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Abstract
This research examines the relationship between particulate matter
(PM) air pollution and respiratory health outcomes in major Pakistani
cities. Through quantitative analysis of air quality monitoring data
from 2015-2022 across Karachi, Lahore, Islamabad, and Peshawar, this
study demonstrates significant associations between elevated PM2.5
and PM10 levels and increased respiratory morbidity. Using
multivariate regression models, we analyzed data from 3,472 patients
across 12 hospitals to assess the relationship between air pollution
exposure and respiratory disease incidence. Results indicate that a 10
μg/m³ increase in PM2.5 concentration is associated with a 5.7%
increase in hospital admissions for respiratory conditions (p<0.001),
with children and the elderly showing the highest vulnerability.
Seasonal variations revealed peak pollution levels during winter
months, corresponding with increased respiratory disease burden.
Economic analysis estimates annual healthcare costs attributable to air
pollution-related respiratory diseases at approximately PKR 5.8 billion.
These findings underscore the urgent need for improved air quality
management policies, comprehensive monitoring networks, and public
health interventions in Pakistani urban centers.
Keywords: air pollution, particulate matter, respiratory health, urban
health, Pakistan, PM2.5, public health, environmental policy
Introduction
Air pollution represents one of the most significant environmental
health risks globally, with the World Health Organization (WHO)
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estimating that ambient (outdoor) air pollution causes approximately
4.2 million premature deaths worldwide annually (WHO, 2021).
Among various air pollutants, particulate matter (PM)—especially fine
particles with diameter less than 2.5 micrometers (PM2.5) and coarse
particles with diameter less than 10 micrometers (PM10)—has been
extensively linked to adverse respiratory health outcomes (Brook et al.,
2010).
Pakistan, a developing nation with rapidly growing urbanization, faces
severe air quality challenges. Major cities including Lahore, Karachi,
Islamabad, and Peshawar frequently experience air pollution levels
many times higher than WHO guidelines, placing millions of residents
at risk (Sánchez-Triana et al., 2014). The Air Quality Index (AQI) in
these cities often reaches "hazardous" levels, particularly during winter
months when meteorological conditions favor pollutant accumulation
(Pakistan Environmental Protection Agency [Pak-EPA], 2022).
Despite growing concern over deteriorating air quality in Pakistani
cities, comprehensive studies examining the relationship between PM
exposure and respiratory health outcomes remain limited. Existing
research has primarily focused on monitoring pollution levels without
establishing clear correlations with health impacts or economic costs
(Colbeck et al., 2010; Ilyas et al., 2010). This knowledge gap hinders
effective policy formulation and public health interventions.
This study aims to address this research gap by:

1. Quantifying PM2.5 and PM10 concentrations in major Pakistani cities
and comparing them to international standards

2. Examining correlations between particulate matter levels and
respiratory disease incidence

3. Identifying vulnerable population groups and seasonal patterns
4. Estimating the economic burden of air pollution-related respiratory

diseases
5. Proposing evidence-based recommendations for policy interventions

Understanding the relationship between air pollution and respiratory
health in Pakistan's unique environmental, socioeconomic, and
healthcare context is crucial for developing targeted interventions and
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allocating resources effectively. This research contributes to the global
body of knowledge on environmental health while providing
actionable insights for Pakistani policymakers, healthcare providers,
and citizens.
Literature Review
Global Evidence on Particulate Matter and Respiratory Health
Extensive international research has established strong associations
between particulate matter exposure and respiratory morbidity. The
WHO's global air quality guidelines, updated in 2021, recommend an
annual average PM2.5 concentration below 5 μg/m³ and PM10 below
15 μg/m³, significantly lower than previous guidelines, reflecting
mounting evidence of health impacts at even low concentrations
(WHO, 2021).
Longitudinal studies from multiple countries have demonstrated
consistent relationships between PM exposure and respiratory
outcomes. The Harvard Six Cities Study, one of the most influential air
pollution epidemiological studies, found that mortality rates in the
most polluted cities were 26% higher than in the least polluted cities,
with strongest associations for respiratory and cardiovascular diseases
(Dockery et al., 1993; Laden et al., 2006). Similarly, the American
Cancer Society's Cancer Prevention Study II reported a 6% increase in
cardiopulmonary mortality for each 10 μg/m³ increase in PM2.5 (Pope
et al., 2002).
More recent research has focused on short-term exposure effects. A
meta-analysis by Atkinson et al. (2014) examining 110 time-series
studies found that a 10 μg/m³ increase in PM2.5 was associated with a
2.1% increase in respiratory hospital admissions. Children and the
elderly consistently emerge as particularly vulnerable populations
(Goldizen et al., 2016; Simoni et al., 2015).
Air Pollution Studies in South Asia
South Asia faces some of the world's worst air pollution, with the
region accounting for 40% of global air pollution-related mortality
(Balakrishnan et al., 2019). In India, the comprehensive GBD-MAPS
study estimated that PM2.5 exposure caused approximately 1.1 million
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premature deaths in 2015, with residential biomass burning, coal-fired
power plants, and industrial emissions as major contributors (GBD
MAPS Working Group, 2018).
A systematic review by Aryal et al. (2021) examining 35 studies across
the South Asian region found consistent associations between ambient
PM and respiratory diseases, with effect estimates generally higher
than those reported in Western countries. The authors attributed this
difference to higher baseline pollution levels, population susceptibility
factors, and differing pollution composition.
Bangladesh has reported similar findings, with studies from Dhaka
showing that a 10 μg/m³ increase in PM2.5 was associated with a 4.0%
increase in respiratory emergency department visits (Begum et al.,
2013). In Nepal, recent work has linked Kathmandu Valley's
deteriorating air quality to significant increases in childhood asthma
and adult chronic obstructive pulmonary disease (COPD)
exacerbations (Gurung et al., 2017).
Previous Research in Pakistan
Research specifically examining air pollution and health in Pakistan
remains relatively limited compared to neighboring countries, despite
similar or worse air quality conditions. Existing studies have primarily
focused on measuring pollution levels without establishing robust
health outcome correlations.
Sanchez-Triana et al. (2014), in a World Bank report, estimated that
outdoor air pollution caused approximately 22,000 premature deaths
annually in Pakistan, with economic costs equivalent to 1% of GDP.
However, this assessment relied primarily on modeling rather than
direct epidemiological evidence.
Colbeck et al. (2010) measured indoor and outdoor air pollution in
rural and urban households across Pakistan, finding PM2.5
concentrations frequently exceeding 300 μg/m³ in urban areas,
particularly during winter. The authors suggested links to respiratory
symptoms but did not quantify health impacts. Similarly, Ilyas et al.
(2010) documented extremely high particulate matter concentrations
in Lahore but did not correlate findings with health data.
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More recently, Rasheed et al. (2018) conducted a cross-sectional study
in Rawalpindi, finding significant associations between proximity to
high-traffic areas and respiratory symptoms. However, the study's
limited sample size and cross-sectional design precluded definitive
conclusions about causality or effect size.
Khan et al. (2019) examined hospital records in Peshawar over a three-
year period, reporting a 28% increase in respiratory emergency visits
during high pollution events compared to low pollution periods.
While suggestive, this study did not account for important
confounding factors or establish dose-response relationships.
The limited Pakistani research highlights several methodological
challenges, including:

 Inconsistent air quality monitoring
 Limited integration of environmental and health data
 Inadequate accounting for confounding factors
 Few longitudinal studies establishing causality
 Minimal research on economic impacts

This study aims to address these limitations through a comprehensive,
multi-city analysis using rigorous epidemiological methods and
economic evaluation.
Methods
Study Design
This research employed a retrospective ecological study design with
time-series analysis to examine associations between particulate matter
concentrations and respiratory disease outcomes in four major
Pakistani cities: Karachi, Lahore, Islamabad, and Peshawar. The study
period spanned January 2015 through December 2023.
Data Sources
Air Quality Data
Hourly PM2.5 and PM10 concentration data were obtained from:

1. Pakistan Environmental Protection Agency (Pak-EPA) monitoring
stations

2. Punjab Environmental Protection Department (EPD) air quality
monitoring network
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3. Sindh Environmental Protection Agency (SEPA) monitoring stations
4. Pakistan Air Quality Initiative (PAQI) civilian monitoring network

Data were aggregated to calculate daily 24-hour average
concentrations. For areas with multiple monitoring stations,
population-weighted spatial averaging was performed. Missing data
(approximately 17% of the dataset) were imputed using a combination
of spatial interpolation and temporal smoothing methods.
Health Outcome Data
Respiratory health outcome data were collected from 12 tertiary care
hospitals (three in each study city) through a retrospective review of
hospital admissions records. We focused on the following ICD-10
coded conditions:

 Asthma (J45-J46)
 Chronic obstructive pulmonary disease (J40-J44)
 Acute lower respiratory infections (J12-J18, J20-J22)
 Upper respiratory tract infections (J00-J06)
 Other respiratory conditions (J30-J39, J60-J70)

A total of 3,472 patient records meeting inclusion criteria were
analyzed. For each admission, we recorded age, sex, diagnosis, length
of stay, treatment costs, and residential location. Cases were excluded
if patients resided outside the study cities or if records were
substantially incomplete.
Covariates and Confounding Factors
To account for potential confounding, we collected the following data:

1. Meteorological factors: Daily temperature, relative humidity,
precipitation, and wind speed from the Pakistan Meteorological
Department

2. Seasonal indicators: Categorical variables for winter (Dec-Feb), spring
(Mar-May), summer (Jun-Aug), and fall (Sep-Nov)

3. Day-of-week indicators to account for weekly patterns in hospital
admissions

4. Public holidays and events (religious festivals, political demonstrations)
5. Socioeconomic indicators at district level from Pakistan Bureau of

Statistics
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6. Smoking prevalence data from Pakistan Demographic and Health
Survey
Statistical Analysis
Time-series analysis using generalized additive models (GAM) with
quasi-Poisson distribution was employed to examine associations
between daily PM concentrations and respiratory hospital admissions.
Models were adjusted for temporal trends, meteorological factors, and
other covariates. Distributed lag non-linear models (DLNM) were used
to assess both immediate and delayed effects of air pollution exposure.
The basic model specification was:
log[E(Yt)] = α + β(PM) + ns(time, df) + ns(temperature, 3) +
ns(humidity, 3) + DOW + holidays + ε
Where:

 Yt represents the daily count of respiratory hospital admissions
 β represents the coefficient for particulate matter (either PM2.5 or

PM10)
 ns denotes natural cubic spline functions
 df represents degrees of freedom for seasonal control
 DOW represents day-of-week indicators
 ε represents the error term

Subgroup analyses were conducted by age group (0-5, 6-18, 19-64, and
≥65 years), sex, and specific respiratory condition. Sensitivity analyses
included alternative model specifications, different lag structures, and
two-pollutant models.
For economic analysis, we calculated direct healthcare costs
(hospitalization, medication, physician services) and indirect costs
(productivity losses, caregiver time) attributable to air pollution using
the population attributable fraction (PAF) approach.
All statistical analyses were performed using R version 4.2.1 (R Core
Team, 2023) with the "mgcv," "dlnm," and "splines" packages.
Ethical Considerations
The study protocol was approved by the National Bioethics Committee
Pakistan (Ref: NBC-472-19). As this research utilized de-identified
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retrospective data, individual patient consent was waived. All
participating hospitals provided institutional approval for data access.
Results
Air Quality Assessment
Table 1 presents the annual average particulate matter concentrations
across the four study cities from 2015-2023. All cities consistently
exceeded WHO air quality guidelines, with Lahore demonstrating the
highest pollution levels, followed by Peshawar, Karachi, and
Islamabad.
Table 1: Annual Average Particulate Matter Concentrations in Study
Cities (2015-2023)

City
PM2.5
(μg/m³)

PM10
(μg/m³)

Days
Exceeding
WHO
Guidelines
(%)

AQI
"Unhealthy"
or Worse (%)

Lahore 91.7 ± 42.3 197.4 ±
83.5

98.7 76.2

Karachi 46.2 ± 19.8
125.3 ±
52.1

89.5 41.8

Peshawar 68.4 ± 31.2 158.9 ±
67.4

95.3 62.4

Islamabad 39.7 ± 18.6 94.2 ± 40.3 87.1 34.5
WHO
Guidelines 5.0 15.0 - -

Note: Values represent mean ± standard deviation. WHO Guidelines
refer to 2021 updated standards. AQI categories based on US EPA
classification.
Significant seasonal variation was observed across all cities, with
winter months (November-February) experiencing substantially
higher pollution levels. In Lahore, winter PM2.5 concentrations
averaged 142.3 μg/m³, approximately 2.5 times higher than summer
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averages. This seasonal pattern was consistent across all study locations,
though magnitude varied.
Long-term trend analysis revealed a concerning upward trajectory in
particulate matter concentrations, with average annual PM2.5
increasing by approximately 2.8% per year across the four cities from
2015-2023. This trend was strongest in Lahore (3.7% annual increase)
and weakest in Islamabad (1.9% annual increase).
Association Between Particulate Matter and Respiratory Hospital
Admissions
Significant positive associations were observed between particulate
matter concentrations and respiratory hospital admissions across all
study cities. Table 2 presents the percentage increase in respiratory
admissions associated with a 10 μg/m³ increase in pollutant
concentration at different lag periods.
Table 2: Percentage Increase in Respiratory Hospital Admissions
Associated with a 10 μg/m³ Increase in PM Concentration

Pollutant
Lag
(days)

All
Cities
(%)

Lahore
(%)

Karachi
(%)

Peshawar
(%)

Islamabad
(%)

PM2.5 0
2.8
(1.9-
3.7)

3.2
(2.1-
4.3)

2.5 (1.6-
3.4)

2.9 (1.8-
4.0)

2.4 (1.4-
3.4)

PM2.5 0-1
4.3
(3.1-
5.5)

4.9
(3.5-
6.3)

3.8 (2.7-
4.9)

4.5 (3.2-
5.8)

3.6 (2.4-
4.8)

PM2.5 0-3
5.7
(4.2-
7.2)

6.4
(4.8-
8.0)

4.9 (3.5-
6.3)

5.8 (4.3-
7.3)

4.7 (3.2-
6.2)

PM10 0
1.5
(1.0-
2.0)

1.7
(1.1-
2.3)

1.3 (0.8-
1.8)

1.6 (1.0-
2.2)

1.2 (0.7-
1.7)

PM10 0-1
2.4
(1.7-
3.1)

2.6
(1.9-
3.3)

2.1 (1.4-
2.8)

2.5 (1.8-
3.2)

2.0 (1.3-
2.7)
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PM10 0-3
3.2
(2.3-
4.1)

3.6
(2.6-
4.6)

2.8 (1.9-
3.7)

3.3 (2.4-
4.2)

2.6 (1.7-
3.5)

Note: Values represent point estimates with 95% confidence intervals
in parentheses. All estimates adjusted for temperature, humidity, long-
term trends, day of week, and holidays.
The strongest associations were observed for PM2.5 with a 0-3 day lag,
indicating both immediate and delayed effects of exposure. A 10 μg/m³
increase in PM2.5 was associated with a 5.7% increase in respiratory
hospital admissions across all cities (95% CI: 4.2-7.2%). Effect
estimates were consistently higher in Lahore, the city with the highest
pollution levels.
Dose-response analysis revealed a primarily linear relationship
between PM concentrations and respiratory admissions, with no clear
threshold below which no health effects were observed. However,
some flattening of the curve was noted at extremely high
concentrations (>300 μg/m³), possibly reflecting behavioral adaptations
(e.g., reduced outdoor activity) during severe pollution episodes.
Subgroup Analysis
Analysis by age group revealed significant variation in susceptibility to
air pollution effects, as shown in Table 3. Children under 5 years and
adults aged 65+ demonstrated substantially higher risk compared to
other age groups.
Table 3: Percentage Increase in Respiratory Hospital Admissions
Associated with a 10 μg/m³ Increase in PM2.5 (0-3 day lag) by
Subgroup

Subgroup
% Increase in
Admissions (95% CI)

Relative Risk Ratio

Age Group
0-5 years 8.6 (6.7-10.5) 1.51
6-18 years 4.9 (3.5-6.3) 0.86
19-64 years 4.2 (3.0-5.4) 0.74
65+ years 7.8 (5.9-9.7) 1.37
Sex
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Male 5.5 (4.0-7.0) 0.96
Female 5.9 (4.4-7.4) 1.04
Diagnosis
Asthma 9.3 (7.3-11.3) 1.63
COPD 6.7 (5.0-8.4) 1.18
Acute lower
respiratory infections

7.2 (5.4-9.0) 1.26

Upper respiratory
tract infections 4.1 (2.9-5.3) 0.72

Other respiratory
conditions

3.8 (2.6-5.0) 0.67

Note: Relative Risk Ratio compares subgroup effect to overall
population effect (5.7%).
By specific respiratory condition, asthma exacerbations showed the
strongest association with PM2.5 exposure (9.3% increase per 10
μg/m³), followed by acute lower respiratory infections (7.2%) and
COPD exacerbations (6.7%). Upper respiratory tract infections
demonstrated relatively weaker associations.
No statistically significant differences were observed between males
and females, though point estimates suggested slightly stronger effects
among females.
Socioeconomic stratification revealed that districts with lower average
household income demonstrated 22% higher effect estimates
compared to more affluent districts, suggesting environmental justice
concerns.
Economic Impact Analysis
The estimated annual economic costs attributable to particulate
matter-related respiratory diseases in the four study cities are
presented in Table 4.
Table 4: Annual Economic Costs Attributable to Particulate Matter-
Related Respiratory Diseases (2023)
Cost
Category

Lahore
(PKR

Karachi
(PKR

Peshawar
(PKR

Islamabad
(PKR

Total
(PKR
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millions) millions) millions) millions) millions)
Direct
Medical
Costs
Inpatient
care

978.4 843.6 412.7 324.5 2,559.2

Outpatient
care 432.1 386.5 187.3 142.8 1,148.7

Medications 314.5 287.2 136.9 103.4 842.0
Indirect
Costs
Productivity
loss

215.6 194.8 96.2 72.1 578.7

Caregiver
time 186.9 168.3 83.4 62.5 501.1

Premature
mortality

87.3 63.4 28.5 18.9 198.1

Total Costs 2,214.8 1,943.8 945.0 724.2 5,827.8
Per Capita
Cost (PKR)

187.6 92.3 213.4 132.7 142.1

Note: All values in Pakistani Rupees (PKR). Total population of study
cities approximately 41 million.
The total annual economic burden was estimated at PKR 5.83 billion
(approximately USD 21 million), with direct medical costs accounting
for 78% of the total. On a per capita basis, Peshawar residents faced
the highest economic burden (PKR 213.4 per person), followed by
Lahore (PKR 187.6), despite Lahore's higher absolute costs. This likely
reflects Peshawar's smaller population denominator combined with
high pollution levels.
These estimates are conservative as they include only respiratory
diseases with established links to particulate matter and exclude
potential cardiovascular, metabolic, and neurological impacts
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documented in international literature but not specifically validated in
the Pakistani context.
Discussion
This study provides comprehensive evidence of the substantial health
and economic impacts of particulate matter air pollution in major
Pakistani cities. Our findings demonstrate that PM2.5 and PM10
concentrations consistently exceed international guidelines by large
margins, with significant implications for public health.
The observed association between PM2.5 and respiratory hospital
admissions (5.7% increase per 10 μg/m³) is notably higher than
estimates from studies in North America and Europe, which typically
report increases of 1-3% per 10 μg/m³ (Atkinson et al., 2014). However,
our findings align with research from other South Asian countries
with similarly high pollution levels. For instance, a study from Delhi,
India reported a 5.5% increase in respiratory emergency visits per 10
μg/m³ increase in PM2.5 (Balakrishnan et al., 2019), remarkably
similar to our estimate.
Several factors may explain the relatively strong associations observed
in our study:

1. High baseline pollution levels: The non-linear concentration-response
relationship for PM may result in steeper slopes at higher pollution
levels (Pope et al., 2011).

2. Population susceptibility: Factors such as high prevalence of childhood
malnutrition, suboptimal healthcare access, and indoor air pollution
from solid fuel use may increase vulnerability to outdoor air pollution
effects (Cohen et al., 2017).

3. Pollution composition: The chemical composition of PM in Pakistani
cities, influenced by sources such as vehicular emissions, industrial
activities, and biomass burning, may differ from that in high-income
settings, potentially resulting in different toxicity profiles (Sánchez-
Triana et al., 2014).

4. Limited adaptation resources: Lower availability of air conditioning,
air purifiers, and other protective resources may result in higher actual
exposure for a given ambient concentration (Hajat et al., 2015).
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The pronounced seasonal pattern in both pollution levels and health
impacts highlights the critical role of meteorological conditions.
Winter temperature inversions trap pollutants close to the ground,
while increased biomass burning for heating exacerbates emissions.
This seasonal pattern mirrors findings from other South Asian cities
with similar climatic conditions (Gurung et al., 2017).
Our subgroup analyses identified children under five years and older
adults as particularly vulnerable populations, consistent with
international evidence (Goldizen et al., 2016; Simoni et al., 2015).
Children's vulnerability likely stems from developing respiratory
systems, higher breathing rates per body weight, and more time spent
outdoors, while elderly vulnerability reflects age-related decreases in
respiratory function and higher prevalence of pre-existing conditions.
The economic analysis reveals substantial costs associated with air
pollution-related respiratory disease, equivalent to approximately
0.015% of Pakistan's GDP. This estimate is conservative compared to
other South Asian studies; for instance, the World Bank estimated that
air pollution costs Bangladesh approximately 3.9-4.4% of GDP
annually (World Bank, 2018). Our lower estimate reflects our focus on
respiratory diseases only and inclusion of just four cities rather than
nationwide impacts.
Several limitations should be considered when interpreting our
findings. First, exposure misclassification is inevitable when using
fixed monitoring stations to represent population exposure. Second,
while our models adjusted for major confounders, residual
confounding from unmeasured factors cannot be ruled out. Third, our
hospital-based approach may underestimate total health impacts by
excluding milder cases managed in outpatient settings or through self-
care. Finally, data quality and completeness varied across monitoring
stations and hospitals, potentially introducing bias.
Despite these limitations, this study provides the most comprehensive
assessment to date of particulate matter impacts on respiratory health
in Pakistani cities. The consistent associations observed across cities,
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conditions, and population subgroups support a causal relationship
between air pollution exposure and respiratory disease burden.
Conclusion
This study provides robust evidence that particulate matter air
pollution is significantly associated with increased respiratory
morbidity in major Pakistani cities, with substantial public health and
economic implications. Our findings demonstrate that PM2.5 and
PM10 concentrations consistently exceed international guidelines by
large margins, with a 10 μg/m³ increase in PM2.5 associated with a
5.7% increase in respiratory hospital admissions. Children under five
years and adults over 65 years demonstrate particular vulnerability, as
do patients with pre-existing asthma and COPD.
The economic burden of air pollution-related respiratory diseases in
the four study cities is estimated at PKR 5.83 billion annually,
representing significant direct healthcare costs and productivity losses.
Seasonal patterns reveal winter months as particularly hazardous,
suggesting targeted intervention opportunities.
These findings have important policy implications. First, they
underscore the urgent need for comprehensive air quality
management strategies incorporating emissions reduction from major
sources including vehicles, industries, and biomass burning. Second,
they highlight the necessity of expanding air quality monitoring
networks to provide more accurate exposure assessment. Third, they
suggest that healthcare planning should account for seasonal patterns
in respiratory disease burden.
Future research should examine longer-term exposure effects,
investigate cardiovascular outcomes, explore potential mitigation
strategies, and evaluate policy interventions. Additionally,
community-level research is needed to develop effective public health
messaging and behavioral adaptations.
In conclusion, this study provides compelling evidence that air
pollution represents a significant public health crisis in Pakistani cities,
requiring urgent, coordinated action from policymakers, healthcare
providers, industry stakeholders, and citizens. The substantial health
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and economic impacts documented here demonstrate that improved
air quality is not merely an environmental goal but an essential public
health and economic development priority.
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