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A B S T R A C T

This article discusses the growing burden of smog in Pakistan, tracing its origins to vehicular emissions, in-
dustrial pollutants, and agricultural practices. It highlights current national initiatives and advocates for 
enhanced government interventions to mitigate smog’s adverse effects on ocular health. It also emphasizes the 
need for collective action to safeguard ocular health amid rising smog pollution in Pakistan.

In 2015, a study published in The Lancet estimated that approxi-
mately 135,000 individuals in Pakistan lost their lives due to air pollu-
tion [1]. Smog, a combination of various pollutants suspended in the air, 
poses a significant health threat to Pakistani society, particularly 
affecting respiratory and ophthalmological health [2]. The industriali-
zation of major cities, outdated agricultural practices, and the poor 
quality of vehicle fuel and engines contribute to the persistence of smog 
from October to February each year [3]. This article discusses the causes 
and consequences of smog and highlights the critical need for long-term 
policies to mitigate its impact on ophthalmological health.

Factors contributing to smog in Pakistan

Pakistan’s air quality faces numerous challenges [4], including 
emissions from industries, improper waste disposal, agricultural prac-
tices, and vehicle exhaust. Stubble burning emits large quantities of 
carbon monoxide (CO), nitrogen oxides (NOx), carbon dioxide (CO2), 
methane (CH4), and particulate matter (PM). Approximately 63 million 
tonnes of crop stubble burned annually result in the release of 3.4 
million tonnes of CO, 0.1 million tonnes of NOx, 91 million tonnes of 
CO2, 0.6 million tonnes of CH4, and 1.2 million tonnes of PM into the 
atmosphere [4]. Additionally, the lack of adequate public transportation 
has increased motor vehicle usage, with an estimated 10 million vehicles 
worsening the air quality over the past two decades [5].

Poor urban planning and unchecked economic growth have exacer-
bated pollution, leading to elevated levels of PM2.5, which significantly 

surpasses the World Health Organization (WHO)’s recommended 
annual limit of 10 μg/m3. Exposure to such levels has been linked to 
severe health burdens, highlighting the urgency of addressing air 
pollution in Pakistan [6].

Impact of smog on ophthalmological health

PM, ground-level ozone (O3), nitrogen dioxide (NO2), volatile 
organic compounds (VOCs), and sulfur dioxide (SO2) in smog have all 
been linked to various eye diseases [5,6]. Smog has led to a rise in ocular 
surface diseases, affecting structures such as the cornea, conjunctiva, 
sclera, and tear film. Studies in Pakistan have reported symptoms like 
itching, watering, and burning in cases of dry eye disease (DED), which 
significantly impacts quality of life. These conditions arise from various 
factors, including inflammation, immune reactions, oxidative stress, and 
epigenetics [7–14]. Fig. 1 depicts a flowchart illustrating the several 
mechanisms through which smog impacts ophthalmological health.

Lahore, the capital of Punjab, is Pakistan’s second-largest city and 
has a population of over 14 million [15]. In October 2024, IQAir, the 
world’s largest real-time air quality monitoring platform, reported a 
PM2.5 concentration in Lahore that was 102.4 times the WHO’s annual 
air quality guideline value, with an air quality index (AQI) score of 1165, 
more than 120 times the level recommended by the WHO, ranking it as 
the world’s most polluted city [16,17]. Cities like Faisalabad and 
Peshawar frequently follow with some of the worst AQI levels globally as 
well [18–20].
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Findings from a 2016 case study in Lahore revealed that the level of 
NOx in the city was nearly 17 times higher than the baseline value. 
Other pollutants, such as SO2 and O3, were four times higher, while CO, 
VOC, and PM2.5 were twice as high, and PM10 was six times higher than 
the baseline values. The study concluded that there was a 60 % increase 
in the number of patients reporting ocular surface diseases (including 
dry eyes, irritation, lid erosion, corneal diseases, conjunctival diseases, 
uveitis, and lacrimation) during the Lahore smog event compared to 
baseline conditions on the same day and month in 2015 [21]. Since 
2016, smog has become a common and persistent phenomenon in 
Lahore, earning the nickname “the fifth season.” During this time, 
people living in cities such as Lahore, Faisalabad, and Multan are sub-
jected to harmful levels of air pollution [22,23].

In a study conducted in Islamabad, common symptoms of DED 
included itching (155/191 cases, 81.2 %), watering (151/191 cases, 

79.1 %), and burning (124/191 cases, 64.9 %), with watering and 
photophobia severely affecting daily activities [24]. During winter, a 
higher incidence of smog forces Pakistan’s residents to restrict their 
occupational activities due to its adverse health impacts and restricted 
mobility caused by poor visibility [25]. Moreover, smog contributes to 
increased cases of conjunctival inflammation [21], commonly known as 
pink eye disease, which has become a significant health concern in 
Pakistan’s major urban areas [26,27].

Smog has been linked to chronic ophthalmic diseases such as glau-
coma, diabetic retinopathy, and age-related macular degeneration 
(ARMD). Studies have found that pollutants like PM2.5 and NOx are 
associated with a higher risk of acute glaucoma, elevated intraocular 
pressure (IOP), earlier onset of childhood glaucoma, and a higher fre-
quency of outpatient visits for glaucoma on days when the AQI indicates 
poor air quality [28–31]. Similarly, high levels of PM pollution increase 

Fig. 1. Mechanisms by which smog affects ophthalmological health.
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the prevalence of diabetic retinopathy; a population-based study in rural 
Pakistan reported a 24.2 % (563/2331) prevalence of diabetic retinop-
athy among individuals with diabetes [32]. Oxidative stress and 
inflammation, both aggravated by PM2.5 exposure, are linked to the 
pathophysiology of ARMD. [33] Since PM2.5 is directly correlated with 
increased oxidative stress [34], smog is associated with an increasing 
incidence, severity, and hastening progression of ARMD. Long-term 
exposure to hydrocarbons and high daily levels of PM10, NO2, SO2, 
O3, and CO can lead to presbyopia and other vascular eye diseases, 
further burdening Pakistan’s healthcare system [35–37].

In Lahore, the air quality ranks among the most hazardous globally, 
yet its impact varies among residents [38]. High-income groups have a 
decreased risk of mortality from smog and heat-related events [39]. This 
reduced risk is attributed to their lower exposure to smog, as they can 
afford protective measures such as masks and air filters. [[38,41] These 
groups are also more likely to engage in behaviors that reduce exposure 
to PM2.5 [42]. In contrast, low-income groups tend to have increased 
exposure and fewer protective behaviors, placing them at higher risk for 
the ophthalmological effects of smog. Additionally, individuals in low- 
income communities, especially in lower-middle-income countries like 
Pakistan, face greater complications due to limited access to healthcare 
[43].

Policy initiatives and recommendations

Beijing offers valuable insights for Pakistan to mitigate the effects of 
smog. Wang et al. distinguished Beijing’s air pollution as haze rather 
than smog, highlighting coal power plants as a major anthropogenic 
pollution source [44]. Their comparison with London highlights the 
shared reliance on coal for power generation, particularly for winter 
heating, and the significant air pollution resulting from rapid economic 
development. In the 1990s, coal combustion accounted for 87 % of SO₂ 
emissions and 76 % of NOₓ emissions in China [45]. Beijing’s success in 
tackling air pollution was largely due to policies that phased out coal 
power plants, along with temporary traffic controls that reduced pol-
lutants significantly [46]. Implementation of the 2013 five-year action 
plan, Beijing’s Battle to Clean Up its Air, saw the city’s smog control 
budget grow from USD 434 million to USD 2.6 billion between 2013 and 
2017, resulting in notable reductions in NO₂, SO₂, and PM2.5 levels 
[47,48].

Pakistan’s government has taken similar initiatives and implemented 
policy changes to mitigate its impacts and improve air quality. The 
revised Pakistan Clean Air Plan (PCAP), announced by Pakistan’s Min-
istry of Climate Change with the support of the Asian Development Bank 
in 2021 [49,50] led to the development of the country’s first national air 
pollutant inventory, quantifying black carbon and other airborne pol-
lutants at both the national and provincial levels. The ongoing PCAP 
encompasses a National Clean Air Plan with three primary goals: 
establishing air pollution concentration targets, identifying effective 
strategies for mitigating air pollution, and developing a coordinated 
action plan for air quality improvement [51].

The Government of Punjab (GoP) has also implemented smart 
lockdowns in various districts to curb rises in worsening air quality in-
dexes [52]. These measures include reducing working days and hours, 
closing markets and restaurants earlier, and closing educational in-
stitutions on certain days of the week. The government has also been 
implementing air quality monitoring systems to track pollution levels 
and assess the effectiveness of control measures [53]. In 2023, the GoP 
declared a month-long smog emergency. Measures such as enforcing 
water sprinkling on construction sites, banning smoke-emitting vehicles, 
and sealing polluting factories were implemented [54]. Yet, the AQI 
continues to range in dangerous levels each year exposing inhabitants of 
Pakistan to air pollutants each year.

Given the significant impact of smog on ophthalmological health, the 
current government efforts in Pakistan need further strengthening. The 
lessons learned from Beijing’s approach, such as large-scale policy 

implementation, stricter regulations on coal emissions, and proactive 
traffic management, could be effectively applied in the Pakistani context 
to mitigate smog’s effects. However, the need for ongoing research into 
the specific ocular effects of smog is crucial. It will help to refine public 
health strategies, guiding policies that prioritize reducing exposure to 
harmful air pollutants, enhancing environmental integrity, and pro-
tecting citizens’ health. To achieve these goals, Pakistan requires 
increased awareness, stronger policies, and dedicated research efforts 
focused on smog and its long-term health impacts.
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