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a b s t r a c t

The health impacts of increasing household air pollution produced by inefficient cooking fuels on
woman's health concerning pregnancy, fertility, and sterilization in the most populous South Asian
countries have not got due attention previously. As these health issues are some of the most critical
health indicators for women; therefore, the study investigates a robust statistical relationship between
household air pollution produced by cooking fuels and above indicators of woman's health that are less
focused. Because living in such an environment can increase more health risks unless effective strategies
based on empirical research foundations are put in place to curb the rising health implications. The study
uses cross-sectional data of the three most populous countries of South Asia (India, Pakistan, and
Bangladesh) and employs the MANOVA and OLS regression methods to examine this empirical rela-
tionship. The results have revealed that the type of cooking fuel is the topmost concern for a woman's
health, such as termination and duration of current pregnancy, years since and age at sterilization,
residence, and education. Moreover, cooking places also adversely impact age at sterilization. Based on
findings, the study proposes effective policy suggestions to the governments and policymakers to take
necessary measures to prevent health risks.

© 2022 Elsevier Ltd. All rights reserved.
1. Introduction

The combustion of solid cooking fuels, such as firewood, coal,
charcoal, dung, crops, or straws in rural areas of the developing
countries causes household air pollution that further leads to
rampant indoor and then outdoor air pollution. The developing
countries which already have undeveloped energy infrastructure,
incomplete electrification, and a dilapidated network of gas pipe-
lines, household air pollution specifically produced by cooking fuels
has become one of the major issues that cause millions of lives to be
lost every year. According to the World Health Organization (WHO)
reports, around 7 million people die due to household air pollution
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each year; moreover, millions of people suffer from various respi-
ratory and cardiovascular diseases, strokes, heart and lung diseases
[1]. Besides, it also directly or indirectly leads to premature deaths
of around 5 million people annually in developing countries [2],
where cooking practices heavily depend on solid fuel consumption.
This dependency on inefficient sources of energy for cooking poses
a considerable threat to women's health, as women bear the sole
responsibility of preparing a meal for thewhole family. Also in rural
South Asia, women spendmost of their daily time collectingwoods,
crops, straws or collecting manure, making bread of it, and drying it
under the sun to prepare it as cooking fuel. This practice widely
affects the girls' education because they are not left with sufficient
time to study [3].

Following the argument, most of the rural households of the
three most populous developing countries of South Asia (Pakistan,
India, and Bangladesh) also considerably depend on unclean and
traditional sources of energy for cooking practices. These countries
carry a significant economic, social, geographical, and
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environmental contribution to around 1.8 billion of the world's
population. Almost 897 million (65%) people in India, 143 million in
Pakistan (65%), and 100 million (60.6%) in Bangladesh live in rural
areas that share a major portion of their total population [4]. Other
countries have transformed and diversified their energy system for
cleaner fuel consumption; however, despite being enriched with
untapped affordable energy potential, these countries still heavily
rely on imported non-renewable energy fuels (crude oil, gas, and
coal) to power households as well as commercial and industrial
activities [5e7]. These energy imports (Pakistan 13.14 billion, India
125 billion, and Bangladesh 8e9 billion in USD) consume a
considerable chunk of their foreign reserves annually [8e10] that,
otherwise, could be spent on social well-being and infrastructural
development [11]. For decades, Pakistan has been facing a severe
energy crisis, electricity shortage in summer, and gas shortage in
winter; it has become a common trend, and households suffer a lot
in extreme and dry seasons. According to statistics, more than 60%
of fossil fuels are used in Pakistan for electricity and other purposes
[12], and less than 2% of electricity is generated from renewable
energy resources [13].

This situation is not different in India and Bangladesh as well.
India, the most populous country in South Asia and the second-
most in the world, shares the same problems with severe envi-
ronmental and health implications of household air pollution: 70%
of rural populations depend on solid fuel consumption [14]. Also,
around 3% of renewable sources are used for electricity production
and other purposes in Bangladesh [15].Whereas traditional sources
of energy for cooking purposes account for more than 85%, out of
the total, around 45% from crops and 20% from dung [16]. Lack of
electricity supply, dependency on solid fuels, and improper venti-
lation of cooking places produce severe health risks, particularly
women suffer a lot from it [17].

Although an extensive literature has been published on the
relationship of overall human wellbeing and renewable energy
consumption for domestic or commercial/industrial purposes [18],
electrification [19,20], indoor cold [21], and household living con-
ditions [22,23]; while others have focused on the empirical asso-
ciation of energy poverty and health [24e26], however, the impact
of increasing household air pollution produced by the combustion
of cooking fuels on women's health concerning pregnancy and
sterilization in the most populous South Asian countries (India,
Pakistan and Bangladesh) have not got due attention previously.
Issues of pregnancy, fertility, and sterilization are some of the most
critical health indicators for women. If there is any statistical as-
sociation between the variables, it must be investigated. The out-
comes can have significant policy implications for the stakeholders.
Also, to the best of our knowledge, these are the health issues
which are not discussed widely and deeply in context of household
air pollution, especially in South Asia. Therefore, the study aims to
investigate a robust statistical relationship between household air
pollution caused by cooking fuels and indicators of woman's health,
specifically pregnancy, fertility, and sterilization that are less dis-
cussed. Because, the growing population in India, Pakistan, and
Bangladesh raises major health and clean fuel challenges when
most people cannot afford to have renewable, efficient, and eco-
friendly cooking fuels. Besides, living in such an environment can
increase more health risks unless effective strategies based on
empirical research foundations are put in place to curb the rising
health implications. In this context, the study also contributes to
the literature that it analyzes the current situation of household air
pollution due to cooking fuels in the three countries, provides a
robust model to the countries overly dependent on solid fuel con-
sumption for cooking practices, assesses its consequences on
women's health, and subsequently, proposes practical policy
measures to address the issue at the subnational, national, and
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regional level.

2. Literature review

Energy being the fundamental source for industrial and
household activities, its availability and affordability strengthen
economic development andmakes domestic life more manageable.
In this context, the availability, accessibility, and affordability of
modern energy fuels become imperative for sustainable economic
development [27e30], environmental sustainability [31e34], and
healthy and safe cooking practices at the household level [35e37].
The consumption of efficient energy fuels improves air quality both
at the household and outdoor level and social development and
reduces health risks [38e40].

The use of solid fuels for cooking is considered riskier, which
directly impacts health (Dherani et al.; [41,42]. Around 3.8 million
people globally [43] and 0.5 million in Asia alone die due to
household air pollution caused by the combustion of solid fuels for
cooking [44], and thousands get affected by respiratory diseases
such as lungs cancer, asthma and heart attack [45e50]. Solid fuels
are used for both domestic (burnt for cooking purposes) and in-
dustrial purposes [51], which causes household and outdoor air
pollution, respectively. Most people in low-income countries use
these solid fuels and cook inside their homes without proper
ventilation, which produces harmful pollutants that severely af-
fects physical and mental human health [52,53], especially in
developing countries that use non-renewable sources in excessive
quantity [54].

Unfortunately, women and children suffer more from it. It af-
fects not only the fertility and mortality of women but also
women's ability to get pregnant, the physical development of a
child, and increases the risks of birth defects [55,56]. A plethora of
previous studies have discussed the health implications of solid fuel
consumption at the household level, such as asthma, heart attack
[57], and lung cancer [43]; physical and mental health [58], car-
diovascular diseases [43], disability [59] and mental sickness of
children [58,60]. However, the increasingly adverse impacts of
household consumption of fossil fuels on woman's health particu-
larly related to pregnancy and fertility have not gotten due atten-
tion in South Asia.

Therefore, this study aims to investigate an empirical relation-
ship of consistent household air pollution due to the use of non-
renewable cooking fuels on woman's health, especially woman's
fertility, and pregnancy issues that need urgent attention as women
are the primary group to cook food and stay at homes in Pakistan,
India, and Bangladesh. Further, this study also statistically high-
lights the rampant trends of solid fuel consumption for cooking
practices in the above-mentioned countries that have taken thou-
sands of lives for the last two decades. Besides, the study also
provides policy suggestions to the stakeholders to take necessary
steps, so that, the detrimental impacts of this cooking trend on
woman's health indicators could be avoided. For this purpose, this
study uses two-way multivariate analysis of variance (MANOVA)
and then employs ordinal least square (OLS) technique with STA-
TAMP 16.0 to examine approximation of a statistical association
between household air pollution and selected indicators of
women's health, such as pregnancy, fertility, and sterilization.
Eventually, the study contributes to the existing literature in three
ways that are discussed before.

3. Methods and data

3.1. Data

The data for this study was acquired from the United States
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Agency for International Development (USAID). The USAID has
been conducting different household surveys for decades in
different regions of the world, such as economic surveys, education
surveys, and health surveys with the collaboration of the concerned
governments and representative institutions. The access to a
dataset DHS-VII 2017e18 of Pakistan, India, and Bangladesh was
granted after a formal request [61]. A unit of analysis of the input
data is household. The data is very useful in policy perspectives,
which provides the complete demographic and health profile of the
households required for this study. Data of 14,325 households from
Pakistan, 600,105 from India, and 17,205 from Bangladesh was used
for the result analysis.

3.2. MANOVA

The two exogenous variables, the type of cooking fuels and
places for cooking, are taken as the indicators of household air
pollution. To measure the health of women, demographic in-
dicators and health indicators related to pregnancy and steriliza-
tion were selected. First, this study used a two-way MANOVA
technique to find out the statistical causal relationship among the
dependent and independent variables. The two-way MANOVA is a
multivariate analysis technique used for comparing one or more
dependent variables across two or more than two independent
variables. It allows us to look for differences across several
dependent and independent variables. It creates a linear combi-
nation of the dependent and independent variables to test if there
is any difference across the levels/categories of the independent
variables on that linear combination of the dependent variables
[62].

Other possibilities for using MANOVA could be assessing the
relationship between independent variables or dependent vari-
ables and the relationship between independent and dependent
variables. To run two-way MANOVA, there must be more than one
dependent variable to better understand which variable or a
reference category of the variable carries statistical significance
across the several levels of the independent variables. Some cau-
tions need to be considered while using MANOVA. The MANOVA is
a more complicated design, and it requires subjective assumptions
to remove the ambiguity of which independent variables impact
dependent variables. We used MANOVA due to the following rea-
sons. First, our group of dependent variables consists of binary and
categorical variables. Second, for MANOVA, there must be different
groups and different outcome variables; our research considers a
large number of samples, particularly focusing on multiple in-
dicators related to women's health. Third, this technique is suitable
for the multivariate factor analysis and multi regression analysis of
variance and simultaneously tests the explanatory variables' ef-
fects. Since multivariate variance can deal with numerous depen-
dent variables at the same time, it provides some benefits in terms
of statistical correctness and efficiency over other types of variance
analysis. MANOVA is preferable if the researcher intends to mini-
mize error probability and overcome the issue of dependent vari-
able correlation. Compared to ANOVA and ANCOVA, MANOVA has
the ability to test the differences of the linear combination of
multiple response variables. Consequently, MANOVA is also a
preferred method over structural equation modeling and partial
least squares because it canwork on very large datawith binary and
categorical types of variables. In contrast, multiple regression is
commonly used in the association between independent variables
and dependent variables and logistics regressions are preferable
with binary types of variables. Thus, based on the type of variables,
multiple constructs, differences between groups of the entities, and
sample size, MANOVA is an appropriate technique for our model.

This study used two-way MANOVA for the analysis of the
3

results, which can be expressed through the following equation (1).

Yijk ¼mþ ti þ bj þ ðtbÞij þ εijk (1)

Where, Yijk ¼ dependent variables.
m ¼ vector of overall mean, ti ¼ Vector of ith, the main effects of

the independent variables (type of cooking fuel), bj ¼ Vector of jth,
the main effects of the independent variables (food cooked in
house/separate building/outdoor), and ðtbÞij ¼ vector interaction
between independent variables.

For the independent variable, type of cooking fuel, we assume,
H0: t1 ¼ t2 ¼ t3 ¼ t4 ¼ t5, t6; t7 ¼ t8 ¼ t9 ¼ t10 ¼ t11, that is
the vector means of the dependent variables. Otherwise, if H1: H0 is
false, then the vectormeans of the dependent variable are not equal
across the group. Similarly, for the second independent variable,
food cooked in house/separate building/outdoor, we assume, H0:
b1 ¼ b2 ¼ b3 ¼ b4, that is the vector means of dependent vari-
ables. Otherwise, if H1: H0 is false, then the vector means of the
dependent variable are not equal across the group.

3.3. OLS

Second, to have more comprehensive and comparative results,
the ordinary least square (OLS) technique using STATAMP.16 was
also run to examine the impacts of household air pollution on
women's health. STATA ith command was used to investigate the
approximation of causal association between the reference cate-
gories/levels of the explanatory variables. Table 1 shows the
description of each variable used in this study. We firstly combined
all the datasets of three countries to examine the overall impact on
women's health. Similarly, we assessed each country's household
air pollution impact on women's health.

4. Results and discussion

4.1. Results of household air pollution

Table 2 provides a statistical summary of the variables. Based on
this data, the empirical results provide essential policy suggestions
to policymakers and government personnel. The values of standard
deviation, skewness, and kurtosis of the two variables, type of
cooking fuels and respondent's occupation (grouped), are relatively
higher, indicating a bit abnormal distribution of the data of the
particular variables. It is because these are categorical variables
with more than 11 reference levels for each. Similarly, skewness
and kurtosis values of the variable, currently pregnant, are also a
little higher due to its categorical nature. Keeping in the number of
dependent variables in MANOVA, the number of dependent vari-
ables is more, but still, the statistical summary indicates the overall
normal distribution of the data.

Fig. 1 shows the results of the type of cooking fuels used in each
country. Firewood and natural gas are the two widely consumed
cooking fuels, respectively. Almost 45% in Pakistan, 49% in India,
and 48% of households in Bangladesh use firewood for cooking
practices. Also, natural gas is the second common cooking fuel in
Pakistan, India, and Bangladesh, with 48%, 35%, and 18%, respec-
tively. Interestingly, dung and crops collectively make the second-
highest percentage of usage in Bangladesh with 31%, and a
considerable population also relies on animal manure and crops in
India as well.

Fig. 2 describes the results of the places to cook food in the
house which is another prime indicator of household air pollution.
The figure shows that around 92% of households in Pakistan and
82% in India cook their foods in the house, indicating that it has
potential risk for household air pollution. In contrast, around 75% of



Table 1
Description of the variables.

Variable Items Explanation

Independent Household air pollution HV226 Type of cooking fuel
HV241 Food cooked in the house/separate building/outdoors

Dependent Health indicators of women HV219 Sex of head of household
HV025 Type of place of residence
V717 Respondent's occupation (grouped)
V106 Highest educational level
V213 Currently pregnant
V228 Ever had a terminated pregnancy
V319 Years since sterilization
V320 Age at sterilization
V214 Duration of current pregnancy

Note: Names and labels of the items/variables were taken from the acquired data and presented as it was. The authors did not change the names, instead, provided an
explanation or definition of the variables.

Table 2
Statistical summary of each explanatory variable of the combined dataset.

Variables Mean S. D Skewness Kurtosis

Type of cooking fuel 6.22 5.598 11.386 179.183
Places of cooking 0.48 0.500 0.070 �1.995
Sex of head of household 1.13 0.340 2.160 2.665
Type of place of residence 1.69 0.463 �0.809 �1.345
Respondent's occupation 1.77 3.740 12.379 304.953
Highest educational level 1.07 0.988 0.314 �1.163
Currently pregnant 0.03 0.182 5.129 24.304
Ever had a terminated pregnancy 0.23 0.420 1.288 �0.342
Duration of current pregnancy 5.04 2.234 -.014 �1.202
Years since sterilization 5.59 1.146 �2.896 7.298
Age at sterilization 4.06 1.548 �1.179 �0.402

Fig. 1. Type of cooking fuel.

Fig. 2. Results of places for cooking practices.
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the population in Bangladesh uses a separate portion for cooking,
whereas 22% of the population prefers outdoor cooking, making it
relatively secure for household air pollution. But it produces
massive outdoor air pollution because it is shown in Fig. 1 that a
major portion of the population is dependent on solid fuel con-
sumption. Taking into account the results of both graphs: 1) Fig. 1
demonstrates that firewood is the most widely used solid cook-
ing fuel in the most populous countries of South Asia; 2) Fig. 2
shows that food is mostly cooked inside the house or in the
dwelling area rather in a separate properly ventilated place
(kitchen). Thus, when firewood or any other inefficient cooking fuel
is burnt for cooking inside the house with no proper ventilated
system, it envisages household air pollution that can have health
consequences for the person involved in cooking primarily and the
other family as well.
4

4.2. MANOVA results

To run MANOVA, it is a prerequisite to fulfill all its assumptions.
First, there should be at least two or more dependent variables, and
they need to be measured in interval or ratio level. The model has
nine dependent variables mixed up of categorical, binary, and
continuous in nature. Interestingly, SPSS Statistics software refers
to those levels collectively at scale. There is no choice of ratio or
interval that means it is either interval or ratio. There is no way to
distinguish between the dependent variables. They are treated the
same. Second, there should be one or more independent variables
and they must have two or more categories/levels. Table 3 shows
that the model also meets this assumption. There are two inde-
pendent variables, and both are categorical with more than three
levels. The type of cooking has 11 and places of cooking have 4
levels. It is important to note that the levels of both independent
variables are unequal in numbers (N), therefore, the study consults
Scheffe instead of Tukey variance for the fulfillment of the post hoc
test of this model. Tukey is normally used when the levels/cate-
gories of the factorial independent variable are equally distributed.

Third, the observations need to be independent with a sufficient
sample size; specifically, it should have a minimum number of
samples for each level of the independent variable. The survey data
meet this assumption as well because the model has a sufficient
sample size to run MANOVA. MANOVA assumes multivariate
normality and is sensitive to outliers. Fourth, there needs to be a
linear relationship between each pair of the dependent variables
across each level of independent variables. Fifth, it also needs ho-
mogeneity of covariance matrices, and it is tested as part of MAN-
OVA. Lastly, the dependent variables of MANOVA cannot be



Table 3
Results of between-subject factors of independent variables.

Between-Subjects Factors

Value Label N

Type of cooking fuel 1 Electricity 6230
2 LPG 217827
3 Natural gas 3295
4 Biogas 5980
5 Kerosene 299
6 Coal, lignite 6580
7 Charcoal 3548
8 Wood 289759
9 Straw/shrubs/grass 9895
10 Crops 13946
11 Animal dung 42969

Places of cooking 1 In the house 495345
2 In a separate building 63079
3 Outdoors 41718
4 In a kitchen 186
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multicollinear. Following that, Table 4 describes Box's test results
for the observed covariance matrices across the dependent vari-
ables of the MANOVA model. The results show that F-statistics is
significant at the level p < 0.01, therefore, the model is unable to
reject the null hypothesis that the covariance matrices of the
dependent variables are equal across groups. The reasons could be,
of course, the huge sample size with missing values, and the model
also has a large sample of dependent variables, which are binary,
categorical, and continuous.

The multivariate analysis examines the single and combined
impact of the type of cooking fuel and the places of cooking (as the
factors of household air pollution) on the women's health, such as
pregnancy and sterility. Box's test of equality of covariancematrices
with insignificant impact and Wilk's lambda significant impact
determines the association of independent variable on the depen-
dent variable. Table 5 presents the results of multivariate tests
based on the combined dataset of Pakistan, India, and Bangladesh.
If the model meets all assumptions, in other words, there is no
violation of any assumption, Wilk's Lambda test is consulted to
assess the robustness of the model. On the contrary, if the model
does meet the assumptions, Pillai's Trace value is consulted. In this
case, the results of Wilks' Lambda test were found at a significant
level, p < 0.01 and p < 0.05 for both variables, respectively, which
indicates no assumption of homogeneity and multicollinearity
were violated. Even if any of the assumptions would have been
violated, still, Pillai's Trace test is found significant at the levels 0.01
and 0.05. In addition, the study revealed significant results of Roy's
Largest Root test at p < 0.01, which has also confirmed the robust
results, free from any normality of data issue.

Since the study did not violate any assumptions, we then
checked the cause-and-effect size between household air pollution
(independent variables) and women's health (outcome variable).
Results of tests of between-subject effects are presented in Table 6.
Table 4
Results of Box's test of equality of covariance.

Box's Test of Equality of Covariance Matricesa

Box's M 2595.225
F 12.530
df1 196
df2 26081.887
Sig. .000

Tests the null hypothesis that the observed covariance matrices of the dependent
variables are equal across groups.

a Design: Intercept þ HV226 þ HV241 þ HV226 * HV241.

5

The results revealed that the type of cooking fuel has a significant
cause and effect on the type of place of residence, respondent's
educational level, ever had a terminated pregnancy, age at sterili-
zation, and duration of current pregnancy. The empirical results
further revealed a significant cause and effect of places of cooking
practices with the age at sterilization only. However, there was no
significant empirical relationship found between the places of
cooking and occupation, education ever had terminated pregnancy,
years since sterilization, ever had a terminated pregnancy, and
duration of current pregnancy.

Table 7 presents the results of univariate tests between the
factors of household air pollution and indicators of woman's health.
It is, again, evident that the results of univariate analysis slightly
differ but overall endorse the findings of the multivariate test. The
types of cooking have a statistically significant association with all
indicators, such as residence, occupation, education, pregnancy,
and sterilization. However, cooking places do not have any signif-
icant empirical relationship with other indicators except for occu-
pation and age at sterilization of women.

At last, Table 8 gives an overview of Post Hoc test results using
Scheffe variance matrices (because the levels of independent
factorial variables are unequal, as stated above). The results show a
multiple comparative analysis of differences between each level of
the independent variable of household air pollution to each
dependent variable of woman's health. For a terminated pregnancy,
the difference between cooking in the house, in a separate building,
and the kitchen was significant, which indicates that there was a
statistically significant difference between cooking in the house, in
a separate building, and the kitchen one ever had terminated
pregnancy dependent variable. Similarly, there was also a signifi-
cant difference between cooking outdoors, in the kitchen, and a
separate building in the years since sterilization and age at sterili-
zation. On the contrary, none of them had any statistically signifi-
cant difference on the duration of the current pregnancy dependent
variable.
4.3. Results with OLS regression

To examine a more comprehensive and robust analysis of the
empirical relationship between household air pollution and
women's health variables, we applied the OLS regression. Table 9
provides the results of the relationship between the exogenous
variables and endogenous variables using the ith command in
STATA. The findings revealed that the type of cooking fuel had a
significant positive link with residence (rural). The combined data



Table 5
Results of multivariate tests.

Multivariate Testsa

Effect Value F Hyp. df Sig.

Type of fuels Pillai's Trace .221 9.585 77.000 .000
Wilks' Lambda .788 10.176 77.000 .000
Hotelling's Trace .257 10.763 77.000 .000
Roy's Largest Root .205 60.309c 11.000 .000

Places of cooking Pillai's Trace .013 2.009 21.000 .004
Wilks' Lambda .987 2.011 21.000 .004
Hotelling's Trace .013 2.013 21.000 .004
Roy's Largest Root .010 4.428c 7.000 .000

a. Design: Intercept þ HV226 þ HV241 þ HV226 * HV241.
b. Exact statistic.
c. The statistic is an upper bound on F that yields a lower bound on the significance level.
d. Computed using alpha ¼ .05.

Table 6
Results of effects of Between-Subjects.

Tests of Between-Subjects Effects

Source Dependent Variable Sum of Sq. Mean Sq. F Sig.

Type of fuels Residence 98.071 8.916 55.322 .000
Occupation 739.840 67.258 1.218 .269
Educational 30.723 2.793 2.673 .002
Ever had a terminated pregnancy 4.923 .448 2.916 .001
Years since sterilization 14.500 1.318 .848 .592
Age at sterilization 8.500 .773 6.882 .000
Duration of current pregnancy 77.669 7.061 2.043 .021

Places of cooking Residence .501 .167 1.035 .376
Occupation 322.465 107.488 1.947 .120
Educational 4.699 1.566 1.499 .213
Ever had a terminated pregnancy .327 .109 .709 .547
Years since sterilization 5.074 1.691 1.087 .353
Age at sterilization 1.584 .528 4.701 .003
Duration of current pregnancy 16.456 5.485 1.587 .190

Table 7
Univariate test results.

Univariate Test Results

Source Dependent Variable Sum of Sq. M. Sq. F-value Sig.

Type of fuels Residence 76.005 6.910 42.875 .000
(contrast) Occupation 4906.823 446.075 8.079 .000

Educational 47.486 4.317 4.131 .000
Ever had a terminated pregnancy 9.539 .867 5.649 .000
Years since sterilization 164.508 14.955 9.615 .000
Age at sterilization 189.968 17.270 153.802 .000
Duration of current pregnancy 99.084 9.008 2.606 .003

Cooking place Residence .339 .113 .701 .551
(contrast) Occupation 368.212 122.737 2.223 .083

Educational 4.280 1.427 1.365 .252
Ever had a terminated pregnancy .217 .072 .471 .703
Years since sterilization 4.163 1.388 .892 .444
Age at sterilization .864 .288 2.565 .053
Duration of current pregnancy 13.529 4.510 1.305 .271
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results also confirmed the type of fuel had a significant impact on
the three reference categories of the variable years since steriliza-
tion and four levels of age at sterilization. Further, the results also
show that the places of cooking were statistically linked with rural
residence in rural areas and primary education as well. A significant
relationship with currently pregnant, years since sterilization, and
age at sterilization was also found. Overall, the combined results
revealed the type of cooking fuel and cooking areas are the most
concerning for the women years since sterilization and age at
sterilization.

This study endorsed and advanced some empirical findings of
6

the previous studies in other regions of the world focusing on the
same issue. Some previous studies reported the impacts of house-
hold multidimensional energy poverty [63], solid fuel consump-
tion, and household air pollution [17,64e68] on woman's health.

Besides household air pollution from the combustion of solid
fuels, other studies also reported the influence of technological
devices; for instance, the frequent use of humidifiers causes a
headache; on the other hand, high humidity levels and unclean
humidifiers can produce respiratory diseases [69]. These energy-
efficient pieces of equipment can intervene to restrict the ventila-
tion system and increase concentration levels of indoor pollutants



Table 8
Results of Post Hoc tests with Scheffe variance for the places of cooking.

Multiple Comparisons

Scheffe
Dependent variable

In the house Separate building Outdoors Kitchen

Ever had a terminated pregnancy In the house e .05***
.082

.06

.211
.07**
.027

In a separate building -.05***
.082

e .00
.999

.02

.888
Outdoors -.06

.211
.00
.999

e .02
.962

In a kitchen -.07**
.027

-.02
.888

-.02
.962

e

Years since sterilization In the house e -.43*
.000

-.44*
.000

-.42*
.000

In a separate building .43*
.000

e -.01
.999

.01
1.000

Outdoors .44*
.000

.01

.999
e .02

.998
In a kitchen .42*

.000
-.01
1.000

-.02
.998

e

Age at sterilization In the house e .37*
.000

.37*

.000
.36*
.000

In a separate building -.37*
.000

e .00
1.000

.00

.999
Outdoors -.37*

.000
.00
1.000

e -.01
.997

In a kitchen -.36*
.000

.00

.999
.01
.997

e

Duration of current pregnancy In the house e -.06
.939

.08

.934
.02
.998

In a separate building .06
.939

e .14
.814

.08

.947
Outdoors -.08

.934
-.14
.814

e -.06
.988

In a kitchen -.02
.998

-.08
.947

.06

.988
e

Residence In the house e -.04
.341

-.05
.334

-.06
.125

In a separate building .04
.341

e -.01
.983

-.02
.896

Outdoors .05
.334

.01

.983
e -.01

.993
In a kitchen .06

.125
.02
.896

.01

.993
e

Occupation In the house e -.87
.131

.17

.990
.03
1.000

In a separate building .87
.131

e 1.04
.349

.90

.431
Outdoors -.17

.990
�1.04
.349

e -.14
.997

In a kitchen -.03
1.000

-.90
.431

.14

.997
e

Education In the house e -.12
.146

-.20*
.035

-.03
.975

In a separate building .12
.146

e -.08
.787

.09

.706
Outdoors .20**

.035
.08
.787

e .17
.287

In a kitchen .03
.975

-.09
.706

-.17
.287

e

Based on observed means. The error term is Mean Square (Error) ¼ 1.045.
*, **, ***. The mean difference is significant at the 0.01, 0.05, 0.1 levels, respectively.
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[70]. Similarly, other technologies such as televisions, refrigerators,
computers, etc., emitting VOCs (Volatile organic compounds) can
cause several health-related issues, from simple allergy-related
symptoms to major diseases [71,72]. Furthermore, electronic
wastages, comprised of discarded equipment, such as microwave
ovens, computers, and refrigerators, have raised increasing con-
cerns, particularly Asian countries are suffering from these wast-
ages. The findings indicate, 1 million people in India are engaged in
the manual recycling activities of electronic wastages, as a result,
7

men, women, and children are at high risks [73].
Besides technology, households' job pollution also influences

woman's health. Women perform multiple tasks in the house, and
this routine work includes cooking, cleaning, and family care re-
sponsibilities [74]. The studies report [75,76] that more than 60% of
women in India and 58% in Bangladesh mostly suffer back pain
because of this. General cleaning like sweeping, cleaning the
bathroom, and washing clothes directly impacts the lower back
pain. Compared to men, women in India spent significant time on



Table 9
Health consequences of household air pollution for women using the combined
dataset of Pakistan, India, and Bangladesh.

Type of Cooking fuel Cooking place

Sex

Female 0.309 (1.02) 0.890 (�0.14)
Residence
Rural 0.000*** (3.57) 0.000** (8.40)
Occupation
Professional/technical/managerial 0.447 (0.76) 0.716 (0.36)
Sales 0.097* (�1.66) 0.862 (�0.17)
Agricultural - self employed 0.458 (�0.74) 0.000*** (30.24)
Household and domestic services 0.763 (0.30) 0.866 (0.17)
Skilled manual 0.400 (�0.84) 0.405 (�0.83)
Unskilled manual 0.133 (�1.50) 0.418 (�0.81)
Education
Primary 0.192 (�1.30) 0.047** (1.98)
Secondary 0.036** (2.10) 0.278 (1.08)
Higher 0.845 (�0.19) 0.670 (0.43)
Currently pregnant
Yes 0.680 (�0.41) 000*** (�10.87)
Ever had a terminated pregnancy
Yes 0.148 (1.45) 0.670 (0.43)
Duration of current pregnancy
2 0.664 (0.43) 0.797 (�0.26)
3 0.992 (�0.01) 0.512 (0.66)
4 0.458 (0.74) 0.471 (�0.72)
5 0.473 (0.72) 0.680 (0.651)
6 0.779 (0.28) 0.164 (0.45)
7 0.348 (0.94) 0.944 (�0.07)
8 0.222 (1.22) 0.799 (�0.25)
9 0.370 (�0.90) 0.130 (�1.51)
10 0.505 (0.67) 0.405 (�0.83)
Years since sterilization
2-3 0.442 (0.77) 0.037** (2.09)
4-5 0.005*** (2.82) 0.182 (1.33)
6-7 0.029** (2.19) 0.796 (0.26)
8-9 0.048** (1.98) 0.000*** (�3.62)
10þ 0.833 (0.21) 0.031** (�2.16)
Age at sterilization
25-29 0.000*** (8.31) 0.000*** (4.46)
30-34 0.000*** (8.39) 0.000*** (4.63)
35-39 0.000*** (4.54) 0.304 (1.03)
40-44 0.753 (�0.31) 0.173 (1.36)
45-49 0.022** (�2.29) 0.830 (0.22)

***Significant at the level 0.01, **Significant at the level 0.05, *Significant at the
level 0.1.
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errands, completing chores, doing laundry, cleaning the house and
cleaning the kitchen, and spending less time on physical and out-
door activities [77]. Moreover, the study suggests [76] that women
living in rural areas do more work and are involved in agricultural
activities, such as cattle farming and cleaning the house; therefore,
these activities directly impact their health. Women and children
are the main victims of pollution exposure due to spending more
time i-e., 90% in an indoor rather than outdoor environment. A
study reveals that girls below the age of 5 and females in 30e60 age
groups (who are usually the chief cooks in a family) are at higher
risks than males in the same age groups [78].

The use of biomass with traditional cooking technologies causes
household air pollution and is responsible for 3.5 million deaths
globally [79]. In developing countries, exposure to household wood
smoke from cooking is a risk factor for chronic obstructive lung
disease among women [80]. Chronic obstructive pulmonary dis-
ease (COPD) in developing countries [81,82] is responsible for 2% of
the total global burden of disease. Moreover, COPD is projected to
rank as the third-leading cause of death among women in the
world by 2015 [83]. Furthermore, womenwho spend a large part of
their day inside the kitchen can suffer from a variety of adverse
health effects, including; middle ear infection, tuberculosis,
8

perinatal mortality, low birth weight, eye irritation, cataract,
asthma, and oral cancer [84]. Hence, more prone to aerosol, VOCs,
fumes, and tobacco.

Solid fuels for cooking affect women's pregnancy, both as a fetus
and as the youngster progresses through adolescence. Living in a
poorly ventilated system is highly risky, which may be the major
contributor to high mortality rates. If this is the situation, women
who inhale the smoke for hours every day suffer from respiratory
diseases [85]. A kitchen is a place where women often move to
prepare meals and the biggest source of pollution (if there is no
proper ventilation system), which is one of the reasons that
housewives are prone to diseases [86]. The findings of the previous
studies also confirmed the adverse consequences of household air
pollution on health. For instance, empirical evidence shows cook-
ing with dirty fuels is a health risk for women in China [87]. The
findings of other studies show that the use of unclean fuel, like,
charcoal, animal's dung, burning wood, and kerosene is a threat to
women and children [88]. Similar to these findings, the results of
[89] suggest that household air pollution from cooking increases
the health risks and impacts women's pregnancy. Our results
support these findings and further provide a more detailed analysis
with a range of multiple indicators related to the type of cooking
and place of cooking and its influence on pregnancy, duration of a
pregnancy, and age at sterilization, which is a new insight in our
findings. The results of this study provide important implications to
the countries (Pakistan, India, and Bangladesh), where women are
particularly affected by pregnancy losses [90] and are in line with
the studies concerning pollution from burning animal dung, straws,
and agricultural waste affects the woman's health [91].

5. Conclusion and policy suggestions

The present study aimed to understand the increasing house-
hold energy consumption specifically in cooking practices and,
subsequently, analyze its impacts on women's health specifically
pregnancy and sterilization in Pakistan, India, and Bangladesh.
Overall, the MANOVA and the OLS results demonstrated that the
type of cooking fuels and places of cooking had significant effects
on the indicators of women's health, such as current pregnancy,
duration of pregnancy, years at sterilization, and age at sterilization.
Pakistan, India, and Bangladesh are the countries wherewomen are
the front liners who cook for their families; therefore, household air
pollution produced by fossil fuel consumption for cooking is un-
doubtedly a high risk for women without efficient and health-
friendly cookstoves.

The empirical evidence shows that place of cooking impacts
women's health, particularly on ever had a terminated pregnancy,
age at sterilization, and duration of current pregnancy. Women in
the rural areas are responsible for collecting wood and agricultural
wastages, and usually, females are the main cooks for preparing
food. It is understood that woman's health is affected excessively
due to the inefficient fuel consumption for the cooking practices, of
which contaminated fuel is the main source. Type of fuel is one the
main contributors to environmental impact in households. We
must analyze whether coal, charcoal, natural gas, wood, biogas,
dung/crops, etc., make up the majority of fuel consumption for the
cooking practices in the households. In this regard, recent studies
report the risk of diseases such as preeclampsia, lower gestation
age, and gestational hypertension among contaminated fuel users
[92,93].

Our study identified that the rates of consumption of unclean
fuels for cooking are relatively high in these countries. It employs
that these three Asian countries do not have adequate policies to
curb the adverse impact of contaminated fuel consumption on
woman's health. To reduce dirty fuel consumption, governments
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are required to invest in renewable energy technologies and pro-
mote an efficient energy system for the public, for example, solar or
electric cookers in rural areas [94]. In contrast, a significant amount
of household's income on buying cooking fuel accounts for
spending a large proportion of income. Mostly, low-income people
find it expensive and difficult to buy modern cooking stoves;
therefore, the government should ease taxes and initiate programs
of efficient cookstoves. On the other hand, the government should
subsidize fuel prices to assist basic expenditures [63]. If people
reduce the usage of firewood, animal dung, and crop, it will ulti-
mately reduce environmental degradation. Accordingly, the need is
to build a mechanism to transform the energy system into a clean
energy option to protect the health and environment. Furthermore,
the reliance on traditional cooking fuels can be minimized with a
network of natural gas pipelines in remote and rural areas [11].

The empirical evidence also shows that a place of cooking im-
pacts women's health, particularly on age at sterilization. There is a
dire need to reduce contaminated pollutants through improved
cookstoves and changing housing structure design [89,95]. For
example, a separate kitchen, ventilation of the house, installing
chimneys can prevent exposure to pollutants. Since poor ventila-
tion is a health risk, the government should pay attention to rural
areas and struggle to promote the rural economy. As these coun-
tries are also the most populous in South Asia, with around 25% of
the population living in these countries, our results depict that
residence is also an important factor. Large families with poor
housing and congested living conditions can be vulnerable to
household hazards. Women and children spend most of their time
at home; therefore, healthy homes and better living conditions can
promote good physical and mental health. The government should
establish housing schemes and provide a better living environment.
The governments should introduce housing schemes under a
public-private partnership or joint ventures with the private sector
to build affordable houses.

Growing population, dependency on fossil fuels, unawareness
and lack of education, and lack of technological advancement are
the other similar issues that further exacerbate the economic and
political conditions to address the issue. On the other hand, most
people are not educated or unaware of health consequences;
therefore, there is a need to promote education and awareness
against the harmful substances that affect woman's health. Such
initiatives by the government can increase awareness among
people, which can be beneficial to understanding the intensity of
hazardous pollutants and their impacts on health.
Credit author statement

Mansoor Ahmed: Conceptualization, Data curation, Methodol-
ogy, Software, Writing e original draft. Chuanmin Shuai: Formal
analysis, Supervision, Writing e review & editing. Khizar Abbas:
Methodology, Software, Writing e review & editing. Faheem Ur
Rehman: Writing e review & editing, Visualization. Wali Muham-
mad Khoso: Writing e review & editing, Visualization.
Declaration of competing interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.
Acknowledgment

Not applicable.
9

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.energy.2022.123562.

References

[1] WHO. 7 million premature deaths annually linked to air pollution. 2014.
https://www.who.int/mediacentre/news/releases/2014/air-pollution/en/.

[2] WorldBank. Air pollution deaths cost global economy US$225 billion. 2016.
https://www.worldbank.org/en/news/press-release/2016/09/08/air-
pollution-deaths-cost-global-economy-225-billion.

[3] Liu F, Li L, Zhang Y, Ngo Q-T, Iqbal W. Role of education in poverty reduction:
macroeconomic and social determinants form developing economies. Environ
Sci Pollut Res 2021:1e15.

[4] Worldometer. Asia population. 2019. https://www.worldometers.info/world-
population/asia-population/.

[5] Ul-Haq A, Jalal M, Sindi HF, Ahmad S. Energy scenario in South Asia: analytical
assessment and policy implications. IEEE Access 2020;8:156190e207.

[6] Katekar VP, Asif M, Deshmukh SS. Energy and environmental scenario of
South Asia. Energy and Environmental Security in Developing Countries 2021:
75e103.

[7] Murshed M, Tanha MM. Oil price shocks and renewable energy transition:
empirical evidence from net oil-importing South Asian economies. Energy,
Ecology and Environment 2021;6:183e203.

[8] Alam F, Saleque K, Alam Q, Mustary I, Chowdhury H, Jazar R. Dependence on
energy in South Asia and the need for a regional solution. Energy Proc
2019;160:26e33.

[9] Kumar R, Ojha K, Ahmadi MH, Raj R, Aliehyaei M, Ahmadi A, Nabipour N.
A review status on alternative arrangements of power generation energy
resources and reserve in India. Int J Low Carbon Technol 2020;15(2):224e40.

[10] Saqib A, Chan T-H, Mikhaylov A, Lean HH. Are the responses of sectoral energy
imports asymmetric to exchange rate volatilities in Pakistan? Evidence from
recent foreign exchange regime. Front Energy Res 2021;9:215.

[11] Abbas K, Li S, Xu D, Baz K, Rakhmetova A. Do socioeconomic factors determine
household multidimensional energy poverty? Empirical evidence from South
Asia. Energy Pol 2020;146:111754.

[12] Luqman M, Ahmad N, Bakhsh K. Nuclear energy, renewable energy and
economic growth in Pakistan: evidence from non-linear autoregressive
distributed lag model. Renew Energy 2019;139:1299e309.

[13] Sheikh MA. Energy and renewable energy scenario of Pakistan. Renew Sustain
Energy Rev 2010;14(1):354e63.

[14] Rohra H, Taneja A. Indoor air quality scenario in Indiadan outline of house-
hold fuel combustion. Atmos Environ 2016;129:243e55.

[15] Uddin M, Rahman M, Mofijur M, Taweekun J, Techato K, Rasul M. Renewable
energy in Bangladesh: status and prospects. Energy Proc 2019;160:655e61.

[16] Huda A, Mekhilef S, Ahsan A. Biomass energy in Bangladesh: current status
and prospects. Renew Sustain Energy Rev 2014;30:504e17.

[17] Quansah R, Semple S, Ochieng CA, Juvekar S, Armah FA, Luginaah I, Emina J.
Effectiveness of interventions to reduce household air pollution and/or
improve health in homes using solid fuel in low-and-middle income coun-
tries: a systematic review and meta-analysis. Environ Int 2017;103:73e90.

[18] Alizadeh R, Soltanisehat L, Lund PD, Zamanisabzi H. Improving renewable
energy policy planning and decision-making through a hybrid MCDM
method. Energy Pol 2020;137:111174.

[19] Anderson B, Lin S, Newing A, Bahaj A, James P. Electricity consumption and
household characteristics: implications for census-taking in a smart metered
future. Comput Environ Urban Syst 2017;63:58e67.

[20] Fan H, MacGill I, Sproul A. Statistical analysis of drivers of residential peak
electricity demand. Energy Build 2017;141:205e17.

[21] D'Amato M, Molino A, Calabrese G, Cecchi L, Annesi-Maesano I, D'Amato G.
The impact of cold on the respiratory tract and its consequences to respiratory
health. Clin Transl Allergy 2018;8(1):1e8.

[22] Rao ND, Min J. Decent living standards: material prerequisites for human
wellbeing. Soc Indicat Res 2018;138(1):225e44.

[23] Das A, Das M, Rejjak A. Evaluating profile of well-being status (material) of
bottom ten backward districts in India: a households level analysis. Geo-
journal 2021;86(4):1671e89.

[24] Sadath AC, Acharya RH. Assessing the extent and intensity of energy poverty
using Multidimensional Energy Poverty Index: empirical evidence from
households in India. Energy Pol 2017;102:540e50.

[25] Kose T. Energy poverty and health: the Turkish case. Energy Sources B Energy
Econ Plann 2019;14(5):201e13.

[26] Banerjee R, Mishra V, Maruta AA. Energy poverty, health and education out-
comes: evidence from the developing world. Energy Econ 2021;101:105447.

[27] Rafaj P, Kiesewetter G, Gül T, Sch€opp W, Cofala J, Klimont Z, Purohit P,
Heyes C, Amann M, Borken-Kleefeld J. Outlook for clean air in the context of
sustainable development goals. Global Environ Change 2018;53:1e11.

[28] Le T-H, Nguyen CP. Is energy security a driver for economic growth? Evidence
from a global sample. Energy Pol 2019;129:436e51.

[29] Majid M. Renewable energy for sustainable development in India: current
status, future prospects, challenges, employment, and investment opportu-
nities. Energy, Sustainability and Society 2020;10(1):1e36.

https://doi.org/10.1016/j.energy.2022.123562
https://www.who.int/mediacentre/news/releases/2014/air-pollution/en/
https://www.worldbank.org/en/news/press-release/2016/09/08/air-pollution-deaths-cost-global-economy-225-billion
https://www.worldbank.org/en/news/press-release/2016/09/08/air-pollution-deaths-cost-global-economy-225-billion
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref3
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref3
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref3
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref3
https://www.worldometers.info/world-population/asia-population/
https://www.worldometers.info/world-population/asia-population/
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref5
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref5
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref5
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref6
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref6
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref6
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref6
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref7
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref7
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref7
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref7
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref8
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref8
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref8
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref8
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref9
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref9
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref9
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref9
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref10
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref10
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref10
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref11
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref11
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref11
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref12
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref12
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref12
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref12
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref13
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref13
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref13
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref14
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref14
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref14
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref14
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref15
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref15
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref15
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref16
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref16
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref16
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref17
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref17
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref17
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref17
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref17
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref18
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref18
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref18
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref19
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref19
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref19
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref19
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref20
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref20
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref20
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref21
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref21
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref21
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref21
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref22
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref22
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref22
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref23
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref23
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref23
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref23
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref24
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref24
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref24
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref24
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref25
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref25
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref25
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref26
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref26
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref27
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref27
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref27
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref27
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref27
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref28
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref28
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref28
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref29
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref29
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref29
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref29


M. Ahmed, C. Shuai, K. Abbas et al. Energy 247 (2022) 123562
[30] Tiba S, Belaid F. Modeling the nexus between sustainable development and
renewable energy: the African perspectives. J Econ Surv 2021;35(1):307e29.

[31] Nawaz SMN, Alvi S. Energy security for socio-economic and environmental
sustainability in Pakistan. Heliyon 2018;4(10):e00854.

[32] Bhutto AW, Bazmi AA, Karim S, Abro R, Mazari SA, Nizamuddin S. Promoting
sustainability of use of biomass as energy resource: Pakistan's perspective.
Environ Sci Pollut Res 2019;26(29):29606e19.

[33] Sodiq A, Baloch AA, Khan SA, Sezer N, Mahmoud S, Jama M, Abdelaal A. To-
wards modern sustainable cities: review of sustainability principles and
trends. J Clean Prod 2019;227:972e1001.

[34] Khatiwada D, Purohit P. Special issue on assessing the modern bioenergy
potential and strategies for sustainable development: transformations
through nexus, policy, and innovations. In: Multidisciplinary digital. Pub-
lishing Institute; 2021.

[35] Hartono D, Hastuti SH, Balya AA, Pramono W. Modern energy consumption in
Indonesia: assessment for accessibility and affordability. Energy for Sustain-
able Development 2020;57:57e68.

[36] S�anchez-Jacob E, Gonz�alez-García A, Mazorra J, Ciller P, Lumbreras J, P�erez-
Arriaga JI. Joint optimal planning of electricity and modern energy cooking
services access in nyagatare. Energies 2021;14(14):4093.

[37] Twumasi MA, Jiang Y, Addai B, Asante D, Dan L, Ding Z. Determinants of
household choice of cooking energy and the effect of clean cooking energy
consumption on household members' health status: the case of rural Ghana.
Sustainable Production and Consumption. 2021.

[38] Gonz�alez-Eguino M. Energy poverty: an overview. Renew Sustain Energy Rev
2015;47:377e85.

[39] Kuhe A, Bisu DY. Influence of situational factors on household's energy con-
sumption behaviour. Int J Energy Sect Manag 2019.

[40] Sener S, Karakas AT. The effect of economic growth on energy efficiency:
evidence from high, upper-middle and lower-middle income countries. Pro-
cedia Comput Sci 2019;158:523e32.

[41] Nadimi R, Tokimatsu K. Energy use analysis in the presence of quality of life,
poverty, health, and carbon dioxide emissions. Energy 2018;153:671e84.

[42] Nazir MS, Mahdi AJ, Bilal M, Sohail HM, Ali N, Iqbal HM. Environmental impact
and pollution-related challenges of renewable wind energy paradigmea re-
view. Sci Total Environ 2019;683:436e44.

[43] Balmes JR. Household air pollution from domestic combustion of solid fuels
and health. J Allergy Clin Immunol 2019;143(6):1979e87.

[44] McLean EV, Bagchi-Sen S, Atkinson JD, Schindel A. Household dependence on
solid cooking fuels in Peru: an analysis of environmental and socioeconomic
conditions. Global Environ Change 2019;58:101961.

[45] Mulenga D, Siziya S. Indoor air pollution related respiratory ill health, a sequel
of biomass use. SciMedicine Journal 2019;1(1):30e7.

[46] Simkovich SM, Goodman D, Roa C, Crocker ME, Gianella GE, Kirenga BJ,
Wise RA, Checkley W. The health and social implications of household air
pollution and respiratory diseases. NPJ primary care respiratory medicine
2019;29(1):1e17.

[47] Jindal SK, Aggarwal AN, Jindal A. Household air pollution in India and respi-
ratory diseases: current status and future directions. Curr Opin Pulm Med
2020;26(2):128e34.

[48] Ravindra K, Kaur-Sidhu M, Mor S. Air pollution in rural households due to
solid biomass fuel use and its health impacts. In: Indoor environmental
quality. Springer; 2020. p. 27e33.

[49] Adjei-Mantey K, Takeuchi K. The effect of in utero exposure to household air
pollution on child health: evidence from Ghana. Health Policy OPEN 2021;2:
100029.

[50] Chakraborty D, Mondal NK. Reduction in household air pollution and asso-
ciated health risk: a pilot study with an improved cookstove in rural house-
holds. Clean Technol Environ Policy 2021:1e17.

[51] Bruce N, Perez-Padilla R, Albalak R. Indoor air pollution in developing coun-
tries: a major environmental and public health challenge. Bull World Health
Organ 2000;78:1078e92.

[52] Pokhrel AK, Bates MN, Verma SC, Joshi HS, Sreeramareddy CT, Smith KR.
Tuberculosis and indoor biomass and kerosene use in Nepal: a caseecontrol
study. Environmental Health Perspectives 2010;118(4):558e64.

[53] Lam N, Muhwezi G, Isabirye F, Harrison K, Ruiz-Mercado I, Amukoye E,
Mokaya T, Wambua M, Bates M. Exposure reductions associated with intro-
duction of solar lamps to kerosene lamp-using households in Busia County,
Kenya. Indoor Air 2018;28(2):218e27.

[54] Nadimi R, Tokimatsu K, Yoshikawa K. Sustainable energy policy options in the
presence of quality of life, poverty, and CO2 emission. Energy Proc 2017;142:
2959e64.

[55] Frutos V, Gonzalez-Comadran M, Sola I, Jacquemin B, Carreras R, Checa
Vizcaino MA. Impact of air pollution on fertility: a systematic review. Gynecol
Endocrinol 2015;31(1):7e13.

[56] Carr�e J, Gatimel N, Moreau J, Parinaud J, L�eandri R. Does air pollution play a
role in infertility?: a systematic review. Environmental Health 2017;16(1):
1e16.

[57] Hood E. Dwelling disparities: how poor housing leads to poor health. In:
National institue of environmental health sciences; 2005.

[58] Thomson H, Snell C, Bouzarovski S. Health, well-being and energy poverty in
Europe: a comparative study of 32 European countries. Int J Environ Res Publ
Health 2017;14(6):584.

[59] Robi�c S, An�ci�c B. Exploring health impacts of living in energy poverty: case
study Sisak-Moslavina County, Croatia. Energy Build 2018;169:379e87.
10
[60] Liddell C, Morris C. Fuel poverty and human health: a review of recent evi-
dence. Energy Pol 2010;38(6):2987e97.

[61] DHS. Demographic and health surveys. 2018. https://www.dhsprogram.com/.
[62] Uprety P. Linkages between time to reach education centers, health facility

centers, poverty status and geography: a multivariate approach. Nepalese
Journal of Statistics 2019;3:69e88.

[63] Abbas K, Xie X, Xu D, Butt KM. Assessing an empirical relationship between
energy poverty and domestic health issues: a multidimensional approach.
Energy 2021;221:119774.

[64] Chen Y, Shen H, Smith KR, Guan D, Chen Y, Shen G, Liu J, Cheng H, Zeng EY,
Tao S. Estimating household air pollution exposures and health impacts from
space heating in rural China. Environ Int 2018;119:117e24.

[65] Aunan K, Hansen MH, Liu Z, Wang S. The hidden hazard of household air
pollution in rural China. Environ Sci Pol 2019;93:27e33.

[66] Qiu Y, Yang F-A, Lai W. The impact of indoor air pollution on health outcomes
and cognitive abilities: empirical evidence from China. Popul Environ
2019;40(4):388e410.

[67] Budhathoki SS, Tinkari BS, Bhandari A, Dhimal M, Zhou H, Ghimire A,
Basnet O, Wrammert J, Ashish K. The association of childhood pneumonia
with household air pollution in Nepal: evidence from Nepal demographic
health surveys. Matern Child Health J 2020;24(1):48e56.

[68] Pratiti R, Vadala D, Kalynych Z, Sud P. Health effects of household air pollution
related to biomass cook stoves in resource limited countries and its mitigation
by improved cookstoves. Environ Res 2020;186:109574.

[69] Mohan AK, Feigley CE, Macera CA. Humidifier use in the home environment
and its effects on respiratory health. Appl Occup Environ Hyg 1998;13(11):
782e7.

[70] Maidment CD, Jones CR, Webb TL, Hathway EA, Gilbertson JM. The impact of
household energy efficiency measures on health: a meta-analysis. Energy Pol
2014;65:583e93.

[71] Guo J, Luo X, Tan S, Ogunseitan OA, Xu Z. Thermal degradation and pollutant
emission from waste printed circuit boards mounted with electronic com-
ponents. J Hazard Mater 2020;382:121038.

[72] Chen D, Liu R, Lin Q, Ma S, Li G, Yu Y, Zhang C, An T. Volatile organic com-
pounds in an e-waste dismantling region: from spatial-seasonal variation to
human health impact. Chemosphere 2021;275:130022.

[73] Needhidasan S, Samuel M, Chidambaram R. Electronic wasteean emerging
threat to the environment of urban India. Journal of Environmental Health
Science and Engineering 2014;12(1):1e9.

[74] Habib R, El Zein K, Hojeij S. Hard work at home: musculoskeletal pain among
female homemakers. Ergonomics 2012;55(2):201e11.

[75] Koley S, Singh G, Sandhu R. Severity of disability in elderly patients with low
back pain in Amritsar, Punjab. Anthropol 2008;10(4):265e8.

[76] Arju A. Pattern of household Activities and its Effects on low back Pain among
housewives Attended for physiotherapy Treatment at CRP, savar (Bangladesh
health professions institute. Faculty of Medicine; 2018 [the …]].

[77] Raskind IG, Patil SS, Tandon N, Thummalapally S, Kramer MR, Cunningham SA.
Household chores or play outdoors? The intersecting influence of gender and
school type on physical activity among Indian adolescents. Health Educ Behav
2020;47(5):682e91.

[78] Parikh J. Hardships and health impacts on women due to traditional cooking
fuels: a case study of Himachal Pradesh, India. Energy Pol 2011;39(12):
7587e94.

[79] Imran M, Ozcatalbas O. Determinants of household cooking fuels and their
impact on women's health in rural Pakistan. Environ Sci Pollut Res
2020;27(19):23849e61.

[80] Smith-Sivertsen T, Diaz E, Pope D, Lie RT, Diaz A, McCracken J, Bakke P,
Arana B, Smith KR, Bruce N. Effect of reducing indoor air pollution on women's
respiratory symptoms and lung function: the RESPIRE Randomized Trial,
Guatemala. American journal of epidemiology 2009;170(2):211e20.

[81] Smith KR, Mehta S, Maeusezahl-Feuz M. Indoor air pollution from household
use of solid fuels. Comparative quantification of health risks: global and
regional burden of disease attributable to selected major risk factors 2004;2:
1435e93.

[82] Mannino DM, Buist AS. Global burden of COPD: risk factors, prevalence, and
future trends. Lancet 2007;370(9589):765e73.

[83] Mathers CD, Loncar D. Updated projections of global mortality and burden of
disease, 2002-2030: data sources, methods and results. Geneva: World Health
Organization; 2005.

[84] Farah N, Khan IA. Awareness about the health impacts of indoor air pollution
on rural women in District Faisalabad. J. Glob. Innov. Agric. Soc. Sci 2015;3:
90e5.

[85] Baul T, Datta D, Alam A. A comparative study on household level energy
consumption and related emissions from renewable (biomass) and non-
renewable energy sources in Bangladesh. Energy Pol 2018;114:598e608.

[86] James BS, Shetty RS, Kamath A, Shetty A. Household cooking fuel use and its
health effects among rural women in southern Indiada cross-sectional study.
PLoS One 2020;15(4):e0231757.

[87] Nie P, Sousa-Poza A, Xue J. Fuel for life: domestic cooking fuels and women's
health in rural China. Int J Environ Res Publ Health 2016;13(8):810.

[88] Rahut DB, Ali A, Behera B. Domestic use of dirty energy and its effects on
human health: empirical evidence from Bhutan. Int J Sustain Energy
2017;36(10):983e93.

[89] Khan MN, Islam MM, Islam MR, Rahman MM. Household air pollution from
cooking and risk of adverse health and birth outcomes in Bangladesh: a

http://refhub.elsevier.com/S0360-5442(22)00465-0/sref30
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref30
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref30
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref31
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref31
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref32
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref32
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref32
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref32
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref33
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref33
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref33
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref33
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref34
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref34
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref34
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref34
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref35
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref35
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref35
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref35
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref36
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref36
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref36
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref36
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref36
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref36
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref37
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref37
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref37
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref37
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref38
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref38
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref38
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref38
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref39
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref39
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref40
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref40
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref40
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref40
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref41
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref41
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref41
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref42
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref42
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref42
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref42
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref42
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref43
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref43
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref43
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref44
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref44
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref44
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref45
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref45
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref45
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref46
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref46
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref46
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref46
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref46
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref47
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref47
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref47
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref47
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref48
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref48
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref48
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref48
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref49
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref49
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref49
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref50
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref50
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref50
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref50
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref51
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref51
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref51
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref51
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref52
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref52
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref52
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref52
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref52
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref53
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref53
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref53
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref53
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref53
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref54
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref54
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref54
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref54
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref55
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref55
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref55
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref55
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref56
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref56
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref56
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref56
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref56
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref56
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref57
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref57
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref58
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref58
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref58
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref59
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref59
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref59
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref59
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref59
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref59
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref60
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref60
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref60
https://www.dhsprogram.com/
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref61
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref61
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref61
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref61
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref62
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref62
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref62
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref63
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref63
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref63
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref63
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref64
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref64
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref64
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref65
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref65
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref65
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref65
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref66
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref66
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref66
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref66
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref66
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref67
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref67
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref67
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref68
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref68
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref68
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref68
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref69
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref69
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref69
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref69
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref70
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref70
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref70
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref71
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref71
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref71
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref72
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref72
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref72
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref72
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref72
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref73
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref73
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref73
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref74
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref74
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref74
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref75
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref75
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref75
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref76
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref76
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref76
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref76
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref76
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref77
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref77
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref77
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref77
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref78
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref78
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref78
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref78
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref79
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref79
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref79
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref79
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref79
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref80
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref80
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref80
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref80
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref80
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref81
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref81
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref81
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref82
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref82
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref82
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref83
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref83
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref83
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref83
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref84
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref84
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref84
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref84
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref85
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref85
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref85
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref85
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref86
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref86
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref87
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref87
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref87
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref87
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref88
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref88


M. Ahmed, C. Shuai, K. Abbas et al. Energy 247 (2022) 123562
nationwide population-based study. Environmental Health 2017;16(1):1e8.
[90] Xue T, Guan T, Geng G, Zhang Q, Zhao Y, Zhu T. Estimation of pregnancy losses

attributable to exposure to ambient fine particles in south Asia: an epide-
miological case-control study. The Lancet Planetary Health 2021;5(1):e15e24.

[91] AKOMOLAFE JK. The burden and effects of cooking fuels usage on women in
rural areas: a case study of afao-ekiti, Nigeria. 01 Journal of Environmental
Management and Tourism (JEMT) 2020;11(41):228e40.

[92] Lee P-C, Roberts JM, Catov JM, Talbott EO, Ritz B. First trimester exposure to
ambient air pollution, pregnancy complications and adverse birth outcomes
in Allegheny County, PA. Matern Child Health J 2013;17(3):545e55.
11
[93] Hettfleisch K, Bernardes LS, Carvalho MA, Pastro LDM, Vieira SE, Saldiva SR,
Saldiva P, Francisco RPV. Short-term exposure to urban air pollution and in-
fluences on placental vascularization indexes. Environmental Health Per-
spectives 2017;125(4):753e9.

[94] Abbas K, Xu D, Li S, Baz K. Health implications of household multidimensional
energy poverty for women: a structural equation modeling technique. Energy
Build 2021;234:110661.

[95] Parikh J. The energy, poverty, and gender nexus in Himachal Pradesh, India:
the impact of clean fuel access policy on women's empowerment. Energia and
DFID/KAR research project; 2005.

http://refhub.elsevier.com/S0360-5442(22)00465-0/sref88
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref88
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref89
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref89
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref89
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref89
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref90
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref90
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref90
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref90
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref91
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref91
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref91
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref91
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref92
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref92
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref92
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref92
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref92
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref94
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref94
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref94
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref93
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref93
http://refhub.elsevier.com/S0360-5442(22)00465-0/sref93

	Investigating health impacts of household air pollution on woman's pregnancy and sterilization: Empirical evidence from Pak ...
	1. Introduction
	2. Literature review
	3. Methods and data
	3.1. Data
	3.2. MANOVA
	3.3. OLS

	4. Results and discussion
	4.1. Results of household air pollution
	4.2. MANOVA results
	4.3. Results with OLS regression

	5. Conclusion and policy suggestions
	Credit author statement
	Declaration of competing interest
	Acknowledgment
	Appendix A. Supplementary data
	References


