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Abstract: Intense outbreaks of dengue fever have been a major health issue in the province of Punjab during
every post-monsoon season of the past few years. Several precautionary measures which include coils, sprays,
etc. are employed in each household to minimize possible contact with Aedes mosquitoes (the dengue carriers).
Although there is a general perception that the use of mosquito repellents plays a significant role in the
development of congestion, especially in closed territories, however the empirical evidence to support this
hypothesis is limited and inconclusive. In this paper, we mainly aim to study whether the use of these repellents
tend to impart any adverse effects on human health, with a specific inclination towards determining the
association between congestion and usage of these repellents. To suffice our purpose, a cross-sectional data
of 252 individuals was collected from various areas of Lahore, during the post-monsoon season of the year
2012. Our results demonstrate that there exists a statistically significant association between the use of these
repellents (during sleep or otherwise) and chest congestion. Furthermore age of individuals, number of people
sleeping  in  a  room;  number  of  congestion  patients in a house, gender and family size are also associated
with it.
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INTRODUCTION which has already spread in more than 100 countries

In this modern era, in spite of all the advancements in so-thought mosquito-borne tropical diseases have also
the field of medicine and health sciences, vector-borne been transmitting to urban and semi-urban areas at a rapid
diseases still remain a serious global health issue. Among rate [3, 4].
all the carriers (vectors) of these infectious diseases, In these inclement circumstances, personal protective
mosquitoes are in fact the most invasive ones, in terms of measures are in fact the primary means of contact
their health repercussions since their persistent contact avoidance, which consequently enable one to lower the
with humans could potentially lead to an outburst of risk  (to  some  extent) of getting infected with such
various detrimental epidemics including malaria, yellow vector-borne diseases. Hence, there has been a massive
fever and dengue fever. According to an estimate, increase in the use of synthetic organic insecticides and
mosquitoes  transmit   these   diseases   to   more   than repellents over the past few years nevertheless these
700 million people annually thus; they continue to pose a products are thought to invoke a threat to human health
threat to human health [1, 4]. According to the World along with numerous environmental hazards [7, 14]. In the
Health Organization (WHO), around 219 million cases of past, various studies have been conducted in order to
malaria alone were reported globally in the year 2010, determine the efficacy and the potential health risks of
among which about 660,000 individuals died [2]. In its these repellents. Peterson et al. conducted a
most  recent report,   WHO   has   indicated   that  over comprehensive study to compare the health risks imparted
2.5 billion people are at risk (i.e. above 40% of the whole by the use of insecticides with potential risks of actually
world's population) of developing some form of dengue, getting infected with West Nile Virus (WNV). They found

since 1970. These alarming statistics suggest that these
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that the risks from the use of these repellents are lower MATERIALS AND METHODS
only when they are employed at an appropriate defined
level [13]. Macedo et al. performed a carefully designed The intensity of insect-borne diseases vary from
experimental study to evaluate the efficacy and the place to place although they are considerably more
associated health risks by the application of pyrethrins prevalent in tropical and subtropical regions nevertheless,
and peperonyl butoxide in Sacramento County, California. no region in the world is completely immune to their risks
In this study, basic mechanism behind determining the [4]. Hence, before proceeding further by describing the
efficacy of repellents was to measure the incidence of main outcomes of our study, we feel it quite important to
mosquitoes before and after the spraying period using describe the study location so that one may get an
mosquito traps at defined locations in the area under overview of the incidence of such diseases in the near
study. Results indicated that these products were past. Therefore we primarily aim to describe our study
effective in reducing the incidence of mosquitoes and the area along with the data collection methodology and basic
risks from exposure to these products were low however, trends in the collected data.
the short experimentation duration (i.e. 3 days) was still
questionable [10]. In another study, Koren et al. Study Area: We carried out our fieldwork in Lahore, the
evaluated the implications associated with the use of capital of the province Punjab, where intense outbreaks of
DEET-based repellents by children and pregnant or dengue have been observed in the recent times. For
lactating women. They also concluded that the use of instance, about 14,000 people were reported to be infected
such products is safe as long as defined quantity is used from dengue in a short period of about 30 - 35 days during
upon recommendation [15]. Keeping these studies aside, the  post-monsoon  season  of  2011.  Although,  Lahore
there is a general perception that the use of repellents is  the  most  urbanized  and  densely  populated
plays a significant role in the development of congestion, (11,000,000 as of 2011) city of Punjab, yet the incidence of
primarily chest congestion, especially in closed territories, dengue remains much higher compared to other cities as
however the empirical evidence to support this evident from past data [6]. Apart from dengue; malaria,
hypothesis is limited and inconclusive. The main reasons yellow fever and other mosquito-borne diseases are more
behind insufficient evidence are the objectives behind prevalent in Lahore as compared to other cities of the
previous studies i.e. to determine whether insecticides province. During each post-monsoon season, poor
and/or repellents are safe for routine use, when employed drainage and sanitation system in the city provides a
by a certain population. Therefore, in order to determine perfect breeding habitat for the carriers of dengue i.e.
whether there exists any association between the usage Aedes mosquitoes, which subsequently lead to an
of these repellents and  congestion,  we  conducted a abundant increase in their breeding and consequently, an
cross-sectional study in the post-monsoon season of the up rise of this infectious virus. Weather remains hot and
year 2012. Moreover, our study also aimed at finding humid for most of the time in year, however, cold weather
other potential risk factors of congestion during the same is also observed but, for a relatively shorter period of time.
season. In this manuscript, we thoroughly present main
findings of our study after applying various data analysis Data Collection: Data collection was carried out during
methods on the collected data. the post-monsoon period of the year 2012 i.e. in the month

This paper is essentially divided into five sections: a of August and September. In order to get a sufficiently
brief introduction and motivation behind our study has representative picture of the trends in whole city, several
just been presented in the section 1. Basic methodology locations including hospitals and other public places were
along with trends in the collected data have been selected beforehand. The data was obtained by having
presented in the section 2 whereas, we present basic short survey interviews of randomly chosen subjects in
statistical results of our study in the section 3. A logistic those regions. A questionnaire was specifically designed
regression model depicting the relationship between for this study in order to carry out the necessary data
congestion and its potential risk factors was also fitted collection. The subjects were asked several questions
which is also given in the section 3. Brief discussion and including their current congestion status, use of
limitations in our study along with few recommendations repellents  (if  any),   age,   home   size   and  location
for further research have been described in the section 4. (open or congested), incidence of congestion in the other
Finally, section 5 marks the end of this paper with main family members etc. In this study, we were also interested
conclusions of our study. in  finding  out  the  association  between  the congestion
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Fig. 1: Relative trends of congestion cases with respect to location of house (right) and income bracketof subjects (left).

Table 1: Characteristics of subjects
Variable N Observed Statistic
Age (In Years) 248 29.03 ± 11.41
Number of people living in house 246 6.88 ± 0.29
Number of people sleeping in a room 249 2.33 ± 0.16
Family patients 249 0.39 ± 0.09
House size (square meters) 228 657.51 ± 236.63
Precautionary measures (yes/no) 252 207/45
Precautions during sleep (yes/no) 250 117/133
Smoking status (yes/no) 250 71/179
Gender (male/female) 252 197/55
House location (congested/open) 251 160/91

status and a subject's income. Hypothetically, a person
with higher income has ability to access better health care
as compared to a person with lower income thus the
incidence of congestion might also differ among different
income groups. To study this hypothesis further, subjects
were also inquired about their income while data
collection. Since most of the people tend to be reluctant
while sharing their exact incomes, therefore four income
brackets were devised for ease of the subjects to answer
this question. Respondents of our survey were more likely
to be middle aged men and towards a lower income
bracket in the general population. A total of 252 surveys
were obtained during the course of our fieldwork and a
healthy response rate (number of completed surveys
divided by the number of persons contacted) of 72.6%
was observed [8]. Few individuals avoided to answer
some questions including income, home size due to some
personal reasons. In order to maintain the originality of
the data set, imputation was not performed on the missing
values and such observations were put into the data set
as reported by subjects.

Data Pattern: Analysis of the collected data was done
using the Statistical Package for Social Scientists (SPSS)
software application (version 20). Table 1 represents  the

observed characteristics in the subjects and is
summarized    as   mean   ±   standard   error   of    mean
(for quantitative characteristics only). The ages of the
surveyed individuals varied between 6 and 65 years with
most of the subjects aging 25 - 35 years. By referring to
Table 1, we also found that most of the participants in our
study were males (78.17%). Furthermore, in our observed
sample of 252 individuals, 34.13% of the subjects were
suffering from congestion, among which 82.6% were
males. Moreover,  when  we inquired subjects that
whether they use any sort of repellent(s) as a
precautionary measure to avoid possible mosquito
contact, we found that 207 (82.14%) subjects did employ
some form of repellent, among which 46.4% of the
subjects used these products while sleeping also. We
also observed that, on average, people with lower income
and living in under-developed location tend to get this
virus more often as compared to the ones with higher
incomes (Figure 1).

RESULTS

In this section, we will focus towards the main
findings of our study by presenting the results of
statistical and regression analysis. Keep in mind that all
significance tests in our study were performed using a 5%
level of significance (  = 0.05).

Statistical Analysis: By virtue of Kolmogorov Smirnov
test (K-S test), we found that the observed characteristics
were non-normally distributed (p-value < 0.05) across our
population of interest. For  instance,  by  referring to
figure  1,  we  find  that  age of subjects under study is
non-normally  distributed  since more than 50%
population belongs  to youth (less than  30  years of age).
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Table 2: A brief statistical analysis summary (p-values) for categorical
characteristics

Variable  - Test McNemar Test2

Precautionary measures 0.063 0.000 0.117
Precautions during sleep 0.009 0.001 0.164
Smoking status 0.447 0.167 0.048
Gender 0.225 0.000 0.076
House location 0.960 0.709 0.003
Income 0.715 - 0.076

Table 3: A brief results summary for Mann-Whitney U test

Variable p-value

Age 0.013
Number of people living in house 0.022
Number of people sleeping in a room 0.002
Family patients 0.000
House size 0.163

Table 4: Transformed quantitative characteristics

Variable Transformed Variables

Age 1 if  30 years ; 0 otherwise
Number of people living in house 1 if  7 ; 0 otherwise
Number of people sleeping in a room 1 if  3 ; 0 otherwise
Family patients 1 if  2 ; 0 otherwise
House size 1 if  2500 m  ; 0 otherwise2

Table 5: Multivariate logistic regression on congestion

95% Confidence
Variable Odds Ratio Interval p-value

Precautionary measures 1.232 0.467 ± 3.247 0.674
Precautions during sleep 1.957 1.041 ± 3.667 0.037
Smoking status 1.262 0.644 ± 2.474 0.497
Gender 1.690 0.710 ± 4.021 0.236
House location 1.490 0.730 ± 3.040 0.273
Income (below 25,000) 1.560 0.660 ± 3.687 0.310
Income (25,000 - 50,000) 1.893 0.673 ± 5.324 0.227
Income (50,000 - 75,000) 0.785 0.268 ± 2.303 0.660

Age 0.857 0.451 ± 1.629 0.637
Number of people
living in house 0.495 0.254 ± 0.965 0.039
Number of people
sleeping in a room 0.503 0.257 ± 0.985 0.045
Family patients 0.056 0.007 ± 0.487 0.009
House size 1.082 0.338 ± 3.459 0.895

Characteristics of subjects across both groups
(congestion and non-congestion) were compared using
McNemar test and Mann-Whitney U test.

Since we assume that the characteristics under study
are related therefore McNemar test for data analysis was
used to determine the potential association between the
congestion  status  of  the  subjects  and  other

categorical characteristics. Results  (Table  2)  indicate
that there  exists  a  statistically  significant  association
(p-value <  = 0.05) between the congestion status and
the precautionary measures, mainly in the form of
repellents, taken during sleep or  otherwise.  Moreover,
we also observe that gender is also significantly
associated with congestion. Rest of the categorical
characteristics had a statistically insignificant association
(p-value  0.05) with the congestion status of the
surveyed individuals.

In order to test for independence of categorical
factors we also used  - test (Table 2). Results indicate2

that congestion has a significant association with the use
of precautionary measures during sleep. Rest of the
variables were found to be independent from congestion.
Mann-Whitney U test was used to determine whether
there exists any significant difference among quantitative
variables with respect to  the  congestion  status
(grouping variable). We found that there exists a
significant difference (p-value < 0.05) among both groups
with respect to age, number of people living in the house,
people sleeping together in one room and number of
persons  suffering  from congestion in a family (Table 3).

Regression Analysis: The main objective behind fitting
a stepwise multivariate logistic regression model was to
consolidate our previous findings and select factors that
were significantly associated with congestion [9].
Furthermore fitted model was also used to determine the
odds of getting infected for each risk factor. We
transformed the quantitative characteristics into dummy
variables (Table 4)  to  ensure  an  ease  in  interpretation
of  the  fitted  model  [11].  After  fitting  the  desired
model,  we  found  that    the   precautionary  measures
(i.e. use of repellents etc.) during sleep, number of people
living in a house, number of people sleeping together in
one room and number of congestion patients in a family
were independently associated (p-value < 0.05) with
congestion after controlling for precautionary measures,
smoking status, gender, house location, income, age and
house size (Table 5).

Fitted model also indicates that using precautionary
measures such as, insecticide, repellents etc. while
sleeping is very risky to one's health as they might lead to
the development of congestion instead of preventing any
possible mosquito contact. By table 5, we also find that a
person using these products while sleeping has 1.957
times more risk of developing some form of congestion as
compared to those who avoid use of such items in the
same state [12].
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DISCUSSION used for location instead of the original location variable.

As per our knowledge, this was the first-ever study led to selection bias, to some extent, which consequently
conducted to investigate the effects of using repellents led to this uncertain finding for the selected sample [9, 10].
and related products  on  human  health.  In  this  study, Generally smoking is also thought to play a significant
we found a statistically significant association between role in the development of congestion. However, an
congestion and the usage of repellents, hence implying insignificant relation (p-value  0.05) between smoking
that controlling excessive use of such products is an and congestion was observed in our population under
important inhibiting factor that may serve for a decreased study. Since smoking and house location are found to be
risk of congestion in any population. insignificant factors in the development of congestion

In recent times, the prevalence of congestion and during post-monsoon season therefore we can say with
other allergic diseases including asthma has been on an confidence that the excessive use of mosquito repellents
escalating path in Pakistan [16]. Location of an is the main factor in the development of congestion in the
individual’s habitat coupled with the air pollution study period. Using  - test, we also confirmed that
contributes to the growth of these diseases. In 2003, Jang congestion is associated with the use of repellents during
et al. conducted a study to evaluate the potential effects sleep whereas house location and smoking has an
of air pollution on airway hyper-responsiveness using a insignificant relation.
sample of 670 children in Korea. The sample comprised of Furthermore we also found that age, number of
children living near a chemical factory emanating a large people living in a house, number of people sleeping in
volume of polluted air whereas others belonged to an one room and number of congestion patients in the family
open fresh location. In this particular study, air pollution also served as the risk factors. Congestion was found to
was found to affect the development of the disease in the be more prevalent in subjects who were middle-aged
group  of  c hildren living near chemical factory [9]. (31.65 ± 1.37 years), had one person in the family suffering
Nyberg et al. also conducted a case-control study in from the same disease on average or belonged to a large
Stockholm to evaluate the effects of air pollution. Urban sized family (7 or more). Therefore controlling for the
air pollution was found to impart a higher risk of factors mentioned above is also important to lower the
developing lung cancer in the inhabitants of that risk of getting infected.
particular area [17]. Location of house (congested or While data collection we were unable to account for
open) was used as a measure of air pollution in our study few confounding factors such as education which could
and we observed that persons living in congested have been associated with congestion since more
locations were prone to get infected with congestion educated people tend to be more aware of the outcomes
(Figure 2). But we found that location has no significant of excessive use of such items and vice versa. Keeping
impact on the development of congestion which is rather these drawbacks aside, we have defined a path for
a surprising finding. Nevertheless location was found to research on this topic and we expect that future
be a highly significant (p-value < 0.05) factor when an researchers will ensure overcoming these limitations in the
interaction variable between location and congestion  was following studies in future.

Perhaps cross-sectional nature of our study might have

2

Fig. 2: Boxplot (right) and Histogram (left) depicting the negatively skewed non-normal distribution of age in our sample
of interest.
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Our primary goal of this study was neither 6. Vicious Dengue Continues Taking Lives. The News
recommending  users   to   completely  avoid  these [Lahore] 06 Oct. 2011, Health sec.: n. pag. Print.
vector-repelling products nor to over-use them. But, in 7. Effiom, O.E., D.A. Avoaja and C.C. Ohaeri, 2012.
essence we urge people to employ these items with Mosquito Repellent Activity of Phytochemical
extreme caution as prescribed. Apart from using them as Extracts  From  Peels  of  Citrus   Fruit  Species. Global
a protective mean, people should consider other safety Journal of Science Frontier Research
measures such as nets to get rid of mosquito and other Interdisciplinary, 12: 3-8. Web. 18 Dec. 2012.
vectors. Studies must be carried out in the future to 8. Aquino, Michael. Murray Fyfe, Laura MacDougall
investigate this matter with more attention to minute and Valencia Remple, 2004. West  Nile  Virus In
details. British  Columbia.  Emerging  Infectious   Diseases,

CONCLUSION 9. Jang, A.S., C.H. Yeum and M.H. Son, 2013.

Main findings of our study indicate that smoking and between  Airway Hyper responsiveness and
air pollution are insignificant factors in the development Exposure to Polluted Air. Allergy, 28: 585-88. Web. 7
of congestion in the post-monsoon season. Moreover, we Jan. 2013.
found that excessive use of repellents or insecticides as 10. Macedo, Paula, A., Jerome J. Schleier III, Marcia
protective measure against vectors can inadvertently Reed, Kara Kelley, Gary W. Goodman, David A.
affect the users by imparting congestion. Hence the users Brown and K.D. Robert, 2010. Peterson. Evaluation
of such items are in fact at a higher risk of getting infected Of Efficacy and Human Health Risk of Aerial Ultra-
with a by-product disease. Moreover age, family size, Low Volume Applications of Pyrethrins and
family patients and number of people sleeping in a room Piperonyl Butoxide For Adult Mosquito Management
are also some risk factors of congestion. Comprehensive In Response To West Nile Activity In Sacramento
research is needed to further investigate the effects of County, California. Journal of The American
these repellents in the coming future. Mosquito    Control      Association, 26(1): 57-66.
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