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Emerging Tobacco-Related Cancer Risks in China:
A Nationwide, Prospective Study of 0.5 Million Adults

Zheng-Ming Chen, DPhil"; Richard Peto, FRS'; Andri lona, MSc'; Yu Guo, MSc?; Yi-Ping Chen, DPhil'; Zheng Bian, MSc?;
Ling Yang, PhD'; Wei-Yuan Zhang, MSc®; Feng Lu, MSc* Jun-Shi Chen, MD®; Rory Collins, FRS'; and Li-Ming Li, MD%5;
for the China Kadoorie Biobank Collaborative Group

BACKGROUND: In China, cigarette consumption has increased substantially since the 1980s, almost exclusively in men. This
study was aimed at assessing the emerging cancer risks. METHODS: A nationwide, prospective study recruited 210,259 men and
302,632 women aged 30 to 79 years from 10 areas of China from 2004 to 2008; approximately 18,000 incident cancers were
recorded during 7 years of follow-up. Cox regression yielded adjusted risk ratios (RRs) comparing smokers (including those who had
stopped because of illness but not those who had stopped by choice) with never-smokers. RESULTS: Among men, 68% were smok-
ers; their overall cancer risk was significantly increased (RR, 1.44; 95% confidence interval [CI], 1.37-1.53), and it was greater in urban
(RR, 1.55; 95% ClI, 1.41-1.70) than in rural areas (RR, 1.39; 95% CI, 1.30-1.49). This excess accounted for 23% of all cancers between the
ages of 40 and 79 years, with significantly elevated risks of lung cancer (RR, 2.51; 95% ClI, 2.18-2.90), liver cancer (RR, 1.32; 95% ClI,
112-1.54), stomach cancer (RR, 1.34; 95% CI, 1.16-1.55), esophageal cancer (RR, 1.47; 95% ClI, 1.24-1.73), and an aggregate of 5 other
minor sites (RR, 1.52; 95% Cl, 1.25-1.86). For lung cancer, the RRs were much greater for nonadenocarcinoma (RR, 5.83; 95% Cl, 5.02-
6.77) than for adenocarcinoma (RR, 1.78; 95% ClI, 1.36-2.34). Among exsmokers (6.7%) who had stopped by choice, there was little
excess cancer risk approximately 15 years after quitting. Among the few female smokers (3%), the overall cancer risk was also signifi-
cantly increased (RR, 1.42; 95% ClI, 1.28-1.57). Smoking was estimated to cause approximately 435,000 new cancers per year in China
(approximately 360,000 in men and approximately 75,000 in women). CONCLUSIONS: In China, smoking now causes a quarter of all
adult male cancers. High male uptake rates before the age of 20 years and nearly universal use of cigarettes foreshadow substantial
tobacco-attributed risks in China unless there is widespread cessation. Cancer 2015;121:3097-106. © 2015 The Authors. Cancer pub-
lished by Wiley Periodicals, Inc. on behalf of American Cancer Society. This is an open access article under the terms of the Creative
Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly
cited.
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INTRODUCTION

Tobacco smoking is one of the most important avoidable causes of premature death and major disability globally.' In
developed countries (eg, the United States and the United Kingdom), where cigarettes have been used widely for several
decades, smoking was responsible by the 1980s for approximately one-third of all deaths and more than half of all cancer
deaths in middle age. Since then, the tobacco-attributed mortality rate has been declining steadily in most developed coun-
tries, but it is growing in many developing countries. China, with one-fifth of the world’s population, now produces and
consumes approximately 40% of the world’s cigarettes, with much of the rapid increase taking place since the early 1980s,
almost exclusively in men.”'? There is evidence that the lung cancer mortality rate is rising steadily in China,'" but the
substantial increases in cigarette smoking among Chinese men are, however, as yet too recent for the full eventual health
consequences to be seen with respect to cancer and other diseases.'”
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Over the last few decades, large studies of smoking
and mortality have been conducted in particular regions
of China or nationwide."”® Nearly all individuals
included in these studies were born before 1950 and,
unlike smokers born in recent decades, had not smoked
cigarettes persistently since early adulthood or had
smoked forms of tobacco (eg, pipe tobacco and hand-
rolled cigarettes) that carry a lower risk than cigarettes.
Thus, their tobacco-attributed risk was much less extreme
than the risk for their counterparts in the West; they had,
for example, only a 2- to 4-fold increased risk of lung can-
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versus the 20- to 30-fold increased risk among
smokers in the West.! The recent substantial increase in
cigarette consumption in China can be expected eventu-
ally to cause a substantial increase in risk over the next few
decades, especially among men. Large changes in diet,
physical activity, indoor and outdoor air pollution, and
chronic infective processes that are taking place in China
may well greatly alter the background rates of particular
diseases among nonsmokers and change the absolute
effects of tobacco smoking.1 112

Despite the growing tobacco epidemic, there are no
reliable estimates about smoking-related cancer risks in
China for the current decade or about the benefits of stop-
ping. We aim to address these issues with data from a
recent nationwide, prospective study (China Kadoorie
Biobank) that began in 2004-2008. By applying
population-attributed fractions of cancer from smoking
to 2010 national cancer incidence data, we also estimate

the number of smoking-attributed cancer cases in China.

MATERIALS AND METHODS

Baseline Survey

Details about the China Kadoorie Biobank design, meth-
ods, and participants have been described elsewhere.!”2°
Briefly, the 2004-2008 baseline survey took place in 10
geographically diverse areas of China, 4 urban and 6 rural
(or semirural [Suzhou]). These areas were chosen to cover
a range of socioeconomic statuses, disease patterns, likely
exposures to certain risk factors, and health record system
quality. All study areas are part of the China Center for
Disease Control and Prevention’s Disease Surveillance
Points and should, in aggregate, be reasonably nationally
representative (eg, the proportion living in rural areas and
the smoking prevalence).”' All nondisabled residents aged
35 to 74 years were invited to attend local survey clinics.
Trained health workers administered laptop-based ques-
tionnaires on sociodemographic status, smoking, alcohol
drinking, diet, physical activities, exposure to indoor air
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pollution, self-reported medical history, and reproductive
history (in women), and they took physical measurements
(eg, height, weight, waist and hip circumferences, bio-
impedance, blood pressure, heart rate, and lung function)
with validated instruments and blood for long-term stor-
age. Overall, 512,891 individuals, 210,259 men and
302,632 women, (including a few just outside the age
range of 35-74 years) participated and gave written
informed consent for follow-up. Prior international,
national, and local ethics approval was obtained.

Assessment of Smoking Status

The interviewer-administered questionnaire on smoking
included the frequency, type, and amount of smoking
both currently and in the past, the degree of inhalation,
the age at which regular smoking was first started, the age
at which smoking was last stopped, and the main reason
for cessation. Regular smokers were defined as those who
reported having ever smoked 1 or more cigarettes (or their
equivalent) daily for at least 6 months. Among regular
smokers who had stopped 6 or more months before
recruitment, approximately half did so because of ill
health, and they were still counted as smokers in the analy-
ses; those who had stopped by choice were analyzed sepa-
rately to assess the effects of cessation. To help validate
exposure to smoking, exhaled carbon monoxide was also
measured (CareFusion MicroCO meter).*

Follow-Up for Mortality and Cancer Incidence

Each participant’s vital status was obtained periodically
through China’s Disease Surveillance Point death regis-
tries,”’ which were supplemented annually by checks
against local residential records and health insurance claim
databases and by active confirmation through street com-
mittees or village physicians/administrators. Deaths were
coded with International Classification of Diseases, Tenth
Revision (ICD-10) by trained staff blinded to the baseline
information. Causes of death from official death certifi-
cates were supplemented, if necessary, by a review of med-
ical records. For the small proportion of deaths (<5%)
without any recent medical attention, standardized proce-
dures were used to determine probable causes from symp-
toms or signs described by informants.”> Additional data
on cancer incidence were collected through linkages with
established chronic disease registries (for cancer, stroke, is-
chemic heart disease, and diabetes) in the study areas and
with national health insurance claim databases. Nearly all
of the China Kadoorie Biobank population is now cov-
ered by the health insurance system, which records details
of all hospitalized events (with /CD-10 codes) and coded
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examination and treatment procedures.*” Information on
cancer histological subtypes was also collected for a subset
of the cases through cancer registries or reviews of hospital
medical notes as part of the ongoing outcome adjudica-
tion for major diseases.

By January 1, 2014, 25,488 participants (5%) had
died after 7 years of follow-up, 2411 (0.5%) were lost to
follow-up, and 18,345 had been diagnosed with their first
incident cancer (/CD-10 codes C00-C97).

Statistical Analysis

All the analyses were performed separately for men and
women and excluded the small number of participants
with a prior history of cancer at the baseline. Cox
regression models were used to obtain adjusted risk
ratios (RRs) that compared smokers (including those
who had stopped because of ill health) with never-
smokers. Sex-specific analyses were stratified for the age
at risk (5-year groups) and the geographical location
(4 urban locations and 6 rural/semirural locations), and
they were adjusted simultaneously for education (4 lev-
els) and alcohol drinking (3 levels: never, occasional, or
ever regular). RRs for particular smoking categories are
presented along with the variance of the log risk in
each category, so each RR has a 95% confidence inter-
val (CI) that appropriately reflects the number of sub-
jects and cancer cases in that smoking category.”* We
did not categorize smoking exposure by pack-years
because smoking 10 cigarettes a day for 40 years may
produce very different risks late in life than smoking
20 cigarettes a day for 20 years. In addition to the
amount smoked and the degree of inhalation, we also
assessed the effects by the age at which smoking was
first started, which, given duration, also affects the dis-
ease risk independently.”® The population attributable
fraction (PAF) was calculated with the following
equation:

PAF=PX (RR-1)/RR

where P is the prevalence of smoking among those devel-
oping the relevant cancer in the China Kadoorie Biobank.
This provides a valid PAF estimate even when there is
confounding.?® All analyses used SAS 9.3.

RESULTS

Overall, 74% of men were ever regular smokers (including
6.7% who had stopped by choice), whereas only 3% of
women were. For both sexes, the mean exhaled carbon
monoxide level was significantly higher for current
smokers than for ex-smokers or never-smokers (Support-
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Figure 1. Prevalence of ever regular smoking by year of birth
among men and women.

ing Table 1 [see online supporting information]). Among
men, the prevalence of ever regular smoking did not vary
much by area, but overall, it was significantly higher in ru-
ral areas than urban areas (78.2% vs 66.4%, P < .00001).
It also varied only slightly with age or year of birth (Fig.
1), household income, and level of education (except
among those educated to a tertiary level, for whom it was
considerably lower). Younger smokers were more likely to
have started at a younger age (approximately 20 years for
men born in 1970 versus approximately 26 years for men
born in 1930; overall mean age, 22 years) and to smoke
cigarettes (vs other forms of tobacco) both when they first
started and when they last smoked. Although the mean
age of starting differed litdle by area, the proportion of
men who smoked cigarettes when they first started or last
smoked was significantly higher in urban areas than in ru-
ral areas, especially in older birth cohorts (Supporting Fig.
1 [see online supporting information]).

Among women, the prevalence of ever regular smok-
ing was associated positively with increasing age at the
baseline or an earlier birth cohort (0.7% for those born in
the 1970s, 1.4% for those born in the 1960s, 2.9% for
those born in the 1950s, 7.5% for those born in the
1940s, and 10.1% for those born in the 1930s; Fig. 1).
Because the mean age for starting to smoke regularly
among smokers was similar across different birth cohorts
(approximately 27 years), this inverse trend with the year
of birth reflects chiefly a progressive decline in the

3099



Original Article

TABLE 1. Number of Cancer Cases at the Ages of 40 to 79 Years, Adjusted RRs, and Proportions of

Smoking-Attributable Risk in Men and Women

Men Women
No. of Events No. of Events

RR PAF RR PAF

Never-Smokers ~ Smokers? (95% CI)° (%)°  Never-Smokers  Smokers® (95% CI)° (%)°
Lung cancer 232 1481 2.51 (2.18-2.90)¢ 50 1031 124 2.28 (1.84-2.81)¢ 7
Liver cancer 207 774 1.32 (1.12-1.54)° 18 458 35 1.49 (1.01-2.20)° 2
Stomach cancer 250 952 1.34 (1.16-1.55)° 19 582 33 1.19 (0.81-1.75) 0
Esophageal cancer 179 768 1.47 (1.24-1.73) 24 442 17 1.24 (0.71-2.17) 1
Breast cancer 1286 33 0.99 (0.69-1.42) 0
Five minor sites’ 131 523 1.52 (1.25-1.86)° 25 421 21 1.04 (0.65-1.67) 0
All other cancer 632 1783 1.10 (1.00-1.21) 7 3786 185 1.29 (1.10-1.51)° 1
All cancer 1631 6281 1.44 (1 .37—1.53)d 23 8006 448 1.42 (1.28-1.57)° 2

Abbreviations: Cl, confidence interval; PAF, population attributed fraction; RR, risk ratio.

This table excludes 2577 participants (including 969 males) with cancer at the baseline.

2Smokers exclude 15,281 ever regular smokers who had stopped smoking by choice but not those who had stopped because of ill health.
PRRs were adjusted for area and age at risk (strata) and for education (4 levels) and alcohol use (never, occasional, or regular).

°The RRs that were used for calculating PAFs were for all ever regular smokers, including those who had stopped by choice.

dp <.001.
°P <.01.

Five minor sites include: mouth, pharynx, bladder, larynx, and pancreas (International Classification of Diseases, Tenth Revision codes C00-C14, C25, C32,

and C67).

probability of starting to smoke among young women
over the past few decades.

During approximately 1.4 million man-years of
follow-up, 8566 men developed cancer between the ages
of 40 and 79 years, and the risk was strongly associated
with ever regular smoking (Table 1), with age- and area-
standardized incidence rates of 6.7 per 1000 in smokers
and 4.7 per 1000 in never-smokers. The multivariate
adjusted RR for overall cancer in men was 1.44 (95% CI,
1.37-1.53) and was greater in urban areas (RR, 1.55; 95%
ClI, 1.41-1.70) than rural areas (RR, 1.39; 95% CI, 1.30-
1.49). Across 4 urban areas, the RR for smokers ranged
from 1.44 to 1.66, whereas in rural areas, it ranged from
1.24 to 1.75 (Supporting Fig. 2 [see online supporting in-
formation]). When the analyses were restricted to cancer
mortality, the findings were similar (RR, 1.52; 95% CI,
1.47-1.58). If these associations with smoking are largely
causal, then 23% of all male cancer cases between the ages
of 40 and 79 years in the current study can be attributed
directly to ever regular smoking.

Among smokers, there were significantly increased risks
of several major cancers, including lung cancer (RR, 2.51;
95% CI, 2.18-2.90), liver cancer (RR, 1.32; 95% CI, 1.12-
1.54), stomach cancer (RR, 1.34; 95% CI, 1.16-1.55),
esophageal cancer (RR, 1.47; 95% CI, 1.24-1.73), and an ag-
gregate of cancer at 5 other minor sites (RR, 1.52; 95% CI,
1.25-1.86; Table 1) with PAFs of 50%, 18%, 19%, 24%,
and 25% respectively. Again, the excess risks were generally
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greater in urban smokers than in rural smokers (data not
shown). For colorectal cancer (583 cases), no significant asso-
ciation with smoking was observed (RR, 1.08; 95% CI,
0.99-1.18). Compared with ever regular smokers, the relative
risk estimates for current smokers versus never-smokers were
similar, but the population attributable fractions were some-
what smaller, mainly because of the lower prevalence (Sup-
porting Table 2 [see online supporting information]).

Table 2 shows the adjusted RRs for all cancer and
site-specific cancer among men by certain smoking charac-
teristics. In most cases, those men who first started smoking
regularly before the age of 20 years (mean age, approxi-
mately 17 years) were at greater risk than those who had
begun just 4 to 5 years later. For all cancer, the observed
RR for men who started at less than 20 years of age was
1.61 (95% CI, 1.54-1.69), whereas it was 1.30 (95% ClI,
1.24-1.30) for those who started at >25 years; for lung can-
cer, the RRs were 3.17 (95% CI, 2.91-3.46) and 1.90
(95% CI, 1.72-2.10), respectively. Again, the excess risks
were greater among urban men than rural men for a given
pattern of smoking, even though the Cls overlapped in
some cases (Fig. 2). Among urban male smokers who
started before the age of 20 years (ie, the uptake pattern
now typical among young men throughout China), most
had always smoked manufactured cigarettes, and the RR
for all cancer was 1.80 (95% CI, 1.66-1.96), and this sug-
gested that at nonsmoker rates, 44% (0.80 of 1.80) of all
cancer cases among men who started before the age of 20
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(A) All Cancer (B) Lung Cancer

No. of Hazard Ratio No. of Hazard Ratio

Category events. (95% CI) Category events (95% CI)
Urban: Urban:
Age started Age started

MNonsmoker 670 —- 1.00 (0.92 - 1.08) Nonsmoker 109 — 1.00(0.82-1.22)
25+ 573 - 1.44 (1.33-1.57) 25+ 146 — 2.25(1.81-265)
20- 586 - 148 (137 -161) 20- 178 —— 292(252-338)
<20 805 — 1.80 (1.66 - 1.96) <20 179 —— 3.51(3.01-4.10)
Trand test P =.0002 Trend testP = .0003

Cigarette equivalents/day Cigarette equivalents/day

Nonsmoker 670 - 1.00 (0.92 - 1.08) Nonsmoker 109 —— 1.00(0.82-1.22)
<15 619 - 1.38(1.28 - 1.50) <15 149 —— 2.03(1.73-2.39)
15- 825 - 1.61(1.50-1.73) 15- 248 —— 3.16(2.79-3.58)
25+ 320 —— 1.85(1.66 - 2.07) 25+ 106 —=—  403(3.33-4.89)
Trand tost P < 0001 Trend test P <0001

Ruralisemirural: Ruralisemirural:

Age started Age started

Nonsmoker 961 E 1.00 (0.94 - 1.07) Nonsmoker 123 — 1.00 (0.84 - 1.20)
25+ 1367 . 1.22(1.16 - 1.29) 25+ 243 = 1.65(1.75- 1.56)
20- 1665 . 1.45(1.38-1.52) 20- 372 = 2,38 (2.84 - 2.00)
<20 1485 . 1.52 (1.45-1.60) =20 363 = 287 (364 -2.26)
Trand test P <.0001 Trand test P < 0001

Cigarette equivalents/day Cigarette equivalents/day

MNonsmoker 961 ' 1.00 (0.94 - 1.07) Nonsmoker 123 —— 1.00 (0.84 - 1.20)
<15 1551 - 1.26 (1.20 - 1.33) <15 264 —a— 1.76(1.55-1.99)
15- 1951 = 1.41(1.35- 1.48) 15- 454 - 235(2.14-2.57)
25+ 1015 E 1.85(1.55 - 1.76) 25+ 260 —— 3.22(2.83-3.66)
Trend test P <.0001 Trend tst P < 0007

L 1 L J L 1 1 L ]
05 1.0 15 20 25 05 1.0 20 30 40 6.0

Hazard Ratio (95% CI)
Figure 2. Adjusted risk ratios for (A) all cancer and (B) lung cancer by the age at which smoking was started and by the amount
last smoked in urban and rural men. The adjusted risk ratios are plotted on floating absolute scales. The area of each black square
is inversely proportional to the variance of the log risk ratio, which also determines the 95% confidence intervals (Cls).

Hazard Ratio (35% CI)

TABLE 3. Adjusted RRs for Lung Cancer Histological Subtypes by the Characteristics of Smoking in Men

Adenocarcinoma Nonadenocarcinoma® Other or Unknown Type

No. of Events RR (95% Cl) No. of Events RR (95% Cl) No. of Events RR (95% Cl)

Smoking category

Never-smoker 18 1.00 (0.62-1.61) 16 1.00 (0.61-1.64) 8 1.00 (0.50-2.02)
Exsmoker 5 0.75 (0.31-1.80) 11 1.75 (0.97-3.16) 4 1.32 (0.49-3.51)
Smoker 61 1.78 (1.36-2.34) 215 5.83 (5.02-6.77) 64 3.74 (2.80-5.00)
P (heterogeneity) .0353 <.0001 .0008
Age of starting smoking (mean)
>25y (31.0y) 21 1.66 (1.08-2.56) 54 4.36 (3.32-5.72) 13 1.83 (1.06-3.17)
20-24y (22.3 ) 20 1.60 (1.03-2.49) 89 6.77 (5.50-8.31) 28 4.72 (3.26-6.83)
<20y (17.0y) 20 1.99 (1.26-3.12) 72 6.89 (5.43-8.75) 23 5.04 (3.31-7.67)
P (trend)° .5870 .0184 .0091
Always inhaled into lungs
No 37 1.79 (1.29-2.48) 123 5.59 (4.67-6.70) 37 3.08 (2.20-4.31)
Yes 24 1.64 (1.09-2.47) 92 6.30 (5.10-7.78) 27 4.39 (2.99-6.44)
P (heterogeneity)® 7444 4025 1745
Cigarette equivalents/day (mean)
<15 (7.7) 23 1.76 (1.16-2.66) 40 2.97 (2.16-4.07) 18 2.74 (1.71-4.38)
15-24 (19.2) 30 1.84 (1.28-2.64) 112 6.93 (5.76-8.32) 38 4.64 (3.35-6.41)
>25 (35.2) 8 1.34 (0.67-2.70) 63 11.18 (8.68-14.40) 8 2.57 (1.27-5.21)
P (trend)° .6504 <.0001 .6085

Abbreviations: Cl, confidence interval; RR, risk ratio.
8Includes squamous cell carcinoma, small cell lung carcinoma, and large cell lung carcinoma.
®The RRs are relative to nonsmokers. Heterogeneity and trend tests were calculated within smokers.

years would have been avoided. For lung cancer, there were
also significant dose-response relations with the amount

smoked and the degree of inhalation (Table 2).
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Table 3 shows the separate relation between smok-
ing and the histological subtype of lung cancer for a subset

of the cases. The excess risks were significantly greater for
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(A) All Cancer
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Years stopped
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No. of events: 186 205 173
RR (95% CI): 1.35 (1.17-1.56) 1.22 (1.09-1.37) 0.98 (0.84-1.14)

(B) Lung Cancer
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Years stopped
smoking (mean): <5(2.4) 5-14 (8.6) 15+ (21.8)
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RR (95% Cl): 2.55 (1.92-3.38) 1.65 (1.18-2.04) 1.11(0.77-1.61)

Figure 3. Adjusted risk ratios (RRs) for (A) all cancer and (B) lung cancer by the number of years stopped smoking among male
exsmokers who had stopped by choice. The adjusted RRs are plotted on floating absolute scales. The area of each black or white
square is inversely proportional to the variance of the log RR, which also determines the 95% confidence intervals (Cls).

nonadenocarcinoma (ie, squamous cell carcinoma, small
cell carcinoma, and large cell carcinoma) than for adeno-
carcinoma with adjusted RRs of 5.83 (95% CI, 5.02-
6.77) versus 1.78 (95% CI, 1.36-2.34). For nonadenocar-
cinoma, there was a particularly strong dose-response rela-
tion with the amount smoked: the RRs were 3.0, 6.9, and
11.2 for those who smoked <15, 15 to 24, and 25 or
more cigarettes (or their equivalent) daily (< .0001 for
trend). For adenocarcinoma, no similar pattern was seen,
although the number of cases involved was small.

In this study, 6.7% of the men (9% of ever regular
smokers) were former smokers who had stopped by
choice. Among them, the RRs were 1.15 (95% CI, 1.06-
1.24) for all cancer and 1.53 (95% CI, 1.28-1.81) for
lung cancer (Table 2). Figure 3 further shows the RRs by
years of quitting and compares them with risks for current
smokers and never-smokers. The excess risks decreased
with increasing years of quitting reported at the baseline,
with RRs for all cancer being 1.35 (95% CI, 1.17-1.56),
1.22 (95% CI, 1.09-1.37), and 0.98 (95% CI, 0.84-1.14)
for those who had stopped smoking for <5, 5 to 14, and
15 or more years, respectively (P<.001 for trend).
Similarly, for lung cancer, these RRs were 2.55 (95% CI,
1.92-3.38), 1.55 (95% CI, 1.18-2.04), and 1.11 (95%
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ClL, 0.77-1.61), respectively (P < .001 for trend). Among
exsmokers, the numbers of other specific cancers were too
small for separate analyses. Supporting Figure 3 (see
online supporting information) shows similar results for
exsmokers who had stopped because of ill health. Among
them, the overall risk of all cancer (RR, 1.38; 95% CI,
1.29-1.47) was similar to that for current smokers but sig-
nificantly greater than that for exsmokers who had
stopped by choice, and there were significant residual risks
approximately 15 years after quitting. Similar findings
were also seen for lung cancer.

Among women, 8525 developed cancer between the
ages of 40 and 79 years during 2.15 million person-years
of follow-up. Among the very few who ever smoked regu-
larly, the overall cancer risk was again significantly ele-
vated (Table 1), with an adjusted RR of 1.42 (95% CI,
1.28-1.57), and it was greater, though nonsignificantly so,
in urban areas (RR, 1.51; 95% ClI, 1.30-1.75) than in ru-
ral areas (RR, 1.35; 95% ClI, 1.17-1.56). For lung cancer,
the RR was 2.28 (95% CI, 1.84-2.81); again, it was
greater in urban areas (RR, 2.97; 95% CI, 2.25-3.92)
than in rural areas (RR, 1.64; 95% CI, 1.18-2.26). If these
associations with smoking are largely causal, then approxi-
mately 2% of all female cancers between the ages of 40
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and 79 years in the current study can be attributed directly
to ever regular smoking.

We applied the population attributed fractions of
ever regular smoking in Table 1 to independent site-
specific numbers of cancers at the ages of 35 to 69, 70 to
79, and 80+ years in mainland China, which were esti-
mated on the basis of the incidence-to-mortality ratio.””*’
In 2010, it was estimated that smoking caused approxi-
mately 435,000 new cancer cases (and approximately
340,000 cancer deaths) in China, including 360,700
among men and 73,600 among women, with approxi-
mately 230,000 from lung cancer (203,000 in men and
28,000 in women).

DISCUSSION

This large nationwide, prospective study provides new
evidence for smoking-related cancer risks in China for the
current decade. Overall, it indicates that smoking causes
approximately 0.45 million cancer cases per year and
accounts for approximately a quarter of all adult male can-
cers. These estimates chiefly reflect the consequences of
past smoking patterns, and the epidemic is likely to de-
velop further. Among urban male smokers who started
before the age of 20 years (ie, the uptake pattern now typi-
cal among young men throughout China), the tobacco-
attributed cancer risk is already very appreciable, and this
foreshadows greater future risks for Chinese men as a
whole. It is encouraging that female smoking rates remain
low, and some of the male smokers in the study quit
before they had developed illness and thus avoided much
of the hazard.

During previous decades, several large studies
assessed the effects of smoking on cancer and other dis-
eases in particular Chinese populations; these almost
exclusively involved people born during the first half of
the 20th century and focused only on mortality.'”'®
Those studies indicated that smoking accounted for only
12% to 13% of all adult male deaths in China in the
1990s, and the epidemic was more advanced in urban
areas than in rural areas. For cancer, the previous estimates
for China were not entirely consistent, with tobacco-
attributed fractions ranging from 16% to 32%; this was
probably due partly to differences in sampling schemes,
areas covered, types of populations studied, and prevalen-
ces and definitions of smoking used. More recently, a few
studies attempted to assess the smoking-related cancer
burden in China for the current decade, but they still
involved cohorts established decades ago of people born
before 1950°° or used data from atypical regions of China
(eg, Shanghai) where the epidemic is more advanced in
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comparison with other regions as a result of more pro-
longed use of manufactured cigarettes.29’31 A recent
report estimated that in 2005, tobacco caused 0.5 million
cancers in China, including 270,000 lung cancers.”’ For
lung cancer, that report used relative risks (5.7 for men
and 5.0 for women) from published case-control studies
in Shanghai’?; these were much more extreme than those
observed in the current study and all other previous large
studies in mainland China.'®!®

In China, cigarette consumption became widespread
carlier in the cities (eg, Shanghai) than in the rural areas,
mainly because of limited availability in rural areas before
the 1980s. Consequently, as shown in our study, the epi-
demic is more advanced in urban men than rural men.
However, this urban/rural difference is likely to diminish
or even be reversed over the next few decades because rural
men born during more recent decades not only have
tended to start at the same age as their urban counterparts
but also have a higher smoking prevalence and smoke cig-
arettes almost exclusively. Likewise, in urban areas, as
older generations in which relatively few smoked ciga-
rettes persistently from early adulthood are replaced by
younger generations that have smoked cigarettes persis-
tently since early adulthood, the overall tobacco-related
cancer (and other disease) risk can be expected to increase,
as indicated by the findings in the current study among
urban men who started smoking before the age of
20 years.

The cancers chiefly associated with smoking in the
current study were those previously known to be affected
by smoking, including lung cancer, stomach cancer, liver
cancer, esophageal cancer, and cancer at 5 other less com-
mon sites. The observed relative risk for each, though still
much less extreme than those seen in Western popula-
tions, was generally consistent with findings from previ-
ous large studies in China.'31829-31 Although the data are
still limited, our study provides the first prospective evi-
dence in China that the association of lung cancer with
smoking is much stronger for nonadenocarcinoma than
adenocarcinoma. Although the current relative risks for
lung cancer and several other cancers are quite modest in
comparison with those for Western populations, the abso-
lute risks associated with smoking are not because of their
high rates among Chinese never-smokers. Indeed, the
lung cancer rates among male and female never-smokers
in the current study were more than 3 times those
reported for 1990 US never-smokers (Supporting Fig. 4
[sce online supporting information]), perhaps party
because of exposure to indoor air population from cook-
ing and healting.33 Large changes in diet, lifestyle, and
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chronic infective processes, some favorable (eg, better
nutrition, use of clean fuel for cooking and heating, and
vaccination against hepatitis B virus) and some unfavora-
ble (eg, lack of physical activity and increased consump-
tion of animal fat), are now taking place in China, and
they may substantially modify both the cancer risk in
never-smokers and the future population impact of smok-
ing on cancer and other diseases.'' It is possible that the
way in which people smoke (eg, degree of inhalation) may
also change somehow, but even among men who reported
not always inhaling deeply into the lungs while smoking,
the risks remain high.

In comparison with previous studies established 1 to
2 decades ago,lG’18 a higher proportion of Chinese smok-
ers have now quit smoking voluntarily, and this has
allowed a prospective assessment of the benefits associated
with cessation to be studied for the first time in China.
Our study shows that if smokers do stop before they de-
velop any serious illness, then much of the cancer risk can
be avoided approximately 15 years after quitting. How-
ever, approximately half of the exsmokers in the current
study quit only because of ill health, and among them, the
risk of cancer (and other diseases) was, as would be
expected, significantly higher than the risk for those who
had stopped by choice. This highlights the need for effec-
tive educational programs and campaigns to promote vol-
untary cessation among adult smokers for more health
gains.

In summary, approximately two-thirds of men in
China now smoke cigarettes regularly, and the current
study indicates that approximately 0.45 million cancer
cases per year (out of approximately 2 million cases per
year in adults) are now caused by smoking. The tobacco-
related cancer risks among men are expected to increase
substantially during the next few decades as a delayed
effect of the recent rise in cigarette use unless there is
widespread cessation among adult smokers. The first
generation of men in China to experience the full extent
of tobacco risks will probably be those who were born
during the 1970s or 1980s and reached adulthood dur-
ing the 1990s or 2000s when cigarette consumption in
China was high. Encouragingly, the female smoking rate
remains low, and unexpectedly (and without explana-
tion), the proportion of women who have become smok-
ers since early adulthood has decreased substantially over
the past few decades. If this low uptake of smoking by
young women continues, although the tobacco-attributed
disease burden will increase substantially among Chinese
men, it will decrease among Chinese women. Tobacco
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would then be responsible for most of the difference in life
expectancy between men and women in China.
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