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ABSTRACT

BACKGROUND
Smoking is a risk factor for many diseases and has been increasingly prevalent in
economically developing regions of the world. We aimed to estimate the number of
deaths attributable to smoking in China.

METHODS
We conducted a large, prospective cohort study in a nationally representative sam-
ple of 169,871 Chinese adults who were 40 years of age or older. Investigators for
the China National Hypertension Survey collected data on smoking and other risk
factors at a baseline examination in 1991 using a standard protocol. Follow-up
evaluation was conducted in 1999 and 2000, with a response rate of 93.4%. We used
multivariable-adjusted relative risk, prevalence of smoking, mortality, and popula-
tion size in each age group, stratified according to sex, to calculate the number of
deaths attributable to smoking in 2005.

RESULTS
There was a significant, dose-response association between pack-years smoked
and death from any cause in both men and women after adjustment for multiple
risk factors (P<0.001 for trend). We estimated that in 2005, a total of 673,000 deaths
(95% confidence interval [CI], 564,700 to 781,400) were attributable to smoking in
China: 538,200 (95% CI, 455,800 to 620,600) among men and 134,800 (95% CI,
108,900 to 160,800) among women. The leading causes of smoking-related deaths
were as follows: cancer, 268,200 (95% CI, 214,500 to 321,900); cardiovascular dis-
ease, 146,200 (95% CI, 79,200 to 213,100); and respiratory disease, 66,800 (95% CI,
20,300 to 113,300).

CONCLUSIONS
Our study documents that smoking is a major risk factor for mortality in China.
Continued strengthening of national programs and initiatives for smoking preven-
tion and cessation is needed to reduce smoking-related deaths in China.
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MORTALITY ATTRIBUTABLE TO SMOKING IN CHINA

IGARETTE SMOKING HAS BEEN IDENTI-

fied as the second leading risk factor for

death from any cause worldwide.»2 In 2000,
an estimated 4.83 million deaths were attributed
to cigarette smoking globally, with nearly half oc-
curring in the developing world.»* Because many
low- and middle-income countries are still in
early stages of the tobacco epidemic, the number
of smoking-related deaths in these nations will
probably increase during the next decades.>

With a population of 1.3 billion, China is the
world’s largest producer and consumer of tobacco
and bears a large proportion of deaths attributable
to smoking worldwide.>” Even though several pro-
spective cohort studies have examined the rela-
tionship between tobacco smoking and mortal-
ity in the Chinese population,®* the number of
deaths attributable to smoking in China is still
uncertain. Most previous prospective cohort stud-
ies in China were conducted in regional or oc-
cupational groups with a relatively small sample
size®11 or did not have an active follow-up pro-
cedure for mortality.®
We used data from a large, prospective cohort

study in a nationally representative sample of Chi-
nese adults to examine the effect of tobacco smok-
ing on deaths from any cause and from certain
specific causes, as well as to estimate the popu-
lation attributable risk and the number of deaths
attributable to smoking in men and women in
2005. We offer these estimates as China moves
forward with tobacco-control initiatives, reflecting
its commitments through its ratification of the
World Health Organization (WHO) Framework
Convention on Tobacco Control.12

METHODS

STUDY POPULATION

In 1991, the China National Hypertension Survey
was carried out in all 30 provinces, autonomous
regions, and municipalities of mainland China
with the use of a multistage design of random
cluster sampling to select a nationally represen-
tative sample of the Chinese general population
who were 15 years of age or older.’® The overall
response rate was 89.5%. In 1999 and 2000, in-
vestigators from each province were invited to
participate in the China National Hypertension
Survey Epidemiology Follow-up Study. Of the 30
provinces, 13 were not included in the follow-up
study because contact information was not avail-

able for study subjects. However, the sampling pro-
cess was conducted independently within each
province in 1991, and the 17 provinces that were
included in the follow-up study were evenly dis-
tributed in different geographic regions represent-
ing various levels of economic development in
China. From the 17 provinces, 169,871 study sub-
jects (83,533 men and 86,338 women) who were
40 years of age or older at their baseline exami-
nation were eligible to participate in the follow-
up study.

For this report, we excluded 14,740 subjects
who had missing information regarding tobacco-
smoking status, since data on smoking were not
collected in two provinces. The baseline charac-
teristics of subjects from the remaining 15 prov-
inces that were included in this analysis were
similar to those in the 15 excluded provinces. In
the two groups, respectively, the mean baseline
ages were 55.9 and 55.3 years; the percentages of
subjects who had a high-school education were
24.0% and 23.4%; who consumed alcohol, 19.8%
and 18.7%; who were physically inactive, 37.0%
and 36.6%; and who had ever smoked cigarettes,
37.9% and 36.7%. Of 155,131 eligible subjects
(76,134 men and 78,997 women) from the 15 prov-
inces that were included in this analysis, a total of
144,088 (92.9%) underwent successful follow-up.

BASELINE EXAMINATION
Baseline data were collected at a single clinic
visit by specially trained physicians and nurses
with the use of standardized methods with strin-
gent levels of quality control.*®> Data on demo-
graphic characteristics, medical history, and life-
style risk factors were obtained with the use of a
standard questionnaire administered by trained
staff. Tobacco smoking was defined as having
smoked at least one cigarette per day for 1 year or
more, and one cigarette was considered to be equiv-
alent to 1 g of tobacco.** For subjects who re-
ported past or current tobacco smoking, infor-
mation on the number of cigarettes or grams of
tobacco smoked per day, along with the duration
of tobacco smoking, was also collected. Work-
related physical activity was assessed, since lei-
sure-time physical activity was uncommon at that
time in China. Data on the amount and type of
alcohol consumption during the past year were
collected. Body weight and height were measured
while subjects were wearing light indoor clothing
without shoes, and the body-mass index was cal-
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culated. Three blood-pressure measurements were
taken after the subject had been seated quietly
for 5 minutes with the use of a standard mercury
sphygmomanometer, according to a standard pro-
tocol.*>

FOLLOW-UP DATA COLLECTION
The follow-up examination, which was conducted
between 1999 and 2000, included tracking sub-
jects or their proxies to a current address, perform-
ing in-depth interviews to ascertain disease sta-
tus and vital information, and obtaining hospital
records and death certificates. Of all deaths re-
ported, vital information was provided by family
members (75.0%), primary care physicians (12.6%),
other health care providers (3.8%), and employ-
ers, relatives, or friends (8.5%). If a subject died
while he or she was hospitalized, the subject’s
hospital record — including medical history, find-
ings from physical examination, laboratory find-
ings, autopsy findings, and discharge diagnosis
— was abstracted by trained staff with the use of
a standard form. Photocopies of selected sections
of the subject’s inpatient record, discharge sum-
mary, electrocardiogram, spirometry, chest radio-
graph, and pathology reports were also obtained.
If death occurred outside the hospital, a detailed
medical history was obtained from a family mem-
ber or health care provider. Subjects’ previous
medical records were also obtained, if available.
The majority of deaths (98.6%) that were report-
ed during follow-up were verified by death certifi-
cates, medical records, or both.

An end-point assessment committee at the
Chinese Academy of Medical Sciences in Beijing
reviewed medical history information and death
certificates and determined the final underlying
cause of death with the use of prespecified cri-
teria.’® Two committee members independently
verified the diagnosis, and discrepancies were
adjudicated by discussion involving additional
committee members. All committee members
were unaware of the subjects’ baseline risk factors.
Causes of death were coded according to the In-
ternational Classification of Diseases, Ninth Revision.

This study was approved by the institutional
review board at Tulane University Health Sciences
Center in New Orleans and the ethics committee
at the Cardiovascular Institute and Fu Wai Hos-
pital in Beijing. Written informed consent was
obtained from all study subjects or their proxies
at the follow-up visit. The study’s steering com-

mittee had the final responsibility for the decision
to submit the manuscript for publication.

STATISTICAL ANALYSIS
Person-years of follow-up were calculated from
the date of baseline examination until the date of
death or follow-up interview for each subject. Age-
standardized mortality was calculated with the
use of the 5-year age-specific mortality and age
distribution of the Chinese population from year
2000 census data. Relative risks were calculated
for subjects who had ever smoked with the use of
lifelong nonsmokers as the reference category
because current and former smokers had similar
rates of death from any cause. Only a small num-
ber of subjects (3533 in total, including 2965 men
and 568 women) reported being former smokers.
Cox proportional-hazards models were used to
adjust for prespecified covariates, including base-
line age, level of education, alcohol consumption,
level of physical activity, and the presence or ab-
sence of hypertension, overweight status, and self-
reported diabetes, as well as geographic region
(north vs. south) and urbanization (rural vs. ur-
ban), since the prevalence of cigarette smoking
and mortality vary according to geographic re-
gion and level of urbanization in China. To ex-
amine the dose-response relationship between to-
bacco smoking and mortality in men and women,
subjects who had ever smoked were divided into
three groups, according to the number of pack-
years smoked (<16.1, 16.1 to 30.3, and >30.3).
The multivariable-adjusted relative risks of
death associated with smoking were obtained for
each subgroup according to the level of urban-
ization (urban vs. rural), sex, and age group 40 to
54, 55 to 64, and >65 years). These estimates,
along with the subgroup-specific proportion of
smokers from a national survey,” were used to
calculate the population attributable risk and
95% confidence intervals for each subgroup.'”
The population attributable risk was calculated
with the use of the following equation (in which
PAR denotes the population attributable risk, P the
proportion of smokers, and RR relative risk):

PAR = (Px[RR~1]) + (Px[RR-1]+1).

The overall relative risks or population attrib-
utable risks of death associated with smoking
were calculated for men and women by pooling
the subgroup-specific estimates of the natural
logarithms of relative risks or population attrib-
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utable risks for subjects of each sex and were
weighted according to the size of the population
in China in 2005 for each subgroup. The numbers
of deaths attributable to smoking in each sub-
group were then calculated by multiplying the
population attributable risks according to the
subgroup-specific rates of death from the study
and population size in China in 2005. The total
numbers of deaths attributable to smoking in
men and women in urban and rural areas were
calculated by summing these estimates among
appropriate subgroups.

Methods to estimate variances that take into
account sample clustering were used in Cox pro-
portional-hazards models.'® All analyses were con-
ducted with the use of SAS statistical software,
version 9.1 (SAS Institute). All reported P values
are two-sided and have not been adjusted for mul-
tiple testing.

RESULTS

STUDY SUBJECTS
Baseline characteristics of study subjects accord-
ing to smoking status are presented in Table 1.
Both female and male smokers were more likely
to consume alcohol and less likely to have a high-

school education and to be overweight or obese
than their counterparts who had never smoked.
On average, male smokers were younger and less
likely to be physically inactive or to have hyper-
tension or diabetes than were male nonsmokers.
In contrast, female smokers tended to be older
and were more likely to be physically inactive and
to have hypertension or diabetes than female non-
smokers.

During an average of 8.3 years of follow-up
(1,115,417 person-years), a total of 17,863 subjects
(10,140 men and 7723 women) died. There was
a significant, dose—response association between
pack-years smoked and death from any cause in
both men and women after adjustment for mul-
tiple risk factors (P<0.001 for trend) (Table 2).

The multivariable-adjusted relative risk of death
from any cause was significantly higher in smok-
ers than in nonsmokers for men and women in
all age groups (Table 3). There was some evidence
that the relative risk of death from any cause that
was associated with tobacco smoking was higher
in women than in men (P=0.02 for interaction).
However, the prevalence of smoking and the popu-
lation attributable risk were higher for men than
for women, with cigarette smoking accounting
for 12.9% of deaths among men and 3.1% of

Table 1. Baseline Characteristics of the Subjects, According to Smoking Status.*
Variablej Men Women

Lifelong Former or Lifelong Former or

Nonsmoker Current Smoker Nonsmoker Current Smoker

No. of subjectsi 28,191 47,943 68,198 10,799
Age (yr) 57.3%11.1 54.6+10.0 55.7+11.0 59.5+9.6
High-school education (%) 38.8 26.6 18.5 9.5
Alcohol consumption (%) 19.1 48.2 1.8 9.1
Physical inactivity (%) 46.9 34.8 342 39.1
Overweight status or obesity (%) 27.2 17.6 26.3 25.1
Hypertension (%) 322 25.9 27.9 327
Self-reported diabetes (%) 2.7 1.7 2.1 2.6

* Plus—minus values are means +SD. P values for comparisons between current or former smokers and lifelong non-
smokers were calculated by chi-square tests or t-tests. P<0.001 for all comparisons between the two groups, with the
exception of P=0.01 for the comparison between the two groups of women with respect to overweight status or obesity.

T High-school education was defined as having 9 or more years of schooling. Alcohol consumption was defined as drink-
ing alcohol on at least 12 occasions during the past 12 months. Work-related physical activity was assessed on the basis
of subjects’ occupation; office work was defined as physical inactivity. Overweight status or obesity was defined as a
body-mass index (the weight in kilograms divided by the square of the height in meters) of 25 or more. Hypertension
was defined as a mean systolic blood pressure of 140 mm Hg or more, a diastolic blood pressure of 90 mm Hg or more,
or the use of an antihypertensive medication.

1 The numbers of subjects were 153,507 for the analysis of educational status, 155,126 for the analysis of overweight
status or obesity, and 155,117 for the analysis of hypertension.
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Table 2. Relative Risk of Death from Any Cause among Former or Current Smokers, as Compared with Lifelong Nonsmokers,
According to the Number of Pack-Years.*
P Value

Variable Pack-Years for Trend

0 0.1-<16.1 16.1-<30.3 =30.3
Men
No. of deaths 3841 1297 1785 3108
Person-yr of follow-up 198,936 96,420 113,587 115,382
Age-standardized rate per 100,000 person-yr 1278.8 1487.8 1607.2 1740.0 <0.001
Age-adjusted relative risk (95% Cl) T 1.00 1.10 (1.03-1.17) 1.20 (1.13-1.27) 1.29 (1.23-1.35) <0.001
Multivariable-adjusted relative risk (95% Cl) i 1.00 1.10 (1.03-1.17) 1.18 (1.12-1.23) 1.26 (1.20-1.33) <0.001
Women
No. of deaths 6195 644 457 418
Person-yr of follow-up 493,303 39,221 21,206 15,661
Age-standardized rate per 100,000 person-yr 1121.5 1380.5 1553.1 1585.7 <0.001
Age-adjusted relative risk (95% Cl)f 1.00 1.22 (1.13-1.33) 133 (121-1.46) 142 (1.28-1.57)  <0.001
Multivariable-adjusted relative risk (95% CI) 7 1.00 1.22 (1.13-1.33) 1.29 (1.17-1.42) 1.38 (1.25-1.53) <0.001

* Data for 2706 subjects (21,701 person-years and 118 deaths) were excluded because of missing pack-year data.

Relative risk was estimated from Cox proportional-hazards models.
Variables included age at baseline, level of education, geographic region (north vs. south), urbanization (rural vs. urban), and the presence

or absence of hypertension, overweight status or obesity, alcohol consumption, and physical inactivity; the presence or absence of diabetes was
considered as a time-dependent covariate.
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deaths among women. Population attributable risks
were similar for subjects in all three age groups
(40 to 54, 55 to 64, and >65 years), but the num-
ber of deaths attributable to smoking increased
with age in both men and women because of the
higher rates of death in the elderly.

It was estimated that a total of 673,000 deaths
(95% confidence interval [CI], 564,700 to 781,400)
were attributable to smoking in Chinese adults
who were 40 years of age or older in 2005:
538,200 (95% CI, 455,800 to 620,600) in men and
134,800 (95% CI, 108,900 to 160,800) in women.
The estimated numbers of smoking-related deaths
were 327,500 (95% CI, 193,600 to 461,400) in ru-
ral areas and 345,500 (95% CI, 296,700 to 394,400)
in urban areas (Fig. 1).

Cause-specific mortality from cancer, cardio-
vascular disease, and respiratory disease was
significantly associated with cigarette smoking
(Table 4). The estimated numbers of deaths at-
tributable to smoking were as follows: cancer,
268,200 (95% CI, 214,500 to 321,900), including
240,400 (95% CI, 198,800 to 282,000) in men
and 27,800 (95% CI, 15,800 to 39,900) in women;
cardiovascular disease, 146,200 (95% CI, 79,200
to 213,100), including 126,600 (95% CI, 75,600

to 177,700) in men and 19,600 (95% CI, 3600 to
35,500) in women; and respiratory disease, 66,300
(95% CI, 20,300 to 113,300), including 48,600
(95% CI, 13,700 to 83,500) in men and 18,200
(95% CI, 6600 to 29,900) in women.

Lung cancer had the highest population at-
tributable risk associated with cigarette smoking:
50.6% in men and 14.8% in women. The three
leading diseases associated with deaths attribut-
able to smoking were lung cancer, stroke, and
chronic obstructive pulmonary disease in men
and chronic obstructive pulmonary disease, lung
cancer, and stroke in women. Together, these dis-
eases accounted for approximately 45.1% of deaths
attributable to smoking in men and 31.8% of
those in women.

DISCUSSION

The results of our study involving a nationally rep-
resentative sample of Chinese adults indicate that
tobacco smoking is a major preventable cause of
death in China. On the basis of observed risks,
we estimate that tobacco smoking was responsi-
ble for about 673,000 premature deaths in Chi-
nese adults who were 40 years of age or older in
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Table 3. Relative Risk, Prevalence of Smoking, Population Attributable Risk, and the Absolute Number of Deaths
Attributable to Smoking in China in 2005.
Absolute No. of Deaths
Prevalence Population Attributable to Smoking
Age Group Relative Risk (95% Cl) of Smoking*  Attributable Risk (95% ClI)
Multivariable-
Age-Adjusted Adjusted
percent thousands
Men
40-54 yr 1.33 (1.20-1.48) 1.20 (1.07-1.34) 72.1 12.7 55.6 (17.3-93.8)
55-64 yr 1.26 (1.16-1.36)  1.25 (1.15-1.36) 70.6 15.0 82.4 (51.3-113.6)
=65 yr 1.17 (1.11-1.23)  1.19 (1.12-1.26) 67.8 11.2 400.2 (315.8-484.6)
Total 1.28 (1.23-1.33) 1.21 (1.16-1.26) 71.1 12.9 538.2 (455.8-620.6)
Women
40-54 yr 1.50 (1.26-1.80)  1.36 (1.13-1.63) 7.8 2.7 7.6 (0-15.7)
55-64 yr 133 (1.19-1.49) 131 (1.17-1.47) 11.4 3.4 12.7 (3.3-22.1)
265 yr 1.28 (1.18-1.37)  1.27 (1.18-1.37) 15.3 4.0 114.6 (79.4-149.8)
Total 1.41 (1.33-1.49) 1.33 (1.25-1.41) 9.9 3.1 134.8 (108.9-160.8)

Data regarding prevalence are from the International Collaborative Study of Cardiovascular Disease in Asia, 2000-2001.”
 Data were adjusted for the age at baseline, educational level, geographic region (north vs. south), urbanization (rural
vs. urban), and the presence or absence of hypertension, overweight status or obesity, alcohol consumption, and physi-

cal inactivity; the presence or absence of diabetes was considered as a time-dependent covariate.

2005. The number of deaths attributable to smok-
ing was much greater among men than among
women. Lung cancer was the leading cause of
deaths attributable to smoking in men, and chron-
ic obstructive pulmonary disease was the leading
cause of such deaths in women.

These findings have important public health
implications. Tobacco smoking is highly preva-
lent and is associated with substantially increased
morbidity and mortality as well as health expendi-
tures in China.®”° More troublesome, the preva-
lence of tobacco smoking has been continuously
high in adult men, and the average age of smok-
ing initiation has been dropping during recent
decades.2®2t Data from our study and others
provide strong evidence that tobacco smoking
causes an increased risk of cancer, vascular dis-
ease, and respiratory disease in China and else-
where.>811,2225 These data are a reminder of the
urgent need for continued strengthening of na-
tional programs in China on smoking prevention
and cessation. These efforts should include the
full set of strategies recommended by the 2008
WHO report on the global tobacco epidemic.2°

Unlike studies in Western populations, our
study showed that the numbers of death from
any cause were similar among former and current

smokers. Smoking cessation has been relatively
uncommon in China, and most smokers quit ciga-
rette smoking because of chronic illness. The
median age of smoking cessation was 61.0 years
in men and 60.0 years in women among former
smokers who died during follow-up. Our study
reported a lower relative risk associated with
smoking than did studies in Western popula-
tions,?® but our results were similar to those of
other studies conducted in the Chinese popula-
tion.> The magnitude of the relative risks probably
reflects the lower numbers of cigarettes smoked
in the past and the later age of smoking initiation
in subjects currently dying from smoking-related
diseases.?” Further investigations are warranted
to explain the observed lower relative risk.
Other studies have estimated the smoking-
related burden of disease in China. Liu and col-
leagues compared the smoking habits of 700,000
adults who died from cancer or from respiratory
or vascular causes with those of 200,000 adults
who died from other causes.> The underlying
cause of death was obtained from local admin-
istrative records, and smoking information was
recalled by family members. A validation study
suggested that local administrative records on
the underlying cause of death might not be reli-
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Figure 1. Number of Deaths Attributable to Smoking
in 2005 in China, According to Sex and Urbanization.

The absolute numbers of deaths attributable to smoking
in 2005 in China in urban areas were 280,100 (95% Cl,
245,700 to 314,600) among men and 65,400 (95% ClI,
51,000 to 79,800) among women; in rural areas, the
numbers were 258,100 (95% Cl, 146,200 to 370,000)
among men and 69,400 (95% Cl, 47,400 to 91,500)
among women.

able for some diseases in China.?® In addition,
several potential confounding factors (e.g., life-
style risk factors in the medical history) were not
considered in their study. In our study, data on
baseline tobacco smoking and other variables
were carefully collected with the use of stringent
quality-control procedures. In addition, the fol-
low-up rate was high, and almost all deaths were
confirmed. Potential confounding factors, includ-
ing lifestyle risk factors, were considered in the
analysis.?® Despite the differences in the two stud-
ies, the estimate by Liu et al. that 600,000 deaths
were attributable to smoking in 1990 is reason-
ably close to our estimate of 670,000 in 2005.
Neither study estimated the effect of passive smok-
ing on mortality. In addition, exposure to tobacco
smoke was assessed by questionnaire in both
studies. Although validation of smoking histories
against biochemical markers would have been use-
ful, smoking information was collected during an
era when smoking was accepted, and a bias to
deny or minimize smoking would have been un-
likely.

Our study was limited by the availability of
hospital records for only 71.0% of subjects who
died. The classification of cause of death may be
less accurate for subjects without hospital records.
In addition, the mortality follow-up was conducted
during the 1990s in our study, which reflects the

patterns of health care and disease burden at
that time. Smoking-related diseases, such as can-
cer and cardiovascular disease, are now more com-
mon causes of death in China. Our study might
underestimate current deaths attributable to smok-
ing in China. Furthermore, despite the adjustment
for several potentially confounding factors in the
multivariable analyses, smokers and nonsmokers
may still differ with respect to other factors that
contribute to disease risk. Finally, we estimated
the number of deaths attributable to smoking that
would have been prevented if the entire popula-
tion in China had never been exposed to smoking;
we could not estimate the number of deaths that
were avoidable by smoking cessation.

Ezzati and Lopez estimated that the leading
causes of deaths from smoking worldwide in
2000 were cardiovascular disease (753 million in
men and 269 million in women), cancer (664
million in men and 160 million in women), and
respiratory disease (310 million in men and 138
million in women).3 On the basis of a case-
control study, it has been predicted that smoking
will cause about 930,000 adult deaths in India by
2010, mainly from tuberculosis and respiratory
disease in men and women and heart disease and
cancer in men.?»23 The three leading causes of
death attributable to smoking in the United States
were cancer, cardiovascular disease, and respira-
tory disease in men and cardiovascular disease,
cancer, and respiratory disease in women.?* Re-
spiratory disease was the leading cause of death
attributable to smoking in South Africa.3® Our
findings for China are similar with regard to the
leading causes of death attributable to smoking:
cancer, cardiovascular disease, and respiratory
disease.

These new estimates of the number of deaths
attributable to smoking speak to the urgency of
an agenda for a strong national tobacco-control
program in China. Fortunately, there is far more
tobacco-control activity than there was previously.
The government is moving forward with imple-
mentation of tobacco-control measures and has
strengthened its tobacco-control capacity within
the Chinese Center for Disease Control. Howev-
er, the government’s role in tobacco control is in
conflict with the selling of tobacco through its
state-owned company and reliance on tobacco
revenues.332 In addition, mortality and morbid-
ity will not be reduced in the short term without
the adoption of measures to increase smoking
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cessation among the approximately 300 million
current smokers in the country. These new esti-
mates on mortality attributable to smoking docu-
ment the potential human toll of inaction.

American Heart Association; a grant (U01-HL072507) from the
National Heart, Lung, and Blood Institute of the National Insti-
tutes of Health; a grant (1999-272) from the Ministry of Health,
Beijing; and a grant (2006BAI01A01) from the Ministry of Sci-
ence and Technology, Beijing.

No potential conflict of interest relevant to this article was
Supported by a national grant-in-aid (9750612 N) from the reported.

APPENDIX

The following investigators participated in this study: Steering Committee: J. He (coprincipal investigator), D. Gu (coprincipal investiga-
tor), J. Chen, R. Hui, M.J. Klag, L. Kong, S. Tao, J. Wang, P.K. Whelton, X. Wu, and C. Yao. The following institutions and principal
investigators participated in the study: United States: Tulane University Health Sciences Center, New Orleans: C.-S. Chen, J. Chen, J. He, T.N.
Kelly, K. Reynolds, P.K. Whelton, R.P. Wildman; Johns Hopkins Bloomberg School of Public Health, Baltimore: M.J. Klag. China: Fuwai Hospital
and Cardiovascular Institute, Chinese Academy of Medical Sciences, and Peking Union Medical College, Beijing: J. Chen, X. Duan, W. Gan, D. Gu, G.
Huang, J. Huang, S. Tao, X. Wu, W. Yang, J. Zhao, M. Zhu; Chinese Ministry of Health, Beijing: L. Kong; Tianjin City Bureau of Public Health,
Tianjin: G. Zheng; Tianjin City Center of Disease Control and Prevention, Tianjin: G. Song; Guangdong Provincial People’s Hospital and Cardiovascular
Institute, Guangdong: X. Liu, J. Mai; Anzhen Hospital, Capital University of Medical Sciences, and Beijing Institute of Heart, Lung, and Blood Vessel Dis-
eases, Beijing: C. Yao; Capital Iron and Steel Company’s Hospital, Beijing: X. Yu; Fangshan District Hospital, Beijing: X. Xu; Zhejiang Provincial Center for
Cardiovascular Disease Prevention and Research, Zhejiang: H. Jin, X. Tang; Fujian Provincial People’s Hospital, Fujian: X. Pu, L. Yu; Shandong Provincial
Academy of Medical Sciences, Shandong: S. Zhang; Guangxi Medical University, Guangxi: L. Zhu; Xi'an Jiaotong University Medical School, Shanxi: J.
Mo; Henan Provincial Academy of Medical Sciences, Henan: J. Guo; Tongji Medical College and School of Public Health, Huazhong University of Science and
Technology, Hubei: Y. Hu, Y. Yu; Sichuan Provincial Center of Disease Control and Prevention, Sichuan: X. Wu; West China College of Medicine, Sichuan
University, Sichuan: J. Wang; Nanjing Medical University, Jiangsu: H. Shen, C. Yao; Beihua University Medical School, Jilin: L. Xu, G. Zhao; Inner
Mongolia Hospital, Inner Mongolia: X. Gao, J. Zhou; First Clinical College of Harbin Medical University, Heilongjiang: Y. Li; Daqing City Center of Disease
Control and Prevention, Heilongjiang: Z. Li; Hebei Provincial Academy of Medical Sciences, Hebei: H. Zhang; Zhongshan Hospital and Institute of Cardio-
vascular Diseases, Fudan University, Shanghai: X. Pan.

REFERENCES

1. Lopez AD, Mathers CD, Ezzati M, Ja-
mison DT, Murray CJ. Global and regional
burden of disease and risk factors, 2001:
systematic analysis of population health
data. Lancet 2006;367:1747-57.

2. Ezzati M, Lopez AD, Rodgers A, Vander
Hoorn S, Murray CJ. Selected major risk
factors for global and regional burden of
disease. Lancet 2002;360:1347-60.

3. Ezzati M, Lopez AD. Estimates of
global mortality attributable to smoking
in 2000. Lancet 2003;362:847-52.

4. Idem. Measuring the accumulated haz-
ards of smoking: global and regional esti-
mates for 2000. Tob Control 2003;12:79-
85.

5. LiuBQ, Peto R, Chen ZM, et al. Emerg-
ing tobacco hazards in China: 1. Retro-
spective proportional mortality study of
one million deaths. BMJ 1998;317:1411-22.
6. YangG, FanL, Tan]J, etal. Smoking in
China: findings of the 1996 national prev-
alence survey. JAMA 1999;282:1247-53.

7. GuD, WuX, Reynolds K, etal. Cigarette
smoking and exposure to environmental
tobacco smoke in China: the international
collaborative study of cardiovascular dis-
ease in Asia. Am ] Public Health 2004;94:
1972-6.

8. Niu SR, Yang GH, Chen ZM, et al.
Emerging tobacco hazards in China: 2.
Early mortality results from a prospective
study. BMJ 1998;317:1423-4.

9. Lam TH, He Y, Li LS, Li LS, He SF, Li-
ang BQ. Mortality attributable to cigarette
smoking in China. JAMA 1997;278:1505-8.
[Erratum, JAMA 1998;279:1350.]

10. Chen ZM, Xu Z, Collins R. Li WX, Peto
R. Early health effects of the emerging

tobacco epidemic in China: a 16-year pro-
spective study. JAMA 1997;278:1500-4.
[Erratum, JAMA 1999;281:1893.]

11. Yuan JM, Ross RK, Wang XL, Gao YT,
Henderson BE, Yu MC. Morbidity and
mortality in relation to cigarette smoking
in Shanghai, China: a prospective male
cohort study. JAMA 1996;275:1646-50.

12. WHO framework convention on to-
bacco control. Geneva: World Health Or-
ganization, 2003.

13. Wu X, Duan X, Gu D, HaoJ, Tao S, Fan
D. Prevalence of hypertension and its
trends in Chinese populations. Int J Car-
diol 1995;52:39-44.

14. EcoSante. Tobacco consumption in
grams per capita. (Accessed December
18, 2008, at http://www.ecosante.fr/
OCDEENG/813010.html.)

15. Frohlich ED, Grim C, Labarthe DR,
Maxwell MH, Perloff D, Weidman WH.
Recommendations for human blood pres-
sure determination by sphygmomanome-
ters. Circulation 1988;77:501A-14A.

16. Atherosclerosis Risk in Communities
study protocol. Manual 3: surveillance com-
ponent procedures, version 4.0. October
1997. (Accessed December 18, 2008, at
http://www.cscc.unc.edu/aric/visit/
Surveillance_Procedures_-_Coronary_
Heart_Disease.4_3.pdf.)

17. Kahn HA, Sempos CT. Attributable
risk. In: Kahn HA, Sempos CT, eds. Sta-
tistical methods in epidemiology. New
York: Oxford University Press, 1989:
73-84.

18. Ingram DD, Makuc DM. Statistical is-
sues in analyzing the NHANES I epide-
miologic followup Study. Vital and health

statistics. Series 2. Data evaluation and
methods research. No. 121. Hyattsville,
MD: National Center for Health Statistics,
1994:1-30. (DHHS publication no. (PHS)
94-1395.)

19. Sung HY, Wang L, Jin S, Hu TW, Jiang
Y. Economic burden of smoking in China,
2000. Tob Control 2006;15:Suppl 1:i5-i11.
20. Weng XZ, Hong ZG, Chen DY. Smok-
ing prevalence in Chinese aged 15 and
above. Chin Med J (Engl) 1987;100:
886-92.

21. Yang GH, Ma JM, Liu N, Zhou LN.
Smoking and passive smoking in Chinese,
2002. Zhonghua Liu Xing Bing Xue Za Zhi
2005;26:77-83. (In Chinese.)

22. Jha P, Jacob B, Gajalakshmi V, et al.
A nationally representative case-control
study of smoking and death in India.
N EnglJ Med 2008;358:1137-47.

23. Gajalakshmi V, Peto R, Kanaka TS,
Jha P. Smoking and mortality from tuber-
culosis and other diseases in India: retro-
spective study of 43000 adult male deaths
and 35000 controls. Lancet 2003;362:
507-15.

24. National Center for Chronic Disease
Prevention and Health Promotion, Office
on Smoking and Health. The health con-
sequences of smoking: a report of the Sur-
geon General. Atlanta: Centers for Dis-
ease Control and Prevention, 2004.

25. Kenfield SA, Stampfer MJ, Rosner BA,
Colditz GA. Smoking and smoking cessa-
tion in relation to mortality in women.
JAMA 2008;299:2037-47.

26. WHO report on the global tobacco epi-
demic, 2008: the MPOWER package. Ge-
neva: World Health Organization, 2008.

N ENGLJ MED 360;2 NEJM.ORG JANUARY 8, 2009

Downloaded from www.nejm.org on November 25, 2009 . For personal use only. No other uses without permission.

Copyright © 2009 Massachusetts Medical Society. All rights reserved.



MORTALITY ATTRIBUTABLE TO SMOKING IN CHINA

27. Yang G-H. Prevalence of smoking in
China. In: Hu T-W, ed. Tobacco control
policy analysis in China: economics and
health. Singapore: World Scientific Pub-
lishing, 2008:13-31.

28. Yang G, Rao C, MaJ, et al. Validation
of verbal autopsy procedures for adult
deaths in China. IntJ Epidemiol 2006;35:
741-8.

29. Thun MJ, Apicella LF, Henley §J.

N ENGL ) MED 360;2

Downloaded from www.nejm.org on November 25, 2009 . For personal use only. No other uses without permission.

Smoking vs other risk factors as the cause
of smoking-attributable deaths: confound-
ing in the courtroom. JAMA 2000;284:
706-12.

30. Sitas F, Urban M, Bradshaw D,
Kielkowski D, Bah S, Peto R. Tobacco at-
tributable deaths in South Africa. Tob
Control 2004;13:396-9.

31. Hu T-W, Mao Z, Ong M, et al. China at
the crossroads: the economics of tobacco

and health. In: Hu T-W, ed. Tobacco con-
trol policy analysis in China: economics
and health. Singapore: World Scientific
Publishing, 2008:305-19.

32. Wright AA, Katz IT. Tobacco tight-
rope: balancing disease prevention and
economic development in China. N Engl J
Med 2007;356:1493-6.

Copyright © 2009 Massachusetts Medical Society.

NEJM.ORG JANUARY &, 2009

Copyright © 2009 Massachusetts Medical Society. All rights reserved.

159



