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Abstract: Background: Approximately 3 billion people, worldwide, rely primarily on biomass
for cooking. This study aimed to investigate the association between respiratory symptoms
among women in charge of household cooking and the type of fuel used for cooking. Methods:
A community-based cross-sectional survey was conducted. A total of 1705 women that were randomly
selected, completed the survey. We also performed a bivariate and a multivariate analysis to verify
the possible associations between respiratory symptoms in women in charge of household cooking
and the type of cooking fuel used. Results: Dry cough, breathing difficulties, and throat irritation
frequencies were statistically high in biomass fuel users when compared to liquefied petroleum gas
(LPG) users. It was also the case for some chronic respiratory symptoms, such as sputum production,
shortness of breath, wheezing, wheezing with dyspnea, wheezing without a cold, waking up with
shortness of breath, waking up with coughing attacks, and waking up with breathing difficulty. After
adjustment for the respondents’ and households’ characteristics; dry cough, breathing difficulties,
sneezing, nose tingling, throat irritation, chronic sputum production, wheezing, wheezing with
dyspnea, wheezing without a cold, waking up with shortness of breath, waking up with coughing
attacks, and waking up with breathing difficulty were symptoms that remained associated to biomass
fuel compared to LPG. Women who used charcoal reported the highest proportion of all the chronic
respiratory symptoms compared to the firewood users. However, this difference was not statistically
significant except for the wheezing, waking up with coughing attacks, and waking up with breath
difficulty, after adjustment. Conclusion: Exposure to biomass smoke is responsible for respiratory
health problems in women. Charcoal, which is often considered as a clean fuel compared to other
biomass fuels and often recommended as an alternative to firewood, also presents health risks,
including increased respiratory morbidity in women. Effective and efficient energy policies are
needed to accelerate the transition to clean and sustainable energies.
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1. Introduction

The International Energy Agency (IEA) estimates that there are approximately 3 billion people
worldwide that still rely on the traditional use of solid biomass, such as firewood, charcoal, agricultural
waste, or animal dung, for cooking meals [1]. In 2030, 2.3 billion people will still lack access to clean
cooking facilities [1]. For economic, but also cultural and social reasons [2], biomass-based fuels remain
at the top of the list of the preferred energy for cooking in several developing countries. In sub-Saharan
Africa, more than 90% of households rely on wood, charcoal, and waste for cooking.

The biomass fuels are often burned in poorly ventilated kitchens and/or in traditional cookstoves
characterized by very low efficiency and a high emission of pollutants. Indeed, the smoke emitted
during biomass combustion contains toxic components that include a high concentration of particulate
matter (PM), carbon monoxide (CO), nitrogen oxides (NOX), sulphur oxides (SOX), formaldehyde,
and polycyclic organic matter [3,4]. In homes where biofuels are used, the rate of particulate matter,
less than 10 micrometers diameter (PMyg) over 24 h, is usually between 300 and 3000 micrograms per
meter cube (iug/m?®) and can sometimes rise up to 10,000 pg/m? during the cooking activity [4]. These
rates largely exceed the recommended health threshold values. In 2000, household air pollution (HAP)
related to the use of solid fuels was classified amongst the ten major risk factors for global health, and
the fifth risk cause of Disability Adjusted Life Years (DALYs) in low-income countries [5].

Many studies have highlighted the link between indoor air pollution and the occurrence of various
health problems, including cardiovascular and respiratory diseases in the short and medium term, as
well as chronic exposures [6—11]. Air pollution emitted from the burning of solid fuels is estimated to
be responsible for 4.6% of the global burden of disease (GBD) [12]. According to the World Health
Organization, household air pollution from biomass burning is responsible for about 4.3 million of
global premature deaths worldwide [13].

Often in charge of family food cooking, women are exposed to sometimes high concentrations of
harmful pollutants contained in the smoke [3,4,11]. According to the GBD 2017, a significant decrease
in the health risks related to household air pollution was reported [14]. Notwithstanding, household air
pollution has moved from the 9th leading risk in 2007 to the 12th leading risk to women a decade later,
probably related to economic development and local initiatives, with a geographical variation [14].

In Burkina Faso, respiratory illness is the second reason why outpatients consult physicians and
the fourth reason why women aged >15 years are hospitalized, after malaria, anemia, and abortion
complications [15].

Although biomass-based fuels remain the main cooking fuel used in many West African countries,
there are few studies on their association to respiratory diseases/symptoms for women living in this
part of the world, especially in the urban areas. Moreover, most of these studies do not distinguish the
health effects of smoke emanating from different types of biomass fuels, in particular, the difference
between the effects of wood and charcoal. Indeed, charcoal, firewood, or agricultural crop residues are
all biomass fuels. However, studies have shown differences in the concentration of emitted pollutants.
For example, Taylor E.T. and Nakai S., in their study conducted in 2011 in rural and peri urban Sierra
Leone, found that the suspended particulate matter mean concentration in the kitchens of homes using
wood stoves was significantly higher than in the kitchens using charcoal stoves: Mean (SD) = 882.4
(518.0) versus 197.2 (136.0) pg/m3, with a p-value equal to 0.003 [16]. Ingale L.T. et al., in rural India,
showed that PMjy concentration was higher in households using agro waste when compared to
firewood: 4423 4 2793 vs. 6285 + 3996 pg/m3 [17].

This study aimed to investigate the relationship between biomass use as a primary cooking fuel
and the respiratory symptoms experienced by women in charge of household cooking. Particularly, we
aimed to investigate whether there was a statistically significant difference in respiratory symptoms
prevalence amongst women who burnt biomass fuels compared to women who used clean fuels,
such as liquefied petroleum gas (LPG), and furthermore, if there was a difference in the health effects
between wood and charcoal used as the main cooking fuel.
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2. Materials and Methods

2.1. Study Area

Burkina Faso is a landlocked country with a Sudano-Sahelian climate characterized by two
seasons: a dry season that lasts for about 8 months and a rainy season of 4 months (May-June to
September), during which rainfall averages between 600 mm and 800 mm. Firewood and charcoal are
the main energy sources used by households. The central region, where Ouagadougou is located, is
the main center for the consumption of timber forest products and non-timber forest products (NTFPs)
in the country. In urban Ouagadougou, 43.93% of the households use wood as the primary fuel for
cooking, whilst 15.60% use charcoal and 40.41% use gas [18]. Thus, 59.53% of households rely on
biomass-based fuels as the primary cooking fuel.

The concentration of pollutants in kitchens is important in Ouagadougou, particularly CO
concentration, which at times exceeds the WHO 1- and 8-h recommended values, 2010, of 35 mg/ m3
(25 ppm) for 1 h and 10 mg/m3 (10 ppm) for 8 h [19]. In 2002, the number of deaths attributed to
domestic pollution was estimated at 21,500 in Burkina Faso [20].

The study took place at Ouagadougou, during the dry season, in three urban neighborhoods:
Kilwin, Tanghin, and Tampouy. The choice of these sites is explained by their diversified socio-spatial
characteristics, which are representative enough of all the commune of Ouagadougou.

2.2. Study Design and Participants

A community-based cross-sectional survey was conducted from 7 March to 4 April 2017.
This study was part of a larger research project (IRDC project #107347) focused on the relationship
between indoor air pollution and respiratory diseases in Ouagadougou. Eligible participants were
women or girls aged at least 18 years, with a minimum of 2 years of residence in the neighborhood.

No existing sampling frame was available. Therefore, for sampling, the interviewers moved to
a central point in each of the selected neighborhoods. Then, three directions corresponding to the
number of pairs of interviewers, were randomly selected. Interviewers included all households to the
right which met the inclusion criteria of their respective direction. Once at the end of the street, each
investigator turned right and included all the households on the left, and vice versa until the desired
sample size was obtained. In each concession (extended family house or multifamily home), only one
household was selected. Then, the woman who was mainly in charge of cooking in the household
was interviewed.

In case of refusal, the reasons were documented. Another selection had to be made in the same
concession. If there were several households that were cohabiting, or another house of the same type,
it would be selected and would replace the previous one. In case of the absence of the woman of the
household, the interviewers went back as many times as necessary to obtain the agreement or the
refusal to participate in the survey.

2.3. Questionnaires and Data Collection

Study participants completed a questionnaire that included:

Independent variables: the socio-demographic characteristics and socio-economic status of the
household, active or passive smoking status, kitchen characteristics, type of fuels used in the home for
cooking and lighting, environmental exposure (i.e., second-hand smoking, incense burning, mosquito
coils burning.

Dependent variables were the health outcomes: the perceived respiratory health, history of
respiratory symptoms (i.e., dry cough, breathing difficulties, throat irritation observed in the past
2 weeks, during the cooking activities, shortness of breath, effort cough, wheezing during the past year,
history of chronic cough, chronic phlegm, effort chest tightness, effort dyspnea, wheezing without a
cold, woken by shortness of breath, woken by coughing attacks, or woken by breathing difficulty, or
having an asthma crisis during the past year and asthma being diagnosed by a health professional).
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A validated questionnaire was used to obtain information about the respiratory symptoms [21-24].
The symptoms were broadly grouped into two groups: Acute respiratory symptoms that occurred
during the cooking activities over the last two weeks, and chronic respiratory symptoms notified
during the past year.

The responses from face to face interviews with trained interviewers, were collected in the
language of choice of the respondents, translated, and recorded in French by the interviewers. A signed
informed consent was requested from all the participants before administration of the questionnaire.

The questionnaire was assessed by public health professionals from the School of Public Health of
the «Université Libre de Bruxelles» and «Université Ouaga 1 Professeur Joseph KI-ZERBO». A pre-test
was conducted before the start of the survey. The survey was conducted by trained interviewers.

The study was approved by the Ethics Committee for Research in Health of Burkina Faso, in
deliberation N° 2015-9-114.

2.4. Data Analysis

Data collected were encoded using Epi-Data. Description of the sample and the analysis were
performed using Stata software version 13.0 (StataCorp. 2013., College Station, TX, USA).

The analysis only considered the main fuel used by the household woman.

We compared three groups based on the answers to the survey, composed of:

- LPG as the principal cooking fuel,
- Charcoal as the principal cooking fuel,
- Firewood as the principal cooking fuel.

Furthermore, a group called “biomass”, which included both firewood users and charcoal users
was compared to the LPG group.

We used conventional statistics to describe the sample. Independent variables were described
using relative frequencies (percentages) and the median (with standard deviation). Pearson chi-square
was used to verify the possible association of the reported respiratory symptoms with the type of fuel
used. We performed bivariate and multivariate logistic regressions to analyze the associations between
the primary cooking fuel and the respiratory outcomes, with an adjustment for potential confounding
variables, such as age, level of education, cooking duration, kitchen location, household size, exposure
to secondhand smoke at home and at work, socioeconomic status, exposure to mosquito coils and
incense burning smoke, road traffic exposure, and cooking stove improvement. A separate model was
used for each outcome.

A p value < 0.05 was considered significant.

Detailed information on the energy preference for cooking in the study group, study population
sampling, and the sociodemographic characteristics has previously been reported in Reference [18].

3. Results

A total of 1734 households representing the same number of women in charge of cooking in their
household were sampled for this study. Finally, 1705 participants who had completed the questionnaire
were considered for this analysis.

3.1. Sociodemographic Characteristics

The sample for the survey (Table 1) varied from 18 to 85 years of age, with a median of 36 years,
where 59.53% used biomass as the primary fuel for cooking and about 44% only used firewood. About
85% of the households studied used at least a combination of two types of fuel for cooking (households
cooking fuel preferences and the factors associated with cooking fuel choice were developed in another
paper). There were no smokers; however, 31.68% of women lived with at least one smoker and 11.81%
were exposed to tobacco smoke in their workplace. Table 1 summarizes the characteristics of the
survey sample according to the main type of cooking fuel.
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Table 1. Socio-demographic characteristics of the participants, n = 1705.

Respondents by Type of Main Cooking Fuel

Variables

LPG Charcoal Firewood Biomass * Overall
Age in year, mean (SD) 33.4 (11.0) 349 (11.2) 38.0 (13.5) 37.2(13.0) 35.6 (12.4)

Age of primary cook in year, mean (SD) 11.2 (2.5) 11.2 (2.7) 10.9 (2.6) 11 (2.6) 11.1 (2.6)
Cooking time (minute/day), mean (SD) 161 (115) 164 (138) 176 (145) 173 (143) 168 (133)
Indoor kitchen, 1 (%) 142 (28.6) 10 (3.8) 11 (1.5) 21 (2.1) 395 (23.2)

Household size, mean (SD) 7 (4) 7 (5) 9 (5) 8 (5) 8 (4)
Average family monthly income (SD) 109,284 (81,684) 76,670 (63,639) 72,667 (57,709) 73,761 (59,365) 88,112 (71,381)

Smokers in the family, n (%) 193 (28.1) 86 (32.3) 259 (34.7) 345 (34.1) 538 (31.7)
Formal education < 6 years, 1 (%) 333 (48.3) 67 (25.2) 129 (17.2) 196 (19.31 1176 (69.0)

LPG: liquefied petroleum gas; SD = standard deviation; Biomass *: firewood users’ group + charcoal users’ group.

3.2. Health Outcomes

The reported respiratory outcomes from the different cooking fuel user groups allowed the
drawing up of the following description (Table 2). Women who used biomass reported a higher
proportion of all the chronic respiratory symptoms compared to LPG users (Table 2). Amongst the
biomass users, charcoal users reported a higher proportion of all the chronic respiratory symptoms
compared to firewood users (Table 2). However, in the bivariate analysis, this difference was statistically
significant for waking up with coughing attacks, p = 0.012 (Table 2).

In the bivariate analysis, dry cough, breathing difficulties, and throat irritation frequencies were
statistically higher for biomass fuel users compared to LPG users, with p-values = 0.001, 0.002, and
0.000, respectively. It was also the case for some chronic respiratory symptoms, such as chronic
phlegm, shortness of breath, wheezing, wheezing with dyspnea, wheezing without a cold, waking up
with shortness of breath, waking up with coughing attacks, and waking up with breathing difficulty
(Table 2). Meanwhile, self-reported asthma, p = 0.142, and chronic cough proportion, p = 0.096,
were not significantly different between the two groups (LPG versus biomass), as was the case for
effort dyspnea, asthma crisis, and coughing during effort (Table 2). Respiratory health perception
was different between the two groups with a better perception amongst the LPG users (Table 2).
This perception did not significantly differ between the charcoal and firewood users.

A multivariate analysis was carried out to investigate the relationship between the cooking fuel
and the different symptoms that were studied. An adjustment was made for age, level of education,
cooking duration, kitchen location, household size, exposure to secondhand smoke at home and
at work, socioeconomic status, exposure to mosquito coils and incense burning smoke, road traffic
exposure, and cooking stove improvement. After adjustment, the results presented in Table 3 show
that dry cough, breathing difficulties, throat irritation, chronic sputum production, wheezing without
a cold, woken by shortness of breath, woken by coughing attacks, and woken with breathing difficulty
remained associated with biomass fuels compared to LPG use.
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Table 2. Prevalence and values of significance (p-value) for respiratory health outcomes by main cooking-fuel type *.

60f 11

LPG Users Biomass Users * Charcoal Users Firewood Users
Symptoms 1 =690 n=1015 p Value n =266 n =749 p Value
n % n % n % n %
Acute respiratory symptoms
Dry cough 107 15.51 269 26.5 <0.001 60 22.56 209 27.9 0.09
Breath difficulties 75 10.87 166 16.35 0.002 38 14.29 128 17.09 NS
Throat irritation 145 21.01 295 29.06 <0.001 87 32.71 208 27.77 0.128
Chronic respiratory symptoms
Chronic cough 95 13.77 170 16.75 0.096 52 19.55 118 15.75 0.155
Chronic phlegm 145 21.3 292 28.77 0.001 86 32.33 206 27.5 0.136
Shortness of breath 114 16.52 209 20.59 0.036 59 22.18 150 20.03 NS
Effort cough 166 24.06 287 28.28 0.053 73 27.44 214 28.57 NS
Wheezing 90 13.04 184 18.13 0.005 58 21.8 126 16.82 0.071
Effort chest tightness 235 34.06 387 38.13 0.087 107 40.23 280 37.38 NS
Effort dyspnea 321 46.52 493 48.57 NS 128 48.12 365 48.73 NS
Wheeze with dyspnea 76 11.01 146 14.38 0.043 43 16.17 103 13.75 NS
Wheeze without cold 49 7.1 112 11.03 0.007 34 12.78 78 10.41 NS
Woken by shortness of breath 146 21.16 288 28.37 0.001 83 31.2 205 27.37 NS
Woken by coughing attacks 105 15.22 212 20.89 0.003 70 26.32 142 18.96 0.012
Woken with breath difficulty 104 15.07 193 19.01 0.036 60 22.56 133 17.76 0.087
Asthma reported 28 4.06 28 2.76 0.142 10 3.76 18 24 NS
Asthma crisis 24 3.48 27 2.66 NS 11 4.14 16 2.14 0.087
Perceived respiratory health
Excellent 54 8 45 4.52 Reference 8 3.1 37 5.01 Reference
Very good 103 15.26 169 16.97 0.004 40 15.5 129 17.48 NS
Good 441 65.33 659 66.16 0.006 176 68.22 483 65.45 0.192
Fair 40 5.93 55 5.52 0.084 13 5.04 42 5.69 NS
Poor 37 5.48 68 6.83 0.006 21 8.14 47 6.37 0.123

#1705 women took part in the study; LPG: liquefied petroleum gas; Biomass *: firewood users’ group + charcoal users’ group; NS = not significant; Bold number = statistically

significant value.
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Table 3. Adjusted odds ratios (by age, cooking duration, kitchen location, education level, household
size, exposure to secondhand smoke at home and at work, socioeconomic status, exposure to mosquito
and incense burning smoke, road traffic exposure, stove type) for respiratory health outcomes by main
domestic cooking fuel.

Multivariate Analysis

Respiratory Symptoms LPG * vs. Biomass * (11 = 1636) Charcoal t vs. Firewood (1 = 975)
Adjusted OR (95% CI) p Value Adjusted OR (95% CI) p Value
Acute respiratory symptoms *
Dry cough 1.91 (1.45-2.54) <0.001 1.42 (1.00-2.02) 0.051
Breath difficulties 1.57 (1.13-2.19) 0.007 1.19 (0.78-1.82) -
Throat irritation 1.60 (1.23-2.74) <0.001 0.76 (0.54-1.05) 0.095
Chronic respiratory symptoms
Chronic cough 1.17 (0.86-1.59) 0.313 0.72 (0.49-1.06) 0.097
Chronic phlegm 1.61 (1.24-2.08) <0.001 0.80 (0.58-1.11) 0.187
Shortness of breath 1.11 (0.83-1.48) 0.496 0.80 (0.55-1.16) -
Effort cough 1.15 (0.90-1.48) 0.265 0.97 (0.70-1.35) -
Wheeze 1.37 (1.01-1.87) 0.045 0.63 (0.44-0.92) 0.018
Effort chest tightness 1.25 (0.99-1.58) 0.057 0.89 (0.65-1.21) -
Effort dyspnea 1.03 (0.82-1.29) - 1.06 (0.78-1.45) -
Wheeze with dyspnea 1.34 (0.95-1.87) 0.091 0.71 (0.47-1.08) -
Wheeze without cold 1.57 (1.06-2.32) 0.025 0.76 (0.48-1.20) -
Woken by shortness of breath 1.30 (1.01-1.69) 0.046 0.78 (0.56-1.08) -
Woken by coughing attacks 1.46 (1.09-1.96) 0.010 0.62 (0.43-0.88) 0.007
Woken with breath difficulty 1.37 (1.02-1.85) 0.036 0.66 (0.45-0.96) 0.028
Asthma reported 0.74 (0.39-1.39) 0.344 0.63 (0.24-1.60) -
Asthma crisis 0.79 (0.42-1.51) - 0.41 (0.17-1.00) 0.049
Other symptoms ¥
Burning eye 1.93 (1.52-2.45) <0.001 1.25(0.91-1.72) 0.162
Watery eye 1.93 (1.54-2.41) <0.001 1.49 (1.09-2.03) 0.012

LPG: liquefied petroleum gas; Biomass *: firewood users’ group + charcoal users’ group; *: reference; %: Acute
respiratory symptoms reported during cooking; *: Chronic respiratory symptoms during the past year; Bold
number = significant value.

Charcoal use was associated with wheezing, waking by coughing attacks, waking with breathing
difficulty, when compared to firewood users (Table 3). Watery eyes during cooking were most frequent
among firewood users, p = 0.012.

In addition, cooking for more than 2 h was significantly associated with breathing difficulties
during cooking, with an adjusted odds ratio (aOR): 1.56 (1.16-2.09); nose tingling aOR: 1.57 (1.19-2.05);
throat irritation aOR: 1.46 (1.16-1.84); effort cough aOR: 1.35 (1.08-1.70); effort chest tightness aOR:
1.31 (1.06-1.61); wheezing with dyspnea aOR: 1.43 (1.06-1.92); and waking with breathing difficulties
aOR:1.50 (1.15-1.95) (Table S1).

Respiratory outcomes were mostly reported amongst women who reported biomass use with
an improved cooking stove compared to the LPG stove users’ group (Table S1). Acute respiratory
outcomes were most frequent amongst firewood with improved cooking stove users compared to the
LPG users (Table S1). However, chronic respiratory symptoms were mostly reported by charcoal with
improved cooking stove users when compared to the LPG users (Table S1).

4. Discussion

The study aimed to profile respiratory symptoms that were linked to domestic cooking fuel in
Ouagadougou city using a cross-sectional study design.

Cross-sectional surveys are studies at the level of evidence 4, and are not aimed at establishing a
causal relationship. The strength of the results is strongly dependent on the method for selecting the
participants. The possible biases at this level are selection bias (non-representativeness of the sample in
relation to the target population), ranking bias which may be due to a poor definition of the exposure
variables (i.e., exposure measure through indoor air pollutants concentration was not carried out,
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a combination of two or three types of fuels by several women), to the respondent (memorization bias),
and confusion bias. The methodology used in our study integrated these biases to reduce their impact
as much as possible, i.e., via the size of the sample, the selection of the participants, the adjustment of
potential factors of confusion. Although the potential confounding variables, such as age, education,
socioeconomic status, etc., were controlled for, other parameters were not considered, which may have
also impacted the variable of interest (e.g., Body mass index, other relevant exposure).

Data were collected during the dry season. The season could have had an impact on our results.
For example, Buchner and Rehfuess noticed that acute lower respiratory infection (ALRI) frequency in
children was higher during the dry season than during the rainy season, and that the effects of cooking
fuel types on child ALRI were lower during the dry season [25]. Burkina Faso is a sub-Saharan African
country, characterized by a dry tropical climate, that alternates between a short rainy season and a
long dry season, and it includes parts of the Sahel in the north of the country. In Burkina Faso, during
the dry season, dust storms occur frequently. The dust-laden trade wind called the Harmattan causes
dry skin, cracked lips, and can irritate the airways. Sahara dust storms can carry particulate material,
pollutants, and potential allergens (e.g., heavy metals, pesticides, spores, fungi, bacteria, etc.) [26].
The Saharan dust particles have significant implications on human respiratory health, even more so
because the particulate loadings can far exceed healthy levels [26].

However, data for all the participants were collected during the dry season, as the symptoms
prevalence could be increased in the same way for all the participant groups. The comparison between
groups should not have been influenced by that.

Despite these limitations, the study still provided additional information to support a change in
fuel choice.

The major strengths of this study were its size and the adjustment for numerous confounders.

This study found a high prevalence of reported acute and chronic respiratory symptoms amongst
women using biomass fuel as the main cooking fuel compared to LPG users in urban Ouagadougou.

Kurmi et al., in their study conducted on Nepalese populations, also reported that women exposed
to biomass were more likely to complain of wheezing (32.0% versus 23.5%) and breathlessness (17.8%
versus 12.0%) (vs. LPG), where they reported higher frequencies compared to our study [27]. In the
same way, Siddiqui et al. found more throat pain, coughing, coughing with sputum, and breathing
difficulties among wood users in comparison to LPG users, with even higher proportions than those
observed in our study [28].

However, Desalu and collaborators noticed a lower prevalence of coughing, wheezing, and
breathlessness in both the biomass and non-biomass groups [29].

These differences could be explained by an under-reporting of some respiratory symptoms
(wheezing, breathlessness, and bringing up phlegm) which were often considered as normal by
people [27], and the difference in the background levels of pollution.

Regarding chronic cough and chronic phlegm, Kurmi and collaborators found similar proportions
in both the biomass and non-biomass exposed groups, respectively, and a lower prevalence in the
biomass-using group [27].

Our analysis highlighted that the use of biomass fuel was associated with some acute and chronic
respiratory symptoms. These results were consistent with other studies [27,29,30].

Biomass fuel use and asthma diagnosis have been studied by Regalado et al. [31]. Similar to our
study, Regalado et al. found no significant difference between biomass and non-biomass users [31].
At the same time, even though the difference was not significant, asthma diagnosis and asthma crisis
were less frequent among biomass users. As the present study only considered the main current fuel
used by the participant, this result could be explained by a probable change in the cooking fuel because
of illness, through self-awareness, or on the advice of a health professional or any third person.

Other findings of the study were that respiratory outcomes were mostly reported amongst biomass
with improved cookstove users compared to the LPG stove users group. Even if the initial goal of
the improved cookstove was to minimize the fuel consumption and smoke emissions, many of the



Int. ]. Environ. Res. Public Health 2019, 16, 1040 9of 11

improved stoves that are available on the local market are not able to protect the users from pollutants
resulting from the burning of biomass [32-34].

The study also reported that wheezing, waking up from coughing attacks, and waking up with
breathing difficulty were significantly negatively associated with charcoal use (versus firewood). Such
a comparison between wood and charcoal has not been analyzed to that extent.

Charcoal is often considered as a clean fuel compared to the other biomass fuels, such as firewood,
animal dung, crop residues, etc. [35,36]. Nevertheless, we found significant protective effects on the
prevalence of wheezing and being woken by coughing attacks in firewood users compared to charcoal
users. Even if there was no significant difference between firewood and charcoal concerning chronic
cough and shortness of breath, our findings suggested that charcoal use significantly increased the
risk of more chronic respiratory symptoms (4/5 on our list and 2/5 after adjustment) compared to
firewood (2/5 and 0/5 after adjustment). Das et al. also found positive associations between respiratory
symptoms and firewood compared to charcoal [37]. Charcoal, even if relatively smoke-free, may still
present risks to human health [38]. Moreover, charcoal is not easy to set on fire. For that reason, the
cook usually needs to use a fire starter often made with waste materials, such as plastic bags, tire
rubber cut or inner tire tubes, drainage oil, paper, agricultural waste, petrol coke powder, twigs, or
dry herbs. Most of these materials are not free from harmful chemicals and pollutants when burned.
In our sample, more than 64% of the respondents reported using plastic bags to light the fire and
8.5% used rubber or the inner tire tube. However, it was highlighted that plastic (commonly derived
from petrochemicals) burning releases toxic gases like dioxins, furans, mercury, and polychlorinated
biphenyls, as well as some additives as phthalates and brominated flame retardants which pose health
risks, especially to human lungs [39]. Nevertheless, charcoal due to its low smoke emission appears to
be harmless, and users tend to stay close to the cookstove during the cooking activity. However, it
produces large amounts of carbon monoxide (CO), which that can have harmful effects even at low
exposure, by increasing the carboxy-hemoglobin (COHb) concentration.

5. Conclusions

Exposure to biomass smoke is responsible for the respiratory health problems of women that are
in charge of cooking. Charcoal, which is often considered as a clean fuel compared to other biomass
fuels and is often recommended as an alternative to firewood, also presents health risks including an
increased respiratory morbidity in women.

Effective and efficient energy policies are needed to accelerate the transition to clean and
sustainable energies.

Supplementary Materials: The following are available online at http:/ /www.mdpi.com/1660-4601/16/6/1040/
s1, Table S1: Adjusted odds ratios for respiratory health outcomes by cooking duration and the combination
fuel-stove used.

Author Contributions: For research articles with several authors, a short paragraph specifying their individual
contributions must be provided. The following statements should be used conceptualization, A.S., N.M. and C.B.;
methodology, A.S., N.M. and C.B.; software, A.S.; formal analysis, A.S.; writing—original draft preparation, A.S.,
N.M., G.B,, B.K. and C.B.; validation, A.S., N.M., G.B., B.K. and C.B.

Funding: This research was funded by International Development Research Centre (IRDC/Canada), grant
number 107347.

Acknowledgments: Our acknowledgements to ULB for the studentship and to the Health Inter Network Access
to Research Initiative (HINARI) team for providing us with the opportunities to access many scientific publications.
We would also like to thank the Centre MURAZ for the financial support for data entry and management. We are
grateful to Samira and Jean for their support in data collection supervision. We are also thankful to Ibrahim,
Florence, and Koniba for all their help and availability in data entry and data management. We are grateful to
Dimitri Krasucki for reviewing the English editing and style in the last version of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.


http://www.mdpi.com/1660-4601/16/6/1040/s1
http://www.mdpi.com/1660-4601/16/6/1040/s1

Int. ]. Environ. Res. Public Health 2019, 16, 1040 10 of 11

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

IEA. Energy Access Outlook 2017: From Poverty to Prosperity; OECD/IEA: Paris, France, 2017; p. 144.

Lewis, J.J.; Pattanayak, S.K. Who adopts improved fuels and cookstoves? A systematic review.
Environ. Health Perspect. 2012, 120, 637-645. [CrossRef] [PubMed]

Nigel, B.; Perez-Padilla, R.; Albalak, R. Indoor air pollution in developing countries: A major environmental
and public health challenge. Bull. World Health Organ. 2000, 78, 15.

Rehfuess, E.; World Health Organization WHO. Fuel for Life: Household Energy and Health, WHO: Geneva,
Switzerland, 2006; p. 42.

WHO. Global Health Risks: Mortality and Burden of Disease Attributable to Selected Major Risks; WHO: Geneva,
Switzerland, 2009.

Akhtar, T.; Ullah, Z.; Khan, M.H.; Nazli, R. Chronic bronchitis in women using solid biomass fuel in rural
Peshawar, Pakistan. Chest 2007, 132, 1472-1475. [CrossRef] [PubMed]

Brook, R.D.; Rajagopalan, S.; Pope, C.A., 3rd; Brook, J.R.; Bhatnagar, A.; Diez-Roux, A.V.; Holguin, E;
Hong, Y.; Luepker, R.V.; Mittleman, M. A. Particulate Matter Air Pollution and Cardiovascular Disease: An
Update to the Scientific Statement from the American Heart Association. Circulation 2010, 121, 2331-2378.
[CrossRef] [PubMed]

Kim, K.-H.; Jahan, S.A.; Kabir, E. A review of diseases associated with household air pollution due to the use
of biomass fuels. J. Hazard. Mater. 2011, 192, 425-431. [CrossRef] [PubMed]

Sana, A.; Somda, S.M.A.; Meda, N.; Bouland, C. Chronic obstructive pulmonary disease associated with
biomass fuel use in women: A systematic review and meta-analysis. BM] Open Respir. Res. 2018, 5, e€000246.
[CrossRef] [PubMed]

Ramirez-Venegas, A.; Serge, M.A.S.; Catherine, B. Prevalence of COPD and respiratory symptoms associated
with biomass smoke exposure in a suburban area. Int. J. Chronic Obstr. Pulm. Dis. 2018, 13, 1727-1734.
[CrossRef] [PubMed]

Budds, J.; Biran, A.; Rouse, ]. What’s Cooking: A Review of the Health Impacts of Indoor Air Pollution and
Technical Interventions for Its Reduction. 2001. Available online: http://www.lboro.ac.uk/well/resources/
well-studies/full-reports-pdf/task0512, pdf (accessed on 1 November 2018).

Lim, S.S.; Vos, T.; Flaxman, A.D.; Danaei, G.; Shibuya, K.; Adair-Rohani, H.; Amann, M.; Anderson, H.R,;
Andrews, K.G.; Aryee, M,; et al. A comparative risk assessment of burden of disease and injury attributable
to 67 risk factors and risk factor clusters in 21 regions, 1990-2010: A systematic analysis for the Global
Burden of Disease Study 2010. Lancet 2012, 380, 2224-2260. [CrossRef]

World Health Organization WHO. WHO Guidelines for Indoor Air Quality: Household Fuel Combustion.
2014. Available online: http://apps.who.int/iris/bitstream /handle/10665/141496 /9789241548885_eng.
pdf?sequence=1 (accessed on 1 November 2018).

Murray, C.J.L. Global, regional, and national comparative risk assessment of 84 behavioural, environmental
and occupational, and metabolic risks or clusters of risks for 195 countries and territories, 1990-2017:
A systematic analysis for the Global Burden of Disease Study 2017. Lancet 2018, 392, 1923-1994.

Direction générale des études et des statistiques sectorielles. Annuaire Statistique 2016; Ministere de la Santé:
Rabat, Morocco, 2017; p. 315.

Taylor, E.T.; Nakai, S. Prevalence of acute respiratory infections in women and children in Western Sierra
Leone due to smoke from wood and charcoal stoves. Int. . Environ. Res. Public Health 2012, 9, 2252-2265.
[CrossRef]

Ingale, L.T.; Dube, K.J.; Sarode, D.B.; Attarde, S.B.; Ingle, S.T. Monitoring and respiratory health assessment
of the population exposed to cooking fuel emissions in a rural area of Jalgaon District, India. Asia Pac. J.
Public Health 2013, 25, 463—-475. [CrossRef] [PubMed]

Sana, A.; Kafando, B.; Dramaix, M.; Meda, N.; Bouland, C. Energy choice for cooking and factors associated
with biomass fuel use in Ouagadougou city. Ecohealth 2019. (Under review).

Thorsson, S.; Holmer, B.; Andjelic, A.; Lindén, J.; Cimerman, S.; Barregard, L. Carbon monoxide concentrations
in outdoor wood-fired kitchens in Ouagadougou, Burkina Faso—Implications for women’s and children’s
health. Environ. Monit. Assess. 2014, 186, 4479-4492. [CrossRef] [PubMed]


http://dx.doi.org/10.1289/ehp.1104194
http://www.ncbi.nlm.nih.gov/pubmed/22296719
http://dx.doi.org/10.1378/chest.06-2529
http://www.ncbi.nlm.nih.gov/pubmed/17646238
http://dx.doi.org/10.1161/CIR.0b013e3181dbece1
http://www.ncbi.nlm.nih.gov/pubmed/20458016
http://dx.doi.org/10.1016/j.jhazmat.2011.05.087
http://www.ncbi.nlm.nih.gov/pubmed/21705140
http://dx.doi.org/10.1136/bmjresp-2017-000246
http://www.ncbi.nlm.nih.gov/pubmed/29387422
http://dx.doi.org/10.2147/COPD.S156409
http://www.ncbi.nlm.nih.gov/pubmed/29872290
http://www.lboro.ac.uk/well/resources/well-studies/full-reports-pdf/task0512,pdf
http://www.lboro.ac.uk/well/resources/well-studies/full-reports-pdf/task0512,pdf
http://dx.doi.org/10.1016/S0140-6736(12)61766-8
http://apps.who.int/iris/bitstream/handle/10665/141496/9789241548885_eng.pdf?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/141496/9789241548885_eng.pdf?sequence=1
http://dx.doi.org/10.3390/ijerph9062252
http://dx.doi.org/10.1177/1010539511420994
http://www.ncbi.nlm.nih.gov/pubmed/21914708
http://dx.doi.org/10.1007/s10661-014-3712-y
http://www.ncbi.nlm.nih.gov/pubmed/24652378

Int. ]. Environ. Res. Public Health 2019, 16, 1040 11 of 11

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

World Health Organization WHO. Indoor Air Pollution: National Burden of Disease Estimates. 2007.
Available online: http:/ /apps.who.int/iris/bitstream /handle/10665/69651/WHO_SDE_PHE_07.01_eng.
pdf?sequence=1&isAllowed=y (accessed on 1 November 2018).

Global initiative for Chronic Obstructive Lung Disease. “Could it be COPD?” Questionnaire. 2004. Available
online: http://www.goldcopd.org/could-it-be-copd.html (accessed on 1 November 2018).

Haute Autorité de Santé. Faites le Test: Aurais-je une BPCO? 2014. Available online: http://www.has-sante.
fr/portail /upload/docs/application/pdf/2014-06 / questionnaire_depistage_bpco_gold_web.pdf (accessed
on 1 November 2018).

Venables, K.M.; Farrer, N.; Sharp, L.; Graneek, B.].; Taylor, A.J.N. Respiratory symptoms questionnaire for
asthma epidemiology: Validity and reproducibility. Thorax 1993, 48, 214-219. [CrossRef] [PubMed]
Labrecque, M.; Malo, J.L.; Alaoui, K.M.; Rabhi, K. Medical surveillance programme for diisocyanate exposure.
Occup. Environ. Med. 2011, 68, 6. [CrossRef] [PubMed]

Buchner, H.; Rehfuess, E.A. Cooking and season as risk factors for acute lower respiratory infections in
African children: A cross-sectional multi-country analysis. PLoS ONE 2015, 10, e0128933. [CrossRef]
Goudie, A.S. Desert dust and human health disorders. Environ. Int. 2014, 63, 101-113. [CrossRef]

Kurmi, O.P; Semple, S.; Devereux, G.S.; Gaihre, S.; Lam, K.B.L.; Sadhra, S.; Steiner, M.F,; Simkhada, P.;
Smith, W.C.; Ayres, J.G. The effect of exposure to biomass smoke on respiratory symptoms in adult rural and
urban Nepalese populations. Environ. Health 2014, 13, 92. [CrossRef]

Siddiqui, A.R.; Lee, K.; Gold, E.B.; Bhutta, Z.A. Eye and respiratory symptoms among women exposed to
wood smoke emitted from indoor cooking: A study from southern Pakistan. Energy Sustain. Dev. 2005, 9,
58-66. [CrossRef]

Desalu, O.0.; Adekoya, A.O.; Ampitan, B.A. Increased risk of respiratory symptoms and chronic bronchitis
in women using biomass fuels in Nigeria. J. Bras. Pneumol. 2010, 36, 441-446. [CrossRef]

Alim, M.A_; Sarker, M.A.B.; Selim, S.; Karim, M.R.; Yoshida, Y.; Hamajima, N. Respiratory involvements
among women exposed to the smoke of traditional biomass fuel and gas fuel in a district of Bangladesh.
Environ. Health Prev. Med. 2014, 19, 126-134. [CrossRef] [PubMed]

Regalado, J.; Sarker, M.A.; Selim, S.; Karim, M.R.; Yoshida, Y.; Hamajima, N. The Effect of Biomass Burning
on Respiratory Symptoms and Lung Function in Rural Mexican Women. Am. J. Respir. Crit. Care Med. 2006,
174,901-905. [CrossRef] [PubMed]

IOB. Evaluation d’impact des Foyers Améliorés au Burkina Faso. Ministére Néerlandais des Affaires
Etrangéres, 2013. Awvailable online: https://www.oecd.org/derec/netherlands/%C3%89valuation-
d\T1\textquoterightimpact-des-foyers-am%C3%A9lior%C3%A9s-au-Burkina-Faso.pdf (accessed on
1 November 2018).

IRSAT, Tests de Performances des Foyers <Roumdé>. Septembre 2008, Institut de Recherche en Sciences
Appliquées et Technologies: Ouagadougou. Available online: https://energypedia.info/images/5/5e/
Tests_des_performance_des_foyersROUMDE_IRSAT.pdf (accessed on 1 November 2018).

Kafando, B.; Paul, W.S.; Tiéba, M.; Adama, S.; Seni, K.; Blaise, S. Pollution de 'air intérieur et prévalence des
infections respiratoires aigués chez les enfants a Ouagadougou. Santé Publique 2018, 4, 575-586. [CrossRef]
[PubMed]

Fullerton, D.G.; Suseno, A.; Semple, S.; Kalambo, E; Malamba, R.; White, S.; Jack, S.; Calverley, PM.;
Gordon, S.B. Wood smoke exposure, poverty and impaired lung function in Malawian adults. Int. J. Tuberc.
Lung Dis. 2011, 15, 391-398. [PubMed]

Rehfuess, E.; Mehta, S.; Pruss, U. Assessing household solid fuel use: Multiple implications for the
Millennium Development Goals. Environ. Health Perspect. 2006, 114, 373-378. [CrossRef] [PubMed]

Das, I; Jagger, P; Yeatts, K. Biomass Cooking Fuels and Health Outcomes for Women in Malawi. EcoHealth
2017, 14, 7-19. [CrossRef] [PubMed]

Smith, K.R. Health impacts of household fuelwood use in developing countries. Unasylva 2006, 57, 4.
Verma, R.; Vinoda, K.S.; Papireddy, M.; Gowda, A.N.S. Toxic Pollutants from Plastic Waste—A Review.
Procedia Environ. Sci. 2016, 35, 701-708. [CrossRef]

@ © 2019 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://apps.who.int/iris/bitstream/handle/10665/69651/WHO_SDE_PHE_07.01_eng.pdf?sequence=1&isAllowed=y
http://apps.who.int/iris/bitstream/handle/10665/69651/WHO_SDE_PHE_07.01_eng.pdf?sequence=1&isAllowed=y
http://www.goldcopd.org/could-it-be-copd.html
http://www.has-sante.fr/portail/upload/docs/application/pdf/2014-06/questionnaire_depistage_bpco_gold_web.pdf
http://www.has-sante.fr/portail/upload/docs/application/pdf/2014-06/questionnaire_depistage_bpco_gold_web.pdf
http://dx.doi.org/10.1136/thx.48.3.214
http://www.ncbi.nlm.nih.gov/pubmed/8497818
http://dx.doi.org/10.1136/oem.2010.055129
http://www.ncbi.nlm.nih.gov/pubmed/20952557
http://dx.doi.org/10.1371/journal.pone.0128933
http://dx.doi.org/10.1016/j.envint.2013.10.011
http://dx.doi.org/10.1186/1476-069X-13-92
http://dx.doi.org/10.1016/S0973-0826(08)60524-4
http://dx.doi.org/10.1590/S1806-37132010000400008
http://dx.doi.org/10.1007/s12199-013-0364-4
http://www.ncbi.nlm.nih.gov/pubmed/24105352
http://dx.doi.org/10.1164/rccm.200503-479OC
http://www.ncbi.nlm.nih.gov/pubmed/16799080
https://www.oecd.org/derec/netherlands/%C3%89valuation-d\T1\textquoteright impact-des-foyers-am%C3%A9lior%C3%A9s-au-Burkina-Faso.pdf
https://www.oecd.org/derec/netherlands/%C3%89valuation-d\T1\textquoteright impact-des-foyers-am%C3%A9lior%C3%A9s-au-Burkina-Faso.pdf
https://energypedia.info/images/5/5e/Tests_des_performance_des_foyersROUMDE_IRSAT.pdf
https://energypedia.info/images/5/5e/Tests_des_performance_des_foyersROUMDE_IRSAT.pdf
http://dx.doi.org/10.3917/spub.185.0575
http://www.ncbi.nlm.nih.gov/pubmed/30540148
http://www.ncbi.nlm.nih.gov/pubmed/21333109
http://dx.doi.org/10.1289/ehp.8603
http://www.ncbi.nlm.nih.gov/pubmed/16507460
http://dx.doi.org/10.1007/s10393-016-1190-0
http://www.ncbi.nlm.nih.gov/pubmed/27800583
http://dx.doi.org/10.1016/j.proenv.2016.07.069
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Area 
	Study Design and Participants 
	Questionnaires and Data Collection 
	Data Analysis 

	Results 
	Sociodemographic Characteristics 
	Health Outcomes 

	Discussion 
	Conclusions 
	References

