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ABSTRACT

Background: Household air pollution from solid fuels is a global public health concern
and a risk factor for cardiometabolic diseases. However, the impact of household air
pollution on blood pressure and fasting blood sugar shows mixed results, highlighting the

need for further studies to clarify its effects.

Methods: A cross-sectional study was conducted among 226 participants aged 18—69 years
from 162 households in Pathanamthitta district, Kerala. A structured interview schedule
was administered. Blood pressure, fasting blood sugar, and household air pollutants (PM2.s
and PM1o) were measured. The NFHS-5 data (2019-2020) from 1,646,097 individuals with
primary cooking fuel type as a proxy for household air pollution exposure were also
analyzed. Multivariable regression models were employed to explore the independent
association between the type of cooking fuel (a proxy for household air pollution) and blood

pressure/ fasting blood sugar.

Results: The study population's mean age (SD) was 51.3 + 11.9 years. The mean PMaz.s
concentration was substantially lower (75.15 pg/m?) in clean fuel users compared to solid
fuel users (85.83 pg/m?). Participants exposed to PM25>75 pg/m? had 2.35 mmHg higher
mean systolic blood pressure (95% CI: -1.98, 7.04) and 1.66 mmHg higher mean diastolic
blood pressure (95% CI: -0.86, 4.33) compared to those exposed to PM2.5<75 pg/m?, after
adjusting for potential confounders. Mean fasting blood glucose levels did not vary
according to household air pollution exposure. In the NFHS-5 study, individuals exposed
to solid fuels had higher mean systolic blood pressure (1.50 mmHg, 95% CI: 1.37, 1.62)
and diastolic blood pressure (0.401 mmHg, 95% CI: 0.31, 0.48) compared to those using

only clean fuels, after adjusting for potential confounders.

xii



Conclusion: Our findings suggest that solid fuel use is associated with increased household
air pollution and higher mean systolic and diastolic blood pressure. Comprehensive
strategies focused on transitioning households from solid fuel to clean fuel usage to
improve indoor air quality will result in substantial exposure reductions and health benefits
for the population. A moderate decrease in mean systolic blood pressure (~ 2 mmHg) at the
population level will yield substantial public health savings in terms of up to 10% reduction

in cardiovascular mortality and morbidity.

xiii



CHAPTER 1

INTRODUCTION AND LITERATURE REVIEW

1.1 Background

Household air pollution resulting from the combustion of solid fuels, including biomass
(such as wood and crop residues), coal, and kerosene, for heating or cooking using open
fires or cookstoves with limited ventilation is a global public health concern (State of
Global Air, 2020). Unlike ambient air pollution, which may disperse over larger areas,
pollutants within households tend to concentrate in their enclosed spaces and can
considerably adversely impact health. Globally, it is estimated that household air pollution
accounts for approximately 12 to 30 percent of ambient air pollution (Chowdhury et al.,

2023).

In recent decades, there has been a decline in the use of solid fuels in low- and middle-
income countries, reflecting an increase in access to clean fuel and technologies (such as
biogas, natural gas, liquefied petroleum gas (LPG), electricity, and clean cookstoves).
Although approximately 2.4 billion people worldwide still rely on solid fuels for cooking

and heating (State of Global Air, 2020; Chowdhury et al., 2023).

Every year, around 3.2 million people die prematurely as a result of illnesses caused by
household air pollution. Exposure to household air pollution contributes to a range of health
outcomes, such as lower respiratory infection, chronic obstructive pulmonary disease
(COPD), cardiovascular disease, diabetes, lung cancer, ophthalmic complications, and skin
diseases (WHO, 2023). The burning of solid fuels produces a complex of pollutants such
as particulate matter (PMz2.5 and PM1o), carbon monoxide (CO), and black carbon (Turner

et al.,, 2020). Among the various pollutants, fine particulate matter (PM2.5) has been

1



identified as having the most substantial adverse effects. It can reach the systemic
circulation and cause autonomic imbalance, chronic inflammation, oxidative stress,
endothelial dysfunction, and impaired glucose metabolism, all of which can lead to the
development of cardiometabolic risk factors such as high blood pressure and high fasting
blood sugar (Rajagopalan et al., 2018). Consequently, prolonged exposure to high mean
PM:5 concentrations over several years has been a reliable predictor of mortality from

cardiovascular, respiratory, and other disorders (State of Global Air, 2020).

Ensuring universal access to clean fuels and technologies for cooking by 2030 is a crucial
target under Sustainable Development Goal 7. However, ‘Fuel stacking” or the
simultaneous use of both clean and solid fuels by households is the norm in many
developing countries. A study conducted as part of the Access to Clean Cooking Energy
and Electricity Survey of States (ACCESS Survey) in 2014—15 reported that only four
percent of LPG-owning households used the fuel exclusively, whereas the rest of the
majority of Indian households used a combination of LPG and solid fuels for cooking
purposes (Gould and Urpelainen, 2018). This often leads to exposures that exceed the
recommended values of the World Health Organization’s indoor air quality guidelines for
a 24-hour mean PMa.s concentration of 15 pg/m?® and an interim target-1 guideline of 75

ug/m* (WHO Global Air Quality Guidelines, 2021).

While growing epidemiological evidence indicates that household air pollution
substantially contributes to the rising global burden of cardiovascular diseases and overall
mortality, few studies have investigated the association between household air pollution
and fasting blood sugar (Zheng et al., 2021). Similarly, the studies suggesting the
association between household air pollution and blood pressure are also limited and report
inconsistent findings (Baumgartner et al., 2018; Young et al., 2019). This variability in
findings is influenced by factors such as fuel type, exposure patterns, exposure time, and

2



‘sources of household air pollution, which differ across countries and regions (Arku et al.,
2020; Tawiah et al., 2022). Moreover, most studies focus on self-reported solid fuel usage
as a proxy for household air pollution exposure rather than direct quantitative

measurements of air pollutants, indicating a need for further investigation in this area.

This study aims to explore the association between quantitative exposure measurement of
PM:s levels from different cooking fuel types and their influence on blood pressure and
fasting blood sugar among adults. The study also aims to assess the impact of solid fuel-
induced household air pollution on blood pressure and fasting blood sugar at the national

level using the National Family Health Survey-5 data set.

1.2 Literature Review Process

The literature review aims to identify relevant publications showing the association
between cooking fuel use and household air pollution exposure with blood pressure and
fasting blood sugar, which are risk factors for cardiometabolic diseases. It will also identify

literature gaps and suggest future research directions.

A literature review was conducted by searching academic databases such as PubMed and
Google Scholar for relevant articles published between 2005 and 2023. Keywords used in
the search engine included “Household air pollution,” “Indoor air pollution,” “Solid fuel,”
“Biomass fuel,” “Particulate matter,” “Household PMas”, for exposure variable, and
“Blood pressure,” “Hypertension,” “Fasting blood sugar,” “Fasting blood glucose,”
“Diabetes,” “Glycemic markers,” “Glucose metabolism,” for the outcome variable. In
addition, the bibliography section of each article was looked at to recognize studies that

might have been left out during the database search.



Figure 1.1: Flowchart of the literature review process

Records identified through database searching (N = 643)
PubMed (N =352)
Google Scholar (N =251)

Duplicates removed (N = 125)

Records screened based on Titles and Abstracts (N = 518)

Records excluded (N = 482)
Not related to HAP and BP (N = 303)
Not related to HAP and FBS (N =152)
Study involved rats and mice (N =27)

Records assessed for full text (N = 36)

Full text articles excluded (N = 16)
Conference paper (N =29)
Review articles (N = 06)

Not published in English (N=1)

Studies identified through manual
screening of reference lists ( N=10)

Full-text articles included (N =30)

*HAP—Household air pollution, BP-Blood pressure, FBS-Fasting blood sugar




1.3 Household Air Pollution

Household air pollution is now ranked ninth globally among the modifiable risk factors
associated with the burden of cardiovascular diseases (Global Burden of Disease, 2019). It
contributes to 6.67 million deaths, accounting for almost 12 percent of the total global
population. Four percent of these deaths are attributable to household air pollution alone
(State of Global Air, 2020). In India, 1.67 million deaths in 2019 were attributed to air
pollution, representing 17.8 percent of the country's total deaths. Additionally, of these

deaths, 0.6 million were explicitly linked to household air pollution (Pandey et al., 2021).

1.3.1 Household Air Pollution and Different Cooking Fuels

Achieving universal access to clean cooking, as stated in the 2030 Agenda for Sustainable
Development, is prioritised, acknowledging the substantial burden caused by household air
pollution (United Nations, 2021). According to the World Health Organisation, clean fuels
and technologies for cooking include stoves/cookers using electricity, liquefied petroleum
gas (LPG)/matural gas/biogas, solar, and alcohol/ethanol. Polluting fuels include
unprocessed biomass (wood, crop residues, and dung), charcoal, coal, and kerosene. At the
same time, polluting technologies refer to those stoves with emission rates higher than the

recommended annual average air quality guideline level for PMa.sof 5 ng/m?.

The household mean PM2.5 concentration levels vary greatly with different types of fuels
used for cooking and heating purposes within households (Chen et al., 2020). Solid fuel is
the largest source of household air pollution in low- and middle-income countries. Solid
fuels include coal/lignite, charcoal, wood, straw/shrub/grass, processed biomass (pellets)
or woodchips, garbage/plastic, crops, animal dung/waste, and sawdust (DHS Program,
2022). The incomplete combustion of these solid fuels leads to exposure to PM2.5 and other

pollutants. The level of household air pollutants such as CO, PMa2.5, and PM1o were found



to be significantly higher in kitchen and living areas of biomass or solid fuel users in
comparison to LPG or other alternative fuel users (Hu et al., 2014; Chakraborty and
Mondal, 2018; Mitra et al., 2023). Studies showing variations in mean PM2.s concentration
by fuel type are shown in Table 1.1. In Indian households, household air pollution from

solid fuel use contributed to a mean PMa.5 concentration of 82.5 pg/m? (Pandey et al., 2021).

The configuration of the kitchen, whether solid fuels are used indoors, outdoors, or in
combination, also plays a crucial role in determining the spatial distribution and intensity
of indoor air pollution exposures (Balakrishnan et al., 2013). Kitchen ventilation also plays
a crucial role in determining pollution levels in the kitchen area (Mitra et al., 2023). While
comparing the average indoor concentrations of PM2.s and PMio, rural areas had a higher

concentration than urban areas due to biomass burning in rural areas (Shukla and Dutta,

2022).

Table 1.1: Studies on variations in mean PMz.s concentration by fuel type

Authors Study Study Sample Findings
Setting Design Size
Balakrishnan et | Four states Cross- 617 rural The mean 24-hour
al. (Madhya Sectional households | PMz.s concentration
(Balakrishnan et | Pradesh, Tamil | study in households using
al., 2013) Nadu, solid fuel ranged
Uttaranchal, from 163 pg/m?
West Bengal), (95% CI: 143,183)
India in the living area to
609 pg/m? (95%
CI: 547,671) in the
kitchen area.




Authors Study Study Sample Findings
Setting Design Size
Huetal. (Huet | Xuanweiand | Observational | 163 women | Burning wood/
al., 2014) Fuyuan, China | study plant materials
resulted in higher
personnel PMaz.s
concentration of
225 pg/m?
compared to
smokeless coal of
115 pg/m?.
Chakraborty and | West Bengal, | Cross- 90 women | The exposure
Mondal India Sectional (60 biomass | assessment index
(Chakraborty study and 30 LPG | of a median value
and Mondal, users) of 2.13 was
2018) reported among
biomass users,
which was higher
than 0.54 among
LPG users.
Shukla and Lucknow, Cross- 60 The rural
Dutta (Shukla India Sectional households | households had a
and Dutta, 2022) study higher average

PM2.s concentration
of 337 ug/m? than
urban areas with an
average PMaz.s
concentration of

115.4 pg/m?>.




Authors Study Study Sample Findings

Setting Design Size
Mitra et al. West Bengal, | Cross- 123 women | The mean kitchen
(Mitra et al., India Sectional (83 biomass | concentrations of
2023) study and 40 clean | CO, PM2s, and

fuel users) PMio were
significantly higher
in biomass users
than clean fuel

users (p <0.001).

CI: Confidence interval; CO: Carbon monoxide

In developing countries, even with access to clean fuels and financial assistance, adopting
and sustained use of cleaner fuel alternatives remains a challenge. The level of exposure to
toxic emissions from biomass fuel also depends on improper ventilation and the lack of
chimneys. A higher concentration of kitchen and personnel PM2s was measured in
households using unvented stoves, indicating that proper chimneys and vented stoves
effectively reduce household air pollution exposures (Hu et al., 2014; Aung et al., 2018).
As an interim solution to this problem, an improved cookstove was introduced as a better
alternative to traditional cookstoves. The improved cookstove has an added chimney
feature, improved combustion, and more advanced combustion methods (Kshirsagar and

Kalamkar, 2014).

Interventional studies were conducted to study the effectiveness of these improved
cookstoves (Table 1.2). Different types of improved cookstoves were introduced according
to the other study settings, such as ‘Plancha stove’, ‘Rocket stove’, and ‘Justa stove’

(McCracken et al., 2007; Aung et al., 2018; Benka-Coker et al., 2021).



Table 1.2: Interventional studies for reduction of household air pollution exposure

control group-

115 women)

Authors Study Setting | Sample Size Exposure Findings
Variable
McCracken Guatemala, 120 rural Personnel The average daily
et al. Central women average PM2s | PMas exposure in
(McCracken | America (intervention measurement | the control group
et al., 2007) group-49 was 264 ng/m?,
women and while in the
control group- intervention group,
71 women) it was 102 pg/m>.
Aung et al. Karnataka, 187 women PM2s A higher 24-hour
(Aung et al., | India (intervention measurements | mean PMa2.s
2018) group-96 concentration of
women and 139 pg/m® (95%
control group- CI: 61, 229) was
91 women) reported in the
control group,
compared to 73
ng/m?® (95% CI: -6,
156) in the
intervention group.
Benka-Coker | Honduras, 230 women Kitchen and The median 24-
et al. (Benka- | Central (intervention personnel hour PM2s
Coker et al., | America group-115 PMas exposure for the
2021) women and concentration | control group was

81 ng/m? (95% CI:
50, 141), while for
the intervention
group, it was 43
ng/m?® (95% CI: 27,
73).

CI: Confidence interval




1.3.2 Household Air Pollution and Blood Pressure

High blood pressure, or hypertension, is a global risk factor for cardiovascular disease and
a significant cause of morbidity and mortality worldwide. Emerging evidence suggests that
household air pollution increases the risk of developing cardiovascular diseases, including
hypertension and other heart diseases, especially in low- and middle-income countries
(LMICs) (Mohapatra et al., 2018). Cardiovascular disease (CVD) accounts for an estimated
0.3 million deaths and 9.5 million disability-adjusted life years (DALYs) caused by

household air pollution globally (Lee et al., 2020).

In resource-constrained settings, where direct measurements of household air pollutants are
often lacking, the self-reported primary cooking fuel type is commonly used as a proxy
indicator for exposure to household air pollution. This approach is based on the premise
that the use of solid fuels is associated with higher household air pollution levels than the

use of clean fuels.

Several studies have examined the relationship between the type of cooking fuel used and
blood pressure, as summarized in Table 1.3. A study that utilized nationally representative
population-based data from Bangladesh found women living in households with access to
solid cooking fuel were associated with elevated blood pressure and increased risk of
having hypertension (Khan et al., 2021). Similarly, a multi-country study by Arku et al.
(2018) reported a 16 percent increased risk of hypertension among individuals using solid
fuel for cooking (Arku et al., 2018). The duration of exposure to different cooking fuels is
also an essential factor when exploring the potential association between household air
pollution exposure and blood pressure. A study in China found that long-term exposure to
solid fuels was associated with a higher risk of cardiovascular events, indicating chronic

toxicity related to solid fuel use (Lee et al., 2012).

10



Table 1.3: Studies associated with self-reported primary cooking fuel type and blood

pressure
Authors Study Setting | Study Design | Sample Size Findings

Lee et al. Shanghai, Cross- 14,068 adults | The odds of

(Lee et al., China Sectional study developing

2012) hypertension were
1.7 times higher
(95% CI: 1.40, 0.7)
among solid fuel
users compared to
non-solid fuel
users.

Burroughs Peru, South Cross- 1004 Biomass fuel users

Pena et al. America Sectional study | participants had a 7.0 mmHg

(Burroughs higher systolic BP

Pena et al., (95% CI: 4.4-9.6)

2015) and a 5.9 mmHg
higher Diastolic BP
(95% CI: 4.2-7.6)
compared to non-
biomass users.

Arku et al. 10 LMICs Cross- 77,605 The primary use of

(Arku et al., Sectional study | women solid fuel was

2018) associated with

0.58 mmHg higher
systolic BP (95%
CI: 0.23, 0.93) than
the primary use of

clean fuel.
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Study

Authors Study Design | Sample Size Findings
Setting
Mohapatra et | Odisha, India | Cross- 193 women Exposure to
al. (Mohapatra Sectional study biomass fuel
etal., 2018) smoke is
significantly

associated with the
prevalence of

symptoms of

hypertension.
Khan et al. Bangladesh | Cross- 6543 women | Solid fuel users had
(Khan et al., Sectional study significantly 3.76
2021) mmHg higher
systolic BP (95%

CI: 2.00, 5.51) and
1.17 mmHg higher
diastolic BP (95%
CI: 0.17, 2.18)
compared to clean

fuel users.

BP: blood pressure, LMICs: low- and middle-income countries, CI: Confidence interval

Although self-reported primary fuel type is commonly taken as a proxy for household air
pollution exposure, it is limited as it fails to capture the nuances of actual pollutant
concentrations experienced by individuals. Therefore, studies that directly measure PMa2.s
concentration provide a more robust and quantifiable assessment of the dose-response
relationship between household air pollution exposure and blood pressure. For a single 24-
hour sample, the 24-hour kitchen PM2.5 may provide a more accurate picture of long-term

exposure to solid fuel combustion than 24-hour personal PMa2.s exposures. Studies that have

12



directly measured mean PMas concentrations and their association with blood pressure

outcomes are presented in Table 1.4.

Emerging evidence suggests that age is a potential modifier of the relationship between
household air pollution exposure and blood pressure. The association between household

air pollution exposure and blood pressure levels was stronger among older women than

among younger populations (Baumgartner et al., 2011; Young et al., 2019).

Table 1.4: Studies associated with mean PM:.s concentrations and blood pressure

Authors

Study Setting

Study Design

Sample Size

Findings

Baumgartner
et al.
(Baumgartner

etal., 2011)

Rural China

Cross-
Sectional

study

280 women

1 log pg/m?
increase in PMa.s
exposure was
associated with 2.2
mmHg higher
systolic BP (95%
CI: 0.8 to 3.7) and
0.5 mmHg higher
diastolic BP (95%
Cl: -0.4 to 1.3)

among all women.

Dutta et al.
(Dutta et al.,
2011)

West Bengal,

India

Cross-
Sectional

study

480 women
(244 biomass
fuel users and
236 LPG

users)

For every unit
increase in PMa2s
exposure, the odds
of developing
hypertension
increased 41% in
biomass fuel users
compared to LPG

users.
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Authors Study Setting | Study Design | Sample Size Findings
Young et al. | Honduras, Cross- 147 women For every unit
(Young et Central America | Sectional increase in natural
al., 2019) study log-transformed

kitchen PMa.s
concentration,
adjusted mean
systolic BP
increased by 2.5
mmHg (95% CI,
0.7 to 4.3).

BP: blood pressure, CI: Confidence interval

While an increasing number of studies have explored the association between solid fuel use

and blood pressure or hypertension, there has been a lack of consistency in these previous

studies, which has led to a variety of conflicting findings as the strength of the association

varies across countries and regions depending upon the fuel type, exposure patterns,

exposure time, and household air pollution sources. Some studies have reported inverse or

no association between solid fuel use and blood pressure, as summarized in Table 1.5.

Table 1.5: Studies reporting inverse or no association between household air pollution

and blood pressure

438 non-
biomass fuel

users)

Authors Study Study Sample Size Findings
Setting Design
Fatmi et al. | Sindh, Cross- 876 women The odds of developing
(Fatmi et Pakistan Sectional (438 biomass | hypertension were the
al., 2019) study fuel users and | same between biomass

and non-biomass fuel
users. (OR: 1.0, 95%
CI: 0.8, 1.4).




Authors Study Study Sample Size Findings
Setting Design

Arku et al. 10 Low, Cross- 43,313 Individuals who used

(Arku et al., | middle, and Sectional participants solid fuels for cooking

2020) high-income | study had a lower systolic BP

Countries of 0.51 mmHg (95%

CI: -0.99, -0.03) and a
lower diastolic BP of
0.46 mmHg (95% CI: -
0.75, -0.18) as
compared to clean fuel
users.

Tawiah et Ghana, West | Cross- 350 cooks A decrease in 2.42

al. (Tawiah | Africa Sectional mmHg of systolic BP

et al., 2022) study (95% CI: —8.65, 3.80)
and 0.32 mmHg of
diastolic BP (95% CI:
—5.09, 4.45) was
observed in solid fuel
users compared to LPG
users.

BP: Blood pressure, CI: Confidence interval, OR: Odds ratio

Research suggests that even modest improvements in air quality can confer long-term
health benefits (Chen et al., 2020). Lowering systolic blood pressure by as little as two
mmHg could result in a 10 percent decrease in stroke mortality and a seven percent decrease
in death from ischemic heart disease or other vascular causes (Young et al., 2019). Globally,
there are initiatives to mitigate exposure to household air pollution by transitioning from
traditional cookstoves to cleaner technologies, that either replace biomass fuel use with

liquefied petroleum gas or electricity or effectively vent the smoke from biomass fuel
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combustion out of the home. Studies have shown that using improved cookstoves over

traditional cookstoves resulted in a decrease in blood pressure.

The substitution of solid fuels with clean energies would reduce personal PMa.s exposure

and systolic blood pressure by over 21 percent and 3.7 percent respectively. This highlights

the need for effective intervention programs to mitigate household air pollution and

safeguard the health of those living in high-risk environments. The findings from

interventional studies on the impact of improved cookstoves on household air pollution and

blood pressure reduction are summarized in Table 1.6.

Table 1.6: Interventional studies for household air pollution

and blood pressure

reduction
Authors Study Setting Sample Size Exposure Findings
Variable
McCracken | Guatemala, 120 rural Personnel The improved
et al. Central America | women average PMa2s | cookstove was
(McCracken (intervention measurement | associated with a
et al., 2007) group-49 3.7 mmHg lower
women and systolic BP (95%
control group- CI: -8.1,0.6) & 3.0
71 women) mmHg lower
diastolic BP (95%
CI: -8.7,0.4)
compared to
controls.
Alexander | Bolivia, South 28 women Kitchen mean | The improved
et al. America PMas cookstove
(Alexander measurement | intervention was
et al., 2015) significantly

associated with a

decrease in mean
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Authors

Study Setting

Sample Size

Exposure

Variable

Findings

systolic blood
pressure from
114.5 mmHg (13.0)
to 109.0 mmHg
(10.4).

Aung et al.
(Aung et al.,
2018)

Karnataka, India

222 women
(control group-
111 women
and
intervention
group-111

111women)

24-hour mean
kitchen PMa2.s

measurements

A lower systolic
BP of 2 mmHg
(95% CI: 4.5, 0.5)
and diastolic BP of
1.1 mmHg (95%
CI: -2.9, 0.6) was
observed among
exclusive users of
intervention stoves
compared to the

control group.

BP: blood pressure, CI: Confidence interval

1.3.3 Household Air Pollution and Fasting Blood Sugar

Diabetes mellitus (DM) is a chronic metabolic disease characterized by elevated fasting

blood sugar levels for an extended period. This chronic condition is a significant risk factor

for cardiometabolic diseases. The high burden of prediabetes and diabetes is closely linked

to high fasting blood sugar levels. In addition to traditional risk factors like obesity and

unhealthy lifestyles for Type 2 Diabetes mellitus, there is increasing evidence indicating

that exposure to air pollution is positively associated with impaired glucose metabolism

and Type 2 Diabetes mellitus.
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There has been extensive research on the association between fasting blood sugar levels
and ambient air pollution exposure. Still, relatively less studies have been conducted to
assess the association between fasting blood sugar and household air pollution. Only two
of the available studies directly examined the exposure to quantitative indicators of
household air pollution (Rajkumar et al., 2018; Mitra et al., 2023). All the other studies
have evaluated the self-reported use of solid fuels (yes or no) as a proxy for exposure to
household air pollution. Studies showing the association between household air pollution
and blood sugar levels are presented in Table 1.7. Among solid fuel users, being overweight
or obese increases the chance of developing high fasting blood sugar levels by two times
(Zheng et al., 2021).

Table 1.7: Studies showing the association between household air pollution and blood

sugar level

Authors Study Setting | Sample Size Exposure Findings
Variable
Lee et al. Shanghai, China | 14,068 adults | Self-reported | Solid fuel users had

(Lee et al., solid fuel use | two times higher

2012) odds of developing
diabetes than clean
fuel users.

Qu et al. Shanxi, China 14100 Self-reported | The odds of

(Quetal., participants solid fuel use | developing diabetes

2015) were 1.97 times
higher in solid fuel

users compared to

clean fuel users.
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Authors Study Setting | Sample Size Exposure Findings
Variable

Rajkumar et | Honduran, 142 women 24-hour mean | For every 84 pg/m?

al. Central America | (72 personnel and | increase in PMa2s

(Rajkumar traditional kitchen PM2.s | exposure, the

et al., 2018) fuel users and | measurements | prevalence of

70 clean fuel prediabetes and
users) diabetes increased

by 1.49 times (95%
CIL: 1.11, 2.01)
compared to normal
HbAlc.

Mishra et India (National | 9502 women | Self-reported | Women over 45

al. (Mishra | Household cooking fuel | years old who used

et al., 2020) | Survey) type solid fuels had a
59% higher risk of
developing diabetes
compared to those
who did not use
solid fuels.

Zheng et al. | Guangdong, 1664 women | Self-reported | The exposure to

(Zheng et China cooking fuel | biomass fuel was

al., 2021) type significantly

associated with a
0.19 mmol/L (95%
CI: 0.01,0.37)
increase in fasting
blood glucose levels
compared to non-

exposed fuel users.
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Authors Study Setting | Sample Size Exposure Findings
Variable
Zheng et al. | Guangdong, 3414 Self-reported | Exposure to
(Zheng et South urban, participants cooking fuel | polluting cooking
al., 2022) China type fuels resulted in a

mean increase in
fasting blood sugar
of 0.30mmol/L (95%
CI: 0.22,0.38)
compared to non-

exposed users.

CI: Confidence interval

In contrast to the studies mentioned above that found a positive association between
household air pollution and elevated blood sugar levels or diabetes risk, a few studies have
reported an inverse relationship, as summarized in Table 1.8. These studies have shown that
exposure to household air pollution is associated with reduced blood sugar and insulin
levels in solid fuel users compared to clean fuel users.

Table 1.8: Studies reporting an inverse association between household air pollution

and blood sugar level

Authors Study Setting | Sample Size Exposure Findings
Variable
Kang et al. | Henan, China 20900 Self-reported | Women who cooked
(Kang et al., women cooking fuel | with solid fuel had
2022) type 0.35 pU/ml lower

insulin levels (95%
CI: 0.17, 0.53) than
those who cooked

with clean fuel.
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Authors Study Setting | Sample Size Exposure Findings

Variable
Mitra et al. | West Bengal, 123 women | 24-hour mean | A higher mean blood
(Mitra et India (83 biomass | kitchen PM2.s | glucose level of
al., 2023) and 40 clean | measurements | 100.38 mg/dl
fuel users) (£34.13) was

recorded in LPG
users compared to
biomass users, who
had a mean blood
glucose level of
94.31 mg/dl
(£18.72).

CI: Confidence interval

1.4 Rationale for the study

Household air pollution is a global public health burden affecting billions globally,
particularly in low- and middle-income countries. According to Global Health Statistics,
high blood pressure and high fasting blood sugar are critical risk factors for the

development of cardiometabolic diseases (Vaduganathan et al., 2022).

About 41% of Indians primarily rely on traditional cooking practices involving the use of
solid fuels (IIPS and ICF, 2021). In Kerala, most households follow a multiple-fuel strategy,
but there is still a lack of research on exposure to household air pollution and its health

effects in this part of the state.

Therefore, this study is undertaken to estimate the quantitative exposure measurement of
mean PMaz.s concentration with different cooking fuel types and to explore the association
between mean PMz.s exposure levels and blood pressure as well as fasting blood sugar in

the rural areas of Pathanamthitta, Kerala. Furthermore, by leveraging the National Family
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Health Survey-5 (NFHS-5) dataset, this study aims to estimate the broader impact of solid

fuel-induced household air pollution on blood pressure and fasting blood sugar.

1.5 Objectives

1. To estimate household air pollution levels with different cooking fuel types used
within households in Pathanamthitta district, Kerala.

2. To explore the association between household air pollution levels and blood
pressure and fasting blood sugar among adults in rural areas of Pathanamthitta
district, Kerala.

3. To estimate the potential national-level impact of solid fuel-induced household air
pollution on blood pressure and fasting blood sugar using the National Family

Health Survey-5 data set.
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CHAPTER 2

METHODOLOGY

The methodology of the study comprises two distinct components:

» Section 2A (Objectives one and two): A primary research conducted in the rural

areas of Pathanamthitta district, Kerala.

» Section 2B (Objective three): A secondary analysis using the National Family

Health Survey-5 (NFHS-5) data set.

SECTION 2A

2A.1 Study Design

A cross-sectional survey explored the association between household air pollution and
different cooking fuels and its influence on blood pressure and fasting blood sugar in adults

residing in rural areas of Pathanamthitta district, Kerala.
2A.2 Study Setting

The study was conducted in rural Pathanamthitta district, Kerala (Figure 2.1).
Pathanamthitta, a southern district of Kerala, is characterized by three natural geographical
regions: the highland, the midland, and the lowland. Pathanamthitta district has an area of
2637 km? and a tropical monsoon climate. Approximately 50 percent of the total district
area is covered by reserve forests. Eighty-nine percent of the total population in

Pathanamthitta lives in rural areas, and only 11 percent lives in urban.
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Figure 2.1: Study areas of Pathanamthitta District, Kerala, India
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2A.3 Study Participants

The study included participants aged 18-69 years residing within the same household for

at least five days a week in rural areas of Pathanamthitta district, Kerala.

Exclusion Criteria

e Pregnant women

e Those who were currently taking medications for hypertension and diabetes
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2A.4 Sample Size

The sample size was computed using G*Power version 3.1 software. Anticipating an R?
value of 0.12, five predictor variables in a linear regression model, a power of 80 percent,
a design effect of 1.4, and a non-response rate of 10 percent, the estimated sample size was

155, rounded off to 160 households.
2A.5 Sampling Procedure

In this study, a multi-stage cluster sampling method was employed. Pathanamthitta district
consisted of eight community development blocks (CDBs). Out of these eight CDBs, three
blocks were randomly selected by simple random sampling using Computer-generated
random numbers. In the second stage, two panchayats were randomly chosen from each
block. Three wards from each panchayat were randomly selected from the selected six
panchayats. Additionally, nine consecutive households were selected in each ward. Ward
members assisted in identifying the wards. With the help of ward members, the central
location and the main junction of each ward were located. After identifying each ward's
central location, the first household was identified using a Random Direction Generator.
Subsequently, the following nine consecutive households on the right-hand side of the road
were visited. In case the selected house was empty or locked, the next household was
visited. An interview schedule was administered to all eligible participants in the selected

households.
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Figure 2.2: Sampling strategy

Randomly selected 3 out of 8 Community Development Blocks (CDBs)

Randomly selected 2 panchayats from each CDBs
(3*2 = 6 Panchayats)

Randomly selected 3 wards from each panchayat
(6*3 = 18 Wards)

9 consecutive households from each ward
(18*9 = 162 Households)

All eligible participants from the household

2A.6 Data Collection Process

The study was carried out from January 11th, 2024, to February 27th, 2024, after obtaining

approval from the Institutional Ethics Committee (IEC).

Initially, the ward members of the respective wards were contacted. The ward members
accompanied the principal investigator (PI) during household visits. The investigator
explained the purpose of the visit and the study objectives to the participants. The
investigator explained that in all participating households, a real-time particulate matter
monitor would be placed in the kitchen, living area, and outdoor spaces for a maximum
duration of 12 + 2 hours. The participants were also provided with an information sheet
with specific details regarding the study. This information sheet was provided in
Malayalam, the local language, to ensure clarity and understanding among the participants.
After clarifying the concerns and queries of the participants, the household was selected
based on whether they accepted the placement of the particulate matter monitoring in their

respective household, or else the next household was approached. From the selected
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households, participants who met the eligibility criteria and agreed to undergo the baseline
clinical examination and interview were asked to either sign the consent form or provide a
thumb impression as a form of consent. A total of 178 households were visited. Sixteen
households refused to participate in the study. The reasons for non-participation were fear

of placing some unknown monitor inside their household for such a prolonged duration.

2A.7 Data Collection Tool

2A.7.1 Structured Interview Schedule

A structured interview schedule was administered, which was developed in English and
then translated to Malayalam for data collection. The interview was conducted in
Malayalam. Data collection from the field was done using ODK Collect, an open-source
app used for survey-based data collection. The interview schedule broadly consisted of four

sections as follows:

Section 1: Sociodemographic details

This section covered the details regarding age in years, sex, years of education, occupation,

and years of stay in the household.

Section 2: Household characteristics

This section included the type of house, number of household members, number of rooms,

and color of ration card.

Section 3: Household kitchen and fuel details

This section focused on the type of kitchen, type of primary and secondary stove and fuel,
cooking exposure time, reasons for using that respective fuel, and kitchen and living area

characteristics
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Section 4: Habits and general health characteristics

This section covered the presence or absence of certain health conditions, drinking and

smoking habits, exercise and diet patterns, and sleeping habits.
2A.7.2 Kitchen and Living Area Measurements

Before making observations and taking measurements in the kitchen and living area,
consent was obtained from the study participants. The principal investigator visually
observed the number of windows and type of ventilation in the kitchen and living area. The
investigator also noted the parallel placement of the kitchen window and door to assess
cross-ventilation. The kitchen and living area dimensions were then measured using a

standard measuring tape.
2A.7.3 Exposure to Household Air Pollution

Exposure to household air pollution was measured by 12-hour mean concentrations of fine
particulate matter (PM2.5) and coarse particulate matter (PM1o) using an Airveda particulate
matter monitor (Model: PM2510) (Figure 2.3). Initially, a pilot study was conducted to
assess the potential difference in exposure measurements of PM2.5s concentration between
24-hour and 12-hour sampling periods. The variation in measurements was found within +
6 ng/m’, which did not significantly affect the relative validity of the exposure assessment.
Therefore, a 12-hour sampling was chosen for the study, considering the logistical
feasibility and participant convenience.

The household air pollutant levels (PM2.s and PMio) from the kitchen, living area, and
outdoor spaces were measured. The monitor was fully charged before the sampling period.
The monitor was placed approximately 1-1.5 m away from the stove and 1.5-2 m above
ground level at the breathing zone, in a location that would not interfere with cooking for a

maximum sampling period of 12 + 2 hours (Figure 2A.3). Sampling was mainly done in
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the evening time, with the monitor kept in the kitchen for a period of 12 &+ 2 hours from
evening to morning, as most of the households used to cook in the early morning. However,
daytime sampling was also taken for those who used to cook their food during the daytime,
keeping the monitor from morning to evening.

Figure 2.3: Airveda particulate matter monitor and its placement in different kitchen

environments

2A.7.4 Anthropometric and Clinical Measurements

2A.7.4.1 Waist Circumference

The procedure was explained to the participant before taking the measurements. The
participant was advised to wear light clothing, and adequate privacy was ensured. The
participant was asked to breathe out, and the measurement was taken at the end of the breath
using a constant tension tape (SECA 201). The tape was bound around the participant's

body, positioned at the midpoint of the top of the hip bone and last palpable rib. The tape
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was carefully placed to ensure it was horizontal across the front and back and parallel to

the floor.

2A.7.4.2 Blood Pressure Measurements

Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured using a
standard digital sphygmomanometer (OMRON HEM-7120 BP Monitor). The blood
pressure of each participant was measured twice during the study process. For each
measurement, the participant was made to sit comfortably with the machine at the same
level as their heart. Three readings were recorded at five-minute intervals on the non-
dominant arm. The first set of three blood pressure measurements was taken at the
beginning of the study, and the second was taken after the 12-hour sample collection period.
The average of these six measurements was used as the participant’s final SBP and DBP

estimate for analysis.

2A.7.4.3 Fasting Blood Sugar Measurements

Fasting blood sugar was measured using a glucometer (ONETOUCH UltraEasy) using the
capillary method. The measurement was conducted in the morning before any meal intake.
A lancing device was used to make a small puncture on the finger. A small drop of blood
was placed onto the chemically treated disposable testing strip, which was inserted into the

electronic device to record the blood glucose level in mg/dL from the display.

2A.8 Data Management

The data entered in ODK Collect was retrieved in tabular format. The hard copy of the
consent form signed by the participant was kept safely and accessible only to the principal
investigator. The confidentiality of data was strictly maintained. The soft copy of the air

sampling data is stored in an encrypted folder and stored securely with the principal
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investigator. The soft copies of all the data will be deemed destroyed when no longer needed

or after one year of dissertation report submission, whichever comes first.
2A.9 Variables under study
2A.9.1 Dependent variables

e Mean systolic blood pressure measurement
e Mean diastolic blood pressure measurement

e Fasting blood sugar level
2A.9.2 Independent variables

e 12- hour mean kitchen PM2.s concentration (Main exposure variable)
e QOutdoor and living area mean PM2.5 concentration
e Household and kitchen characteristics: Type of cooking fuel, cooking exposure

time, cooking location, placement of fuels in the kitchen, cross ventilation
e Other factors- age, sex, educational status, smoking status, alcohol consumption,

waist circumference
2A.10 Operational definition
2A.10.1 Household air pollution

Household air pollution (HAP) arises from the inefficient combustion of solid fuels such
as unprocessed biomass (wood, crop residues, dung) for heating or cooking, often using

open fires or cookstoves with inadequate ventilation.

2A.10.2 Solid fuel

Solid fuel is combustible materials such as wood, coconut husk and shell, agriculture crops,

and straw/shrub/grass.
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2A.10.3 Clean fuel

Clean fuel refers to electricity, liquefied petroleum gas (LPG), natural gas, and biogas.

2A.10.4 Mixed fuel

Mixed fuel refers to using clean and solid fuels simultaneously within the same households.

2A.10.5 Cross ventilation

Cross ventilation refers to the parallel placement of doors and windows in the kitchen.

2A.11 Categorization of variables in the study

>

Primary fuel: The main fuel which is used in the household. There were initially
five categories, but they were later grouped into clean fuel and solid fuel.
Secondary fuel: The additional fuel used in the household alongside the primary
fuel. Initially, there were six categories, but later, they were grouped into four
categories: clean fuel, solid fuel, mixed fuel, and none.

Cooking fuel type: This variable was derived from primary and secondary fuel
usage. This was grouped into three categories: clean fuel, solid fuel, and mixed fuel.
Polluting fuel usage hours: The total number of hours per week, considering both
primary and secondary fuel usage, that solid fuels were used for cooking and
heating purposes in the household.

Non-polluting fuel usage hours: The total number of hours per week, considering
both primary and secondary fuel usage, that clean fuels were used for cooking
purposes in the household.

Educational qualification: The highest level of education attained by the participant.
Initially, it was a continuous variable, later categorized into lower secondary

education, higher secondary education, and graduate and above.
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» Occupation: The participant's current employment status. During data collection,
there were seven categories. They were later grouped into five categories according
to the type of employment: government/non-government employee, daily
wagers/self-employed, homemakers, unskilled workers, and others. The category
‘Unskilled worker’ included MNREGA workers and cashew factory workers. The
category ‘Others’ included retirees, students, and the unemployed.

» The type of house and primary lighting source were excluded from the analysis as
all the participants reported pucca houses and electricity as the primary lighting

source respectively.

2A.12 Data Analysis

Data analysis was performed using R statistical software (v4.3.1; R Core Team 2023).
Descriptive statistics were computed, presenting the mean with standard deviation for
continuous variables and frequencies and percentages for categorical variables. Continuous
variables underwent appropriate transformations when necessary. Specifically, a log

transformation was applied to fasting blood sugar values due to its non-normal distribution.

The measured 12-hour mean PMa2.s concentration, which directly represents the level of
household air pollution exposure, was initially treated as a continuous variable. The t-test
and ANOVA were employed to find the association between the 12-hour mean PMazs

concentration and different cooking fuel types.

To explore the association between household air pollution levels and systolic and diastolic
blood pressure and fasting blood sugar among adults, the measured 12-hour mean PMaz.s
concentration was categorized into two groups based on the World Health Organization's
(WHO) recommended interim target value of 75 pg/m*® for 24-hour mean PMas

concentration. The two exposure groups were ' PM2.5<75 pg/m*’ and ‘PM2.s5> 75 pg/m*’.
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Multivariable regression models were employed to investigate the independent association
between these two-household air pollution exposure groups (characterized by the measured
PM2slevels) and systolic blood pressure (SBP), diastolic blood pressure (DBP), and fasting
blood sugar (FBS), after adjusting for potential covariates. The regression equations were

generalized as follows:

SBP /DBP/FBS = 0 + BIHAP + Y vi Zi + ¢ (1)

where B0 is the intercept; B1 is the effect estimate for the household air pollution exposure
groups (characterized by the measured PMzs levels) on mean systolic and diastolic blood
pressure as well as fasting blood sugar, holding other covariates constant; Z; represents each
potential covariates, and ¢ is the model residual. The findings were interpreted and

presented using tables, graphs, and charts.

2A.13 Ethical Consideration

The Institutional Ethics Committee of Sree Chitra Tirunal Institute for Medical Sciences
and Technology, Thiruvananthapuram, Kerala reviewed the study and gave clearance to
conduct the study (SCT/IEC/2160/DECEMBER/2023). Before enrolling participants in the
study, written informed consent was obtained from each individual. The participants were
informed of their right to refuse participation at the outset or to withdraw their participation
at any study stage without any consequences. The participants' identities, personal
information, and household particulate matter (PMa2s and PMio) data were kept

confidential.

The particulate matter monitor used in the study was non-invasive and did not include other
sensors to capture additional data. Separate lancets were used pricking to prick the
fingertips to obtain capillary blood samples. Participants with abnormal blood pressure or

fasting blood sugar values requiring immediate care were directed to a local health facility.
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SECTION 2B

2B.1 Data source

The secondary analysis was conducted using data from the National Family Health Survey
(NFHS-5) from 2019 to 2021. The NFHS-5 survey was conducted on a large scale and
included a representative sample of households that covered 29 states and seven union
territories across India. The NFHS surveys were conducted under the authority of the
Ministry of Health and Family Welfare (MoHFW), Government of India. The NFHS-5
survey was carried out in two phases between June 17, 2019, and April 30, 2021, as a result

of the COVID-19 outbreak.

2B.2 Sampling Design

The NFHS-5 used a stratified two-stage cluster sample design to ensure national,
state/union territory, and district representation. In the first stage, the probability
proportional to size (PPS) technique was used to pick primary sampling units (PSUs),
which included villages in rural areas and census enumeration blocks (CEBs) in cities. In
the second stage, a fixed number of 22 households were systematically selected with equal
probability from each selected PSU. The survey gathered data from 636,699 households,

724,115 women, and 101,839 men.

2B.3 Data Access

Before conducting the secondary analysis, a formal request was submitted to the
Demographic and Health Survey (DHS) program, and permission was granted to obtain the
required NFHS-5 data files. Data from the household member recode file (IAPR7CFL) was

extracted and used for the analysis.
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2B.4 Study Population and Sample Selection

The sample selection process involved excluding specific subgroups and observations with
missing data, as depicted in the flow chart (Figure 2.4). For the final analysis, 1646097

individuals were included.

Figure 2.4: Sample selection process for NFHS-5 analysis

Number of observations in NFHS-5 household member
recode file = 2843917

Age <15 years, pregnant women and
those who are currently under medication
for hypertension and diabetes were
excluded = 1194917

[ Number of observations left for analysis = 1649000 ]

Individuals without atleast one blood
pressure measurement and information
missing for the type of fuel were excluded
=2903

1646097 Individuals were included in the final analysis.

2B.5 Variables of interest
2B.5.1 Dependent variables

The primary outcomes of interest were systolic and diastolic blood pressure measurements

and random blood glucose values.

» The average of all three blood pressure measurements per participant was calculated

to determine the blood pressure outcome variable.
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» The outcome variables were considered continuous for the analysis.

2B.5.2 Independent variables

A. Exposure variable

The primary exposure variables for assessing household air pollution were the primary

fuel type, cooking location, and kitchen ventilation.

» The type of cooking fuel was taken as a proxy indicator for assessing household air
pollution. NFHS-5 had 12 responses for this variable. For the analysis, the type of
cooking fuel was grouped into three categories: solid fuels, clean fuels, and
kerosene, since kerosene can neither be categorized into clean nor solid fuel.

» Solid fuels included coal, lignite, charcoal, wood, straw/shrubs/grass, crops, or
animal dung, and clean fuels included LPG, electricity, natural gas, or biogas.

B. Potential confounders

The potential confounders were considered according to the following domains:

» Sociodemographic factors: Age, sex, education, place of residence, wealth
index, presence of APL/BPL card, type of house

» Anthropometric measurements: Body mass index (BMI) and waist
circumference

» Lifestyle factors: smoking status, alcohol consumption

» Body mass index (BMI) was categorized as underweight (BMI < 18.5), regular

weight (BMI 18.5-24.9), overweight (BMI 25.0-29.9), and obese (BMI > 30.0).

2B.6 Data Analysis

Survey weights were employed to account for differential sampling in certain regions,

variation in response rates from one geographic area to the next, and to maximise
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representation of the general population. The NFHS authority computed and delivered the

weights (IPSS and ORC Macro).

Baseline characteristics of the study population were presented as the mean and standard
deviation for continuous variables and as frequencies and percentages for categorical
variables. The t-test and ANOVA were conducted to determine the association between the
continuous variables. For bivariate analysis, linear regression was employed to find the
association between the outcome variables (SBP/DBP/FBS) and the indicators of

household air pollution and other covariates.

In multivariate analysis, covariates previously published in studies and for which sufficient
data from NFHS-5 were available were included. Multivariable regression models
(Equation 1) were employed to explore the independent association between the type of
cooking fuel (a proxy for household air pollution) and mean blood pressure/ fasting blood
sugar after adjusting for the potential confounders. Data analysis was performed using R

statistical software (v4.3.1; R Core Team 2023).

2B.7 Ethical Considerations

The Demographic and Health Survey (DHS) program obtained the necessary ethical
clearances from Indian ethics committees before conducting the surveys. Participants were
required to provide their informed consent before participating in the survey. De-identified
datasets that were made publicly available were used in this study following approval from

the DHS Program.
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CHAPTER 33

RESULTS

The findings of this study are presented in two sections. Section 3A presents the findings
addressing the first two objectives. Section 3B presents the findings addressing the third

objective.

SECTION 3A

A total of 178 households were visited. However, only 162 households participated in the
study (91% response rate). All eligible participants within the participating household were
selected, resulting in a total of 226 participants. Data analysis was performed using R

statistical software (v4.3.1; R Core Team 2023).

This section covers socio-demographic and household characteristics, household air
pollution levels stratified by fuel type, and the association between household air pollution

exposure and blood pressure and fasting blood sugar.

3A.1 Socio-demographic Characteristics

The socio-demographic characteristics of the study population are given in Table 3.1. The
study included 226 participants with a mean age of 51.3 years (standard deviation [SD],
11.2; range, 22-69 years. The study participants included more females (76.5 percent) than

males. Half the number of participants (50.4 percent) were homemakers.
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Table 3.1. Socio-demographic characteristics of the study participants by exposure
group

Characteristics PM,s<=175 PM,s>175 Total
(n=114) (n=112) (N=226)
Age (years) Mean (SD) 50.7 (12.1) 51.9 (11.7) 51.3 (11.9)
Sex n (%)
Female 85 (74.6) 88 (78.6) 173 (76.5)
Male 29 (25.4) 24 (21.4) 53 (23.5)

Education n (%)

Lower secondary education 7(6.1) 15 (13.4) 22 (9.7)
Higher secondary education 79 (69.3) 82 (73.2) 161 (71.2)
Graduate and above 28 (24.6) 15 (13.4) 43 (19.0)

Ration card color n (%)

White 64 (56.1) 48 (42.9) 112 (49.6)
Blue 33 (28.9) 46 (41.1) 79 (35.0)
Pink 17 (14.9) 15 (13.4) 32(14.2)

Yellow 0(0.0) 327 3(1.3)

Occupation n (%)

Govt and non-govt employee 17 (14.9) 19 (17.0) 36 (15.9)
Self-employed 14 (12.3) 10 (8.9) 24 (10.6)
Homemaker 56 (49.1) 58 (51.8) 114 (50.4)

Unskilled worker 8(7.0) 11 (9.8) 19 (8.4)

Others 19 (16.7) 14 (12.5) 33 (14.6)

*Unskilled worker: MNREGA, cashew factory workers; Others: Retired, student,
unemployed; SD: Standard deviation
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3A.2 Household Fuel Characteristics

Most participants (86.7 percent) reported using clean fuel as their primary cooking fuel.
However, when considering the overall fuel usage patterns, most participants (82.7 percent)
used a mixed fuel type. When stratified by exposure groups based on the recommended
interim target value of 75 pg/m? for 24-hour mean PMa.s concentration, a higher proportion
of participants in the PM2.5> 75 ug/m? group (23.2 percent) used solid fuel as their primary
cooking fuel compared to the PM2s5 < 75 pug/m? group (3.5 percent). Out of the 226
participants, 168 (74.3 percent) participants reported using both fuels in the same kitchen.

Table 3.2 shows the study participants' household fuel type characteristics.

Table 3.2. Household fuel type characteristics of the study participants by PM:s

exposure group

Characteristics Total PMys<=175 PM,s>75  p-value
n (%) (N=226) (n=114) (n=112)
Primary fuel <0.001
Clean Fuel 196 (86.7) 110 (96.5) 86 (76.8)
Solid Fuel 30 (13.3) 4 (3.5 26 (23.2)
Secondary fuel 0.022
Clean Fuel 55 (24.3) 21(18.4) 34 (30.4)
Solid Fuel 146 (64.6) 81 (71.1) 65 (58.0)
Combination 14 (6.2) 4(3.5) 10 (8.9)
None 11 (4.9) 8(7.0) 32.7)
Type of fuel 0.012%**
Mixed fuel 187 (82.7) 89 (78.1) 98 (87.5)
Only Clean fuel 36 (15.9) 25(21.9) 11 (9.8)
Only Solid fuel 3(1.3) 0 (0.0) 3(2.7)
Both fuels in the same kitchen 0.080
Yes 168 (74.3) 79 (69.3) 89 (79.5)
No 58(25.7) 35(30.7) 23 (20.5)

*Clean fuel- LPG, electricity. Solid fuel- Wood, coconut husk, and shell.
Mixed fuel- Using both clean fuel and solid fuel.
**Yates continuity correction
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3A.3 Kitchen Environment Characteristics
3A.3.1 Kitchen ventilation

Most participants reported opening their windows (87.6 percent) and doors (85.8 percent)
while cooking. The presence of cross-ventilation in the kitchen was higher in the PMa2.s5 <
75 pg/m? group (19.3 percent) compared to the PMz2s > 75 ug/m? group (5.4 percent).
Seventy-seven percent of participants reported they weren't using an exhaust fan. Table 3.3
shows the kitchen ventilation characteristics of the study participants.

Table 3.3. Kitchen ventilation characteristics of the study participants by PM:s

exposure group

Characteristics Total PM,ys5<=175 PM,s>175 p-value
n (%) (N=226) (n=114) (n=112)

Open window 0.096
Yes 198 (87.6) 104 (91.2) 94 (83.9)
No 28 (12.4) 10 (8.8) 18 (16.1)

Open door 0.231
Yes 194 (85.8) 101 (88.6) 93 (83.0)
No 32 (14.2) 13 (11.4) 19 (17.0)

Use of exhaust fan 0.002
No 175 (77.4) 77 (67.5) 98 (87.5)
Yes 17 (7.5) 12 (10.5) 5@4.5)

Sometimes 34 (15.0) 25 (21.9) 9(8.0)

Cross ventilation 0.001
Yes 28 (12.4) 22 (19.3) 6(54)
No 198 (87.6) 92 (80.7) 106 (94.6)

3A.3.2 Kitchen environments

Various kitchen conditions were observed, ranging from well-ventilated to poorly

ventilated cooking areas (Figure 3.1).
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Figure 3.1 Various kitchen layouts noted among the participants (A: Clean fuel kitchen
with exhaust fan, B: Clean fuel kitchen without an exhaust fan, C: Traditional solid fuel
kitchenD: Mixed-fuel kitchen)

3A.3.3 Kitchen layout and setup

Table 3.4 shows the kitchen layout and setup of the study participants. Nearly all (99.1
percent) participants reported having a separate kitchen room. The mean kitchen area was
138.7 sq ft (SD: 45.8) and was slightly smaller in the PM2.5> 75 pg/m? group (133.7 sq ft)

compared to the PM2.5s< 75 pg/m? group (143.7 sq ft).

Table 3.4. Kitchen layout and setup details among the study participants

Characteristics Total PM,s<=175 PM:s5>75 p-value
(N=226) (n=114) (n=112)
Kitchen layout n (%) 0.152

Separate room 224 (99.1) 114 (100.0) 110 (98.2)
Same room 2(0.9) 0(0.0) 2(1.8)

Kitchen area (sq ft)
Mean (SD) 138.7 (45.8) 143.7 (47.3) 133.7 (43.9) 0.102
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3A.4 Air Pollution Exposures
3A.4.1 Household air pollution exposure

The mean weekly cooking hours were similar between the two exposure groups. However,
the mean polluting fuel hours were significantly higher in the PMa2.s> 75 pg/m? group (22.1
hours), and the mean non-polluting fuel hours were significantly higher in the PM25< 75
pug/m? group (30.2 hours). Table 3.5 illustrates the mean household air pollution exposure

hours among study participants.

Table 3.5 Household air pollution exposure among the study participants

Characteristics Total PM,s5<=175 PM,s>175 p-value
(N=226) (n=114) (n=112)

Weekly cooking hours 36.3 (8.2) 359 (8.4) 36.7 (7.9) 0.466
Mean (SD)

Polluting fuel hours 19.6 (10.1) 17.3 (10.3) 22.1(9.3) <0.001
Mean (SD)

Non-polluting fuel hours 28.6 (9.9) 30.2 (9.6) 27.0 (10.1) 0.017
Mean (SD)

3A.4.2 Other air pollution exposure sources

Table 3.6 shows the household practices contributing to air pollution. Open burning
practices were common, observed by 81 percent of participants. Incense sticks were

prevalent with 73.5 percent of participants engaging in this practice.

Table 3.6 Household practices contributing to air pollution among study participants

Characteristics Total PMys<=175 PM:s>75  p-value

n (%) (N=226) (n=114) (n=112)

Open burning 0.434
Yes 183 (81.0) 90 (78.9) 93 (83.0)
No 43 (19.0) 24 (21.1) 19 (17.0)

Use of incense sticks 0.703
Yes 166 (73.5) 85 (74.6) 81(72.3)
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Characteristic Total PM:5<=75 PM.5>75  p-value

(N=226) (n=114) (n=112)
No 60 (26.5) 29 (25.4) 31 (27.7)
Use of mosquito coil 0.262
Yes 43 (19.0) 25(21.9) 18 (16.1)
No 183 (81.0) 89 (78.1) 94 (83.9)

3A.5 Lifestyle Risk Factors

Out of 226 participants, six percent and fifteen percent reported tobacco use and alcohol
consumption, respectively. Only 30.1 percent of participants reported engagement in

physical activity. Table 3.7 shows lifestyle risk factors in the study population.

Table 3.7 Lifestyle risk factors among study participants

Characteristics Total PMys<=175 PM.s>175 p-value
n (%) (N=226) (n=114) (n=112)

Tobacco use 0.049
Yes 13 (5.8) 10 (8.8) 327
No 213(%4.2) 104 (91.2) 109 (97.3)

Smokeless tobacco use 0.495
Yes 25 (11.1) 11 (9.6) 14 (12.5)
No 201 (88.9) 103 (90.4) 98 (87.5)

Alcoholic consumption 0.388
Yes 35(15.5) 20 (17.5) 15 (13.4)
No 191 (84.5) 94 (82.5) 97 (86.6)

Physical activity 0.052
Yes 68 (30.1) 41 (36.0) 27 (24.1)
No 158(69.9) 73 (64.0) 85 (75.9)
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3A.6 Cardiometabolic Risk Factors

Table 3.8 presents various cardiometabolic risk factors, including waist circumference,
mean systolic and diastolic blood pressure, and fasting blood sugar levels, crucial for

assessing cardiovascular health.

Table 3.8 Cardiometabolic risk factors among study participants

Characteristics Total PM,s5<=175 PM.s> 75 p-value
(N=226) (n=114) (n=112)

Waist circumference (cm) 85.5(7.1) 85.7 (7.1) 85.2 (7.0) 0.582

Mean (SD)

Mean systolic BP 135.0 (17.9) 134.2 (16.9) 135.9 (19.0) 0.502

(mmHg) Mean (SD)

Mean diastolic BP (mmHg) 85.5(9.3) 84.9 (8.8) 86.2 (9.7) 0.303

Mean (SD)

Fasting blood sugar (mm/dL) 120.4 (41.5) 121.2 (43.7) 119.7 (39.3) 0.791
Mean (SD)

3A.7 Relationship between household air pollution level and fuel types

The relationship between household air pollution levels and different cooking fuel types is
depicted in Figure 3.2 and Figure 3.3. The mean PMa2s concentration was significantly
lower (75.15 pg/m?) in clean fuel users compared to solid fuel users (85.83 ug/m?). After
considering the combined use of primary and secondary fuel, participants who used only
clean fuel had the lowest mean PMa.5 concentration (67.3 pg/m?), followed by those who
used mixed fuels (78.1 pg/m?), and the highest concentration was observed for those who

used solid fuels (90.2 pg/m?) for cooking.
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Figure 3.2 Bar graph showing 12-hour mean PM:s concentration by primary fuel
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Figure 3.3 Bar graph showing 12-hour mean PM:.s concentration by different cooking
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3A.8 Association between PMz.s exposure groups and mean blood pressure and fasting

blood sugar

Multivariable linear regression analysis was employed to explore the independent
association between household air pollution exposure, characterized by the two PMazs
exposure groups, and the health outcomes of interest: mean systolic blood pressure, mean
diastolic blood pressure, and mean fasting blood sugar. The potential covariates included
in the study were outdoor mean PMa.5 concentration, living area mean PM2.5 concentration,

age, sex, education, waist circumference, and smoking status.

3A.8.1 Systolic Blood Pressure

Table 3.9 presents the association between PMa.s5 exposure groups and the mean systolic
blood pressure. Participants exposed to PM2s >75ug/m? had 2.35 mmHg higher mean
systolic blood pressure (95% CI: -1.98, 7.04) compared to those exposed to PM2.5<75ug/m?
after adjusting for potential covariates. However, the confidence intervals were wide

enough and included a null value.

Other factors, such as age and waist circumference, were significantly associated with
systolic blood pressure. For every one-year increase in age, there was a 0.681 mmHg
increase in mean systolic blood pressure (95% CI: 0.495, 0.868). Additionally, waist
circumference was associated with higher systolic blood pressure, with a 0.492 mmHg
increase in mean systolic blood pressure per unit increase in waist circumference (95% CI:
0.156, 0.829). However, outdoor and living area mean PM2.5 concentrations, sex, education

level, and smoking status did not significantly correlate with systolic blood pressure.

48



Table 3.9 Association between household air pollution exposure and mean systolic

blood pressure

Characteristic Estimate 95% CI p-value
(B)

(Intercept) 68.1 37.3,98.9 <0.001

Exposure Groups 0.300

PMa2s5<=75 pg/m? — —

PM2s> 75 pg/m? 2.35 -2.11, 6.81 0.300
Outdoor mean PMz.5 -0.083 -0.303, 0.138 0.460
concentration
Living area mean PMas -0.027 -0.248, 0.194 0.810
concentration
Sex 0.353

Female =T —

Male -2.80 -8.72,3.12 0.353
Age 0.681 0.495, 0.868 <0.001
Education 0.283

Lower secondary education — —

Higher secondary education -3.18 -10.4, 4.07 0.388

Graduate and above 0.686 -7.95,9.32 0.876
Waist circumference 0.492 0.156, 0.829 0.004
Smoking status 0.150

No — =

Yes 7.30 -2.66, 17.3 0.150

* Adjusted for outdoor PMa2.s concentration, living area PM2.5 concentration, age,
sex, education, waist circumference, and smoking status. CI- Confidence interval

3A.8.2 Diastolic Blood Pressure

The association between PMazs exposure groups and mean diastolic blood pressure is

presented in Table 3.10. After adjusting for potential covariates, participants in the group
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with exposure to PM2.5>75 pg/m® had 1.66 mmHg higher mean diastolic blood pressure

(95% CI: -0.860, 4.19) compared to those with exposure to PM2.5<75 ng/m*. However, the

association was not statistically significant.

Other factors, such as age and waist circumference, were significantly associated with

diastolic blood pressure (p <0.001). Additionally, current smokers had a 6.40 mmHg higher

mean diastolic blood pressure compared to non-smokers (95% CI: 0.764, 12.0). Outdoor

and living area PM2.s concentrations, sex, and education level did not significantly correlate

with diastolic blood pressure.

Table 3.10 Association between household air

diastolic blood pressure

pollution exposure and mean

Characteristic Estimate () 95% CI p-value
(Intercept) 56.8 39.4,74.2 <0.001
Exposure Groups 0.195
PMzs<=75 pg/m? — —

PM2s> 75 pg/m? 1.66 -0.860, 4.19 0.195
Outdoor mean PMa.s concentration  -0.077 -0.202, 0.048 0.224
Living area mean PMa.s 0.032 -0.093,0.157  0.612
concentration

Sex 0.103
Female — —

Male -2.78 -6.13, 0.569 0.103
Age 0.134 0.028, 0.240 0.013
Education 0.173
Lower secondary education — —

Higher secondary education -3.17 -7.27,0.923 0.128
Graduate and above -1.27 -6.16, 3.61 0.608
Waist circumference 0.321 0.131,0.512 0.001

50



Characteristic Estimate (p) 95% CI p-value

Smoking status 0.026
No — —
Yes 6.40 0.764, 12.0 0.026

* Adjusted for outdoor PM2s concentration, living area PM2.s concentration, age,
sex, education, waist circumference, and smoking status. CI- Confidence interval

3A.8.3 Fasting Blood Sugar

The association between household air pollution exposure and mean fasting blood sugar
levels was evaluated and presented in Table 3.11. Due to the non-normal distribution of
fasting blood sugar, a log transformation was applied for the analysis. No significant
association between PMz2.s exposure groups and mean fasting blood sugar was found. After
adjusting for potential covariates, participants in the PM25>75 pg/m? exposure group had
one percent lower fasting blood sugar levels compared to those exposed to PM2.5<75ug/m?,

with a point estimate of -0.01 (95%CI: -0.08, 0.07).

Table 3.11 Association between household air pollution exposure and mean fasting

blood sugar levels

Characteristic Estimate (p) 95% CI p-value
(Intercept) 4.00 3.46, 4.55 <0.001
Exposure Groups 0.861

PM25<=75 pg/m? — —

PM25> 75 pg/m? -0.01 -0.08, 0.07 0.861
Outdoor mean PMaz.s 0.00 -0.004, 0.004 0.890
concentration
Living area mean PMaz.s 0.00 -0.005, 0.003 0.643
concentration
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Characteristics Estimate (p) 95% CI p-value

Female — —

Male 0.031 -0.073,0.136 0.554
Age 0.005 0.001, 0.008 0.006
Education 0.175

Lower secondary — —

education

Higher secondary 0.036 -0.091, 0.163 0.578

education

Graduate and above -0.052 -0.204, 0.100 0.498
Waist circumference 0.007 0.001, 0.013 0.024
Smoking status 0.330

No — —

Yes -0.087 -0.262, 0.088 0.330

* Adjusted for outdoor PM2.s concentration, living area PM2.s concentration, age,
sex, education, waist circumference, and smoking status. CI- Confidence interval

SECTION 3B

The study included 1,646,097 individuals from a dataset of 2,843,917 individuals for the
final analysis. Sample weights were used for the analysis, and the analysis was done on
the weighted population (n = 1605612). This section covers the socio-demographic and
household characteristics of the NFHS-5 study population and the association between
the type of cooking fuel (a proxy for household air pollution) and mean blood pressure/

fasting blood sugar.

3B.1 Socio-demographic Characteristics

The study population consisted of 1,605,612 individuals, with 52.5 percent being females

and 47.5 percent males. The mean age of the total population was 38.2 years (SD = 16.6
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years). Three-fourths (69.3 percent) of the individuals lived in rural areas, and 46.5 percent
of the population had a Below poverty line (BPL) card. Educational attainment differed
across urban and rural areas, with a higher proportion of urban residents (21.7 percent
women, 26.5 percent men) having higher education than rural residents (7.8 percent
women, 12.1 percent men). The wealth index showed a clear urban-rural divide, with most
urban residents classified as rich (73.4 percent women, 73.3 percent men), while most rural
residents were classified as poor (53.2 percent women, 51.9 percent men). The socio-

demographic characteristics of the study participants are summarized in Table 3.12.

Table 3.12 Socio-demographic characteristics of the study participants (NFHS 5)

RURAL URBAN TOTAL
Variables Women Men Women Men (N=
(n=587933) (n=525370) (n=255148) (n=237161) 1605612)
Age(years) 37.9 389 (17.2) 37.5 37.7 38.2
Mean (SD) (16.6) (15.6) (16.1) (16.6)
Education
attained n(%)
No education, 226,372 101,668 48,489 20,765 (8.8) 397,294
preschool (38.5) (19.4) (19.0) (24.8)
Primary 82,476 82,538 28,793 25,010 218,817
(14.0) (15.7) (11.3) (10.6) (13.6)
Secondary 232,837 277,141 122,322 128,405 760,704
(39.6) (52.8) (48.0) (54.2) (47.4)
Higher 46,040 63,614 55,459 62,825 227,938
(7.8) (12.1) (21.7) (26.5) (14.2)
BPL card
n(%)
No 278,937 249,564 170,101 159,196 857,797
(47.5) (47.6) (66.8) (67.3) (53.5)
Yes 307,996 274,940 84,534 77,514 744,984
(52.5) (52.4) (33.2) (32.7) (46.5)
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RURAL URBAN TOTAL
Variables Women Men Women Men (N=
(n=587933) (n=525370) (n=255148) (n=237161) 1605612)
Wealth Index
n(%)
Poor 312,657 272,496 26,971 24,824 636,948
(53.2) (51.9) (10.6) (10.5) (39.7)
Middle 132,957 122,454 40,913 38,538 334,863
(22.6) (23.3) (16.0) (16.2) (20.9)
Rich 142,319 130,419 187,264 173,799 633,807
(24.2) (24.8) (73.4) (73.3) (39.5)

3B.2 Household and Fuel Characteristics

Sixty percent of the individuals lived in pucca houses. Clean fuel was the primary cooking

fuel used by 56.3 percent of the individuals, with a predominant use of clean fuel in urban

areas and solid fuel in rural areas. Most individuals (80.1 percent) cooked inside the house,

with three-fourths of the individuals (71.1 percent) having a separate room serving as the

kitchen.

Table 3.13 Household and fuel characteristics of the study participants (NFHS 5)

RURAL URBAN TOTAL
Variables Women Men Women Men (N=
(n=587933) (n=525370) (n=255148) (n=237161) 1605612)
House type
n (%)
Kachha 34,803 31,015 2,254 2,050 70,123
(6.0) (6.0) (0.9) (0.9) (4.4)
Semi-pucca 2,62,016 2,31,002 35,910 32,870 5,61,798
(45.1) (44.5) (14.2) (14.0) (354)
Pucca 2,83,510 2,56,551 2,14,063 1,99,419 9,53,543
(48.9) (49.5) (84.9) (85.1) (60.1)
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RURAL URBAN TOTAL
Variables Women Men Women Men (N=
n (%) (n=587933) (n=525370) (n=255148) (n=237161) 1605612)
Type of
Fuel
Clean fuel 2,44,114 2,21,618 2,26,334 2,11,482 9,03,548
(41.5) (42.2) (88.7) (89.2) (56.3)
2,115 2,139 950 1,005 6,209
Kerosene (0.4) (0.4) (0.4) (0.4) (0.4)
Solid fuel 3,41,704 3,01,612 27,864 (10.9) 24,674 6,95,855
(58.1) (57.4) (10.4) (43.3)
Place of
cooking
In the house 4,46,369 3,99,210 2,27,941 2,12,151 12,85,671
(75.9) (76.0) (89.3) (89.5) (80.1)
In separate 82,998 74,936 20,046 (7.9) 18,637 1,96,617
building (14.1) (14.3) (7.9) (12.2)
Outdoors 58,144 50,843 7,107 6,330 1,22,424
(9.9) (9.7) (2.8) (2.7) (7.7)
Separate
room as
kitchen
Yes 2,93,439 2,65,428 1,84,532 1,70,719 9,14,118
(65.7) (66.5) (81.0) (80.5) (71.1)
No 1,52,930 1,33,782 43,409 41,431 3,71,552
(34.2) (33.5) (19) (19.5) (28.9)
Ventilation
in kitchen
Yes 3,80,636 3,40,158 2,07,948 1,93,256 11,21,998
(85.3) (85.2) (91.2) 91.1) (87.3)
No 65,732 59,052 19,993 18,894 1,63,672
(14.7) (14.8) (8.8) (8.9) (12.7)
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3B.3 Lifestyle characteristics

Half of the participants (58.7 percent) had an average BMI ranging from 18.5 - 24.9. The
prevalence of underweight (BMI < 18.5) was higher among rural women (21.5 percent)
compared to urban women (13.7 percent). Overweight and obesity were more prevalent
among urban residents. Alcohol consumption and tobacco use were reported by 9.9 percent

and 23.4 percent of the individuals, respectively.

Table 3.14 Lifestyle characteristics of the study participants (NFHS 5)

RURAL URBAN TOTAL
Variables Women Men Women Men (N=
n (%) (n=587933) (n=525370) (n=255148) (n=237161) 1605612)
BMI
(weight/height?)
Underweight 94,035 10,704 27,110 3,563 1,35,412
(<18.5) (21.5) (17.4) (13.7) (12.6) (18.7)
Regular weight 2,61,817 39,367 1,08,360 16,447 4,25,990
(18.5-24.9) (59.8) (64.0) (54.9) (57.9) (58.7)
Overweight 63,909 9,713 43,377 6,768 1,23,766
(25-29.9) (14.6) (15.8) (22.0) (23.8) (17.1)
Obese (=30) 18,423 1,767 18,607 1,612 40,409
(4.2) (2.9) (9.4) 5.7 (5.6)
Alcohol
Consumption
Yes 9,669 1,06,373 1,462 39,489 1,56,993
(1.7) (20.4) (0.6) (16.8) (9.9)
No 5,78,191 4,18,111 2,53,653 1,97,326 14,47,282
(98.3) (79.6) (99.4) (83.2) (90.1)
RURAL URBAN TOTAL
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Variables Women Men Women Men (N=

n (%) (mn=587933) (n=525370) (n=255148) (n=237161) 1605612)
Smoking Status
Yes 61,497 2,28,815 13,900 71,387 3,75,599
(10.5) (43.6) 54 (30.1) (23.4)

No 526350  2,95784 241220 1,65,396  12,28,750
(89.5) (56.4) (94.6) (69.9) (76.6)

3B.4 BIVARIATE ANALYSIS

The bivariate analysis is employed between the three health outcomes of interest (mean
systolic blood pressure, mean diastolic blood pressure, and mean fasting blood sugar) and

the independent variables.
3B.4.1 Sociodemographic variables

Age was positively associated with mean systolic blood pressure, diastolic blood pressure,
and fasting blood sugar (p <0.001). Females had significantly lower mean levels of systolic
blood pressure (-5.02 mmHg), diastolic blood pressure (-2.01 mmHg), and fasting blood
sugar (-1.71 mmol/L) compared to males (p < 0.001). Rural residents had lower mean
diastolic blood pressure (-0.38 mmHg) and mean fasting blood sugar (-1.59 mmol/L) than
urban residents (p < 0.001), with no significant difference in mean systolic blood pressure
between urban and rural areas. Individuals with lower educational attainment had higher
mean systolic blood pressure, mean diastolic blood pressure, and mean fasting blood sugar
than those with higher education (p < 0.001). Individuals with Below Poverty Line (BPL)
status had lower mean systolic blood pressure (-0.42 mmHg), mean diastolic blood pressure
(-0.22 mmHg), and mean fasting blood sugar (-0.62 mmol/L) compared to those with
Above Poverty Line (APL) status (p < 0.001). Additionally, wealthier households had
higher mean systolic blood pressure, mean diastolic blood pressure, and mean fasting blood

sugar than those from poorer households (p < 0.001).

The association between sociodemographic variables with the outcome variables, mean

systolic and diastolic blood pressure, and mean fasting blood sugar are shown in Table 3.15.

Table 3.15 Association between sociodemographic variables and outcome variables
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Variables

SBP
B (95% CI)

DBP
B (95% CI)

FBS
B (95% CI)

Age 0.37 (0.36,0.37) 0.16 (0.16, 0.17) 0.47 (0.46, 0.47)
p-value <0.001 <0.001 <0.001
Sex
Male Reference Reference Reference
Female -5.02 (-5.09,-4.96) -2.01(-2.06,-1.97) -1.71 (-1.85, -1.58)
p-value <0.001 <0.001 <0.001

Place of residence
Urban
Rural

p-value

Reference
-0.03 (-.0.17, 0.09)
0.57

Reference
-0.38 (-0.47, -0.30)
<0.001

Reference
-1.59 (-1.82, -1.36)
<0.001

Education attained
Higher

No education/preschool

Reference

5.87 (5.73, 6.02)

Reference

2.14 (2.06, 2.23)

Reference

6.39 (6.12, 6.66)

Primary 3.86 (3.71, 4.02) 1.79 (1.69, 1.88) 5.55(5.24, 5.85)
Secondary 0.12 (0.01, 0.24) -0.31 (-0.38,-0.24)  0.57 (0.34, 0.80)
p-value <0.001 <0.001 <0.001
BPL/APL cardholder
APL Reference Reference Reference
BPL -0.42(-0.51,-0.34) -0.22(-0.28,-0.17) -0.62 (-0.79, -0.46)
p-value <0.001 <0.001 <0.001
Wealth index
Poor Reference Reference Reference
Middle -0.01 (0.12, 0.09) 0.53 (0.47, 0.60) 0.86 (0.66, 1.07)
Rich 0.76 (0.65, 0.87) 0.97 (0.90, 1.05) 2.03 (1.83,2.03)
p-value <0.001 <0.001 <0.001

CI- Confidence interval; SBP- Systolic blood pressure; DBP-Diastolic blood pressure; FBS-

Fasting blood sugar

58



3B.4.2 Fuel and Household Characteristics

Individuals using solid fuel exhibited a negative association with mean systolic blood
pressure (-0.22 mmHg), mean diastolic blood pressure (-0.71 mmHg), and mean fasting
blood sugar (-1.84 mmol/L) compared to those using clean fuel (p < 0.001). Cooking
outdoors or in a separate building was associated with lower mean systolic blood pressure,
diastolic blood pressure, and fasting blood sugar compared to cooking inside the house.
These differences are statistically significant (p < 0.001). Furthermore, individuals without
a separate room for the kitchen demonstrated higher mean levels of systolic blood pressure
(0.57 mmHg), diastolic blood pressure (0.54 mmHg), and fasting blood sugar (1.64
mmol/L) compared to those with a separate kitchen (p <0.001). The association of the Fuel
and Household characteristics with the outcome variables, mean systolic and diastolic

blood pressure, and mean fasting blood sugar are shown in Table 3.16

Table 3.16 Association between Fuel and Household characteristics and outcome

variables
Variables SBP DBP FBS
B (95% CI) B (95% CI) B (95% CI)

Type of cooking fuel

Clean fuel Reference Reference Reference

Kerosene 0.42(-0.21,1.05)  0.12(-0.33,0.57)  -0.30(-1.53, 0.91)
Solid fuel -0.22 (-0.32,-0.13) -0.71 (-0.77,-0.65) -1.84(-2.01,-1.67)
p-value <0.001 <0.001 <0.001

Ventilation in
kitchen
No
Yes

p-value

Reference
0.11 (-0.01, 0.24)
<0.001

Reference
0.19 (0.11, 0.28)
<0.001

Reference
1.82 (1.57, 2.06)
<0.001

Place of cooking
In the house
In a separate building
Outdoors

p-value

Reference

-0.17 (-0.31, -0.04)
-0.49 (-0.66, -0.32)
<0.001

Reference

-0.26 (0.35, -0.17)
-0.50 (-0.61, -0.39)
<0.001

Reference

1.14 (0.89, 1.38)
-0.45 (-0.77,-0.14)
<0.001
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SBP
B (95% CI)

DBP
B (95% CI)

Variables FBS

B (95% CI)

Separate room as a

kitchen
Yes Reference Reference Reference
No 0.57(0.47, 0.68) 0.54 (0.51, 0.65) 1.64 (1.44, 1.83)
p-value <0.001 <0.001 <0.001

CI- Confidence interval; SBP- Systolic blood pressure; DBP-Diastolic blood pressure; FBS-
Fasting blood sugar

3B.4.3 Lifestyle Characteristics

Individuals with higher BMI, alcohol consumption, and tobacco use exhibited significantly
elevated mean systolic blood pressure and mean diastolic blood pressure, as well as
increased mean fasting blood sugar levels, compared to their counterparts with regular BMI
and non-consumers/non-users, with all differences being statistically significant (p <
0.001). Table 3.17 shows the association between Lifestyle characteristics and outcome

variables.

Table 3.17 Association between Lifestyle characteristics and outcome variables

Variables SBP DBP FBS
B (95% CI) B (95% CI) B (95% CI)
BMI (weight/height?)
Underweight (<18.5) Reference Reference Reference

Regular (18.5-24.9)
Overweight (25-29.9)
Obese (=30)

p-value

5.27 (5.15, 5.39)
9.24 (9.08, 9.39)
9.73 (9.49, 9.97)
<0.001

3.19 (3.11, 3.27)
6.85 (6.75, 6.96)
8.54 (8.39, 8.69)
<0.001

4.13 (3.95,4.31)
10.4 (10.1, 10.8)
15.0 (14.5, 15.6)
<0.001

Alcohol

Consumption

Yes

p-value

Reference
5.30 (5.19, 5.41)
<0.001

Reference
3.61 (3.54, 3.69)
<0.001

Reference
3.68 (3.43,3.94)
<0.001
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Variables SBP DBP FBS

B (95% CI) B (95% CI) B (95% CI)
Smokes/ uses
tobacco
No Reference Reference Reference
Yes 4.98(4.90, 5.07) 2.64 (2.58,2.69) 4.60 (4.42,4.78)
p-value <0.001 <0.001 <0.001

CI- Confidence interval; SBP- Systolic blood pressure; DBP-Diastolic blood pressure; FBS-
Fasting blood sugar

3B.5 Association between type of cooking fuel and mean blood pressure and mean

fasting blood sugar

Multivariable linear regression analysis was employed to explore the independent
association between household air pollution exposure, using type of cooking fuel as a proxy
indicator, and the health outcomes of interest: mean systolic blood pressure, mean diastolic
blood pressure, and mean fasting blood sugar. The potential covariates included in the study
were ventilation in the kitchen, place of residence, age, sex, BPL/APL card holder, w, and

smoking status.

3B.5.1 Systolic Blood Pressure

Participants using solid fuel had a 1.50 mmHg higher mean systolic blood pressure
compared to those using clean fuel (95% CI:1.37, 1.62) after adjusting for potential
covariates (p <0.001). However, there was no significant difference in mean systolic blood
pressure between kerosene and clean fuel users. Lack of ventilation in the kitchen was
associated with a 0.30 mmHg higher mean systolic blood pressure (p < 0.001).
Additionally, for every one-year increase in age, mean systolic blood pressure increased by

0.39 mmHg (95% CI: 0.38, 0.40). Overweight and obese individuals had a 2.35 mmHg
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(95% CI: 2.21, 2.49) and a 3.15 mmHg (95% CI: 2.91, 3.39) higher mean systolic blood
pressure than those with regular weight. Individuals residing in rural areas were
significantly associated with higher mean systolic blood pressure than those in urban areas
(p <0.001). Table 3.18 presents the association between PMa.s exposure groups and the

mean systolic blood pressure.

Table 3.18 Association between type of cooking fuel and mean systolic blood

pressure
Characteristic Estimate (p) 95% CI p-value
(Intercept) 104 104, 104 <0.001
Type of cooking fuel <0.001
Clean Fuel — —
Kerosene 0.43 -0.55,1.42 0.392
Solid Fuel 1.50 1.37,1.62 <0.001
Ventilation in kitchen <0.001
Yes e —
No 0.30 0.14, 0.45 <0.001
Place of residence <0.001
Rural — —
Urban -0.34 -0.51,-0.18 <0.001
Smoking Status 0.043
No — —
yes -0.19 -0.37, -0.01 0.043
Sex <0.001
Female — —
Male 6.64 6.47, 6.82 <0.001
Age (years) 0.39 0.38, 0.40 <0.001
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Estimate (p) 95% CI p-value
Characteristic
BMI category <0.001
Regular weight — —
Underweight -3.31 -3.44,-3.19 <0.001
Obesity 3.15 2.91,3.39 <0.001
Overweight 2.35 2.21,2.49 <0.001
BPL card Holder <0.001
No — ==
Yes -0.45 -0.56, -0.33 <0.001

* Adjusted for ventilation, age, sex, BMI category, place of residence, BPL/APL

card, and smoking status. CI- Confidence interval

3B.5.2 Diastolic Blood Pressure

Solid fuel users had a 0.40 mmHg higher mean diastolic blood pressure compared to clean
fuel users (95% CI: 0.32, 0.48) after adjusting for covariates (p < 0.001). However, there
was no significant difference between kerosene and clean fuel users. Lack of ventilation in
the kitchen was significantly associated with a 0.21 mmHg higher mean diastolic blood
pressure (p <0.001). Being overweight and obese were significantly associated with higher
diastolic blood pressure, with overweight individuals having a 2.53 mmHg higher mean
(95% CI: 2.44, 2.62) and obese individuals having a 4.32 mmHg higher mean (95% CI:
4.17, 4.47) compared to those with regular weight. Other factors, such as age and residing

in rural areas, were also significantly associated (p < 0.001). Table 3.19 presents the

association between PM2.5 exposure groups and the mean diastolic blood pressure.
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Table 3.19 Association between type of cooking fuel and mean diastolic blood

pressure

Characteristic Estimate (p) 95% CI p-value

(Intercept) 69.4 69.3, 69.6 <0.001

Type of cooking fuel <0.001
Clean Fuel — —

Kerosene 0.19 -0.33,0.71 0.468

Solid Fuel 0.40 0.32, 0.48 <0.001

Ventilation in kitchen <0.001
Yes — 7

No 0.21 0.11,0.31 <0.001

Place of residence <0.001
Rural — —

Urban -0.21 -0.32,-0.11 <0.001

Smoking Status <0.001
No — —

yes 0.47 0.35, 0.60 <0.001

Sex <0.001
Female — —

Male 2.40 2.24,2.51 <0.001

Age 0.26 0.25, 0.26 <0.001

BMI category <0.001
Regular weight — —

Underweight -1.89 -1.98, -1.80 <0.001

Obesity 4.32 4.17,4.47 <0.001

Overweight 2.53 2.44,2.62 <0.001
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Characteristic Estimate (p) 95% C1 p-value

BPL card Holder 0.012
No — —

Yes -0.10 -0.17,-0.02 0.012

* Adjusted for ventilation, age, sex, BMI category, place of residence, BPL/APL card, and
smoking status. CI- Confidence interval

3B.5.3 Fasting Blood Sugar

The type of cooking fuel was not significantly associated with mean fasting blood sugar
levels. Being overweight and obese showed a significant association with fasting blood
sugar (p < 0.001). The other findings are presented in Table 3.20, which show the

association between PMa2.s exposure groups and the mean fasting blood sugar.

Table 3.20 Association between type of cooking fuel and mean fasting blood sugar

Characteristic Estimate (p) 95% CI p-value
(Intercept) 95.1 94.8,95.4 <0.001
Fuel Type Category 0.188
Clean Fuel — —
Kerosene 0.72 -0.53,1.97 0.260
Solid Fuel 0.17 -0.04, 0.39 0.118
Type of House <0.001
Pucca — —
Kachha -0.01 -0.41, 0.40 0.986
semi-pucca -0.50 -0.71, -0.29 <0.001
Place of cooking <0.001

In the house — ==
In a separate building 1.72 1.44,2.01 <0.001
Outdoors 0.63 0.27,0.99 <0.001
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Characteristic Estimate (p) 95% C1 p-value
Place of residence 0.550
Rural — —
Urban 0.08 -0.19, 0.36 0.550
Sex <0.001
Female — —
Male 2.77 243,3.11 <0.001
Age 0.49 0.48, 0.51 <0.001
BMI category <0.001
Regular weight — —
Underweight -1.58 -1.76, -1.40 <0.001
Obesity 8.58 8.00, 9.15 <0.001
Overweight 4.06 3.76,4.35 <0.001
Smoking Status 0.014
No — —
Yes -0.45 -0.82, -0.09 0.014

* Adjusted for place of cooking, age, sex, BMI category, place of residence,
BPL/APL card, and smoking status. CI- Confidence interval
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CHAPTER 4

DISCUSSION AND CONCLUSION

This study aimed to estimate the household air pollution levels with different cooking fuels
and to explore the association between household air pollution levels and blood pressure as
well as fasting blood sugar among 226 participants aged 18—69 years from 162 households
in rural areas of Pathanamthitta district, Kerala. A pilot study compared 24-hour and 12-
hour mean PM25 concentration sampling, showing variations within + 6 ug/m3, which did
not significantly affect the relative validity of the exposure assessment. Hence, 12-hour

mean PMz25s concentration sampling was chosen for the study.

The primary study highlights the differences between 12-hour mean PMa2.5 concentration
and different cooking fuels. Therefore, the type of cooking fuel was taken as a proxy for
household air pollution. Consequently, to obtain a broader picture of the impact of solid
fuel-induced household air pollution on mean blood pressure and fasting blood sugar at the

national level, the National Family Health Survey-5 (NFHS-5) dataset was analyzed.

The 12-hour mean PM25s concentration of participants relying on solid fuels was nearly 10
pg/m? higher than those using clean fuels. Although no significant association was found
between PMz2s exposure groups and mean blood pressure or fasting blood sugar, a positive
association was observed between PM2s exposure groups and mean blood pressure. To
study the impact at the national level, the NFHS-5 data was analyzed. In the NFHS-5 data,
individuals exposed to solid fuels had higher mean blood pressure than those using only
clean fuels. In both studies, mean fasting blood glucose levels did not vary according to

household air pollution exposure.
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4.1 Household Air Pollution and Cooking Fuels

This study highlights that a significant proportion (86.7 percent) of participants used clean
fuel as their primary cooking source. However, the practice of "fuel stacking,” which
involves simultaneously using clean and solid fuels for cooking, was widespread, with 82.7
percent of participants engaging in this behavior. Similar fuel stacking practices have also
been observed in studies conducted in other southern parts of India, such as Karnataka and
Odisha (James et al., 2020; Mohapatra et al., 2018). This widespread solid fuel use, even
as a secondary fuel source, contributed to higher PM2s concentrations. Other studies also
found that solid fuel users experience higher levels of PM25 exposure compared to clean

fuel users (Chakraborty and Mondal, 2018; Mitra et al., 2023).

In this study, the 12-hour mean PMzs concentration was significantly higher among
individuals using solid fuels (85.83 ug/m?) than those using clean fuels (75.15 pg/m?). This
finding aligns with the observation that household air pollution resulting from the use of
solid fuels contributed to a 24-hour mean PM25s concentration of 82.5 pug/m? in Indian
households (Pandey et al., 2021). Notably, comparatively higher mean PMas levels
observed among clean fuel users remain a concern, which might be attributed to the smaller
study population size, fuel stacking practices, and other environmental sources of PMz2s,
such as open burning and the use of incense sticks, contributing to increased exposure levels

even among individuals primarily using clean fuels.

The study further suggests that lack of cross-ventilation was more prevalent among
individuals in the PM25> 75 pug/m? group (94.6 percent) compared to the PM25< 75 pg/m?
group (80.7 percent). This observation could be explained by the accumulation of

household air pollution due to inadequate ventilation. This result is supported by previous
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studies that demonstrated the role of kitchen configuration and ventilation in determining

the intensity of indoor air pollution exposures (Balakrishnan et al., 2013; Mitra et al., 2023).

Furthermore, this study underscores a significant disparity in solid fuel use between urban
(~ 4 percent) and rural areas (~ 40 percent) in India. This trend aligns with the WHO's
report, which indicates that while only 14 percent of individuals in urban areas rely on
polluting fuels and technologies globally, this percentage rises to 49 percent among the

rural population (WHO, 2022).

4.2 Household Air Pollution and Mean Blood Pressure

The study findings showed an association between higher levels of PM2s exposure and
elevated mean blood pressure, although the results were not statistically significant.
Participants exposed to PMzs >75ug/m® had 2.35 mmHg higher mean systolic blood
pressure (95% CI: -1.98, 7.04) and 1.66 mmHg higher mean diastolic blood pressure (95%
Cl: -0.86, 4.33) compared to those exposed to PM25 <75ug/m?, after adjusting for potential
confounders. These results were consistent with an interventional study conducted in
Karnataka, India, where participants using an improved stove had two mmHg lower mean
systolic blood pressure (95% CI: -4.5, 0.5) and 1.1 mmHg lower mean diastolic blood
pressure (95% ClI: -2.9, 0.6) compared to the control group using a traditional stove (Aung
et al., 2018). Other studies have reported stronger associations between higher mean PMz.s
exposure levels and elevated systolic and diastolic blood pressure (McCracken et al., 2007;
Young et al., 2019). This variation in association could be attributed to differences in the
type of solid fuels being used, cooking practices, age, exposure patterns, population

demographics, and geographical regions analyzed.

The NFHS-5 analysis, which used cooking fuel type as a proxy for exposure, showed that

individuals using solid fuels had a 1.50 mmHg higher mean systolic blood pressure and a
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0.40 mmHg higher mean diastolic blood pressure than those using clean fuels. This finding
aligns with previous studies that have reported an increased risk of hypertension or elevated
blood pressure associated with self-reported solid fuel use (Lee et al., 2012; Arku et al.,

2018; Khan et al., 2021).

In addition, the study findings observed that other factors, such as age and body mass index
(BMI), were significantly associated with an increase in mean systolic and mean diastolic
blood pressure. These results were consistent with previous studies reporting a stronger
association between PM2.s exposure and blood pressure among women aged 40 years or
older (Baumgartner et al., 2011; Young et al., 2019). Similarly, increased BMI was linked
to elevated blood pressure, aligning with the findings of this study and other studies (Khan

etal., 2021).

4.3 Household Air Pollution and Mean Fasting Blood Sugar

This study could not find any association between household air pollution or type of
cooking fuel and mean fasting blood sugar. Participants in the PMz5>75 pg/m?® exposure
group had one percent lower fasting blood sugar levels than those exposed to PMz2s
<75ug/m?, with a point estimate of -0.01 (95% CI: -0.08, 0.07). Similar to this study, a
cross-sectional study conducted in West Bengal, India, which used direct PM2s exposure
measurement, recorded a higher blood glucose level of 100.38 + 34.13 mg/dL among LPG
users and 94.31 + 18.72 mg/dL among biomass users (p < 0.30) (Mitra et al., 2023). Another
study by Kang et al. (2022) also found comparable results when using self-reported cooking

fuel type as a proxy for household air pollution exposure (Kang et al., 2022).

However, many other studies have shown an association between household air pollution
and fasting blood sugar (Lee et al., 2012; Rajkumar et al., 2018; Mishra et al., 2020; Zheng

et al., 2021). These discrepancies in findings may arise from variations in methodologies,
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such as assessing the exposure variable as self-reported cooking fuel type or the outcome
variable as self-reported diabetes, rather than utilizing actual measurements, as undertaken

in this study.

Furthermore, being overweight and obese showed a significant association with fasting
blood sugar (p < 0.001) in this study. A similar result was seen in a study by Zheng (2021),
where among participants exposed to biomass fuel, being overweight or obese increased
the risk of acquiring high levels of fasting blood glucose (OR: 2.10, 95% CI: 1.46, 3.02)

(Zheng et al., 2021).

4.4 Strengths of the study

Quantitative exposure measurements of PMzs concentrations in the kitchen, living area,
and outdoor environment strengthens the study's assessment of household air pollution
exposure compared to relying solely on self-reported fuel use as a proxy. Additionally, the
inclusion of clinical measurements for blood pressure and fasting blood sugar levels
enhances the study's credibility by avoiding potential biases associated with self-reported
health data. Moreover, the analysis of the NFHS-5 dataset, which comprises a large,
nationally representative sample, further validates the primary study findings and enables
the estimation of the broader impact of household air pollution on mean blood pressure and

mean fasting blood.

4.5 Limitations of the study

The cross-sectional study design limits the establishment of causality, and the temporal
relationship between exposure and outcome could not be assessed. The single-day
measurement of PMz2.s may not accurately capture the day-to-day variability and seasonal
variations in household air pollution exposure. Additionally, the study focused solely on

PMzsand PMaio, excluding other pollutants from solid fuel combustion.
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Furthermore, the NFHS-5 survey data used for validation considers only primary fuel
usage, potentially underestimating solid fuel use in households with multiple fuel types. Its

sampling weights may also not represent the entire population across all age groups.

The major bias in this study arises from the presence of air pollution monitors in
households, which could have led to a Hawthorne effect. Individuals may have altered their
cooking patterns or behavior, introducing a potential source of bias in the measured

household air pollution levels.
4.6 Significance

Studies have shown that even small reductions in air pollutant levels can lead to substantial
decreases in mortality rates at the population level. Zhang et al. (2017) reported that a 10
ng/m? reduction in PM2sand PMzo decreased the daily mortality rate by 1.11% and 0.71%,
respectively (Zhang et al., 2017). Studies suggest that a moderate decrease of even two
mmHg in mean systolic blood pressure across populations can result in significant public
health savings by reducing cardiovascular mortality and morbidity (Young et al., 2019).
The minimal changes in blood pressure observed due to household air pollution exposure
may not have significant clinical relevance for individuals. However, considering the
widespread exposure to household air pollution, these minor effects can result in substantial

global health burdens.
4.7 Conclusion and Recommendations

This cross-sectional study indicates a higher mean PMz2s concentration level in solid fuel
users than clean fuel users. Furthermore, it highlights that exposure to solid fuel was
positively associated with higher mean systolic and diastolic blood pressure than clean fuel

exposure.
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These findings underscore the urgent need to address household air pollution to mitigate its
adverse effects on public health. Promoting the transition from solid fuels to clean fuel
usage should be a priority, as this transition could improve indoor air quality, reduce
exposures, and yield substantial health benefits for the population. Public health policies
that provide financial support or subsidies for purchasing and sustaining cleaner fuels could
facilitate this transition. Interventions to improve kitchen ventilation could also reduce

exposure to household air pollution and associated health risks.

Furthermore, longitudinal studies and interventional trials would be valuable in establishing
causal relationships between exposure to household air pollution and health outcomes and
evaluating the effectiveness of interventions in reducing household air pollution exposure

and its associated health impacts.
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ANNEXURE I
Achutha Menon Centre for Health Science Studies (AMCHSS)

Sree Chitra Tirunal Institute for Medical Sciences & Technology
(SCTIMST) Trivandrum- 11

Participant Information Sheet

I am Dr. G Vaishnavi, currently pursuing Master of Public Health (MPH) at Achutha Menon
Centre for Health Science Studies (AMCHSS), Sree Chitra Tirunal Institute for Medical
Sciences and Technology, Trivandrum, Kerala. I am doing a study on “Impact Of
Household Air Pollution Exposure On Blood Pressure And Fasting Blood Sugar In
Adults” as a part of my course work, under the guidance of Dr. Jeemon P, Additional
Professor of Epidemiology at AMCHSS.

You are being invited to participate in this research study. Before you decide whether or
not to participate in this study, it is important that you understand why the research is being
done and what it will involve. Please read / listen the information sheet and the consent
form carefully and feel free to ask for clarifications you may have.

Purpose of the study

The purpose of this study is to explore the association between exposure to household air
pollution arising from the use of various cooking fuels and its influence on blood pressure
and fasting blood sugar levels of adults within rural households.

Procedure

If you are willing to participate in the study, you will be asked to complete an interview
schedule which will include questions focussing on demographic information, household
characteristics, and general lifestyle habits. The interview will take approximately 20-25
minutes of your valuable time. Additionally, we will measure the level of PMas in the
kitchen, living area, and outdoor area by placing a particulate matter monitoring instrument
in these locations for a maximum duration of 12 hours. Along with this, kitchen and living
area dimensions will be taken. Waist circumference, blood pressure measurements and
fasting blood sugar readings will be taken as a part of the study.

Potential risks and discomforts

Participating in the study imposes no risk to your health. However, placing an instrument
inside your house to monitor PMas levels may cause temporary discomfort or
inconvenience. Please note that the instrument is non-invasive and designed solely for
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particulate matter monitoring. It does not have any other sensors to capture additional data.
Some discomfort might be felt while taking the blood sample.

Possible benefits

Your participation in the study will not give any direct benefit to you now other than
knowing the PMaz:s levels in your households, your blood pressure and fasting blood sugar
measurements. However, the results of the study will be helpful for understanding the
complex relationship between household air pollution, blood pressure and fasting blood
sugar.

Cost and financial benefit

There is no cost for participation in this study. Participation is completely voluntary and no
payment will be provided.

Confidentiality

Information obtained in this study will be kept strictly confidential. A participant
identification number will be assigned to each participant which will help to maintain the
strict confidentiality of the data collected. Your name will not be used in reporting
information in publications or reports.

Withdrawal from the study

Your participation in the study will be completely voluntary. You are free and have the right
to withdraw at any time during the study. There will be no penalty for withdrawal or not
participating in the study.

Contact information

If you have any research-related questions or you would like to verify my credentials, you
may contact me or member secretary of our institute’s ethics committee at the following
address:

Dr. G Vaishnavi Dr. Srinivas G

Principal Investigator Member Secretary

MPH 2022, AMCHSS, SCTIMST Institutional Ethics Committee
Contact Number: 7012674503 SCTIMST, TRIVANDRUM- 695011
Email: vaishnavi.girija96@gmail.com Office: 04712524689

Email: iec.mem.sec@sctimst.ac.in
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ANNEXURE II

Informed Consent Form

I confirm that I have read/ heard and understood the information regarding the study
“Impact of household air pollution exposure on blood pressure and fasting blood sugar
in adults” as provided in the participant information sheet. All of my questions concerning
this study have been answered and all the possible harms, discomforts, and benefits (if any)
of this study have been explained to me. I also understand that my identity and personal
information will be kept confidential. I understand that my participation is voluntary and
that [ am free to withdraw at any time, without giving a reason and without consequences.
By signing this form, I agree to participate in this study. A copy of this form has been given
to me.

Date:

Place:

Name of the participant Signature/Thumb impression
Principal Investigator Signature
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ANNEXURE I11

INTERVIEW SCHEDULE

Exclusion Criteria

SL.NO

YES

NO

1 Are you currently pregnant?

2 Are you currently taking medication for hypertension?

3 Are you currently taking medication for diabetes?

If the answer to any question is ‘YES’, then End of the survey

1. GENERAL INFORMATION

1.1 Household ID

1.2 | Participant ID

1.3 Date of interview

1.4 | Consent form has been read and signed Yes/ No
2. DEMOGRAPHIC INFORMATION
SL.NO QUESTION RESPONSE
2.1 Age completed in years ]|
2.2 Sex [ 1- Male
O 2- Female
O 3- Transgender
23 How many years of formal schooling have OO
you completed?
2.4 What is your occupation? O 1- Student
[ 2- Self-employed
I 3- Govt employee
] 4- Non-govt employee
I 5- Homemaker
O 6- Retired
[ 99- Unemployed
2.5 How long have you been living in this
household?
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3. HOUSEHOLD CHARACTERISTICSs

SL.NO QUESTION RESPONSE
3.1 Type of house [J 1- Kutcha
O 2- Semipucca
I 3- Pucca
3.2 How many members are there in this
household (including children)?
33 How many rooms does your household
have, excluding bathroom/toilet?
34 What is the main source of lighting in your | ] |- Electricity
household? O 2- Kerosene lamp
O 3- Other; specify
3.5 What is the type of ration card you have? O 1- White card

O 2- Yellow card

O 3 - Pink card

O 4 - Blue card

[ 99 - No ration card

4. HOUSEHOLD KITCHEN AND STOVE TYPES

SL.NO

QUESTION

RESPONSE

4.1

Type of kitchen

[J 1-In a room used for living or
sleeping (with partition)

U 2- In a room used for living or
sleeping (without partition)

[ 3- In a separate room used as a
kitchen

O 4- In a separate building used as
a kitchen

O 5- Outdoors / Open air kitchen
(If ‘5’ is selected, go to 4.1.1)

4.1.1

Is the stove located under any shed roof or
canopy?

O 1-Yes
O 2-No

4.2

What is the primary stove used in your
household for daily cooking purposes?
(Please select one)

L1 1- Open fire/ Three stone fire
O 2- Traditional mud cook stove
O 3- Improved cook stove

O 4- LPG cook stove

O 5- Kerosene stove

O 6- Electric or induction stove

[ 7- Others; specify

82




4.3 In addition to the primary stove mentioned, | [J 1- Open fire/ Three stone fire
do you use any secgndary stoves in your O 2- Traditional mud cook stove
housghpld for specific cc_)oklng negds s1_lch O 3- Improved cook stove
as boiling water or cooking parboiled rice? O 4- LPG cook st
(Please select all that apply) ) Ccook stove

[ 5- Kerosene stove

O 6- Electric or induction stove
I 7- Others; specify

1 8- None

4.4 Are the primary and secondary stoves in the | [J 1- Yes
same kitchen? O 2- No

5. HOUSEHOLD COOKING FUEL

SL.NO QUESTION RESPONSE
5.1 Cooking Exposure time
5.1.1 | How long have/had you been cooking? years
5.1.2 | On an average day, how much time do/did
you spend in the kitchen:
a) Weekday hours
b) Weekend hours
5.2 Primary Cooking Fuel
5.2.1 | What is the primary cooking fuel used in I 1- Solid fuels (wood/ coconut
your household for daily cooking purposes? | husk/crop residues/coal/charcoal)
(Please select one) O 2- LPG
O 3- Electricity
O 4- Biogas
O 5- Kerosene
[ 6- Others; specify
5.2.2 | How long has your household been using years
this primary cooking fuel?
5.2.3 | On average, how many hours per day is the hours
primary cooking fuel used?
5.2.4 | What are the main reasons for using this O 1- Availability
primary cooking fuel? O 2- Affordability
(Select all that apply) [ 3- Takes less time to cook
J 4- Convenience
[ 5- Fuel produces less smoke
[ 6- Traditional, cultural, or taste
preferences
1 7- Others; specify
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53 Secondary Cooking Fuel
5.3.1 | In addition to the primary cooking fuel O 1- Solid fuels (wood/ coconut
mentioned, do you use any secondary husk/crop residues/coal/charcoal)
cooking fuel in your household for specific | 7 2_ LpG
coolqng needs.such.as boiling water or O 3- Electricity
cooking parboiled rice? O 4. Bi
(Please select all that apply) - B1ogas
O 5- Kerosene
O 6- Others; specify
I 7- None
(If ‘7’ is selected, skip to 5.4)
5.3.2 | How long has your household been using years
this secondary cooking fuel?
5.3.3 | On average, how many hours per day is the hours
secondary cooking fuel used?
5.3.4 | What are the main reasons for using this O 1- Availability
secondary cooking fuel? O 2- Affordability
(Please select all that apply) [0 3- Takes less time to cook
O 4- Convenience
O 5- Fuel produces less smoke
[ 6- Traditional, cultural, or taste
preferences
O 7- Others
54 Has your household ever changed its O 1- Yes
primary fuel usage pattern? O 2- No
(If 2’ is selected, skip to 6.1)
5.4.1 | Specify the previous and current cooking (Previous fuel)
fuel to which you have changed. (Current fuel)
5.4.2 | What were the reasons for changing the fuel
usage pattern?
6. KITCHEN /COOKING AREA CHARACTERISTICS
SL.NO QUESTION RESPONSE
6.1 Do you open the windows while cooking? O 1- Yes
[J12- No
6.2 Do you open the doors while cooking? O 1- Yes
[J2-No
6.3 Do you use an exhaust fan while cooking? O 1- Yes
J2-No

[ 3- Sometimes
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7. LIVING AREA CHARACTERISTICS

SL.NO QUESTION RESPONSE
7.1 Does anyone smoke in your household? O 1- Yes
O 2-No
O 3- Refuse to reply
(If ‘2’ or ‘3’ is selected, skip to 7.3)
7.1.1 Where do you and/or other family members | [] 1- Inside the house
(if any) primarily smoke? O 2- Outside the house
I 3- Both inside and outside the
house
[ 4- Other
L1 5- Refuse to reply
7.2 Do you burn incense sticks in your house? I 1- Yes
1 2- No
(If 2’ is selected, skip to 7.4)
7.2.1 | How many incense sticks do you burn per
day?
7.3 Do you burn mosquito coils in your house? | [J 1- Yes
1 2- No
(If 2’ is selected, skip to 8.1)
7.3.1 | How many mosquito coils do you burn per
day?
7.4 Do you engage in open burning within a 0 1- Yes
distance of 10 meters from your house at [ 2- No
least once a week?
8. QUESTIONS ON RISK FACTORS
SL.NO QUESTION RESPONSE
8.1 Have you ever been diagnosed with any of | [ 1- Diabetes
the conditions given? [ 2- Hypertension
O 3- Any heart diseases
O 4- Any respiratory disorders
0 5- Any chronic kidney disorders
[ 6- None
U1 7- Others, specify
8.2 Do you take regular medication for any of | [J - Yes
the previously given conditions? O 2- No
8.3 Have you used any tobacco products in the | [J 1- Yes
past 30 days? [ 2- No
U] 3- Refuse to reply
8.4 Have you used any smokeless tobacco O 1- Yes
products such as snuff, chewing tobacco, [ 2- No
betel, quid)? U] 3- Refuse to reply
8.5 Have you consumed any alcoholic O 1- Yes
beverages in the past 12 months? ] 2- No

U] 3- Refuse to reply
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8.6 Do you perform regular physical activity O 1- Yes
like walking or jogging, fitness, or 0 2- No
recreational (leisure) activities
continuously for at least 30 minutes, 5 days
a week, or cumulatively 150 mins of PA/
week?
8.7 How much time do you usually spend mins
sitting or reclining (such as watching TV,
reading, using electronic gadgets like
mobile phones, and laptops) on a typical
day?
8.8 In a typical week, how many days do you days
eat fruit? (If ‘0’ is entered, skip to 8.9)
8.8.1 How many servings of fruit do you eat on servings
one of those days?
8.9 In a typical week, how many days do you days
eat vegetables? (If “0’ is entered, skip to 8.10)
8.9.1 How many servings of vegetables do you servings
eat on one of those days?
8.10 How often do you add salt or salty sauce to | [] 1- Always
your food right before you eat it or as you [ 2- Often
are taking it? [ 3- Sometimes
(Please select one)
O 4- Rarely
0 5- Never
0 6- Don’t know
8.11 Do you have trouble sleeping? O 1- Falling asleep
[J 2- Staying asleep
] 3- Both
] 4- Sound sleep
8.12 How many hours of sleep do you get every hours

day at night?
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OBSERVATIONS AND MEASUREMENTS

SL.NO QUESTION RESPONSE
1.1 Number of windows in kitchen |  cemeeemn
1.2 Kitchen/cooking area dimension (in feet) O 1- Length:

[ 2- Width:
[ 3- Height:
1.3 Type of ventilation present in the kitchen O 1- Chimney
(Please select all that apply) [ 2- Exhaust fan
I 3- Open windows
1 4- Roof vents
J 5- No ventilation
O 6- Others, specify
1.4 Is there cross ventilation in kitchen? O 1- Yes
1 2- No
1.5 Rate the ventilation of the kitchen. O 1- Poor
[0 2- Moderate
[ 3- Good
1.6 Living area dimension O 1- Length:
(in feet) O 2- Width:
[ 3- Height:
1.7 Number of windows in the living area
1.8 Rate the ventilation of the living area. O 1- Poor
[J 2- Moderate
[ 3- Good
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ANTHROPOMETRIC AND CLINICAL MEASUREMENTS

SL.NO

MEASUREMENTS

READINGS

1.1

Waist circumference

cm

1.2

Fasting plasma glucose

mg/dl

1.3

Blood pressure (Evening)

Systolic (mm Hg)

Diastolic (mm Hg)

Reading 1

Reading 2

Reading 3

1.4

Blood pressure (Morning)

Systolic (mm Hg)

Diastolic (mm Hg)

Reading 1

Reading 2

Reading 3
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AIR SAMPLING DATASHEET

Date of sample taken
(DD/MM/YY)

Location Kitchen Living area Outdoor

Instrument ID

Sample start time
(hh:min)

Sample end time
(hh:min)

Total sample time
(mins)

Average PM: 5
(ug/m?)

Average PM
(ug/m?)

Average AQI
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ANNEXURE 1V

@213} GACMINE HTVMO@ CaNI@ N @O
V@B ALl (AMCHSS)

(1?2l (@ @ 1EYIMIUB MMBAVIONNS CaNIB AL DB
M@ BNV @RYNBNU) OSHE>EMIBL] (SCTIMST)
@ 1)UMODal)Po- 11

Nl a9

e cWwI. =21 eeuayn o, Melnlod s 16)el
@ 1UMMMaREOO® (W l2l(@ @ 1e3Moud OMBAYINNNS GaNM
6O HO O3 OBV @R)BUJ 6SHCMIs 1oL
@Rl TEACMIM BTVMNNG GaNd@ HAN@IO VBN QVAMI@3
DOV@  &%a0  al1d  6)aN@3OD  (af)oailaf)a)) alOlHeM).
afafoMag)2dafMagmilerl  afaflouwnlcwoss] @ laem s
®)(l2a0MV@ GW9I. 2163 alfl WHS MOBNMIBERUIIAIHI00 af)MEN
CIP M) UBHN MO BINAIWISI6N BN D AlOMo MSDMIM).

DD (NGUAHEAM alOMDT T3 Al6)HS}HNINE M16BREIS LU 1HM).
enm AlOM @O0 (@3 lOEHS)HHEMBMDD GOUENBEWI o))
@1 @@0M 1eeM@ 1) M, )oY 1No6N) NGUaHEMO
MSOTMEDIMIo @M@ )TN OUHAISIMEMMMo M16BRU3
DMMYILIIBHHENZD (alWOMMIEM. BRAUIW] AN H1Qlo VI
GaNOM)o (UBRLIAIB Yo U BB / BBUBHEE:.END alOMOADIW]
ENIMWORS aBO G2ldB5M0 MIB:UBHE) GaldB1HHINNMDI6N).

alOGMIGRURS0

NGB UOIDRIIMNIdh6Mo MLlo, (AlGMd:x1af} ANW aldalds
DMWMEBRRAS  OalGRINOMIG3 MIMM  O@MINIEION  (NEY
B6M B3 QBOVINBROM L0 OaAlCUITV B0 16)Ll
l@IMOOWYAS @OSN1RN0 6)1alRROEM  MUIOWIMEOMHNO 12}
DMOVIRIIBNHHO@MIENT  OD  alOMoOHIMNE)  OGRUD 1HIMM).
alOOMo@ 1SWnel  (NIBT6eM  HS06NI068BU3HE 1S 1RI06M &Y
alOMo MSEHN M.
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MSalSl (o

oM@ 13 lO&HS)H6003 M1663U3 MQINIE)6MS: 1(T3,
OGRS  AlU6EBRWE,  1IBaH  TVACURAHD U3,
6)ald@UOQ 21066 e )M DUEe]SIOM B0} @E 1m)6l
6)aH U3 al)BOT0) 1 QIHHI3 M6BREs0S
@DNUUDL6)]SY0.@0E 1DEUTTDY 1M M16BRBAS nflelcnlw
MAQO MO aBBHEBUd0 20-25 BN QUD af)SYHE0. BSIED),
AUO@AMeN0  REMMILIUIP0  GBRBHNMM  Oaldh@6Mo6)dhI6N3)
@S)008, AlNlol) @@, BVSEWIAB aBO1Q agMINSERs 13
al@@IUW] 12 @M NHMNA OOBERILTM @3 aMEBRU3 allag)o 2.5 MO
@R8N  @OBH0.LHBMINSIejo  @RS)HO8, ellafles Al
agMlnisenss1cel 21O8BNHE0 a()S)B MO 1@ 166)]0.
@ROHNS 1NN 2NOSN, B MINBE GRBNYEUS, OalUINV PHD)
aHIN@B Ol oURHUB af)M IO AlOM@D 1MEN BINAIW af)SYHN0.

Gl SMIIWI 0@ Yo @rTVIMINMOYH 8o

AlOMOM T3 alOTHSIHNMD® M 1EBBREIOS  @YBRINIO M 60}
@oaldHSNo  AU@ooRMIal. aMMI)Moelo,  allaflo 25
MR 1H 160008 MeBBe)es  AISIMss1od &80)  9ald06mMo
N2 HMNMD @ITIHNLINH  @DAVIMIOMECWI @RIV DH0ICAI
O6N30H6) |G HE 0. aldh6Mo @) (B DEMICNBHANEIMY0
Ao lMmen  uemmleiuoo  ME1SHeMO® MO @Md(@o
DalBH@3M Qal@IeEMMMo  (EUIHMEH. U0 1Men
MEMM12ININEALI0OMm NCQM (WIQ GUIRLD 1HHINBEH:-TINBS B0}
6XVBNOY0 DD DaldhdEMMINY 12112108 MVIMI1UE af)S}HeEMIOU3
aflel @oOVIMNMEB:03 @RMIEAUBSHI0.

GMS6BRUB

DY alOMOMIO  alOEB:SYBNMOMLI0  0GOU3  M16BRUBHE)
GMO BB (AIGWIZMEDIMM)o LIGTHNMIILL alGHH MI1ERBINS
AISlerl pPM2.5 MO @SN, MEBBREINS OB TVINGG0, OalUIN
QAMHNOIMON @8 oMl @PO1QIUIM VI 1HN0.
Q)M 1@IMoLo, NI@aN1d UOW) MR/ lMld:m6Mo, EBMMVANM@R0,
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ANNEXURE VII

sft R foreamrer amgfdsma sk whenfiraht wvem, Brass
frea=rqwy - £q4oq9, Fver, ¥

SREE CHITRA TIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND TECHNOLOGY, TRIVANDRUM

Thiruvananthapuram - 695 011, Kerala, India
(An Institute of National Importance under Gowt. of India)

Grams : Chitramet, Phone : +91-471-2443152, Fax : +91-471-2550728 / 2446433, E-mail . sct@sctimst.ac.in, Website : www.sctimst.ac.in

Institutional Ethics Committee

CDSCO Registration No: ECR/189/InsUKL/2013/RR-21
DHR Registration No:EC/NEW/INST/2022/2775

SCT/IEC/2160/DECEMBER/2023 11012024

Dr. G. Vaishnavi
MPH Student, AMCHSS
SCTIMST, Thiruvananathapuram

Dear Dr. Vaishnavi,
The Institutional Ethics Committee held on 30" December, 2023, reviewed and discussed your

application to conduct the study titled “IMPACT OF HOUSEHOLD AIR POLLUTION EXPOSURE
ON, BLOOD PRESSURE AND FASTING BLOOD SUGAR IN ADULTS (IEC /2160)"

Principal Investig: Dr. G Vaishnavi . MPH Student. AMCHSS. SCTIMST ___
Co-Principal | gator(s) Dr. Jeemon P. Additional Professor, AMCHSS, SCTIMST_ -
Duration of the study 6 months

The following members of the Ethics Committee were present at the meeting held on 30"

December, 2023
SL. | Member Name Highest Degree Gender | Scientific Affiliation
No. /Non with
| . Scientific Institution(s)
1 Smt. Sathi Nair MA (English Literature) | Female | Lay Person No
2 Dr. Kala Kesavan P MBBS MD Female | Basic Medical No
o Scientist
3. | Adv. Priya Kaimal LLM, MBL | Female | Legal Expert No
4. Dr. P. Manickam BSMS, MSc Male Health
(Epid).,PhD | Science
‘ Expert Social
| Scientst | B
5. Dr. Christina George MD Psychiatry | Female | Clinician No
6. | Dr. Narayanan Namboodiri. KK | MBBS,MD,.DM [ "Male | Ciinician Yes
7. | Dr. Biju Soman MBBS,MD, DPH, MSc, | Male | Basic Medical Yes
DLSHTM | | Scientist
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SCT/EC/2160/DECEMBER-2023
The following documents were reviewed:

Qriginal submission
1. Checklist Form
2 Covering letter addressed lo the Chairman, IEC, SCTIMST dalod 30 11 2023
3 Responses Zamendments made based on the Reviewer's comments
4 |EC Application Form
8 Declaration Form
6 Research Proposal
7. Participant Information Sheet in English and Malayalam
8 Informed Consent Form in English and Malayalam
9. Interview Schedule in English and Malayalam

10. CV of Principal Investigator and Co-Pl
11. SRC Recommendation Letter
Revised submission
Checklist Form
Covering letter addressed to the Chairman, IEC, SCTIMST dated 10.01.2024
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IEC Decision
The |IEC approved the conduct of the study in the present form.

Remarks:

The Institutional Ethics Committee expects to be informed about the progress of the study
any SAE occurring in the course of the study, any changes in the protocol and patient
information/informed consent and asks to be provided a copy of the final report

There was no member of the study team / Guide who participated in voting / decision making
process. The ethics committee is organized and operated according to the requirements of

Good Clinical Practice and the requirements of the Indian Council of Medical Research
(ICMR).

Member Secretary, IEC

MEMBER SECRETARY
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