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Abstract

Traditional biomass stove indoor air pollution continues to be a serious public health concern, especially in low- and middle-
income nations where cooking exposes women the most. Long-term smoke and particulate matter intake have been connected
to respiratory symptoms such wheezing, shortness of breath, and persistent cough, which increases morbidity in women. As a
greener option, improved cooking stoves (ICS) have been developed with the goal of lowering emissions and increasing fuel
economy. However, little is known about how usage factors, such as frequency of use affect respiratory related symptoms. The
purpose of this study was to examine the Influence of ICS usage characteristics on incidences of respiratory related symptoms
among women in Nakuru Town East suburbs. The study utilized mixed-method research design. Data collection tools included
questionnaires for households and semi structured interview guides for FGDs and Klls. 315 female heads of households were
sampled and completed the questionnaire. Quantitative data was analyzed using descriptive statistics and logistic regression.
Qualitative data was content analyzed. Findings indicates that 74.9% had used ICS on the day the research was conducted, while
25.1% did not use it that day. Eighty-three-point four percent of owners used an ICS prior to their current one, and 16.6% (52)
did not. On Daily usage patterns, 51.1% were using ICS for all meals, 25.7% for two meals, 13.7% for dinner only, 4.4% for
lunch only or other meals, and 0.6% for breakfast only. Further findings also showed that, Women who had not used an ICS
prior to their current one was 1.66 times more likely to report a cough, though the result remains marginally insignificant (p =
0.106). Findings of the study suggest that experience with ICS use over time may lower respiratory symptoms, possibly due to
increased familiarity and effective use.
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1. Introduction and Background

Indoor air pollution (IAP) arising from the continued use of ~ development, and gender equality, nearly one-third of the
traditional biomass remains one of the most pressing global world's population still relies on polluting fuels and inefficient
public health challenges. Although access to modern energy  stoves for their domestic needs [19]. The consequence is per-
services is recognized as a foundational requirement for health,
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sistent household air pollution (HAP), which contributes sig-
nificantly to the global burden of respiratory morbidity and
mortality, especially among women, children, and marginal-
ized populations who experience prolonged exposure in
poorly ventilated settings [18].

The use of traditional cooking stoves characterized by incom-
plete combustion, low thermal efficiency, and high emissions
continues to place millions at risk of acute and chronic respiratory
illnesses. It leads to high concentrations of particulate matter, car-
bon monoxide, nitrogen oxides, and a range of harmful organic
compounds. These pollutants exceed international indoor air
quality thresholds, with peak concentrations of particulate matter
in biomass-using households sometimes surpassing outdoor pol-
lution spikes during major urban smog events [19]. Global anal-
yses indicate that the main respiratory symptoms associated with
poor indoor air quality resulting from the lack of improved cook-
ing stoves as acute lower respiratory infections, persistent cough,
wheezing, phlegm production, breathlessness, and increased sus-
ceptibility to pneumonia. Acute lower respiratory infections, par-
ticularly pneumonia, remain the leading cause of death among
children under five years worldwide, and household air pollution
is responsible for nearly half of these fatalities [18]. Adults ex-
posed to prolonged biomass smoke also experience frequent epi-
sodes of cough, chest tightness, shortness of breath, and compro-
mised lung function. These symptoms reflect both acute irritation
of the respiratory tract and chronic inflammation associated with
repeated exposure to smoke [11].

Chronic obstructive pulmonary disease (COPD) is one of
the most significant long-term consequences of prolonged ex-
posure to biomass smoke. Evidence demonstrates that women
who cook with solid fuels for many years develop COPD at
rates comparable to long-term tobacco smokers, even in the
absence of smoking behavior [4]. The chronic exposure re-
sults in airway remodeling, persistent airflow limitation, and
frequent exacerbations manifested as chronic cough and
breathlessness. Furthermore, studies show that the risk of lung
cancer is significantly elevated among individuals exposed to
coal-based cooking fuels due to carcinogenic compounds
emitted during combustion such as benzopyrene and other
polycyclic aromatic hydrocarbons present in coal smoke [10].

Asthma and wheezing disorders are also widely docu-
mented among individuals in households using traditional
stoves. Children are particularly vulnerable due to their higher
inhalation rates per body weight and immature immune sys-
tems. Exposure to nitrogen dioxide and particulate matter
from both biomass and kerosene stoves has been linked to in-
creased asthma incidence and severity, with repeated exposure
contributing to airway hyper-responsiveness and reduced lung
growth [15]. Additionally, eye irritation, nasal congestion,
headaches, and throat discomfort are common symptoms
among individuals regularly exposed to indoor smoke, and alt-
hough sometimes viewed as minor, they represent cumulative
harm and contribute to reduced quality of life.

Traditional cooking stoves emit a complex mixture of pol-
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lutants, the most significant of which include particulate mat-
ter, carbon monoxide, nitrogen dioxide, sulfur dioxide, vola-
tile organic compounds, polycyclic aromatic hydrocarbons,
and heavy metals. Among these, fine particulate matter is con-
sidered the most harmful due to its ability to penetrate deep
into the alveolar region of the lungs and enter systemic circu-
lation [10]. PM2.s levels in biomass-using households rou-
tinely exceed WHO recommended limits by over 100 times
during cooking periods, particularly in poorly ventilated
dwellings. Carbon monoxide exposure reduces oxygen-carry-
ing capacity in the blood, causing dizziness, fatigue, head-
aches, and in severe cases, loss of consciousness and death.
Women and infants in households with long cooking sessions
are at highest risk of its poisoning due to cumulative exposure
over several hours per day [6]. Nitrogen dioxide, predomi-
nantly emitted from kerosene and gas stoves, has been linked
to asthma exacerbations, airway inflammation, and reduced
lung function among children [15].

Across Sub-Saharan Africa (SSA), the burden of respira-
tory symptoms associated with poor indoor air quality contin-
ues to be profound, particularly in households that rely on tra-
ditional biomass fuels for daily cooking. The region records
some of the highest rates of household air pollution (HAP)
globally because an estimated 82 percent of households still
use polluting solid fuels such as firewood, charcoal, agricul-
tural residues, and animal dung [2]. This level of dependence
exposes millions of families to concentrated levels of particu-
late matter and carbon monoxide, creating household environ-
ments that are often far more hazardous than outdoor settings.
The World Health Organization (WHO) has consistently
noted that SSA countries account for a disproportionate share
of morbidity and mortality from HAP-related respiratory
symptoms compared to other developing regions [20].

It is estimated 8.5 to 9.5 million Kenyan households are
chronically exposed to household air pollution from tradi-
tional stoves. Symptom-based studies corroborate this scale: a
detailed survey in Trans Nzoia County found that 96.8 percent
of households used wood fuel and more than 90 percent of
women and 95 percent of young children experienced persis-
tent cough within the preceding year, along with high levels
of wheezing, sputum production, eye irritation, and breathing
difficulties [5]. Further evidence from the Ministry of En-
ergy’s indoor air quality study in Sagalla (Taita Taveta) and
Namanga (Kajiado) documented that before the adoption of
improved cooking stoves, coughing and breathing difficulties
were highly prevalent among household members, particu-
larly women and children. Even after dissemination of im-
proved cooking stoves, a substantial proportion of households
recorded indoor carbon monoxide and particulate matter con-
centrations exceeding WHO guidelines, indicating the persis-
tent nature of indoor air quality challenges despite technolog-
ical improvements [7].

Kenyan women bear the greatest burden of exposure to in-
door air pollution in the country due to gendered divisions of
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labor. Cooking remains overwhelmingly a female responsibil-
ity, often taking place in poorly ventilated spaces, particularly
in rural and peri-urban settlements [5]. Consequently, women
experience longer daily exposure to harmful pollutants, in-
creasing their risk for acute and chronic respiratory illnesses.
The aforementioned Trans Nzoia study found that 92 percent
of women had experienced coughing within the previous 12
months and more than 60 percent reported sputum production;
nearly one-third reported wheezing associated with poor ven-
tilation and indoor wood burning [5]. National-level estimates
based on Global Burden of Disease data similarly show that
Kenyan women account for a disproportionate share of annual
deaths and lost healthy life years attributable to household air
pollution [18]. The objective of the study was to analyze the
influence of ICS usage characteristics on incidences of respir-
atory related symptoms among women adopters of ICS in Na-
kuru Town East suburbs.

2. Empirical Review

The duration and frequency of exposure to cooking smoke
have emerged as important determinants of respiratory health,
particularly among vulnerable groups such as women and
young children. While the introduction of improved cooking
stoves (ICS) is generally seen as a step forward in reducing
household air pollution, the length and consistency of their use
can significantly influence their actual health impact. A hum-
ber of studies from different geographical contexts have ex-
plored this dynamic, although findings have not always been
consistent. [1] carried out a study in rural central India focus-
ing on children under six months old. The research found a
clear association between frequent use of biomass stoves and
an increased incidence of acute lower respiratory infections
(ALRI) among infants. Children exposed to biomass smoke
had significantly higher rates of ALRI (33.7%) compared to
those in households using improved cooking stoves, where no
ALRI episodes were recorded (21.8%; p<0.001). While the
study's age group was limited to infants under six months—
thus narrower than the under-five population targeted in the
proposed study—it nonetheless illustrates how repeated expo-
sure to cooking smoke can sharply elevate respiratory risks
even in very young children.

In Nepal, [3] examined daily stove usage in terms of hours
spent cooking and its correlation with respiratory illness.
Their findings showed that the longer a stove was used each
day—particularly traditional biomass models—the higher the
risk of ALRI among children. This study reinforced the con-
clusion that not just the type of fuel, but the intensity and du-
ration of exposure, play a crucial role in shaping respiratory
health outcomes. [16] Explored cooking practices in Sierra
Leone. The found that the amount of time spent in kitchens
using wood stoves was positively associated with respiratory
infections among both women and children. Interestingly, this
association was less clear in homes using charcoal stoves. The
adjusted odds of acute respiratory infection rose significantly
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with prolonged exposure in wood stove settings (OR = 2.03;
95% CI: 1.31-3.13). However, this study did not specifically
consider access to or adoption of improved cooking stoves,
which is a central focus of the proposed research.

Sharma, S., et al. [14] conducted a study in Rasuwa, Nepal.
They highlighted that extended use of traditional cooking
stoves was significantly linked to ALRI among children under
five (p = 0.040). Although the findings align with global liter-
ature, differences in the policy context between Nepal and
Kenya warrant careful interpretation, especially regarding ICS
adoption programs and cooking culture. [8] Assessed the cu-
mulative exposure to biomass smoke—measured in hour-
years—and its health effects on rural women in southern India.
Findings were that even in households that had access to both
LPG and biomass stoves, increased biomass usage was linked
to higher self-reported respiratory symptoms (p < 0.001). This
phenomenon of “fuel stacking” (simultaneous use of multiple
stove types) reduces the effectiveness of cleaner fuels and re-
mains a significant challenge to realizing health gains from
ICS adoption. Although the study focused on adult women,
the exposure patterns it describes are highly relevant to chil-
dren living in the same households. [12] Investigated indoor
air pollution and children's respiratory symptoms in a semi-
urban setting in Sri Lanka. Their study found that households
using biomass fuels recorded significantly higher concentra-
tions of PM2.5 (p < 0.001) and carbon monoxide (p = 0.002)
than those using electricity or LPG. Moreover, there was a sta-
tistically significant correlation between elevated pollutant
levels and the incidence of lower respiratory tract infections
in children (p < 0.001 for PM2.5; p = 0.028 for CO2). The
study concluded that the frequency of biomass stove use
played a direct role in increasing household air pollution and,
in turn, respiratory illness rates.

Taken together, these studies underscore an important nu-
ance in the relationship between cooking stove type and health:
it is not just what you cook with, but how often and for how
long that truly matters. Prolonged exposure, even to moderate
levels of indoor air pollutants, accumulates risk—especially
for children whose respiratory systems are still developing.

3. Study Methods

This research employed a cross-sectional, concurrent trian-
gulation mixed-methods design focusing on 219,200 house-
holds in Nakuru Town East, selecting a sample of 315 house-
holds using improved cooking stoves. The study also incorpo-
rated 11 interviews with key informants and two focus group
discussions. Quantitative data collected through question-
naires were analyzed using SPSS (version 25), while qualita-
tive data from semi-structured interviews were processed
through NVivo (version 12) utilizing thematic analysis. Ap-
proval from the relevant ethical bodies was obtained, ensuring
the confidentiality of participant data and anonymity. The re-
sults presented here are part of a broader study entitled "Influ-
ence of Improved Cooking Stoves, Biomass Solid Fuel Usage
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on Respiratory Related Symptoms Among Women in Nakuru
East Suburbs, Kenya."

4. Results and Discussion

Household ICS use characteristics

Findings on from quantitative surveys with 400 women on
use patterns of ICS amongst households are summarized in
Table 1. These results provide insights into the prevalence fre-
quency and duration of use.

Table 1. Descriptive statistics of household ICS use characteristics (N = 315).

Variable Category
ICS use today Yes

No
ICS use prior to current one Yes

No

Duration of using ICS (in years
ICS use in a typical day Breakfast only
Lunch only
Dinner only
Two meals
All the meals

Other meals

Source: Author (2025)

Table 1 shows the results of ICS use characteristics in
households surveyed. Daily ICS use was reported by 74.9%
(236 of 315 owners), while 25.1% (79) did not use it that day.
Eighty-three-point four percent (262) of owners used an ICS
prior to their current one, and 16.6% (52) did not. The mean
duration of ICS use was eight years (median = 7.0, mode =
5.0), reflecting long-term adoption. Daily usage patterns

F (%) (Mean)

236 (74.9%)
79 (25.1%)
262 (83.4%)
52 (16.6%)
Mean = 8; Median=7.0; Mode=5.0)
2 (0.6%)

14 (4.4%)
43 (13.7%)
81 (25.7%)
161 (51.1%)
14 (4.4%)

showed 51.1% (161) using ICS for all meals, 25.7% (81) for
two meals, 13.7% (43) for dinner only, 4.4% (14) for lunch
only or other meals, and 0.6% (2) for breakfast only. These
findings are in agreement with results of [9] whose findings
indicated that majority of the households had an average of
5.8 £4.6 cooking hrs./wk.

Table 2. Cross Tabulation of ICS use Characteristics and Self-Reported Incidences of Cough With/Without Phlegm Amongst participants

sampled.

Variable Category
Yes

ICS Use today
No
Yes

ICS use prior to current one
No

Breakfast only

Lunch onl

ICS use in a typical day unch onty
Dinner only

Two meals

54

YES F (%) NO F (%)
148 (72.5%) 88 (79.3%)
56 (27.5%) 23 (20.7%)
176 (86.3%) 87 (78.4%)
28 (13.7%) 24 (21.6%)
1 (0.5%) 1 (0.9%)

9 (4.4%) 5 (4.5%)

26 (12.7%)
57 (27.9%)

17 (15.3%)
24 (21.6%)
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Variable Category

All the meals

Other meals

Source: Author (2025)

Table 2 presents a cross-tabulation analysis assessing the
association between access to ICS and the self-reported inci-
dence of Cough With/Without Phlegm among women in the
three months preceding the survey.

Prior use of ICS before the current one was reported by 86.3%
(176) of the women with cough symptoms and 78.4% (87)
without symptoms. This suggests that women with longer ex-
perience using ICS were still susceptible, potentially due to
cumulative exposure or partial use, highlighting that duration
alone may not fully eliminate health risks unless accompanied
by consistent and appropriate usage. The final variable con-
siders ICS use per day by meal type. Among those reporting a
cough, half (50%) used ICS for all meals, followed by 27.9%
using it for two meals, and 12.7% for dinner only. Among
women without the cough, 53.2% used ICS for all meals,
slightly higher than symptomatic users. These findings imply

YES F (%) NO F (%)
102 (50%) 59 (53.2%)
9 (4.4%) 5 (4.5%)

that more extensive daily ICS use correlates with fewer res-
piratory symptoms, reinforcing the importance of replacing
traditional stoves for all cooking sessions, not just some. In
Nepal, [3] reported similar findings where the results showed
that the longer a stove was used each day—particularly tradi-
tional biomass models—the higher the risk of ALRI among
children. The study by [9] showed that an additional hour per
week spent cooking food with traditional cooking stoves was
associated with cough (OR =1.10, 95%CI 1.01-1.19) and that
there was an association between one additional stir-fry dish
in a week with an increased risk of cough (OR = 1.04, 95%ClI
1.03-1.16). Although the findings were more specific on
methods of cooking unlike in this study, the results demon-
strated that more extensive daily ICS use correlates with fewer
coughs. This study reinforced the conclusion that not just the
type of fuel, but the intensity and duration of exposure, play a
crucial role in shaping respiratory health outcomes.

Table 3. Cross Tabulation Table on ICS use Characteristics and Self-Reported Incidences of Wheezing Amongst participants sampled.

Variable Category
Yes
ICS Use today
No
Yes
ICS use prior to current one
No

Breakfast only
Lunch only

ICS use in a typical day Dinner only

Two meals

All the meals
Other meals

Source: Author (2025)

Table 3 presents a cross-tabulation analysis assessing the
association between ICS use and the self-reported incidence
of wheezing among women in the three months preceding the
survey.

The pattern of ICS usage on the survey day reveals a
slightly higher use among women without wheezing (71.7%)
compared to those with the symptom (79.4%). Interestingly, a
greater percentage of women who did not use ICS that day

55

YES F (%) NO F (%)
104 (79.4%) 132 (71.7%)
27 (20.6%) 52 (28.3%)
112 (85.5%) 151 (82.1%)
19 (14.5%) 33 (17.9%)
0 (0%) 2 (1.1%)

5 (3.8%) 9 (4.9%)

20 (15.3%) 23 (12.5%)
41 (31.3%) 40 (21.7%)
61 (46.6%) 100 (54.3%)

4 (3.1%) 10 (5.4%)

reported wheezing (20.6%) than those who did not wheeze
(28.3%), suggesting that daily usage of ICS plays a role in re-
ducing exposure to pollutants that contribute to wheezing,
though the association appears modest.

Historical usage—prior to the current ICS—was also ana-
lyzed. Among women with wheezing, 85.5% (112) had previ-
ously used ICS, compared to 82.1% (151) of those without the
symptom. These figures are relatively close, indicating that
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past exposure may not be as significant as present-day usage
patterns and stove condition when it comes to symptom prev-
alence. The final section looks at ICS use by meal frequency
in a typical day, offering more granular insight into stove reli-
ance. Among wheezing respondents, the largest proportion—
46.6% (61)—used ICS for all meals, while 31.3% (41) used it
for two meals and 15.3% (20) for dinner only. For those with-
out wheezing, 54.3% (100) used ICS for all meals, with fewer
relying on it for only two meals (21.7%) or dinner only
(12.5%). This comparison indicates a clear trend: increased
frequency of ICS use correlates with reduced wheezing, with

the lowest symptom prevalence among those using ICS for all
meals. The results are in agreement with some of the previous
studies. In a randomized controlled trial in rural Rwanda
(n=1001 adults, mostly women) ICS users had lower respira-
tory symptom prevalence after three years, including trends
toward reduced wheezing (2.7% vs. 5.4% in traditional cooks,
p=0.361), alongside significant drops in cough and mucus [9].
The findings of this study therefore, reinforced the conclusion
that not just the type of fuel, but the intensity and duration of
exposure, play a crucial role in shaping respiratory health out-
comes.

Table 4. Cross Tabulation of ICS use Characteristics and Self-Reported Incidences of Difficulties in Breathing Amongst Women Sampled.

Variable Category
Yes
ICS Use today
No
Yes
ICS use prior to current one
No

Breakfast only
Lunch only

Dinner only
ICS use in a typical day
Two meals

All the meals

Other meals

Source: Author (2025)

Table 4 provides a cross-tabulation analysis exploring the re-
lationship between women's use of ICS and the incidence of dif-
ficulties in breathing—a key respiratory symptom linked to ex-
posure to indoor air pollution. The analysis is based on self-re-
ported data collected over the three months prior to the survey.

Current use of ICS on the survey day was reported by 77.6%
(97) of women who experienced breathing difficulties, and
73.2% (139) of those who did not. The remaining 22.4% and
26.8% respectively did not use the ICS that day. This shows a
slightly higher proportion of non-users among those without
symptoms, suggesting that occasional use on its own may not
be a strong determinant in preventing breathing problems un-
less accompanied by sustained, daily usage.

Regarding prior use of ICS before the current stove, 78.4%
(98) of those reporting breathing difficulties had past experi-
ence using ICS, compared to 86.8% (165) among those with-
out symptoms. This suggests that a longer history of ICS use
may contribute to reduced respiratory symptoms, though the
link is not strongly pronounced and likely influenced by other
factors such as frequency and conditions of use. The final sec-
tion of the table focuses on ICS use per day by meal frequency.

56

YES F (%) NO F (%)

97 (77.6%) 139 (73.2%)

28 (22.4%) 51 (26.8%)
98 (78.4%) 165 (86.8%)
27 (21.6%) 25 (13.2%)
2 (1.6%) 0 (0%)

8 (6.4%) 6 (3.2%)

20 (16%) 23 (12.1%)
27 (21.6%) 54 (28.4%)
63 (50.4%) 98 (51.6%)
5 (4%) 9 (4.7%)

Among women reporting breathing difficulties, 50.4% (63)
used the ICS for all meals, while the remaining distribution
includes two meals (21.6%), dinner only (16%), lunch only
(6.4%), breakfast only (1.6%), and other meals (4%). In com-
parison, 51.6% (98) of women without symptoms used ICS
for all meals, followed by 28.4% for two meals, and lower fig-
ures for other categories. These patterns suggest that using
ICS for all meals offers better respiratory protection, though
the slight margin between symptomatic and asymptomatic
groups highlights those other contextual factors, such as ven-
tilation, type of fuel, and cooking environment, may also in-
fluence respiratory outcomes.

In summary, Table 4 shows a positive association between
consistent use of ICS and reduced incidences of breathing dif-
ficulties among women. ICS usage, especially for all daily
meals over a sustained period, appears to provide measurable
health benefits. However, these results were in contrast with
some previous studies. Findings of [11] showed a statistically
significant negative correlation between the years spent cook-
ing with biomass and the concentrations of PM, indicating that
a longer exposure is associated with a greater decline in lung
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function and increased breathing difficulties as PM levels rise.
This indicates that there is a likely influence of the occurrence
of difficulties in breathing by other factors such as frequency

and conditions of use which need to be looked into besides the
frequency of ICS use.

Table 5. Cross Tabulation of ICS use Characteristics and Self-Reported Incidences of Runny Nose Amongst Participants Sampled.

Variable Category
Yes
ICS Use today
No
Yes
ICS use prior to current one
No

Breakfast only
Lunch only

Dinner only
ICS use in a typical day
Two meals

All the meals

Other meals

Source: Author (2025)

Table 5 presents a cross-tabulation analysis exploring the
relationship between ICS use and the incidence of a runny
nose—a common symptom of respiratory irritation caused by
exposure to indoor air pollution. The data is based on self-re-
ports from women over the three months prior to the survey.

When considering ICS use on the day of the survey, the us-
age rates were nearly identical: 75.5% (77) among those with
runny nose symptoms and 74.6% (159) among those without.
This similarity indicates that occasional or daily use alone
may not be sufficient to prevent symptoms unless combined
with consistent, long-term, and comprehensive use practices.

Looking at prior ICS use before the current stove, 87.3% (89)
of women with symptoms had used ICS in the past, compared to
81.7% (174) of those without symptoms. This trend shows that
longer-term ICS users may still experience symptoms, suggesting
that factors such as inconsistent usage, exposure to other pollu-
tion sources, or poor ventilation may moderate the benefits of ICS.
The final section of the table breaks down ICS use per day by
meal frequency, revealing differences in intensity of stove use.
Among women with a runny nose, 47.1% (48) used ICS for all

YES F (%) NO F (%)
77 (75.5%) 159 (74.6%)
25 (24.5%) 54 (25.4%)
89 (87.3%) 174 (81.7%)
13 (12.7%) 39 (18.3%)
0 (0%) 2 (0.9%)

4 (3.9%) 10 (4.7%)
16 (15.7%) 27 (12.7%)
28 (27.5%) 53 (24.9%)
48 (47.1%) 113 (53.1%)
6 (5.9%) 8 (3.8%)

meals, compared to a higher 53.1% (113) among those without
symptoms. A higher percentage of symptomatic women used
ICS for two meals (27.5%) or dinner only (15.7%), compared to
24.9% and 12.7% respectively in the non-symptomatic group.
This trend highlights the potential benefits of using ICS for all
daily cooking activities, as partial usage may not fully shield us-
ers from smoke exposure.

In summary, Table 5 supports the view that ICS compre-
hensive as well as consistent use—especially for all meals—
correlate with reduced incidence of respiratory symptoms like
runny nose. While owning a functioning ICS is a key factor,
maximum health benefits appear to depend on using the stove
for all cooking tasks. This is in consistence with findings of
other previous studies conducted by [9] and [13]. Their studies
results showed that every extra hour spent in a kitchen was
associated with a higher incidence of runny nose. The persis-
tence of symptoms among some ICS users suggests the need
to address additional environmental and behavioral factors,
such as kitchen ventilation, fuel type, and cooking location.

Table 6. Cross Tabulation of ICS use Characteristics and Self-Reported Incidences of Teary Eyes Amongst Sampled Participants.

Variable Category
Yes

ICS Use today
No

ICS use prior to current one Yes

57

YES F (%) NO F (%)
63 (75%) 173 (74.9%)
21 (25%) 58 (25.1%)
70 (83.3%) 193 (83.5%)
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Variable Category

No
Breakfast only
Lunch only

Dinner only
ICS use in a typical day
Two meals

All the meals

Other meals

Source: Author (2025)

Table 6 presents a cross-tabulation analysis examining the re-
lationship between women's use of ICS and the self-reported in-
cidence of teary eyes—a symptom commonly associated with
eye irritation from smoke exposure due to indoor air pollution.
The data represents reports from the previous three months before
the survey.

The proportion of women who reported using ICS on the
day of the survey was nearly identical between both groups:
75% (63) among those with teary eyes and 74.9% (173)
among those without. This indicates that same-day usage does
not vary significantly between groups and may not alone ex-
plain differences in symptoms. However, it suggests that day-
to-day usage should be reinforced as part of a broader strategy
for exposure reduction. Prior usage of ICS before the current
one was also reported by a similar proportion of both groups:
83.3% (70) among those with teary eyes and 83.5% (193)
among those without. This parity suggests that the duration of
ICS exposure may not be a decisive factor in explaining symp-
tom occurrence unless paired with consistent daily use and

YES F (%) NO F (%)
14 (16.7%) 38 (16.5%)
0 (0%) 2 (0.9%)

4 (4.8%) 10 (4.3%)

14 (16.7%) 29 (12.6%)
21 (25%) 60 (26%)

38 (45.2%) 123 (53.2%)
7 (8.3%) 7 (3%)

correct cooking practices. The breakdown of ICS usage per
meal reveals clearer trends. Among women who reported
teary eyes, 45.2% (38) used ICS for all meals, compared to a
higher 53.2% (123) among those who did not report symptoms.
Those reporting teary eyes showed higher percentages of par-
tial use: 25% (21) for two meals, 16.7% (14) for dinner only,
and 8.3% (7) for other meals. The data suggests that incon-
sistent or limited ICS use may leave women more vulnerable
to eye irritation, particularly if they switch between ICS and
traditional cooking stoves or if cooking is conducted in poorly
ventilated spaces. The study by [8] in Udupi, India found sim-
ilar results as of this study. The study results indicated that
there was a clear correlation between cumulative biomass ex-
posure (measured in hour-years) and respiratory symptoms as
well as cardiovascular and eye conditions among women. This
calls for emphasis on consistence use of ICS which goes be-
yond just adoption to ensure maximum health benefits.

Table 7. Cross Tabulation of ICS use Characteristics and Self-Reported Incidences of Congested Chest Amongst participants sampled.

Variable Category
Yes
ICS Use today
No
Yes
ICS use prior to current one
No

ICS use in a typical day

Source: Author (2025)

Breakfast only
Lunch only
Dinner only
Two meals
All the meals

Other meals
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YES F (%) NO F (%)
72 (81.8%) 164 (72.2%)
16 (18.2%) 63 (27.8%)
78 (88.6%) 185 (81.5%)
10 (11.4%) 42 (18.5%)
0 (0%) 2 (0.9%)

5 (5.7%) 9 (4%)

9 (10.2%) 34 (15%)

26 (29.5%)
45 (51.1%)
3 (3.4%)

55 (24.2%)
116 (51.1%)
11 (4.8%)
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Table 7 presents a cross-tabulation analysis assessing the
relationship between women’s ICS use and the self-reported
incidence of congested chest—a common respiratory symp-
tom caused by prolonged exposure to indoor air pollution, par-
ticularly from traditional biomass fuels. The data reflects the
experiences of female respondents in the three months preced-
ing the survey.

A slightly higher proportion of symptomatic women
(81.8%, n=72) reported using ICS on the day of the survey,
compared to 72.2% (164) among those without symptoms.
Although this may seem counterintuitive, it could imply that
daily ICS use does not immediately eliminate risk, especially
if other household members use traditional stoves, or if the
cooking area lacks proper ventilation. Another possibility is
that some symptomatic individuals began using ICS recently
after experiencing respiratory issues, suggesting reactive ra-
ther than preventive adoption. Among those with congested
chest symptoms, 88.6% (78) had used ICS prior to the current
one, compared to 81.5% (185) among those without symp-
toms. This suggests that long-term ICS exposure may not uni-
formly protect users unless accompanied by consistent use,

correct maintenance, and other environmental health practices.

The data might also point to variations in stove quality, usage
discipline, or external smoke exposure affecting health out-
comes even among prior ICS users. The frequency of ICS use

across daily meals offers more insightful distinctions. Among
symptomatic women:

51.1% (45) used ICS for all meals, which is identical to the
rate among non-symptomatic women (51.1%, n=116).

29.5% (26) of symptomatic women used ICS for two meals,
slightly more than 24.2% (55) among those without symptoms.

Conversely, 15% (34) of asymptomatic women reported us-
ing ICS only for dinner, compared to just 10.2% (9) among
those with symptoms.

These patterns suggest that while a higher frequency of ICS
use is associated with lower symptom prevalence, the relation-
ship is not strictly linear. The health benefits of ICS may de-
pend not just on the number of meals but also on how well the
stove is used, the kitchen’s ventilation, and whether other
sources of indoor air pollution remain in the household (e.g.,
kerosene lamps, charcoal use). These results are in contrast
with the findings of the study by [17] which were explicit that
there were higher crude odds of respiratory illness (COR: 6.40)
including congested chest resulting from spending more than
three hours in the kitchen. Besides frequency of ICS use, there
is need to consider other factors at play like cooking location,
stove usage technique, or the presence of other pollutants (e.g.,
kerosene lamps) that may influence respiratory symptoms out-
comes and address them to mitigate respiratory symptoms.

Table 8. Cross Tabulation of ICS use Characteristics and Self-Reported Incidences of Sneezing Amongst Sampled Participants.

Variable Category
Yes
ICS Use today
No
Yes
ICS use prior to current one
No

Breakfast only

Lunch only

Dinner only
ICS use in a typical day

Two meals

All the meals

Other meals

Source: Author (2025)

Table 8 explores the relationship between women's ICS us-
age and the occurrence of sneezing—a common upper respir-
atory symptom linked to indoor air pollution. The data reflects
self-reported experiences from the last three months before the
survey and seeks to understand whether ownership and usage
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YES F (%) NO F (%)
93 (78.8%) 143 (72.6%)
25 (21.2%) 54 (27.4%)
97 (82.2%) 166 (84.3%)
21 (17.8%) 31 (15.7%)
0 (0%) 2 (1%)

5 (4.2%) 9 (4.6%)

10 (8.5%) 33 (16.8%)

30 (25.4%)
71 (60.2%)
2 (L.7%)

51 (25.9%)
90 (45.7%)
12 (6.1%)

patterns of ICS are associated with reduced respiratory symp-
toms. ICS use on the day of the survey was reported by 78.8%
(93) of women who experienced sneezing and 72.6% (143) of
those who did not. This counterintuitive result may reflect that
symptomatic women are more consistent users due to prior
experiences with smoke-related health issues, or that current
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ICS use was adopted too recently to reverse accumulated ex-
posure effects. It also suggests that daily use, while necessary,
may not be sufficient if ICS is not used exclusively or in
poorly ventilated environments. Among those who reported
sneezing, 82.2% (97) had used ICS prior to their current one,
while 17.8% (21) had not. Among those without symptoms,
84.3% (166) had previous ICS experience. These similar rates
imply that long-term exposure to ICS alone does not fully
eliminate respiratory symptoms, and additional variables such
as cooking location, stove usage technique, or the presence of
other pollutants (e.g., kerosene lamps) may influence out-
comes. The pattern of ICS use across meals reveals meaning-
ful differences. Among those who experienced sneezing:

60.2% (71) used ICS for all meals, compared to 45.7% (90)
of those without symptoms—an unexpected trend that may
point to incomplete transition away from traditional methods,
or residual exposure from earlier practices.

25.4% (30) used ICS for two meals, nearly the same as 25.9%

(51) among those without symptoms.

Notably, only 8.5% (10) of symptomatic women used ICS
for dinner only, compared to 16.8% (33) of non-symptomatic
respondents. This could suggest that exclusive evening use
may be less protective, possibly due to longer cooking dura-
tions or closed environments during nighttime.

Interestingly, “other meals” and “breakfast only” categories
had low and inconsistent representation, making it difficult to
draw strong conclusions from these groups. These results are
in contrast with the findings of the study by [17] which indi-
cated higher crude odds of respiratory iliness (COR: 6.40) in-
cluding sneezing resulting from spending more than three
hours in the kitchen. Besides frequency of ICS use there is
need to consider other factors in play like cooking location,
stove usage technique, or the presence of other pollutants (e.g.,
kerosene lamps) that may influence respiratory symptoms out-
comes.

Table 9. Logistic regression: influence of ICS Usage on Self-reported Incidences of Respiratory Symptoms among Women in the Last Three

Months Prior to Survey.

Self-reported respiratory symptoms

Coughing e
withiwithout  Wheezing D|f'f|cu.lt|esm Runny Teary  Congested Sneezing
breathing nose eyes chest
phlegm
Explanatory var- OR OR OR OR OR OR OR
iable
ICS Use today
(Yes)
No 0.671 0.575 0.810 0.782 0.759 0.562 0.853
ICS use prior to
current one
(Yes) 0.974
No 1.664 0.789 1.856 0.612 0.572 1.117

Note. Estimates represent the log odds of "Binary Indicator = No vs. Yes" Reference category in bracket
*Significant at 0.1, ** significant at 0.05, *** significant at 0.01

Source: Author (2025)

Results of a logistic regression analysis examining how dif-
ferent aspects of ICS use influence the likelihood of reporting
incidences of cough with or without phlegm—a common res-
piratory health symptom linked to indoor air pollution. The
model estimates the log odds of reporting a cough (dependent
variable), based on a series of independent ICS use-related
variables. Respondents who did not use their ICS on the day
of the survey were less likely to report coughing (OR = 0.671),
but again, this result is not statistically significant (p = 0.190).
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While counterintuitive, this may reflect variability in usage
patterns or recall bias rather than a protective effect of non-
use. Women who had not used an ICS prior to their current
one were 1.66 times more likely to report a cough, though the
result remains marginally insignificant (p = 0.106). This trend
implies that experience with ICS use over time may lower res-
piratory symptoms, possibly due to increased familiarity and
effective use.
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Results of a logistic regression analysis examining the as-
sociation between ICS use patterns and the self-reported inci-
dence of wheezing among women within the three months
prior to the survey. The dependent variable is binary (presence
or absence of wheezing), and the explanatory variables relate
to different aspects of ICS usage. The analysis estimates log-
odds, standard errors (SE), p-values, and odds ratios (OR) to
determine the strength and significance of associations. The
results reveal Respondents who did not use ICS on the day of
the survey had lower odds of wheezing (OR = 0.575), and this
result is marginally significant (p = 0.059). This suggests a
potential inverse relationship, where non-use of ICS on the
survey day might be linked to reduced wheezing—paossibly
due to reduced overall cooking or exposure. However, this
finding needs cautious interpretation due to borderline signif-
icance. Lack of prior ICS use was associated with slightly
lower odds of wheezing (OR = 0.789), though this association
is not statistically significant (p = 0.468). The direction of the
effect contradicts expectations and may reflect unmeasured
confounding factors or misreporting.

Results of a logistic regression analysis examining the in-
fluence of access to ICS on self-reported incidences of diffi-
culties in breathing among women over the past three months
were as follows. The outcome variable was binary, indicating
whether the woman reported experiencing difficulties in
breathing ("Yes" vs. "No™). The variable ICS use prior to the
current one (No) shows a borderline statistically significant
increase in odds of breathing difficulties (OR = 1.856, p =
0.050), suggesting that women not using a previous ICS be-
fore the current one might be more likely to report breathing
difficulties. Other predictors, including ICS use today and typ-
ical ICS use during the day, do not show statistically signifi-
cant associations with breathing difficulties (p-values > 0.05).

Results of a logistic regression analysis exploring the influ-
ence of ICS use on the self-reported incidences of runny nose
among women over the past three months were that the de-
pendent variable was binary, indicating whether the respond-
ent experienced a runny nose (“Yes” versus “No”’). The model
included several predictors: ICS use today, ICS use prior to
the current one, and ICS use in a typical day with multiple
categories compared to the reference group of using ICS for
all meals. The results show that none of the predictors reached
statistical significance at the conventional 0.05 level, suggest-
ing no strong evidence of association between these variables
and the likelihood of reporting a running nose. Women who
did not use an ICS prior to the current one appeared less likely
to report runny nose symptoms (OR = 0.612), but again, this
was not statistically significant (p = 0.169).

Results of a logistic regression analysis investigating the in-
fluence of ICS usage on self-reported incidences of teary eyes
among women within the last three months had the outcome
variable being binary, indicating whether women reported ex-
periencing teary eyes ("Yes" vs. "No"). The predictors in the
model include ICS use today, ICS use prior to the current
stove, and ICS use during a typical day, with the reference
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category being ICS use during all meals.

The analysis shows that most predictors do not have statis-
tically significant associations with self-reported teary eyes.
For instance, not using the ICS today or prior to the current
one is associated with a lower but statistically insignificant
odds of teary eyes (OR = 0.759 and 0.974, respectively).
These results suggest that the current status and recent use of
ICS do not strongly influence the likelihood of women report-
ing teary eyes. When examining ICS use in a typical day, most
categories also show no significant impact. However, the cat-
egory labeled "Other meals" stands out with a statistically sig-
nificant positive association (OR = 3.892, p = 0.026), indicat-
ing that women who use ICS during meals other than the main
ones (breakfast, lunch, or dinner) have nearly four times the
odds of reporting teary eyes compared to those who use ICS
during all meals. The “Breakfast only” category again shows
an extreme coefficient with an enormous standard error, re-
sulting in an unstable estimate close to zero, likely due to
sparse data. In summary, this model suggests that while gen-
eral ICS daily use does not appear to influence teary eyes sig-
nificantly; there is a notable exception for those using ICS dur-
ing "Other meals,” who report higher odds of this symptom.
This finding may warrant further investigation to understand
potential exposure patterns or behavioral factors associated
with these specific meal-use categories.

Results of a logistic regression analysis assessing the influ-
ence of ICS use on self-reported incidences of congested chest
among women in the last three months show the outcome var-
iable being binary, indicating whether the respondent experi-
enced congested chest symptoms ("Yes" vs. "No"). The pre-
dictors included in the model are, ICS use today, ICS use prior
to the current stove, and ICS use during a typical day, with the
reference category being use of ICS during all meals. The
findings suggest that most predictors do not have a statistically
significant impact on the odds of reporting congested chest
symptoms. Although the odds of congested chest tend to be
lower for women who did not use ICS today (OR = 0.562) or
prior to the current one (OR = 0.572), these effects are not
statistically significant at the 0.05 level but indicate a potential
trend (p = 0.084 and p = 0.146, respectively).

Results of a logistic regression analysis examining the in-
fluence of ICS use on self-reported incidences of sneezing
among women in the last three months indicate that the out-
come variable is binary, indicating whether women reported
sneezing (“Yes” vs. “No”). The predictors include ICS use to-
day, ICS use prior to the current stove, and ICS use during a
typical day, with the reference category being ICS use during
all meals. The results reveal that, whether ICS was used today
or prior to the current one does not show significant associa-
tions with sneezing, with odds ratios close to one and high p-
values, indicating no meaningful effect. This effect is likely
influenced by other factors like fuel type, cooking area and
other pollutants within the cooking space that needs to be
taken into account to fully realize respiratory health.

Findings recorded in this study however contradict some
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previous studies results. [9] found out that cooking frequency
was associated with some respiratory symptoms. The findings
recorded that every additional hour cooking food increased the
risk of a runny nose (OR ¥ 1.05, 95%CI 1.01-1.09). An addi-
tional hour per week spent grilling food was associated with
cough (OR % 1.10, 95%CI 1.01-1.19) and runny nose (OR Y,
1.08, 95%Cl 1.01-1.16). One additional stir-fry dish in a week
was associated with an increased risk of cough (OR ¥ 1.04,
95%CI 1.03-1.16). On the contrary, the study findings were
supported by those of Tonche et al. 2024 which showed no
statistical association between the duration of cooking and res-
piratory symptoms.

5. Conclusion and Recommendations

Conclusion

The findings confirm that ICS use substantially lowers
household exposure to harmful pollutants, offering significant
respiratory health protection. However, the persistence of sub-
stantial symptom prevalence even among ICS users under-
scores that ICS adoption, while valuable, is insufficient as a
stand-alone intervention. Factors such as intermittent ICS use,
fuel stacking, stove maintenance challenges, and insufficient
ventilation continue to limit the full realization of potential
health benefits. While ICS technologies utilizing solid biofu-
els do deliver important health benefits, their dependence on
solid fuels inherently sustains residual pollutant emissions.
Even among ICS users, significant proportions of women con-
tinued to report respiratory symptoms: cough (64.8%), wheez-
ing (47.9%), and breathing difficulties (46.4%). These find-
ings suggest that while ICS-based interventions represent
meaningful progress, the ultimate resolution of |AP-related
respiratory illness will require broader transitions toward
cleaner cooking fuels and exclusive ICS utilization supported
by proper user education.

Recommendations

There is need to promote exclusive and sustained use of ICS
technologies. The findings of this study underscore that health
gains from ICS adoption are significantly undermined by fuel
stacking behaviors, where households revert to traditional
cooking methods for certain meals or seasons. Public policy
should therefore prioritize behavior change communication
strategies aimed at discouraging the parallel use of traditional
stoves. Community health workers, local leaders, and wom-
en's groups can serve as effective conduits for driving behav-
ioral change and reinforcing the importance of exclusive ICS
utilization for optimal health protection.

Future research should explore the longitudinal health im-
pacts of ICS adoption through prospective cohort studies.
While this study provided important cross-sectional evidence
of reduced respiratory symptoms among ICS users, it remains
unclear to what extent these reductions translate into long-
term improvements in lung function, chronic disease preven-
tion, and overall morbidity and mortality. Longitudinal studies
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would allow researchers to track individuals over extended pe-
riods, providing a more comprehensive assessment of how
sustained ICS use influences chronic respiratory diseases such
as asthma, chronic obstructive pulmonary disease (COPD),
cardiovascular conditions, and child growth outcomes.
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