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Abstract
Background: Various studies have explored the association between outdoor air pollution and semen quality. However, the
results were still controversial. The object of the current meta-analysis is to evaluate the role of outdoor air pollution in semen quality.

Methods: Databases including PubMed, Web of Science, and Embase will be searched to identify qualified studies. All qualified
cross-sectional studies researching the association between outdoor air pollution and sperm parameters will be included. Relative
data in participants under higher exposure and lower exposure to air pollution will be extracted by 2 investigators independently. Only
participants under the highest and the lowest exposure will be enrolled if the original study contained more than 2 exposure levels.
The semen volume, sperm concentration, progressive motility, total motility, and normal morphology rate will be the primary
outcomes of the current study. Pooled estimates with corresponding 95% confidence intervals will be calculated to assess the
specific effects of outdoor air pollution in semen quality. Moreover, trial sequential analyses will be performed to obtain a more
comprehensive assessment of analyses.

Results: A high-quality synthesis of the current evidence for the association between sperm parameters and outdoor air pollution
will be provided.

Conclusions:This meta-analysis and systematic review will generate evidence for judging whether outdoor air pollution can impair
semen quality.

PROSPERO registration number: PROSPERO CRD 42019126060

Abbreviations: CI= confidence interval, DFI=DNA fragmentation index, PAH= polycyclic aromatic hydrocarbon, SD= standard
deviation, TSA = trial sequential analysis, WHO = World Health Organization.
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1. Introduction

Air pollution, occurs when harmful or excessive quantities of
substances are released into the atmosphere, is a leading
environmental health issue worldwide. Air pollutants can be in
the form of gases, solid particles, or liquid droplets. The most
common sources of air pollution include particulates, ozone,
nitrogen dioxide, and sulfur dioxide. It may cause allergies,
diseases, and even death to humans. The World Health
Organization (WHO) estimated in 2014 that air pollution causes
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the premature death of 7 million people per year worldwide. The
incidence is higher in subjects with low socioeconomic status.[1]

Air pollution can result in various diseases including lung
diseases, cardiovascular and neurologic disorders, and infertili-
ty.[2–5] Recently, various studies have focused on the effects of air
pollution on male fertility.[6,7]

During the past decades, a large amount of studies has reported
consistent degradation in human semen quality in healthy males
and the WHO has lowered the normal reference range of sperm
parameters based on this recognition. Various potential causes
were reported associated with degradation in human semen
quality, including exposure to pollutants or toxicants, polycyclic
aromatic hydrocarbon, overweight, obesity, smoking, drinking,
psychological stress, and several specific chronic diseases.[6,8–11]

Among these factors, outdoor air pollution has been the hotpot of
the current related studies considering large amount of the
affected populations. The biological mechanism of the effects of
air pollution on sperm quality remains unclear. Several possible
mechanisms were identified, including impairment of sperm
DNA, disorders of hypothalamic pituitary axis and testicular
spermatogenesis, and oxidative stress.
Though fundamental researches supported the negative effects

of air pollution on sperm quality, several epidemiologic studies
demonstrated nonsignificant or contrary results. For instance,
with regard to sperm count, several studies have demonstrated
that air pollution can result in significant reduction in sperm
concentration[12–15] and total sperm count,[13–15] while the other
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data did not show significant decrease or even increase of these
indicators. In terms of sperm motility, air pollution was reported
associated with decreased progressive motility[12,13,16–18] and
total motility.[13,16–19] But other studies did not demonstrate
significant results.
Meta-analysis is a powerful tool which can provide more

reliable results by pooling the results of single studies, especially
in explaining controversial conclusions. The present study is
designed to synthesize currently available evidences to evaluate
the specific influences of air pollution on semen parameters.

2. Methods

The protocol has been registered on the international prospective
register of systematic reviews (PROSPERO registration number:
CRD 42019126060) and was strictly reported based on the
Preferred reporting items for systematic review and meta-
analyses protocols statement. The study was approved by the
Ethics Committee of Peking Union Medical College Hospital,
Beijing, China.

2.1. Evidence acquisition

Qualified studies will be identified by a systematic search of the
following databases: PubMed, Web of Science, and Embase,
updated to January 1, 2019.
MeSH words and free words with the following searching

strategy will be used: (“air pollution” OR “air pollutants” OR
“PM10” OR “PM2.5” OR “suspended particulates” OR “NOx”

OR “NO” OR “NO2” OR “SO2” OR “carbon monoxide” OR
“ozone” OR “particulate matter” OR “soot” OR “smog”
OR “volatile organic compounds” OR “chlorofluorocarbons”
OR “traffic” OR “motor vehicles”) AND (“semen quality” OR
“semen volume”OR “sperm concentration”OR “sperm count”
OR “sperm motility” OR “sperm morphology” OR “sperm
DNA fragmentation”). In addition to electronic search original
papers, reference lists of the identified original articles and
reviews will be hand-searched to prevent missing any further
studies. If more research data will be required, we will contact the
authors to get desired information.
Enrolled studies in the current meta-analysis must meet the

following criteria: English publications; longitudinal or cross-
sectional studies; researches associated with the effects of outdoor
air pollution on sperm quality in adult males. To maintain the
quality of this meta-analysis, articles will be excluded when they
are reviews or duplicates of previous publication; there are no
clear definitions of the study population, air pollutants, criteria
for semen analysis, and the outcome assessment; (3) there are no
sufficient data for meta-analyses.
Two independent investigators will participate in the screening

process. If there are any uncertain data; a third reviewer will
reassess the data and organize a discussion to solve the problems.

2.2. Data extraction

Relative data in participants under higher exposure and lower
exposure to air pollution will be extracted by 2 investigators
independently. Only participants under the highest and the
lowest exposure will be enrolled if the original study contained
more than 2 exposure levels. All data will be recorded in a
standardized form and the following basic characteristics from
each study will be extracted: first author’s name, year of
publication, specific outdoor air pollutants, period of the
2

research, study design, country, ethnicity, age, group assignment,
and sample size. The primary outcomes will be extracted as
follows: semen volume, sperm concentration, total sperm count,
progressive motility, total motility, normal morphology rate. The
second outcomes will be extracted as follows: DNA fragmenta-
tion index and computer-aided semen analysis system measures
including linearity of sperm motion, sperm curvilinear velocity,
and sperm linear velocity.
2.3. Quality evaluation

The quality of the enrolled studies will be evaluated by
Newcastle-Ottawa Scale star system (range, 0–9 stars), which
focuses on 3 broad perspectives: the selection of the study groups,
the comparability of the groups, and the ascertainment of either
the exposure or outcome of interest. The number of stars is
positively associated with the quality of the study.
2.4. Trial sequential analysis

Trial sequential analyses (TSAs) will be performed to obtain a
more comprehensive assessment of analyses by controlling the
risk of random error.[20,21] The TSA software (TSA, version 0.9;
Copenhagen Trial Unit, Copenhagen, Denmark, 2011) will be
used in the current study.

2.5. Bias assessment

Funnel plot will be implemented to detect the risk of publication
bias if there are more than 10 studies qualified for analysis.
Otherwise, Begg’s test and Egger’s test will be used.

2.6. Statistic methods

Continuous data will be presented as mean and standard
deviation (SD). SD value will be transformed if only standard
error or the 95% confidence interval (CI) is provided. If only
median and range are available, mean and SDwill be transformed
according to a previously described forum: Mean≈Median;
SD≈Norm IQR= (P75–P25)∗0.7413 (IQR: inter-quartile range,
P75: 75th percentile, P25: 25th percentile).[22] The Higgins I2

statistic and Cochrane Q test will be used to evaluate the
heterogeneity between enrolled studies.[23] A random-effect
model (inverse variance method) will be used when the P value
for heterogeneity is <.05 or I2>50%. Otherwise, a fixed-effect
model (DerSimonian–Laird method) will be applied.[24] Pooled
estimates with corresponding 95%CIs will be calculated to assess
the specific effects of outdoor air pollution in semen quality. Stata
version 12 (StataCorp LP, College Station, TX) will be used for
statistical analyses.

3. Discussion

Air pollution is a leading environmental health issue worldwide.
Based on several animal researches, air pollution can influence
sperm quality through impairment of sperm DNA, disorders of
hypothalamic pituitary axis and testicular spermatogenesis, and
oxidative stress. Though fundamental researches have demon-
strated the negative effects of air pollution on semen parameters,
epidemiologic studies demonstrated inconsistent results. Meta-
analysis is a powerful tool which can provide more reliable results
by pooling the results of single studies, especially in explaining
controversial conclusions. Previous meta-analyses demonstrated
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a trend that air pollution can impair semen quality. However, the
sample sizes were small and the results were nonsignificant.
Recently, a large amount of clinical studies has demonstrated the
negative impacts of air pollution on sperm quality. Hence, we
intend to conduct a systematic review and meta-analysis to
evaluate the role of outdoor air pollution in semen parameters
and provide evidence for the clinical practitioners and health
policy makers. Besides, TSA will be used to verify the results.
There may be some potential limitations in this meta-analysis and
systematic review. First, the contents of air pollutants and the cut-
off points between lower exposure and higher exposure to air
pollution may vary among the enrolled studies, which can
increase the heterogeneity between studies and result in potential
bias. Second, this meta-analysis only includes studies published in
English, which may lead to selection bias.
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