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Abstract 

Introduction: Background: Household air pollution 
(HAP) remains a major environmental risk factor 
contributing to respiratory morbidity and reduced quality 
of life in low- and middle-income populations. 
Objective: To determine the association between HAP, 
chronic respiratory symptoms, and health-related quality 
of life (HRQoL) among adults. 
Methodology: This was an analytical cross sectional study 
carried out from March 2023 to February 2024. A multi-
stage sampling technique was employed to pick 390 
participants from households in urban and peri-urban 
areas. Sociodemographic, household air pollution, 
chronic respiratory symptoms and health-related quality 
of life were explored using a validated instrument through 
structured interviews with a pre-designed questionnaire. 
The applied methods were Chi square, independent 
samples t-test and multivariable regression analyses. 
Results: Among 390 participants, 56.15% (219) were 
exposed to high HAP while 43.85% (171) had low 

exposure. Chronic respiratory symptoms were 
significantly more frequent in the high-exposure group, 
including chronic cough (40.18% vs 16.96%), dyspnea 
(49.32% vs 21.64%), wheezing (31.51% vs 12.28%), 
sputum production (33.33% vs 13.45%), and recurrent 
respiratory infections (30.14% vs 14.62%) (all p<0.05). 
Mean overall HRQoL scores were significantly lower in 
high-exposure participants (62.08 ± 9.33) compared to 
low-exposure participants (70.38 ± 8.41; p<0.001). 
Multivariable analysis showed that high HAP was 
independently associated with chronic respiratory 
symptoms (AOR=3.18, 95% CI: 2.01–5.02) and reduced 
HRQoL (β = −6.92, p<0.001). 
Conclusion: HAP is significantly associated with 
increased respiratory symptoms and reduced HRQoL 
among adults. 
Keywords: household air pollution, chronic respiratory 
symptoms, HRQoL, biomass fuel, risk factor.

 

Introduction 

Household air pollution (HAP) is still a significant 
environmental and public health problem, especially in 
low- and middle-income countries where a large 
fraction of households use solid fuels for cooking and 
heating, including wood, charcoal, crop wastes, coal and 
animal excrement [1,2]. Poor ventilation and cooking 
methods and indoor exposure to smoke have been 
largely responsible for the high concentration of fine 
particulate matter (PM₂.₅), carbon monoxide, nitrogen 
oxides, sulfur dioxide, and volatile organic compounds 
[3]. These pollutants can reach deeply into the 
respiratory tract, causing long-lasting inflammation of 
the airways, impaired lung function and making the 
lungs more vulnerable to acute and chronic respiratory 
diseases [4]. 

Overall, exposure to HAP has been consistently linked 

to a wide range of respiratory symptoms such as chronic 
cough, sputum production, wheezing, dyspnea and 
recurrent respiratory infections [5]. Chronic respiratory 
diseases like COPD, chronic bronchitis, asthma and 
interstitial lung disease are developed and advanced 
after repeated exposure to the indoor pollutants [6,7]. 
Women, children, older adults and people who spend 
longer periods of time indoors are especially vulnerable 
as they have higher exposure to indoor cooking and 
exposure environments. Although there has been 
progress in providing access to cleaner fuels in some 
areas, the use of traditional fuels and biomass still 
contributes to high burden of HAP-related morbidity 
that is preventable [8]. 

In addition to clinical implications, chronic respiratory 
disease has a significant impact on HRQoL which is a 
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multidimensional construct that includes physical 
functioning, psychological well-being, social 
participation, and overall health perceptions [9,10]. The 
symptoms of asthma frequently interfere with daily 
functioning, exercise tolerance, sleep, productivity and 
emotional distress which decreases quality of life [11]. 
Assessment of HRQoL together with respiratory 
symptoms gives a comprehensive picture of disease 
burden because of the functional and psychosocial 
consequences that are not captured from clinical 
measurements [12]. 

HAP has a disproportionate impact on developing 
countries, where people suffer more because of socio-
economic factors, low availability of safe energy sources, 
small households, and poor indoor air quality [13]. 
There are several studies that have shown that HAP is 
linked to respiratory disease, but relatively fewer that 
have looked at chronic respiratory symptoms and the 
impact of HAP on health related quality of life in the 
exposed population. Furthermore, there are different 
regional variations in the way households use fuels, 
housing conditions, cultural practices and 
environmental characteristics, which calls for regionally 
produced evidence to better explain these relationships. 

Research Objective 
To determine the association between HAP, chronic 
respiratory symptoms, and HRQoL among adults using 
a cross-sectional study design. 

Methodology 

Study Design and Setting 
The study was an analytical cross sectional study carried 
out in the Department of Community Medicine, Khyber 
Medical University, Peshawar, Pakistan. HAP, chronic 
respiratory symptoms and HRQoL were assessed in 
relation to each other among the urban and peri-urban 
households in Peshawar. A community-based approach 
was used to ensure that participants had different 
exposures to HAP and to provide representative data on 
household fuel use, cooking methods, housing features, 
and respiratory health. 

Study Duration 
This study was conducted for 12 months starting from 
March 2023 to February 2024. This allowed for the 
recruitment of participants, household surveys, data 
collection, data verification, and statistical analysis. 

Study Population 
The study population included adults who were living in 
selected urban and peri-urban households of Peshawar. 
Only those who had been residents of their current 
household for at least one year were deemed to have 
been exposed to household environmental conditions, 
in order to guarantee sufficient exposure to household 
environmental conditions. To ensure independence of 
observations, one eligible individual was enrolled from 
each household selected. 

Sample size and sampling technique. 
There were 390 subjects in total. The sample size was 

deemed as sufficient to assess the association between 
the exposure to HAP, chronic respiratory symptoms, 
and HRQoL with reasonable statistical precision. A 
multistage sampling method was used. First, the urban 
and peri-urban communities were identified and then 
one by one households were identified within the 
communities. The eligible participants were then 
sampled consecutively to attain the required sample 
size. 

Inclusion and Exclusion Criteria 
The study included adult respondents (age ≥18 years) 
who were permanent residents of the selected 
households and had provided informed consent in 
writing. People with severe cognitive difficulties or 
communication problems where they were unable to 
complete a questionnaire, acute respiratory infections 
on the day of the questionnaire or who did not complete 
the questionnaire. The analysis did not include 
responses to the questionnaire. 

Data Collection Procedure 
Data were obtained from face-to-face interviews by 
trained data collectors using a structured and pretested 
questionnaire. Sociodemographic, household cooking 
fuel, cooking location, ventilation, kitchen 
characteristics, length of exposure to kitchen smoke, 
tobacco smoking, dust or fume exposure at work place 
and prior respiratory diseases were collected. Chronic 
respiratory symptoms (chronic cough, sputum 
production, wheezing, shortness of breath and 
recurrent respiratory infections) were also inquired 
about. The HRQoL was measured by a validated 
questionnaire that aimed to measure physical, 
psychological, social and environmental health. 
Completed questionnaires were checked daily to insure 
completeness, consistency and quality of data. 

Study Variables and Measurements 
HAP was the main exposure measured using fuel type, 
cooking methods, ventilation measures, and estimated 
intensity of exposure to HAP (indoor smoke). 
Households that rely on solid fuels (wood, coal, crop 
residues, animal dung) for cooking and/or heating were 
considered to have high exposure to HAP, while 
households that use cleaner fuels (Liquefied Petroleum 
Gas – LPG, Electricity) were considered to have low 
exposure to HAP. Chronic respiratory symptoms and 
health related quality of life were the main outcome 
variables. Chronic respiratory symptoms assessed by 
asking participants about their history of chronic cough, 
sputum production, wheezing, dyspnea and recurrent 
respiratory infections. HRQoL scores were derived 
using the scoring system for the instrument being used 
and the higher the score the better the perceived quality 
of life. Other potentially confounding factors such as 
age, sex, level of education, occupation, smoking, BMI 
and exposure to dust at work were also documented. 

Ethical Considerations 
Institutional Research and Ethics committee of Khyber 
Medical University, Peshawar approved the data 
collection with ethical clearance. All participants gave 
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informed written consent for the study after it was 
explained to them. 

Statistical Analysis 
SPSS version 27.0 was used for data analysis. 
Continuous variables were summarized as means ± SD 
or medians (IQR) whereas categorical variables were 
summarized as frequencies and percentages. The 
association was tested with Chi-square and 
independent t-tests, as appropriate. Multivariable 
logistic regression and linear regression were used and 
p value of < 0.05 was considered statistically significant. 

Results 

Table 1 shows the sociodemographic and HAP 
characteristics of 390 participants. The largest age 
group was 31–45 years (138, 35.38%), followed by 46–
60 years (101, 25.90%), while 54.36% (212) of 
participants were female. Regarding education, 30.26% 
(118) had secondary education, and 23.59% (92) had no 
formal education. Most participants were never 
smokers (268, 68.72%). In terms of HAP exposure, 
56.15% (219) of participants were classified as having 
high exposure. Biomass fuel use was common, with 
wood being the most frequent solid fuel (133, 34.10%), 
and 53.59% (209) of households reported poor 
ventilation. 

Table 1: Sociodemographic and HAP Exposure Characteristics of the Study Participants (N = 390) 
Category Variable Frequency (n) Percentage (%) 
Age (years) 18–30 94 24.10 

31–45 138 35.38 
46–60 101 25.90 
>60 57 14.62 
Total 390 100.00 

Gender Male 178 45.64 
Female 212 54.36 
Total 390 100.00 

Educational Status No formal education 92 23.59 
Primary education 104 26.67 
Secondary education 118 30.26 
Higher education 76 19.49 
Total 390 100.00 

Smoking Status Never smoker 268 68.72 
Former smoker 43 11.03 
Current smoker 79 20.26 
Total 390 100.00 

Primary Cooking Fuel LPG/Electricity 176 45.13 
Wood 133 34.10 
Crop residues 47 12.05 
Coal/Animal dung 34 8.72 
Total 390 100.00 

Kitchen Location Separate kitchen 221 56.67 
Inside living area 169 43.33 
Total 390 100.00 

Ventilation Status Adequate ventilation 181 46.41 
Poor ventilation 209 53.59 
Total 390 100.00 

Daily Exposure to Cooking Smoke <2 hours 121 31.03 
2–4 hours 164 42.05 
>4 hours 105 26.92 
Total 390 100.00 

Overall Household Air Pollution Exposure Low exposure 171 43.85 
High exposure 219 56.15 
Total 390 100.00 

Table 2 presents the association between HAP exposure 
and chronic respiratory symptoms. A significantly 
higher proportion of respiratory symptoms was 
observed among individuals with high exposure. 
Chronic cough was reported in 40.18% (88) of the high-
exposure group compared to 16.96% (29) in the low-

exposure group (χ²=24.83, p<0.001). Similarly, 
dyspnea was present in 49.32% (108) versus 21.64% 
(37), and wheezing in 31.51% (69) versus 12.28% (21), 
respectively (all p<0.001). Chronic sputum production 
and recurrent respiratory infections also showed 
significant associations with higher exposure levels. 
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Table 2: Association between HAP Exposure and Chronic Respiratory Symptoms 
Respiratory Symptom Low Exposure n=171 High Exposure n=219 χ² p-value 
Chronic cough 29 (16.96%) 88 (40.18%) 24.83 <0.001 
Chronic sputum production 23 (13.45%) 73 (33.33%) 20.41 <0.001 
Wheezing 21 (12.28%) 69 (31.51%) 19.14 <0.001 
Dyspnea 37 (21.64%) 108 (49.32%) 31.86 <0.001 
Recurrent respiratory infections 25 (14.62%) 66 (30.14%) 12.71 0.001 

Table 3 compares HRQoL scores between exposure 
groups. All HRQoL domains were significantly lower 
among participants with high HAP exposure. The 
overall HRQoL score was 70.38 ± 8.41 in the low-
exposure group compared to 62.08 ± 9.33 in the high-

exposure group (t=9.28, p<0.001). Physical health 
showed the greatest difference (72.46 ± 10.18 vs 60.74 
± 11.62, t=10.52), followed by environmental and 
psychological domains, all indicating significantly 
reduced quality of life with higher exposure. 

Table 3: Comparison of HRQoL Scores According to HAP Exposure 
HRQoL Domain Low Exposure Mean ± SD High Exposure Mean ± SD t-value p-value 
Physical Health 72.46 ± 10.18 60.74 ± 11.62 10.52 <0.001 
Psychological Health 69.38 ± 9.71 61.53 ± 10.29 7.84 <0.001 
Social Relationships 70.94 ± 9.12 65.81 ± 9.76 5.37 <0.001 
Environmental Health 68.75 ± 8.93 60.22 ± 10.54 8.66 <0.001 
Overall HRQoL Score 70.38 ± 8.41 62.08 ± 9.33 9.28 <0.001 

Table 4 shows multivariable logistic regression analysis 
for predictors of chronic respiratory symptoms. High 
HAP exposure was independently associated with 
respiratory symptoms (AOR=3.18, 95% CI: 2.01–5.02, 
p<0.001). Current smoking (AOR=2.67, p<0.001), poor 

ventilation (AOR=2.31, p<0.001), occupational dust 
exposure (AOR=1.88, p=0.010), and age above 45 years 
(AOR=1.79, p=0.009) were also significant predictors. 
The model showed good fit (Nagelkerke R²=0.39, 
Hosmer–Lemeshow p=0.565). 

Table 4: Multivariable Logistic Regression Analysis for Predictors of Chronic Respiratory Symptoms 
Variable Adjusted OR 95% CI p-value 
High HAP exposure 3.18 2.01–5.02 <0.001 
Age (>45 years) 1.79 1.16–2.76 0.009 
Female gender 1.42 0.91–2.22 0.121 
Current smoker 2.67 1.58–4.49 <0.001 
Occupational dust exposure 1.88 1.17–3.03 0.010 
BMI ≥30 kg/m² 1.24 0.78–1.98 0.357 
Poor household ventilation 2.31 1.48–3.60 <0.001 

Model statistics: Nagelkerke R² = 0.39, Hosmer–Lemeshow χ² = 6.74, p = 0.565.

Table 5 presents multiple linear regression analysis for 
factors associated with overall HRQoL score. High HAP 
exposure was the strongest negative predictor (β = 
−6.92, p<0.001), followed by poor ventilation (β = 
−4.08, p<0.001) and current smoking (β = −3.65, 

p<0.001). Increasing age also showed a significant 
negative association with HRQoL (β = −0.18, p<0.001). 
The model explained a substantial proportion of 
variance in HRQoL (Adjusted R² = 0.43, F = 41.62, 
p<0.001). 

Table 5: Multiple Linear Regression Analysis for Factors Associated with Overall HRQoL Score 
Variable β Coefficient Standard Error Standardized β t-value p-value 
High HAP exposure -6.92 0.84 -0.46 -8.24 <0.001 
Age -0.18 0.05 -0.19 -3.58 <0.001 
Female gender -1.14 0.71 -0.08 -1.61 0.108 
Current smoker -3.65 0.89 -0.21 -4.10 <0.001 
Occupational dust exposure -2.84 0.81 -0.17 -3.51 0.001 
Poor household ventilation -4.08 0.77 -0.28 -5.30 <0.001 

Model statistics: F = 41.62, Adjusted R² = 0.43, p < 0.001.

Table 6 demonstrates the association between HAP 
exposure and categorized HRQoL levels. A significantly 
higher proportion of poor HRQoL was observed in the 
high-exposure group (35.62%, 78) compared to the low-
exposure group (11.11%, 19), while good HRQoL was 

more common among low-exposure participants 
(45.61% vs 13.24%). The association was statistically 
significant (χ²=36.58, p<0.001), indicating a strong 
relationship between higher HAP exposure and poorer 
quality of life. 
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Table 6: Association between HAP Exposure Level and Overall HRQoL Category 
HRQoL Category Low Exposure (n=171) High Exposure (n=219) χ² p-value 
Good (>75) 78 (45.61%) 29 (13.24%) 36.58 <0.001 
Moderate (50–75) 74 (43.27%) 112 (51.14%) 
Poor (<50) 19 (11.11%) 78 (35.62%) 

Discussion 

The continued use of biomass fuels in peri-urban 
communities in Pakistan is evident in the present study, 
as 56.15% (219/390) of the participants were exposed to 
high HAP. This is similar to the findings from the 
national studies which revealed high levels of PM2.5 in 
households and ambient environment in Pakistan, 
which are many times higher than the limit set by WHO 
[14]. This has been reported in other LMICs where solid 
fuel continues to be the primary fuel source for indoor 
air pollution. 

Our results showed that there was a strong association 
of HAP with chronic respiratory symptoms. Chronic 
cough was significantly higher in the high-exposure 
group (40.18% vs 16.96%, χ²=24.83, p<0.001), while 
dyspnea (49.32% vs 21.64%) and wheezing (31.51% vs 
12.28%) were also markedly increased. The findings are 
similar to those of the multinational PURE study on air 
pollution, which found that cough, wheeze, and sputum 
production were significantly associated with exposures 
to household PM2.5 (OR 1.19–1.26 per IQR increase) 
[15]. Likewise, a meta-analytic body of evidence also 
supports the association of biomass smoke exposure 
with chronic bronchitis and COPD which is mediated by 
chronic airway inflammation and the decline of lung 
function. 

Our study indicates that high exposure group had a 
marked decrease in HRQoL compared to the low 
exposure group (t=9.28, p<0.001), besides respiratory 
morbidity. All HRQoL domains were significantly 
impaired, especially physical health. These findings 
corroborate with a previous study conducted in the 
Pakistani COPD population that environmental and 
smoke exposure was a significant factor affecting the 
HRQoL scores especially in physical and psychological 
domains [16]. Likewise, pilot studies conducted during 
periods of increasing air pollution exposure in patients 
with chronic respiratory disease have shown that air 
pollution is associated with an impact of HRQoL [17]. 

A high level of HAP was found to be an independent risk 
factor for chronic respiratory symptoms in our 
multivariable regression analysis (AOR=3.18, 95% CI: 
2.01–5.02, p<0.001). This is in line with previous 
studies demonstrating that exposure to solid fuel is a 
strong and independent association with chronic 
respiratory disease, even after smoking and 
socioeconomic status were taken into account [18]. The 
study also revealed that smoking (AOR=2.67) and poor 
ventilation (AOR=2.31) were important co-factors and 
the multi-factorial nature of respiratory disease caused 
by indoor air pollution. 

In terms of the determinants of HRQoL, our linear 
regression model identified HAP exposure (β=−6.92, 
p<0.001), poor ventilation (β=−4.08), and smoking 
(β=−3.65) as factors that negatively predicted HRQoL, 
explaining 43% of the variance. Evidence indicates that 
long-term exposure to biomass smoke decreases daily 
functional capacity and symptom burden, thereby 
leading to a decrease in the perceived quality of life in 
populations exposed to biomass smoke [19]. 

Overall, this study suggests that HAP is a severe double 
burden in terms of respiratory morbidity as well as on 
quality of life in a Pakistani community environment. 
Observed associations are consistent with the findings 
in the literature worldwide, which suggest a strong 
association between PM2.5 and biomass smoke 
exposure with chronic respiratory symptoms and 
impaired HRQoL in low- and middle-income countries. 
The results highlight the importance of better 
household energy transitions, better indoor air quality 
and public health for indoor air quality reduction. 

Strengths and Limitations 
The community-based analytical cross sectional nature 
of this study has the advantage of generalizing the 
results to urban and peri-urban populations in the 
setting of a developing country. A relatively large 
sample size (n = 390) and multistage sampling led to a 
good representativeness of the different socioeconomic 
and household exposure groups. Further, the study 
evaluated chronic respiratory symptoms and HRQoL at 
the same time with validated instruments, which 
provided a more comprehensive picture of the health 
burden of HAP. Multivariable logistic and linear 
regression analyses were used to adjust for important 
confounders, including age, smoking status, ventilation 
and occupational exposure, further strengthening the 
internal validity of the observed associations. The study 
has its limitations, though. It is a cross-sectional study, 
which makes it impossible to draw causal conclusions 
between HAP and outcomes. Self-reported household 
fuel use and ventilation conditions were used to 
quantify exposure, and this exposure assessment may 
include exposure misclassification caused by not 
directly measuring indoor pollutants such as PM₂.₅. 
Furthermore, there was a possible reporting bias and 
recall bias in the reporting of respiratory symptoms. 
Geographically, the study was restricted to a single city 
which might limit generalizability to the national level. 

Conclusion 

This study shows a high correlation between domestic 
air pollution and higher rate of chronic respiratory 
symptoms as well as significant HRQoL reduction 
among adults in urban and peri-urban communities. 
Chronic respiratory symptoms were significantly 
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increased in those exposed to high levels of HAP (AOR 
= 3.18) and HRQoL scores were significantly lower. The 
results indicate that HAP is an important modifiable 
environmental risk factor that is associated with 
respiratory morbidity and reduced quality of life in low-
resource countries. A shift to less reliance on solid fuels, 
better household ventilation and the adoption of cleaner 
cooking fuels and technologies may significantly 
influence the outcomes of respiratory health and well-
being in impacted populations.  

Author Contributions  
All authors contributed equally to the conception and 
design of the study, data collection, analysis and 
interpretation of data, drafting and critical revision of 
the manuscript, and approved the final version for 
publication. All authors meet the authorship criteria of 
the ICMJE and agree to be accountable for all aspects of 
the work. 
 

Acknowledgements 
The authors are thankful to the participants and staff for 
their support and cooperation during the conduct of this 
study. The authors also acknowledge all healthcare 
professionals involved in the management of 
myocardial infarction patients and the assistance 
provided in data collection.         

Funding   
The authors received no specific funding for this work. 

Declarations  
Ethical statement: Institutional Research and Ethics 
committee of Khyber Medical University, Peshawar 
approved the data collection with ethical clearance. All 
participants gave informed written consent for the 
study after it was explained to them. 
 
Competing interests: The authors declare that they have 
no known competing interests. 

References 
1. Gordon SB, Bruce NG, Grigg J, Hibberd PL, Kurmi OP, Lam KB, Mortimer K, Asante KP, Balakrishnan K, Balmes 

J, Bar-Zeev N. Respiratory risks from household air pollution in low and middle income countries. The lancet 
Respiratory medicine. 2014 Oct 1;2(10):823-60. https://doi.org/10.1016/S2213-2600(14)70168-7 

2. Jiang XQ, Mei XD, Feng D. Air pollution and chronic airway diseases: what should people know and do? J Thorac 
Dis. 2016 Jan;8(1):E31-40. doi: 10.3978/j.issn.2072-1439.2015.11.50. 

3. Vardoulakis S, Giagloglou E, Steinle S, Davis A, Sleeuwenhoek A, Galea KS, Dixon K, Crawford JO. Indoor exposure 
to selected air pollutants in the home environment: a systematic review. International journal of environmental 
research and public health. 2020 Dec;17(23):8972. https://doi.org/10.3390/ijerph17238972 

4. Bălă GP, Râjnoveanu RM, Tudorache E, Motișan R, Oancea C. Air pollution exposure—the (in) visible risk factor 
for respiratory diseases. Environmental Science and Pollution Research. 2021 Apr;28(16):19615-28. 
https://doi.org/10.1007/s11356-021-13208-x 

5. Lee KK, Bing R, Kiang J, Bashir S, Spath N, Stelzle D, Mortimer K, Bularga A, Doudesis D, Joshi SS, Strachan F. 
Adverse health effects associated with household air pollution: a systematic review, meta-analysis, and burden 
estimation study. The Lancet Global Health. 2020 Nov 1;8(11):e1427-34. https://doi.org/10.1016/S2214-
109X(20)30343-0 

6. World Health Organization. The health effects of indoor air pollution exposure in developing countries. World 
Health Organization; 2002. https://iris.who.int/server/api/core/bitstreams/71713ed4-2a49-45a7-9ca9-
5fa6822fd7dd/content 

7. Raju S, Siddharthan T, McCormack MC. Indoor air pollution and respiratory health. Clinics in chest medicine. 2020 
Dec;41(4):825. https://doi.org/10.1016/j.ccm.2020.08.014 

8. Kurmi OP, Lam KB, Ayres JG. Indoor air pollution and the lung in low-and medium-income countries. 
https://doi.org/10.1183/09031936.00190211 

9. Gu YN, Hu YH, Liu ZY, Kai JY, Dong XX, Pan CW, Wu YB, Li DL. The impact of ambient air pollution on health-
related quality of life: a nationwide study in China. Quality of Life Research. 2026 Jan;35(1):15. 
https://doi.org/10.1007/s11136-025-04127-2 

10. Mustafina M, Akhmad N, Dyussembayeva A, Baigamyssova D, Orazimbetova A, Tazhiyeva A, Abdullayeva B, Saliev 
T. Factors affecting the quality of life of patients with bronchial asthma. World Academy of Sciences Journal. 2025 
May 27;7(4):67.  https://doi.org/10.3892/wasj.2025.355 

11. Laumbach R, Meng Q, Kipen H. What can individuals do to reduce personal health risks from air pollution?. 
Journal of thoracic disease. 2015 Jan;7(1):96. https://doi.org/10.3978/j.issn.2072-1439.2014.12.21 

12. Kurpas D, Szwamel K, Mroczek B. The environmental domain of quality of life in patients with chronic respiratory 
diseases. InRespiratory Contagion 2016 Jan 9 (pp. 5-16). Cham: Springer International Publishing. 
https://doi.org/10.1007/5584_2015_181 

13. Ezzati M, Kammen DM. Household energy, indoor air pollution, and health in developing countries: knowledge 
base for effective interventions. Annual review of energy and the environment. 2002 Nov;27(1):233-70. 
https://doi.org/10.1146/annurev.energy.27.122001.083440 

14. Khan N, Shahid S, Ahmed K, Yaseen ZM. Modeling spatial PM2. 5 risk dynamics and projecting disease burden in 
Pakistan. Environmental Pollution. 2025 May 15;373:126060. https://doi.org/10.1016/j.envpol.2025.126060 

15. Wang Y, Shupler M, Birch A, Chu YL, Jeronimo M, Rangarajan S, Mustaha M, Heenan L, Seron P, Saavedra N, 
Oliveros MJ. Personal and household PM2. 5 and black carbon exposure measures and respiratory symptoms in 8 
low-and middle-income countries. Environmental research. 2022 Sep 1;212:113430. 

https://irjpl.org


Sohail and Ghani, 2026  
 

 

  7  

https://doi.org/10.1016/j.envres.2022.113430 
16. Fayaz M, Zakki SA, Haq IU, Afzal M, Latif M, Altaf E. Evaluation of health-related quality of life among patients 

with chronic obstructive pulmonary disease at District Headquarter Hospital haripur, Pakistan. Clinical 
Epidemiology and Global Health. 2025 Mar 1;32:101917. https://doi.org/10.1016/j.cegh.2025.101917 

17. Nakao, M., Yamauchi, K., Ishihara, Y. et al. Effects of air pollution and seasonality on the respiratory symptoms 
and health-related quality of life (HR-QoL) of outpatients with chronic respiratory disease in Ulaanbaatar: pilot 
study for the comparison of the cold and warm seasons. SpringerPlus 5, 1817 (2016). 
https://doi.org/10.1186/s40064-016-3481-x 

18. Assad NA, Balmes J, Mehta S, Cheema U, Sood A. Chronic obstructive pulmonary disease secondary to household 
air pollution. InSeminars in respiratory and critical care medicine 2015 Jun (Vol. 36, No. 03, pp. 408-421). Thieme 
Medical Publishers. https://doi.org/10.1055/s-0035-1554846 

19. Wennemann S, Mudarshiru B, Zawedde-Muyanja S, Siddharthan T, Jackson PD. The effect of biomass smoke 
exposure on quality-of-life among Ugandan patients treated for tuberculosis: A cross-sectional analysis. PLOS 
global public health. 2024 Feb 8;4(2):e0002892. https://doi.org/10.1371/journal.pgph.0002892  
 

 
 
 

Disclaimer: All claims expressed in this article are solely those of the authors and do not necessarily represent those 
of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be 
evaluated in this article or claim that may be made by its manufacturer is not guaranteed or endorsed by the publisher. 
 

 

https://irjpl.org

