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Objective: To analyze the difference in semen parameters of men from urban areas of Delhi/NCR with those
residing outside Delhi region.Material andMethods: A retrospective cross-sectional study was undertaken
at tertiary level center located in New Delhi region between the period of August 2019 to January 2020. A
total of 657 men undergoing fertility workup during their infertility treatment were included in the study
with 521 (79.2%) men from Delhi/NCR region (urban) and another 136 (20.7%) men from outside Delhi
region (semi-urban) with mean age of both the group was 35.6±5.7 years. Results and Discussion: It was
observed in both the groups that there was no statistical difference noted in mean±SD of in semen
volume (1.79±0.84 vs 1.78±0.83), sperm concentration (49.9±32.4 vs 49.8±32.4), total motility
(58±22.5 vs 58.1±22.5), progressive motility (32.3±13.8 vs 32.2±13.8) P= 0.95 and sperm
morphology (2.3±2.2 vs 2.3±2.2). The prevalence of male factor subfertility was higher in men
residing outside Delhi as compared to men of Delhi 53.1% versus 56.6% respectively and overall
combined male factor in study population including the men from both the group was 58%.
Conclusion: There were no significant differences in semen parameters including sperm concentration,
total motility progressive motility, total motile concentration and sperm gross morphology in the men
residing in urban area of Delhi and those residing in semi-urban area outside Delhi/NCR for up to three
years period.
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INTRODUCTION

There have been several studies in past decade that have
focused on the investigation of seminal quality including a
meta-analysis that showed that sperm density had
declined globally by about 50% during the second half
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of the last century and attracted significant attention and
have been a matter of debate. The review article published
by Carlsen et al[1] analyzing sperm concentrations in fertile
men and men of unknown fertility published between
1938 and 1990 and showed a significant decrease in sperm
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concentrations (from 113 million/ml to 66 million/ml)
and in semen volume (from 3.40ml to 2.75ml). It is
suggested that the increased frequency of male
reproductive abnormalities is due to adverse effects of
environmental or lifestyle factors, such as occupational
and environmental exposures, medications, and sexually
transmitted diseases.[2-3] In last quarter of century there
has been intensive industrialization, urbanization,
population growth and extensive usage of pesticides in
agriculture. There are also many studies that suggest that
the living condition of males play a significant role in
spermatogenesis and hormonal metabolism disorders due
to pollution of air, water and earth.[4-6]

Pollution has become major problem affecting overall
health of residents. Reproductive health is affected by
multiple factors general health, age, environment. Women
offer the rate-limiting step in fertility and productiveness
because of the regulated production of eggs and other
barriers during and around pregnancy[7] Simultaneously
men are regular producers and always fertile during their
reproductive life and can potentially father millions of
children if fecundity is to be tested.[7,8] A threat to sperm
production would therefore be potentially dangerous for
species renewal and propagation. Successful conception
of a healthy offspring depends on proper functioning of
multiple biological processes, including oogenesis,
spermatogenesis, fertilization, implantation of the
embryo, and development of the foetus.[8,9] This
multistep, complex process of reproduction is a result
of natural selection with adaptive significance.

India being the second most populated country in the
world is the third most air polluted country worldwide and
can contribute significantly in variation of semen
parameters. Air pollution is the area of concern
especially in urban cities including cities like Delhi due
to rapid urbanization, vehicular traffic and due to stubble
burning by farmers from neighboring states during end of
harvesting season particularly during winter season. All
these contribute to raise in particulate matter (PM) in the
respirable range PM2.5 and PM10. PM2.5 is of particular
interest, because it can carry multiple trace elements and
polycyclic aromatic hydrocarbons (PAHs), a group of
compounds that include several endocrine disruptors
which may affect both the hypothalamic pituitary axis
and testicular spermatogenesis and have the potential for
causing sperm alterations.[10,11] It is hypothesized that in
urban areas and industrial areas have more air pollution as
compared to semi-urban or rural areas that can ultimately
affect semen quality, but the current evidences are
contradictory. Urban population is defined as towns,
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cities that have at least 1,00,000 persons or a high
density of population and categorized with minimum
of following three criteria: (i) minimum population of
5,000; (ii) at least 75 percent of male main working
population engaged in non-agricultural pursuits; and
(iii) population density of at least 400 persons per sq.
km (1,000 persons per sq. mile). An urban agglomeration
or suburban population is a continuous urban spread
constituting a town and its adjoining outgrowths (OGs).
An Urban Agglomeration consist of at least a statutory
town and its total population should not be less than
20,000 as per the 2011 Census of government of India.

Ambient air pollution has been associated with a variety of
health effects including cardiovascular[12] and respiratory
diseases,[13] adverse pregnancy outcome or impaired
neurodevelopment in children.[14] However, a limited
amount of research has been conducted to examine the
association between air pollution and male reproductive
outcomes, specifically semen parameters. Male semen
parameters are of considerable public health
importance. One of the well-established semen
parameters is the sperm count that is closely linked to
male fecundity and is a crucial component of semen
analysis. This is first step to identify male factor
infertility as per World Health Organization, 2010
standards.[15] The economic and societal burden of
male infertility is high and increasing all around the
world.[16] There are world-wide many studies on sperm
count and other semen parameters that have shown
association with multiple environmental influences,
including endocrine disrupting chemicals such as
pesticides, air pollution, lifestyle factors, eating habits,
stress, smoking and BMI.[17-19] Unfortunately, being a
complicated and lengthy biological process, human
fertility is vulnerable to disruption by changes in
environmental components like air pollution and
lifestyle factors.[3] Spermatogenesis disruption can
occur with occupational exposure to air pollution level
in urban cities. Therefore, evaluation of semen parameters
including sperm count and motility sensitively reflect the
impact of the modern environment including pollution on
male health throughout the life course.

In the present study we tested the hypothesis for possible
association of semen parameters and in men residing in
the urban areas of Delhi/National capital region (NCR) in
comparison to men residing in the neighboring cities of
semi-urban areas. We also observed the Air Quality Index
(AQI) of the both the study group giving mean of spatial
distributions of the atmospheric pollutants PM2.5, PM10,
SO2, and NO2 of urban and sub-urban cities. The main
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objective of the study was to study variation in semen
parameters of subfertile males frommen residing in urban
areas of Delhi/NCR with that of semi-urban areas from
neighboring states and to rule-out the possible role of air
pollution.

MATERIAL & METHODS

Study design

A retrospective analysis was undertaken at tertiary level
fertility center located in Delhi between the period of six
months between August 2019 to January 2020. All the
male partners of couples that attended the infertility clinic
as part of evaluation of infertility and treatment were
evaluated for conventional semen parameters. The
institutional review board that approved the study, and
signed informed consent was obtained from all patients
recruited.

The retrospective cross-sectional study done in two stages
in the first stage a detailed questionnaire designed by the
authors of the study and in the second stage physical
examination and evaluation of male semen parameters
respectively. The questionnaire used in the study consisted
included complete infertility workup of all male patients
attending the infertility clinic with detailed information
about the male partner including information on
respondent’s age, employment type, fast-food eating
habits with past and present history of smoking and
alcohol habit along with place of residence with city
and state. In the second stage of the study semen
analysis was performed for each male for diagnosing
male factor of infertility. The sample was collected
after a minimum of 2-7 days of sexual abstinence
through masturbation. The specimen was kept for
liquefaction at ambient temperature, between 25°C and
37°C before routine semen analysis was done as per
defined 2010 WHO criteria. Based on the study group
and semen analysis parameters patients were allocated
into different study groups.

Semen parameters and definition

Routine semen analysis is done by analysis of semen
parameters under brightfield microscope for measuring
sperm concentration (SC), total sperm count (TSC), total
sperm motility and progressive motility (PR), total
motility (TM) and sperm morphology. All these semen
parameters are defined and analyzed as per WHO, Manual
2010. Sperm concentration (SC) is number of
spermatozoa per unit volume of semen and is a
function of the number of spermatozoa emitted and
the volume of fluid diluting them. Total sperm
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concentration (TSC) is defined as total sperm
number refers to the total number of spermatozoa in
the entire ejaculate and is obtained by multiplying the
sperm concentration by the semen volume. Total

motility (TM) is defined as total motile sperm count
including both progressively motile (PR) and non-
progressive (NP) motile sperms. Progressive motility

(PM) includes spermatozoa moving actively, either
linearly or in a large circle, regardless of speed and
non-progressive motility (NP) all other patterns of
motility with an absence of progression, e.g. swimming
in small circles, the flagellar force hardly displacing the
head. Sperm morphology (SM) is defined to assess the
defects on the sperm head, midpiece or tail for labelling as
normal or abnormal sperm morphology.

Depending on the varying concentration and percentage
of various semen parameters, semen analysis for male
partner is reported as Normozoospermia total number
concentration of spermatozoa, and percentages of
progressively motile (PR) and morphologically normal
spermatozoa, equal to or above the lower reference limits,
Oligozoospermia total number or concentration of
spermatozoa, below the lower reference limits,
Asthenozoospermia percentage of progressively
motile (PR) spermatozoa below the lower reference
limit, Asthenoteratozoospermia total percentages of
both progressively motile (PR) and morphologically
normal spermatozoa, below the lower reference limits),
Oligoasthenotertaozoospermia total number or
concentration of spermatozoa, and percentages of both
progressively motile (PR) and morphologically normal
spermatozoa, below the lower reference limits),
Teratozoospermia percentage of morphologically
normal spermatozoa below the lower reference limit,
Azoospermia no spermatozoa or sperms in the ejaculate.

Exclusion & Inclusion Criteria of Study

The study inclusion criteria included male partners of the
sub-fertile couple with age between 20 and 50 years with
primary or secondary infertility. Residence area was noted
for the each of the participant included in the study and
was divided into two study groups (i) Men from urban
area residing in Delhi/NCR (ii) men residing sub-urban
areas outside Delhi for minimum of 1 year and at least of 3
years continuously. As per exclusion criteria, study
excluded male partners with medical diseases such as
diabetes mellitus, hypertension, mumps, tuberculosis,
STD’s hydrocele, varicocele, undescended testis,
inguinal hernia repair or surgery for hypospadias,
congenital absence of vas deferens or some kind of
genetic or chromosomal abnormalities. Further study
Fertility Science and Research | Vol 7 | Issue 1 | January-June 2020
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Figure 1: Pie chart showing percentage (%) of men included in the study from Delhi/NCR region and those living outside Delhi

Table 1: Comparison of semen parameters of males from residing in Delhi/NCR region versus the males residing in neighboring
states along with P-value (95% confidence interval)

Variables/range (Mean±SD) Delhi/NCR region Outside Delhi/NCR region P-value (95% CI)
Number of Participants (n) 521 136
Age (years) 20–54 (35.6 ± 5.7) 23–52 (35.6 ± 5.7) 1.00 (−1.17 to 1.17)
Abstinence (days) 2–30 (5.2 ± 6.1) 1–20 (5.1 ± 6.0) 0.87 (−1.31 to 1.11)
Semen parameters
Volume (ml) 0.1–5.8 (1.79 ± 0.84) 0.4–6 (1.78 ± 0.83) 0.90 (−0.18 to 0.16)
Sperm concentration (SC) 106/ml 0.1–210 (49.9 ± 32.4) 0.8–120 (49.8 ± 32.4) 0.97 (−6.60 to 6.40)
Total sperm concentration (TSC) 106/ml 0.2–420 (93.0 ± 70.7) 0.8–390 (92.5 ± 70.7) 0.94 (−14.85 to 13.85)
Total motility (TM) % 1–99 (58 ± 22.5) 5–90 (58.1 ± 22.5) 0.96 (−4.50 to 4.70)
Total motile concentration (TMC)% 1–399 (64.6 ± 54) 1–154 (63.0 ± 54.2) 0.80 (−14.39 to 11.19)
Progressive motile (PM) % 1–81 (32.3± 13.8) 2–52 (32.2 ± 13.8) 0.95 (−3.81 to 3.61)
Sperm morphology (%) 1–4 (2.3 ± 2.2) 1–8 (2.3 ± 2.2) 1.00 (−0.44 to 0.44)
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also excluded males taking any psychotropic, anti-
epileptics or cardiotropics drugs males having tumors
or undergoing chemotherapy that could impair semen
parameters.

Air pollution data and exposure assessment

Air pollution data for the study period was obtained from
the website of Central Pollution Control Board,
Government of India (https://cpcb.nic.in/national-air-
quality-index) executing a nationwide program of
ambient air quality monitoring known as National Air
Quality Monitoring Program (NAMP). Under N.A.M.P.,
four air pollutants viz., Sulphur Dioxide (SO2), Oxides of
Fertility Science and Research | Vol 7 | Issue 1 | January-June 2020
Nitrogen as NO2, Respirable Suspended Particulate
Matter (RSPM / PM10) and Fine Particulate Matter
(PM2.5) have been identified for regular monitoring at
all the locations. The monitoring of pollutants is carried
out for 24 hours (4-hourly sampling for gaseous pollutants
and 8-hourly sampling for particulate matter) with a
frequency of twice a week, to have one hundred and
four (104) observations in a year. Overall AQI is
monitored for all the cities and calculated if data are
available for minimum three pollutants out of which one
should necessarily be either PM2.5 or PM10. According to
the WHO Air Quality Guidelines, 2005,[57] the
recommended annual mean is 20mg/m3 for PM10,
63
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40mg/m3 for NO2, and 20mg/m3 for SO2. Urban
residents are all exposed to higher concentrations of
PM 2.5 PM10, SO2 and NO2 than residents in the sub-
urban area [Figure 2b].

Statistical analysis

Categorical variables were presented in number and
percentage (%) and continuous variables were
presented as mean± SD and median. Qualitative
variables were correlated using Chi-Square test/Fishers
Exact test. A P-value of<0.05 was considered statistically
significant. The data was entered in MS EXCEL spread
sheet and analysis was done using Statistical Package for
Social Sciences (SPSS) version 21.0.

RESULTS

A total of 657 men undergoing fertility workup during
their infertility treatment were included in the study with
521 (79.2%) men from Delhi/NCR region and another
136 (20.7%) men from outside Delhi region with mean
age of both the group was 35.6 ± 5.7 years. More than half
(54%) of participants were from Delhi followed by
64
adjoining cities of National Capital region and then
neighboring states as shown in the pie chart (Figure 1).
The average AQI of month for urban area of Delhi/NCR
and sub-urban area of nearby adjoining cities and states
was obtained from web-based automatic system designed
on real time basis during the study period as shown in
Figure 2a, b.

A comparison of semen parameters was done between
samples analyzed from Delhi/NCR region with those of
men residing outside Delhi. The mean average
with ± standard deviation and P-value was calculated
with 95% confidence interval between the group for
identifying any significant semen parameter in both the
groups. A mean± standard deviation was calculated for all
the analyzed semen parameters for both the groups along
with semen volume, abstinence days, sperm concentration
(SC), total sperm concentration (TSC), total motility
(TM), progressive motility (PR), total motile
concentration (TMC) and morphology [Table 1]. In the
present study, we found that the spatial distributions of
Air Quality Index (AQI) giving the average of
atmospheric pollutants PM10, SO2, and NO2 were
Fertility Science and Research | Vol 7 | Issue 1 | January-June 2020
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Figure 3: Comparison of semen parameters of men residing in the Delhi/NCR region versusmen’s residing outside Delhi (a) Sperm concentration
(B) Total Sperm Concentration (C) Total Motile Concentration (TMC) (D) Sperm Morphology
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significantly higher in urban areas than in the rural areas. It
was finally observed in both the groups there was no
difference observed in mean± SD of in semen volume
(1.79 ± 0.84 vs 1.78 ± 0.83) P= 0.90, sperm concentration
(49.9 ±32.4 vs 49.8 ± 32.4) p-0.97, total motility (58 ± 22.5
vs 58.1 ± 22.5) P= 0.96, progressive motility (32.3 ±13.8 vs
32.2 ± 13.8) P= 0.95 and sperm morphology (2.3 ± 2.2 vs
2.3 ± 2.2) P= 1.00. A slight difference in mean± SD was
observed for total sperm concentration (93.0 ± 70.7 vs
92.5 ± 70.7) P= 0.94 and total motile concentration
(64.6 ± 54 vs 63.0 ± 54.2) P= 0.80 with no significance
difference in P-value between both the groups [Table 1,
Figure 2a-d].

The prevalence of abnormal semen analysis findings was
compared between both the groups and it was observed
that there were a greater number of Oligozoospermia
men from Delhi /NCR region 16% vs 13.2 % from men
residing outside Delhi. It was further observed that there
were increased number of men with asthenozoospermia
13.2% vs 10.5% and teratozoospermia 30.1% vs 26.6% in
men residing outside Delhi as compared to men from
Delhi/NCR region. There was no difference in
prevalence observed for severe-oligo-astheno-
teratozoospermia (5.5% vs 5.8%) in both the groups.
The overall prevalence of male factor was higher in men
residing outside Delhi as compared to men of Delhi/
Fertility Science and Research | Vol 7 | Issue 1 | January-June 2020
NCR 53.1% vs 56.6% respectively and the overall
combined male factor in both the study group was
58% [Table 2, Figures 3 and 4].

DISCUSSION

In the present study it has been observed that sperm
concentration, total motility progressive motility and
sperm morphology has no difference from the men
residing in Delhi/NCR region population residing in
the urban area in comparison to semi-urban
population. Whereas a slight difference in mean±SD
was observed for total sperm concentration and total
motile concentration with no significance difference in
both the study group. Though there has been seasonal
variation in air pollution especially in winter in Delhi/
NCR region, but it seems that such a short-term variation
in air pollution has no impact on the semen parameters of
urban population of Delhi/NCR region and neighboring
states. In the same study, we found that the spatial
distributions of Air Quality Index (AQI) were
significantly higher in urban areas than in sub-urban
areas. It was observed from the AQI data that there
was a strong seasonal variation in urban area of Delhi
and sub-urban areas outside Delhi region. The highest
health risk due to particulates was also found in the city
zone during winter. In our study, the same seasonal
65
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variation for the air pollutants PM10, SO2, and NO2 was
found in urban areas. The urban air pollution distribution
pattern for PM10, SO2, and NO2 all showed the highest
concentrations in winter months and the lowest
concentrations in summer months.

A study from Czech Republic and the authors noticed that
men exposed to air pollution were more likely to have
lower percentage of motile sperm and lower percentage of
sperm with normal morphology (fewer sperm with
normal morphology or normal head shape) than were
those lived in a city with less air pollution.[20] Later study
among the same participants did not find the association
between high air pollution and sperm concentration,
volume, motility and morphology.[21] There are also
reported studies from urban and rural areas in China
performed among 1346 volunteers and observed that the
concentration of PM10, SO2 and NO2 were negatively
associated with normal sperm morphology percentage. In
another study among 1759 men from Wuhan city
undergoing assisted reproductive technology
procedures found that exposure to PM2.5 was inversely
associated with sperm concentration. The Authors
concluded that the inconsistency between studies could
be due to differences in the air exposure level among the
different populations. Though fundamental researches
supported the negative effects of air pollution on
sperm quality, several epidemiologic studies
demonstrated nonsignificant or contrary results. For
instance, about sperm count, several studies have
demonstrated that air pollution can result in significant
reduction in sperm concentration and total sperm
count.[22-26] But other studies did not demonstrate
significant results. Some of the other published reports
on the impact of air pollution on semen quality are
66
increasingly numerous, but the findings vary greatly.
This is certainly due to the differences in research
models, on the one hand, and to the presence of other
harmful environmental factors in the areas where air
pollutants abound, on the other.

Exposure to air pollution is the main cause of global
threats to the environment and to the human population,
and contributes to a range of adverse health outcomes,
also affecting reproductive health.[27-29] The adverse
impact of air pollution on semen quality was
confirmed by Wu et al.,[30] WHO reported a
deterioration in sperm morphology with exposure to
PM10 and SO2. In turn, Santi et al.[31] only
demonstrated an impact of PM10 on sperm
morphology. In the present study we did not find
evidence for the adverse impact of air pollution on
sperm density in the male patients first reporting for
fertility treatment. This is consistent with the report by
Santi et al.[30] WHO found no association between PM10
and sperm count per 1ml of ejaculate, as opposed to Wu
et al.[31] WHO claimed that exposure to PM10 did reduce
sperm density. The negative impact of environment
pollution on sperm quality has been suggested by
several studies,[32,33] despite that data on this matter are
still controversial.[34-36] Several studies attempted to
address the role of specific air pollutants on sperm
quality, showing no conclusive results. Accordingly,
NO2 concentration was found to positively correlate
with total sperm count,[31] but this was not further
confirmed.[35] Similarly, particulate matter (PM)2.5 and
PM10 have been reported to affect sperm quality only
in a single study,[37] while multiple data do not show any
association within the sperm quality.[31,35, 38] Radwan
et al.[39] studied the effects of PM2.5, SO2, NO2, and
Fertility Science and Research | Vol 7 | Issue 1 | January-June 2020



Table 2: Prevalence of semen analysis findings of men residing in Delhi/NCR region and outside Delhi

Semen analysis Oligozoospermia Asthenozoospermia Teratozoospermia Severe-Oligo-astheno-teratozoospermia Male factor
Delhi/NCR Region 16% (83/521) 10.5% (55/521) 26.6% (139/521) 5.5% (29/521) 53.1% (306/521)
Outside Delhi 13.2% (18/136) 13.2% (18/136) 30.1% (41/136) 5.8% (8/136) 56.6% (77/136)
Overall 15.3% (101/657) 11.1% (73/657) 27.3% (180/657) 5.6% (37/657) 58% (383/657)
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CO separately and reported morphologic alterations
associated with all air pollutants. Santi et al.[31] found a
decrease in normal sperm morphology only with PM10

but not with PM2.5. Rubes et al.,
[40] Hansen et al.[41] and

Hammoud et al.[38] did not find any statistically significant
relationship.

There are possibly numerous factors contributing to the
divergent results between the studies. The various
endpoints of semen quality (sperm concentration,
motility, morphology, sperm DNA damage, sperm
aneuploidy) used may be a possible explanation for the
different study results. Also different level of exposure to
air pollutants may impact on the differences between
studies. The choice of covariates for statistical models
may also impact the results. Further issue is a possibility of
concomitant exposure to other environmental or
occupational factors which may also have an impact on
semen quality. Other potential explanations for the
differences among studies include the type and timing
of exposure, dose, measurement of the exposure or an
outcome. The biological mechanisms linking ambient air
pollution to decreased sperm quality have yet to be
determined. Rubes et al.[40] concluded that the reactive
metabolites of PM10 can reach the testes and react with
sperm DNA to form adducts; this toxic effect occurs in
late spermatogenesis, when there is no repair mechanism
to correct it, resulting in increased DNA fragmentation.
[41] Additionally, Hammound et al.[38] suggest that PM2.5
could act as an endocrine disruptor affecting late synthesis
of proteins necessary for sperm motility.[19] Additionally,
the reactive oxygen species damage the integrity of DNA
in the sperm nucleus which may affect sperm count and
motility.[42,43] Excessive air pollution may impair the
body’s antioxidant defense systems. The antioxidant
defense system of semen includes enzymatic and non-
enzymatic factors that interact to provide optimum
protection against reactive oxygen species (ROS).[44] A
deficiency of any of these factors may reduce the overall
antioxidant capacity. As ROS are highly reactive, they
quickly react with proteins, lipids and nucleic acids, also
initiating chain reactions, and induce the formation of
other free radical products. Oxidative stress results in
damage to cellular macromolecules, leading to
dysfunction and, ultimately, to cell death.[43,45]
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In study population subfertile men undergoing
treatment were exposed to moderate levels of
ambient air pollution and there was no clear
evidence to suggest an association between
ambient air pollution exposure and adverse
changes in semen quality as observed by other.[46-
48] This suggests that air pollution may not be a
major contributor to differences in semen quality
among men. But due to rapid economic
development and urbanization in large cities has
been reported to lead to severe air pollution in
urban areas.[49,50] Because of the increasing traffic,
industrial activity, and energy consumption in urban
areas, higher emissions of air pollutants usually
occur there. Regional variability of air pollutant
concentration in urban and rural areas has also
been identified.[51-55] There are very few studies
being reported from India on the investigated
area and one of the study by Pant et al.[56] on
urban population of Lucknow, India, observed to
have significantly lower percentage of sperm motility
than the rural population in India.

There are certain limitations about the present study as
potential confounders that could impact the results are not
ruled out nor considered in the statistical analysis so there is
possibility that residual or unmeasured confounding factors
partly may have contributed to the observed association.
The major potential confounders in studies of exposure to
air pollution and semen quality are well-known and most
studiesat least try toassess them.Thepotential riskfactorsor
well-known confounders in such studies are abstinence
period (days before semen collection), age, smoking
status and drinking season, temperature, BMI and
ethnicity. However, there were some limitations to this
study. First, we used monitoring data for the study sites
to measure ambient air pollution instead of precisely
measuring each individual’s exposure level. Secondly, the
measurement and prediction of PM10, SO2 and NO2

exposure were performed outside, and population
exposures were also influenced by indoor environments
and other confounders as discussed. Third, using only a
single semen sample to predict male reproductive function
over a longer period is a potential limitation of the present
study.
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CONCLUSION

Our study did not show any significant change in semen
parameter of men on comparing with residence in urban
or semi-urban area upto period of three years. Although
interesting, these results are still preliminary and warrant
further follow-up in the future. To the best of our
knowledge, this study is the first attempt to investigate
the effects of outdoor exposure to air pollutants on semen
quality in both urban and semi-urban areas around Delhi/
NCR region. Future research is still necessary, using a
better characterization of exposure models in order to
validate fully the ongoing effects of air pollution on
human sperm that were found in this study. Future
studies should also consider other cofounding factors
which may interfere with male reproductive health and
should incorporate different seasonal variation to
generate a more accurate and full assessment of
adverse effect of air pollution on male fertility. There is
need to have long-term study over period of years on air
pollution level (air quality) and then correlating with
semen parameters in men living in urban cities like
Delhi and adjoining cities.
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