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A multicentric case-control study on theA multicentric case-control study on the 
impact of air pollution on eyes in aimpact of air pollution on eyes in a 
metropolitan city of Indiametropolitan city of India 

Abstract	 The eyes are vulnerable to the effects 
of air pollution as they are constantly 

Purpose: To study the effect of exposure to high level exposed to polluted air and air-borne 
of air pollution on ocular surface health. Materials and pollutants are a great threat to eye as 
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ophthalmic symptoms ophthalmic medications were excluded 
from the study. Subjects with history 
of autoimmune skin and respiratory 
disorder and any other disease, which 

INTRODUCTION might predispose to dry eyes, were also 
excluded. All subjects were informed 

Health hazards due to complex problems of air pollution about the nature and method of study 
in metropolitan cities are very well-recognized. Vehicular and informed consent was obtained.

emissions are one of the main sources of air pollution. Rising 

income and increasing necessity for personal mobility and Subjects were divided into two groups. 

inadequate availability of mass transportation facility has 
resulted in a rapid increase in automobile ownership and its 
utilization in Delhi. Motor vehicles emit carbon monoxide, 
nitrogen oxide, sulphur dioxide and other toxic substances 
such as total suspended particulate matter (SPM) and lead. 
Health effects of air pollution range anywhere from minor 
irritation of the eyes and the upper respiratory system to 
chronic respiratory disease, heart disease, lung cancer and 
death. Though studies have been done on effects of air pollution 
on the skin,the respiratory and the cardiovascular system in 
humasn but effects on eyes are not very well investigated.[1-3] 

The study group comprised people who 
commuted daily via highly polluted 
areas for at least two years. Control 
group comprised people residing 
on the campus and traveling from 
their houses to workplace within the 
campus. They were not commuting 
long distances on a daily basis. The 
housewives routinely staying indoors 
at campus houses were also included 
in the control group. 
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A detailed history was recorded for all subjects. The history 
provided information regarding age, sex, profession, distance 
traveled in km/day, commuting time, mode of transport, period 
of daily travel in years and the route of travel. History of 
ophthalmic symptoms such as redness, watering, irritation, 
strain, blurred vision and photophobia was also recorded. 
Subjects were assessed for best-corrected Snellen’s visual 
acuity (VA). Ocular examination was done using slit lamp for 
presence of particulate matter. 
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Following tests were also performed to assess rate of tear 
formation and stability of tear film. 

Schirmer’s test 
Standardized filter paper strips (Sno strips; Smith and Nephew 
Pharmaceuticals Ltd., Romford, UK) were inserted with the 
head of the strip in the lower conjunctival fornix at the junction 
of middle and lateral one-third of lower eyelid margin.[4] Topical 
anesthesia was not used and strips were inserted in such a 
way that they did not touch the cornea. Subjects were asked 
to remain relaxed with open lids during the test. After five min, 
the length of the wett part was measured from the fold on the 
strip. Wetting of the strip greater than 10 mm was considered 
as the normal value. 

Tear break-up time 
Stability of the tear film was assessed by measuring tear film 
break-up time (BUT). “Flourescein” strips prepared using 
1% flourescein solution were applied to superior bulbar 
conjunctiva. No local anaesthetic was used. The interval 
between the onset of last complete blink and appearance 
of first black spot in flourescein stained tear film without 
touching the eyelid was measured. BUT was measured as the 
mean time obtained from three blinks. Values over 15 sec were 
considered as normal. 

RESULTS 

A total of 520 subjects were enrolled for this study. 441 subjects 
belonged to the study group whereas 79 subjects were in the 
control group. The mean age of subjects in control group was 

2.04% of subjects respectively. Corresponding numbers were 
significantly high in the study group with 49.21% (P<0.001), 
43.99% (P<0.001), 45.12% (P<0.001) and 13.82% (P<0.001) 
respectively [Table 1]. No significant difference was observed 
in visual acuity in the two groups (P=0.33). Best-corrected VA 

Figure 1: Percentage of subjects showing ophthalmic symp-
toms in the control group 

Figure 2: Percentage of people showing ophthalmic symptoms 
in the study group 

33.57±11.52 years while in study group mean age was 34.18 
± 13.36 years. 

A significantly larger number of subjects in study group were 
suffering from ophthalmic symptoms compared to control 
group (P<0.001). Symptoms of redness, watering, irritation, 
strain, blurring and photophobia were absent in 55% subjects 
in control group while only 22% subjects were asymptomatic 
in study group [Figures 1 and 2]. In the study group 38.22% 
subjects had occasional redness of eyes compared to 
14.28% in the control group (P<0.001). In the control group 
other ophthalmic symptoms of watering, irritation, strain 
and photophobia were observed in 22.44, 20.40, 24.49 and 

of less than 6/9 was observed in 22.45% subjects in the study 
group and 30% subjects in the control group. 

The average Schirmer’s test value in the study group was 
22.75±8.91 mm as compared to 30.30±7.92 mm in the control 
group (P<0.001) [Table 2]. Average tear break-up time in study 
group was significantly low (P<0.05) with a value of 11.17±2.92 
seconds as compared to 12.13 ± 3.24 seconds in study group 
[Table 2]. 

DISCUSSION 

Under the National Ambient Air Quality Monitoring (NAAQM) 
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Table 1: “Ocular subjective complaints” in the control and 
study group 
Parameters Control group 

n = 48 
Study group 

n = 412 
P-value

 n (%) n (%) 
Redness 7 14.28 169 38.32 <0.001 
Watering 11 22.44 217 49.21 <0.001 
Irritation 10 20.40 194 43.99 <0.001 
Strain 12 24.49 199 45.12 <0.001 
Photophobia 1 2.04 61 13.82 <0.001 

n = number of persons 

Table 2: Break-up time and Schirmer’s test in the control and 

air pollutants. Persistently high levels of these pollutants in 
air are likely to affect ocular surface health. 

Ocular surface health is ensured by a close relationship 
between ocular surface epithelium and preocular tear film 
maintained by external adnaxae. Ocular Symptoms due to 
exposure to polluted air range from minor eye irritation to 
severe chronic discomfort[6,7] reduced vision and increased 
sensitivity to light.[8] Change in pH of lacrimal fluid because of 
acidification of tears by high levels of oxidants (NO, NO2, and 
SO2) in air might be responsible for these effects.[9] Detrimental 
effects of air pollution on eyes are not well-documented and 

The residential campuses of AIIMS and Delhi Institute of travelling highly polluted areas in Metropolitan City of Delhi. 

Pharmaceutical Sciences and Research are located far away Further studies to evaluate changes in ocular surface are


experimental groups long-term effects of exposure to highly polluted air are not 
Control (n=57) Study group (n=450) P value well known. However, some of the information is available 

12.13 ± 3.24 11.17 ± 2.92 <0.05 from experimental studies where human or animal eyes were 
30.30 ± 7.92 22.75 ± 8.91 <0.001 

exposed to such high levels of pollutants that is not expected 
All values are mean ± standard deviation. n = number of persons 

even with very high degree of air pollution.[6,10] Ocular side 
effects arising from poorly ventilated building were evaluated 

Table 3: Ambient air quality of Delhi by Frank and Skov[11] and Carsten and Boge.[12] In one study 
SO2 NO2 SPM PM10 

conducted at All India Institute of Medical Sciences, New 
Standard (24 hourly average) 80 80 200 100 Delhi it was observed that environmental conditions have a 

12-21 28-76 375-600 157-324 very significant effect on ocular surface health and incidence
9-13 33-98 311-526 130-255 of subclinical ocular surface changes was high among persons8-12 44-102 391-773 130-354 

travelling in highly polluted area.[13] The present study was
- Nitrogen dioxide, SPM - Suspended particulate matter, PM10 

- Particulate matter less than 10 microgram, All values are in mg/m3, Source: Central conducted at three centers so as to include subjects travelling 
through wider areas of Delhi. This study compares the state of 
ocular health in subjects travelling long distance on a regular 
basis with those who do not travel long distances on a daily 

network three criteria air pollutants, namely, SPM, SO  and basis and live on residential campuses. Although none of the
2

 have been identified for regular monitoring at 290 stations subject had to attend emergency ophthalmological services for 
spread across the country. Ambient air quality standards have severe symptoms but significantly high number of subjects in 
also been laid down with respect to these pollutants. Table 3 the study group complained of ophthalmic symptoms which 
compares the ambient air quality of Delhi in the months of appeared to be related to allergy/irritation of eyes caused by 
December 2000, 2003 and 2005 with laid down standards. high levels of pollutants in air. Although the values of BUT and 
Sulfur dioxide levels have gone down tremendously because Schirmer’s test in both the control and study group are well 
of persistent efforts of phasing out old commercial vehicles, within normal limits but there existed a significant difference 
introduction of unleaded petrol and low sulfur diesel, extensive between the two group. High incidence of symptoms and 
use of CNG based vehicles and increase in forest cover. significantly larger differences in BUT and Schirmer’s test 
However, Nitrogen dioxide levels have begun to rise while evidenced high level of sunclinical ocular surface disorders 

levels remain critically high. The main source in exposed subjects. Our study thus reveals significantly high 
of high levels of SPM and NO2 in air is the vehicular emission.[5] levels of subclinical ocular surface abnormalities in people 

Break-up time (sec) 
Schirmer’s test (mm) 

December 2000 
December 2003 
December 2005 

SO2 - Sulphur dioxide, NO2 

pollution control board. 

NO2

SPM and PM10

from the main traffic congested roads and are surrounded by 
dense tree covers. The vehicular traffic inside the campuses 
is not much. Therefore, the subjects living and traveling within 
campuses are likely to be exposed to comparatively low levels 
of air pollution. Most of the subjects in study group traveled 
the areas of ITO, Nizamuddin, Ring Road and Nehru Place. 
The data produced by Central Pollution Control Board from the 
above-mentioned area consistently shows the levels of NO2 and 
SPM withincritical range and therefore, the subjects traveling 
these areas were getting exposure to critically high levels of 

recommended. Educating people to use short-term measures 
such as wearing goggles while travelling might be useful. 
Besides, long-term measures to decrease level of air pollution 
are of extreme importance. 
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