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Abstract: The evidence regarding the effects of household air pollution on angina pectoris is limited in
low-and middle-income countries (LMICs). We sought to examine the association between household
air pollution and angina pectoris across several countries. We analyzed data of individuals from
46 selected countries participating in the cross-sectional World Health Survey (WHS) 2002–2003.
Pooled and stratified (sex, continent) logistic regression with sampling weights was used to estimate
adjusted odds ratios (ORs) and 95% confidence intervals (CIs) to quantify associations between the
use of different household fuels with angina pectoris. In the pooled sample, we observed lower odds
of angina pectoris with electricity use (OR: 0.68, 95% CI: 0.56–0.83) compared to those households
reporting the use of gas as a household fuel. Increased odds of angina pectoris were observed with the
use of agriculture/dung/shrub/other (OR: 1.65, 95% CI: 1.30–2.09), mixed (solid and non-solid fuels)
(OR: 1.31, 95% CI: 1.09–1.56), and mixed solid fuel use (OR: 1.59, 95% CI: 1.12–2.25). Higher odds of
angina pectoris were observed mainly with solid fuel use. The results highlight the importance of
addressing these issues, especially in regions with a high proportion of solid fuel users and increasing
levels of cardiovascular disease.
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1. Introduction

Approximately 3 billion people worldwide still rely on solid fuels (wood, charcoal, coal, animal
dung, grasses, shrubs) and kerosene for cooking and heating purposes [1]. These solid fuels are highly
polluting and considered a primary source of household air pollution [2]. Household air pollution
persists as a significant public health concern, particularly in low- and middle-income countries
(LMICs) [3].

In 2019, the World Health Organization (WHO) reported that air pollution was among the leading
threats to global health [4]. Air pollution, including household air pollution, is an established risk factor
for several chronic health outcomes such as cardiovascular diseases, including ischemic heart disease
(IHD) and stroke, chronic obstructive pulmonary disease, lower respiratory infections like pneumonia,
and lung cancer [3,5–7]. Household air pollution-related illness is responsible for approximately
3.8 million premature deaths every year; of this, 45% is caused by stroke and IHD [1].
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In this study, we focused on angina pectoris as the desired health outcome. Angina pectoris is
a type of chest pain caused by reduced blood flow to the heart and is a symptom of coronary artery
disease [8]. Globally, the prevalence of age-standardized angina pectoris was 20.3 per 100,000 in males
and 15.9 in females in 2010 [9]. The analysis of the data drawn from the WHO’s Study of global
AGEing and adult health (WHO SAGE) Wave 1 (2007–2010) cross-sectional study found the overall
prevalence of angina pectoris in Russia, India, and South Africa, and China to be 39%, 19%, 9% and 8%
respectively. Prevalent stable angina pectoris is a significant contributor to IHD among the non-fatal
IHD sequelae: acute myocardial infarction (AMI) and ischemic heart failure. The absolute number of
IHD Years of Life Disabled (YLD) increased between 15% to 33% in high-middle-income countries
(HMICs), and between 13% to 100% in LMICs from 1990 to 2010 [9]. However, this increase may also
be explained by other population changes such as ageing and population growth.

Several studies have explored the impact of ambient air pollution and smoking on angina
pectoris [5,6,10–17]. A cohort study in five European cities in Germany, Spain, Finland, Italy,
and Sweden observed that ambient air pollution was associated with increased risk of hospital cardiac
readmissions of myocardial infarction survivors [5]. Similarly, a retrospective time-series study in Iran
also reported positive associations between carbon monoxide (CO) pollutants and hospital admissions
due to cardiac angina [18]. Much of this research on air pollution and cardiovascular health has
been done in HMICs [5,6,10–13,16,17]. Less has been done in LMICs [18,19]. Air pollution levels in
LMICs are often higher, and the burden of cardiovascular morbidity and mortality is greater than in
HMICs, attributable to risk factors associated with the economic transition, population ageing and
rapid urbanization [20].

One of the primary sources of exposure for women in LMICs is household air pollution [21–25].
Less is also known about the effects of household air pollution in terms of angina pectoris and whether
these effects differ by sex. We aimed to explore sex-stratified relationships between household air
pollution and angina pectoris. Using data from the World Health Survey (2002), we investigated the
association of household air pollution with angina pectoris in 46 countries.

2. Methods

2.1. Study Population

We used data from the World Health Survey (WHS), which is a cross-sectional study conducted
in 2002–2003 in 70 countries to generate information on the health of adult populations, health care
utilization and health systems from over 300,000 individuals [26–29]. Specifically, the WHS included
questions on sociodemographics, economic factors, questions on health status, and questions on
whether the respondent had even been diagnosed with five chronic diseases: depression, asthma,
arthritis, angina pectoris, and diabetes; whether the respondent had ever received or was currently
being treated for these conditions; and a series of symptoms related questions for each condition except
diabetes [26–28]. The 70 countries represented the six WHO regions: 18 countries in Africa, seven in
the Americas, four from the Eastern Mediterranean region, 31 in Europe, and five each from South-East
Asia and the Western Pacific regions [29]. The survey population included men and women ≥18 years
of age who lived in a private-household and were not out of the country during the survey period [30].
A multistage cluster sampling approach was employed in 60 of the 70 countries [28–30]. This involved
dividing the population into clusters, with one or more clusters randomly clustered and everyone
within the chosen cluster sampled. For the rest, study participants were recruited based on single-stage
random sampling, which involved the selection of a simple random sample of clusters with data
collected from every unit in the sampled clusters. The sampling process was stratified by gender,
age, and residence (urban/rural). In 68 countries, data were collected via face-to-face interviews by
trained interviewers with at least a high school education [29]. All interviewers underwent a weeklong
training course using a standard protocol manual and participated in practice field interviews before
data collection [29]. Luxembourg and Israel used telephone surveys to collect data, while face-to-face
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interviews were carried out in all other countries [29]. The response rates varied between 63% (Israel)
and 99% (Philippines). The study was approved by ethics committees at each WHS site, and informed
consent was obtained from all study participants [28,30]. For this study, we included responses from
46 countries. Eleven countries were excluded due to single-stage random sampling, while we excluded
13 countries because relevant variables were not collected. The flow chart of the sample selection is
presented in the Figure 1.
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Figure 1. Flow chart.

2.2. Exposure

Exposure to household air pollution was assessed by proxy. In the survey, participants were asked
about the primary type of fuel used in the household for cooking and heating purposes. Fuel use was
examined separately and grouped into the following categories: gas, electricity, and kerosene; coal,
charcoal, wood, agriculture, crop, shrub, and grass; and mixed solid, mixed liquid, gas, electricity
(mixed fuel use). Fuels were grouped based on evidence from prior studies examining respiratory and
cardiovascular symptoms [31–33]. Fuel use was self-reported. Data were also collected on the type
of stove used (open fire, stove with or without chimney or hood, or closed stove with chimney) for
cooking and heating purposes. The WHS survey also asked participants about where they cooked
(in the same room used for sleeping or living, in a separate room used as a kitchen, in a separate
building used as a kitchen, or outdoors).

2.3. Outcome

The outcome examined in this study was angina pectoris, which was determined from a series of
questions. These included self-reports of a diagnosis (“Have you ever been diagnosed with angina or
AP (a heart disease)?”), self-reported treatment (“Have you ever been treated for it?” or “Have you
been taking any medications or other treatment for it during the last two weeks?”), and diagnoses
based on the WHO Rose questionnaire [34]. The WHO Rose questionnaire represents a widely accepted
approach to angina pectoris assessment in the general population [26]. The WHO Rose questionnaire
operationalizes angina pectoris as meeting all criteria such as symptoms worsened by exertion, relieved
by rest or nitrates, and located on the sternum, at the left side of the chest or the left arm) during the
last 12 months. If participants answered yes to any of these questions, they were coded as having
angina pectoris.
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2.4. Statistical Analysis

We used SPSS version 22.0 (Armonk, NY: IBM Corp, US) to conduct complete case analyses.
Post-stratified probability weights were used in the analyses to account for the multistage probability
sampling approach. We used logistic regression to estimate odds ratios (ORs) and 95% confidence
intervals (CIs) in the stratified (by WHO regions) and pooled samples. We adjusted for several potential
confounders; those were age, sex, education (no formal education/primary school completed, secondary
school, high school or above), Body Mass Index (BMI) (underweight, normal, overweight, obese),
marital status (married/cohabitating, single/separated/divorced/widowed), smoking (never/former,
current), alcohol consumption (never/former, current), physical activity (low, moderate, high) and
diabetes. Confounders were identified a priori, based on a combination of previous study findings
and clinical knowledge [28]. We also carried out analyses stratified by sex. We also ran sensitivity
analysis, examining angina pectoris as operationalized by different diagnostic criteria. Specifically,
we used different definitions of angina pectoris (i.e., self-report of a diagnosis, self-reported treatment,
and WHO Rose questionnaire) and compared the consistency of the results across them.

3. Results

Table 1 presents the demographic and clinical characteristics of the study population categorized
into four WHO regions (Africa, Americas, Europe, and Asia). The total study population of 229,267
consisted of 47.6% men and 52.4% women with an overall mean age of 40.7 years. Europe and the
Americas reported the highest proportion of overweight participants. Overall, more than half of the
study population (52.0%) had no formal schooling/completed primary schooling.

Wood is the dominant household fuel used for cooking or heating, used by 37.90% of the study
population. Wood use was highest in Asia (55.4%), followed by Africa (49.5%). Wood use was low
among households in the Americas (10.3%), and Europe (5.0%), where the principal fuel used was
gas (83.6% and 52.3% respectively). Gas as the primary household fuel was infrequently used in Asia
(20.5%) and Africa (6.3%). Mixed fuel use was reported by 10.1% of the total study population. Among
the regions, the use of mixed fuel was highest in Europe (31.4%), followed by Africa (16.0%), Asia
(4.8%) and Americas (3.6%).

Around 8.0% of the study population reported a diagnosis of angina pectoris. Europe (16.8%)
reported the highest prevalence and the Americas the lowest (5.2%). About 7.0% of the study population
was found to have treated for angina pectoris, with most located in Europe (18.4%). Reports of treated
angina pectoris were similar across Africa (4.9%), Americas (4.6%) and Asia (5.4%). In total, 9.00% of
the study population was defined as having angina pectoris, according to Rose Angina Questionnaire
criteria. The prevalence was highest in Europe (11.3%), followed by Africa (10.4%), Asia (9.5%) and the
Americas (4.8%). Overall, the Rose Angina Questionnaire criteria resulted in the highest prevalence of
angina pectoris compared to definitions based on those reported as diagnosed or treated.

Approximately 71.0% of the total study population were never/former smokers. Asia region
reported the highest percentage of current smokers (34.0%), followed by Europe (28.6%). The highest
rate of current alcohol consumption was observed in Europe (73.9%), followed by the Americas (66.7%).
High levels of physical activity engagement were reported by 63.8% of the study population. High
and moderate levels of physical activity were similar in all the WHO regions, but a greater proportion
of the study population in the Americas reported a low level of physical activity (20.4%).
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Table 1. Study population characteristics by continent and pooled total.

Characteristic Africa (n = 69,147) Americas (n = 60,869) Asia (n = 79,567) Europe (n = 19,684) Total (n = 229,267)

Angina pectoris diagnosed (%) a 8.4% 5.2% 6.1% 16.8% 7.9%

Angina pectoris treated (%) b 4.9% 4.6% 5.4% 18.4% 7.3%

Rose angina pectoris (%) c 10.4% 4.8% 9.5% 11.3% 9.0%

Angina pectoris diagnosed, treated or Rose 16.3% 9.5% 14.1% 24.6% 15.2%

Household fuel used for cooking or heating d

- Gas 6.3% 83.6% 20.5% 52.3% 36.2%
- Electricity 12.8% 0.4% 0.8% 6.3% 2.9%
- Kerosene 3.6% 0.0% 1.7% 3.9% 1.9%
- Coal/charcoal 7.6% 1.8% 6.1% 0.9% 4.6%
- Wood 49.5% 10.3% 55.4% 5.0% 37.9%
- Agriculture/dung/shrubs/other 4.2% 0.2% 10.9% 0.2% 6.4%
- Mixed solid/liquid/gas/electricity 6.9% 1.7% 3.3% 17.5% 5.6%
- Mixed solid only 7.5% 0.1% 0.9% 0.3% 1.4%

Household fuel used for cooking or heating e

- Gas/electricity/kerosene 22.6% 84.1% 22.9% 62.5% 41.0%
-

Coal/charcoal/wood/agriculture/crop/shrub/grass 61.4% 12.3% 72.3% 6.1% 48.9%

- Mixed fuel use 16.0% 3.6% 4.8% 31.4% 10.1%

Mean age (years) 36.84 40.91 38.86 49.00 40.65

Sex (%)

- Men 49.5% 44.5% 51.1% 38.3% 47.6%
- Women 50.5% 55.5% 48.9% 61.7% 52.4%

BMI (kg/m2)

- Underweight (<18.5) 9.2% 4.2% 14.8% 2.7% 10.1%
- Normal (18.5 ≤ BMI < 25.0) 59.1% 52.7% 57.1% 45.8% 54.4%
- Overweight (25.0 ≤ BMI < 30.0) 20.1% 30.9% 18.4% 35.5% 24.0%
- Obese (BMI ≥ 30.0) 11.6% 12.2% 9.7% 16.0% 11.5%
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Table 1. Cont.

Characteristic Africa (n = 69,147) Americas (n = 60,869) Asia (n = 79,567) Europe (n = 19,684) Total (n = 229,267)

Marital status (%)

- Married/cohabitating 58.8% 63.0% 73.7% 57.3% 67.3%
- Single/separated/divorced/widowed 41.2% 37.0% 26.3% 42.7% 32.7%

Highest level of education (%)

- No formal schooling/primary school
completed 69.7% 42.6% 63.5% 14.5% 52.3%

- Secondary school 16.6% 30.1% 15.9% 26.0% 20.3%
- High school or above 13.7% 27.3% 20.6% 59.6% 27.3%

Smoking (%)

- Never/former 86.3% 77.2% 66.0% 71.4% 71.3%
- Current 13.7% 22.8% 34.0% 28.6% 28.7%

Alcohol consumption (%)

- Never/former 69.7% 33.3% 83.5% 26.1% 62.8%
- Current 30.3% 66.7% 16.5% 73.9% 37.2%

Physical activity (%)

- Low 13.6% 20.4% 10.6% 10.3% 12.9%
- Moderate 22.2% 29.0% 20.1% 27.0% 23.3%
- High 64.2% 50.6% 69.3% 62.7% 63.8%

Diabetes (%) 2.5% 5.9% 2.3% 5.0% 3.4%
a Self-report diagnosis of angina pectoris; b Self-reported treatment of angina pectoris; c Evaluated according to WHO Rose criteria; d Mixed use of clean (electricity/gas/kerosene plus
coal/charcoal/wood or agriculture/crop/animal dung/shrubs/grass) fuels; e Mixed use of only solid (coal/charcoal/wood or agriculture/crop/animal dung/shrubs/grass) fuels
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3.1. Pooled Results (Angina Pectoris- Diagnosed, Treated, or Rose Criteria)

Overall, fuel use was associated with angina pectoris (diagnosed, treated, or Rose criteria). In the
pooled sample, we observed lower odds of angina pectoris with electricity use (OR: 0.68, 95% CI:
0.56–0.83) compared to those households reporting the use of gas as household fuel for cooking or
heating. We also observed lower odds with coal/charcoal use (OR 0.80; 95% CI: 0.66–0.97). Increased
odds of angina pectoris were observed with the use of agriculture/dung/shrub/other (OR: 1.65, 95%
CI: 1.30–2.09), mixed solid and non-solid fuels (OR: 1.31, 95% CI: 1.09–1.56) and solid mixed fuel use
(OR: 1.59, 95% CI: 1.12–2.25).

Regionally, electricity (Africa, Europe), kerosene (Europe), and coal/charcoal (Asia) use were
associated with lower odds of angina pectoris compared to gas users (diagnosed, treated, or Rose
criteria—Table 2). Mixed liquid/gas/electricity use was also associated with lower odds of angina
pectoris in Europe (OR: 0.59, 95% CI: 0.41–0.86). Higher odds of angina pectoris were observed with
agriculture/dung/shrubs/other fuel use in Africa and Asia. Wood (OR: 1.68, 95% CI: 1.37–2.05) and
kerosene (OR: 1.43, 95% CI: 1.05–1.95) use in Africa and Asia, respectively, similarly increased the odds
of reported angina pectoris in study participants. Increased odds of angina pectoris were also observed
with mixed solid fuel (Africa and the Americas), and mixed liquid/gas electricity use in the Americas
compared to gas users.

When associations across the three methods of assessment (diagnosed, treated, Rose criteria) were
examined separately, consistent associations were observed with electricity and angina pectoris
in pooled analyses (Supplementary Tables S1–S3). Mixed results were found for other fuels.
Across Europe, electricity and mixed non-solid fuel were also consistently associated with lower
odds of diagnosed, treated and Rose criteria angina pectoris compared to gas users (Table 2). Wood
use was also associated with increased odds of angina pectoris across the three assessment approaches
in Africa. Mixed results were observed for other fuel types across the separate regions.

3.2. Sex-Stratified Distribution of Angina Pectoris—Diagnosed, Treated or Rose Criteria

Table 3 shows the result of the sex-stratified analyses of the adjusted associations of the self-reported
(diagnosed, treated, or Rose criteria) angina pectoris with household fuel type used for heating or
cooking in the pooled sample. In men and women, electricity was primarily associated with lower
odds of reported angina pectoris compared to those who used gas. Lower odds of angina pectoris were
also observed with coal/charcoal use in men and kerosene use in women. Solid and mixed solid fuel
use was predominantly associated with increased odds of reported angina pectoris compared to those
who used gas for both sexes. Similar results were also observed for mixed (solid/liquid/gas/electricity)
household fuel for both men and women.
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Table 2. Adjusted a associations (Odds ratios and 95% confidence intervals) of self-reported angina pectoris (Angina diagnosed or treated) or Rose angina pectoris
with type of cooking and heating fuels used in household.

Characteristic Africa Americas Asia Europe Pooled Sample

OR a (95% CI) a OR a (95% CI) a OR a (95% CI) a OR a (95% CI) a OR a (95% CI) a

Household fuel
used for cooking

or heating
Gas 1 1 1 1 1

Electricity 0.72 0.53–0.99 0.61 0.14–2.65 0.74 0.47–1.16 0.44 0.31–0.61 0.68 0.56–0.83
Kerosene 0.87 0.55–1.37 n/a n/a 1.43 1.05–1.95 0.21 0.14–0.31 0.84 0.66–1.06

Coal/charcoal 1.08 0.84–1.39 1.42 0.82–2.46 0.61 0.48–0.79 0.67 0.28–1.59 0.80 0.66–0.97
Wood 1.68 1.37–2.05 0.86 0.65–1.14 0.91 0.73–1.13 0.10 0.65–1.53 1.14 0.97–1.33

Agriculture/dung/shrubs/other 1.81 1.06–3.09 1.24 0.57–2.73 1.30 1.01–1.67 1.01 0.33–3.12 1.65 1.30–2.09
Mixed solid/liquid/gas/electricity 1.55 1.15–2.07 1.46 0.94–2.27 1.08 0.79–1.49 0.91 0.69–1.20 1.31 1.09–1.56

Mixed solid only 1.99 1.50–2.65 4.08 1.55–10.75 1.14 0.58–2.25 1.06 0.20–5.73 1.59 1.12–2.25
Mixed liquid/gas/electricity only 1.17 0.73–1.87 2.12 1.13–3.98 0.73 0.50–1.07 0.59 0.41–0.86 0.94 0.69–1.28

Household fuel
used for cooking

or heating
(grouped)

Gas/electricity/kerosene 1 1 1 1 1

Coal/charcoal/wood/agriculture/crop/shrub/grass 1.83 1.52–2.21 0.96 0.73–1.25 0.88 0.74–1.05 1.14 0.77–1.70 1.15 1.01–1.31
Mixed fuel use 1.95 1.57–2.44 1.84 1.28–2.64 1.02 0.78–1.35 0.92 0.73–1.14 1.22 1.06–1.42

OR: odds ratio; 95% CI: 95% confidence interval; a Adjusted for age, BMI, marital status, highest level of education, smoking, alcohol consumption, physical activity and diabetes.
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Table 3. Adjusted a associations (Odds ratios and 95% confidence intervals) of angina pectoris with type of cook and heating fuels used in household stratified by sex
for pooled sample.

Characteristic Pooled Sample

Angina Diagnosed b Angina Treated c Rose d

Men Women Men Women Men Women

OR a (95% CI) a OR a (95% CI) a OR a (95% CI) a OR a (95% CI) a OR a (95% CI) a OR a (95% CI) a

Household fuel
used for cooking

or heating
Gas 1 1 1 1 1 1

Electricity 0.53 0.38–0.76 0.54 0.39–0.75 0.75 0.52–1.09 0.59 0.43–0.81 0.80 0.53–1.20 0.64 0.45–0.92

Kerosene 0.85 0.56–1.30 0.62 0.40–0.97 0.80 0.52–1.22 0.57 0.40–0.83 0.93 0.65–1.32 1.13 0.82–1.56

Coal/charcoal 0.55 0.39–0.80 0.91 0.70–1.19 0.71 0.47–1.05 1.02 0.76–1.37 0.64 0.47–0.87 0.94 0.72–1.21

Wood 1.06 0.85–1.33 1.16 0.94–1.43 1.02 0.80–1.29 1.03 0.83–1.29 1.35 1.06–1.73 1.16 0.97–1.39

Agriculture/dung/shrubs/other 1.17 0.72–1.92 0.84 0.49–1.44 1.89 1.10–3.24 0.90 0.55–1.47 2.51 1.69–3.72 1.45 1.02–2.06

Mixed solid/liquid/gas/electricity 1.10 0.78–1.56 0.95 0.72–1.26 1.31 0.91–1.89 1.17 0.88–1.55 1.70 1.20–2.41 1.32 1.02–1.72

Mixed solid only 1.21 0.61–2.41 1.20 0.65–2.24 1.26 0.59–2.70 1.12 0.57–2.21 1.42 0.83–2.44 2.35 1.53–3.62

Mixed liquid/gas/electricity only 1.32 0.62–2.78 0.65 0.47–0.91 1.26 0.61–2.63 0.73 0.53–1.01 1.13 0.61–2.08 0.82 0.62–1.08

Household fuel
used for cooking

or heating
(grouped)

Gas/electricity/kerosene 1 1 1 1 1 1

Coal/charcoal/wood/agriculture/crop/shrub/grass 1.04 0.85–1.28 1.15 0.95–1.40 1.07 0.86–1.32 1.08 0.88–1.31 1.35 1.11–1.63 1.15 0.97–1.35

Mixed fuel use 1.24 0.87–1.78 0.89 0.71–1.12 1.33 0.94–1.88 1.04 0.83–1.30 1.49 1.11–2.01 1.22 1.01–1.47

OR: odds ratio; 95% CI: 95% confidence interval; a Adjusted for age, BMI, marital status, highest level of education, smoking, alcohol consumption, physical activity and diabetes;
b Self-reported diagnosis of angina pectoris or c self-reported treatment of angina pectoris or d Evaluated according to WHO Rose criteria.
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4. Discussions

Electricity use was associated with lower odds of angina pectoris in the pooled sample. Conversely,
higher odds of angina pectoris were observed mainly with solid fuel use (agriculture/dung/shrub/other,
wood, and mixed solid fuel) in pooled, continental, and sex-stratified analyses. These outcomes were
particularly pronounced in Africa, with electricity and non-solid fuels associated with decreased odds
of angina pectoris. The strongest associations for household fuel use were observed using the Rose
diagnostic criteria. We also observed lower odds of angina pectoris with coal/charcoal use in Asia and
pooled analysis.

4.1. Household Fuel Use and Angina Pectoris

In the present study, solid fuel use was positively associated with the increased odds of angina
pectoris, a finding also observed in prior studies. A cross-sectional study in Nigeria that examined
biomass fuel use among women reported that a higher proportion of the women with chest pain
(7.5% vs. 1.9%) among those who used biomass fuels compared to those who did not [35]. Adjusted
analysis showed that the use of biomass fuels was positively associated with chest pain in women,
though the association was not statistically significant (OR: 3.82; p-value = 0.09). In contrast,
a comparative cross-sectional study in rural villages in Sindh, Pakistan, reported no association
between angina pectoris (OR: 1.0, 95% CI 0.8 to 1.4) and the current use of biomass fuel for cooking
among women [36]. This study compared women ≥ 40 years who had used biomass fuel for cooking
with those who had used non-biomass fuel in the last year, so outcomes from longer-term exposures
may have been missed.

4.2. Sex Stratified Differences in Angina Pectoris and Household Fuel Use

The present study showed lower odds of angina pectoris with electricity use and higher odds
of angina pectoris with solid fuel use in both the sexes. Sex-specific differences were not observed,
as was initially hypothesized. Ingale et al. reported that chest pain was significantly associated with
agro-waste- and wood-use in female participants [37]. Another study determining the prevalence
of angina pectoris and possible angina observed a higher prevalence of angina and possible angina
among women 40 years of age or older [38]. Likewise, Hemingway et al. also reported higher excess
angina pectoris among women as compared to men in a meta-analysis of studies across 31 countries
(pooled random-effects sex prevalence ratio of 1.20, 95% CI 1.14 to 1.28, p-value < 0.001) [15].

4.3. Ambient Air Pollution and Angina Pectoris

Ambient air pollution and household air pollution share some common air pollutants such as
carbon monoxide, nitrogen dioxide, and particulate matter, and cause similar adverse health outcomes
at birth, early life, and adulthood [39]. Although studies that have investigated the relationship
between household air pollution and angina pectoris were not available, several studies have reported
associations between ambient air-pollution and angina pectoris globally [6,12,14,18]. A cross-sectional
pilot study in India reported a higher prevalence of the symptoms of angina pectoris and cardiovascular
diseases with an increased level of ambient air pollutants [40]. Another study evaluating the influence
of ambient air pollution on the number of hospital admissions for acute coronary syndrome in elderly
patients reported that a 10 µg/m3 increase in PM10 was associated with an increase in the number
of hospitalizations due to unstable angina [41]. A study in Sao Paulo, Brazil, also observed that an
interquartile range increase in CO was associated with a corresponding daily increase in angina or
acute myocardial infarction room visits (6.4%, 95% CI: 0.7 to 12.1) [12]. A retrospective time-series
study in Tehran also reported a significant relationship between CO level and daily admissions due
to angina pectoris [18]. Each unit increase in the CO level was associated with a 1.00, 934 increase
in the number of hospital admissions (95% CI, 1.00, 359–1.01, 512) [18]. A prospective cohort study
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among foundry workers in Finland conducted from 1973 to 1993 by Koskela et al. also observed a
dose–response relation in the prevalence of angina pectoris and CO exposure [42].

4.4. Smoking and Angina Pectoris

Existing evidence has shown that tobacco smoke is a significant source of indoor air pollution [43].
Therefore, we considered that smoking and indoor air pollution are very similar exposures. The findings
from this study are also consistent with evidence from studies on smoking. Secondhand smoke has
been linked to several adverse health outcomes, such as acute myocardial infarction and coronary
heart disease [10,13,17,44,45]. A study investigating the risk of a first event acute myocardial infarction
or unstable angina reported that non-smokers occasionally (<3 times per week) exposed to cigarette
smoke had a 26% higher risk (OR: 1.26, p-value < 0.01) compared to non-exposed non-smokers [13].
Regular secondhand smoke exposure was associated with a 99% higher risk of developing acute
myocardial infarction or unstable angina (OR: 1.99, p-value < 0.01) [13]. Lee et al. also reported that
passive smoking at home was significantly associated with the risk of angina (RR = 1.016, 95% CI:
1.001–1.032) with the effect more pronounced in urban compared to rural areas [10].

4.5. Limitations

Several study limitations must be noted when interpreting these results. The data analyzed in
this study are pretty old. Heating and cooking patterns might have changed in LMICs now from
what they were before at the time of the original survey. The measurement of angina pectoris in
this study relied entirely on self-reports of a key symptom, treatment, and diagnosis. To mitigate
this, we performed sensitivity analyses that used different diagnostic criteria in the identification
of angina pectoris. Another concern is the assessment of household air pollution exposures. In the
present study, the use of the primary type of fuel used for cooking or heating was used as a proxy
for household air pollution exposure. The assumption is that certain types of fuels generate different
levels of pollutants, with solid biomass fuels generally producing levels higher than that of gas fuels.
However, wide variations in exposure can occur across different stove types, stove characteristics,
and kitchen locations, which can affect these levels. Mixed fuel and stove use by households is often
practiced, which we attempted to capture in this study [46–48]. Residual confounding may also be a
concern due to the cross-sectional design of the study. Furthermore, the cross-sectional design of the
WHS is limited regarding causality inferences.

5. Conclusions

This large, multi-country study explored associations between exposure to household air pollution
and angina pectoris. Consistent with findings from previous studies, exposure to solid fuels was
associated with an increased probability of developing angina pectoris. These results add to the
substantial body of the literature regarding the adverse outcomes of air pollution exposure on
cardiovascular health. Moreover, the public health significance of these results is that they provide
further evidence to support exposure reduction, highlighting the importance of addressing these issues,
particularly in those regions with a high proportion of solid fuel users and the increasing prevalence of
the cardiovascular disease.
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41. Kuźma, A.Ł.; Pogorzelski, S.; Struniawski, K.; Dobrzycki, S.; Bachórzewska, H. Effects of Air Pollution on
the Number of Hospital Admissions for Acute Coronary Syndrome in Elderly Patients (BIA-ACS Registry).
Polish Arch. Intern. Med. 2020, 130, 38–46. [CrossRef]

42. Koskela, R.S.; Mutanen, P.; Sorsa, J.A.; Klockars, M. Factors Predictive of Ischemic Heart Disease Mortality in
Foundry Workers Exposed to Carbon Monoxide. Am. J. Epidemiol. 2000, 152, 628–632. [CrossRef] [PubMed]

43. Tárnoki, Á.D.; Tárnoki, D.L.; Travers, M.J.; Hyland, A.; Dobson, K.; Mechtler, L.; Cummings, K.M. Tobacco
Smoke Is a Major Source of Indoor Air Pollution in Hungary’s Bars, Restaurants and Transportation Venues.
Clin. Exp. Med. J. 2009, 3, 131–138. [CrossRef]

44. Glantz, S.A.; Parmley, W.W. Passive Smoking and Heart Disease. Epidemiology, Physiology, and Biochemistry.
Circulation 1991, 83, 1–12. [CrossRef]

45. Hole, D.J.; Gillis, C.R.; Chopra, C.; Hawthorne, V.M. Passive Smoking and Cardiorespiratory Health in a
General Population in the West of Scotland. Br. Med. J. 1989, 299, 423–427. [CrossRef]

46. Dasgupta, S.; Huq, M.; Khaliquzzaman, M.; Pandey, K.; Wheeler, D. Indoor Air Quality for Poor Families:
New Evidence from Bangladesh. Indoor Air 2006, 16, 426–444. [CrossRef] [PubMed]

47. Cheng, C.Y.; Urpelainen, J. Fuel Stacking in India: Changes in the Cooking and Lighting Mix, 1987–2010.
Energy 2014, 76, 306–317. [CrossRef]

48. Masera, O.R.; Saatkamp, B.D.; Kammen, D.M. From Linear Fuel Switching to Multiple Cooking Strategies:
A Critique and Alternative to the Energy Ladder Model. World Dev. 2000, 28, 2083–2103. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1177/1010539511420994
http://www.ncbi.nlm.nih.gov/pubmed/21914708
http://dx.doi.org/10.1590/S0066-782X2010005000075
http://www.ncbi.nlm.nih.gov/pubmed/20563514
http://dx.doi.org/10.1152/ajpheart.00235.2014
http://dx.doi.org/10.3390/ijerph200704040002
http://www.ncbi.nlm.nih.gov/pubmed/18180537
http://dx.doi.org/10.20452/pamw.15064
http://dx.doi.org/10.1093/aje/152.7.628
http://www.ncbi.nlm.nih.gov/pubmed/11032157
http://dx.doi.org/10.1556/CEMED.3.2009.1.12
http://dx.doi.org/10.1161/01.CIR.83.1.1
http://dx.doi.org/10.1136/bmj.299.6696.423
http://dx.doi.org/10.1111/j.1600-0668.2006.00436.x
http://www.ncbi.nlm.nih.gov/pubmed/17100664
http://dx.doi.org/10.1016/j.energy.2014.08.023
http://dx.doi.org/10.1016/S0305-750X(00)00076-0
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Study Population 
	Exposure 
	Outcome 
	Statistical Analysis 

	Results 
	Pooled Results (Angina Pectoris- Diagnosed, Treated, or Rose Criteria) 
	Sex-Stratified Distribution of Angina Pectoris—Diagnosed, Treated or Rose Criteria 

	Discussions 
	Household Fuel Use and Angina Pectoris 
	Sex Stratified Differences in Angina Pectoris and Household Fuel Use 
	Ambient Air Pollution and Angina Pectoris 
	Smoking and Angina Pectoris 
	Limitations 

	Conclusions 
	References

