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Abstract

Background: Childhood asthma ranks among the prevailing chronic respiratory conditions affecting a significant
number of individuals. The long-term hypoxic state and chronic inflammatory state caused by asthma could be linked
with spermatozoa apoptosis. However, the correlation between childhood asthma and abnormal spermatozoa is cur-
rently unknown.

Methods: In our study, the method of two-sample Mendelian randomization (2SMR) was used by searching an ap-
propriate European population genome-wide association studies (GWAS) database of childhood asthma and abnor-
mal spermatozoa from the Ieu Open GWAS Project database. Sixteen related single-nucleotide polymorphisms
(SNPs) were screened as instrumental variables (IV). Subsequently, we employ various statistical methods including
inverse variance weighting (IVW), weighted median method (WME), MR-Egger regression, Simple mode, and
Weighted mode to investigate the causal link between childhood asthma and the development of abnormal sperma-
tozoa.

Results: Based on IVW results, childhood asthma is not an independent risk factor for abnormal sperm formation
(P=0.14). Other statistical models such as WME, MR-Egger regression, Simple mode, and weighted mode also
showed the same results. Leave-one-out sensitivity analysis and heterogeneity test were conducted and no horizontal
pleiotropy was found.

Conclusion: There was no causal relationship between childhood asthma and abnormal spermatozoa formation at
the genetic level.
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Introduction

Asthma is a common chronic inflammatory air- incidence is increasing annually. Asthma not only
way condition that presents with varying degrees affects normal respiratory function but also af-
of recurrent attacks with reversible airflow re- fects other physical systems, such as the genital
striction (1). Currently, approximately 300 million system, recirculating system, and so on. Among
people worldwide are affected by asthma, and its them, the formation of sperm could be associated
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with the pathophysiological mechanism of asth-
ma. As an essential element of the male genital
system, sperm quality is critical to the reproduc-
tion of offspring. The abnormal spermatozoa not
only prolong the time to natural conception but
also increase the risk of abortion (2).

Previous studies have attempted to investigate
the correlation between asthma and abnormal
sperm. Asthma leads to abnormal sperm through
inducing hypoxia in the body. Asthma patients
frequently show signs of chronic hypoxia, which
increases the expression of IL-6 (3). IL-6 hurts
the male reproductive system by reducing sperm
penetration ability, impairing antioxidant activity,
and causing chronic inflammation (4). Addition-
ally, chronic inflammation can also induce the
production of reactive oxygen species (ROS) (5,
6). Excessive production of ROS may lead to the
degradation of DNA integrity in sperm nuclei
and mitochondria, triggering various pathways
that accelerate sperm apoptosis (6). However,
studies conducted to date have not fully account-
ed for potential confounding factors such as life-
style changes, exposure to chemical pesticides,
and air pollution, which can independently affect
sperm vitality. Therefore, the assertion of a direct
correlation between childhood asthma and ab-
normal sperm formation remains influenced by
these common factors (7, 8).

Whether there is a causal association between
childhood asthma and abnormal sperm for-
mation requires further study. Conventional ret-
rospective studies, owing to their reliance on ran-
domized controlled trial designs, often encounter
challenges related to reverse causality and con-
founding factors. However, these issues can be
effectively addressed through the implementation
of Mendelian randomization (MR) analysis. MR
analysis is a technique that utilizes genetic varia-
tion as an instrumental variable (IV) to evaluate
the causal association between exposure factors
and outcomes (9-11). The definition of two-
sample MR (2SMR) is to measure the exposure
and outcome data of different samples. We em-

Available at:  http://ijph.tums.ac.ir

ployed 2SMR to investigate if there exists a causal
link between childhood asthma and the devel-
opment of anomalous spermatozoa.

Materials and Methods

Study design

Utilizing the most extensive publicly accessible
GWAS datasets, we conducted a two-sample MR
study to examine the correlation between child-
hood asthma and the likelihood of developing
anomalous spermatozoa. For the analysis to be
conducted using 2SMR, genetic variants must
satisfy the following conditions: a) Exhibit a ro-
bust correlation with childhood asthma, b) unre-
lated to any confounding factors of childhood
asthma and abnormal spermatozoa, and c) exclu-
sively influence the occurrence of abnormal
spermatozoa through childhood asthma. (Fig. 1)
(12, 13). To determine the most suitable genome-
wide association study (GWAS) database, an ex-
tensive search was conducted within the Ieu
Open GWAS project database
(https://gwas.mrcieu.ac.uk/) to retrieve data on
both Exposure and Outcome. For database selec-
tion, we used the GWAS database with a larger
sample size to be able to include more single-
nucleotide polymorphisms (SNPs) to ensure a
higher credibility of our study. Moreover, to
avold stratification effects due to ancestry and
population, both data sets were derived from Eu-
ropean populations.

We obtained two sets of data with larger sample
sizes through the Ieu Open GWAS project data-
base. Childhood asthma-associated SNPs were
obtained from the GWAS-ID  "ukb-d-
ASTHMA_CHILD" in the database, including
359,201 childhood asthma patients (<16 yr old)
and 1,993 healthy controls. The GWAS-ID "finn-
b-R18_ABNORMAL_ SPERMATOZ" within
the database yielded genetic association data re-
lated to abnormal spermatozoa.
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Fig. 1: Schematic Representation of 2SMR Study of the Association between Childhood Asthma and Abnormal Spermatozoa.
The 2SMR analysis allows us to estimate the hypothesis that childhood asthma, as the exposure, is causally linked to the occur-
rence of abnormal spermatozoa, as the outcomes. To meet the necessary criteria, the genetic variants must fulfill the following
conditions: a) exhibit a robust association with childhood asthma, b) have no connection to any confounding factors related to
childhood asthma and abnormal spermatozoa, and c) exclusively influence the occurrence of abnormal spermatozoa through

childhood asthma

This dataset comprised 915 individuals diagnosed
with abnormal spermatozoa and 209,006 healthy
controls, with both sets of data originating from
European populations. To satisfy the condition:
"the genetic variants used in the 2SMR analysis
must be strongly associated with childhood
asthma", SNPs significantly associated with expo-
sure factors were selected in the whole of the ge-
nome threshold of P<5e-06. In addition, the
strength of individual SNPs was evaluated by us-
ing the F statistic. When IF was less than 10, the
estimate of the causal effect could be heavily bi-
ased. As a result, to avoid possible weak instru-
mental variable bias, the corresponding SNPs
were excluded (14).

Statistical analyses

Linkage disequilibrium assessment

To avoid bias in the analysis due to linkage dise-
quilibrium (LD) among SNPs, the LD coefficient
* and the width of the LD region were calculat-
ed. When the r* was less than 0.001 and the re-
gion was 10000 kb, the relevant SNPs could be
convinced to be independent of each other (15).
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28MR analysis

The primary approach employed in this study to
estimate the causal relationship was inverse vari-
ance weighting (IVW) (16). The IVW method is a
powerful tool utilized for identifying causal rela-
tionships, leveraging the instrumental variable
nature of all genes. IVW is a more desirable esti-
mation method in 2SMR analysis. In the context
of 28MR analysis, the IVW approach necessitates
that the gene variants solely exert their influence
on the studied outcomes through the specific ex-
posures examined. While this study partially ac-
counted for the influence of known confounding
SNPs, numerous unidentified confounding fac-
tors could potentially introduce genetic polymor-
phisms that bias the estimation of effect values.
As such, four supplementary techniques were
employed to assess the reliability and consistency
of the findings, including MR-Egger regression
(17), weighted median method (WME)(18), Sim-
ple mode(19), and weighted mode (20). If the
results obtained from the above five MR models
are similar, then we can conclude that the causal
link between childhood asthma and abnormal
spermatozoa formation was credible.
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Heterogeneity test

Because of the differences in experimental condi-
tions, analytical platforms, enrolled populations,
and SNPs, 2SMR analysis methods may still have
heterogeneity that may bias the estimation of
causal effects. Hence, Cochran's Q statistic and
its corresponding P-value were utilized to assess
the heterogeneity of the IVW analysis and MR-
Egger regression (21). If the P-value exceeded
0.05, indicating the absence of significant hetero-
geneity among the included instrumental varia-
bles, the impact of heterogeneity on the estima-
tion of causal effects was deemed negligible.

Pleiotropy test

Due to a fundamental assumption in MR analysis
that instrumental variables affect the outcome
solely through exposure, it is essential to validate
the genetic pleiotropy underlying the association
between exposure and outcome. To assess the
bias introduced by genetic pleiotropy, MR-Egger
regression analysis was utilized, with the regres-
sion intercept serving as an indicator of pleiotro-
py magnitude. A smaller intercept value indicates
a lesser degree of genetic pleiotropy. In this
study, the presence of genetic pleiotropy in the
analysis was evaluated by examining the P-value
of the genetic pleiotropy test. A P-value greater
than 0.05 suggests weak evidence for the exist-
ence of genetic pleiotropy in the causal analysis,
with negligible effects. Hence, we employed the
P-value as a means to evaluate the impact of ge-
netic pleiotropy in the causal analysis.

Sensitivity Analysis

Building upon this groundwork, along with the
aforementioned four approaches (MR-Egger re-
gression, WME, Simple mode, and Weighted
mode), we employed the leave-one-out method
as a sensitivity analysis to validate the reliability
and stability of the model. We excluded each sin-
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gle nucleotide polymorphic site one by one and
then evaluated the role of each monomorphic
site in causal inference by analyzing the combined
effect of the remaining polymorphic sites.

Results

SNP Selection and Validation

SNPs associated with childhood asthma were
screened in the Ieu Open GWAS childhood
asthma database according to the SNP screening
criteria of P<5e-06 and linkage disequilibrium
<0.001. Twenty SNPs were associated with
childhood asthma. Since rs17612712, rs2066361,
rs113498532, and ts11654153 were not included
in the database of abnormal sperm, 16 other
SNPs were included in the final study, and the F-
statistics of them were all larger than 10. We
searched the genes to which each SNP belonged
and the data related to the genetic variation of
SNPs were shown in Table 1, including the cod-
ing of SNPs, the frequency of effector genes, the
standard error of effect values, the P-values for
childhood asthma and the abnormal sperm.

MR assessment of the effect of

childhood asthma on abnormal

spermatozoa

To investigate the impact of childhood asthma
on the risk of abnormal spermatozoa, our study
employed five different 2SMR methods. The
primary method, IVW, was utilized to evaluate
the causal association between childhood asthma
and abnormal spermatozoa. The consistent re-
sults of the five analyses, as depicted in Table 2
and Fig. 2, indicated a negligible causal relation-
ship between childhood asthma and the for-
mation of abnormal spermatozoa within the Eu-
ropean population.
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Table 1: Characteristics of SNPs for the analysis of childhood asthma in response to abnormal spermatozoa

Chr SNP EA OA EAF Beta SE P-value

1 rs114820795 G T 0.042617 | 0.00202 0.000431 2.77TE-06
3 rs73148319 A G 0.012559 | 0.003848 0.000806 1.80E-06
3 rs140066178 T C 0.056954  0.001761 0.000379 3.45E-06
4 rs192613850 | A G 0.013896 | 0.003574 0.000779 4.50E-06
5 rs12055232 T C 0.1589 0.001143 0.00024 1.83E-06
5 rs6894249 G A 0.386603 | 0.000949 0.000179 1.17E-07
6 rs3129871 C A 0.640946  0.001096 0.000182 1.68E-09
9 rs79872606 G A 0.023078 | 0.00281 0.00058 1.28E-06
9 1578327215 G A 0.027305  0.002647 0.00055 1.48E-06
10 rs1444782 A G 0.423243 | -0.00102 0.000176 7.94E-09
12 154432080 G T 0.342541  0.000854 0.000184 3.40E-06
13 1572667528 T C 0.018214 | 0.003292 0.000695 2.20E-06
18 rs34886811 T C 0.1574 -0.00113 0.00024 2.50E-06
21 rs415597 A G 0.322681 | 0.000943 0.000187 4.41E-07
22 rs16992028 C T 0.0244 0.002652 0.00058 4.88E-06
22 rs137992872 | A G 0.062067 | 0.001762 0.000362 1.14E-06

Chr: chromosome; SNP: single nucleotide polymorphism; EA: Effect Allele; OA: Other Allele; EAF: effect allele frequency; SE:

standard error

Table 2: 2SMR analysis of the association between childhood asthma and the risk of abnormal spermato-

SE P-value
39.14 0.65
21.46 0.42
16.79 0.14
34.79 0.94
31.55 0.60

zoa
Methods Beta
MR Egger -18.074930
Weighted median 17.437266
Inverse variance weighted 24.820977
Simple mode -2.515833
Weighted mode 16.897258

SE: standard error

Assessment of MR assumptions

To assess the robustness of the findings, a leave-
one-out method was employed for sensitivity
analysis in this study. No individual SNPs were
identified to have a substantial impact on the
overall effect of childhood asthma on the for-
mation of abnormal spermatozoa (Fig. 3). Addi-
tionally, through heterogeneity analysis, no statis-
tically significant heterogeneity was observed in
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any of the five-2SMR analyses (Table 3). Moreo-
ver, the results of the pleiotropy test showed that
the intercept of the MR-Egger regression was
0.06, P=0.25, indicating that the results of the
causal analysis are not affected by horizontal
pleiotropy. The causality estimates between
childhood asthma and abnormal spermatozoa
formation were not affected by confounding fac-
tors and confirmed the robustness of the results.
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Fig. 2: The scatterplot depicts the distribution of individual rate estimates, displaying the relationship be-
tween childhood asthma and abnormal spermatozoa as an outcome. Scatterplots of five different 2SMR
methods to show causality
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Fig. 3: Sensitivity analysis of the leave-one-out method for childhood asthma on abnormal spermatozo.
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indicates the causal analysis of the total effect including all SNPs performed by IVW

Table 3: Heterogeneity statistics of two-sample Mendelian randomization analysis

Methods Q val- Degrees of freedom P-value
ue

MR Egger 16.50 14 0.28

Inverse variance weighted | 18.22 15 0.25
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Discussion

In this study, we analyzed the correlation be-
tween childhood asthma and abnormal sperm by
using a 2SMR study with a large sample size
GWAS database. Our study revealed no evidence
of a causal relationship between childhood asth-
ma and the formation of abnormal spermatozoa
in the European population.

Numerous human and animal studies have point-
ed out the correlation of asthma with abnormal
male reproductive function. Asthma could pro-
mote human sperm apoptosis by up regulating
the expression of the HIF-1 signaling pathway
and eventually induce infertility. Another animal
study also reported that the increased expression
of the HIF-1 pathway, induced by a hypoxic re-
sponse, could result in inflammatory cell infiltra-
tion and further conduce the epithelium of the
spermatic cord to thin and the decline of sperm
count (22, 23). Hypobaric hypoxia resulted in the
deterioration of spermatocytes within the semi-
niferous tubules, distortion of the germinal epi-
thelium, and folding of the basement membrane.
These observed morphological alterations indi-
cate that hypoxia hurts spermatogenesis. Mean-
while, hypoxia could lead to a significant increase
in spermatocyte apoptosis, which results in a de-
crease in sperm production (24).

Hypoxia caused by asthma can result in endo-
crine dysfunction and have an impact on the vi-
tality of sperm (25). Testosterone plays a crucial
role in spermatogenesis. It specifically binds to
the androgen receptor, maintains the spermato-
genic process, and inhibits germinal apoptosis.
Male rats showed a declined level of testosterone
and sexual dysfunction after prolonged intermit-
tent hypoxic exposure (26). Male subjects living
at high altitudes would represent significantly
lower testosterone, follicle-stimulating hormone
(FSH), and luteinizing hormone (LH) than sub-
jects at sea level. Considering people who lived at
high altitudes might tolerate a long-term hypoxic
state, the hypoxia could suppress the hypotha-
lamic-pituitary-testicular axis, leading to the de-
cline of circulating testosterone (27). Intermittent
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hypoxia could improve the synthesis of testos-
terone in mesenchymal cells through the up-
regulation of 178-hydroxysteroid dehydrogenase,
adenylyl cyclase, cyclic adenosine monophos-
phate (CAMP), and voltage-gated L-type calcium
channels (28). Acute hypoxia could stimulate au-
tophagy in rat mesenchymal cells and promote
the secretion of testosterone by decomposing
total cholesterol and intracellular lipid droplets
(29).

In the above studies of asthma and abnormal
spermatogenesis, the only parameters used to
observe spermatozoa were density and motility.
There was no clear description of sperm mor-
phology or sperm motility parameters. A large
cross-sectional study showed that although men
with asthma had a later onset of puberty than
non-asthmatic men had, there were few statisti-
cally significant differences in reproductive hor-
mone levels and semen quality (30). Among men
with asthma, there were no significant differences
observed in terms of semen volume, sperm mo-
tility, and morphology when compared to men
without asthma. However, lower levels of sperm
concentration and total sperm count were noted
in men with asthma. In the adjusted regression
analysis, these differences remained statistically
significant in total sperm count. In contrast, these
differences were not statistically significant in
sperm concentration. This might be consistent
with our findings.

We have to consider that the inconsistencies in
these studies may be attributed to confounding
factors. At this point, variation reflects the main
advantage of MR, that is, the elimination of con-
founding factors. There are some limitations to
this study. First, this study only used data on Eu-
ropean populations, which is not representative
of all ethnic groups and regions; the sample size
of the abnormal sperm we used may not be large
enough to influence the model. Nevertheless, this
constraint presents an important avenue for fu-
ture research to elucidate further the causal asso-
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ciation between childhood asthma and the devel-
opment of abnormal spermatozoa.

Conclusion

Our two-sample Mendelian randomization analy-
sis revealed no evidence of a causal relationship
between childhood asthma and abnormal sper-
matozoa at the genetic level. However, further
investigation utilizing larger GWAS databases
and comprehensive studies is necessary to assess
the causal link between childhood asthma and
abnormal spermatozoa.
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