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Abstract

When cooking with biomass and fossil fuels, their incomplete burning can lead to air pollution, which can trigger pernicious
effects on people’s health, especially among the elderly, who are more vulnerable to toxic and harmful environmental dam-
age. This study explored the association between different cooking fuel types and the risk of cancer and all-cause mortality
among seniors constructing Cox regression models. Data were obtained by linking waves of 6, 7, and 8 of the Chinese Lon-
gitudinal Healthy Longevity Survey, which included a total of 7269 participants who were 65 years old and over. Cooking
fuels were categorized as either biomass, fossil, or clean fuels. And the effects of switching cooking fuels on death risk were
also investigated using Cox regression models. The results indicate that, compared with the users of clean fuels, individuals
using biomass or fossil fuels were at a greater death risk for cancer [HR (95% CI): biomass, 1.13 (1.05-1.20); fossil, 1.16
(1.06-1.25)] and all causes [HR (95% CI): biomass, 1.29 (1.16-1.42); fossil, 1.32 (1.22-1.50)]. Furthermore, compared
with sustained users of biomass fuels, individuals converting from biomass to clean fuels significantly reduced death risk
for cancer [HR (95% CI): 0.81 (0.72-0.95)] and all causes [HR (95% CI): 0.76 (0.64-0.93)]. Similarly, all-cause death risk
[HR (95% CI): 0.77 (0.62-0.93)] was noticeably reduced among these participants converting from fossil to clean fuels than
persistent users of fossil fuels. Subgroup analyses revealed that males had a greater cancer and all-cause death risk when
exposed to unclean fuels. These findings can inform the development of policies and the implementation of measures related
to cooking fuel use to promote the health of older people and reduce the burden of disease on society.
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Introduction

Since humans first used wood as fuel to make a fire for cook-
ing, the use and development of cooking fuels have been
inextricably linked with human life. Undeniably, biomass
fuels (e.g., wood, agricultural residues, and charcoal) and
later fossil fuels (e.g., coal, kerosene, gas) do bring many
benefits to human life, but at the same time, they have also
caused adverse health impacts on people and posed a sub-
stantial disease burden to society (Smith et al. 2014). These
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health impacts mainly include asthma (Mishra 2003; Wong
et al. 2013), cardiovascular disease (CVD) (Yu et al. 2018),
chronic obstructive pulmonary disease (COPD) (Salvi and
Barnes 2009; Lee et al. 2020), cancer (Reid et al. 2012),
and all-cause death rate (Yin et al. 2020). Moreover, studies
have suggested that incomplete burning of fuels can produce
the main toxic pollutants that contribute to household air
pollution (HAP) when solid fuels (e.g., biomass fuels and
coal) are used for human activities like heating or cooking
(Chen et al. 2016; Gordon et al. 2014). And according to
the relevant findings of Global Burden of Disease Study,
HAP is an environmental risk factor and is associated with
more than one million deaths per year globally (GBD 2013
Risk Factors Collaborators 2015; GBD 2017 Risk Factor
Collaborators 2018).

As reported by the International Energy Agency (IEA),
with the socio-technical and economic developments,
although the amount of folks who are unable to cook with
clean fuels is gradually decreasing, thanks to some national
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clean-up programs and policies (International Energy
Agency 2022a), globally there are still over 2.5 billion peo-
ple who primarily use biomass or fossil fuels as of 2019
(International Energy Agency 2022a). In China, despite the
country continuing to urbanize, the use of unclean fuels is
still a general phenomenon, particularly in some rural areas
(Hou et al. 2017) and among the older population (Hystad
et al. 2019; Zhang and Smith 2007), where many people still
use traditional fuels for cooking. In addition, the number
of people cooking with unclean fuels may further increase
during the COVID-19 pandemic due to the impacts of the
lockdowns and the ensuing stagnation to global economic
activities and the disruptions to global supply chains on fuel
prices, household incomes, transportation, etc. (International
Energy Agency 2022b; Shupler et al. 2021; Ali and Khan
2022; Ravindra et al. 2021).

The earlier studies have confirmed the association
between the utilization of cooking fuels and the risk of com-
mon diseases in the elderly, such as hypertension, cognitive
impairment, and COPD (Deng et al. 2020; Du et al. 2021; Li
et al. 2019). The limited physical activities and vulnerable
health conditions of the elderly force them to stay more at
home, which can expose them to more pollutants generated
by cooking fuels. In particular, as people are living longer
and the ageing of society in China, Chinese elderly people
can also suffer long-term damage from exposure to cooking
fuel emissions (Liu et al. 2018, 2020).

Meanwhile, the role of cooking fuel use in mortality has
also been the focus of previous studies. One study, for exam-
ple, found higher risks of cardiovascular, respiratory, and all-
cause mortality among users of solid fuels, and these risks
can be reduced by discontinuing the utilization of such fuels
(Yu et al. 2020). Cancer ranks among the top causes of death
worldwide and is more prevalent in older individuals, for
whom it poses a greater risk of mortality is greater (Pedersen
et al. 2016). Despite this, there is a paucity of research inves-
tigating the relationship between cooking fuels and cancer
mortality. In addition, the relevant researches have primar-
ily concentrated on biomass fuels, and there is a dearth of
studies examining the impact of fossil fuels. Indeed, until
recently, kerosene remains a common cooking fuel, and one
study found that kerosene use was linked to greater risk of
CVD, respiratory disease, and all-cause death by surveying
multiple low-income and middle-income countries (Arku
et al. 2020). Furthermore, the impacts on the life and health
of the elderly of long-term use of a certain cooking fuel and
switching the varieties of cooking fuel remain to be studied.

Therefore, given the substantial disease burden on soci-
ety caused by cooking fuel use and the specificities of the
elderly, we need to continually work on the health impacts
of diverse types of cooking fuels on elderly people in differ-
ent circumstances. We constructed cox regression models
to concentrated on assessing the relationship of the types
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of cooking fuels individuals used and the conversion of
midway cooking fuel types with the death of cancer and
all causes in a nationwide prospective cohort study of older
Chinese. The main contributions of our study are (i) adding
to the evidence on the association between cooking fuels
and cancer mortality in older people, (ii) expanding upon
previous research by exploring the use of fossil fuels and
providing a more comprehensive classification of cooking
fuels, and (iii) the hazards of long-term cooking fuel use in
older people and the impact of switching cooking fuel types
can be more fully studied through the cohort survey with
8 years of follow-up.

Methods
Study design and participants

For the present research, data extracted from the Chinese
Longitudinal Healthy Longevity Survey (CLHLS) were used
for analysis. The CLHLS study was initiated in 1998, and
was followed up in 2000 (second wave), 2002 (third wave),
2005 (fourth wave), 2008 (fifth wave), 2011 (sixth wave),
2014 (seventh wave), and 2018 (eighth wave), and fresh par-
ticipants were recruited at each wave of follow-up. Initially,
the CLHLS was conducted in 22 provinces in China, and a
total of 23 provinces were eventually covered after adding
Hainan Province in the sixth wave. In the first two waves
of the survey, only the elderly who were 80 years old and
over were recruited, and the seniors aged 65—75 years have
also been added to the survey since 2002. Thus, information
on the personal health situations and living conditions of
Chinese seniors who were 65 years old and over was inves-
tigated. Additional details on the designs and methodolo-
gies had been presented elsewhere (Lv et al. 2018; Zeng
et al. 2017). Only data collected in 2011, 2014, and 2018
were included in our study because information on cooking
fuels was not collected during the prior survey waves (first to
fifth waves). The baseline information for this study was col-
lected in the sixth wave from 2011 to 2012, which included
the question “Which fuel do you usually use for cooking at
home?” Subsequent follow-up visits in 2014 and 2018 were
conducted through interviewing the surviving participants
or with a relative of the deceased participants. At the sixth
wave (2011/2012), 9765 Chinese seniors were included in
the cohort; the specific distribution of the sample across the
23 provinces in mainland China is shown in Figure S1. After
excluding participants who were missed in 2014 (n=3820)
and in 2018 (n=1345), 8945 and 7600 participants (includ-
ing surviving participants and relatives of deceased partici-
pants) remained in the cohort at the seventh wave and the
eighth wave, respectively. Then, we further excluded those
who had lost cooking fuels data (n=198), those who never
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cooked (n=124), and those who used other cooking fuels
(n=9), respectively. Total 7269 seniors were finally admit-
ted in the analyses. Figure 1 shows greater details about the
process of inclusion and exclusion for participants in the
research.

The CLHLS study was implemented with the approval
of the Research Ethics Committee of Peking University
(IRB00001052-13,074), and an informed consent form was
required all participants or proxy interviewees to sign.

Assessment of cooking fuel exposure

Relevant information about participants’ cooking fuel expo-
sure types were measured through a questionnaire, with
answering the question “What types of fuel do you usually
use for cooking at home?” by the respondents themselves
at the baseline interview and by the surviving respondents
at follow-up interview. The question “What types of fuel
did the participants usually use for cooking before death?”
was answered by a relative of the deceased participants at
follow-up. Cooking fuels were grouped by type into clean
fuel group (including electricity, solar energy, and natural
gas), biomass fuel group (including charcoal, firewood and
straw), and fossil fuels group (coal, coal oil and coal gas).
We carried out comparisons of the predominant use of bio-
mass, fossil and clean fuels. In addition, based on the infor-
mation on cooking fuel use collected from 2011 to 2018 (a
total of 3 waves of surveys), we also compared participants
switching cooking fuel types (i.e., primarily cooked with
one fuel type at baseline, but switched cooking fuel type to
another during follow-up) with those who had not changed
their cooking fuel types.

Outcome

Information on participants’ survival status, date of death,
and whether they had cancer was obtained by interviewing
the surviving participants or with a relative of the deceased
participants in 2014 and 2018, respectively. All participants
were followed from baseline until their death was ascer-
tained, and follow-up was lost, or July 2018.

Covariates

Confounding factors for potentially influenced cooking fuel
use and outcomes were adjusted, with sociodemographic
characteristics including age (continuous), gender (male/
female), type of residence (rural/urban), education level
(illiterate/1-6 years/7 years or more), marital status (mar-
ried/other), annual household income [low (< 10,000 RMB)/
medium (10,001-30,000 RMB)/high (>30,001 RMB)],
independent living [yes (living alone)/no (living with fam-
ily or living in an aged care facility], and geographical loca-
tion (North, Hebei, Beijing, Shanxi, Tianjin; Northeast,
Jilin, Liaoning, Heilongjiang; East, Jiangxi, Jiangsu, Shang-
hai, Zhejiang, Fujian; Center, Henan, Shandong, Hubei,
Anhui, Hunan; South, Guangdong, Hainan, Guangxi; West,
Shaanxi, Sichuan, Chongqing), lifestyle factors including
smoking behavior (never/past/current) and drinking behav-
ior (never/past/current), and health status including body
mass index [BMI, obese (> 28)/overweight (24-27.9)/nor-
mal(18.5-23.9)/underweight (< 18.5)], limited in activities
(yes/no), and comorbidities (stroke, hypertension, diabetes,
heart disease, cancer and dementia; yes/no).

Fig.1 The flowchart of the
inclusion of available partici-
pants

Participants from 2011 to 2018

(n=9765)

2165 participants excluded:
P 820 lost to follow-up (2014)

Participants potentially eligible

1345 lost to follow-up (2018)

cohort (n=7600)

331 participants excluded:
198 had missing data on cooking fuels
124 never cooked

Participants included in final

9 were used other cooking fuels

analysis (n=7269)

v

v v

Clean fuel users (n=1540)
All-cause deaths (n=896)
Cancer deaths (n=60)

Biomass fuel users (n=3429)
All-cause deaths (n=1952)
Cancer deaths (n=98)

Fossil fuel users (n=2300)
All-cause deaths (n=1347)
Cancer deaths (n=88)
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Statistical analysis

Participants were grouped according to cooking fuel type,
and mean + standard deviation and frequencies with percent-
ages were used to conduct descriptive analyses of continuous
variables and categorical variables of their baseline charac-
teristics, respectively. The chi-square test and ANOVA were
applied to categorical variables and continuous variables to
test the statistical significance of differences in the kinds
of cooking fuel used between the different characteristic
subgroups, respectively. Three Cox regression models were
constructed to examine the relationship of the utilization of
cooking fuels with cancer and all-cause mortality by adjust-
ing for different covariates, and results were expressed in
terms of hazard ratio (HR) with a 95% confidence interval
(CI). See supplementary document 1 for the mathematical
form and construction of the Cox regression model. Model
1 was the unadjusted model. Model 2 was adjusted for sex,
age, education level, smoking behavior, drinking behavior,
marital status, annual household income, BMI, and inde-
pendent living. Model 3 was further adjusted for comor-
bidities, type of residence, and geographic location based on
model 2. Hazard ratios describing the relationship of con-
verting cooking fuel types with cancer and all-cause mortal-
ity were also estimated by these models. Furthermore, we
performed subgroup analyses tiered by sex, smoking behav-
ior, drinking behavior, type of residence, and geographic
location to reveal the relationship of cooking fuel use or
converting cooking fuel types with the death of cancer and
all causes in different subgroups.

Sensitivity analyses were carried out to ensure the robust-
ness of the major analysis results. Firstly, we removed the
data that did not have complete information of participants.
Secondly, we removed the data of deceased participants
in the initial year of this study period. Thirdly, we further
adjusted other potential variables, including limited activi-
ties, dementia, and type of residence.

All analyses were based on two-sided tests, and statisti-
cal significance was indicated when p <0.05. The statistical
tests were all carried out using R software version 4.0.5 (R
Foundation for Statistical Computing). See supplementary
document 1 for the resource and system characteristics.

Results

Description of participants’ baseline characteristics
Table 1 contains information on the characteristics of par-
ticipants at baseline. Total 7269 participants were admitted
in this study, of which 3983 were females (54.79%). Their

mean (SD) age approximately was 86.03 (11.39) years.
According to the baseline report, 3429 (47.17%) participants
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cooked with biomass fuels and 2300 (31.64%) participants
cooked with fossil fuels. Most of the participants who
cooked with biomass fuels were illiterate (65.30 vs. 52.02%),
had low annual household income (47.54 vs. 20.39%), were
currently smoking (19.11 vs. 16.08%), never drink (69.74
vs. 66.51%), were underweight (30.38 vs. 26.59%), were
not living independently (19.07 vs. 11.93%), and were rural
(98.09% vs. 67.27%) compared with those who were the
users of clean fuels. To further explore survival status, all-
cause mortality, and cancer mortality among participants
at baseline, we also conducted analyses grouped by partici-
pants’ different characteristics (Table S1). Long-term follow-
up leads to a decrease in follow-up rate, so we compared the
baseline characteristics of the population who were failed to
follow with those who were followed up successfully, and
found no significant differences between the two populations
for sex and drinking behavior (Table S2).

Relationship of cooking fuels use with cancer
and all-cause mortality

Table 2 summarizes the results of the analysis of the rela-
tionship between cooking fuel types and the death of cancer
and all causes. During the investigation period from 2011
to 2018, 4195 deaths were ascertained, of which 246 deaths
were from cancer. All unadjusted and multivariable-adjusted
models showed that biomass fuel or fossil fuel users had
a higher death risk for cancer and all causes than clean
fuel users. In model 1 (i.e., unadjusted model), being bio-
mass fuel users [HR (95% CI): cancer, 1.14 (1.07-1.21);
all causes, 1.40 (1.25-1.56)] and being fossil fuel users
[HR (95% CI): cancer, 1.18 (1.10-1.26); all causes, 1.33
(1.19-1.46)] were risk factors for cancer and all-cause
deaths. Model 3 still showed that being biomass fuel users
[HR (95% CI): cancer, 1.13 (1.05-1.20); all causes, 1.29
(1.16-1.42)] and being fossil fuel users [HR (95% CI): can-
cer, 1.16 (1.06-1.25); all causes, 1.32 (1.22—1.50)] were risk
factors for cancer and all-cause deaths. Moreover, compared
with participants who were the users of biomass fuels, fossil
fuel users can bring a more significant effect on the death
risk for cancer and all causes in the two adjusted models.

Relationship of converting cooking fuel types (2014)
with cancer and all-cause mortality

Of the 902 survivors who were clean fuel users at base-
line, 541 participants continued to use clean fuels and 129
participants converted from clean to biomass fuels, 232
participants converted from clean to fossil fuels at follow-
up in 2014, respectively. Crude rates of cancer and all-
cause death events were greater for participants reporting
a conversion from clean to fossil or biomass fuels between
2014 and 2018 than for the sustained users of clean fuels



Environmental Science and Pollution Research (2023) 30:78653-78664

78657

Table 1 Baseline characteristics
of participants according to
categories of cooking fuel at
baseline

Characteristic

Clean fuel (n=1540) Biomass fuel (n=3429)

Fossil fuel (n=2300) P value

Age (year)

Sex

Female

Male

Education level
Illiterate

1-6 years

7 years or more
Marital status
Married

Other*

Household income
Low

Middle

High

Smoking status
Never

Past

Current

Drinking status
Never

Past

Current

BMI (kg/m2)
Underweight (< 18.5)
Normal (18.5-23.9)
Overweight (24-27.9)
Obese (>28)
Independent living
Yes

No

Comorbidities
Cancer

Stroke

Heart disease
Diabetes
Hypertension
Geographical location®
North

Northeast

East

Centre

South

West

Residence

Urban

Rural

86.32 (+11.24)

842 (54.68%)
698 (45.32%)

800 (52.02%)
503 (32.70%)
235 (15.28%)

532 (34.66%)
1003 (65.34%)

314 (20.39%)
565 (36.69%)
661 (42.92%)

1009 (65.95%)
275 (17.97%)
246 (16.08%)

1015 (66.51%)
270 (17.69%)
241 (15.79%)

271 (26.59%)
533 (52.31%)
176 (17.27%)
39 (3.83%)

1351 (88.07%)
183 (11.93%)

24 (1.57%)
132 (8.83%)
20 6(13.48%)
78 (5.11%)
461 (30.09%)

102 (7.58%)
67 (4.98%)
128 (9.51%)
280 (20.80%)
358 (26.60%)
411 (30.53%)

504 (32.73%)
1036 (67.27%)

85.97 (+11.62)

1875 (54.68%)
1554 (45.32%)

2237 (65.30%)
966 (28.23%)
219 (6.40%)

1283 (37.56%)
2133 (62.44%)

1630 (47.54%)
1227 (35.78%)
572 (16.68%)

2270 (66.73%)
482 (14.17%)
650 (19.11%)

2367 (69.74%)
415 (12.23%)
612 (18.03%)

518 (30.38%)
947 (55.54%)
194 (11.38%)
46 (2.70%)

2746 (80.93%)
647 (19.07%)

18 (0.53%)
213 (6.26%)
289 (8.48%)
73 (2.15%)
802 (23.53%)

42 (1.59%)

98 (3.71%)
186 (7.03%)
1233 (46.62%)
704 (26.62%)
38 2(14.41%)

38 (1.11%)
3391 (98.89%)

85.90 (+11.15)

1266 (55.04%)
1034 (44.96%)

1292 (56.30%)
740 (32.24%)
263 (11.46%)

795 (34.69%)
1497 (65.31%)

551 (23.96%)
864 (37.57%)
885 (38.48%)

1509 (65.96%)
408 (17.82%)
373 (16.29%)

1526 (67.22%)
358 (15.77%)
386 (17.00%)

390 (25.06%)
832 (53.47%)
250 (16.07%)
84 (5.40%)

1957 (85.53%)
331 (14.47%)

22 (0.97%)
227 (9.97%)
347 (15.22%)
131 (5.74%)
745 (32.58%)

89 (4.75%)
87 (4.64%)
407 (21.73%)
891 (47.57%)
281 (15.00%)
118 (6.30%)

480 (20.87%)
1820 (79.13%)

0.509
0.9585

<0.001

0.0386

<0.001

<0.001

<0.001

<0.001

<0.001

0.0014
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001

Values are mean+ SD or N (%); other*are unmarried/divorced/separated/widowed status

“North: Beijing, Tianjin, Hebei, Shanxi; Northeast: Liaoning, Jilin, Heilongjiang; East: Shanghai, Jiangsu,
Zhejiang, Fujian, Jiangxi; Center: Henan, Shandong, Hubei, Anhui, Hunan; South: Guangdong, Guangxi,

Hainan; West: Chongqing, Sichuan, Shaanxi
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Table 2 Association between
cooking fuels at baseline and

Cooking fuels at the first record, HR (95% CI)

all-cause and cancer mortality Variable Clean fuel Biomass fuel Fossil fuel
Participants, no 1540 3429 2300
Total person-years 6464.58 14,141.98 9442 .87
Cases of all-cause mortality 896 1952 1347
Mortality rate/1000 person-years 138.6(130.4-147.2) 138.1(132.4-143.8) 142.6(135.7-149.8)
Model 1* 1[reference] 1.40(1.25-1.56) 1.33(1.19-1.46)
Model 2" 1[reference] 1.32(1.19-1.46) 1.37(1.23-1.52)
Model 3¢ 1[reference] 1.29(1.16-1.42) 1.32(1.22-1.50)
Cases of cancer mortality 60 98 88
Mortality rate/1000 person-years 9.3(7.2-11.9) 6.9(5.7-8.4) 9.3(7.6-11.4)
Model 1* 1[reference] 1.14(1.07-1.21) 1.18(1.10-1.26)
Model 2° 1[reference] 1.12(1.05-1.19) 1.18(1.10-1.27)
Model 3¢ 1[reference] 1.13(1.05-1.20) 1.16(1.06-1.25)

HR, hazard ratio; CI, confidence interval

“Model 1: unadjusted

"Model 2: adjusted for sex, age, educational level, smoking status, drinking status, marital status, house-
hold income, BMI, and independent living

“Model 3: adjusted for sex, age, educational level, smoking status, drinking status, marital status, house-
hold income, BMI, independent living, comorbidities (stroke, hypertension, diabetes, heart disease, and
cancer), type of residence, and geographic location

(cancer, 5.1, 4.0, and 6.5/1000 person-years; all causes,
57.7,72.5, and 64.9/1000 person-years), but no meaning-
ful relationship was found between converting from clean
to fossil or biomass fuels and death risk for cancer and all
causes (Table 3). Of the 2143 survivors who were biomass
fuel users at baseline, 1463 participants remained on bio-
mass fuels and 247 participants converted from biomass
to clean fuels, 433 participants converted from biomass
to fossil fuels at follow-up in 2014, respectively. And all
unadjusted and multivariable-adjusted models showed
that compared with participants who were the sustained
users of biomass fuels, those converting from biomass to
clean fuels had a noticeably lower death risk for cancer
[HR (95% CI): model 1, 0.82 (0.72-0.94); model 3, 0.81
(0.72-0.95)] and all causes [HR (95% CI): model 1, 0.74
(0.65-0.88); model 3, 0.76 (0.64-0.93)] (Table 3). Of the
1316 survivors who were fossil fuel users at baseline, 854
participants continued to use fossil fuels and 289 partici-
pants converted from fossil to clean fuels, 173 partici-
pants converted from fossil to biomass fuels at follow-up
in 2014, respectively. And the results showed that com-
pared with participants who were the sustained users of
fossil fuels, those converting from fossil to clean fuels had
a lesser death risk for all causes [HR (95% CI): model 1,
0.84 (0.71-0.99); model 3, 0.77 (0.62-0.93)], while no
evidence was found for a relationship between converting
from fossil to clean fuels and cancer mortality [HR (95%
CI): model 1, 0.97 (0.84-1.11); model 3, 0.93 (0.81-1.08)]
(Table 3). We also found that compared with participants
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who were the sustained users of fossil fuels, those convert-
ing from fossil to biomass fuels were at a greater death
risk for cancer [HR (95% CI): model 1, 1.22 (1.06—1.46);
model 3, 1.27 (1.06—1.49)] and all causes [HR (95% CI):
model 1, 1.28 (1.06-1.55); model 3, 1.29 (1.05-1.58)]
(Table 3).

Subgroup analyses

We performed a gender-stratified subgroup analysis to
discuss the relationship of cooking fuel types with the
death risk for cancer and all causes. All unadjusted
and multivariable-adjusted models revealed that com-
pared with clean fuel users, cooking with biomass or
fossil fuels was positively related to the death risk for
cancer and all causes in both two subgroups (Table 4).
Compared with females, the use of biomass or fossil
cooking fuels had a greater effect on the death risk for
cancer and all causes in males (Table 4). After stratify-
ing by sex, we also explored the relationship of con-
verting cooking fuel types with cancer and all-cause
mortality in two subgroups (Table S3). In addition, we
discussed the relationship of cooking fuel types with
cancer and all-cause mortality stratified by drinking
behavior, smoking behavior, type of residence, and
geographic location and found that rural biomass or
fossil fuel users had a greater death risk for cancer and
all causes (Table S4).
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Table 3 Association between all-cause or cancer mortality and changes in cooking fuels from baseline to the second record
Variable Cooking fuels changes from baseline to the second record, HR (95% CI)
Maintained Clean to Clean to Maintained Biomassto Biomassto Maintained Fossil to Fossil to
clean fuel biomass fuel fossil fuel biomass fuel clean fuel fossil fuel fossil fuel clean fuel biomass fuel
Participants, 541 129 232 1463 247 433 854 289 173
no
Total 3330 745 1387 8261 1458 2424 5134 1749 977
person-
years
No. of 192 54 90 537 92 176 318 106 57
all-cause
mortality
MR/1000 57.7(50.3— 72.5(56.0- 64.9(53.1- 65.0(59.9- 63.1(51.7- 72.6(629- 61.9(55.6- 60.6(50.4- 58.3 (45.3-
person- 66.1) 93.4) 79.1) 70.5) 76.8) 83.6) 68.8) 72.8) 74.8)
years
Model 1* 1 [reference] 0.96 (0.75— 0.96 (0.79— 1 [reference] 0.74 (0.65— 1.15(1.00- 1 [reference] 0.84 (0.71- 1.28 (1.06—
1.23) 1.18) 0.88) 1.32) 0.99) 1.55)
Model 2° 1 [reference] 0.95 (0.73— 0.97 (0.79— 1 [reference] 0.77 (0.64— 1.16 (1.01- 1 [reference] 0.82 (0.69- 1.25 (1.02—
1.23) 1.19) 0.92) 1.34) 0.98) 1.54)
Model 3¢ 1 [reference] 1.03 (0.80— 1.10(0.93— 1 [reference] 0.76 (0.64— 1.21 (1.04— 1 [reference] 0.77 (0.62— 1.29 (1.05-
1.34) 1.31) 0.93) 1.35) 0.93) 1.58)
No of cancer 17 3 9 31 4 9 29 4 2
mortality
MR/1000 5.1 (3.2-8.2) 4.0(1.4- 6.5 (3.4— 382.7-54) 2.7 3.7(1.9-7.0) 5.6 2.3 2.0 (0.5-7.4)
person- 11.7) 12.3) (1.0-7.0) (3.9-8.0) (0.9-5.9)
years
Model 1* 1 [reference] 1.07 (0.88— 1.06 (0.90- 1 [reference] 0.82 (0.72— 1.10 (1.01- 1 [reference] 0.97 (0.84— 1.22 (1.06-
1.30) 1.24) 0.94) 1.24) 1.11) 1.46)
Model 2° 1 [reference] 1.02 (0.84— 1.06 (0.90- 1 [reference] 0.84 (0.73— 1.11 (1.01- 1 [reference] 0.95 (0.83— 1.23 (1.04—
1.25) 1.25) 0.96) 1.24) 1.09) 1.45)
Model 3¢ 1 [reference] 1.01 (0.87— 1.08 (0.93— 1 [reference] 0.81 (0.72— 1.16 (1.06— 1 [reference] 0.93 (0.81- 1.27 (1.06—
1.28) 1.27) 0.95) 1.25) 1.08) 1.49)

HR, hazard ratio; CI, confidence interval; MR, mortality rate
“Model 1: unadjusted

"Model 2: adjusted for sex, age, educational level, smoking status, drinking status, marital status, household income, BMI, and independent liv-

ing

“Model 3: adjusted for sex, age, educational level, smoking status, drinking status, marital status, household income, BMI, independent living,
comorbidities (stroke, hypertension, diabetes, heart disease, and cancer), type of residence, and geographic location

Sensitivity analyses

When we removed the data of participants with any miss-
ing values in the information (Table S5), further removed
the data of deceased participants in the initial year of this
study period (Table S6), or further adjusted for potential
variables (including limited in activities, dementia, and
ventilation) (Table S7), it was still shown that participants
who cooked with biomass or fossil fuels had a greater death
risk for cancer and all causes than those cooking with clean
fuels. As shown in Table S7, compared with using clean
fuels for cooking, using biomass fuels increased the death
risk of cancer by 14.7% (HR=1.147, 95% CI: 1.046-1.264)
and all causes by 20.7% (HR=1.207,95% CI: 1.076-1.311),
respectively; using fossil fuels also increased the death risk

of cancer by 21.9% (HR=1.219, 95% CI: 1.110-1.331) and
all causes by 31.4% (HR=1.314, 95% CI: 1.140-1.455),
respectively. Thus, our results were robust.

Discussion

Our study revealed that the usage of biomass or fossil cook-
ing fuels was strongly related to a greater death risk for can-
cer and all causes. Participants who converted from biomass
or fossil to clean fuels resulted in an evident reduction in
death risk compared to those who use biomass fuels sustain-
ably. And no evidence was found that switching from clean
to fossil or biomass fuels was related to a lower death risk for
cancer and all causes. In subgroup analyses, we found that
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Table 4 Association between
cooking fuels at baseline and
all-cause and cancer mortality
stratified according to sex

Cooking fuels at the first record, HR (95% CI)

Variable Clean fuel Biomass fuel Fossil fuel
Sex (female)

Participants, no 842 1875 1266
Total person-years 3537.11 7380.56 5198.35
Cases of all-cause mortality 520 1199 784

MR /1000 person-years
Model 1*

Model 2°

Model 3¢

Cases of cancer mortality
MR /1000 person-years
Model 1*

Model 2°

Model 3¢

Sex (male)

Participants, No

Total person-years

Cases of all-cause mortality
MR/1000 person-years
Model 1*

Model 2°

Model 3¢

Cases of cancer mortality
MR /1000 person-years
Model 1*

Model 2°

Model 3¢

147.0 (135.7-159.1)
1 [reference]

1 [reference]

1 [reference]

18

5.1(3.2-8.0)

1 [reference]

1 [reference]

1 [reference]

698

2927.47

436

149.0 (130.4-147.2)
1 [reference]

1 [reference]

1 [reference]

42

14.3 (10.6-19.3)
1 [reference]

1 [reference]

1 [reference]

162.5 (154.3-171.1)
1.320 (1.154—1.507)
1.269 (1.105--1.459)
1.272 (1.094—1.418)
37

5.0 (3.6-6.9)

1.131 (1.040-1.229)
1.107 (1.014—1.208)
1.114 (1.020-1.218)

1554
6761.42

851

125.9 (118.2-134.0)
1.404 (1.216-1.618)
1.383 (1.188-1.609)
1.361 (1.176-1.583)
61

9.0 (7.0-11.5)

1.135 (1.032-1.246)
1.128 (1.022-1.245)
1.155 (1.043-1.277)

150.8 (141.3-160.8)
1.258 (1.090-1.448)
1.294 (1.120-1.494)
1.279 (1.107-1.480)
29

5.6 (3.9-8.0)

1.150 (1.053-1.260)
1.157 (1.057-1.267)
1.147 (1.042-1.256)

1034
4244.56

651

153.4 (142.9-164.6)
1.377 (1.175-1.615)
1.466 (1.246-1.726)
1.455 (1.212-1.720)
59

13.9 (10.8-17.9)
1.205 (1.090-1.332)
1.213 (1.095-1.344)
1.202 (1.098-1.329)

HR, hazard ratio; CI, confidence interval, MR, mortality rate

“Model 1: unadjusted

"Model 2: adjusted for sex, age, educational level, smoking status, drinking status, marital status, house-
hold income, BMI, and independent living

“Model 3: adjusted for sex, age, educational level, smoking status, drinking status, marital status, house-
hold income, BMI, independent living, comorbidities (stroke, hypertension, diabetes, heart disease, and
cancer), type of residence, and geographic location

males were at greater death risk for cancer and all causes
when cooking with biomass or fossil fuels.

The findings of some studies are concordant with our
results. For instance, a study of 31,490 participants aged
35-70 years in China, Tanzania, South Africa, and India
indicated that individuals cooking with kerosene fuel
had a greater death risk for all causes (HR=1.32, 95%
CI: 1.14-1.53) than clean fuel users (Arku et al. 2020).
Similarly, another study of 55,687 participants among
China’s rural population revealed that participants who
cooked with solid fuels, primarily biomass, had a greater
death risk for all causes (HR=1.11, 95% CI: 1.02-1.26)
than clean fuel users (Qiu et al. 2021). Same as the pre-
vious researches (Yu et al. 2018; Chan et al. 2019; Xu
et al. 2022), our study demonstrated that converting from

@ Springer

unclean to clean fuels can potentially reduce the death
risk, suggesting that cooking with unclean fuels is an inde-
pendent risk contributor to health problems in seniors.
However, no evidence was observed for the correlation
between converting from clean to unclean fuels and the
death risk for cancer and all causes, as compared with
consistently using clean fuels. The reasons for this are
unknown in this study, but we speculate that this result
may be related to the time duration and toxicity of pollut-
ing gases emitted from cooking fuels. Health damage from
exposure to air pollution may be impacted by many factors
(e.g., level and duration of exposure) (Li et al. 2018; Brook
et al. 2010). One study also showed that the unobserved
effect between the utilization of solid fuels and death risk
can be explained by insufficient exposure duration (Mitter
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et al. 2016). Therefore, in our study, insufficient exposure
time duration to pollutants after switching cooking fuel
types may influence the association with mortality risk.

Some studies have presented ideas that are inconsistent
with our results. An urban and rural epidemiology study
recruited 91,350 individuals in 11 low-income and middle-
income countries found no statistically significant differ-
ence in the death risk for all causes (HR=1.12, 95% CI:
0.95-1.31) between cooking with clean fuels like natural
gas and using solid fuels like wood or charcoal (Hystad
et al. 2019). Moreover, Yu et al. (Yu et al. 2020) and Mitter
et al. (Mitter et al. 2016) found that cooking with unclean
fuels posed a greater death risk for all causes in women than
men. However, in our study, the risk of all-cause death for
men was greater than that of women. In general, women
are more likely to cook in families. However, if men are
unmarried, divorced, or widowed, they will be more likely to
cook by themselves. Thus, the high proportion of unmarried,
divorced, or widowed in this male population we studied
may increase men’s exposure to unclean cooking fuels. In
addition, men are more probably to smoke and drink than
women. The effects of these factors on health may enhance
the death risk for males.

There were two studies from the same population as our
study, one focused on exploring the association between
biomass fuels (firewood/straw, charcoal) and mortality risk
(Xu et al. 2022), and the other focused on solid fuels (coal,
charcoal, firewood, wood, and animal dung) (Shen et al.
2021). However, these two studies focused only on all-cause
mortality. Unlike their findings, our study added a section
on the death risk for cancer and specifically investigated the
impacts of switching among different cooking fuel types on
the death risk for cancer and all causes during the follow-up
period. Our study is more representative of the overall mor-
tality risk than those studies focused on exploring the cor-
relation between the utilization of cooking fuels and death
risk of a specific disease (e.g., lung, liver, and gastrointes-
tinal cancers) (Barone-Adesi et al. 2012; Chan et al. 2020;
Sheikh et al. 2020). Furthermore, the definite mechanisms
of how cooking fuels affect the health of individuals are
unclear, but researches have suggested that different types
of fuel combustion would produce different emissions of air
pollutants (Chen et al. 2017; Smith et al. 2014), resulting in
different health effects. So, our study classified cooking fuel
exposure types in more detail including clean fuels, biomass
fuels, and fossil fuels, which is different from other studies.
Another important reason is that the target population of the
study is different, as our study population is predominantly
middle- and high-aged elderly in urban and rural areas, who
average 86.03 years old and has a more equal proportion of
men and women. These are a good supplement to further
explore the effects of diverse cooking fuels on the death risk
for cancer and all causes.

There are a few limitations to this study. First, due to the
shortage of accurate information on participants’ exposure
doses, exposure durations, and household air pollutants, we
were unable to explore the dose—response mechanisms asso-
ciated with health impairment in the elderly because of the
use of cooking fuels. Second, we only investigated whether
participants converted cooking fuel types, but ignored the
accurate time of change and subsequent duration of use,
so we were unavailable to assess the effect of converting
cooking fuel types on the death risk in seniors on a time
scale. Third, a comprehensive investigation of factors affect-
ing air pollution exposure in the elderly, such as the use
of ventilated facilities and ventilated cook stoves, was also
missing from the baseline survey, which may be associated
with a lower death risk (Yu et al. 2020; Hystad et al. 2019).
Fourth, despite the best efforts of the project staff, this study
still has a high loss of follow-up rate (22.17%). The results
may be affected by the significant differences between the
baseline education level, marital status, household income
level, registered residence type, and geographical region of
people in different response states. Fifth, the utilization of
biomass and fossil fuels is more prevalent in rural areas than
in urban areas, and urban areas have better economic level
and kitchen ventilation facilities than rural areas, which will
increase the death risk in rural areas. Finally, the differences
in air quality among geographical regions will also bias the
results. For example, due to fossil fuel heating, the air qual-
ity in Northeast China is more varied than that in South
China, which leads to a greater death risk for cancer and all
causes in Northeast China than in South China. Although we
have already made adjustments for various confounding fac-
tors related to mortality, there may still be unknown residual
confounding. Therefore, we need to advance related studies
constantly in future research.

Conclusions

Our study clearly established that cooking with biomass and
fossil fuels is positively related to the death risk for all-cause
and cancer among the elderly in China, especially for males,
and that converting from biomass or fossil to clean fuels
may lead to reduced risk of death. Based on these results,
this study highlights the significance of the adverse effects
caused by fossil fuels and emphasizes that the utilization of
unclean fuels is a risk factor for cancer in the elderly popu-
lation. Furthermore, the study suggests the need for more
research on gender differences in the detrimental effects
of cooking fuel usage. Accelerating the implementation of
measures and policies to replace unclean fuels with clean
ones in some human activities like cooking or heating is
significant for reducing health impairment in the elderly and
reducing the burden of disease in society.
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