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Eff ects of smoking and solid-fuel use on COPD, lung cancer, 
and tuberculosis in China: a time-based, multiple risk factor, 
modelling study 
Hsien-Ho Lin, Megan Murray, Ted Cohen, Caroline Colijn, Majid Ezzati 

Summary
Background Chronic obstructive pulmonary disease (COPD), lung cancer, and tuberculosis are three leading causes 
of death in China, where prevalences of smoking and solid-fuel use are also high. We aimed to predict the eff ects of 
risk-factor trends on COPD, lung cancer, and tuberculosis. 

Methods We used representative data sources to estimate past trends in smoking and household solid-fuel use and to 
construct a range of future scenarios. We obtained the aetiological eff ects of risk factors on diseases from meta-analyses 
of epidemiological studies and from large studies in China. We modelled future COPD and lung cancer mortality and 
tuberculosis incidence, taking into account the accumulation of hazardous eff ects of risk factors on COPD and lung 
cancer over time, and dependency of the risk of tuberculosis infection on the prevalence of disease. We quantifi ed the 
sensitivity of our results to methods and data choices.

Findings If smoking and solid-fuel use remain at current levels between 2003 and 2033, 65 million deaths from 
COPD and 18 million deaths from lung cancer are predicted in China; 82% of COPD deaths and 75% of lung cancer 
deaths will be attributable to the combined eff ects of smoking and solid-fuel use. Complete gradual cessation of 
smoking and solid-fuel use by 2033 could avoid 26 million deaths from COPD and 6·3 million deaths from lung 
cancer; interventions of intermediate magnitude would reduce deaths by 6–31% (COPD) and 8–26% (lung cancer). 
Complete cessation of smoking and solid-fuel use by 2033 would reduce the projected annual tuberculosis incidence 
in 2033 by 14–52% if 80% DOTS coverage is sustained, 27–62% if 50% coverage is sustained, or 33–71% if 20% coverage 
is sustained.

Interpretation Reducing smoking and solid-fuel use can substantially lower predictions of COPD and lung cancer 
burden and would contribute to eff ective tuberculosis control in China. 

Funding International Union Against Tuberculosis and Lung Disease.

Introduction
Chronic obstructive pulmonary disease (COPD), lung 
cancer, and tuberculosis are the second, sixth, and eighth 
leading causes of death in China, accounting for almost 
2 million deaths in 2002 (20·5% of all deaths in China).1 
A half of Chinese men smoke and more than 70% of 
Chinese households use solid fuels, such as wood, crop 
residues, and coal for heating and cooking.2 Tobacco 
smoking and indoor air pollution from solid-fuel use are 
the most important global risk factors for COPD and 
lung cancer and account for a signifi cant proportion of 
deaths from these diseases in developing countries.3,4 
Without interventions, the annual numbers of COPD 
and lung cancer deaths in China are predicted to double 
over the next 30 years.1 Systematic reviews have 
concluded that smoking is also an independent risk 
factor for tuberculosis5–7 and suggested a positive 
association between indoor air pollution and the 
disease.5

Integrated programmes that incorporate multiple risk 
factor and therapeutic interventions are a potentially 
eff ective way to target the cluster of respiratory diseases 
that share common risks.8 Planning integrated 

programmes for respiratory diseases and risk factors 
requires quantitative estimates of how future COPD, 
lung cancer, and tuberculosis will be aff ected by trends in 
smoking and indoor air pollution. Estimating the eff ects 
of smoking and indoor air pollution on COPD and lung 
cancer requires incorporation of how fast risk accumulates 
after initiation, or reverses after cessation. Smoking and 
indoor air pollution also infl uence the dynamics of 
tuberculosis, both via direct eff ect in exposed individuals, 
and indirect eff ect in unexposed individuals through 
infectious source cases. 

We provide a systematic assessment of the future 
trends of these three leading communicable and 
non-communicable respiratory diseases in China that 
share smoking and indoor air pollution as risk factors. 
These results quantify the potential benefi ts of 
programmes that target one or more of these risk factors 
or disease outcomes. 

Methods
Analytical models
To estimate the proportional eff ects of future smoking 
and solid-fuel use on projected lung cancer and COPD 
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mortality, we used a generalised version of the population 
attributable fraction (PAF) relationship: 

Pt,i=proportion of population in the ith exposure 
category at time t in one future exposure scenario. We 
used the scenario of constant exposure as the baseline 
to which all other scenarios were compared. 
P t́,i=proportion of population in the ith exposure 
category at time t in an alternative future scenario.
RRt,i=relative risk of disease-specifi c mortality for the 
ith exposure category at time t.
n=number of exposure categories. The exposure 
categories include continuously exposed, non-exposed, 
as well as those whose exposure began or stopped at 
diff erent times during the analysis.

PAF estimates the proportional reduction in disease or 
death that would occur if the observed exposure to a risk 
factor (P) were modifi ed to an alternative exposure 
scenario (P )́.9 The generalised version of the PAF 

relationship allows both exposure and relative risk to 
vary over time. Relative risk at time (t) depends on time 
since exposure initiation or cessation, because the eff ects 
of smoking and indoor air pollution accumulate 
gradually after exposure begins (eg, smoking initiation) 
and reverse gradually after exposure stops (eg, smoking 
cessation).10,11

We did separate analyses for lung cancer and COPD 
and for men and women, because they have diff erent 
relative risks. For both lung cancer and COPD, we fi rst 
computed PAFs separately for smoking and solid-fuel 
use. COPD and lung cancer are caused by multiple risk 
factors acting simultaneously, and hence a proportion of 
deaths might be prevented by reducing exposure to 
either factor.9,12,13 For example, some COPD deaths among 
smokers who cook with solid fuels may be prevented by 
smoking prevention or by use of clean fuels. As a result 
of multicausality, the PAFs for multiple risk factors 
overlap, and cannot be combined by simple addition. We 
estimated the PAFs for the combined eff ects of smoking 
and solid fuel, accounting for multicausality and avoiding 
double-counting the overlap of multiple risk factors:9,12–14 

PAFi=PAF of the ith risk factor
n=number of risk factors

Three conditions must hold when using the above 
equation. First, exposures to risks should be uncorrelated. 
The cross-province correlation coeffi  cient between solid-
fuel use and smoking, from the data sources described in 
webappendix 1, was 0·04 (95% CI –0·32 to 0·40, p=0·82) 
for men and –0·11 (–0·45 to 0·26, p=0·56) for women, 
indicating small and non-signifi cant correlation. We also 
examined individual-level correlation with the 2006 panel 
from The China Health and Nutrition Survey (a multistage, 
random cluster survey, including 9788 adults in nine 
provinces throughout China with signifi cant variation in 
socioeconomic and health status).15 61% of men and 4% of 
women had ever smoked in homes that did not use solid 
fuels and 63% of men and 4% of women had ever smoked 
in homes that did. The odds ratios for smoking, comparing 
solid-fuel users to non-users, was 1·07 (0·95–1·20) for 
men and 1·02 (0·76–1·36) for women, showing 
uncorrelated exposures. The second condition is that the 
hazardous eff ects of one risk are not mediated through 
other risks. Smoking and solid-fuel combustion are both 
sources of respirable pollutants, but the eff ects of 
pollutants from one source are not mediated through 
exposure to the other. The third condition is that the 
proportional eff ects of one risk do not depend on exposure 
to the other risk factor. The proportional mortality study of 
smoking in China showed that the relative risks of lung 
cancer and respiratory-disease mortality among Chinese 
smokers were not modifi ed by background disease levels,16 

PAF=1–∏(1–PAFi)
i=1

n

Figure 1: Compartmental susceptible–latent–infectious–recovered (SLIR) 
model of tuberculosis infection
When susceptible (S) individuals are infected, they enter a state of fast latency 
(L) from which they may experience primary progression to the infectious (I) 
state. If not progressed within 5 years of infection, patients enter slow latency, 
where they may progress to the infectious state via endogenous reactivation at 
a greatly reduced rate. Individuals in the infectious state can be treated and 
enter the recovered (R) state from which they remain at risk of relapse to active 
disease. Individuals in the slowly progressive latent state or the recovered state 
are at risk of reinfection, although prior infection confers partial immunity. 
Individuals in any state can die, and new individuals enter the system via the 
susceptible compartment.
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See Online for webappendix 1 
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which is consistent with no eff ect modifi cation of relative 
risks between these two risks. 

We calculated the annual number of lung cancer and 
COPD deaths avoidable by reducing exposure to smoking 
and solid fuels, individually as well as combined, by 
multiplying the corresponding PAF by the projected total 
disease-specifi c deaths for the year of analysis. 

The incidence of tuberculosis depends on risk-factor 
exposure and population prevalence of infectious cases. 
We used a dynamic tuberculosis transmission model, 
specifi cally the deterministic compartmental susceptible–
latent–infectious–recovered model (fi gure 1), described 
in detail elsewhere.17,18

The susceptible–latent–infectious–recovered model 
parameters were based on previous epidemiological 
studies on the natural history of tuberculosis and risk 
factors, China-specifi c demographic parameters, and 
calibration to epidemiology in China (webtable 1). We 
introduced smoking and indoor air pollution into the 
model by stratifying the model population into the four 
possible combinations of exposure to these risk factors, 
proportional to their actual (time-varying) prevalence in 
each province. We fi tted a time-varying transmission 
parameter, defi ned as the rate at which infectious 
individuals are able to infect people who are susceptible. 
Available data and previous modelling suggested that the 
transmission parameter declined almost linearly in 
England and Wales from about 20 in 1900 to about 1 at the 
end of the 20th century.19 We set the value of the 

transmission parameter to 20 in 1900, and it declined 
linearly to an empirically-fi tted lower bound; the rate of 
decline and the lower bound were fi tted to minimise the 
root mean square of the diff erences between the modelled 
and observed tuberculosis prevalence by province. The 
fi tted lower bound, which determines tuberculosis 
incidence after 2000, was not sensitive to the initial 
transmission parameter in 1900. Model fi tting also 
considered that chemotherapy was unavailable 
before 196020 and that the mean duration of disease is 
2 years without treatment, 0·8 years under eff ective 
DOTS (directly observed treatment, short course), and 
1·5 years for programmes other than eff ective DOTS.21 
We applied the calibrated model to estimate future 
tuberculosis incidence under diff erent scenarios of 
smoking, solid-fuel use, and DOTS coverage.

To account for heterogeneity across provinces, we did 
tuberculsosis analyses at the provincial level. We present 
results for provinces that span a range of characteristics: 
Jiangsu, a province with moderate historical prevalence 
of tuberculosis and representative historical trend in 
prevalence compared to other provinces and Guizhou 
and Shanghai which have prevalences and trends that 
diff er from other provinces (webfi gure 1).

Risk-factor exposure and DOTS data sources and scenarios
We detail the methods and sources for estimating past 
trends in smoking,22,23,24 household solid-fuel use,2,25 and 
tuberculosis26–30 prevalence by province in webappendix 1.

See Online for webfi gure 1

Defi nition Reasons for scenario use

Men

Unchanged Male smoking prevalence remains at its 
2003 level in each province

Because tobacco smoking has peaked in Chinese men, possibly with slight decline in the past 
decade, stabilisation at current prevalence represents the upper bound for male smoking

Moderate 
control

Male smoking prevalence declines slowly 
between 2003 and 2033, reaching 30% in 
each province in 2033 

Smoking prevalence in Chinese men has recently declined;33 many high-income and some middle-
income countries (eg, South Africa, Poland, Thailand) have reduced tobacco smoking from its peak 
through a combination of taxation, regulation (eg, public smoking or advertising ban), and health 
education;34–37  the fi nal smoking prevalence of 30% is selected to be slightly higher than those in 
high-income countries, such as the UK and the USA, where more eff ective tobacco control policies 
and programmes have been implemented38

Aggressive 
control

Male smoking prevalence declines more 
rapidly between 2003 and 2033, reaching 
15% in each province in 2033 

Nationally, Singapore, Australia, and Canada have successfully reduced smoking prevalence to 
below 20% through eff ective tobacco control policies and interventions;38–40 below 20% prevalence 
was also achieved through the Massachusetts Tobacco Control Program;41 a prevalence of 15% is 
therefore feasible through eff ective tobacco control mechanisms

To zero Male smoking prevalence declines to zero 
in 2033

This is an ideal scenario, included to provide a theoretical upper-bound on the benefi ts of gradual 
smoking reduction over the projection period

Women

Large rise Female smoking prevalence rises to reach 
30% in each province in 2033

The worst-case scenario for female smoking, in which the female smoking epidemic succeeds that 
of males, as seen in high-income, central European, and Latin American countries,37,38 where female 
smoking prevalence typically peaked at levels lower that of men,37,38 hence set to 30%

Moderate 
rise 

Female smoking prevalence rises to reach 
15% in each province in 2033 

Similar to large rise in female smoking with a lower peak, as seen for example in Japan;38 a lower 
peak than in other populations may result from sociocultural factors

Unchanged Female smoking prevalence remains at its 
2003 low level in each province

Sociocultural factors might prevent female smoking prevalence to rise further with economic 
development, as evidenced by relative long-term stability of female smoking

To zero Female smoking prevalence declines to 
zero in 2033

This is an ideal scenario, included to provide a theoretical upper-bound on the benefi ts of gradual 
smoking reduction over the projection period

See webfi gure 2 for prevalence over time.

Table 1: Smoking scenarios 

See Online for webtable 1
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We used China Data Online31 for data on provincial 
populations. The future projections of the national 
population came from the Population Division of the 
Department of Economic and Social Aff airs of the UN 
Secretariat32 and those of the disease-specifi c mortality 
from the global burden of disease study conducted by the 
WHO. Global burden of disease forecasts disease-specifi c 
mortality on the basis of projections of economic and 
social development, smoking, obesity, and selected other 
disease determinants.1 

We constructed scenarios that represent the range of 
policies and programmes that can reduce smoking and 
solid-fuel use on the basis of experiences and trends in 
other countries and some parts of China (tables 1 and 2 
and webfi gure 2). All scenarios covered a period of 
30 years (2003–33). We constructed prevalence of risk 
factors over time in the scenarios for each province with a 
linear time trend, and aggregated the provincial 
prevalences to the national level. More than 99% of the 
tobacco market share in China is controlled by the 
Chinese National Tobacco Corporation. Tobacco prices 
and taxes are low and there are only a few tobacco control 
measures in place.38 However, China ratifi ed the 
Framework Convention on Tobacco Control in October 
2005, which came into eff ect in January, 2006. Future 
smoking prevalence will largely depend on the extent to 
which economic and regulatory approaches to tobacco 
control are pursued. Although male and female smoking 
prevalences probably have common policy determinants, 
the analyses of lung cancer and chronic disease mortality 

were done separately for men and women and included 
all sex-specifi c scenarios. The analysis for tuberculosis 
was done for men and women combined because relative 
risks were for both sexes combined and because there are 
indirect eff ects of smoking on tuberculosis between sexes. 
National adult smoking prevalence was 49·6% for men 
and 3·0% for women in 2003 according to the National 
Health Service Survey. Another National Tobacco 
Prevalence Survey in 2002 reported current smoking 
prevalence of 57·4% for men and 2·6% for women. The 
two surveys had slightly diff erent defi nitions of current 
smoking.22,33 Tobacco consumption per person in China 
peaked around 1990 and has declined slowly since then.38 
Data from three National Health Service Surveys (1993, 
1998, 2003) show that smoking prevalence declined from 
60·3% to 49·6% among men  (standardised to the 2003 
population); smoking in women declined from 4·7% to 
3·0% in this period. 

Solid fuels comprise biomass (wood, crop residues, 
animal dung, and charcoal) and coal and are used for 
cooking and heating. Only coal smoke raises the risk of 
lung cancer in epidemiological studies although wood 
smoke contains small amounts of carcinogens.47 
Non-solid fuels, which have substantially lower emissions 
of health-damaging pollutants, include liquid and 
gaseous fuels and electricity.47 Solid-fuel scenarios only 
encompass fuel changes and did not take into account 
alternative stoves. China has implemented an ambitious 
programme to disseminate improved cooking stoves,54,55 
primarily to improve effi  ciency and reduce fuel use. The 

Defi nition Reason for scenario use

Total solid fuels

Unchanged Proportion of households using solid fuels remains at 
its 2003 level in every province

Evidence indicates that few households revert back to solid fuels once they have 
transitioned to cleaner fuels, with the possible exception of the poorest 
countries (eg, some in sub-Saharan Africa) during international or national 
energy or economic crises;42 therefore, stabilisation at current prevalence is the 
likely upper bound for household solid fuel use

Half current Percent of households using solid fuels declines to one 
half of its 2003 level in each province in 2033

In China, rapid economic growth has contributed to near-universal access to 
electricity for lighting and for services such as television, but solid-fuel use for 
cooking and heating has persisted, with 72% of Chinese households continuing 
to use solid fuels according the 2000 National Census;43–46 this scenario is based 
on the experience of middle-income countries (eg, those in Latin America) that 
have reduced household solid-fuel use through active policy interventions47–49 

Urban–rural Percent of households using solid fuels declines to zero 
in urban populations and to one half of its 2003 level 
in rural populations in each province in 2033

This scenario modifi es the previous scenario of “decline to half the current level” 
to acknowledge that there are better-developed supply chains in urban 
populations, even at the same income level;8,42,50 in China, increased attention to 
urban air quality may also motivate faster and more extensive transitions in 
urban areas as has been done in other cities51–53

To zero Percent of households using solid fuels declines to zero 
in 2033

This is an ideal scenario which provides an upper-bound on the benefi ts of clean 
fuels over the projection period

Share of solid fuels from coal

All biomass 
converted to coal 

The coal share of solid fuel increases to 100% in each 
province by 2033 

Although until the 1980s and 1990s biomass was the dominant source of 
household energy in China, deforestation and policies to reduce and reverse it 
have compelled many rural residents to switch to from biomass to coal43,54 

Unchanged coal 
share of solid fuels

The coal share of solid fuel remains at its 2003 level Given the past trends in biomass to coal conversion, and its policy drivers, this is 
the lowest bound for coal share of solid fuels

See webfi gure 2 for fuel-use over time. 

Table 2: Scenarios of household solid-fuel use

See Online for webfi gure 2

For China Data Online see 
http://chinadataonline.org/

For the Population Division see 
http://esa.un.org/unpp/
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design and performance of the new stoves vary 
enormously, with many of the stoves lacking fl ues or 
other characteristics needed to reduce indoor air 
pollution.54 If alternative stove designs reduce exposure 
signifi cantly, they can be treated as equivalent to fuel 
change; partial exposure reduction can be modelled with 
eff ect sizes between those for solid fuels and clean 
fuels. 

The same solid-fuel scenarios were used for men and 
women but the relative risk is higher for women 
(table 3),47 possibly because they spend more time near 
the stove. The latest fuel data were from the national 
census for the year 2000. To be consistent with the 
smoking and tuberculosis data, we used the 2000 data 
for 2003, the fi rst year of analysis. The proportion of 
China’s population in urban areas is increasing. To 
incorporate this eff ect in the solid-fuel scenarios, we 
used the current and projected urban and rural 
population share from the Population Division of the 
Department of Economic and Social Aff airs of the United 
Nations Secretariat.32 The national change in relative 
proportion of urban and rural population over time was 
applied to all provinces. The proportion of diff erent 
categories of solid-fuel use in future scenarios were 
calculated such that transitions from coal and biomass to 
clean fuels in any year were proportional to their 
prevalence in the year of transition.

China made signifi cant progress in DOTS expansion 
between 1990 and 2000 in 13 provinces, municipalities, 
and autonomous regions. After the outbreak of severe 
acute respiratory syndrome, China further expanded 
DOTS coverage so that nationally an estimated 80% of 
smear-positive cases of tuberculosis were detected and 
treated in 2005.56 We used time-varying treatment 
coverage in each province and municipality based on 
province-specifi c implementation before 2002 and a 
range of possible scenarios from 2003 (webtable 2).

Data sources for risk-factor eff ect sizes
We used relative risks for the eff ects of smoking on lung 
cancer and COPD from the retrospective proportional 
mortality study of smoking in China16 (table 3), and from 
meta-analyses of Chinese cohort studies in a sensitivity 
analysis (webappendix 2). The relations between smoking 
or indoor air pollution from solid-fuel use and chronic 
diseases have a dose–response relationship; therefore 
risks might diff er for men and women.

Because the deaths in the proportional mortality study 
occurred in 1986–88, around the peak of the smoking 
epidemic in China,16,38 relative risks for COPD and lung 
cancer were substantially lower than in populations in 
Europe and the USA, which have smoked longer. Low 
relative risks have also been observed in other Asian 
populations, which likewise began smoking late.57 
Studies in European and American cohorts at diff erent 
stages of the tobacco epidemic have shown that relative 
risks for chronic diseases rise for decades after the peak 

of the smoking epidemic.10,58 To account for the 
accumulation of risk, we allowed COPD and lung cancer 
relative risks from the proportional mortality study to 
increase to those from the American Cancer Society 
Cancer Prevention Study, phase II (CPS-II), which was 
done primarily in lifelong smokers.58 In sensitivity 
analyses, we allowed relative risks to remain at their 
1986–88 levels over the complete analysis period, 
representing the possibility that smoking may be 
associated with smaller relative risks in Asian populations 
than among others.

We used relative risks for the eff ects of indoor air 
pollution from solid-fuel use on COPD (all solid fuels) 
and lung cancer (coal only) from a recent systematic 
review and meta-analysis of cohort, case–control, and 
cross-sectional studies.47 Because the Chinese population 
and those in the epidemiological studies have used solid 
fuels for a long time, relative risks are expected to be at 
their peak. The relative risks for the eff ects of smoking 
and solid-fuel use on tuberculosis were from a recent 
meta-analysis.5

The relative risks of smoking and indoor air pollution 
for COPD and lung cancer decline gradually after 
exposure stops. We used the change after exposure 
cessation estimated with data from CPS-II (webfi gure 3). 
The CPS-II fi ndings are consistent with studies on how 
indoor air pollution interventions reduce the COPD and 
lung cancer relative risks over time59,60 but provide data in 
fi ner time intervals. We used a symmetric pattern for the 
increase in relative risk after exposure begins.

Smoking might increase the risk of latent tuberculosis 
infection or the risk of progression to active disease from 
latent infection. For smoking and latent infection, we 
used the pooled estimate from a recent meta-analysis,5 
which had relative risks for disease similar to other 
published meta-analyses.6,7 The relative risk for 
progression to active tuberculosis was obtained by 
dividing that for smoking and active tuberculosis from 
the only cohort study (2·87)61 by the pooled estimate for 
smoking and latent infection (1·90). The estimated 
relative risk of 1·5 (table 3) is within the 95% CI of the 

See Online for webtable 2

COPD (n) Lung cancer Tuberculosis 
(latent infection)

Tuberculosis 
(progression to 
active disease)

Smoking 1·9 (1·6–2·3) 1·5

Male 5·7/17·9* (15·2–21·0) 7·2/22·0* (19·7–24·5)

Female 7·1/18·1* (16·0–20·4) 7·1/14·8* (13·7–16·1)

Solid-fuel use 1·4 1·1

Male 1·8 (1·0–3·2) 1·5 (1·0–2·5)

Female 3·2 (2·3–4·8) 1·9 (1·1–3·5)

*The two numbers show relative risks for the beginning and end of analysis period in the main analysis to account for 
the delayed smoking epidemic in China. We used the same relative risks for the current and future eff ects of smoking 
on tuberculosis, because the studies used in the meta-analysis were from populations with various durations of past 
exposure and because risk accumulation may be diff erent from chronic diseases like COPD and lung cancer.

Table 3: Relative risks of smoking and solid-fuel use on COPD, lung cancer, and tuberculosis

See Online  webappendix 2 

See Online  webfi gure 3 
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relative risk in the only study of smoking and active 
disease among people who were latently infected.62 We 
separated the relative risk for the eff ects of solid-fuel use 
on active tuberculosis into the eff ects on latent infection 
and progression to active diseases using the same 
proportions as for smoking. 

Role of the funding source
The sponsor of the study had no role in study design, 
data collection, data analysis, data interpretation or 
writing of the report. The corresponding author had full 
access to all data in the study and had fi nal responsibility 
for the decision to submit for publication.

Results
If tobacco smoking and solid-fuel use remain at their 
current levels, between 2003 and 2033 an estimated 
65 million people will die of COPD and 18 million of 
lung cancer in China, accounting for 19% and 5%, 
respectively, of all deaths over this period.1 82% of the 
COPD deaths (53 million) and 75% of lung cancer deaths 
(14 million) will be attributable to the combined eff ects of 
smoking and solid-fuel use (fi gure 2). 52% of COPD 
deaths and 82% of lung cancer deaths attributable to 
these risks will be among men. Of the 67 million COPD 
and lung cancer deaths attributable to smoking and 
solid-fuel use, over 10 million (8·1 million from COPD 
and 2·0 million from lung cancer) are unavoidable, even 
if all smokers had quit and all households had begun to 
use clean fuels in 2003, because the eff ect of the exposures 
on chronic diseases persist even after exposure ends. 

Men who stop smoking in 2003 are expected to lower 
their absolute risks of COPD by 56% and lung cancer 
by 60% after 5 years relative to those who continue 
smoking (the reductions for women are 63% for COPD 
and 75% for lung cancer; webfi gure 3). Risks will be 
lowered by 83–84% (COPD) and 83–86% (lung cancer) 
after 10 years and 91–92% (COPD) and 88–91% (lung 
cancer) after 20 years (webfi gure 3). At the population 
level, with moderate tobacco control, the sum of the 
annual avoided COPD and lung cancer deaths among 
men would be an estimated 4·6 and 1·9 million, 
respectively, 15% of all projected deaths of men from 
these diseases (webfi gure 4). If tobacco control is 
aggressive, with smoking in men declining to 15% by 
2033, 8·0 million COPD deaths and 3·3 million lung 
cancer deaths would be averted. 

If female smoking gradually declines to zero by 2033, 
the sum of the annual avoided COPD and lung cancer 
deaths would be 4·9 and 0·76 million, averting 14% and 
13% all projected female deaths from these diseases 
(webfi gure 4). Conversely, if female smoking rises to 30% 
by 2033, an additional 2·2 million COPD deaths and 
0·60 million lung cancer deaths are expected among 
Chinese women. This asymmetry of benefi ts and harms 
occurs because the relative risks seem to rise slowly 
among new smokers but fall steeply in former smokers 
(webfi gure 3).

Halving solid-fuel use by 2033 would lower the sum of 
the annual number of COPD and lung cancer deaths, 
respectively, by 2·2 million and 0·30 million in men 
(7% and 2% of deaths from these causes) and by 
4·3 million and 0·27 million in women (12% and 5% of 
deaths from these causes; webfi gure 5). Proportionally, 
more deaths are prevented among women because they 
are closer to the pollution source during cooking, have 
higher exposure to pollutants, and hence higher relative 
risks. The benefi ts would be twice as large with a complete 
transition to clean fuels. 

After accounting for the overlap between the eff ects of 
the two risk factors, if smoking and solid-fuel use are 
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gradually eliminated between 2003 and 2033, an 
estimated 26 million COPD deaths (40% of all projected 
COPD deaths) and 6·3 million lung cancer deaths 
(34% of all projected lung cancer deaths) would be 
avoided (fi gures 2 and 3). The intermediate scenarios 
have the potential to reduce mortality from these 
diseases by an estimated 17–34% among men and 
18–29% among women. 

The prevalence of active tuberculosis declined between 
1979 and 2000 in most provinces in China (webfi gure 1). 
If there is sustained 80% coverage of eff ective DOTS 
(webtable 2), the annual incidence of infectious 
tuberculosis in the three provinces presented here is 
estimated to decline after 2003, even if smoking and 
solid-fuel use remain at their current levels (fi gure 4). 
Nonetheless, reducing smoking and solid fuels would 
further reduce incidence of tuberculosis from projected 

levels. The estimated reductions in 2033, under diff erent 
scenarios of smoking and solid-fuel use, range from 10% 
to 23% of the projected levels in Jiangsu, 35% to 52% in 
Guizhou (where prevalence has increased), and 5% to 
14% in Shanghai (where prevalence has been lowest; 
fi gure 4). 

Incidence of tuberculosis is projected to decline even 
when DOTS implementation is less eff ective. The 
decline in incidence in these three provinces will be 
4–28% less under moderate DOTS than under optimum 
DOTS, and 11–79% smaller under minimum DOTS. 
This slower decline in tuberculosis incidence would, in 
turn, lead to smoking and solid-fuel interventions 
having larger relative and absolute benefi cial eff ects on 
trends in tuberculosis (fi gure 4). For example, in Jiangsu 
province, the relative reduction in projected incidence 
in 2033, under diff erent scenarios of smoking and 
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solid-fuel use, would be 10–23% under optimum DOTS, 
12–27% under moderate DOTS, and 15–33% under 
minimum DOTS. 

Discussion
Reductions in smoking and solid-fuel use can signifi cantly 
reduce the burden of COPD and lung cancer. Moderate, 
aggressive, and complete reduction of these exposures 
over the next three decades, through mechanisms such 
as tobacco taxation, advertising ban, and fuel pricing, can 
lead to 7–38% reduction in deaths from these two 
diseases, which have few other eff ective treatments. 

We observed a diff erence in how risk-factor 
interventions aff ect population-level trends in tuberculosis 
compared with those of COPD and lung cancer: in the 
absence of new technologies for early detection and 
treatment, the burden of COPD and lung cancer will 
remain high as long as smoking and indoor air pollution 
persist because these two risk factors are the most 
important causes of chronic respiratory disease incidence 
and mortality in China. But tuberculosis incidence can 
decline signifi cantly because treatment reduces the risk 
of infection through reducing the duration of 
infectiousness. Nonetheless, smoking and solid-fuel 
interventions should be components of tuberculosis 
control for at least three reasons. First, irrespective of 
coverage and eff ectiveness of DOTS, risk-factor 
interventions can further reduce incidence of tuberculosis. 
The complementary eff ects of risk-factor interventions 
occur through reducing the risk of latent infection and 
progression from latent infection to infectious disease. 
Second, reducing smoking in patients with tuberculosis 
might further strengthen DOTS eff ectiveness because 
smoking has been associated with delayed response to 
treatment.63 Third, reducing smoking may itself lower 
the risk of drug resistance as recent studies have 
suggested a link between smoking and drug-resistant 
tuberculosis.64,65 

Our quantitative analysis of the eff ects of the two leading 
environmental and lifestyle sources of respirable pollutants 
on a common set of infectious and chronic diseases used 
models that incorporated the aetiological risk factors in 
disease incidence and mortality over time. Specifi cally, 
our models and data sources accounted for the fact that 
eff ects on lung cancer and COPD accumulate or reverse 
gradually after exposure begins or stops and for 
dependency of tuberculosis incidence on prevalent 
infectious cases. We used several large sources of data to 
reconstruct consistent and comparable trends of smoking, 
solid-fuel use, and tuberculosis in China’s provinces. 
Scenarios were constructed on the basis of policy 
experiences in China and other countries, and can provide 
programme targets and benchmarks. Current and 
projected mortality from COPD and lung cancer from the 
global burden of disease analysis used Chinese mortality 
data sources and accounted for demographic and 
socioeconomic development.1 The relative risks and how 

they change over time were based on meta-analyses and 
large high-quality epidemiological studies in China and 
elsewhere. 

Population-level analyses of mortality eff ects of risk 
factors, including ours, may also be aff ected by some 
limitations and uncertainties. We quantifi ed selected 
major sources of uncertainty in sensitivity analyses 
(webappendices 2 and 3, webfi gures 6 and 7, 
and webtables 3–5). These analyses show that the largest 
source of uncertainty for COPD and lung cancer is 
whether the relative risks of smoking related diseases in 
China will reach those observed in western populations. 
One recent study in China is consistent with increasing 
relative risks,66 but the possibility of ethnic diff erences 
cannot be ruled out.67 Benefi ts of tobacco control in 
diff erent scenarios would be 23–81% smaller for men 
and 84–94% smaller for women if the relative risks for 
eff ects of smoking on COPD and lung cancer do not rise 
signifi cantly after the peak of the smoking epidemic 
(webfi gure 6). The eff ects of all other sensitivity analyses 
on the number of averted deaths from COPD and lung 
cancer were less than 11% for the combined eff ects of 
smoking and solid-fuel use, and less than 18% for the 
eff ects of individual risk factors.

The predictions for tuberculsosis are subject to 
uncertainties of model parameters, including how 
smoking and indoor air pollution aff ect the risk of 
diff erent stages of tuberculosis natural history (latent 
infection versus progression) and the values of the 
transmission and progression parameters (webappendix 3, 
webfi gure 8, and webtable 5). These analyses show that 
the largest source of uncertainty for the tuberculosis 
model is the future trend of transmission parameter, 
which depends on how sociodemographic change aff ects 
the patterns of contact and other determinants of 
transmission in China. If factors such as higher 
population density and increased travel increase the 
number of contacts that lead to tuberculosis transmission, 
the transmission parameter might not continue its 
expected decline. In this case, reducing smoking and 
indoor air pollution will have an even greater eff ect on 
tuberculosis control than estimated. For example, if the 
transmission parameter in Jiangsu doubles over the next 
30 years, the benefi ts of the diff erent scenarios of 
smoking, solid-fuel use would be 58–77% greater than 
the original analysis in fi gure 4. Multiparameter 
uncertainty analysis showed the interquartile range of 
the estimated eff ects was within 14–33% of its central 
value in all provinces and in all scenarios of DOTS, 
smoking, and solid-fuel use. Finally, the causal link 
between smoking and tuberculosis is based on a larger 
number of epidemiological studies than that of indoor 
air pollution from solid-fuel use. If the causal eff ect on 
tuberculosis were only from smoking, the benefi ts of 
reducing exposure would be smaller than those in 
fi gure 4, by 19–37% for diff erent scenarios in Jiangsu, 
by 23–32% in Guizhou, and by 9–13% in Shanghai. 

See Online for webfi gure 8

See Online for webappendix 3, 
webfi gures 6 and 7, and 
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In addition to the above sources of uncertainty, 
fundamentally new technologies for early detection and 
treatment of chronic diseases could signifi cantly aff ect 
future burden. Discovery and large-scale use of such 
technologies over the duration of our analysis are less 
likely for COPD, but cannot be ruled out for lung cancer 
and tuberculosis. Finally, relative risks from meta-analyses 
may not be generalisable to population-level eff ects; 
nevertheless, such estimation is necessary and 
indispensable to inform policy making.

In addition to smoking and solid-fuel use, respiratory 
diseases are aff ected by other sources of inhaled 
pollutants, including passive smoking, air pollution from 
transport and industrial sources, and occupational 
exposures. In China, in 2003 passive smoking was 
responsible for an estimated 17 000 and 7000 deaths from 
COPD and lung cancer, respectively, among men 
(compared with 412 000 and 170 000 from direct smoking) 
and 126 000 and 25 000 deaths among women (compared 
with 113 000 and 16 000) because substantially more 
women are non-smokers and exposed to passive 
smoking33 (webappendix 2). The quantitative evidence on 
the eff ects of passive smoking on tuberculosis is more 
limited, although a causal eff ect is likely.5 Ambient urban 
air pollution, which in China might be partly due to 
household solid-fuel use, was responsible for an 
estimated 32 000 lung cancer deaths and 
317 000 cardiopulmonary deaths in the Western Pacifi c 
region in 2000 (no independent eff ects on COPD were 
estimated for ambient urban air pollution) and selected 
occupational exposures for an estimated 34 000 lung 
cancer deaths and 161 000 COPD deaths in the same 
region.4 The eff ect of ambient air pollution on tuberculosis 
has not been investigated in epidemiological studies.

Infectious and chronic respiratory diseases, smoking, 
and indoor air pollution are either already concentrated or 
increasingly prevalent in developing countries. In addition 
to their disease burden, these diseases have large and 
inequitable household and societal economic burden 
associated with health-care costs, reduced labour-market 
participation, and decreased accumulation of human 
capital, described in detail elsewhere for China and for 
other developing countries.68–72 Our results show that 
reducing common risk factors could have a substantial 
eff ect on future burden of COPD and lung cancer, and be 
an important contributor to tuberculosis control. Our 
fi ndings have several potential policy and programme 
implications at the national, community, household, or 
individual levels. At the national level, our results on the 
projected burden of disease from COPD and lung cancer 
alone reinforce the need for regulatory and economic 
policies that reduce smoking and promote clean household 
energy sources in China. Tuberculosis control however 
cannot rely on risk-factor reduction as its main intervention, 
and the core of national or regional tuberculosis control 
programmes should remain interventions that can reduce 
and eventually interrupt transmission under generalisable 

circumstances, currently DOTS. Nonetheless, at the 
community level, some interventions could increase the 
coverage or community eff ectiveness of others. For 
example, case detection and treatment completion under 
DOTS in China have been constrained by limitations of 
physical and human infrastructure, fi nancial factors, and 
compliance, especially in rural areas and marginalised 
social groups.73–76 Low-income or marginalised communities 
could be enrolled in programmes that provide cleaner 
fuels or stoves and nutritional supplements, conditional 
on periodic tuberculosis tests and DOTS treatment 
completion. At the individual level, tobacco cessation can 
be added to tuberculosis treatment, possibly with fi nancial 
incentives.77,78 If multiple interventions are implemented, 
the management structure of DOTS, including its 
standardised approach to registration, recording, and 
reporting of enrolled individuals (or households) and their 
status in receiving intervention, can strengthen planning 
and implementation of interventions for indoor air 
pollution and smoking.79 Tobacco taxes might also be used 
to subsidise DOTS, clean energy technology, and nutrition 
for low-income households that take part in integrated 
programmes. An important next step would be a policy 
dialogue between the diff erent economic, energy, and 
health-sector agencies in China as well as community-based 
intervention studies that assess the eff ectiveness of 
combining risk factor interventions with tuberculosis case 
fi nding and treatment under actual conditions of 
implementation.

Contributors
HHL, MM, and ME designed the study and the analyses. HHL and ME 

collected data and wrote the report, with input from other authors. HHL 

conducted data analysis. ME contributed to analysis for chronic diseases. 

MM, TC, and CC contributed to analysis for TB. All authors reviewed 

and approved the fi nal report. 

Confl ict of interest 
We declare that we have no confl ict of interest.

Acknowledgments
This research was funded by the International Union Against 

Tuberculosis and Lung Disease, through a grant from the World Bank. 

We thank Cheng-Yuan Chiang, Donald Enarson, Enis Baris, and 

Ziad Obermeyer for valuable discussion on methods and models, 

Colin Mathers for mortality projections, Zheng Zhou for help with data 

on smoking and fuel use, Jonathan Sinton for discussions on fuels use 

trends in China, and the Chinese Ministry of Health for tuberculosis 

prevalence data. We thank the China Health and Nutrition Survey, 

Jill Boreham, Rachel Huxley, and Zhengming Chen for valuable 

information and data on risk factor exposure and eff ects. 

References 
1 Mathers CD, Loncar D. Projections of global mortality and burden 

of disease from 2002 to 2030. PLoS Med 2006; 3: e442.

2 The Population Census Offi  ce under the PRC State Council and 
Department of Population, Social, Science and Technology 
Statistics. Tabulation on the 2000 population census of the 
P.R.China. Beijing: China National Bureau of Statistics 
Press, 2002.

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

4 Ezzati M, Lopez AD, Rodgers M, Murray CJL, eds. Comparative 
quantifi cation of health risks: global and regional burden of disease 
attributable to selected major risk factors. Geneva: World Health 
Organization, 2004.



Articles

1482 www.thelancet.com   Vol 372   October 25, 2008   

5 Lin HH, Ezzati M, Murray M. Tobacco smoke, indoor air pollution 
and tuberculosis: a systematic review and meta-analysis. PLoS Med 
2007; 4: e20.

6 Bates MN, Khalakdina A, Pai M, Chang L, Lessa F, Smith KR. Risk 
of tuberculosis from exposure to tobacco smoke: a systematic 
review and meta-analysis. Arch Intern Med 2007; 167: 335–42.

7 Slama K, Chiang CY, Enarson DA, et al. Tobacco and 
tuberculosis: a qualitative systematic review and meta-analysis. 
Int J Tuberc Lung Dis 2007; 11: 1049–61.

8 Baris E, Ezzati M. Should interventions to reduce respirable 
pollutants be linked to tuberculosis control programmes? BMJ 
2004; 329: 1090–93.

9 Miettinen OS. Proportion of disease caused or prevented by a given 
exposure, trait or intervention. Am J Epidemiol 1974; 99: 325–32.

10 Doll R, Peto R, Boreham J, Sutherland I. Mortality in relation to 
smoking: 50 years’ observations on male British doctors. BMJ 2004; 
328: 1519.

11 US Department of Health and Human Services. The health benefi ts 
of smoking cessation: DHHS Publication No. (CDC) 90-8416. 
Bethesda: US Department of Health Human Services, Public 
Health Service, Centers for Disease Control, Center for Chronic 
Disease Prevention and Health Promotion, Offi  ce on Smoking and 
Health, 1990.

12 Walter SD. The estimation and interpretation of attributable risk in 
health research. Biometrics 1976; 32: 829–49.

13 Ezzati M, Hoorn SV, Rodgers A, Lopez AD, Mathers CD, 
Murray CJ. Estimates of global and regional potential health gains 
from reducing multiple major risk factors. Lancet 2003; 
362: 271–80.

14 Gakidou E, Oza S, Vidal Fuertes C, et al. Improving child survival 
through environmental and nutritional interventions: the 
importance of targeting interventions toward the poor. JAMA 2007; 
298: 1876–87.

15 Carolina Population Center, Chinese Center for Disease Control 
and Prevention. China Health and Nutrition Survey. http://www.
cpc.unc.edu/projects/china (accessed Sept 26, 2008).

16 Liu BQ, Peto R, Chen ZM, et al. Emerging tobacco hazards in 
China: 1. Retrospective proportional mortality study of one million 
deaths. BMJ 1998; 317: 1411–22.

17 Colijn C, Cohen T, Murray M. Emergent heterogeneity in declining 
tuberculosis epidemics. J Theor Biol 2007; 247: 765–74.

18 Cohen T, Lipsitch M, Walensky RP, Murray M. Benefi cial and 
perverse eff ects of isoniazid preventive therapy for latent 
tuberculosis infection in HIV-tuberculosis coinfected populations. 
Proc Natl Acad Sci USA 2006; 103: 7042–47.

19 Vynnycky E, Fine PE. Interpreting the decline in tuberculosis: the 
role of secular trends in eff ective contact. Int J Epidemiol 1999; 
28: 327–34.

20 Springett VH. Ten-year results during the introduction of 
chemotherapy for tuberculosis. Tubercle 1971; 52: 73–87.

21 Dye C, Scheele S, Dolin P, Pathania V, Raviglione MC. Consensus 
statement. Global burden of tuberculosis: estimated incidence, 
prevalence, and mortality by country: WHO Global Surveillance and 
Monitoring Project. JAMA 1999; 282: 677–86.

22 Ministry of Health. Research on national health services: an 
analysis report of the third national health services survey in 2003. 
Beijing: Ministry of Health, 2004.

23 Ministry of Health. Research on national health services: an 
analysis report of the fi rst national health services survey in 1993. 
Beijing: Ministry of Health, 1994.

24 Ministry of Health. Research on national health services: an 
analysis report of the second national health services survey in 1998. 
Beijing: Ministry of Health, 1999.

25 Department of Agriculture, Technology and Education Offi  ce. 
China rural energy yearbook (1991–1996). Beijing: China 
Agriculture Press, 1997.

26 Ministry of Public Health of the People’s Republic of China. 
Nationwide random survey for the epidemiology of tuberculosis in 
1979. Beijing: Ministry of Public Health of the People’s Republic of 
China, 1979.

27 Ministry of Public Health of the People’s Republic of China. 
Nationwide random survey for the epidemiology of tuberculosis in 
1984/1985. Beijing: Ministry of Public Health of the People’s 
Republic of China, 1985.

28 Ministry of Public Health of the People’s Republic of China. 
Nationwide random survey for the epidemiology of tuberculosis in 
1990. Beijing: Ministry of Public Health of the People’s Republic of 
China, 1990.

29 Ministry of Public Health of the People’s Republic of China. 
Nationwide random survey for the epidemiology of tuberculosis in 
2000. Beijing: Ministry of Public Health of the People’s Republic of 
China, 2000.

30 China Tuberculosis Control Collaboration. The eff ect of tuberculosis 
control in China. Lancet 2004; 364: 417–22.

31 China Data Center. China yearly macro-economics statistics 
(provincial): population and employment. http://chinadataonline.
org/ (accessed Sept 26, 2008).

32 United Nations Population Division. World population 
prospects: the 2006 revision population database. http://esa.un.org/
unpp/ (accessed Oct 20, 2007).

33 Yang G, Ma J, Liu N, Zhou L. Smoking and passive smoking in 
Chinese, 2002. Chin J Epidemiol 2005; 26: 77–83.

34 De Beyer J, Brigden LW, eds. Tobacco control policy: Strategies, 
successes, and setbacks. Washington, DC: World Bank, 2003.

35 Jha P, Chaloupka FJ, eds. Tobacco control in developing countries. 
Oxford: Oxford University Press, 2000.

36 Jha P, Chaloupka FJ, Corrao M, Jacob B. Reducing the burden of 
smoking world-wide: eff ectiveness of interventions and their 
coverage. Drug Alcohol Rev 2006; 25: 597–609.

37 Lopez AD, Collishaw NE, Piha T. A descriptive model of the 
cigarette epidemic in developed countries. Tob Control 1994; 
3: 242–47.

38 Shafey O, Dolwick S, Guindon GE, eds. Tobacco control country 
profi les 2003. Atlanta, GA: American Cancer Society, 2003.

39 Gilmore J. Report on smoking in Canada, 1985 to 2001. Ottawa: 
Statistics Canada, 2002.

40 Chapman S. Reducing tobacco consumption. N S W Public Health 
Bull 2003; 14: 46–48.

41 Koh HK. Accomplishments of the Massachusetts Tobacco Control 
Program. Tob Control 2002; 11 (suppl 2): ii1–3.

42 Barnes DF, Krutilla K, Hyde WF. The urban household energy 
transition: social and environmental impacts in the developing 
world. Washington, DC: RFF Press, 2005.

43 Florig HK. China’s air pollution risks. Environ Sci Technol 1997; 
31: 274A–79A.

44 International Energy Agency. World energy outlook 2002. Paris: IEA 
Publications, 2002.

45 Jiang L, O’Neill BC. The energy transition in rural China. 
Int J Global Energy Issues 2004; 21: 2–26.

46 Zhang JJ, Smith KR. Household air pollution from coal and 
biomass fuels in china: measurements, health impacts, and 
interventions. Environ Health Perspect 2007; 115: 848–55.

47 Smith KR, Mehta S, Maeusezahl-Feuz M. Indoor air pollution 
from household use of solid fuels. In: Ezzati M, Lopez AD, 
Rodgers A, Murray CJL, eds. Comparative quantifi cation of health 
risks: global and regional burden of disease attributable to selected 
major risk factors. Geneva: World Health Organization, 
2004: 1435–93.

48 Masera OR, Díaz R, Berrueta V. From cookstoves to cooking 
systems: the integrated program on sustainable household energy 
use in Mexico. Energy Sustainable Dev 2005; 9: 25–36.

49 Olaiz Fernandez G, Rivera Dommarco JA, Shamah Levy T, et al. 
Encuesta nacional de salud y nutricion 2006. Cuernavaca, Mexico: 
Instituto Nacional de Salud Publica, 2006.

50 Ezzati M, Bailis R, M. KD, et al. Energy management and global 
health. Ann Rev Environ Resources 2004; 29: 383–420.

51 Clancy L, Goodman P, Sinclair H, Dockery DW. Eff ect of 
air-pollution control on death rates in Dublin, Ireland: an 
intervention study. Lancet 2002; 360: 1210–14.

52 Hedley AJ, Wong CM, Thach TQ, Ma S, Lam TH, Anderson HR. 
Cardiorespiratory and all-cause mortality after restrictions on 
sulphur content of fuel in Hong Kong: an intervention study. Lancet 
2002; 360: 1646–52.

53 World Bank. Cost of pollution in China: economic estimates of 
physical damages. Washington DC: The World Bank (Rural 
Development, Natural Resources and Environment Management 
Unit, East Asia and Pacifi c Region), 2007.



Articles

www.thelancet.com   Vol 372   October 25, 2008    1483

54 Sinton J, Smith K, Peabody J, et al. An assessment of programs to 
promote improved household stoves in China. 
Energy Sustainable Dev 2004; 8: 33–52.

55 Smith KR, Gu S, Huang K, Qui D. One hundred million improved 
cookstoves in China: How was it done? World Development 1993; 
21: 941–61.

56 Wang L, Liu J, Chin DP. Progress in tuberculosis control and the 
evolving public-health system in China. Lancet 2007; 369: 691–96.

57 Huxley R, Jamrozik K, Lam TH, et al. Impact of smoking and 
smoking cessation on lung cancer mortality in the Asia-Pacifi c 
region. Am J Epidemiol 2007; 165: 1280–86.

58 Thun MJ, Day-Lally CA, Myers DG, et al. Trends in tobacco 
smoking and mortality from cigarette use in cancer prevention 
studies I (1959 through 1965) and II (1982 through 1988). In: Burns 
DM, Garfi nkel L, Samet JM, eds. Changes in cigarette-related 
disease risks and their implications for prevention and control. 
Smoking and tobacco control: NCI monograph 8. Bethesda, 
MD: National Cancer Institute, 1997: 305–82.

59 Lan Q, Chapman RS, Schreinemachers DM, Tian L, He X. 
Household stove improvement and risk of lung cancer in Xuanwei, 
China. J Natl Cancer Inst 2002; 94: 826–35.

60 Chapman RS, He X, Blair AE, Lan Q. Improvement in household 
stoves and risk of chronic obstructive pulmonary disease in 
Xuanwei, China: retrospective cohort study. BMJ 2005; 331: 1050.

61 Leung CC, Li T, Lam TH, et al. Smoking and tuberculosis among the 
elderly in Hong Kong. Am J Respir Crit Care Med 2004; 170: 1027–33.

62 Alcaide J, Altet MN, Plans P, et al. Cigarette smoking as a risk factor 
for tuberculosis in young adults: a case-control study. Tuber Lung Dis 
1996; 77: 112–16.

63 Durban Immunotherapy Trial Group. Immunotherapy with 
Mycobacterium vaccae in patients with newly diagnosed pulmonary 
tuberculosis: a randomised controlled trial. Lancet 1999; 354: 116–19.

64 Barroso EC, Mota RMS, Santos RO, Sousa ALO, Barroso JB, 
Rodrigues JLN. Risk factors for acquired multidrug-resistant 
tuberculosis. J Pneumol 2003; 29: 89–97.

65 Ruddy M, Balabanova Y, Graham C, et al. Rates of drug resistance 
and risk factor analysis in civilian and prison patients with 
tuberculosis in Samara Region, Russia. Thorax 2005; 60: 130–35.

66 Wang J, Gao YT, Wang XL, Liu EJ, Zhang YL, Yuan JM. Cigarette 
smoking and cancer mortality: a prospective cohort study in urban 
males in Shanghai. Zhonghua Liu Xing Bing Xue Za Zhi 2004; 
25: 837–40.

67 Haiman CA, Stram DO, Wilkens LR, et al. Ethnic and racial 
diff erences in the smoking-related risk of lung cancer. N Engl J Med 
2006; 354: 333–42.

68 Sassi F, Hurst J. The prevention of lifestyle-related chronic 
diseases: an economic framework. Paris: Organisation for 
Economic Co-operation and Development, 2008.

69 Suhrcke M, Nugent RA, Stuckler D, Rocco L. Chronic disease: an 
economic perspective. London: Oxford Health Alliance, 2006.

70 Adeyi O, Smith O, Robles S. Public policy and the challenge of 
chronic noncommunicable diseases. Washington, DC: The World 
Bank, 2007.

71 Grimard F, Harling G. The impact of tuberculosis on economic 
growth. http://neumann.hec.ca/neudc2004/fp/grimard_franque_
aout_27.pdf (accessed Sept 26, 2008).

72 Laxminarayan R, Klein E, Dye C, Floyd K, Darley S, Adeyi O. 
Economic benefi t of tuberculosis control. Washington, DC: The 
World Bank, 2007.

73 Squire SB, Tang S. How much of China’s success in tuberculosis 
control is really due to DOTS? Lancet 2004; 364: 391–92.

74 Zhang T, Tang S, Jun G, Whitehead M. Persistent problems of 
access to appropriate, aff ordable TB services in rural China: 
experiences of diff erent socio-economic groups. BMC Public Health 
2007; 7: 19.

75 Yan F, Thomson R, Tang S, et al. Multiple perspectives on diagnosis 
delay for tuberculosis from key stakeholders in poor rural China: 
case study in four provinces. Health Policy 2007; 82: 186–99.

76 Tang S, Squire SB. What lessons can be drawn from tuberculosis 
(TB) control in China in the 1990s? An analysis from a health 
system perspective. Health Policy 2005; 72: 93–104.

77 Schneider NK, Novotny TE. Addressing smoking cessation in 
tuberculosis control. Bull World Health Organ 2007; 85: 820–21.

78 El Sony A, Slama K, Salieh M, et al. Feasibility of brief tobacco 
cessation advice for tuberculosis patients: a study from Sudan. 
Int J Tuberc Lung Dis 2007; 11: 150–55.

79 Harries AD, Jahn A, Zachariah R, Enarson D. Adapting the DOTS 
framework for tuberculosis control to the management of 
non-communicable diseases in sub-Saharan Africa. PLoS Med 2008; 
5: e124.


	Effects of smoking and solid-fuel use on COPD, lung cancer,and tuberculosis in China: a time-based, multiple risk factor,modelling study
	Introduction
	Methods
	Analytical models
	Risk-factor exposure and DOTS data sources and scenarios
	Data sources for risk-factor eff ect sizes
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


