.70–17.13) in NHIS–HEALS, and neither association was statistically significant.

Conclusion  In these two cohorts, the prescription rates of broad-spectrum antibiotics were low, and we did not 
observe evidence of an independent association between smoking history and their use. These findings suggest that 
smoking history alone should not be regarded as sufficient justification for prescribing broad-spectrum agents and 
emphasize the importance of basing prescribing decisions on comprehensive clinical assessment.
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distributions of age, comorbidities, healthcare-seeking 
behaviors, and baseline antibiotic use.

Therefore, we selected these two cohorts because 
both include validated information on smoking status, 
derived from standardized health screening question-
naires, enabling consistent exposure assessment across 
two distinct but complementary populations. Given their 
distinct sampling frames and age structures, we ana-
lyzed each cohort separately to minimize heterogeneity 
and to assess reproducibility across cohorts. Although 
some individuals may be represented in both cohorts, 
we treated these groups as independent populations and 
conducted all analyses separately within each cohort.

Outcome
The primary outcome was the incidence of broad-spec-
trum antibiotic prescriptions from 2013 to 2021. Broad-
spectrum antibiotics were defined based on the World 
Health Organization classification and established 
clinical guidelines [19] and included four major classes: 
antipseudomonal penicillins, antipseudomonal cepha-
losporins, carbapenems, and glycopeptides (Supple-
mentary Table 1). To address the limitation that detailed 
microbiological data and clinical indications were not 
available in this retrospective claims-based study, and to 
minimize the influence of transient use, only prescrip-
tions lasting three or more consecutive days were consid-
ered as the outcome measure.

To account for the sequential use of multiple antibi-
otic classes with overlapping Gram-negative coverage, 
a composite outcome was defined as any instance in 
which antipseudomonal penicillins, cephalosporins, or 
carbapenems were prescribed continuously for at least 3 
days, including escalation or de-escalation among these 
classes during the same treatment episode. Glycopep-
tides were analyzed separately, given their distinct spec-
trum of activity targeting gram-positive organisms.

Eligibility criteria
Smoking status was determined using self-reported ques-
tionnaires from national health screenings, with 2009 
serving as the primary reference point for exposure clas-
sification. Because follow-up for antibiotic use began 
in 2013, smoking status was defined to reflect consis-
tent exposure at the index time point. Participants who 
reported being smokers in 2009 were classified as smok-
ers. Never-smokers were defined as individuals who 
reported never having smoked in 2009 and reaffirmed 
this status in 2013, increasing confidence that they 
remained non-smokers throughout follow-up. Accord-
ingly, individuals who initiated smoking or quit smoking 
between 2009 and 2013 were excluded, as their expo-
sure status could not be assumed to remain stable during 

the interval. Participants with inconsistent or missing 
responses across the two time points were also excluded.

Data collection
Baseline characteristics included age, sex, socioeco-
nomic status (measured by insurance premium quan-
tiles), health behavior (alcohol consumption and physical 
activity frequency), body mass index (BMI), and residen-
tial area (urban or rural). Age was categorized into five 
groups: 18–39 years, 40–59 years, 60–79 years, and ≥ 80 
years. Alcohol consumption was classified into three cat-
egories: none, 1–4 days per week, and 5–7 days per week. 
Physical activity was classified into three categories: 
none, 1–4 days per week, and 5–7 days per week. BMI (in 
kg/m²) was categorized as < 25 (normal weight), 25–30 
(overweight), and ≥ 30 (obesity).

Statistical analysis
Continuous variables were expressed as means and stan-
dard deviations, and categorical variables were presented 
as numbers and percentages. Group comparisons were 
conducted using the Wilcoxon rank-sum test for continu-
ous variables and the chi-square test for categorical vari-
ables. Incidence rates of antibiotic use were calculated as 
the number of qualifying prescription events per 1,000 
person-years, and incidence rate ratios (IRRs) compar-
ing smokers and never-smokers were estimated using 
Poisson regression models with robust standard errors. 
Multivariable analyses were performed using three mod-
els: an unadjusted model (Model 1); a model adjusted 
for age and income status (Model 2); and a fully adjusted 
model (Model 3), which additionally included all other 
covariates with a P-value < 0.010 in univariate analyses to 
minimize residual confounding. All models were fit and 
reported separately for NHIS‑NSC and NHIS‑HEALS, 
allowing us to evaluate consistency across cohorts. All 
statistical analyses were performed using SAS version 9.4 
(SAS Institute, Cary, NC, USA). A two-tailed p-value of 
less than 0.05 was considered statistically significant.

Results
Baseline characteristics
A total of 50,134 adult men from the NHIS–NSC cohort 
(17,300 never-smokers and 32,834 smokers) and 42,979 
from the NHIS–HEALS cohort (20,145 never-smokers 
and 22,834 smokers) were included in the analysis (Fig. 1; 
Table  1). In the NHIS–NSC cohort, although the abso-
lute differences between groups were modest, never-
smokers were significantly older, reported lower alcohol 
consumption, and were more likely to belong to higher 
income brackets compared to smokers (Table  1). The 
NHIS–HEALS cohort showed similar patterns of group 
differences. However, due to the inherent inclusion of 
individuals aged 40 years and older, this cohort had a 
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Table 1  Baseline characteristics
National Sample Cohort (NHIS-NSC) Health Screening Cohort (NHIS-HEALS)
Never-smoker
(n = 17,300)

Smoker
(n = 32,834)

p-value Never-smoker
(n = 20,145)

Smoker
(n = 22,834)

p-value

Age, mean (standard deviation) 50.4 (14.2) 46.4 (11.6) < 0.001 61.9 (9.0) 58.5 (7.1) < 0.001

  18–39 years 4,772 (27.6) 10,608 (32.3) Excluded Excluded

  40–59 years 7,756 (44.8) 17,496 (53.3) 10,166 (50.5) 15,330 (67.1)

  60–79 years 4,442 (25.7) 4,564 (13.9) 9,084 (45.1) 7,198 (31.5)

  ≥ 80 years 330 (1.9) 166 (0.5) 895 (4.4) 306 (1.4)

Insurance premium quantiles < 0.001 < 0.001

  1 (lowest) 712 (4.1) 1,353 (4.1) 1,095 (5.4) 1,387 (6.1)

  2–3 1,542 (8.9) 2,719 (8.3) 2,342 (11.6) 2,541 (11.1)

  4–5 2,094 (12.1) 4,572 (13.9) 2,503 (12.5) 3,017 (13.2)

  6–7 3,722 (21.5) 8,729 (26.6) 3,455 (17.2) 4,427 (19.4)

  8–9 5,868 (31.9) 10,911 (33.2) 5,682 (28.6) 6,798 (29.8)

  10 (highest) 3,362 (19.5) 4,550 (13.9) 4,978 (24.7) 4,664 (20.4)

Alcohol consumption (days per week) < 0.001 < 0.001

  None 7,927 (45.8) 8,197 (25.0) 10,728 (53.3) 6,781 (29.7)

  1–4 8,791 (50.8) 22,434 (68.3) 8,108 (40.2) 12,652 (55.4)

  5–7 582 (3.4) 2,203 (6.7) 1,309 (6.5) 3,401 (14.9)

Exercise (days per week) < 0.001 < 0.001

  None 6,341 (36.7) 12,476 (38.0) 22 (0.1) 24 (0.1)

  1–4 6,800 (39.3) 13,827 (42.1) 4,653 (23.1) 6,015 (26.3)

  5–7 4,159 (24.0) 6,531 (19.9) 15,470 (76.8) 16,795 (73.6)

Body mass index (kg/m2) < 0.001 < 0.001

  < 25 10,751 (62.1) 19,936 (60.7) 13,262 (65.8) 15,476 (67.8)

  25–30 5,876 (34.0) 11,322 (34.5) 6,411 (31.8) 6,897 (30.2)

  ≥ 30 673 (3.9) 1,576 (4.8) 472 (2.4) 461 (2.0)

Residential area 0.828 < 0.001

  Urban 7,487 (43.3) 14,243 (43.4) 8,677 (43.1) 10,426 (45.7)

  Rural 9,813 (56.7) 18,591 (56.6) 11,468 (56.9) 12,408 (54.3)

Fig. 1  Flow chart of the study population
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higher overall mean age than the NHIS–NSC cohort. 
Additionally, compared to the NHIS–NSC cohort, indi-
viduals in the NHIS–HEALS cohort tended to have 
higher household income levels, reported greater physi-
cal activity, and had slightly lower BMI, indicating a gen-
erally healthier profile.

Broad-spectrum antibiotic use in the NHIS–NSC cohort
The overall incidence of broad-spectrum antibiotic use 
for at least 3 consecutive days was low across all anti-
biotic classes (Table  2). For the composite outcome, 
the incidence rate was 0.069 per 1,000 person-years 
in never-smokers and 0.040 per 1,000 person-years in 
smokers. In Model 3, smoking was not significantly asso-
ciated with increased antibiotic use (adjusted IRR = 1.55, 
95% CI = 0.67–3.52; p = 0.310). The analysis by individ-
ual antibiotic classes showed no significant differences 
between smokers and never-smokers in three model. 
For glycopeptides, the incidence rate was 0.017 per 1,000 
person-years in never-smokers and 0.012 in smokers. 
The adjusted IRR for glycopeptide use in smokers com-
pared to never-smokers was 1.07 (95% CI = 0.23–5.10; 
p = 0.871), indicating no significant association.

Broad-spectrum antibiotic use in the NHIS-HEALS cohort
In the NHIS–HEALS cohort, the rate of use of broad-
spectrum antibiotics for at least 3 consecutive days was 
low across antibiotic classes (Table  3). For the compos-
ite outcome, the rate of use was 0.010 per 1,000 person-
years in never-smokers and 0.060 in smokers. In the fully 
adjusted model, smoking was not significantly associated 
with the composite outcome (adjusted IRR = 0.59, 95% 
CI = 0.24–1.46; p = 0.204). No significant differences were 
observed between smokers and never-smokers in this 
cohort across antibiotic classes, including antipseudo-
monal penicillins, cephalosporins, and carbapenems. For 
glycopeptides, the rate of use was 0.010 per 1,000 person-
years in never-smokers and 0.009 in smokers. Although 
the unadjusted suggested an elevated risk, this asso-
ciation was no longer statistically significant in model 3 
(adjusted IRR = 3.47, 95% CI = 0.70–17.13; p = 0.128).

Discussion
Our findings showed that smoking status was not consis-
tently associated with increased use of broad-spectrum 
antibiotics targeting ESBL-producing Enterobactera-
les, P.aeruginosa, or MRSA in two large-scale, nationally 
representative cohorts of Korean adult men. Although 
smokers may require more aggressive antimicrobial 
therapy due to perceived infection risk or severity, our 

Table 2  Comparison of outcomes between smokers and non-smokers in the NHIS National sample cohort
Event 
(n)

Incidence 
rate per 1,000 
person-years

Model 1a Model 2b Model 3c

IRR (95% CI) p-value Adjusted IRR 
(95% CI)

p-value Adjusted IRR 
(95% CI)

p-
value

Composite outcome (penicil-
lin + cephalosporin + carbapenem)

  Never-smoker 12 0.069 1 (reference) 1 (reference) 1 (reference)

  Smoker 13 0.040 0.58 
(0.26–1.27)

0.173 1.42 
(0.64–3.18)

0.392 1.55 
(0.67–3.518)

0.310

Anti-pseudomonal penicillin

  Never-smoker 1 0.006 1 (reference) 1 (reference) 1 (reference)

  Smoker 4 0.012 2.00 
(0.22–17.89)

0.535 0.32 
(0.04–2.91)

0.311 0.29 
(0.03–2.65)

0.868

Anti-pseudomonal cephalosporin

  Never-smoker 6 0.035 1 (reference) 1 (reference) 1 (reference)

  Smoker 4 0.012 0.34 
(0.10–1.21)

0.097 2.99 
(0.83–10.77)

0.094 3.18 
(0.86–11.74)

0.913

Carbapenems

  Never-smoker 5 0.029 1 (reference) 1 (reference) 1 (reference)

  Smoker 5 0.015 0.52 
(0.15–1.79)

0.297 1.29 
(0.36–4.64)

0.700 1.58 
(0.42–5.98)

0.926

Glycopeptides

  Never-smoker 3 0.017 1 (reference) 1 (reference) 1 (reference)

  Smoker 4 0.012 0.71 
(0.16–3.15)

0.648 1.42 
(0.31–5.53)

0.656 1.07 
(0.23–5.10)

0.871

Data were expressed as numbers or IRRs with 95% CIs. NHIS, National Health Insurance Service; IRR, incidence rate ratio; CI, confidence interval
aModel 1 unadjusted
bModel 2 adjusted for age and income status
cModel 3 adjusted for age, income status, and all other covariates with a p-value < 0.010 in univariate analyses
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findings do not support this assumption. Therefore, 
smoking history alone should not be used as a surrogate 
marker of infection severity or as a primary rationale for 
prescribing broad-spectrum agents. Instead, antibiotic 
prescribing decisions should be guided by objective clini-
cal indicators and individualized patient assessments.

Smoking exerts direct pathophysiologic effects on the 
respiratory tract and has been consistently associated 
with an increased incidence and severity of respiratory 
infections, including bronchitis, pneumonia, influenza, 
and COVID-19 [20–23] as well as an increased risk of 
developing severe respiratory manifestations, such as 
acute respiratory distress syndrome [24, 25]. However, 
the severity of pneumonia does not necessarily justify 
the use of broad-spectrum antibiotic therapy, particularly 
in patients with a low risk of colonization by resistant 
pathogens such as P.aeruginosa or MRSA [26]. Evidence 
linking smoking to non-respiratory or systemic infections 
remains relatively limited [4], and it is unclear whether 
findings from respiratory conditions can be extrapolated 
to other types of infection. Furthermore, the effect of 
smoking on the severity of systemic infections is unclear 
and warrants further investigation.

Our findings should not be interpreted as diminishing 
the well-established public health harms of smoking. On 
the contrary, the link between smoking and an increased 
risk of infections reinforces the importance of smoking 

cessation as a critical public health priority. However, 
well-intentioned descriptive norms in public health mes-
saging can sometimes yield unintended consequences, 
leading to behavioral outcomes that diverge from their 
original purpose [27]. Antibiotic prescribing is influenced 
by multiple clinical and behavioral factors beyond clini-
cal indications alone [9]. From the prescriber’s perspec-
tive, decisions may be shaped by diagnostic uncertainty, 
perceived patient risk, institutional norms, and cognitive 
biases [28]. From the patient’s perspective, individuals 
with a history of smoking may expect or request more 
aggressive treatment—including antibiotics—based on 
their perceived vulnerability [29]. In this context, using 
smoking history as a surrogate marker of infection sever-
ity may contribute to the overuse of broad-spectrum 
agents and undermine antimicrobial stewardship efforts. 
Our findings highlight the need for an evidence-based 
understanding of the relationship between smoking and 
antibiotic use. Such insights may also inform behavior-
ally-oriented interventions, such as those grounded in 
the Health Belief Model, by clarifying how perceived risk 
influences clinician and patient behaviors in infection 
management [30].

A key strength of this study lies in its use of two com-
plementary, nationally representative cohorts. In epide-
miologic research, ensuring that the study population 
reflects the broader target population is essential for 

Table 3  Comparison of outcomes between smokers and non-smokers in the NHIS health screening cohort
Event 
(n)

Incidence 
rate per 1,000 
person-years

Model 1a Model 2b Model 3c

IRR (95% CI) p-value Adjusted IRR 
(95% CI)

p-value Adjusted IRR 
(95% CI)

p-
value

Composite outcome (penicil-
lin + cephalosporin + carbapenem)

Never-smoker 8 0.010 1 (reference) 1 (reference) 1 (reference)

Smoker 14 0.060 6.00 
(2.52–14.30)

< 0.001 0.61 
(0.25–1.48)

0.068 0.59 
(0.24–1.46)

0.204

Anti-pseudomonal penicillin

Never-smoker 0 0 1 (reference) 1 (reference) 1 (reference)

Smoker 2 0.009 N/A N/A N/A N/A

Anti-pseudomonal cephalosporin

Never-smoker 6 0.007 1 (reference) 1 (reference) 1 (reference)

Smoker 6 0.026 3.71 
(1.20–11.52)

0.023 1.19 
(0.38–3.77)

0.768 1.13 
(0.34–3.71)

0.786

Carbapenems

Never-smoker 2 0.002 1 (reference) 1 (reference) 1 (reference)

Smoker 6 0.026 13.00 
(2.62–64.41)

0.002 0.44 
(0.11–1.83)

0.067 0.51 
(0.12–2.19)

0.156

Glycopeptides

Never-smoker 8 0.010 1 (reference) 1 (reference) 1 (reference)

Smoker 2 0.009 0.90 
(0.19–4.24)

0.894 3.68 
(0.76–17.82)

0.028 3.47 
(0.70–17.13)

0.128

Data were expressed as numbers or IRRs with 95% CIs. NHIS, National Health Insurance Service; IRR, incidence rate ratio; CI, confidence interval
aModel 1 unadjusted
bModel 2 adjusted for age and income status
cModel 3 adjusted for age, income status, and all other covariates with a p-value < 0.010 in univariate analyses
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generating findings that inform clinical care and public 
health policy. The NHIS–NSC was constructed through 
stratified random sampling to represent the entire 
Korean population, thereby enhancing the generalizabil-
ity of our findings across diverse demographic and clini-
cal backgrounds [17]. In contrast, the NHIS–HEALS 
cohort consists of individuals who participated in routine 
health screening programs and are generally healthier, 
with fewer serious medical conditions. This cohort repre-
sents a relatively “healthy” population in which the asso-
ciation between smoking and antibiotic exposure can be 
examined with minimal confounding from underlying 
disease burden [18]. By leveraging both cohorts sepa-
rately, we evaluated whether associations replicate across 
complementary populations. Analyzing NHIS‑NSC and 
NHIS‑HEALS separately balances population-level rep-
resentativeness with internal validity, supporting the 
robustness of our findings and their applicability to anti-
microbial stewardship and health communication efforts 
in various real-world contexts.

This study has limitations. First, although both cohorts 
were constructed using systematic sampling methods, 
the study population may not fully reflect the broader 
Korean adult population. The overall incidence of broad-
spectrum antibiotic use was low in both cohorts, which 
may have limited the statistical power to detect signifi-
cant differences between the groups. The reversal of the 
crude IRR after adjustment also suggests underlying con-
founding—largely attributable to age-related differences 
in healthcare utilization—although residual confound-
ing cannot be fully excluded. Second, to capture clini-
cally meaningful antibiotic use, we limited our analysis 
to prescriptions of broad-spectrum antibiotics with a 
duration of 3 days or more. While this approach aimed 
to reduce misclassification, the determination of clinical 
appropriateness was based on retrospective data and may 
not accurately reflect the original clinical context. Third, 
we could not distinguish former from current smok-
ers, and our requirement for consistent smoking status 
between 2009 and 2013 led to the exclusion of individu-
als who quit or initiated smoking during this period. This 
reduced exposure misclassification but limited our ability 
to assess patterns of antibiotic use across changing smok-
ing behaviors. Fourth, the study did not capture informa-
tion on smoking intensity or duration (e.g., pack-years), 
precluding the evaluation of dose–response relationships 
between smoking exposure and broad-spectrum anti-
biotic use. We also were unable to adjust for comorbid 
conditions, which may influence healthcare utilization 
and antibiotic prescribing; thus, residual confounding 
cannot be ruled out. Fifth, the study population consisted 
exclusively of Korean adult men, which may limit the 
generalizability of the findings to Korean adult women 
and to populations in countries with different healthcare 

systems, social norms, or cultural attitudes toward antibi-
otic use. Finally, we did not exclude individuals with prior 
broad-spectrum antibiotic use, and differences in past 
exposure may influence subsequent prescribing patterns.

In this large-scale population-based study of general 
adult men in South Korea, broad-spectrum antibiotic use 
was infrequent, and we did not observe evidence of an 
association between smoking status and increased use. 
These findings support the need for prescribing decisions 
guided by objective clinical indicators rather than smok-
ing history alone and may inform future approaches in 
antimicrobial stewardship and health communication.
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