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Abstract

IMPORTANCE Understanding birth cohort–specific tobacco smoking patterns and their association
with total and cause-specific mortality is important for projecting future deaths due to tobacco
smoking across Asian populations.

OBJECTIVES To assess secular trends of tobacco smoking by countries or regions and birth cohorts
and evaluate the consequent mortality in Asian populations.

DESIGN, SETTING, AND PARTICIPANTS This pooled meta-analysis was based on individual
participant data from 20 prospective cohort studies participating in the Asia Cohort Consortium.
Between September 1, 2017, and March 31, 2018, a total of 1 002 258 Asian individuals 35 years or
older were analyzed using Cox proportional hazards regression analysis and random-effects meta-
analysis. The pooled results were presented for mainland China; Japan; Korea, Singapore, and
Taiwan; and India.

EXPOSURES Tobacco use status, age at starting smoking, number of cigarettes smoked per day, and
age at quitting smoking.

MAIN OUTCOMES AND MEASURES Country or region and birth cohort–specific mortality and the
population attributable risk for deaths from all causes and from lung cancer.

RESULTS Of 1 002 258 participants (51.1% women and 48.9% men; mean [SD] age at baseline, 54.6
[10.4] years), 144 366 deaths (9158 deaths from lung cancer) were ascertained during a mean (SD)
follow-up of 11.7 (5.3) years. Smoking prevalence for men steadily increased in China and India,
whereas it plateaued in Japan and Korea, Singapore, and Taiwan. Among Asian male smokers, the
mean age at starting smoking decreased in successive birth cohorts, while the mean number of
cigarettes smoked per day increased. These changes were associated with an increasing relative risk
of death in association with current smoking in successive birth cohorts of pre-1920, 1920s, and 1930
or later, with hazard ratios for all-cause mortality of 1.26 (95% CI, 1.17-1.37) for the pre-1920 birth
cohort, 1.47 (95% CI, 1.35-1.61) for the 1920s birth cohort, and 1.70 (95% CI, 1.57-1.84) for the cohort
born in 1930 or later. The hazard ratios for lung cancer mortality were 3.38 (95% CI, 2.25-5.07) for the
pre-1920 birth cohort, 4.74 (95% CI, 3.56-6.32) for the 1920s birth cohort, and 4.80 (95% CI, 3.71-
6.19) for the cohort born in 1930 or later. Tobacco smoking accounted for 12.5% (95% CI,
8.4%-16.3%) of all-cause mortality in the pre-1920 birth cohort, 21.1% (95% CI, 17.3%-24.9%) of
all-cause mortality in the 1920s birth cohort, and 29.3% (95% CI, 26.0%-32.3%) of all-cause
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Abstract (continued)

mortality for the cohort born in 1930 or later. Tobacco smoking among men accounted for 56.6%
(95% CI, 44.7%-66.3%) of lung cancer mortality in the pre-1920 birth cohort, 66.6% (95% CI,
58.3%-73.5%) of lung cancer mortality in the 1920s birth cohort, and 68.4% (95% CI, 61.3%-74.4%)
of lung cancer mortality for the cohort born in 1930 or later. For women, tobacco smoking patterns
and lung cancer mortality varied substantially by countries and regions.

CONCLUSIONS AND RELEVANCE In this study, mortality associated with tobacco smoking
continued to increase among Asian men in recent birth cohorts, indicating that tobacco smoking will
remain a major public health problem in most Asian countries in the coming decades. Implementing
comprehensive tobacco-control programs is warranted to end the tobacco epidemic.

JAMA Network Open. 2019;2(3):e191474. doi:10.1001/jamanetworkopen.2019.1474

Introduction

Globally, more than 7 million people die each year as a result of tobacco smoking.1 The number of
deaths attributable to smoking is projected to increase to 8.3 million by 2030, with the largest
increase in low- and middle-income countries.2 If current smoking patterns persist, it is estimated
that 1 billion deaths will occur in this century as a result of tobacco use.3 The overall mortality and
morbidity attributed to tobacco smoking have declined steadily during the past few decades in many
Western countries; however, in Asia, a tobacco epidemic has developed rapidly.4-6 Currently, about
half the world’s male smokers live in 3 Asian countries: China, India, and Indonesia.7 Japan and
Bangladesh also rank among the top 10 countries with the largest smoking populations.3,7 Not only
is Asia the world’s largest tobacco consumer, it is also the largest tobacco producer.3,4,8

Asian countries are in the early stages of the tobacco smoking epidemic.4,9,10 During the last
century, many Asian countries experienced dynamic socioeconomic changes, such as rapid economic
development, westernization, and war. The timing of these events may have induced different
patterns of tobacco use across birth cohorts (the group of people born in given calendar years).
Studies conducted in Japan and China have found a distinct birth cohort–specific smoking pattern
that has resulted in a different risk of death associated with tobacco smoking.11-14 Understanding
patterns of tobacco use across birth cohorts and countries will provide valuable data to determine
the future burden of smoking-attributable mortality in Asia. Currently, little is known about the
evolution of the tobacco smoking epidemic and its consequences on mortality by birth cohorts
across Asian populations.

In this study, we pooled individual-level data from more than 1 million participants in 20 Asian
cohort studies and assessed the secular trends of tobacco smoking by countries or regions and birth
cohorts. We quantified the country-specific or region-specific and birth cohort–specific risks of death
from all causes and from lung cancer associated with tobacco smoking. Based on these risk
estimates, we further evaluated the burden of mortality attributable to tobacco smoking by birth
cohorts in an attempt to identify trends in tobacco use and the consequent mortality in Asian
populations.

Methods

Study Populations
This pooled meta-analysis is based on individual participant data from 20 prospective cohort studies
in the Asia Cohort Consortium,4,15 including cohorts from studies conducted in mainland China,
Japan, South Korea, Singapore, Taiwan, and India (eFigure 1 in the Supplement). Specific descriptions
on participating cohorts are given in eTable 1 in the Supplement. Briefly, each cohort conducted a
baseline survey to collect information on sociodemographic characteristics, lifestyle factors
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(including tobacco smoking), and medical history from study participants who were subsequently
followed up to monitor their health outcomes. Deidentified data from study participants were
harmonized at the Asia Cohort Consortium coordinating center (further details are given in the
eAppendix in the Supplement). All participating cohorts were approved by their research ethics
committees. Our study follows the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

Of the 1 113 112 individuals included in these cohorts, 27 882 were excluded because of invalid
data on smoking status, birth year, vital status, or follow-up periods. To minimize the potential
influence of reverse causation, we excluded 76 023 individuals who had a history of cancer or
cardiovascular disease at baseline or who died or were lost to follow-up within the first year after
enrollment. Given that tobacco-associated deaths are uncommon in early adulthood, another 6949
individuals who were younger than 35 years were excluded. After these exclusions, 1 002 258
participants remained as the final analytic sample.

Smoking Assessment
Information on self-reported tobacco smoking was obtained at the baseline survey. Data on bidi use,
which is a type of hand-rolled cigarette filled with tobacco flakes, was additionally assessed for the
Mumbai cohort given its popularity in South Asia. Ever smokers were defined slightly differently
across studies but were typically defined as those who had smoked at least 1 cigarette per day for at
least 6 months or had smoked at least 20 packs of cigarettes in their life. Smoking status was defined
using data collected at baseline as lifelong never smokers, former smokers, and current smokers. For
ever smokers, information on age at which the participant started and/or quit smoking and the
number of cigarettes smoked per day was collected.

Outcomes
Death outcomes were ascertained via data linkages to death certificates and/or active follow-up
surveys. The cause of death was defined using the International Classification of Diseases, Ninth
Revision (ICD-9) or International Statistical Classification of Diseases and Related Health Problems,
Tenth Revision (ICD-10). The primary outcomes of this study were deaths from all causes or from lung
cancer (ICD-9 code, 162 and ICD-10 code, C34). Study participants were censored at the date of
death, end of follow-up, or loss to follow-up, whichever came first.

Statistical Analysis
To evaluate birth cohort patterns of smoking behaviors, birth cohorts were classified into pre-1910,
1910s, 1920s, 1930s, 1940s, and 1950 or later. Prevalence of current and ever smoking, mean age at
starting smoking, and mean number of cigarettes smoked per day across birth cohorts were
illustrated by sex and country or region. Mean age at quitting smoking was compared to assess the
cessation pattern by baseline age (<50, 50-59, 60-69, and �70 years) and birth cohort.

The birth cohort–specific relative risks of death were quantified via a 2-stage meta-analysis
method.16 First, Cox proportional hazards regression was used to estimate hazard ratios (HRs) and
95% CIs of death associated with tobacco smoking by birth cohorts (collapsed to <1920, 1920s, and
�1930 for the stability of point estimates) in each study. Then, study-specific risk estimates were
pooled with random-effects meta-analysis (eAppendix in the Supplement).17 Age at enrollment
(entry) and age at censoring (exit) were treated as the time scale. To consider the period effect across
study populations, models were stratified into 5-year groups by birth year and enrollment year. Using
never smokers as the reference, we estimated relative risks for all-cause mortality and lung cancer
mortality linked to current and ever smoking, age at starting smoking (<20, 20-24, 25-29, and �30
years), number of cigarettes smoked per day (<10, 10-19, 20-29, and �30; 4 bidis were converted to 1
cigarette4), and age at quitting smoking (<40, 40-49, 50-59, and �60 years). Covariates included
baseline age, body mass index (calculated as weight in kilograms divided by height in meters
squared: <18.5, 18.5-24.99, 25.0-29.99, and �30.0), urban or rural residence, educational level (no
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schooling, primary education, secondary education, trade or technical school, university graduate,
and graduate studies), and marital status (single, married, and other). These variables were treated as
fixed covariates in the models. Missing covariates were assigned the median (continuous) or mode
(categorical) values of cohort-specific nonmissing covariates. The proportional hazards assumption
for all variables was checked using Schoenfeld residuals, and no violation was found. All analyses
were performed separately by sex given the differences in both smoking and mortality patterns
between men and women. Country-specific or region-specific results are presented for China; Japan;
Korea, Singapore, and Taiwan; and India. Because of the small sample size, South Korea, Singapore,
and Taiwan were combined based on their similar stages of economic development. Also, given the
differences in smoking patterns and economic development status between rural and urban China,11

analyses were conducted separately for each area; the results for rural China are shown in eFigure 2 in
the Supplement due to the small sample size.

The population attributable risk (PAR) and the corresponding 95% CI for deaths from all causes
and lung cancer were calculated with the following equation18:
PAR = [P × (RR − 1)]/{[P × (RR − 1)] + 1}, where P is smoking prevalence and RR is relative risk
(adjusted HRs in the present analyses) for ever smokers compared with never smokers. By using
pooled risk estimates, PARs were calculated for each country or region and for the total population.
Between September 1, 2017, and March 31, 2018, all analyses were conducted using SAS, version 9.3
(SAS Institute Inc).

Results

Of 1 002 258 participants, we ascertained 144 366 deaths (9158 deaths from lung cancer) during a
mean (SD) follow-up of 11.7 (5.3) years. The prevalence of ever smoking was 65.4% for men and 7.8%
for women. The mean (SD) age at which participants started smoking was 22.8 (7.4) years (22.1 [6.6]
years for men and 28.2 [10.9] years for women), and the mean (SD) number of cigarettes smoked per
day was 16.5 (11.5) (17.2 [11.7] cigarettes for men and 11.2 [8.3] cigarettes for women; Table 1).
Baseline characteristics across birth cohorts are presented in eTable 2 in the Supplement.

Smoking prevalence varied substantially between men and women and across birth cohorts and
countries or regions (Figure 1; eFigure 2 in the Supplement). Men born in the 1920s showed the
highest rates of ever smoking in every country except China: 82.9% in Japan; 66.7% in Korea,
Singapore, and Taiwan; and 32.8% in India. In China, the rate of ever smoking for men continued to
increase in successive birth cohorts: among men born in 1950 or later, 79.4% of those in urban areas
and 74.3% of those in rural areas were ever smokers. The difference between current and ever
smoking (ie, the rate of cessation) appeared to be much larger for men in Japan and Korea,
Singapore, and Taiwan than for those living in China and India. The prevalence of smoking in women
remained very low in all Asia Cohort Consortium populations and tended to decline in recent birth
cohorts for women living in urban China and Korea, Singapore, and Taiwan although not in rural
China, Japan, and India.

The mean age of smoking initiation and mean cigarette consumption per day varied across birth
cohorts and countries or regions (eFigure 2, eFigure 3, and eFigure 4 in the Supplement). All
populations except women living in urban China and Korea, Singapore, and Taiwan tended to start
smoking at a younger age in more recent birth cohorts than in earlier ones. In all Asian populations
except urban Chinese women, the mean number of cigarettes smoked per day continued to increase
in successive birth cohorts. Japanese men appeared to smoke more cigarettes per day than those
living in other Asian countries. When we compared the mean age at quitting smoking stratified by
baseline age groups and birth cohorts (eTable 3 in the Supplement), male smokers in recent birth
cohorts tended to quit smoking at a younger age irrespective of age groups and countries or regions.

Asian male smokers had a higher risk for all-cause and lung cancer mortality than never
smokers, and the risk increased in each successive birth cohort (Table 2). Current smoking was
associated with an increasing risk of death, with HRs for all-cause mortality of 1.26 (95% CI, 1.17-1.37)
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for the pre-1920 birth cohort, 1.47 (95% CI, 1.35-1.61) for the 1920s birth cohort, and 1.70 (95% CI,
1.57-1.84) for the cohort born in 1930 or later. The HRs for lung cancer mortality were 3.38 (95% CI,
2.25-5.07) for the pre-1920 birth cohort, 4.74 (95% CI, 3.56-6.32) for the 1920s birth cohort, and
4.80 (95% CI, 3.71-6.19) for the cohort born in 1930 or later. When stratified by countries or regions,
however, China and Korea, Singapore, and Taiwan experienced the highest HRs for lung cancer
mortality in the 1920s birth cohort (China: HR, 4.74; 95% CI, 3.71-6.07; and Korea, Singapore, and
Taiwan: HR, 4.93; 95% CI, 1.57-15.52). Some participants may not have reached ages at which the
adverse effects of smoking are fully realized. Thus, we further evaluated the association stratified by
attained age (eTable 4 in the Supplement). When considering participants’ attained age, male
smokers who were born in 1930 or later showed increased relative risks for all-cause and lung cancer
mortality in all age groups and all countries or regions.

Smoking at an earlier age and smoking more cigarettes per day were each associated, in a dose-
response manner, with increased relative risks for all-cause and lung cancer mortality among men
(eTable 5 in the Supplement). These associations were seen in all birth cohorts and were stronger in

Table 1. Characteristics of Participating Cohorts in the Asia Cohort Consortium

Participating
Cohort

Participants,
No.a

Baseline
Survey Years

Follow-up
Period, y Women, %

Mean Age at
Baseline, yb

Ever Smokers, % Mean Age
at Starting
Smoking, yc

Mean
Cigarettes
Smoked/d,
No.d

Deaths, No.

Men Women
All
Causes

Lung
Cancer

China

CHEFS 137 569 1990-1992 7.8 50.9 55.4 63.9 13.4 22.9 13.2 14 885 880

SCS 18 010 1986-1989 16.4 0 55.2 57.2 NA 25.2 16.1 4902 621

SMHS 56 165 2002-2006 9.6 0 54.4 70.4 NA 23.2 16.5 3886 573

SWHS 67 268 1997-2000 15.0 100 51.8 NA 2.7 35.0 9.4 5637 515

Japan

3Pref Aichi 29 691 1985-1985 11.9 50.5 56.1 84.3 17.5 22.3 21.2 5343 352

IPHS 92 076 1993-1994 11.6 66.4 58.4 77.8 5.6 NA NA 9560 NA

JACC 74 632 1988-1990 12.9 56.4 56.9 79.1 6.6 NA NA 10 121 798

JPHC1 41 277 1990-1992 21.1 52.0 49.5 75.8 7.4 21.7 21.3 6872 525

JPHC2 53 645 1992-1995 17.9 52.8 54.0 75.7 7.7 21.6 22.4 11 508 885

3Pref Miyagi 27 131 1984-1984 11.9 55.8 56.5 78.4 11.6 23.6 19.8 4974 250

Miyagi cohort 38 774 1990-1990 16.5 45.2 51.5 81.5 11.1 22.9 21.8 4584 377

Ohsaki 44 704 1994-1994 11.4 52.3 60.0 78.7 8.7 23.3 19.8 7992 542

LSS 45 930 1963-1993 13.9 58.1 60.5 86.2 16.1 NA 18.7 23 832 1099

Takayama study 26 627 1992-1992 14.0 52.3 54.4 83.3 17.4 NA 17.3 4587 264

Korea

KMCC 11 551 1993-2004 13.6 62.0 56.0 77.7 8.0 23.9 17.4 2274 202

Seoul Male 12 447 1992-1993 15.6 0 49.0 77.7 NA 22.1 18.1 762 82

Singapore

SCHS 57 714 1993-1999 11.7 56.1 56.1 57.1 8.4 20.3 16.1 8234 874

Taiwan

CBCSP 20 179 1991-1992 15.2 49.8 49.3 56.2 0.9 NA NA 2423 206

CVDFACTS 3650 1990-1993 14.8 54.9 53.9 54.2 1.4 25.6 15.5 715 45

India

Mumbai 143 218 1991-1997 5.3 40.9 50.7 31.3 0.4 22.6 6.8 11 275 68

Total 1 002 258 1963-2006 11.7 51.1 54.6 65.4 7.8 22.8 16.5 144 366 9158

Abbreviations: CBCSP, Community-Based Cancer Screening Project; CHEFS, China
National Hypertension Survey Epidemiology Follow-up Study; CVDFACTS,
Cardiovascular Disease Risk Factor Two-Township Study; IPHS, Ibaraki Prefectural Health
Study; JACC, Japan Collaborative Cohort Study; JPHC1, Japan Public Health Center–
Based Prospective Study (initiated in 1990); JPHC2, Japan Public Health Center–Based
Prospective Study (initiated in 1992); KMCC, Korean Multi-center Cancer Cohort Study;
LSS, Life Span Study; Mumbai, Mumbai Cohort Study; NA, not available; Ohsaki, Ohsaki
National Health Insurance Cohort Study; SCHS, Singapore Chinese Health Study; SCS,

Shanghai Cohort Study; Seoul Male, Seoul Male Cancer Cohort; SMHS, Shanghai Men’s
Health Study; SWHS, Shanghai Women’s Health Study; 3Pref Aichi, Three Prefecture
Cohort Study Aichi; 3Pref Miyagi, Three Prefecture Cohort Study Miyagi.
a Including only participants eligible for the current analysis.
b Mean age at enrollment in the baseline (smoking) survey.
c Mean age at starting smoking among ever smokers.
d Mean number of cigarettes smoked per day among current smokers.
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the most recent birth cohort. On the other hand, men who quit smoking before age 40 years showed
no elevated risk of all-cause mortality compared with never smokers (eTable 6 in the Supplement).
In the cohort born in 1930 or later, however, those who quit smoking before age 40 years had a 1.48-
fold increased risk of lung cancer mortality. Tobacco smoking accounted for a substantial portion of
the deaths of Asian men (Figure 2). Overall, smoking-associated PARs for all-cause mortality
increased from 12.5% (95% CI, 8.4%-16.3%) in the pre-1920 birth cohort to 21.1% (95% CI,
17.3%-24.9%) in the 1920s birth cohort to 29.3% (95% CI, 26.0%-32.3%) in the cohort born in 1930
or later. This pattern was consistently observed in all countries and regions. Among Asian men, the
smoking-associated PARs for lung cancer mortality were 56.6% (95% CI, 44.7%-66.3%) in the
pre-1920 cohort, 66.6% (95% CI, 58.3%-73.5%) in the 1920s cohort, and 68.4% (95% CI,
61.3%-74.4%) in the cohort born in 1930 or later.

Compared with their male counterparts, few Asian women smoked cigarettes regularly.
Nevertheless, we observed similar patterns of the association described for men—more recent birth
cohorts showed stronger associations of smoking with all-cause and lung cancer mortality. Current
smoking was associated with an increasing risk of death, with HRs for all-cause mortality of 1.29 (95%
CI, 1.22-1.35) for the pre-1920 birth cohort, 1.52 (95% CI, 1.44-1.62) for the 1920s birth cohort, and
1.71 (95% CI, 1.57-1.86) for the cohort born in 1930 or later. The HRs for lung cancer mortality were
2.94 (95% CI, 2.33-3.71) for the pre-1920 birth cohort, 4.17 (95% CI, 3.25-5.36) for the 1920s birth
cohort, and 3.53 (95% CI, 2.99-4.16) for the cohort born in 1930 or later (Table 3). However, we
found different country-specific or region-specific risk patterns for lung cancer mortality among
women. In urban China and Korea, Singapore, and Taiwan, the highest relative risk for lung cancer
mortality was found in the 1920s birth cohort, even in the stratified analyses by attained age;

Figure 1. Tobacco Smoking Prevalence by Birth Cohorts and Study Populations
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however, this risk pattern was not seen in Japan. A dose-response association of initiation age and
daily cigarette consumption with mortality was consistently found for women (eTable 7 in the
Supplement). Smoking-associated PARs for all-cause and lung cancer mortality were considerably
lower than those observed among men (eFigure 5 in the Supplement). Sensitivity analyses using
different adjustment variables (excluding body mass index or additionally adjusting for physical

Table 2. Risk of Death Associated With Tobacco Smoking by Birth Cohorts in Asian Male Populations

Study Population Participants, No.

Birth Cohort <1920 Birth Cohort 1920-1929 Birth Cohort ≥1930

Deaths, No. HR (95% CI)a Deaths, No. HR (95% CI)a Deaths, No. HR (95% CI)a

Death From All Causes

All populations

Never smoker 169 444 5212 1 [Reference] 6213 1 [Reference] 9646 1 [Reference]

Ever smoker 320 843 15 986 1.22 (1.14-1.30) 19 786 1.37 (1.29-1.46) 28 884 1.59 (1.50-1.68)

Current smoker 249 241 11 587 1.26 (1.17-1.37) 14 299 1.47 (1.35-1.61) 23 468 1.70 (1.57-1.84)

By study populations:
current smoker vs
never smoker

China–urban area 107 265 1223 1.09 (0.97-1.23) 4168 1.48 (1.39-1.58) 6195 1.52 (1.44-1.61)

Japan 162 259 13 207 1.38 (1.32-1.45) 10 907 1.63 (1.47-1.80) 16 243 1.89 (1.81-1.97)

Korea, Singapore,
and Taiwan

43 981 210 1.14 (0.83-1.58) 2139 1.31 (1.01-1.69) 4863 1.74 (1.57-1.94)

India 79 705 1059 1.09 (0.92-1.28) 1981 1.18 (1.06-1.30) 4242 1.45 (1.36-1.54)

Death From Lung Cancerb

All populations

Never smoker 169 444 93 1 [Reference] 197 1 [Reference] 346 1 [Reference]

Ever smoker 320 843 962 3.00 (2.24-4.02) 2043 3.77 (2.94-4.84) 3133 4.09 (3.26-5.15)

Current smoker 249 241 765 3.38 (2.25-5.07) 1705 4.74 (3.56-6.32) 2797 4.80 (3.71-6.19)

By study populations:
current smoker vs
never smoker

China–urban area 107 265 48 2.69 (1.46-4.96) 485 4.74 (3.71-6.07) 913 4.32 (2.62-7.13)

Japan 162 259 780 4.26 (3.25-5.58) 1074 5.22 (4.01-6.79) 1499 6.08 (4.40-8.41)

Korea, Singapore,
and Taiwan

43 981 12 NAc 259 4.93 (1.57-15.52) 601 4.42 (2.27-8.61)

Abbreviations: HR, hazard ratio; NA, not available.
a Adjusted for age, educational level, marital status, rural or urban residence, and body

mass index and stratified by 5-year groups of birth year and enrollment year.

b The number of deaths from lung cancer was less than 20 for any of the birth cohorts
included in the analysis for Indians; thus, no HR was estimated.

c Not estimated because of small sample size (<20 events).

Figure 2. Population-Attributable Risk of Tobacco Smoking in Asian Male Populations

100

80

60

40

20

0

Po
pu

la
tio

n 
At

tr
ib

ut
ab

le
 R

is
k,

 %

Country

All Countries China–Urban Area

a
a

Japan Korea, Singapore,
and Taiwan

India

Death from all causesA

100

80

60

40

20

0

Po
pu

la
tio

n 
At

tr
ib

ut
ab

le
 R

is
k,

 %

Country
All Countries China–Urban Area Japan

Death from lung cancerB

1920-1929

Birth cohort

≥1930

<1920

Error bars indicate 95% CIs for the population-attributable risk estimates. Owing to small
sample sizes and unstable estimates by birth cohorts, the population-specific,
population-attributable risks for all-cause mortality and lung cancer mortality are not
reported for India and Korea, Singapore, and Taiwan.

a 95% CI of population attributable risk includes zero owing to small sample sizes and
unstable estimates of the hazard ratio.
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activity) or a different imputation method (applying multiple imputation if the proportion of missing
covariates was >3%) yielded similar results (eTables 8-10 in the Supplement).

Discussion

A previous analysis of data from the Asia Cohort Consortium estimated that tobacco smoking might
have been responsible for the deaths of approximately 2 million Asian individuals in 2004.4 In the
present study, we found that Asian men in recent birth cohorts tended to start smoking at a younger
age and smoked more cigarettes per day than those born in an earlier era. Consequently, smokers
born in 1930 or later were at a higher relative risk of all-cause and lung cancer mortality than were
smokers born before 1920. For Asian men born in 1930 or later, tobacco smoking was associated with
29.3% of total deaths and 68.4% of lung cancer deaths, rates that were much higher than the
proportions for those born before 1920 (all-cause mortality, 12.5%, and lung cancer mortality,
56.6%). These estimates suggest that most Asian countries are still in the early stages of the tobacco
smoking epidemic and that tobacco smoking will remain a major public health threat in the
coming decades.

With the tobacco smoking epidemic worsening in the past few decades, we found that the
relative risk of death attributable to tobacco smoking continued to rise in successive birth cohorts in
Asia. Similar results were also reported from previous studies conducted in Asia11-13 and Western
countries.19,20 Changes in patterns of tobacco use may be involved in the risk increments; however,
it is also possible that other factors may contribute, in part, to the increased relative risks in
successive birth cohorts.

Table 3. Risk of Death Associated With Tobacco Smoking by Birth Cohorts in Asian Female Populations

Study Population Participants, No.

Birth Cohort <1920 Birth Cohort 1920-1929 Birth Cohort ≥1930

Deaths, No. HR (95% CI)a Deaths, No. HR (95% CI)a Deaths, No. HR (95% CI)a

Death From All Causes

All populations

Never smoker 472 081 17 151 1 [Reference] 14 532 1 [Reference] 18 946 1 [Reference]

Ever smoker 39 890 3158 1.26 (1.22-1.31) 2345 1.49 (1.42-1.56) 2507 1.66 (1.55-1.79)

Current smoker 33 719 2472 1.29 (1.22-1.35) 1956 1.52 (1.44-1.62) 2173 1.71 (1.57-1.86)

By study populations:
current smoker vs
never smoker

China–urban area 106 450 1285 1.23 (1.06-1.41) 1723 1.41 (1.25-1.59) 5820 1.58 (1.43-1.74)

Japan 259 947 16 324 1.31 (1.25-1.38) 10 750 1.57 (1.47-1.69) 9706 1.80 (1.64-1.99)

Korea, Singapore,
and Taiwan

50 775 261 1.23 (0.67-2.26) 2147 1.62 (1.44-1.82) 3059 1.90 (1.68-2.15)

India 58 474 553 0.93 (0.44-1.99) 925 1.28 (0.68-2.38) 1539 1.30 (0.72-2.36)

Death From Lung Cancerb

All populations

Never smoker 472 081 289 1 [Reference] 437 1 [Reference] 1059 1 [Reference]

Ever smoker 39 890 129 2.87 (2.22-3.71) 217 3.85 (3.04-4.87) 253 3.21 (2.77-3.72)

Current smoker 33 719 104 2.94 (2.33-3.71) 186 4.17 (3.25-5.36) 233 3.53 (2.99-4.16)

By study populations:
current smoker vs
never smoker

China–urban area 106 450 41 1.96 (0.99-3.88) 103 5.02 (3.25-7.74) 558 3.00 (2.30-3.91)

Japan 259 947 321 3.12 (2.42-4.03) 350 3.72 (2.85-4.86) 441 3.78 (2.92-4.88)

Korea, Singapore,
and Taiwan

50 775 12 NAc 134 6.92 (4.72-10.1) 242 4.26 (3.03-6.00)

Abbreviations: HR, hazard ratio; NA, not available.
a Adjusted for age, educational level, marital status, rural or urban residence, and body

mass index and stratified by 5-year groups of birth year and enrollment year.

b The number of deaths from lung cancer was less than 20 for any of the birth cohorts
included in the analysis for Indians; thus, no HR was estimated.

c Not estimated because of small sample size (<20 events).
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Although the HRs for all-cause and lung cancer deaths associated with tobacco smoking
continued to rise in most Asian populations, these risk estimates remained lower than those reported
in Western countries. Studies in Western countries reported an almost 3-fold elevated risk for
all-cause mortality and an approximately 20-fold elevated risk for lung cancer mortality among
current smokers compared with never smokers.19,21-27 However, we report HRs for all-cause
mortality of 1.70 and lung cancer mortality of 4.80 in the cohort of men born in 1930 or later. These
HRs are comparable with previous reports from Asia.11,12 Our risk estimates are also similar to those
observed for low-intensity smokers among the US population28 and in the early follow-up years of
the British Doctors Study.24

Asian men showed a late initiation and lower smoking intensity than their Western
counterparts. In the United States, men born in the 1920s, on average, began smoking before age 18
years.28 Similarly, German men born between 1926 and 1930 started smoking at age 18 years.29

Despite the trend of earlier initiation, we found that the mean age at smoking initiation was still later
than age 20 years in Asian men, even in the most recent birth cohort (�1950). Furthermore, mean
daily cigarette consumption remained under 20 in most Asian male smokers (7 cigarettes in India and
approximately 17 cigarettes in China and Korea, Singapore, and Taiwan) except in Japan. This number
is substantially lower than those reported in US male smokers born in the 1930s, which peaked at
approximately 25 cigarettes per day during their midlife.30 Our findings indicate that many Asian
countries may still be in the early stages of the tobacco epidemic or show a relatively lower degree of
smoking than Western countries. Antismoking campaigns are imperative to stop the upward trend
in the tobacco smoking epidemic and reduce the burden of tobacco smoking in Asia.

On the other hand, our modest risk estimates for lung cancer mortality may reflect the
possibility that, in Asia, other background risk factors (ie, outdoor and household air pollution and
secondhand smoke) are intimately involved in lung cancer mortality.31-33 These background risk
factors may increase the risk of lung cancer among never smokers. A previous study has reported
that age-standardized lung cancer mortality was much higher for lifelong never smokers living in Asia
than in other racial/ethnic groups.31 Despite a notably low prevalence of smoking, Asian women
(especially Chinese women) showed a higher rate of lung cancer than Western women,31 suggesting
a high likelihood of death from lung cancer among never smokers. If the tobacco epidemic across
Asian populations persists or grows steadily, most Asian countries will face the double burden of lung
cancer attributable to both tobacco smoking and other background risk factors. It is also possible that
the full effect of tobacco smoking may increase more dramatically than we have projected because
of potential interaction between tobacco smoking and other lung cancer risk factors that are
prevalent in Asia.

Our study suggests that tobacco control interventions may have started to affect the tobacco
epidemic in some Asian populations: male smokers in the most recent birth cohort tended to quit
smoking at younger ages. However, the overall cessation rates vary by countries or regions. Cessation
rates remain relatively low in China and India (<10%) but are more than 20% in Japan and Korea,
Singapore, and Taiwan, suggesting differences in the effectiveness of antismoking campaigns or the
availability of smoking cessation services across Asia. In this study, earlier cessation is associated
with a reduced risk of all-cause mortality. No appreciable excess risk of all-cause mortality was found
among smokers who stopped smoking before age 40 years, which is in line with previous
reports.21,23 Cessation is the most effective means to reduce smoking-induced health burdens.
Population-specific intervention strategies need to be developed and more fully implemented in all
Asian countries, especially low- and middle-income countries and regions.

For Asian women, the prevalence of smoking remains very low, but smoking behaviors vary by
countries and regions, resulting in different patterns of lung cancer mortality. In urban China and
Korea, Singapore, and Taiwan, women in recent birth cohorts showed a declining trend in smoking
prevalence, a delayed initiation of regular smoking, and a decline or plateau in the mean number of
cigarettes smoked per day. These differences may explain the reduced relative risk of lung cancer
mortality in the recent birth cohorts of these 2 populations. Similarly, a previous study reported a
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decrease in smoking prevalence among Chinese women in recent birth cohorts.11 However, we found
that, despite the favorable changes in smoking behaviors, the relative risk of overall mortality
continued to rise in successive birth cohorts. Although this study includes more than a half-million
Asian women, the number of female smokers is still too limited to reliably quantify the associations
between smoking and mortality. Continued follow-up of the study participants should provide
additional data for future analyses of these associations.

Strengths and Limitations
To our knowledge, this study is the largest prospective investigation of birth cohort–specific and
country-specific or region-specific smoking patterns and their association with mortality in Asian
populations. By using long-term follow-up data from 20 cohorts conducted in different periods and
multiple countries and regions at different stages of economic development, this study provides a
more detailed picture on the pattern of the tobacco epidemic and consequent mortality in Asia than
that provided by any single cohort study conducted in a single country. However, there are a few
limitations of the study. First, our participants may not be a representative sample for each of the 7
countries or regions; thus, the smoking patterns we described may not entirely represent the
patterns in those countries or regions. However, our results present similar patterns of the
association and comparable risk estimates with those reported in recent nationwide surveys.11,13,34

Second, we had no data on secondhand smoke and use of smokeless tobacco. The lack of
information on these tobacco exposures might affect the association between smoking and
mortality. In addition, some other confounding variables were not adjusted in this study; thus,
potential residual confounding could affect our risk estimates. Third, because smoking data were
collected only at baseline, we could not consider possible changes in smoking behaviors over time.
Fourth, it is possible that the adverse effects of smoking have not been fully potentiated in more
recent birth cohorts. Fifth, we could not quantify the association of smoking and mortality in
contemporary birth cohorts. Based on the smoking characteristics presented in this study, however,
we project that the magnitude of the association of smoking and mortality in contemporary birth
cohorts is likely to be greater than what we presented for the cohort of those born in 1930 or later,
particularly given the limited antismoking campaigns in many low- and middle-income Asian
countries and regions.

Conclusions

Asia has now become the center of the global tobacco epidemic and inevitably will face a growing
burden of tobacco-related health problems. An increasing proportion of men are smoking, starting at
a younger age, and smoking more heavily. This finding suggests a continuing increase in the risk of
death due to tobacco smoking. It is possible that we will also see further increases in smoking among
women in certain Asian countries. As recommended by the World Health Organization Framework
Convention on Tobacco Control,5 all Asian countries should implement comprehensive tobacco
control policies, such as raising tobacco taxes and prices, implementing smoke-free laws and bans on
advertising and promotion, providing cessation assistance, and using warning labels on tobacco
packages, to end the tobacco epidemic in Asia. For current smokers, quitting as soon as possible is
the best strategy to reduce the risk associated with smoking.

ARTICLE INFORMATION
Accepted for Publication: February 5, 2019.

Published: March 29, 2019. doi:10.1001/jamanetworkopen.2019.1474

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2019 Yang JJ et al.
JAMA Network Open.

JAMA Network Open | Public Health Tobacco Smoking and Mortality in Asia

JAMA Network Open. 2019;2(3):e191474. doi:10.1001/jamanetworkopen.2019.1474 (Reprinted) March 29, 2019 10/14

Downloaded From: https://jamanetwork.com/ on 09/11/2020

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.1474&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.1474
https://jamanetwork.com/journals/jamanetworkopen/pages/instructions-for-authors#SecOpenAccess/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.1474


Corresponding Author: Wei Zheng, MD, PhD, Division of Epidemiology, Department of Medicine, Vanderbilt
Epidemiology Center, Vanderbilt-Ingram Cancer Center, Vanderbilt University Medical Center, 2525 W End Ave,
Eighth Floor, Nashville, TN 37203 (wei.zheng@vanderbilt.edu).

Author Affiliations: Division of Epidemiology, Department of Medicine, Vanderbilt Epidemiology Center,
Vanderbilt-Ingram Cancer Center, Vanderbilt University Medical Center, Nashville, Tennessee (Yang, Yu, Wen, Shu,
Cai, Zheng); Division of Cancer Statistics Integration, Center for Cancer Control and Information Services, National
Cancer Center, Tokyo, Japan (Saito); Department of Global Health Policy, Graduate School of Medicine, University
of Tokyo, Tokyo, Japan (Rahman); Healis-Sekhsaria Institute for Public Health, Mahape, Navi Mumbai, India (Gupta,
Pednekar); Department of Epidemiology, Tulane University School of Public Health and Tropical Medicine, New
Orleans, Louisiana (He); Epidemiology and Prevention Group, Center for Public Health Sciences, National Cancer
Center, Tokyo, Japan (Tsugane, Sawada, Inoue); State Key Laboratory of Oncogene and Related Genes,
Department of Epidemiology, Shanghai Cancer Institute, Renji Hospital, Shanghai Jiaotong University School of
Medicine, Shanghai, People’s Republic of China (Xiang, Y.-T. Gao, Li, J. Gao); Duke-NUS Medical School Singapore,
Singapore, Republic of Singapore (Koh); Saw Swee Hock School of Public Health, National University of Singapore,
Singapore, Republic of Singapore (Koh, Chia); Graduate School of Medicine, Hokkaido University, Sapporo, Japan
(Tamakoshi); Ibaraki Chikusei Public Health Center, Chikusei City, Japan (Irie); Radiation Effects Research
Foundation, Hiroshima, Japan (Sadakane, Grant); Tohoku University Graduate School of Medicine, Sendai, Japan
(Tsuji, Kanemura, Tomata, Sugawara); Division of Molecular and Clinical Epidemiology, Aichi Cancer Center
Research Institute, Nagoya, Japan (Matsuo, Ito); Department of Epidemiology, Nagoya University Graduate School
of Medicine, Nagoya, Japan (Matsuo, Ito); Graduate School of Medicine, Gifu University, Gifu City, Japan (Nagata,
Wada); Academia Sinica, Taipei City, Taiwan (Chen); Graduate School of Public Health, University of Pittsburgh,
Pittsburgh, Pennsylvania (Yuan, Wang); Department of Social and Preventive Medicine, Sungkyunkwan University
School of Medicine, Seoul, South Korea (Shin); Department of Preventive Medicine, Seoul National University
College of Medicine, Seoul, South Korea (Park, Ahn, Yoo, Kang); Department of Biomedical Sciences, Seoul
National University Graduate School, Seoul, South Korea (Park, Kang); Cancer Research Institute, Seoul National
University, Seoul, South Korea (Park, Kang); Institute of Biomedical Sciences, Academia Sinica, Taipei City, Taiwan
(Pan); Cancer Foundation of China, Beijing, People’s Republic of China (Qiao); Fuwai Hospital, National Center for
Cardiovascular Diseases, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing,
People’s Republic of China (Gu); Taiwan Biobank, Institute of Biomedical Sciences, Academia Sinica, Taipei City,
Taiwan (Shen); Graduate Institute of Environmental Science, China Medical University, Taichung, Taiwan (Shen);
School of Medicine, Big Data Research Center, Fu Jen Catholic University, Taipei City, Taiwan (You); Armed Forces
Capital Hospital, Seoul National University College of Medicine, Seoul, South Korea (Yoo); Cancer Research Center,
Department of Health Studies, University of Chicago, Chicago, Illinois (Ashan); Cancer Research Center,
Department of Medicine, University of Chicago, Chicago, Illinois (Ashan); Cancer Research Center, Department of
Human Genetics, University of Chicago, Chicago, Illinois (Ashan); Icahn School of Medicine at Mount Sinai, New
York, New York (Boffetta); Division of Public Health Sciences, Fred Hutchinson Cancer Research Center, Seattle,
Washington (Potter); Centre for Public Health Research, Massey University, Wellington, New Zealand (Potter);
Department of Epidemiology, University of Washington, Seattle (Potter).

Author Contributions: Drs Yang and Zheng had full access to all the data in the study and take responsibility for
the integrity of the data and the accuracy of the data analysis.

Concept and design: Yang, Yu, Wen, He, Y.-T. Gao, Irie, Pan, Cai, Ahn, You, Ashan, Chia, Boffetta, Kang, Zheng.

Acquisition, analysis, or interpretation of data: Yang, Yu, Shu, Saito, Rahman, Gupta, He, Tsugane, Xiang, Koh,
Tamakoshi, Irie, Sadakane, Tsuji, Kanemura, Matsuo, Nagata, Chen, Yuan, Shin, Park, Qiao, Pednekar, Gu, Sawada,
Li, J. Gao, Grant, Tomata, Sugawara, Ito, Wada, Shen, Wang, You, Yoo, Ashan, Chia, Boffetta, Inoue, Potter.

Drafting of the manuscript: Yang, Yu, Wen, Irie, Grant, You, Yoo, Zheng.

Critical revision of the manuscript for important intellectual content: Yang, Yu, Shu, Saito, Rahman, Gupta, He,
Tsugane, Xiang, Y.-T. Gao, Koh, Tamakoshi, Irie, Sadakane, Tsuji, Kanemura, Matsuo, Nagata, Chen, Yuan, Shin, Park,
Pan, Qiao, Pednekar, Gu, Sawada, Li, J. Gao, Cai, Grant, Tomata, Sugawara, Ito, Wada, Shen, Wang, Ahn, You, Ashan,
Chia, Boffetta, Inoue, Kang, Potter, Zheng.

Statistical analysis: Yang, Wen, Irie, Tsuji, Cai, Shen, Ahn, You, Yoo, Zheng.

Obtained funding: Shu, He, Tsugane, Yuan, Qiao, Inoue.

Administrative, technical, or material support: Saito, Gupta, Tsugane, Xiang, Y.-T. Gao, Tamakoshi, Irie, Sadakane,
Tsuji, Kanemura, Nagata, Yuan, Shin, Pan, Qiao, Pednekar, Gu, Li, J. Gao, Cai, Sugawara, Wada, Chia, Boffetta,
Inoue, Kang, Zheng.

Supervision: Wen, Shu, Y.-T. Gao, Tamakoshi, Shen, Boffetta, Inoue, Potter, Zheng.

Conflict of Interest Disclosures: Dr Yuan reported grants from the National Institutes of Health outside the
submitted work. Dr Sawada reported receiving grants from the National Cancer Center and grants from the

JAMA Network Open | Public Health Tobacco Smoking and Mortality in Asia

JAMA Network Open. 2019;2(3):e191474. doi:10.1001/jamanetworkopen.2019.1474 (Reprinted) March 29, 2019 11/14

Downloaded From: https://jamanetwork.com/ on 09/11/2020

mailto:wei.zheng@vanderbilt.edu


Ministry of Health, Labour and Welfare of Japan during the conduct of the study. No other disclosures were
reported.

Funding/Support: This work was supported by research funds from the Anne Potter Wilson Chair endowment
and grants UM1CA182910 (Dr Zheng) and UM1CA173640 (Dr Shu) from the National Institutes of Health at
Vanderbilt University Medical Center. Participating cohort studies (funding sources) in the consortium are as
follows: China National Hypertension Survey Epidemiology Follow-up Study (CHEFS), funding sources: American
Heart Association (9750612N), National Heart, Lung, and Blood Institute (U01-HL072507), Chinese Academy of
Medical Sciences; Shanghai Cohort Study (SCS), funding sources: National Institutes of Health (R01CA0403092,
R01CA144034, and UM1CA182876); Shanghai Men’s Health Study (SMHS), funding sources: National Institutes of
Health (R01-CA82729); Shanghai Women’s Health Study (SWHS), funding sources: National Institutes of Health
(R37-CA70867); Korea Multi-center Cancer Cohort (KMCC), funding sources: Ministry of Education, Science and
Technology, Korea (2009-0087452), National Research Foundation of Korea (2009-0087452); Seoul Male
Cancer Cohort, funding sources: National R&D Program for Cancer Control, Ministry of Health & Welfare, Republic
of Korea (0520160-1); Singapore Chinese Health Study (SCHS), funding sources: National Institutes of Health
(R01CA55069, R35CA53890, R01CA80205, R01CA144034, and UM1CA182876); Community-Based Cancer
Screening Project (CBCSP), funding sources: National Science Council and Department of Health, Taiwan;
Cardiovascular Disease Risk Factor Two-Township Study (CVDFACTS), funding sources: Department of Health,
Taiwan (DOH80-27, DOH81-021, DOH8202-1027, DOH83-TD-015, and DOH84-TD-006); and Mumbai Cohort
Study, funding sources: International Agency for Research on Cancer, Clinical Trials Service Unit/Oxford University,
World Health Organization. For the Life Span Study (LSS), the Radiation Effects Research Foundation (RERF),
Hiroshima and Nagasaki, Japan, is a private, nonprofit foundation funded by the Japanese Ministry of Health,
Labour and Welfare (MHLW) and the US Department of Energy (DOE), the latter in part through DOE Award
DE-HS0000031 to the National Academy of Sciences. This publication was supported by RERF Research Protocol
RP-A03-10. Other Japanese cohorts: Three Prefecture Cohort Study Aichi (3-Prefecture Aichi), Ibaraki Prefectural
Health Study, Japan Collaborative Cohort Study (JACC), Japan Public Health Center-based Prospective Study
(JPHC1, JPHC2), Three Prefecture Cohort Study Miyagi (3-Prefecture Miyagi), Miyagi Cohort Study, and Ohsaki
National Health Insurance Cohort Study (Ohsaki) are supported by the Grant-in-aid for Cancer Research, the Grant
for the Third Term Comprehensive Control Research for Cancer, the Grant for Health Services, the Grant for
Medical Services for Aged and Health Promotion, the Grant for Comprehensive Research on Cardiovascular and
Life-style Related Diseases from the Ministry of Health, Labour and Welfare, Japan, and the Grant for Scientific
Research from the Ministry of Education, Culture, Sports, Science and Technology, Japan. Japan Public Health
Center-Based Prospective Study (JPHC1, JPHC2) and Takayama Study are also supported by the National Cancer
Center Research and Development Fund.

Role of the Funder/Sponsor: The funding sources had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Additional Contributions: We thank all research team members and participants of each cohort study for their
contribution to this research. Kimberly A. Kreth, MBA, Vanderbilt University Medical Center, assisted in preparing
the manuscript. She did not receive extra compensation for her contribution other than her salary as an employee
of the Vanderbilt University Medical Center.

REFERENCES
1. World Health Organization. WHO Report on the Global Tobacco Epidemic, 2017: Monitoring Tobacco Use and
Prevention Policies. Geneva, Switzerland: World Health Organization; 2017.

2. Mathers CD, Loncar D. Projections of global mortality and burden of disease from 2002 to 2030. PLoS Med.
2006;3(11):e442. doi:10.1371/journal.pmed.0030442

3. Eriksen M, Mackay J, Schluger NW. The Tobacco Atlas. 5th ed. Atlanta, GA: American Cancer Society; 2015.

4. Zheng W, McLerran DF, Rolland BA, et al. Burden of total and cause-specific mortality related to tobacco
smoking among adults aged �45 years in Asia: a pooled analysis of 21 cohorts. PLoS Med. 2014;11(4):e1001631.
doi:10.1371/journal.pmed.1001631

5. World Health Organization. WHO Framework Convention on Tobacco Control. Geneva, Switzerland: World
Health Organization; 2005.

6. Katanoda K, Jiang Y, Park S, Lim MK, Qiao Y-L, Inoue M. Tobacco control challenges in East Asia: proposals for
change in the world’s largest epidemic region. Tob Control. 2014;23(4):359-368. doi:10.1136/tobaccocontrol-2012-
050852

7. GBD 2015 Tobacco Collaborators. Smoking prevalence and attributable disease burden in 195 countries and
territories, 1990-2015: a systematic analysis from the Global Burden of Disease Study 2015. Lancet. 2017;389
(10082):1885-1906. doi:10.1016/S0140-6736(17)30819-X

JAMA Network Open | Public Health Tobacco Smoking and Mortality in Asia

JAMA Network Open. 2019;2(3):e191474. doi:10.1001/jamanetworkopen.2019.1474 (Reprinted) March 29, 2019 12/14

Downloaded From: https://jamanetwork.com/ on 09/11/2020

https://dx.doi.org/10.1371/journal.pmed.0030442
https://dx.doi.org/10.1371/journal.pmed.1001631
https://dx.doi.org/10.1136/tobaccocontrol-2012-050852
https://dx.doi.org/10.1136/tobaccocontrol-2012-050852
https://dx.doi.org/10.1016/S0140-6736(17)30819-X


8. Jha P. Avoidable global cancer deaths and total deaths from smoking. Nat Rev Cancer. 2009;9(9):655-664.
doi:10.1038/nrc2703

9. Lopez AD, Collishaw NE, Piha T. A descriptive model of the cigarette epidemic in developed countries. Tob
Control. 1994;3(3):242-247. doi:10.1136/tc.3.3.242

10. Clow B, Pederson A, Haworth-Brockman M, Bernier J. Rising to the Challenge: Sex- and Gender-Based Analysis
for Health Planning, Policy and Research in Canada. Halifax, NS: Atlantic Centre of Excellence for Women’s Health;
2009.

11. Chen Z, Peto R, Zhou M, et al; China Kadoorie Biobank (CKB) Collaborative Group. Contrasting male and female
trends in tobacco-attributed mortality in China: evidence from successive nationwide prospective cohort studies.
Lancet. 2015;386(10002):1447-1456. doi:10.1016/S0140-6736(15)00340-2

12. Sakata R, McGale P, Grant EJ, Ozasa K, Peto R, Darby SC. Impact of smoking on mortality and life expectancy in
Japanese smokers: a prospective cohort study. BMJ. 2012;345:e7093. doi:10.1136/bmj.e7093

13. Funatogawa I, Funatogawa T, Yano E. Trends in smoking and lung cancer mortality in Japan, by birth cohort,
1949-2010. Bull World Health Organ. 2013;91(5):332-340. doi:10.2471/BLT.12.108092

14. Marugame T, Kamo K, Sobue T, et al. Trends in smoking by birth cohorts born between 1900 and 1977 in Japan.
Prev Med. 2006;42(2):120-127. doi:10.1016/j.ypmed.2005.09.009

15. Zheng W, McLerran DF, Rolland B, et al. Association between body-mass index and risk of death in more than 1
million Asians. N Engl J Med. 2011;364(8):719-729. doi:10.1056/NEJMoa1010679

16. Burke DL, Ensor J, Riley RD. Meta-analysis using individual participant data: one-stage and two-stage
approaches, and why they may differ. Stat Med. 2017;36(5):855-875. doi:10.1002/sim.7141

17. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 1986;7(3):177-188. doi:10.1016/0197-
2456(86)90046-2

18. Benichou J. Methods of adjustment for estimating the attributable risk in case-control studies: a review. Stat
Med. 1991;10(11):1753-1773. doi:10.1002/sim.4780101113

19. Thun MJ, Carter BD, Feskanich D, et al. 50-Year trends in smoking-related mortality in the United States. N Engl
J Med. 2013;368(4):351-364. doi:10.1056/NEJMsa1211127

20. US Department of Health and Human Services, National Institutes of Health, National Cancer Institute.
Changes in cigarette-related disease risks and their implications for prevention and control: smoking and tobacco
control monograph No. 8. Bethesda, MD: National Institutes of Health, National Cancer Institute; 1997. http://
permanent.access.gpo.gov/lps117873/m8_complete.pdf. Accessed February 24, 2019

21. Jha P, Ramasundarahettige C, Landsman V, et al. 21st-Century hazards of smoking and benefits of cessation in
the United States. N Engl J Med. 2013;368(4):341-350. doi:10.1056/NEJMsa1211128

22. Pirie K, Peto R, Reeves GK, Green J, Beral V; Million Women Study Collaborators. The 21st century hazards of
smoking and benefits of stopping: a prospective study of one million women in the UK. Lancet. 2013;381(9861):
133-141. doi:10.1016/S0140-6736(12)61720-6

23. Kenfield SA, Stampfer MJ, Rosner BA, Colditz GA. Smoking and smoking cessation in relation to mortality in
women. JAMA. 2008;299(17):2037-2047. doi:10.1001/jama.299.17.2037

24. Doll R, Peto R, Wheatley K, Gray R, Sutherland I. Mortality in relation to smoking: 40 years’ observations on
male British doctors. BMJ. 1994;309(6959):901-911. doi:10.1136/bmj.309.6959.901

25. Doll R, Peto R, Boreham J, Sutherland I. Mortality in relation to smoking: 50 years’ observations on male British
doctors. BMJ. 2004;328(7455):1519. doi:10.1136/bmj.38142.554479.AE

26. McLaughlin JK, Hrubec Z, Blot WJ, Fraumeni JF Jr. Smoking and cancer mortality among US veterans: a 26-
year follow-up. Int J Cancer. 1995;60(2):190-193. doi:10.1002/ijc.2910600210

27. Banks E, Joshy G, Weber MF, et al. Tobacco smoking and all-cause mortality in a large Australian cohort study:
findings from a mature epidemic with current low smoking prevalence. BMC Med. 2015;13(1):38. doi:10.1186/
s12916-015-0281-z

28. Inoue-Choi M, Liao LM, Reyes-Guzman C, Hartge P, Caporaso N, Freedman ND. Association of long-term,
low-intensity smoking with all-cause and cause-specific mortality in the National Institutes of Health-AARP Diet
and Health Study. JAMA Intern Med. 2017;177(1):87-95. doi:10.1001/jamainternmed.2016.7511

29. Schulze A, Mons U. Trends in cigarette smoking initiation and cessation among birth cohorts of 1926-1970 in
Germany. Eur J Cancer Prev. 2005;14(5):477-483. doi:10.1097/01.cej.0000174777.98518.7e

30. National Center for Chronic Disease Prevention and Health Promotion (US) Office on Smoking and Health. The
Health Consequences of Smoking—50 Years of Progress: A Report of the Surgeon General. Atlanta, GA: Centers for
Disease Control and Prevention; 2014. https://www.ncbi.nlm.nih.gov/books/NBK179276/. Accessed July 17, 2017.

JAMA Network Open | Public Health Tobacco Smoking and Mortality in Asia

JAMA Network Open. 2019;2(3):e191474. doi:10.1001/jamanetworkopen.2019.1474 (Reprinted) March 29, 2019 13/14

Downloaded From: https://jamanetwork.com/ on 09/11/2020

https://dx.doi.org/10.1038/nrc2703
https://dx.doi.org/10.1136/tc.3.3.242
https://dx.doi.org/10.1016/S0140-6736(15)00340-2
https://dx.doi.org/10.1136/bmj.e7093
https://dx.doi.org/10.2471/BLT.12.108092
https://dx.doi.org/10.1016/j.ypmed.2005.09.009
https://dx.doi.org/10.1056/NEJMoa1010679
https://dx.doi.org/10.1002/sim.7141
https://dx.doi.org/10.1016/0197-2456(86)90046-2
https://dx.doi.org/10.1016/0197-2456(86)90046-2
https://dx.doi.org/10.1002/sim.4780101113
https://dx.doi.org/10.1056/NEJMsa1211127
http://permanent.access.gpo.gov/lps117873/m8_complete.pdf
http://permanent.access.gpo.gov/lps117873/m8_complete.pdf
https://dx.doi.org/10.1056/NEJMsa1211128
https://dx.doi.org/10.1016/S0140-6736(12)61720-6
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.299.17.2037&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.1474
https://dx.doi.org/10.1136/bmj.309.6959.901
https://dx.doi.org/10.1136/bmj.38142.554479.AE
https://dx.doi.org/10.1002/ijc.2910600210
https://dx.doi.org/10.1186/s12916-015-0281-z
https://dx.doi.org/10.1186/s12916-015-0281-z
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2016.7511&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.1474
https://dx.doi.org/10.1097/01.cej.0000174777.98518.7e
https://www.ncbi.nlm.nih.gov/books/NBK179276/


31. Thun MJ, Hannan LM, Adams-Campbell LL, et al. Lung cancer occurrence in never-smokers: an analysis of 13
cohorts and 22 cancer registry studies. PLoS Med. 2008;5(9):e185. doi:10.1371/journal.pmed.0050185

32. Mumford JL, He XZ, Chapman RS, et al. Lung cancer and indoor air pollution in Xuan Wei, China. Science. 1987;
235(4785):217-220. doi:10.1126/science.3798109

33. Hamra GB, Guha N, Cohen A, et al. Outdoor particulate matter exposure and lung cancer: a systematic review
and meta-analysis. Environ Health Perspect. 2014;122(9):906-911. doi:10.1289/ehp/1408092

34. Liu S, Zhang M, Yang L, et al. Prevalence and patterns of tobacco smoking among Chinese adult men and
women: findings of the 2010 national smoking survey. J Epidemiol Community Health. 2017;71(2):154-161. doi:10.
1136/jech-2016-207805

SUPPLEMENT.
eAppendix. Supplemental Methods
eReferences
eFigure 1. 20 Participating Cohorts for the Current Pooled Analysis
eFigure 2. Tobacco Smoking Patterns in Rural China Populations
eFigure 3. Mean Age at Starting Tobacco Smoking by Birth Cohorts and Study Populations
eFigure 4. Mean Number of Cigarettes Smoked per Day by Birth Cohorts and Study Populations
eFigure 5. Population Attributable Risk of Tobacco Smoking in Asian Female Populations
eTable 1. Descriptions of Participating Cohorts
eTable 2. Baseline Characteristics Across Birth Cohorts
eTable 3. Mean Age at Quitting Tobacco Smoking Among Former Smokers by Birth Cohorts and Study Populations:
Asian Male Populations
eTable 4. Risk of Death Associated With Tobacco Smoking by Birth Cohorts and Attained Age in Asian Male
Populations: Current vs Never Smokers
eTable 5. Risk of Death Associated With Tobacco Smoking History by Birth Cohorts in Asian Male Populations
eTable 6. Risk of Death Associated With Age at Quitting Smoking by Birth Cohorts in Asian Male Populations
eTable 7. Risk of Death Associated With Tobacco Smoking History by Birth Cohorts in Asian Female Populations
eTable 8. Risk of Death Associated With Tobacco Smoking by Birth Cohorts in Asian Populations: Sensitivity
Analysis Not Adjusted for Body Mass Index
eTable 9. Risk of Death Associated With Tobacco Smoking by Birth Cohorts in Asian Populations: Sensitivity
Analysis Further Adjusted for Physical Activity Status
eTable 10. Risk of Death Associated With Tobacco Smoking by Birth Cohorts in Asian Populations: Sensitivity
Analysis Using the Multiple Imputation Method

JAMA Network Open | Public Health Tobacco Smoking and Mortality in Asia

JAMA Network Open. 2019;2(3):e191474. doi:10.1001/jamanetworkopen.2019.1474 (Reprinted) March 29, 2019 14/14

Downloaded From: https://jamanetwork.com/ on 09/11/2020

https://dx.doi.org/10.1371/journal.pmed.0050185
https://dx.doi.org/10.1126/science.3798109
https://dx.doi.org/10.1289/ehp/1408092
https://dx.doi.org/10.1136/jech-2016-207805
https://dx.doi.org/10.1136/jech-2016-207805

