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Abstract 

 

Background 

Existing evidence on the disease burden of smoking is often outdated and incomprehensive, particularly 

in Asia, which plays a pivotal role in the global tobacco control community. This study aimed to provide 

an updated and comprehensive estimate of the mortality and morbidity burden associated with smoking in 

Hong Kong. 

 

Methods 

This retrospective cohort study included adults with smoking status information recorded in the Hong 

Kong Hospital Authority database between 1 January 2008 and 31 December 2012. Subjects were 

classified into never-smokers, ex-smokers and current smokers. The primary outcome was all-cause 

mortality. Cox proportional hazards regression, adjusted with fine stratification weighting and key 

baseline characteristics, yielded hazard ratios (HRs) with 95% confidence intervals (CIs) for each 

outcome.  

 

Results 

Of the 1,571,065 individuals analyzed, there were 14.3% current smokers, 11.9% ex-smokers, and 73.8% 

never-smokers. After a median follow-up of 11.7 years, 61,198 current smokers, 45,918 ex-smokers and 

220,947 never-smokers died. Significantly higher risks of all-cause mortality were observed among 

current smokers (HR [95% CI]: 1.53 [1.51-1.56]) and ex-smokers (1.33 [1.31-1.35]) than among never-

smokers. Current and ex-smoking were positively associated with the incidences of 76 and 60 out of 115 

morbidities, respectively.  Strong associations were observed between smoking and increased risks of 

suicide (intentional self-harm), mental and behavioral disorders due to psychoactive substance use and 

alcohol use, particularly among current smokers. Notably, these risks were higher in females than in 

males for all three outcomes. Additionally, females demonstrated higher risks of all-cause mortality, 

pneumonia, chronic obstructive pulmonary disease, and asthma compared to males. 
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Conclusions 

Smoking remains a substantial burden on the healthcare system in Hong Kong, which may still be 

underestimated due to Hong Kong’s relatively less advanced stage in the tobacco epidemic compared to 

some Western countries, where the full hazards of smoking have already manifested more prominently. 

Keywords: smoking; mortality; disease burden; Hong Kong; cohort study. 
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What this study adds? 

 

Most evidence on the disease burden of smoking comes from Western countries. However, evidence from 

Asia is equally critical given the region’s central role in the global tobacco control community. 

With a median follow-up of 11.7 years among 1.5 million individuals, the present study confirmed the 

substantial increased risks of all-cause mortality and a wide range of smoking-related morbidities in 

current smokers compared to never-smokers, using a territory-wide electronic health record database in 

Hong Kong. Risks associated with smoking were higher in females than in males for all-cause mortality 

and some morbidity outcomes, including pneumonia, chronic obstructive pulmonary disease, and asthma. 

Additionally, smoking showed strong associations with an increased risk of mental and behavioral 

disorders due to psychoactive substance and alcohol use, as well as intentional self-harm. 

Hong Kong occupies a unique position in the global tobacco epidemic. It lies between the advanced 

stages observed in high-income countries, such as the United States, and Australia, and the earlier stages 

seen in low- and middle-income countries (LMICs) like Chinese mainland and India. Therefore, the full 

hazards of smoking may still be underestimated, similar to what was historically observed in high-income 

countries. Moreover, the findings from Hong Kong can forewarn the potential long-term challenges posed 

by smoking in Chinese mainland and other LMICs. 

 

Word count: 211 
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Background 

After decades of global effort in tobacco control, smoking remains a leading cause of disease burden 

globally(1), estimated to account for 7.7 million deaths and 200 million disability-adjusted life years 

(DALYs) in 2019(2). If current trends continue, smoking is projected to result in approximately 1 billion 

deaths during this century, primarily in low- and middle-income countries (LMICs), which is roughly ten 

times the toll it took in the 20th century(3). 

While global-level evidence on the disease burden of smoking is well-documented(4, 5), region- or 

country-specific data are also crucial for accurate estimation of the hazards of smoking and evidence-

based tobacco control policies. However, most relevant studies have been conducted in Western 

countries(6-10), and major evidence gaps exist in other populations with distinctive smoking and disease 

patterns. Recently, the prospective China Kadoorie Biobank (CKB) Cohort Study investigated the 

associations of smoking with disease incidence and mortality risks in 0.5 million adults in China(11), the 

world’s largest tobacco consumer and producer. While this study addressed some key knowledge 

gaps(11), it covered regions at earlier stages of the smoking epidemic, with the “full effects” of smoking 

yet to be captured until 20-30 years later(12).  

Compared to other parts of China (and Asia), with strong and substantial tobacco control policies and 

effort since the 1980s, Hong Kong moved to a later stage of smoking epidemic more rapidly than Western 

countries, with daily cigarette smoking in people aged 15 and over dropping from 23.3% to 9.1% between 

1982 and 2023. However, substantial knowledge gaps remain, as other studies in Asia often faced further 

limitations, including the lack of morbidity outcome data(13-18), healthy volunteer bias(19, 20), small 

sample sizes(16, 21, 22), and the use of cross-sectional or short-term (<6 years) cohort study designs(22-

24). 

Comprehensive assessment of the disease burden associated with smoking in Hong Kong is not only 

important to raise awareness and inform policies locally, but also to shed light on future health impact of 

smoking in other populations moving towards more mature stages of smoking epidemic. Therefore, we 

conducted a retrospective cohort study to examine the impact of smoking on all-cause mortality and a 

wide range of morbidity outcomes, using a territory-wide electronic health record (EHR) database. 
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Methods 

Data sources 

This study extracted clinical data from the centralized EHR database maintained by the Hospital 

Authority (HA) of the Hong Kong Special Administrative Region (HKSAR), China. The HA is the 

statutory organization responsible for the administration of all public hospitals and the majority of public 

outpatient services in Hong Kong, encompassing 43 public hospitals, 74 General Outpatient Clinics 

(GOPCs), and 49 Specialist Outpatient Clinics (SOPCs). Since 1999, the HA’s Clinical Management 

System (CMS) has been systematically collecting real-world, up-to-date clinical data generated during 

routine medical practice(25). This comprehensive database includes detailed information such as patient 

demographics, clinical diagnoses, prescriptions, laboratory test results, and other relevant medical 

records. Moreover, mortality data were retrieved from the Hong Kong Death Registry. All databases were 

linked through anonymized patient identifiers to ensure data integrity and confidentiality. The 

completeness and coding accuracy of these datasets have been well-documented in previous studies, 

establishing their reliability for epidemiological research(26, 27). These datasets have been widely 

employed in numerous high-quality epidemiological studies(28-31). 

 

Study design and participants 

This is a retrospective cohort study involving all adults with smoking status information as identified in 

the HA EHR databases during 1 January 2008 to 31 December 2012. Subjects were classified into three 

categories based on the earliest smoking record during the inclusion period: current smokers, ex-smokers, 

and never-smokers. Current smokers were identified based on any of the following criteria: (i) self-

reported as a current smoker defined by a data field of the HA database, (ii) a diagnosis coded as 

International Classification of Diseases, Ninth Edition, Clinical Modification (ICD-9-CM) code 

305.1(tobacco use disorder), (iii) use of smoking cessation medications, including nicotine replacement 

products, varenicline, bupropion, or nortriptyline, or (iv) utilization of smoking cessation services. Ex-

smokers were defined by the following: (i) a diagnosis coded as ICD-9-CM code V15.82 (personal 

history of tobacco use), or (ii) self-reported as an ex-smoker. Never-smokers were identified based on 

self-reported status as a never-smoker. The index date for each subject was defined as the date when the 

corresponding smoking status record was documented. To ensure data accuracy, participants who self-

reported as never-smokers but had any of the following records on or before the index date were 

excluded: (i) a diagnosis coded as ICD-9-CM code 305.1 or V15.82, (ii) self-reported as a current smoker 

or ex-smoker, (iii) use of smoking cessation medications, or (iv) utilization of smoking cessation services.  
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Baseline characteristics 

Baseline characteristics included age, sex, the year of follow-up initiation, Charlson Comorbidity Index 

(CCI)(32), the presence of comorbidities (i.e. hypertension, diabetes mellitus, atrial fibrillation, 

amputation, dementia, respiratory diseases, connective tissue disorders, peptic ulcer disease, coronary 

heart disease, heart failure, stroke, liver disease, chronic kidney disease, and cancer), and medication use 

(i.e. oral antidiabetics, lipid-lowering drugs, and antihypertensives) within 90 days on or before the index 

date. The Charlson Comorbidity Index is a comprehensive measure used to quantify a patient’s severity of 

comorbid conditions. It is calculated based on age, as well as the presence of myocardial infarction, 

congestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic 

pulmonary disease, hemiplegia or paraplegia, diabetes mellitus, renal disease, liver disease, peptic ulcer 

disease, rheumatologic disease, malignancy, human immunodeficiency virus/acquired immunodeficiency 

syndrome(33). These comorbidities were identified using diagnostic codes from ICD-9-CM and/or the 

International Classification of Primary Care, Second Edition (ICPC-2). Information on medication use 

was identified based on the British National Formulary (BNF) coding system. Detailed definitions of 

these variables are provided in Additional file 1: S. Table 1-2. 

Outcomes 

The primary outcome of this study was all-cause mortality. Secondary outcomes were defined as cause-

specific incidences of 115 morbidities including a broader range of health conditions defined according to 

ICD-9-CM. Detailed definitions of the outcomes are provided in Additional file 1: S. Table 3. Eligible 

participants were followed from the index date until the earliest occurrence of the outcome event (when 

the outcome was a disease), death, or the end of the study period (31 December 2022). The end of follow 

up was defined separately for each outcome. 

Statistical analysis 

Baseline characteristics were summarized as mean and standard deviation (SD) for continuous variables 

and as count and proportion for categorical variables. To ensure balance among the three comparison 

groups, the fine stratification weighting approach was applied(34, 35). This approach involved assigning 

weights to each individual to create a pseudo-population, ensuring that the distribution of covariates was 

balanced across groups. Specifically, fine stratification weights were estimated using multinomial logistic 

regression, where smoking status served as the dependent variable. The model included all the baseline 

characteristics mentioned previously. After applying the weights, the standardized mean difference 
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(SMD) of each baseline variables across the three groups was calculated to assess balance. Variables with 

an SMD of less than 0.1 were considered to indicate sufficient balance between groups. 

To evaluate the risk of outcomes for the smoking population compared to never-

smokers, the incidence rate of each outcome with 95% confidence intervals (CIs) was 

calculated based on the Poisson distribution. During the analysis of each outcome, 

individuals with a history of the specific outcome at baseline were further excluded to 

reduce potential bias. Cox proportional hazards regression, adjusted with the fine 

stratification weighting, was applied to estimate the hazard ratios (HRs) with 95% CIs 

for each outcome. The population-attributed fraction (PAF) for all-cause mortality was 

estimated with the formula P (HR  –  1)  /  HR, where P is the proportion of ex-

smokers or current smokers among subjects who died during the follow-up period(11, 

36). Subgroup analyses, stratified by sex (male and female), age (18-29, 30-39, 40-

49, 50-59, 60-69, 70-79, and ≥ 80 years), and Charlson Comorbidity Index (CCI; 0–

2, and >2)(32), were conducted for all-cause mortality and diseases with compelling 

evidence suggesting the association with smoking, such as site-specific cancer, 

cardiovascular diseases, and diseases of the respiratory system, to explore potential 

heterogeneity of the association across subgroups(37). A CCI score of 0–2 reflects the 

absence of comorbidity or a low level of comorbidity, while a score greater than 2 

indicates a high level of comorbidity(32). The P-value for heterogeneity was assessed by 

adding an interaction term between smoking status and the subgroup category into the 

Cox model. For the age-stratified subgroup analysis, a chi-square test for trend was 

performed instead of the heterogeneity test to investigate the trend in the differences 

of subgroup-specific relative risks(38). Additionally, several sensitivity analyses were 

performed to assess the robustness of the results: (i) competing risk model using the 
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Fine and Gray method was applied to account for death as a competing event(39); (ii) 

inverse probability of treatment weighting (IPTW) was used as an alternative to fine 

stratification weighting to control confounding bias(40); (iii) Cox model adjusted for all 

baseline characteristics was applied instead of adjusting all baseline characteristics and 

fine stratification weights; (iv) selected baseline characteristics (i.e., age, CCI, sex, oral 

antidiabetic drugs, lipid-lowering drugs, and antihypertensive agents) and fine 

stratification weighting were adjusted in Cox model; (v) patients with outcomes 

occurring within the first three years after the index date were excluded; (vi) patients 

with less than one year of follow-up were excluded; (vii) subjects were followed from 

the index date until the occurrence of the outcome of interest (when the outcome was 

a disease), death, a change in smoking status, or the end of the study period (31 

December 2022), whichever occurred first; (viii) current smokers and ex-smokers were 

combined into a single group for comparison with never-smokers; and (ix) false discovery 

rate (FDR)-adjusted p-values were calculated using the Benjamini-Hochberg procedure to 

reduce probability of false positives arising from multiple comparisons(41, 42). 

All significance tests were two-tailed and a significance level of less than 0.05 was considered statistically 

significant. The statistical analyses were carried out using R version 4.4.2 and Stata 16.1. To ensure the 

quality of the analysis, two investigators (BW and MHL) independently performed the statistical 

analyses. 

 

Results 

From 1 January 2008 to 31 December 2012, a total of 1,571,103 adults with smoking status information 

was identified, including 224,223 current smokers, 186,976 ex-smokers, and 1,159,904 never-smokers. 

Following the application of exclusion criteria, 38 individuals were excluded, including 6 subjects who 

were recorded as never-smokers but had a history of nicotine dependence on or before the index date, and 

32 subjects who were recorded as never-smokers but had used smoking cessation medications or services 
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on or before that date. The final study cohort consisted of 224,223 (14.3%) current smokers, 186,976 

(11.9%) ex-smokers, and 1,159,866 (73.8%) never-smokers (Figure 1), of whom 81.6%, 88.4%, and 

31.8%, respectively, were males. The distribution of baseline characteristics across the three before fine 

stratification weighting is presented in Additional file 1: S. Table 4. Compared to never-smokers and 

current smokers, ex-smokers were older (mean age, years: current smokers: 52.88; ex-smokers: 65.58; 

never-smokers: 56.22), and had higher CCI scores (mean CCI: current smokers: 1.67; ex-smokers: 3.30; 

never-smokers:1.85). After applying fine stratification weighting, the SMDs for all baseline 

characteristics were less than 0.1, indicating good balance across the three groups (Table 1). 

 

Figure 2 illustrates the risk of all-cause mortality and all morbidity outcomes among never-smokers, ex-

smokers, and current smokers. The incidence rates (IRs) per 1, 000 person-years for all-cause mortality, 

along with their 95% confidence intervals (95% CI), were 25.35 (25.15-25.55) for current smokers, 22.19 

(21.98-22.39) for ex-smokers, and 16.69 (16.62-16.76) for never-smokers. Regarding relative risks, both 

current and ex-smokers exhibited significantly higher risks of mortality compared to never-smokers, with 

HRs of 1.53 (95% CI: 1.51-1.56) for current smokers and 1.33 (95% CI: 1.31-1.35) for ex-smokers. The 

PAF calculated for all-cause mortality was 6.49% in current smokers and 3.47% in ex-smokers. Similarly, 

smoking is significantly associated with an increased risk of a wide range of morbidities. Specifically, 

current smokers and ex-smokers demonstrated significantly higher risk of 76 and 60 out of 115 

morbidities, respectively, compared to never-smokers. For example, the HRs (95% CIs) for current 

compared to never-smokers were 3.35 (3.16-3.55) for lung cancer, 2.45 (2.07-2.91) for oesophagus 

cancer, 1.40 (1.22-1.61) for stomach cancer, 1.14 (1.05-1.23) for colorectal cancer, 1.07 (1.04-1.10) for 

diabetes mellitus, 1.41 (1.23-1.62) for major cardiovascular diseases, 1.10 (1.00-1.21) for hypertension, 

1.34 (1.15-1.55) for atherosclerotic cardiovascular disease, 1.29 (1.24-1.33) for stroke, 3.54 (3.34-3.76) 

for chronic obstructive pulmonary disease (COPD), 1.46 (1.41-1.52) for pneumonia, and 1.54 (1.36-1.74) 

for asthma. Meanwhile, although the HRs for ex-smokers were relatively lower compared to current 

smokers, significantly higher risks for the aforementioned outcomes were still observed, except the risk 

for stomach cancer. The significant HRs (95% CIs) for ex-smokers ranged from 1.07 (1.03-1.11) for 

diabetes mellitus to 2.11 (1.94-2.29) for COPD, reflecting the long-term adverse effects after smoking 

cessation. Notably, substantially higher risks associated with smoking were observed in both ex- and 

current smokers for mental and behavioral disorders due to psychoactive substance use (HRs [95% CIs]: 

current smokers: 24.27 [22.71-25.94]; ex-smokers: 4.75 [4.16-5.43]), mental and behavioral disorders due 

to use of alcohol (HRs [95% CI]: current smokers: 5.52 [4.92-6.20]; ex-smokers: 2.81 [2.28-3.47]), and 

suicide (intentional self-harm) (HRs [95% CI]: current smokers: 4.46 [4.03-4.93]; ex-smokers: 2.25 [1.83-
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2.76]). Moreover, significant inverse associations were observed for several outcomes, such as breast 

cancer (HRs [95% CIs]: current smokers: 0.86 [0.75–0.98]; ex-smokers: 0.72 [0.59–0.88]), prostate 

cancer (current smokers: 0.71 [0.66–0.77]; ex-smokers: 0.87 [0.81–0.93]), and brain cancer (current 

smokers: 1.07 [0.64–1.80]; ex-smokers: 0.36 [0.22–0.57]). 

Subgroup analysis results stratified by sex, CCI, and age, are illustrated in Figure 3 and Additional file 

1: S. Figure 1. The P values for heterogeneity test and trend test are provided in Additional file 1: S. 

Table 5. Mortality risks associated with smoking were significantly higher in individuals with CCI scores 

of 2 or less compared to those with CCI scores greater than 2. Specifically, the hazard ratios (HRs) and 

95% confidence intervals (CIs) for current smokers were 2.11 (2.06-2.17) vs. 1.57 (1.54-1.59) for current 

smokers (Pheterogeneity < 0.0001), and for ex-smokers, the HRs (95% CIs) were 1.42 (1.35–1.48) versus 1.32 

(1.30–1.34) (Pheterogeneity < 0.0001). Furthermore, smoking was significantly associated with an increased 

mortality risk across all age subgroups, while a significant decreasing trend in size of the effect was 

observed with increasing baseline age (Ptrend < 0.0001 for both current smokers vs. never-

smokers, and ex-smokers vs. never-smokers). Among individuals aged <30 years, the HRs 

(95% CIs) for all-cause mortality were 2.30 (1.97–2.69) for current smokers and 1.56 

(1.08–2.25) for ex-smokers, whereas among those aged ≥ 80 years, the HRs (95% 

CIs) decreased to 1.34 (1.29–1.38) and 1.21 (1.18–1.24), respectively. For morbidity 

outcomes, the HRs (95% CIs) for lung cancer was significantly higher in males compared 

to females. Among current smokers, the HRs (95% CIs) were 4.38 (4.14–4.64) in 

males and 2.76 (2.44–3.11) in females (Pheterogeneity < 0.0001). Similarly, for ex-smokers, the 

HRs (95% CIs) were 2.07 (1.94–2.21) in males and 1.92 (1.65–2.24) in females (Pheterogeneity < 0.05). 

Additionally, the HRs (95% CIs) for lung cancer was also significantly higher in individuals with CCI 

scores greater than 2 compared to those with CCI scores of 2 or less. For current smokers, the HRs (95% 

CIs) were 4.10 (3.79–4.44) in those with CCI scores greater than 2 and 2.97 (2.74–3.23) in those with 

CCI scores of 2 or less (Pheterogeneity < 0.0001). For ex-smokers, the HRs (95% CIs) were 2.40 (2.20–2.62) 

for subjects with CCI scores greater than 2 and 1.42 (1.22–1.65) for those with CCI scores of 2 or less 

(Pheterogeneity < 0.0001). Results for other morbidity outcomes were consistent across subgroups. Sensitivity 

analyses, as shown in Additional file 1: S. Figures 2–10, demonstrated similar results to the main 

analysis, indicating the robustness of the findings. 
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Discussion 

This study offers comprehensive and up-to-date evidence on the disease burden associated with smoking 

in Hong Kong, using a territory-wide retrospective cohort. Both current and ex-smokers were associated 

with significantly higher risks of all-cause mortality and some smoking-related morbidities compared to 

never-smokers. Moreover, current smokers face higher risks than ex-smokers, underscoring the health 

benefits of smoking cessation. Specifically, 11.0% of male and 2.9% of female deaths were attributed to 

current smoking. Current smoking was positively associated with 76 out of 115 assessed morbidities. 

Specifically, smoking primarily contributed to disease burdens in infectious diseases (7.9%), the digestive 

system (7.9%), the respiratory systems (9.2%), neoplasm (13.2%), the circulatory systems (15.8%) and 

injuries (19.7%). Collectively, these categories accounted for 73.7% of the 76 smoking-associated 

morbidities. 

For all-cause mortality, the observed hazard ratio (HR [95% CI]) of 1.54 (1.52, 1.57) for current smokers 

in this study was lower than the HRs typically reported in Western countries, where estimates are closer 

to 3(43-46). One possible explanation is that smokers in high-income countries, such as the United States 

and Australia, typically initiate smoking at younger ages, smoke more heavily, are further along in the 

tobacco epidemic(1, 47), and the full risks of smoking are more evident in regions at advanced epidemic 

stages where decades of high tobacco consumption have already taken their toll(20). Despite being a 

developed economy for decades, Hong Kong remains at a less advanced stage of the smoking pandemic 

compared to Western countries(48). Specifically, Hong Kong lags behind the United States by 

approximately 20 years, but is 20 years ahead of Chinese Mainland in terms of mean cigarette 

consumption and smoking-attributable mortality(48). For instance, in 2008, 4.7% of smokers in Hong 

Kong consumed more than 20 cigarettes per day, whereas 10.1% of smokers in the United States smoked 

more than 24 cigarettes daily(49, 50). By 2023, this proportion had declined to 2.1% in Hong Kong, while 

in the United States, it decreased to 8.1% by 2022(49, 50). Another possible explanation is that the study 

population consisted of patients, including never-smokers as the reference group. This may have led to 

underestimation of mortality risks compared to other studies in which the study population is drawn from 

the general population. Moreover, Hong Kong’s public healthcare system, which is heavily subsidized by 

the Government, provides broad coverage and ensures that even individuals with low socioeconomics 

status have access to appropriate care(51), an advantage less common in many Western countries(52). 

However, our findings were comparable to the evidence from Asia(18). A prior pooled analysis of 21 

cohorts from 7 Asian countries or regions reported an HR (95% CI) of 1.48 (1.38, 1.58) among ever 

smokers, with slightly higher risks observed in Singapore, Japan, Korea and Taiwan than Chinese 

mainland and India(18). We found a considerably stronger HR compared to the findings from the China 
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Kadoorie Biobank study, which reported an HR (95% CI) of 1.36 (1.32, 1.39) for ever-smokers(11). 

Nonetheless, the HR (95% CI) of 1.54 (1.52, 1.57) for all-cause mortality among current smokers in our 

study was slightly lower than the HR (95% CI) of 1.89 [1.81, 1.98] reported by Lam et al for the 

elderly aged ≥ 65 in Hong Kong a decade ago(20). A possible explanation for this 

difference is that the 1998 cohort in Lam et al’s study likely smoked more heavily than the 

2008 cohort, as the average number of cigarettes consumed per day in Hong Kong has been decreasing 

over the past four decades(50), given the Government’s comprehensive tobacco control strategies over the 

years. While Hong Kong is at a relatively less advanced stage of the tobacco epidemic compared to 

Western countries, its position approximately two decades ahead of Chinese mainland offers valuable 

insights for policymakers in Chinese mainland and other LMICs(48). The full hazards of smoking may 

remain underestimated due to the time lag between peak cigarette consumption and the emergence of 

smoking-related health outcomes. 

This study confirmed significant associations between smoking and the incidence of some smoking-

related morbidities, including lung cancer, COPD and major cardiovascular diseases, aligning with global 

evidence(53-60). For example, smoking was strongly linked to lung cancer incidence, as supported by 

prior research(54, 56, 57). Similarly, the association with COPD(53, 59, 60) and cardiovascular 

diseases(55, 58) corroborated previous findings. Regarding the sex-specific difference, higher smoking-

associated risks of all-cause mortality, pneumonia, COPD, and asthma were observed in females 

compared to males, consistent with prior evidence(11, 61-63). Potential reasons could be that female 

smokers may be more susceptible to smoking’s effects despite lower exposure levels(64, 65). 

Additionally, traditional gender roles in East Asian societies may expose women to household air 

pollution, increasing their risk of respiratory diseases(66, 67). Exposure to secondhand smoke at home is 

another potential explanation for the higher risks of all-cause mortality, pneumonia, COPD, and asthma 

observed among women in the present study(68). Furthermore, women are at greater risk of secondhand 

smoke infiltration due to the high prevalence of multiunit housing in Hong Kong, where secondhand 

smoke can diffuse from one unit to another(69). However, this study yielded higher relative risks of lung 

cancer in males, echoing earlier findings(48, 70). It is noteworthy that the tobacco epidemic among 

women lags several decades behind that of men, potentially underestimating the risks for women(47, 71). 

Continued monitoring of sex-specific differences in smoking-related risks is warranted. 

The present study observed a declining trend in the association of smoking with all-cause mortality 

among current smokers across age subgroups, consistent with previous studies(72-74). This phenomenon 
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may be explained by survivor effects, where individuals more susceptible to smoking’ hazards are more 

likely to die earlier, leaving a healthier cohort of older smokers. 

Large effect sizes were observed between smoking and the risks of mental and behavioral disorders due to 

psychoactive substance and alcohol use, and suicide (intentional self-harm), particularly among current 

smokers. Prior studies have reported similar findings(75-77). The results warrant cautious interpretations. 

In particular, the notably high hazard ratios for the outcome “mental and behavioral disorders due to 

psychoactive substance use” may suggest confounding by reverse causality, as previous studies have 

shown that individuals with substance use disorders are also more likely to smoke(76, 78, 79). 

Furthermore, in alignment with previous studies that indicated a stronger association between smoking 

and psychosocial or emotional problems in females than in males(80-82), the present study also found a 

significantly higher risk of these outcomes in females than in males. These outcomes include mental and 

behavioral disorders due to psychoactive substance and alcohol use, as well as suicide (intentional self-

harm). Particularly, among current smokers in the present study, a higher proportion of women exhibited 

a history of mental and behavioral issues at baseline compared to men. This included overall mental and 

behavioral disorders (18.8% vs. 12.2%), mental and behavioral disorders due to psychoactive substance 

use (3.5% vs. 1.7%), and suicide (intentional self-harm) (2.2% vs. 0.6%). While these findings align with 

prior research(80-82), they should be interpreted with caution due to the potential for reverse causation. 

Nonetheless, this highlights the strong correlation between tobacco use and mental health issues in Hong 

Kong, particularly among women. A holistic approach to tobacco control and smoking cessation that 

incorporates mental health interventions could yield broader public health benefits. 

Notably, the present study identified inverse associations between smoking and both breast cancer (BC) 

and prostate cancer (PCa), an observation that has been debatable in previous research(83-86). The dual 

carcinogenic and antiestrogenic effects of smoking may largely explain these controversial associations 

with BC(87, 88), and such associations can vary by pathological subtype and menopausal status. For 

instance, prior studies have reported that smoking does not affect triple-negative breast cancer 

incidence(89, 90). One study found that increased risk of premenopausal BC was only observed among 

women who had smoked for 30 years or more(91). But among postmenopausal women, reduced BC risk 

was identified only in those who were overweight or obese, with no association observed in those of 

normal weight(91). Similarly, a systematic and meta-analysis of observational studies showed that 

smoking increased the risk of premenopausal BC and estrogen receptor-positive (ER+) BC, but had no 

effect on postmenopausal BC and estrogen receptor-negative (ER-) BC(92). Regarding PCa, the present 

findings are consistent with the majority of previous studies, which has also demonstrated inverse 

associations of smoking with prostate cancer risk(93-96). Potential explanations include the lower 
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likelihood of smokers undergoing regular health check-ups and prostate-specific antigen screening. 

Additionally, smokers face higher risk of mortality from other smoking-related diseases, such as lung 

cancer and cardiovascular diseases, which may preclude a diagnosis of PCa. 

 

Limitations 

This study has several limitations. First, the retrospective cohort design establishes associations rather 

than causality. Second, as in most previous cohort studies, smoking status was assessed only at baseline in 

the main analysis. However, the sensitivity analysis in which subjects were additionally censored when 

their smoking status changed during the follow‑up period yielded results similar to the main analysis, 

supporting the robustness of the main findings of the current study. Third, the unavailability of potential 

confounders such as alcohol consumption, physical activity, dietary habits, and education attainment 

limited the ability to adjust for these variables. Fourth, detailed smoking patterns (e.g., type and number 

of tobacco products used, age of initiation/cessation, and reasons for cessation) were not captured, 

restricting the ability to estimate the full hazards of smoking and the benefits of quitting. The absence of 

these key smoking-related variables also constrained our capacity to directly verify the claim that Hong 

Kong occupies an intermediate position between Western countries and Chinese mainland in terms of the 

stages in the tobacco epidemic. Fifth, the study population, drawn from adults attending public healthcare 

facilities in Hong Kong, may not be fully representative of the general population in Hong Kong. For 

instance, it may disproportionately reflect certain age groups or demographic characteristics. Furthermore, 

only 6.8% of participants in the present cohort reported a history of overall mental and behavioral 

disorders, a figure notably lower than those reported in national or territory-wide surveys conducted in 

Hong Kong and other regions(97-100). For example, the prevalence of mental disorders was 13.3% in 

Hong Kong between 2010 and 2013 and 22.8% in the United States in 2021(98, 99). Given the well-

established correlation between smoking and mental disorders, this discrepancy suggests that the present 

study may have underestimated the long-term effects of smoking on mental health. Sixth, the potential for 

misclassification of smoking status (primarily misclassifying smokers as never-smokers) cannot be ruled 

out, which may have led to underestimation of the risks of smoking-attributable mortality and morbidity. 

Conclusions 

This study showed significant relative risks associated with smoking in Hong Kong using a territory-wide 

electronic health record database of Chinese adults with a median follow-up duration of 11 years. Despite 

the city’s low smoking prevalence, the risks observed may still be underestimated due to the time lag 

between the peak cigarette consumption and the manifestation of smoking-related health outcomes. 
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Policymakers should remain vigilant and continue monitoring the tobacco epidemic and its associated 

disease burdens. To further reduce smoking prevalence, policymakers should consider integrating mental 

health and substance use interventions into broader tobacco control strategies. Furthermore, given the 

higher risks of mortality and morbidities found in women, including all-cause mortality, respiratory 

diseases, and mental and behavioral disorders, gender specific smoking cessation interventions should be 

promulgated to reduce smoking prevalence in this group of smokers. Such a holistic approach could 

generate additional health gains beyond tobacco-related outcomes. Moreover, Hong Kong’s experience as 

a region at an advanced stage of the tobacco epidemic provides critical insights for Chinese mainland and 

other LMICs, helping to inform policy and mitigate the global healthcare burden of smoking. 
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Figure 1. Study flow chart. 
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Table 1. Baseline characteristics after fine-stratification. 

Characteristics 
Never-
smokers 

Ex-smokers Current 
smokers 

SMD 

Participants, n 1,159,866 186,976 224,223  

Age, years (mean (SD)) 
56.76 (16.89) 56.67 (17.12) 55.83 (17.11) 0.03

6 

Sex, male (no. (%)) 
529,299 
(45.6) 

82,679.10 
(44.2) 

101,958 (45.5) 0.01
9 

Year of inclusion (no. (%)) 
   0.05

6 

2008 
247,403 
(21.3) 

43,073 (23.0) 46,900 (20.9)  

2009 
221,659 
(19.1) 

36,972 (19.8) 41,640 (18.6)  

2010 
204,118 
(17.6) 

33,425 (17.9) 38,820 (17.3)  

2011 
276,977 
(23.9) 

41,333 (22.1) 55,903 (24.9)  

2012 
209,709 
(18.1) 

32,172 (17.2) 40,960 (18.3)  

Charlson Comorbidity Index (mean 
(SD)) 

1.99 (2.03) 2.09 (2.07) 1.96 (2.13) 0.04
0 

Comorbidities – no. (%)     

Hypertension 
472,353 
(40.7) 

76,099 (40.7) 90,664 (40.4) 0.00
4 

Diabetes mellitus 
238,503 
(20.6) 

42,235 (22.6) 43,858 (19.6) 0.05
0 

Atrial fibrillation 
21,673 (1.9) 3,957 (2.1) 4,266 (1.9) 0.01

2 

Amputation 
1,820 (0.2) 301 (0.2) 326 (0.1) 0.00

3 

Dementia 
8,653 (0.7) 1,771 (0.9) 2,066 (0.9) 0.01

5 

Respiratory disease 
52,847 (4.6) 10,997 (5.9) 10,714 (4.8) 0.04

0 

Connective tissue disorder 
4,718 (0.4) 972 (0.5) 1,007 (0.4) 0.01

1 

Peptic ulcer disease 
30,209 (2.6) 5,053 (2.7) 5,501 (2.5) 0.01

0 

Coronary heart diseases 
59,292 (5.1) 10,266 (5.5) 11,124 (5.0) 0.01

6 

Heart failure 
21,608 (1.9) 4,183 (2.2) 4,081 (1.8) 0.02

0 

Stroke 
64,307 (5.5) 11,589 (6.2) 11,718 (5.2) 0.02

8 
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Liver disease 
45,448 (3.9) 7,872 (4.2) 8,806 (3.9) 0.01

0 

Chronic kidney disease 
148,147 
(12.8) 

27,255 (14.6) 30,659 (13.7) 0.03
5 

Cancer 
56,470 (4.9) 10,434 (5.6) 11,101 (5.0) 0.02

1 
Medication use within 90 days – no. 
(%)     

Anti-hypertensive drug 
260,224 
(22.4) 

42,659 (22.8) 49,518 (22.1) 0.01
2 

Oral Antidiabetic drugs 
99,386 (8.6) 17,963 (9.6) 18,179 (8.1) 0.03

5 

Lipid lowering drugs 
52,949 (4.6) 9,184 (4.9) 9,493 (4.2) 0.02

2 

SMD: standardized mean difference; SD: standard deviation. 

 

 

Figure 2. Risk of all-cause mortality and all outcomes in current smokers and ex-smokers 

compared to never-smokers. 
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Incidence rate (cases/1000 person-years) with 95% confidence interval based on Poisson distribution. Hazard ratio with 95% 

confidence interval was obtained by Cox regression adjusted with fine stratification weighting. CI = confidence interval; REF = 

reference level; NA = not applicable due to insufficient number of cases; HIV/AIDS = human immunodeficiency virus/acquired 

immunodeficiency syndrome; CNS = central nervous system; incl CO = including carbon monoxide.  
 

 

 

 

 

Figure 3. Risk of all-cause mortality in current smokers and ex-smokers compared to never-smokers by sex, Charlson Comorbidity Index and age. 
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