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Genetically predicted insomnia causally increases
the risk of erectile dysfunction

Yang Xiong">", Fu-Xun Zhang">", Yang-Chang Zhang?, Chang-Jing Wu', Feng Qin’, Jiu-Hong Yuan'?

Sleep has attracted extensive attention due to its significance in health. However, its association with erectile dysfunction (ED) is
insufficiently investigated. To investigate the potential causal links between sleep traits (insomnia, sleep duration, and chronotype)
and ED, this study was performed. The single-nucleotide polymorphisms (SNPs) associated with insomnia, sleep duration,
and chronotype were retrieved from previous genome-wide association studies (GWAS). A conventional two-sample Mendelian
randomization (MR) was used to estimate the causal links between sleep traits and ED. The summary statistics of ED were from
individuals of European ancestry (6175 cases vs 217 630 controls). As shown by the random effect inverse-variance-weighting (IVW)
estimator, genetically predicted insomnia was causally associated with a 1.15-fold risk of ED (95% confidence interval: 1.07-1.23,
P < 0.001). Sleep duration and morningness were not causally associated with ED, as indicated by the IVW (all P > 0.05). These
findings were consistent with the results of sensitivity analyses. Based on genetic data, this study provides causal evidence that

genetically predicted insomnia increases the risk of ED, whereas sleep duration and chronotype do not.
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INTRODUCTION

Erectile dysfunction (ED) is defined as the inability to attain or
maintain a penile erection sufficient for successful vaginal intercourse.!
According to the investigation by Nguyen et al.,* the prevalence of ED
in the young is up to 30%. This figure is higher in the aged and patients
with diabetes and end-stage renal disease.” ED exerts substantial
adverse effects on patients, leading to poor mental state and quality
of life. It was observed by Liu et al.® that ED patients had a 2.92-fold
risk of depression than their non-ED counterparts. Measures should
be taken to suppress the high incidence of ED.

Previous studies have reported several risk factors of ED, including
depression, anxiety, and chronic kidney disease.”® The connection
between sleep and ED has been gradually noted with the deepening
understanding of the role of sleep in heath.” Cross-sectional surveys
have reported a positive association between ED and obstructive sleep
apnea (OSA), shift work, and insomnia.'*!! Xiong et al.'® disclosed that
OSA can causally increase the risk of ED. Further randomized control
trial showed that the adherent continuous positive airway pressure
(CPAP) therapy could improve the sleep-related erectile function
in OSA patients, possibly via attenuating OSA-induced hypoxia.'>*?
Another cross-sectional study enrolling 754 males reported that male
night shift workers had lower International Index of Erectile Function
(IIEF) scores than male non-night shift workers.!! Additionally,
according to Seehuus and Pigeon,' insomnia severity was significantly
associated with sexual dysfunction and sleep disorders may function
in the occurrence of ED. However, Seftel et al.”® reported that there
was no correlation between insomnia and ED. The inconsistency may

be attributed to the confounding derived from the cross-sectional or
retrospective design and limited sample size, which impede the yielding
of unbiased causal estimates. In addition, it has been observed that
insomnia and OSA often co-exist. The effect of insomnia alone is hard
to be assessed with the observational design.'® The association between
sleep disorder and ED remains unclear and requires further study.

As of now, few studies have comprehensively examined the
causal association between ED and sleep traits, including insomnia,
sleep duration, and chronotype. Due to the defects of observational
design, Mendelian randomization (MR) is selected to overcome the
endogeneity. MR is a method using single nucleotide polymorphisms
(SNPs) as genetic instruments to examine the causal effects of
exposures (i.e., insomnia, sleep duration, and chronotype) on the
outcomes (i.e., ED).!” SNPs are assorted randomly during gestation,
which helps to avoid reversed causality and confounding."” Therefore,
a natural randomized controlled trial (RCT) is mimicked using MR.
In this study, we used the data from the Integrative Epidemiology
Unit (IEU) Open genome-wide association studies (GWAS) database
(https://gwas.mrcieu.ac.uk/; last accessed on March 18, 2022) to
evaluate the causal association between sleep traits (insomnia, sleep
duration, and chronotype) and ED. The results may facilitate further
clinical intervention.

MATERIALS AND METHODS
Data sources and study samples
Four summary-level datasets regarding insomnia, sleep duration,
chronotype, and ED were extracted from four cohorts.'*2!
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Detailed data sources and relevant information are displayed in
Supplementary Table 1.

The GWAS summary dataset for insomnia was extracted from
the UK Biobank (UKB) version 2 (n = 386 533) and 23andMe project
(n =944 477)." By combining the two cohorts, 1 331 010 participants
were enrolled for further analyses (397 454 cases and 933 556 controls).
The diagnosis of insomnia was based on questionnaires evaluating
sleep status. In the UKB cohort, insomnia cases were participants
with a sleep disorder making it difficult to fall asleep at night and get
back to sleep after waking up at midnight. In the 23andMe cohort,
participants who admitted any phenotypic concepts regarding inferior
sleep status were considered insomnia cases. Specific information
regarding the phenotype and quality control process can be accessed
in the previous study.®

The genetic association estimates for sleep duration in participants
of European ancestry were retrieved from the UKB (n = 446 118).”
Sleep duration was recorded according to the self-report of the
respondents and was then categorized into three groups (short sleep
duration: <6 h; normal sleep duration: 7-8 h; and long sleep duration:
29 h). Respondents with extremely short or long sleep duration
(<3 h and >18 h) and who had any sleep medication were excluded.
In this GWAS, 78 loci associated with self-reported habitual sleep
duration were identified."

Another GWAS combined the participants from the UKB
(n = 449 734) and the 23andMe cohort (n = 248 098) to investigate
the genetic loci associated with being a morning person.? In the
UKB cohort, participants were divided into six groups: definitely
morningness, more morningness-oriented, do not know, more
eveningness-oriented, definitely eveningness, and all, according to their
self-reports. As for the 23andMe cohort, subjects were asked, “Are you
naturally a night person or a morning person?” and then they were
labeled according to their answers. Participants giving a discordant or
neutral answer were excluded as described by Jones et al.*

Summary-level statistics of ED in participants of European ancestry
(6175 cases vs 217 630 controls) were derived from three cohorts: UKB,
the Estonian Genome Center of the University of Tartu (EGCUT)
cohort, and hospital-recruited Partners HealthCare Biobank (PHB)
cohort.?! The diagnosis of ED was based on the codes of International
Classification of Diseases version 10 (N48.4 and F52.2), oral medication
history (e.g., sildenafil), surgical intervention, or self-report of the
respondents. The prevalence of ED was 25.4%, 7.0%, and 1.5% in the
PHB, EGCUT, and UKB, respectively.

Ethical review and approval were waived for this study, all the
data from MR are publicly accessible (https://gwas.mrcieu.ac.uk/; last
accessed on March 18, 2022). Informed consent was obtained from all
subjects in the original genome-wide association studies.

Genetic instrument selection

All the genetic instruments associated with insomnia, sleep
duration, long sleep duration (=9 h), short sleep duration (<6 h), and
morningness reached a significance level at a genome-wide statistical
threshold of P < 5 x 107%. Further, the linkage disequilibrium (LD) of
selected SNPs was calculated to identify independent SNPs (LD #* < 0.01
at a window size of 10 000 Kb) and exclude dependent SNPs using the
PLINK clumping approach. Additionally, Steiger-MR was employed to
affirm that the SNPs explained significantly more variance in exposures
than in outcome (the opposite may indicate reverse causation).
The insignificant SNPs were removed to avoid the violation of MR
assumptions. Further, radial-MR and MR Pleiotropy RESidual Sum
and Outlier (MR-PRESSO) approaches were adopted to explore the
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outlier SNPs accounting for the possible pleiotropy.” If the outlier
SNPs were identified, they were excluded to reduce the heterogeneity
and horizontal pleiotropy. Finally, a total of 196, 68, 5, 22, and 293
qualified SNPs of insomnia, sleep duration, long sleep duration, short
sleep duration, and morningness, respectively, were used as genetic
instruments, as shown in Supplementary Table 2-6.

Statistical analyses

The random effect and fixed effect inverse-variance-weighting (IVW)
methods were used to test the causal links between genetically predicted
sleep traits and ED. The IVW method assumes that all the SNPs in the
MR analysis are valid and then combine the Wald ratio of each SNP
into an overall weighted effect.?* Results obtained from IVW method
were deemed as the main findings.”

Further, we used four other approaches to perform sensitivity
analyses, including MR robust adjusted profile score (MR.RAPS),
MR-PRESSO, weighted median, and MR-Egger. MR.RAPS can yield
robust causal estimates by modeling and then assuming the normal
distribution of pleiotropic effects.? The results produced by MR.RAPS
remain robust when weak genetic instruments and systematic and
idiosyncratic pleiotropy exist. MR-PRESSO was applied in this study
to detect the outlier SNPs, which were then excluded for horizontal
pleiotropy.”® Therefore, a more robust estimate was produced by the
MR-PRESSO estimator. By combining data on multiple instruments
into one single causal estimate, the weighted median estimator
can produce consistent results even when 50% of instruments are
invalid.”” The MR-Egger approach is adapted from Egger regression
by introducing an intercept term into the regression model.” It can
be used to detect directional pleiotropy and yield valid causal effect
estimates even when all the instruments are invalid.”®

The intercept of MR-Egger regression and MR-PRESSO approaches
were used to confirm the absence of pleiotropy. The Cochrans Q
test was used to evaluate the heterogeneity between the genetic
instruments. The leave-one-out analysis was employed to verify
that no influential SNPs existed in the sleep traits-ED causal links,
indicating the robustness of the casual estimation. The strength of
genetic instruments was represented by F-statistics calculated using the
following formula: F-statistics = (Beta/Se)?. Here, Beta represents the
correlation coefficient between SNPs and traits (i.e., insomnia and ED),
and Se represents the standard error. The mean of F-statistics was
deemed as the overall statistics. F-statistics >10 was an indicator of
statistical robustness.”

After Bonferroni correction (0.05/5), the threshold of statistical
significance was set as P < 0.01 (two-sided). MR analyses were
performed using the R software version 3.6.5 (http://www.R-project.
org; The R Foundation, Vienna, Austria), with the “TwoSampleMR’,
“RadialMR’, and “mr.raps” packages.

RESULTS
Causal effects of genetically predicted insomnia on ED
The results obtained from the random effect IVW method are shown
in Figure 1a. It can be found that genetically predicted insomnia leads
to a 1.15-fold risk of ED (95% confident interval [CI] = 1.07-1.23,
P <0.001). The scatter plot in Figure 1b discloses that with the increase
of the SNP effect on insomnia, the SNP effect on ED is intensified. The
causal association between insomnia and ED still exist (fixed effect
IVW: odds ratio [OR] =1.15, P<0.001; MR.RAPS: OR=1.12,P<0.001;
and MR-PRESSO: OR = 1.12, P < 0.001; Figure 2).

There are no signs of heterogeneity according to the results of
Cochran’s Q tests shown in Table 1 (P > 0.05) and the funnel plot



Sleep trait OR (95% Cl) P
Insomnia 1.15 (1.07, 1.23) —— <0.001
Sleep duration 1.00 (0.99, 1.01) 0.592
Short sleep duration ~ 1.04 (0.81, 1.32) 0.773
Long sleep duration 0.98 (0.86, 1.11) 0.728
Morningness 0.93 (0.86, 1.01) 0.085
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Figure 1: The causal effects of sleep traits on ED. (a) The causal links
between sleep traits and ED results obtained by the random effect IVW. (h)
The scatter plot of the effect size for each SNP on insomnia and ED. ED:
erectile dysfunction; IVW: inverse-variance-weighting; IVW-fe: fixed effect
inverse-variance-weighting; IVW-re: random effect inverse-variance-weighting;
MR: Mendelian randomization; SNP: single nucleotide polymorphisms; OR:
odds ratio; Cl: confidence interval.

in Supplementary Figure 1. Additionally, as revealed in Table 1,
the MR-Egger regression and MR-PRESSO global test indicate no
pleiotropy (P > 0.05). Outliers are not found, either, verifying the
absence of unknown pleiotropic effects of the genetic instruments.

The leave-one-out analysis in Supplementary Figure 2 shows no
influential SNP in the insomnia-ED causal association. The results
are still robust when excluding any one of the SNPs. The forest plot
visualizing the estimates of the effect of each SNP on ED is displayed
in Supplementary Figure 3.

Causal effect estimates of genetically predicted sleep duration and
morningness on ED

As shown in Figure 1a, sleep duration, long sleep duration, short
sleep duration, and morningness are not causally associated with
ED (all P > 0.05). Figure 2 shows that, similar to random effect
IVW, sensitivity analyses do not support the causal effect of sleep
duration and morningness either (P > 0.05 in the fixed effect IVW,
MR.RAPS, MR-PRESSO, MR-Egger, and the weighted median
estimators). There are no signs of heterogeneity according to
the results of Cochran’s Q tests shown in Table 1 (P > 0.05). The
MR-Egger intercept and MR-PRESSO global test reveal neither
pleiotropy (P > 0.05) nor outliers.

DISCUSSION

In this Mendelian randomization study, it is found that insomnia exerts
adverse effects on ED while other sleep traits do not. These findings
provide novel evidence supporting the causal effect of insomnia on
ED. The MR framework overcomes the biases from confounding in
observational studies.

Insomnia leads to erectile dysfunction
Y Xiong et al

Table 1: Results of heterogeneity and pleiotropy tests

Sleep trait P value of MR-Egger  Q-df value Q-df value
MR-PRESSO intercept by IVW by MR-Egger

Insomnia 0.714 0.00198" 195 194°

Sleep duration 0.451 0.00475* 67" 66"

Short sleep duration 0.979 -0.02125" 4 3"

Long sleep duration 0.655 -0.02150" 21" 207

Morningness 0.382 0.00070° 292" 291"

“P>0.05. IVW: inverse-variance-weighting; MR: Mendelian randomization; MR-PRESSO:
MR Pleiotropy RESidual Sum and Outlier; df: degree of freedom

Sleep disorder has received plenty of attention due to its significant
effects on human health.*® However, analyses of the causal association
between sleep disorder and ED are lacking. There are several different
forms of sleep disorders, including OSA, insomnia, shift work sleep
disorder (SWSD), etc. In a single-center cross-sectional study with 129
ED patients of European ancestry, 55% of participants were reported
to have OSA and they had worse IIEF-ED scores than the non-OSA
ED patients.* Similar results were also found in Israel,” Turkey, and
China.** However, OSA is closely associated with recurrent apneas and
hypopneas when sleeping. Hypoxia may play a more core role in linking
OSA to ED than sleep disorder.” Besides OSA, SWSD, another form
of sleep disorder, is also found to be negatively correlated with erectile
function. In a cross-sectional study with 754 males, Rodriguez et al."!
reported that males working night shifts had worse erectile function
than males working during the day or evening. These studies disclose
the potential role of OSA and SWSD in the occurrence of ED. However,
to date, no prospective study has been performed, and the robustness
of the conclusion has not been proved, either.

The negative association between sleep disorders and erectile
function is recorded in most but not all observational studies.* In a
cross-sectional survey enrolling 734 males aged >40 years, none of the
sleep indices measured by polysomnography (PSG) were correlated
with ED.* Further subgroup analysis revealed a positive association
between oxygen desaturation index and ED in men aged >65 years.*®
This study presented an insignificant correlation between sleep disorder
and ED, which may be attributed to the confounding. Hence, we used
the MR design for causal estimates to avoid confounding. Accurate
causal effect estimates of sleep traits on ED will facilitate timely clinical
intervention.

Insomnia is also a major form of sleep disorder.” The relationship
between insomnia and ED is inconsistent in previous literature. In a
cross-sectional study enrolling 1118 males with diabetes, insomnia was
found to be a risk factor for ED.*® However, given the specificity of the
population, diabetes may lead to insomnia and ED concurrently, making
the results less convincing. Additionally, for Americans, insomnia
measured by the Insomnia Severity Index (ISI) is reported to be inversely
correlated with erectile function.’ However, in a self-report survey
including 285 males, no correlation is detected between insomnia and
ED." This finding is also supported by the report from Martin et al.*
In their study with 1195 randomly selected community-dwelling men,
insomnia did not increase the risk of mild ED or moderate/severe ED.
Given the poor sleep status in ED patients, it is not clarified whether
insomnia causes ED or reversely, which is solved in the present study.

The specific biological mechanisms linking insomnia to ED
remain unknown but are possibly associated with circadian rhythm
and the hypothalamic-pituitary-gonadal (HPG) axis. According to
the findings of Lee et al.,* rats suffering acute sleep deprivation (SD)
had lower levels of luteinizing hormone and testosterone and a higher
level of cortisol than the controls. In addition, the SD rats were found
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Sleep trait Approach OR (95% CI) P
Insomnia
IVW-fe .- 1.15(1.07,1.23) <0.001
MR.RAPS - 1.12(1.05,1.19) <0.001
MR-PRESSO - 1.12(1.05,1.18)  <0.001
MR-Egger —_—— 1.10(0.83,145)  0.511
Weighted median - 1.10 (0.99, 1.23) 0.073
Sleep duration
IVW-fe . 1.00 (0.99, 1.01) 0.586
MR.RAPS [ ] 1.00 (0.99, 1.01) 0.809
MR-PRESSO L] 1.00 (0.99, 1.01) 0.811
MR-Egger L] 0.99 (0.97, 1.02) 0.561
Weighted median ] 1.00 (0.99, 1.01) 0.597
Short sleep duration
IVW-fe — 1.04 (0.80, 1.35) 0.792
MR.RAPS — 0.98 (0.72, 1.24) 0.877
MR-PRESSO — 0.98 (0.75, 1.21) 0.867
MR-Egger 1.88(0.62,320) 0.280
Weighted median —_— 1.14 (0.79, 1.66) 0.481
Long sleep duration
IVW-fe —_— 0.98 (0.70, 1.38) 0.898
MR.RAPS —_— 1.00 (0.66, 1.34) 0.982
MR-PRESSO — 1.00 (0.87, 1.12) 0.955
MR-Egger 130(052,328) 0.618
Weighted median — 0.93(0.63, 1.38) 0.723
Morningness
IVW-fe - 0.93(0.86, 1.01) 0.089
MR.RAPS L] 0.96 (0.88, 1.04) 0.266
MR-PRESSO - 0.96 (0.88, 1.04) 0.272
MR-Egger —a— 0.91(0.72,1.15)  0.429
Weighted median —— 0.96 (0.85, 1.10) 0.584

0.5 1 1.5

2 25 3
OR (95% CI)

35

Figure 2: Sensitivity analysis for the causality of sleep traits with the risk of ED. ED: erectile dysfunction; IVW-fe: fixed effect inverse-variance-weighting;
MR: Mendelian randomization; OR: odds ratio; Cl: confidence interval; MR.RAPS: MR robust adjusted profile score; MR-PRESSO: MR Pleiotropy RESidual

Sum and Outlier.

to have lower expression levels of endothelial nitric oxide synthase
(NOS)/neuronal NOS mRNAs and proteins in the cavernosal tissues
than the control group, indicating worse erectile function.*” HPG may
function in linking insomnia to ED. The role of the circadian clock has
also been noted in the occurrence of urological diseases and may also
be one possible pathway."' It was found by Flynn-Evans et al.** that
the circadian rhythm of insomnia patients was different from that of
healthy controls. The disrupted circadian clock may induce hypoxia
and activate HPG to impair erectile function, consequently leading to
ED.* We will perform further studies regarding the role of HPG and
the circadian clock in the occurrence of ED in the future.

This study has some merits and limitations. The major strength is
the MR design, which avoids residual confounding and other biases,
and then yields stronger causal inferences between sleep traits and ED.
Additionally, a broader range of sleep traits is included, while only one
trait is explored in most previous studies. Moreover, the participants
are all of the European ancestry, reducing population architecture bias.
However, with the rigorous racial restriction, the generalizability of the
conclusions is sacrificed. Further verification in the population of other
ancestries is still required. In addition, none of the authors are involved
in the creation of the original datasets analyzed in this study. Therefore,
only summary statistics are used and the nonlinear association between
insomnia and ED cannot be evaluated in this study, which limits the
full understanding of their interaction.

In conclusion, genetically predicted insomnia increases the risk
of ED, whereas other sleep traits do not. This study demonstrates

Asian Journal of Andrology @

the causal link between insomnia and ED using the Mendelian
randomization method and may guide clinical practice.

CONCLUSIONS
This study provides causal evidence that genetically predicted insomnia
increases the risk of ED, whereas sleep duration and chronotype do not.
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