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Relationship between air pollution and outpatient visits 
for nonspecific conjunctivitis in Taiwan 
 
Yi-Horng Lai1 
 
ABSTRACT 
Background: As a directly exposed part of the human body, the eyes are susceptible to external stimulations of air pollution. The ill effects of air 
pollution on human eyes are mostly irritation and inflammation, with conjunctivitis being a significant problem. 
Method: This study investigates the impact of air pollution on nonspecific conjunctivitis based on the data from ophthalmologic outpatient visits. The 
research focuses on the significance of air pollution’s impact on ocular health. Data for ophthalmology outpatient visits were obtained from the 
National Health Insurance Research Database of Taiwan. Ambient air monitoring data were obtained from the Taiwan Environmental Protection 
Administration air pollution monitoring stations. Six regulated air pollutants were included in the studies. This study used symbolic data analysis to 
investigate the association between daily air pollutant concentrations and the number of outpatient visits for nonspecific conjunctivitis as well as the 
relationship between climate factors and air pollutants. 
Results: O3 (t-value=2.292, p-value=0.025) is positively correlated with nonspecific conjunctivitis cases; this result is the same as plot (d) in Figure 3. 
The relationship between nonspecific conjunctivitis cases and CO (t-value=-1.183, p-value=0.240) / NO2 (t-value=0.653, p-value=0.516) / NO2 (t-
value=0.653, p-value=0.516) / SO2 (t-value=-0.942, p-value=0.349) is not statistically significant. 
Conclusion: The result of this study shows that the air pollutant, O3 is significantly related to nonspecific conjunctivitis. The air pollutant, O3 can 
increase chances of outpatient visits, suggesting that is a possible cause for nonspecific conjunctivitis. 
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INTRODUCTION 

Air pollutions are correlated with many adverse health effects and diseases, and this is well recognized by many 
studies (1-5). WHO describes air pollution as “the contamination of the indoor or outdoor environment by any chemical, 
physical or biological agent that modifies the natural characteristics of the atmosphere (6).” Despite the recent 
legislations on air pollutant standards that are more stringent than before, air pollution is still a major concern and its 
impact on health is still present. More developed countries have paid high attention to the regulation of the air pollution, 
and there are comprehensive reviews and guidelines produced by organizations and governmental departments. 

Previous studies were carried out on the correlation between air pollutants and health using a wide spectrum of 
mathematical and statistical modeling methods. Findings from most of the previous studies showed that air pollutants 
have negative influence on health. Studies on lung cancer (1, 2), acute respiratory infection (3), liver cancer (4), and 
menstrual cycle (5) showed a significant correlation between health and air pollutants. Dense innervations in the ocular 
surface are extremely sensitive to environmental agents (7). Furthermore, the eyes are protected only by a thin layer of 
tear film from potentially damaging exterior influences (8). Thus, human eyes are very susceptible to ill effects of air 
pollution. 

The ill effects of air pollution on human eyes are mostly irritation and inflammation, with conjunctivitis being a 
significant problem (9, 12-15). Many research investigations have attempted to discover the effects of environmental 
toxins on the ocular surface. Among persons living in high-polluted areas, a considerable portion suffers from subclinical 
ocular surface changes (12). 
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Conjunctivitis is one of the most commonly diagnosed conditions in ophthalmologic outpatient and emergency room 
visits (14). More than 40% of ophthalmologic outpatient visits are diagnosed with conjunctivitis annually, according to 
data from the Bureau of Taiwan National Health Insurance. Conjunctival disorders induced by air pollution can be 
subclinical ocular surface changes (12), but on many occasions with serious discomforts such as burning and irritation 
require clinical visits. Furthermore, chronic exposure to air pollution can induce cellular change, such as goblet-cell 
hyperplasia in the ocular surface (10). The discomforts of ocular diseases manifested in burning, irritation, itching, and 
tearing interfere with people’s daily activities, including work efficiency and road safety. Treating ocular diseases by 
steroid eye drops occasionally results in cataracts, glaucoma, and other severe side effects, which can lead to permanent 
vision loss (11). 

Bourcier, Viboud, Cohen, Thomas, Bury, Cadiot, Mestre, Flahault, Borderie, and Laroche investigated short-term 
associations between ophthalmologic emergency room visits and air pollution in Paris, and they concluded a relation 
between NO2, O3, SO2, and PM10 and conjunctivitis (9). Chang, Yang, Chang, and Tsai investigates the relationship 
between air pollution and outpatient visits for nonspecific conjunctivitis in Taiwan, and they found that the air pollutants, 
NO2, SO2, O3, and PM10 increase the chances of outpatient visits for nonspecific conjunctivitis and have no evident lag 
effects (12). Mimura, Ichinose, Yamagami, Fujishima, Kamei, Goto, Takada, and Matsubara examined the association of 
airborne pollutants with allergic conjunctivitis in Tokyo. Their findings suggest a possible role of PM2.5 in the development 
of allergic conjunctivitis during the non-pollen season. This association between PM2.5 and allergic conjunctivitis may 
have broad public health implications in relation to allergic diseases (13). Szyszkowicz, Kousha, and Castner examine the 
associations between emergency department visits for conjunctivitis and ambient air pollution levels in urban regions 
across the province of Ontario, Canada and they suggest that there are associations between these two, with different 
temporal trends (14). Based on the database of the Shanghai Health Insurance System (SHIS), Hong, Zhong, Li, Xu, Ye, 
Mu, Lu, Mashaghi, Zhou, Tan, Li, Sun, Liu, and Xu assess the relationship between air pollutants with outpatient visits for 
allergic conjunctivitis. They found that higher levels of ambient NO2, O3, and temperature increase the chances of 
outpatient visits for allergic conjunctivitis. Ambient air pollution may contribute to the worsening of allergic conjunctivitis. 
(15). 

Most studies claimed that air pollutants are a determinant of nonspecific conjunctivitis. The results of previous studies 
about air pollutants on nonspecific conjunctivitis are shown in Table 1. It can be found that the relationship between 
nonspecific conjunctivitis and levels of CO and O3 are the same in these studies, while the results of the relationship 
between nonspecific conjunctivitis and levels of NO2, SO2, PM10 and PM2.5 are different. 

Most of the data, such as air pollutants and climatic data are range-type data. Because of the limitation of traditional 
statistics (e.g., regression analysis), range-type data is difficult to be analyzed. Most of them are analyzed by minimum / 
maximum value (9), mean value (12,13,15), and cumulative value. Most studies developed linear regression model 
(12,13,15) or negative binomial regression model (14) using average over the period for the relationship between non-
specific conjunctivitis incidence and air pollutants data. 

Many studies indicate that the maximum, minimum, or cumulative values are better than the mean value in the studies 
that discuss range-type data (9,16,17). For example, the major drawback of the traditional statistical methods is that 
when the result between outcomes and each of the above-mentioned value (maximum, minimum, or cumulative) is not 
consistent, it will be difficult to draw a conclusion (9,16,17). For example, Bourcier, Viboud, Cohen, Thomas, Bury, Cadiot, 
Mestre, Flahault, Borderie, and Laroche’s study indicate that the maximum temperature of the day was associated with 
conjunctivitis and other ocular surface diseases, but minimum temperature of the day was not associated with 
conjunctivitis. Therefore, it is difficult to explain the relationship between conjunctivitis and temperature. 

With the advent of information technology, very large datasets have become common. Traditional statistical methods 
do not have the power or flexibility to analyze these data efficiently and extract the required knowledge. Symbolic data 

Table 1: The results of previous studies about air pollutants’ impact on nonspecific conjunctivitis 
 CO NO2 SO2 O3 PM10 PM2.5 

Bourcier (2003) (9) - Yes Yes Yes Yes - 
Chang (2012) (12) No Yes Yes Yes Yes No 

Mimura (2014) (13) No No - - - Yes 
Szyszkowicz (2016) (14) - Yes Yes Yes - Yes 

Hong (2016) (15) - Yes No Yes No No 
1. Yes: This air pollutant is a significant predictor of the number of outpatient visits. 
2. No: This air pollutant is not a significant predictor of the number of outpatient visits. 
3. -: This study didn’t determine the effects of this air pollutant. 

http://www.ejgm.co.uk/


  Electron J Gen Med 2019;16(4):em144 

 

http://www.ejgm.co.uk   3 / 13 

analysis is to summarize a large dataset in such a way that the resulting summary dataset is of a manageable size and 
yet retains as much of the knowledge in the original dataset as possible (18,19). One consequence of this is that the data 
may no longer be formatted as single values, but be represented by lists, intervals, distributions, etc. The summarized 
data have their own internal structure, which must be taken into account in any analysis. 

Ambient air pollution may contribute to the worsening of allergic conjunctivitis (15). Air pollution is the risk factor 
that can be controlled by government. With governmental intervention, decreasing the morbidity of conjunctivitis will 
be more effective. Conjunctivitis costs one third of the annual ophthalmic pay from National Health Insurance, 2% of the 
annual total cost of National Health Insurance (12). If nonspecific conjunctivitis can be diminished by the control of air 
pollutant, it can reduce the cost of national health insurance. Therefore, one of the aims of this study is to investigate 
the relationship between air pollutants and the non-specific conjunctivitis in Taiwan with symbolic data analysis and to 
compare the different effects of air pollutants on the incidence of non-specific conjunctivitis in Taiwan. 

Further, research is also needed on the association between weather and air pollutants in order to indicate air 
pollution and their linkage with the cases of nonspecific conjunctivitis (9). Such studies would help to determine the 
effects of air pollutants on the eye. Therefore, the other goal of this study is to determine the effects of climate factors 
on air pollutants. 

MATERIALS AND METHODS 

This study used symbolic data analysis to investigate the relationship between air pollution concentrations and 
outpatient visits for nonspecific conjunctivitis as well as the relationship between climate factors between air pollution 
concentrations and particulate matter (PM) (Figure 1). In the regression analysis of the cases of nonspecific conjunctivitis, 
the CO, NO2, SO2, O3, PM10, and PM2.5 are regarded as air pollutants. And in the regression analysis of these 6 air 
pollutants, temperature, relative humidity, and rainfall are considered as climatic factors. 

Study Area 

Taipei city is in the northern part of Taiwan. It is the largest city and the capital city of Taiwan. The city is home to an 
estimated population of 2,689,845 in 2017. Taipei city has excellent capabilities for managing air quality, and it keeps 
high quality data of air pollutants. Therefore, this study focuses on Taipei city as the target area for investigation. The 
city’s rainy climate, location near the coast, and strong environmental regulations have prevented air pollution from 
becoming a substantial health issue. However, smog is still extremely common and the visibility throughout the city is 
not good during rain-less days. 

Taiwan has made efforts on air pollution monitoring and control. The Environmental Protection Administration (EPA) 
of Taiwan started to set up the Taiwan Air Quality Monitoring Network (TAQMN) in 1990. In September 1993, there were 
66 air quality monitoring stations in TAQMN, replacing the original 19. Up until 1998, there were 72 air quality monitoring 
stations, including four traffic pattern stations, four background pattern stations, three industrial pattern stations and 
two national park pattern stations. These five types of air quality monitoring stations serve different purposes. 

In Taiwan, the priority pollutants that can be monitored through continuous emission monitoring systems (CEMS) of 
the monitoring network include sulfur dioxides (SO2), carbon monoxide (CO), ozone (O3), particulate matter (PM10 and 
PM2.5), nitrogen oxides (NOx), and hydrocarbons (HCs). 

 
Figure 1: The research framework 
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Data Collection 

The research focuses on the significance of air pollution’s impact on ocular health. Data for ophthalmology outpatient 
visits were obtained from the National Health Insurance Research Database of Taiwan. Nonspecific conjunctivitis was 
defined and filtered according to the diagnostic codes in the International Classification of Diseases, 9th revision (ICD-
9). Ambient air monitoring data were obtained from the Taiwan Environmental Protection Administration air pollution 
monitoring stations. Six regulated air pollutants were included in this study. 

Air pollutant concentrations data and climate data 

The Taiwan Environmental Protection Administration (EPA) began to establish Taiwan Air Quality Monitoring Network 
(TAQMN) in 1990. The monitoring stations are divided into 5 categories in this network by the characteristics of 
pollutants, geometrical and meteorological conditions, population distribution and traffic conditions. These 5 categories 
include ambient stations, traffic air monitoring stations, industrial stations, national park air monitoring stations, and 
background air monitoring stations. 

Though many air pollutants and climatic factors are monitored in Taiwan, not every air monitoring station monitors 
all kinds of the air pollutants because different kind of monitoring stations has its own purpose. This study only concerns 
about CO, NO2, SO2, O3, PM10 and PM2.5. These air pollutants are regarded as criteria pollutants because the pollutant 
standard index (PSI) is based on them. Only the monitoring stations that contained data with all these six pollutants were 
considered for this study.  

The study used daily ambient air-quality data between 2003 and 2010 that were extracted from the database 
maintained by the EPA. TAQMN divides Taiwan into seven air-quality control areas: North, Chu-Miao, Central, Yun-Chia-
Nan, Kao-Ping, Yilan, and Hua-Tung. There are 70 fully automatic monitoring stations measuring air quality in these 
areas. Air pollutants considered in the analysis were particulate matter (PM10 and PM2.5), nitrogen dioxide (NO2), sulfur 
dioxide (SO2), ozone (O3), and carbon monoxide (CO). CO was analyzed by the infrared method; NO2 by the 
chemiluminescence method; SO2 by the ultraviolet fluorescence method; O3 by the ultraviolet absorption method, and 
PM10 and PM2.5 by the beta-ray attenuation method. Temperature, rainfall, and relative humidity data were concurrently 
obtained from this database. 

Patient visits data 

The clinic visit counts of non-specific conjunctivitis were obtained from the data of National Health Insurance 
database. This database is originated from the Bureau of National Health Insurance (BNHI) and cleaned by National 
Health Research Institute (NHRI) of Taiwan. Over 97% of Taiwan’s population is insured by National Health Insurance; 
therefore, this database is considered representative of health system use in Taiwan. The NHRI has collected health data 
from BNHI since 1997 and published the annual data every year. Due to the difficulties involved in managing such large 
amount of data, decision was previously made to randomly sample information on 1 out of 500 clinic visits, which were 
then cleaned and publicized without personal information for research use. 

Data from ophthalmologic outpatient visits between 2003 and 2010 were obtained from the National Health 
Insurance Database. In ICD-9-CM, acute conjunctivitis is coded 372.00; chronic conjunctivitis is coded 372.10; simple 
chronic conjunctivitis is coded 372.11; other chronic allergic conjunctivitis is coded 372.14; blepharoconjunctivitis is 
coded 372.20, other and unspecified conjunctivitis is coded 372.30; and conjunctival hemorrhage is coded 372.72. To 
protect privacy, the data on patient identities and institutions had been scrambled cryptographically. 

Symbolic Data Analysis 

Symbolic data analysis is a relatively new field that provides a range of methods for analyzing complex datasets. 
Traditional statistical methods do not have the power or flexibility to make sense of very large datasets, and symbolic 
data analysis techniques can be developed in order to extract knowledge from such data. The analysis of symbolic data 
differs from that of the traditional. Rather than identifying points of interest in the data, symbolic data methods allow 
the user to build models of the data and make predictions about future events (20). 

The cases of nonspecific conjunctivitis of Taipei from November 2003 to December 2010 were analyzed with symbolic 
linear regression analysis for interval-valued data with R 3.4.1 with SparkR 2.0.1 in symbolic data analysis with center-
method (21,22). The regression model plots the nonspecific conjunctivitis incidence (cases) versus CO, NO2, SO2, and O3 
in the following equation: 

 nonspecific conjunctivitis incidence=β0+β1*CO+β2* NO2+β3*SO2+β4*O3 (1) 

http://www.ejgm.co.uk/
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The regression model plots the nonspecific conjunctivitis incidence (cases) versus PM10, and PM2.5 in the following 
equation: 

 nonspecific conjunctivitis incidence=β0+β1*PM10+β2*PM2.5 (2) 
The regression model plots the air pollutants (CO, NO2, SO2, O3, PM10) versus temperature (°C), relative humidity (%), 

rainfall (mm/hr) in the following equation: 
 The Level of CO=β0+β1*temperature +β2*relative humidity +β3*rainfall (3) 
 The Level of NO2=β0+β1*temperature +β2*relative humidity +β3*rainfall (4) 
 The Level of SO2=β0+β1*temperature +β2*relative humidity +β3*rainfall (5) 
 The Level of O3=β0+β1*temperature +β2*relative humidity +β3*rainfall (6) 
 The Level of PM10=β0+β1*temperature +β2*relative humidity +β3*rainfall (7) 
 The Level of PM2.5=β0+β1*temperature +β2*relative humidity +β3*rainfall (8) 

Billard and Diday proposed an approach for a constrained linear regression model on the midpoints and range of the 
interval values (18). The prediction of the lower and upper boundaries of the interval value of the dependent variable is 
accomplished from its midpoint and range, which are estimated from the fitted linear regression models applied to the 
midpoint and range of each interval value of the independent variables. 

Based on Billard and Diday’s study, the estimate of the parameters β is based only on the midpoint of the intervals 
according to the criterion considered. Let E={e1,…,en} be a set of examples that are described by p+1 interval-valued 
variables Y, X1,…,Xp. Each example is represented as an interval quantitative feature vector zi=(xi, yi), xi=(xi1,…,xip), where 
𝑥𝑥𝑖𝑖𝑖𝑖 = [𝑎𝑎𝑖𝑖𝑖𝑖 , 𝑏𝑏𝑖𝑖𝑖𝑖] ∈ 𝑠̂𝑠 = {[𝑎𝑎, ]: 𝑎𝑎, 𝑏𝑏 ∈ 𝑅𝑅, 𝑎𝑎 ≤ 𝑏𝑏} (j=1,…,p) and 𝑦𝑦𝑖𝑖 = [𝑦𝑦𝐿𝐿𝐿𝐿 ,𝑦𝑦𝑈𝑈𝑈𝑈] ∈ 𝑠̂𝑠 are, respectively, the observed values of Xj and 
Y. 

It can be considered that X1,…,Xp related to Y according to the linear regression relationship: 

 
𝑦𝑦𝐿𝐿𝐿𝐿 = β0 + β1𝑎𝑎𝑖𝑖1 + ⋯+ β𝑝𝑝𝑎𝑎𝑖𝑖𝑖𝑖 + ε𝐿𝐿𝐿𝐿 
𝑦𝑦𝑈𝑈𝑈𝑈 = β0 + β1𝑏𝑏𝑖𝑖1 + ⋯+ β𝑝𝑝𝑏𝑏𝑖𝑖𝑖𝑖 + ε𝑈𝑈𝑈𝑈 

(9) 

From equation (2), the sum of the squares of deviations in this first approach is as follows: 

 𝑆𝑆𝑐𝑐𝑐𝑐 = �(∈𝐿𝐿𝐿𝐿+∈𝑈𝑈𝑈𝑈)2
𝑛𝑛

𝑖𝑖=1

= �(𝑦𝑦𝐿𝐿𝐿𝐿 − β0 − β1α𝑖𝑖1

𝑛𝑛

𝑖𝑖=1

− ⋯β𝑝𝑝α𝑖𝑖𝑖𝑖 + 𝑦𝑦𝑈𝑈𝑈𝑈 − β0 − β1𝑏𝑏𝑖𝑖1 − ⋯β𝑝𝑝𝑏𝑏𝑖𝑖𝑖𝑖)2 (10) 

which represents the sum of the square of the sum of the lower and upper boundary errors. 
Lima Neto and de Carvalho present the estimates of the vector of parameters β in matrix notation for the center 

method (22), which can be rewritten in the simplest form as 
 𝑦𝑦𝐶𝐶 = 𝑋𝑋𝐶𝐶𝛽𝛽 + 𝜀𝜀𝐶𝐶 (11) 

where 
𝑦𝑦𝐶𝐶 = (𝑦𝑦1𝐶𝐶 ,⋯𝑦𝑦𝑛𝑛𝐶𝐶)𝑇𝑇 

𝑋𝑋𝐶𝐶 = (𝑥𝑥1𝐶𝐶)𝑇𝑇 ,⋯ (𝑥𝑥𝑛𝑛𝐶𝐶)𝑇𝑇)𝑇𝑇 
(𝑥𝑥𝑖𝑖𝐶𝐶)𝑇𝑇 = �1, 𝑥𝑥𝑖𝑖1𝐶𝐶 , … 𝑥𝑥𝑖𝑖𝑖𝑖𝐶𝐶 �, 𝑖𝑖 = 1,⋯ ,𝑛𝑛 

β = (β0,⋯ , β𝑝𝑝)𝑇𝑇 
ε𝐶𝐶 = (ε1𝐶𝐶 , … , ε𝑛𝑛𝐶𝐶)𝑇𝑇 

If Xc has full rank (p+1)≦n, the least square estimate of β in equation (8) is given by 
 𝛽̂𝛽 = ((𝑋𝑋𝐶𝐶)𝑇𝑇𝑋𝑋𝐶𝐶)−1(𝑋𝑋𝐶𝐶)𝑇𝑇𝑦𝑦𝐶𝐶  (12) 

Given a new example e, described by z=(x, y), where x=(x1,…,xp) with xj=[ai, bj] (j=1,…,p), the value y=[yL, yU] of Y will 
be predicted by as follows: 

 𝑦𝑦�𝐿𝐿 = (𝑥𝑥𝐿𝐿)𝑇𝑇𝛽̂𝛽 
𝑦𝑦�𝑈𝑈 = (𝑥𝑥𝑈𝑈)𝑇𝑇β� (13) 

where 
(𝑥𝑥𝐿𝐿)𝑇𝑇 = (1, 𝑎𝑎1,⋯ , 𝑎𝑎𝑝𝑝) 
(𝑥𝑥𝑈𝑈)𝑇𝑇 = (1, 𝑏𝑏1,⋯ , 𝑏𝑏𝑝𝑝) 

The determination coefficient (R2) represents a goodness-of-fit measure commonly used in regression analysis to 
capture the adjustment quality of a model. The determination coefficient (R2) for the CM method is easily established as 

 𝑅𝑅𝑐𝑐𝑐𝑐2 =
∑ (𝑦𝑦�𝑖𝑖𝐶𝐶 − 𝑦𝑦�𝐶𝐶)2𝑛𝑛
𝑖𝑖=1

∑ (𝑦𝑦𝑖𝑖𝐶𝐶 − 𝑦𝑦�𝐶𝐶)2𝑛𝑛
𝑖𝑖=1

 (14) 

However, note that 𝑦𝑦𝐶𝐶 = (𝑦𝑦𝐿𝐿 + 𝑦𝑦𝑈𝑈). Thus, the equation (14) can be replaced by 

 𝑅𝑅𝑐𝑐𝑐𝑐2 =
∑ ((𝑦𝑦�𝐿𝐿𝐿𝐿 + 𝑦𝑦�𝑈𝑈𝑈𝑈) − (𝑦𝑦�𝐿𝐿𝐿𝐿 + 𝑦𝑦�𝑈𝑈𝑈𝑈))2𝑛𝑛
𝑖𝑖=1

∑ ((𝑦𝑦𝐿𝐿𝐿𝐿 + 𝑦𝑦𝑈𝑈𝑈𝑈) − (𝑦𝑦�𝐿𝐿𝐿𝐿 + 𝑦𝑦�𝑈𝑈𝑈𝑈))2𝑛𝑛
𝑖𝑖=1

 (15) 
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Billard and Diday’s method (18) indicate the importance of range-type information in prediction performance as well 
as the application of inequality constraints to ensure mathematical coherence between the predicted values of the lower 
and upper boundaries of the interval-value data. 

RESULTS 

Using monthly aggregated data, outpatient visit data of nonspecific conjunctivitis of Taipei from 2003 to 2010 were 
analyzed with symbolic linear regression analysis for the interval-valued data in this study. The climatic data in this study 
includes temperature (°C), relative humidity (%), and rainfall (hours). The air pollutants data in this study includes CO, 
NO2, SO2, O3, PM10 and PM2.5 The type of these data is interval-valued data, and they all can be presented as U[lower, 
upper], meaning the range of the data is from minimum (lower) to maximum (upper). Details of the non-specific 
conjunctivitis incidence in Taipei, climate factors, CO, NO2, SO2, and O3 measurements and PM are presented in Table 2, 
Table 3, Table 4, and Table 5 respectively. 

For the 86-month period (November 2003~December 2010), the number of non-specific conjunctivitis cases in Taipei 
was from 74,242 to 1,370,092, with the highest occurred in October 2007 and the lowest occurred in April 2004 (Table 
2). 

The characteristics of the daily climatic data is in Table 3. The daily minimum temperature was from -0.54°C to 
25.77°C, with the lowest recorded minimum temperature in March 2010. The daily maximum temperature was from 
23.85°C to 43.73°C, with the highest recorded daily temperature in June 2009. The daily minimum relative humidity was 
from 5.19% to 50.61%, with the lowest in November 2003. The monthly maximum relative humidity was from 85.12% to 
100.00%. The daily rainfall was from 0 to 81.40 mm/hr, with the maximum recorded daily rainfall in August 2009. 

The daily air pollutants data is shown in Table 4. The maximum daily CO was from 2.00 ppb to 6.52 ppb, with the 
maximum recorded in February 2005. The maximum daily NO2 was from 56.37 ppb to 139.63 ppb, with the maximum 
recorded in February 2005. The maximum daily SO2 was from 10.2 ppb to 68.4 ppb, with the maximum recorded in 
August 2010. The maximum daily O3 was from 43.2 ppb to 221.5 ppb, with the maximum recorded in May 2007. 

Table 2: The characteristics of the research data in the cases of nonspecific conjunctivitis 
 Total 

(Year) 
Mean 

(Monthly) 
S.E. 

(Monthly) 
Min 

(Monthly) 
Max 

(Monthly) 
2003/Nov.~2003/Dec. 254,414 127,207.00 30,467.82 105,663 148,751 
2004/Jan.~2004/Dec. 2,547,761 212,313.42 120,080.38 74,242 430,065 
2005/Jan.~2005/Dec. 8,757,736 729,811.33 287,806.09 235,733 1,062,046 
2006/Jan.~2006/Dec. 11,584,004 965,333.67 153,346.36 679,133 1,105,426 
2007/Jan.~2007/Dec. 11,721,826 976,818.83 190,714.96 557,177 1,370,092 
2008/Jan.~2008/Dec. 10,795,315 899,609.58 160,211.80 706,190 1,213,140 
2009/Jan.~2009/Dec. 12,210,401 1,017,533.42 98,481.57 785,554 1,166,525 
2010/Jan.~2010/Dec. 12,769,697 1,064,141.42 123,629.30 812,276 1,264,924 

 

Table 3: The characteristics of the research data in daily climatic data 
 Temperature (°C) Relative Humidity (%) Rainfall (mm/hr) 
 U[lower, upper] U[lower, upper] U[lower, upper] 

2003/Nov. ~ 2003/Dec. U[12.19,28.77] U[5.19,92.90] U[0,3.20] 
2004/Jan. ~ 2004/Dec. U[7.75,39.36] U[28.98,94.37] U[0,64.60] 
2005/Jan. ~ 2005/Dec. U[0.71,37.04] U[25.46,100.00] U[0,56.00] 
2006/Jan. ~ 2006/Dec. U[0.67,41.99] U[13.19,100.00] U[0,49.00] 
2007/Jan. ~ 2007/Dec. U[0.05,39.41] U[10.84,100.00] U[0,73.00] 
2008/Jan. ~ 2008/Dec. U[0.70,38.35] U[8.69,99.99] U[0,69.60] 
2009/Jan. ~ 2009/Dec. U[2.05,43.73] U[8.62,99.43] U[0,81.40] 
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The characteristics of the research data of daily particulate matter data is in Table 5. The maximum daily PM10 was 
from 215 mg×m-3 to 1724 mg×m-3, with the maximum recorded in March 2010. The maximum daily PM2.5 was from 
130.00 mg×m-3 to 237.00 mg×m-3, with the maximum recorded in November 2006. 

The Relationship between Climate Factors and Air Pollutants 

The relationship between climate factors and air pollutants by confirmatory factor analysis (CFA) symbolic scatter is 
plotted in Figure 2 and Figure 3. The predictive model plots nonspecific conjunctivitis incidence versus temperature 
(°C), relative humidity (%), rainfall (mm/hr) in Equation (3)~(8). 

The results demonstrate that climatic factors are associated with air pollutants (Table 6): First, daily temperature (t-
value=-2.809, p-value=0.006) is negatively correlated with CO. The relationship between relative humidity and rainfall 
with CO is not statistical significance, and this is the same as plot (a) in Figure 2. Second, the relationship between daily 
temperature / relative humidity / rainfall and NO2 is not statistically significant. Third, daily rainfall (t-value=2.567, p-
value=0.012) is positively correlated with SO2, and this is consistent with plot (i) in Figure 2. The relationship between 
temperature / relative humidity and CO is not statistically significant. Last, daily temperature (t-value=4.645, p-
value<0.001) is negatively correlated with O3, and this is the same as plot (j) in Figure 2. The relationship between relative 
humidity / rainfall and O3 is not statistically significant. 

Table 4: The characteristics of the research data in daily air pollutants data 
 CO (ppb) NO2 (ppb) SO2 (ppb) O3 (ppb) 
 U[lower, upper] U[lower, upper] U[lower, upper] U[lower, upper] 

2003/Nov.~2003/Dec. U[0.01,3.63] U[2.18,85.48] U[0.1,27.6] U[0.1,114.2] 
2004/Jan.~2004/Dec. U[0.01,3.96] U[0.82,129.34] U[0.1,35.7] U[0.1,184.9] 
2005/Jan.~2005/Dec. U[0.01,6.52] U[0.02,139.63] U[0.1,62.6] U[0.1,175.4] 
2006/Jan.~2006/Dec. U[0.01,5.38] U[0.02,131.91] U[0.1,58.9] U[0.1,160.7] 
2007/Jan.~2007/Dec. U[0.05,4.92] U[0.01,135.42] U[0.1,54.3] U[0.1,221.5] 
2008/Jan.~2008/Dec. U[0.02,4.66] U[0.01,124.39] U[0.1,46.8] U[0.1,155.3] 
2009/Jan.~2009/Dec. U[0.05,4.83] U[0.01,117.52] U[0.1,52.5] U[0.1,149.5] 

 

Table 5: The characteristics of the research data in daily particulate matter data 
 PM10 (mg×m-3) PM2.5 (mg×m-3) 
 U[lower, upper] U[lower, upper] 

2003/Oct. ~ 2003/Dec. U[8,215] U[2.35,147.71] 
2004/Jan. ~ 2004/Dec. U[2,219] U[1.00,141.00] 
2005/Jan. ~ 2005/Dec. U[1,279] U[1.00,130.00] 
2006/Jan. ~ 2006/Dec. U[1,414] U[1.00,237.00] 
2007/Jan. ~ 2007/Dec. U[1,416] U[1.00,170.00] 
2008/Jan. ~ 2008/Dec. U[1,310] U[1.00,176.00] 
2009/Jan. ~ 2009/Dec. U[1,1088] U[1.00,167.00] 

 

http://www.ejgm.co.uk/


Lai / Air pollution and nonspecific conjunctivitis in Taiwan 

 

8 / 13  http://www.ejgm.co.uk  

 

 
Figure 2: Overall survival time by stage 
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Figure 3: Overall survival time by stage 

Table 6: Symbolic regression analysis of climatic factor affecting air pollutants and particulate matter incidence in Taiwan 
Dependent 

Variable 
Independent 

Variable Estimate S.E. t-value p-value R2/Adj-R2 

CO (Intercept) 2.747 0.583 4.711 <0.001 0.231/0.203 
 Temperature (°C) -0.034 0.012 -2.809 0.006  
 Relative Humidity (%) -0.003 0.008 -0.363 0.717  
 Rainfall (mm/hr) -0.003 0.006 -0.567 0.572  

NO2 (Intercept) 83.882 12.854 6.526 <0.001 0.299/0.273 
 Temperature (°C) -0.502 0.271 -1.854 0.067  
 Relative Humidity (%) -0.357 0.181 -1.967 0.053  
 Rainfall (mm/hr) -0.237 0.135 -1.753 0.083  

SO2 (Intercept) 18.224 7.919 2.301 0.024 0.129/0.097 
 Temperature (°C) -0.052 0.167 -0.312 0.756  
 Relative Humidity (%) -0.081 0.112 -0.724 0.471  
 Rainfall (mm/hr) 0.214 0.083 2.567 0.012  

O3 (Intercept) 45.019 19.529 2.305 0.024 0.331/0.307 
 Temperature (°C) 1.910 0.411 4.645 <0.001  
 Relative Humidity (%) -0.401 0.276 -1.454 0.150  
 Rainfall (mm/hr) -0.109 0.205 -0.532 0.596  

PM10 (Intercept) 452.941 145.998 3.102 0.003 0.095/0.062 
 Temperature (°C) -4.959 3.075 -1.613 0.111  
 Relative Humidity (%) -3.666 2.061 -1.779 0.079  
 Rainfall (mm/hr) 0.456 1.535 0.297 0.767  

PM2.5 (Intercept) 86.072 23.004 3.742 <0.001 0.243/0.215 
 Temperature (°C) -0.308 0.485 -0.635 0.527  
 Relative Humidity (%) -0.179 0.325 -0.551 0.583  
 Rainfall (mm/hr) -0.660 0.242 -2.730 0.008  
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As for the relationship between PM and climatic factors, PM10 is not statistically significant with temperature, relative 
humidity, or rainfall, while PM2.5 is negatively correlated with rainfall (t-value=-2.730, p-value=0.008). The relationship 
between PM2.5 and temperature / relative humidity is not statistically significant (Table 6). 

Based on the results, it can be found that daily temperature is positively correlated with O3 and negatively correlated 
with CO. Daily rainfall is positively correlated with SO2 and negatively correlated with PM2.5. These results are in 
agreement with plot (a), (i), and (j) in Figure 2, and plot (f) in Figure 3. 

The Relationship between Air Pollutants and the Case of Nonspecific Conjunctivitis 

The relationship between cases of nonspecific conjunctivitis and air pollutants (CO, NO2, SO2, and O3) by CFA symbolic 
scatter plots is illustrated in Figure 3. The predictive model plots nonspecific conjunctivitis incidence (cases) versus air 
pollutants (CO, NO2, SO2, and O3) in Equation (1). 

Table 7 demonstrates that air pollutants are associated with nonspecific conjunctivitis cases, and the regression 
model plots the nonspecific conjunctivitis incidence (cases) versus CO, NO2, SO2, and O3 in Equation (16). The R-squared 
of Equation (16) is 0.180, and Adjusted R-squared is 0.134. 

 
Figure 4: Overall survival time by stage 
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 nonspecific conjunctivitis=207.481+(-9.370)*CO+0.224*NO2+(-0.437)*SO2+0.377*O3 (16) 
O3 (t-value=2.292, p-value=0.025) is positively correlated with nonspecific conjunctivitis cases; this result is the same 

as plot (d) in Figure 3. The relationship between nonspecific conjunctivitis cases and CO (t-value=-1.183, p-value=0.240) 
/ NO2 (t-value=0.653, p-value=0.516) / NO2 (t-value=0.653, p-value=0.516) / SO2 (t-value=-0.942, p-value=0.349) is not 
statistically significant. 

Based on the result and plot (d) in Figure 2, it can be found that the higher the level of O3, the more the cases of 
nonspecific conjunctivitis occur. 

The Relationship between Particulate Matter and the Case of Nonspecific Conjunctivitis 

The predictive model equation plots nonspecific conjunctivitis incidence (cases) versus PM (PM10 and PM2.5) in 
Equation (2). 

The results demonstrate that air pollutants are associated with nonspecific conjunctivitis cases as shown in Table 8, 
and the regression model equation plots the nonspecific conjunctivitis incidence (cases) versus PM10, and PM2.5 in 
Equation (17). The R-squared of Equation (17) is 0.016, and Adjusted R-squared is 0.007. 

 nonspecific conjunctivitis = 227.734+0.004*PM10+(-0.177)*PM2.5 (17) 
Based on the result, the relationship between nonspecific conjunctivitis cases and PM10 (t-value=1.070, p-

value=0.866) / PM2.5 (t-value=-1.103, p-value=0.273) are not significantly correlated. 

DISCUSSION AND CONCLUSIONS 

The Relationship between Air Pollutants and the Case of Nonspecific Conjunctivitis 

Previous studies exploring the relationship between air pollution and respiratory disorders have shown that air 
pollution can induce and worsen respiratory disorders (23). Some studies consider conjunctival mucosa and respiratory 
mucosa react similarly to exogenous stimuli (24). Respiratory morbidity has been shown to associate with groups of air 
pollutants, including two or more of CO, NO2, SO2, O3, and PM (25). The present study’s results exhibit partly similar 
patterns in agreement with the investigations of respiratory disorders. 

In this study, the result shows that the air pollutant, O3 is significantly related to nonspecific conjunctivitis. The more 
the increase of the level of O3, the more nonspecific conjunctivitis cases occur. This result is similar with the studies of 
Bourcier, Viboud, Cohen, Thomas, Bury, Cadiot, Mestre, Flahault, Borderie, and Laroche (9), Chang, Yang, Chang, and Tsai 
(12), Szyszkowicz, Kousha, and Castner (14), and Hong, Zhong, Li, Xu, Ye, Mu, Lu, Mashaghi, Zhou, Tan, Li, Sun, Liu, and 
Xu (15). 

Andrés, García, Espina, Valero, and Valls determine the influence of air pollution on the tear pH. Changes in the 
lacrimal pH, caused by the acidification of tears in an atmosphere with a high-oxidant power, could irritate the ocular 
surface (26). O3 can cause severe irritation of respiratory tract mucosa, and the effects are also apparent on ocular 
mucosa. 

Most studies show that PM significantly affects the respiratory system (25). In this study, no association with the case 
of nonspecific conjunctivitis was found for PM10 and PM2.5. This is possibly due to the effect of tears cleansing the ocular 
surface. The pollutants of PM that reach the ocular surface do not cause a change in pH as do other aerosol pollutants. 
(12) PM can be cleared out of the ocular surface. 

Table 7: Symbolic regression analysis of air pollutants affecting nonspecific conjunctivitis cases in Taipei 
 Estimate S.E. t-value p-value 

(Intercept) 207.481 15.434 13.444 <0.001 
CO -9.370 7.923 -1.183 0.240 
NO2 0.224 0.343 0.653 0.516 
SO2 -0.437 0.464 -0.942 0.349 
O3 0.377 0.164 2.292 0.025 

 

Table 8: Symbolic regression analysis of particulate matter affecting nonspecific conjunctivitis cases in Taipei 
 Estimate S.E. t-value p-value 

(Intercept) 227.734 8.693 26.197 <0.001 
PM10 0.004 0.028 0.170 0.866 
PM2.5 -0.177 0.161 -1.103 0.273 
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The Relationship between Climate Factors and Air Pollutants 

With regard to the relationship between climate factors and air pollutants, it can be seen that daily temperature is 
positively correlated with O3 but negatively correlated with CO. And daily rainfall is positively correlated with SO2 but 
negatively correlated with PM2.5. Many studies indicated that temperature is positively correlated with the cases of 
nonspecific conjunctivitis (9,13,15). This might be because temperature is positively correlated with the level of O3, and 
the level of O3 is in turn correlated with nonspecific conjunctivitis. 

Conclusions 

This study combined and integrated air pollution and ophthalmologic data to investigate associations between 
outpatient visits for nonspecific conjunctivitis and air pollution levels. It has found that the air pollutant, O3 can increase 
chances of outpatient visits, suggesting that it is a possible cause for nonspecific conjunctivitis. Furthermore, this paper 
has also shown that a favorable air-pollution-monitoring infrastructure combined with established public health data 
can provide valuable information for an examination of adverse health effects related to air pollution. 
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