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ABSTRACT

Objectives Never-smoking women in Xuanwei (XW),
China, have some of the highest lung cancer rates in

the country. This has been attributed to the combustion
of smoky coal used for indoor cooking and heating.

The aim of this study was to evaluate the spectrum

of cause-specific mortality in this unique population,
including among those who use smokeless coal,
considered ‘cleaner’ coal in XW, as this has not been well-
characterised.

Design Cohort study.

Setting XW, a rural region of China where residents
routinely burn coal for indoor cooking and heating.
Participants Age-adjusted, cause-specific mortality
rates between 1976 and 2011 were calculated and
compared among lifetime smoky and smokeless coal
users in a cohort of 42 420 men and women from XW.
Mortality rates for X\W women were compared with those
for a cohort of predominately never-smoking women in
Shanghai.

Results Mortality in smoky coal users was driven by
cancer (41%), with lung cancer accounting for 88%

of cancer deaths. In contrast, cardiovascular disease
(CVD) accounted for 32% of deaths among smokeless
coal users, with 7% of deaths from cancer. Total cancer
mortality was four times higher among smoky coal users
relative to smokeless coal users, particularly for lung
cancer (standardised rate ratio (SRR)=17.6). Smokeless
coal users had higher mortality rates of CVD (SRR=2.9)
and pneumonia (SRR=2.5) compared with smoky coal
users. These patterns were similar in men and women,
even though XW women rarely smoked cigarettes. Women
in XW, regardless of coal type used, had over a threefold
higher rate of overall mortality, and most cause-specific
outcomes were elevated compared with women in
Shanghai.

Conclusions Cause-specific mortality burden differs in
XW based on the lifetime use of different coal types. These
observations provide evidence that eliminating all coal
use for indoor cooking and heating is an important next

' Yunchao Huang,'® Qing Lan'

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study used data from a large cohort that had
detailed questionnaire data on lifetime fuel use for
all residences of the study participants since birth.

= Xuanwei has a relatively stable and homogenous
population with respect to lifestyle and sociodemo-
graphic factors, and few women smoke, which min-
imised sources of confounding in our study.

= Self-reporting of lifetime coal use patterns and use
of death certificate information may result in some
degree of exposure and/or outcome misclassifica-
tion, but this is likely to be non-differential with re-
spect to type of coal use.

step in improving public health particularly in developing
countries.

INTRODUCTION
The global prevalence of exposure to house-
hold air pollution (HAP) is substantial, as
almost 40%" of the world’s population are
exposed to HAP from solid fuel use for indoor
cooking and heating. HAP resulting from the
use of solid fuels is also an important contrib-
utor to the global disease burden, accounting
for ~4.3 million deaths annually.® Coal is a
predominant source of fuel for power gener-
ation in countries such as China and India,
accounting for almost 40% of energy genera-
tion in these countries.” China is the world’s
largest coal producer and it is estimated that
75% of China’s primary energy is supplied by
domestic coal.*

Several studies have linked HAP exposure
to malignant and non-malignant respiratory
disease’ * and cardiovascular disease (CVD)
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incidence and mortality.*® Two prospective cohort studies
conducted in China have evaluated the health risks asso-
ciated with solid fuel use. The Kadoorie cohort, which
included five rural areas in China, identified an associa-
tion between solid fuel use (wood, biomass, coal) and the
risk of all-cause and CVD mortality compared with use of
alternative fuels (natural gas, ethanol, propane) regard-
less of smoking status.” Similarly, household solid fuel
use has been associated with an increased risk of chronic
obstructive pulmonary disease (COPD)” and a higher risk
of hospital admissions and mortality for both acute and
chronic respiratory diseases was observed.® We previously
conducted an analysis in the population-based, prospec-
tive Shanghai Women’s Health Study (SWHS) cohort
and found that past use of coal increased the risk of all-
cause mortality, cancer, ischaemic heart disease (IHD)
and myocardial infarction.” The risk of these outcomes
increased as duration of use increased, although the asso-
ciation of coal use with CVD mortality became weaker
with increasing number of years since last use.’

Xuanwei (XW) county, in Yunnan province, China,
has one of the highest lung cancer mortality rates in the
world despite the fact that very few women in this popula-
tion smoke cigarettes (<2%) 9712 XW is a rural area where
residents predominately use coal for indoor cooking and
heating. The HAP generated from the use of these fuels
contributes to high levels of specific pollutants, including
PM,,, polycyclic aromatic hydrocarbons (PAHs) and
gaseous pollutants.”>™ Interestingly, levels of some
pollutants (eg, SO,) have been measured to be higher
in homes burning anthracite (‘smokeless’ coal) whereas
others (eg, PAHs) are higher in homes burning bitu-
minous (‘smoky’) coal, indicating that the health risks
associated with each coal type could differ."”™"" In a large
cohort study in XW, it was previously observed that never-
smoking women who were lifetime users of smoky coal
had an ~100-fold elevated risk of lung cancer mortality,
compared with women who used smokeless coal during
their entire life.'"” Smoky coal use has also been associ-
ated with respiratory diseases.'® ' In contrast, the health
effects of smokeless coal use have been less characterised,
but data from the XW cohort suggest that lifetime users
of this coal type may have increased risks of pneumonia'
and THD mortality.”’

In this study, we aimed to evaluate the mortality
burden among those who are lifetime users of smoky and
smokeless coal in the XW cohort study. This is the first
descriptive epidemiology study to evaluate the spectrum
of cause-specific mortality burden in lifetime coal users,
stratified by coal type.

METHODS

Study population and data collection

The design of the XW cohort study has been described
in detail.'” *' In brief, the study area was comprised
of communes that predominantly used either of two
different coal types as a primary fuel source. Residents

of three communes primarily used smoky coal, whereas
residents living in another commune primarily used
smokeless coal. A review of administrative records was
conducted in 1992 to identify all people born between
1917 and 1951 who lived in the study area. The cohort
comprised 42 420 participants (age range from 25 to
59 years old at baseline) who were alive as of 1 January
1976, including a subcohort of 20 719 women, nearly
all of whom never smoked cigarettes based on the base-
line and follow-up questionnaires (n=20 382; 98.4%). In
1992, trained interviewers administered a standardised
questionnaire directly to the study subjects or their
surrogates. The questionnaire assessed lifetime residen-
tial history and lifestyle characteristics, cooking prac-
tices and household fuel use, including the amount of
fuel that was used, the primary fuel source and the type
of cooking apparatus that was used in the main living
or cooking area (stove with chimney, portable stove,
unvented fire pit and stove without a chimney) over their
entire lifetime.

A follow-up questionnaire was administered between
2009 and 2011 directly to participants (or their surro-
gates) still alive after 1992. Participants were assigned the
same exposure information for each year corresponding
to the total number of years in a particular residence.
Based on these questionnaire responses, participants
were classified as lifetime and exclusive smoky or smoke-
less coal users if they reported exclusive use of these coal
types, respectively, throughout their lifetime. Of the 42
420 cohort participants, 23 886 people (56%) were life-
time smoky coal users and 4521 people were lifetime
smokeless coal users (11%) through 2011 follow-up. A
small percentage of participants (0.8%) had unreliable
and/or missing data on key variables (vital status and/
or coal use) and were excluded from further analyses,
resulting in 42 083 men and women of which 23 662 were
lifetime smoky coal users and 4486 were lifetime smoke-
less coal users.

The date and cause of death for subjects in the cohort
during the follow-up period (1 January 1976 to 31
December 2011) were obtained from death certificate
and hospital records. Cause of death was coded by the
Center for Disease Control according to the International
Classification of Diseases, 9th revision (ICD-9), including
for cancer (ICD-9 140-239, CVD (ICD-9 390-459), IHD
(410-414), stroke (430-438), respiratory causes (ICD-9
460-519), COPD (490-496), pneumonia (500-508),
gastrointestinal (GI) diseases (ICD-9 520-579) and geni-
tourinary diseases (ICD-9 580-629). ICD-9 codes for
specific cancers included in the analysis were as follows:
nasopharyngeal cancer (147), oesophageal cancer (150),
stomach cancer (151), colorectal cancer (153), liver
cancer (155), pancreatic cancer (157), lung cancer (162),
bone cancer (170), breast cancer (174), cervical cancer
(180), ovarian cancer (183), bladder cancer (188) and
brain cancer (191).
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Figure 1

B PROPORTION OF DEATHS AMONG SMOKY COAL
USERS (1976-2011) - XUANWEI

C PROPORTION OF DEATHS AMONG SMOKELESS
COAL USERS (1976-2011) - XUANWEI
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E PROPORTION OF CANCER DEATHS BY SITE AMONG F PROPORTION OF CANCER DEATHS BY SITE AMONG
SMOKY COAL USERS (1976-2011) - XUANWEI
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Proportion of cause-specific mortality among smoky and smokeless coal users in Xuanwei (XW), 1976-2011. (A)

Distribution of cause-specific mortality among men and women in XW. (B) Distribution of cause-specific mortality among men
and women who were lifetime smoky coal users in XW. (C) Distribution of cause-specific mortality among men and women who
were lifetime smokeless coal users in XW. (D-F) Distribution of mortality by cancer site among men and women in XW (D) and

stratified by coal type (E,F). CVD, cardiovascular disease.

for lifetime smokeless coal users; table 1). Nearly all of the
participants in the XW cohort had less than a high school
education (table 1). For the SWHS, the proportion of
ever smokers in the women were comparable to those in
XW (online supplemental table 1).

Distribution of mortality in XW

The proportion of cause-specific mortality among all men
and women in XW is shown in figure 1A. Mortality was
driven by cancer (32%), respiratory diseases (21%) and
CVD (19%). Among lifetime smoky coal users, cancer
(41%) and respiratory diseases (21%) accounted for
the majority of deaths, while CVD accounted for 13% of
deaths (figure 1B). In contrast, among lifetime smoke-
less coal users, CVD accounted for the majority of deaths
(32%) followed by other causes (26%) and respiratory
diseases (21%), whereas cancer accounted for only 7% of
cause-specific mortality (figure 1C). Of the cancer deaths
in men and women overall, 84% were due to lung cancer
(figure 1D). Among lifetime smoky coal users, the causes
of mortality were driven by cancer (41%), among which
88% were due to lung cancer (figure 1B,E). In contrast,
the spectrum of cancer mortality among lifetime smoke-
less coal users was not predominated by lung cancer
(25%) but rather was a combination of sites, including
liver (26%) and stomach cancers (16%) (figure 1F). The
cause-specific mortality distributions by coal type were
similar among men and women (online supplemental
figure 1).

Online supplemental table 2 shows the average age
of death stratified by sex and type of lifetime coal use.
Overall, individuals who used smoky coal died on average
3 years younger compared with individuals who used
smokeless coal (61.4+11.6vs 64.5+11.8 years, respectively).

This younger average age of death among lifetime smoky
coal users was driven by lung cancer mortality (59.1+10.0
years among smoky coal users vs 63.849.4 years among
smokeless coal users). In contrast, lifetime smokeless coal
users (64.7+8.3 years) had an earlier age at death from
pneumonia compared with smoky coal users (67.8+11.4
years), as well as for THD (67.7+10.2 years among smoky
coal users and 67.0+11.4 years among smokeless coal
users). There was a significant difference between the
average age of death between smoky coal and smokeless
coal users for overall mortality, lung cancer, CVD, stroke,
COPD and pneumonia (p<0.05; online supplemental
table 2).

Overall and cause-specific mortality rates in XW

Table 2 shows the age-adjusted rates of mortality for
specific evaluated outcomes among lifetime smoky
and smokeless coal users. Among lifetime smoky coal
users, the overall age-adjusted mortality rate was 1543.7
deaths/100 000 person-years. The highest cause-specific
rates of mortality were from cancer (577.9 deaths/100
000 person-years) followed by respiratory diseases (323.2
deaths/100 000 person-years), CVD (208.6 deaths/100
000 person-years) and GI diseases (53.0 deaths/100 000
person-years). The cancer mortality rate among smoky
coal users was driven by lung cancer (506.8 deaths/100
000 person-years), followed by liver (15.7 deaths/100
000 person-years) and stomach (10.3 deaths/100 000
person-years) cancers. Respiratory disease mortality
among smoky coal users was predominately driven by
COPD (234.9 deaths/100 000 person-years). Compared
with smokeless coal users, smoky coal users had higher
mortality rates from total cancer (SRR=4.2, 95% CI=3.5
to 4.9), lung cancer (SRR=17.6, 95% CI=13.1 to 23.8)
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Table 2 Overall age-adjusted mortality rates by type of coal use in Xuanwei, 1976-2011

Smoky coal users

Standardised rate

Smokeless coal users ratio (95% CI)*

Number of Overall age-adjusted rate  Number of Overall age-adjusted rate Smoky versus
Disease outcome deaths (N) (per 100 000 person-years) deaths (N) (per 100 000 person-years) smokeless
Overall 11 520 1543.7 2886 2060.4 0.7 (0.7t0 0.8)
Cancer 4707 577.9 197 138.3 423.5t04.9
Lung cancer 4144 506.8 49 28.7 17.6 (13.1 to 23.8)
Stomach cancer 84 10.3 31 23.8 0.4 (0.3t00.7)
Liver cancer 134 15.7 52 BB 0.4 (0.3t0 0.6)
CVD 1530 208.6 926 614.5 0.3(0.3t00.4)
Ischaemic heart disease 161 23.1 7 54.4 0.4 (0.3t0 0.6)
Stroke 650 89.4 227 152.2 0.6 (0.5t00.7)
Respiratory cause 2370 323.2 618 368.6 0.9(0.8t0 1.0
Pneumonia 188 28.5 109 64.0 0.4 (0.3t0 0.6)
Chronic obstructive pulmonary disease 1752 234.9 330 200.7 1.2(1.0t01.3)
Gastrointestinal causes 396 53.0 307 222.8 0.2(0.2t00.3)
Genitourinary causes 113 15.3 90 72.0 0.2(0.2t00.3)

*Mortality rates, age adjusted to the WHO 2000-2025 world standard population within seven age groups, and standardised rate ratios were only calculated for outcomes with >10
deaths for both smoky and smokeless coal users. In the Results section, some standardised rate ratios are described using smoky coal users as the reference group.

COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease.

and COPD (SRR=1.2, 95% CI=1.0 to 1.3). The mortality
rates from brain cancer were also elevated in smoky coal
users (7.5 cases per 100 000 person-years) compared with
smokeless coal users, but an SRR was not calculated given
the small number of cases among the smokeless coal
users (n=2; online supplemental table 3). Mortality rates
for additional cancer sites that do not have an SRR calcu-
lation due to small case numbers but >10 deaths are also
shown in online supplemental table 3.

In contrast, a distinctly different mortality burden was
observed among lifetime users of smokeless coal (table 2).
The overall age-adjusted mortality rate among smokeless
coal users was 2060.4 deaths/100 000 person-years. The
highest cause-specific mortality rates among users of this
coal type were observed for CVD (614.5 deaths/100 000),
followed by respiratory diseases (368.6 deaths/100 000),
GI diseases (222.8 deaths/100 000 person-years) and
cancer (138.3 deaths/100 000 person-years). Liver cancer
had the highest cancer mortality rate (35.5 deaths/100
000 person-years) followed by lung (28.7 deaths/100 000
person-years) and stomach (23.8 deaths/100 000 person-
years) cancers. All-cause mortality rates (SRR=1.3, 95%
CI=1.3 to 1.4), rates of CVD (SRR=2.9, 95% CI=2.7 to
3.2), respiratory diseases (SRR=1.1, 95% CI=1.0 to 1.3),
GI diseases (SRR=4.2, 95% CI=3.5 to 5.1) and genitouri-
nary diseases (SRR=4.7, 95% CI=3.3 to 6.6) were higher
among lifetime smokeless coal users compared with
smoky coal users.

Table 3 shows the overall and cause-specific age-
adjusted mortality rates among men and women strati-
fied by coal type. For comparisons between users of the
same coal type by sex, male and female smoky or smoke-
less coal users had similar mortality rates for the majority
of outcomes (table 3). However, among smokeless coal

users the liver cancer mortality rate was nearly three times
higher in men than in women (SRR=2.8, 95% CI=1.4 to
5.5). For comparisons among different types of coal users,
overall cancer mortality was 3.5 (95% CI=2.8 to 4.3) times
higher in male smoky coal users than in male smokeless
coal users and was 5.7 (95% CI=4.3 to 7.4) times higher in
female smoky coal users compared with female smokeless
coal users. Male smoky coal users had a 14.7 (95% CI 10.1
to 21.5) times higher rate of mortality from lung cancer
compared with male smokeless coal users, whereas for
women the corresponding SRR was 23.8 (95% CI=14.6
to 39.0). Among male smokeless coal users, rates of liver
cancer (SRR=2.7,95% CI=1.8 to 4.1) and stomach cancer
(SRR=2.6, 95% CI=1.5 to 4.4) were significantly higher
compared with male smoky coal users. Similarly, overall
mortality (SRR in men=1.4, 95% CI=1.3 to 1.5, SRR in
women=1.3, 95% CI=1.2 to 1.4), CVD (SRR in men=3.0,
95% CI=2.7 to 3.5; SRR in women=2.8, 95% CI=2.5 to
3.3), IHD (SRR in men=2.2, 95% CI=1.4 to 3.5; SRR
in women=2.6, 95% CI=1.6 to 4.3) and stroke (SRR in
men=1.5, 95% CI=1.2 to 1.9; SRR in women=2.0, 95%
CI=1.5 to 2.6) rates were all significantly higher among
smokeless coal users compared with smoky coal users in
both men and women (table 3). Given the high propor-
tion of men and low proportion of women who were
ever smokers, results restricted to ever male smokers and
never-smoking women were largely similar to the overall
analyses not stratified by smoking status (online supple-
mental table 4).

Comparison of age-adjusted mortality rates in XW women
with women in Shanghai (1997-2009)

Online supplemental table 5 highlights the overall and
cause specific mortality rates among women in Shanghai.
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These data were compared against XW women who used
either smokeless or smoky coal. Compared with women
in Shanghai, the overall mortality rate was higher in XW
women among both smoky (SRR=3.1, 95% CI=2.8 to
3.3) and smokeless coal users (SRR=3.7, 95% CI=3.2 to
4.2), respectively. Lung cancer mortality was 15.9 (95%
CI=13.1 to 19.3) times higher in smoky coal users from
XW compared with women in Shanghai. In addition,
mortality rates were significantly elevated among women
who used smoky coal in XW compared with Shanghai
women for overall respiratory causes (SRR=11.2, 95%
CI=7.5 to 16.8), pneumonia (SRR=16.2, 95% CI=9.1 to
28.9) and COPD (SRR=12.0, 95% CI=7.1 to 20.3). Among
women in XW who used smokeless coal, overall mortality
rates were 3.7 times higher (95% CI=3.2 to 4.2) than in
women in Shanghai. Mortality rates of IHD and stroke
were 3.1 (95% CI=1.8 to 5.5) and 3.6 (95% CI=2.5 to 5.3)
times higher in XW women who used smokeless coal
compared with Shanghai women, respectively. In addi-
tion, mortality associated with respiratory causes was 10.6
(95% CI=6.4 to 17.4) times higher in XW women who
used smokeless coal compared with Shanghai women.
This was driven by mortality from COPD (SRR=12.7, 95%
CI=6.8 to 23.7). When comparisons were limited to never-
smoking women, results were nearly identical (data not
shown). In addition, sensitivity analyses that used indi-
rect age adjustment to calculate standardised mortality
ratios comparing women in XW by coal type to Shanghai
women, based on the age-specific mortality rates in
Shanghai women and person-year distributions of women
in XW, produced very similar results to the primary anal-
yses based on direct age adjustment online supplemental
table 6 and 7.

DISCUSSION

This descriptive analysis using data from a unique cohort
of Chinese men and women with substantial indoor air
pollution exposure in China indicated that cause-specific
mortality among lifetime users of smoky and smokeless
coal differs dramatically. While overall mortality rates
were higher among lifetime smokeless compared with
smoky coal users, smoky coal users had a notable excess
of cancer mortality and mortality rates for lung cancer
among both men and women in XW continue to be
substantially higher among smoky coal users compared
with smokeless coal users. In contrast, cancer accounted
for a relatively small proportion of deaths among lifetime
smokeless coal users, whereas rates of CVD, respiratory
disease, and GI causes were all higher than the total
cancer rates. Notably, we also observed that men and
women who used the same coal type had similar mortality
rates of most disease outcomes, despite the fact that
nearly no women smoke in XW. Finally, our novel analysis
comparing age-adjusted mortality rates between women
in XW and women in urban Shanghai found significantly
higher rates of overall mortality and certain cause-specific
outcomes (ie, lung cancer, respiratory disease, IHD,

stroke) among smoky and smokeless coal users in XW.
Collectively, these findings are consistent with and extend
current understanding of the health effects of indoor air
pollution and emphasise the need for mitigation strat-
egies in populations that still rely on coal for indoor
cooking and heating.

The use of coal in the household for cooking and/
or heating is well established to be associated with lung
cancer.” In addition, the Kadoorie cohort observed
associations between burning solid fuels indoors and
increased mortality risks for CVD outcomes among partic-
ipants from five rural areas in China.’ Significantly higher
risks of incident respiratory diseases including COPD
in relation to solid fuel use for household cooking and
heating were apparent in this cohort.”® In the SWHS,
use of coal indoors for cooking was also associated with
higher all-cause and cause specific mortality from cancer,
IHDs and myocardial infarction.” However, these prior
studies did not evaluate risk by specific type of coal that
was used by the study participants. Our current study in
XW indicates that use of different coal types may result in
a unique disease and/or mortality burden and provides
aetiologic hypotheses relating to coal use, indoor air
pollution and mortality outcomes that can be evaluated
in future analyses of our cohort and potentially other
studies that collect detailed information on the specific
type of coal used.

Our study is the first to our knowledge to comprehen-
sively describe the full spectrum of the disease burden
in XW by use of different coal types. Previous studies in
XW have elucidated the burden of lung cancer mortality
because of the high levels of HAP that are present in
this region. The burden of lung cancer in XW has been
influenced by the proximity of the villages to highly
carcinogenic types of coal.'' ** Previous research has also
indicated that clinicopathologic features including gene
fusion patterns of lung cancer in this population may
be distinct from other populations that have less or no
exposure to coal combustion.” ** While proximity to coal
communes in XW play a role in lung cancer burden, it is
the specific constituents of the coal found in this region
that is the driver of lung cancer and other diseases. For
example, a population-based case—control study of lung
cancer cases among never-smoking women in XW found
that a cluster of 25 PAHs had the strongest association
with lung cancer of 43 different household air pollut-
ants evaluated.'” Of these 25 PAHs, 5-methylchrysene, a
mutagenic and known carcinogenic PAH, was observed
to have the strongest association with lung cancer risk. In
contrast, PM, ; was not associated with lung cancer risk in
multipollutant models.

Given our recent observations in the XW cohort that use
of smokeless coal is associated with mortality from THD,*
it is likely that distinct constituents from both smoky coal
and smokeless coal are responsible for the coal-specific
disease patterns observed in our study. For example,
measurements of NO, and SO, in XW have suggested
that levels of these pollutants are higher after burning
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smokeless relative to smoky coal.'” Ambient levels of these
gaseous pollutants have each been associated with risk of
IHD in studies conducted in China.>”®* A previous expo-
sure study in XW also suggested that while concentrations
of PM,  are higher in homes (geometric mean=144 pg/
m”) and personal samples (148 pg/m’) of individuals
who use smoky coal, measurable levels of PM, , are also
detected in the homes (96 pg/m’) and personal samples
(115 pg/m?) of those who burn smokeless coal in XW."*
Future-planned analyses in the XW cohort will extend
our observations by directly evaluating the associations
between type of coal use, levels of indoor air contami-
nants and risk of all-cause and cause-specific mortality
outcomes.

To gain a more contextual understanding of the
mortality burden in XW, we compared the rates of
mortality for several outcomes to an external Shanghai
population consisting of predominately never-smoking
women. We found that the overall mortality rate in never-
smoking women who used smoky or smokeless coal in XW
was higher compared with women in Shanghai. Specifi-
cally, rates of total CVD, stroke, IHD, COPD, GI and geni-
tourinary diseases were higher among lifetime smokeless
coal users compared with Shanghai, whereas smoky coal
users also had higher rates of mortality from lung cancer
and pneumonia compared with the Shanghai popula-
tion. Our analysis comparing rates in XW to Shanghai
only focused on women since the vast majority of men in
XW (>90%) and in Shanghai (70%) smoked,” and there-
fore the implications of observed differences in mortality
rates with respect to the potential influence of coal use
would have been uncertain. However, the rates for most
outcomes were similar for both men and women who
used the same coal type in XW. The Shanghai compari-
sons further elucidated the unique exposure patterns in
XW, and also confirmed the pattern of higher mortality
in XW. The previous study that evaluated coal use and
mortality in the SWHS found that about 63% of the
women in the cohort previously used coal, but only 1%
were still using coal at the time of study enrolment.”
Information on the specific coal type was not available
in the SWHS, which precluded stratified analyses by coal
type. The SWHS analysis reported an increased risk of all-
cause mortality, total cancer mortality and IHD (but not
stroke) for ever coal use. Notably, the risks for IHD mark-
edly attenuated as the number of years since last use of
coal increased. Collectively, these findings and patterns
of coal use in Shanghai suggest that the rate ratios in our
paper comparing XW to Shanghai may be conservative
estimates of how the health impacts from coal use in XW
compare to other regions of China.

A strength of this study is the large cohort for which we
had detailed questionnaire data on lifetime fuel use for
all residences of the study participants since birth. This
provided a unique opportunity to evaluate the burden
of mortality among lifetime and exclusive users of the
two main coal types used in this region. Given that few
women in XW smoke, and the patterns of our descriptive

observations were largely similar in men and women, the
rates of cause-specific outcomes that we observed in XW
are likely to be primarily driven by coal use rather than
smoking.

One limitation of this study is that data on coal use was
self-reported either by the actual study participants or
their surrogates (generally immediate family members).
This could lead to recall bias; however, since most of the
people who lived in these areas lived there for their life-
time, they are more likely to recall the type of coal they
used particularly since this is to a large extent geograph-
ically determined based on the location of the residence
in relation to the source coal mine. In addition, death
certificates were the source of information on mortality
in the cohort, which could potentially result in some
outcome misclassification. However, the study partici-
pants in the cohort all resided within the geographic area
of XW where the diagnostic criteria used to determine
and code the cause of death are consistent. It is therefore
unlikely that outcome misclassification would be differ-
ential with respect to the type of coal used in this region.

Finally, the data presented here provide an overview of
the patterns and burden of mortality in this population.
While the patterns of mortality provide aetiologic hypoth-
eses that can be pursued in future studies, caution is
warranted when directly attributing the observed rates to
use of coal due to the descriptive nature of the study. For
example, the high lung cancer mortality and earlier age
at onset that has been attributed to smoky coal use may
be due to competing causes of death for other outcomes
that artificially lower the mortality rates of other diseases
among these coal users, thus leading to challenges in the
interpretation of rates among both smoky and smokeless
coal users for other mortality outcomes. Other factors
such as lifestyle characteristics and access to care may
also explain differences in mortality between XW and
Shanghai, although are less likely to explain differences
among smoky and smokeless coal users in XW given the
relatively homogenous population. The findings in this
study may also not be generalisable to other low and
middle income countries that continue to use coal for
indoor cooking and heating, since the specific constit-
uents of the coal in XW may be unique'® and different
patterns of use given the local geography and weather
patterns may intensify exposures.

In addition, the XW cohort was comprised of ~95%
male ever smokers and ~2% of female ever smokers.
Thus, we were unable to evaluate rates in male never
smokers or female ever smokers separately and could not
confirm results from previous cohort studies in Chinese
and Western populations that have suggested the possi-
bility of interactions on an additive scale between air
pollution exposure and smoking.® *' ** Our additional
analysis restricted to male ever smokers and female never
smokers yielded comparable results to the overall anal-
ysis. In addition, we were also unable to account for the
potential influence of secondhand tobacco smoke expo-
sure in our analysis given the high proportion of male

8

Nagaradona T, et al. BMJ Open 2022;12:¢058714. doi:10.1136/bmjopen-2021-058714

1ybuAdos Aq
pajosioid "Areiqi Ausisaiun 1yoaan 1e €20z ‘TT Arenuer uo /wod fwg uadolway/:dny wois papeojumoq "zz0z J9qWianoN GT U0 ¥T/850-TZ0Z-uadolwad/9eTT 0T se paysiiqnd 1siy :uado NG


http://bmjopen.bmj.com/

smokers in XW. A previous analysis in XW found that
~95% of women and ~90% of men may have exposure
to secondhand tobacco smoke.* A similar proportion of
male smoky and smokeless coal users smoked tobacco,
suggesting that this factor may not have a major impact
on the magnitude of the rate ratios comparing smoky and
smokeless coal users.

CONCLUSION

In conclusion, this study provides insight on the spec-
trum and patterns of mortality among lifetime users of
smoky and smokeless coal in a region with substantial
indoor air pollution exposure in China. Future studies
that link data on levels of individual HAP constituents
to mortality outcomes in the XW cohort are planned in
order to evaluate cause-specific mortality risks among
users of smoky and smokeless coal. In addition to these
evaluations, elucidating the role of biomarkers may also
be informative for understanding potential links between
smoky and smokeless coal and chronic disease. Lastly,
our results suggest that coal use for indoor cooking and
heating should be reduced or phased out entirely where
alternative fuel sources exist.
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