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Abstract

Background Previous observational studies have indicated a potential link between insomnia and bladder cancer,
yet the underlying causal relationship remains uncertain. The current study employed a bidirectional two-sample
Mendelian randomization (MR) analysis to investigate this association.

Methods A two-sample MR analysis was conducted utilizing publicly available summary data from genome-wide
association studies (GWAS) on insomnia and bladder cancer. Various regression methods including the inverse vari-
ance weighted (IVW), weighted median, MR-Egger, weighted mode, and simple mode methods were employed
for the MR analysis. The presence of pleiotropy and heterogeneity in the MR results was also assessed. Furthermore,
additional sensitivity tests were performed to mitigate potential biases.

Results No significant causal relationship was detected between insomnia and bladder cancer using VW method
(OR=0.761, 95% Cl 0.996-1.005; P=0.76). Similarly, the IVW model did not reveal any causal effect of bladder cancer
on the risk of insomnia (OR=1.47,95% Cl 0.772-2.799; P=0.24). Consistent results were obtained from the other four
methods employed. There was no evidence of horizontal pleiotropy or heterogeneity in our MR analysis (P> 0.05). The
sensitivity analyses further supported the reliability of the estimated causal effects.

Conclusions This study presents no evidence for a causal relationship between insomnia and bladder cancer.
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Introduction

Bladder cancer is a prevalent and potentially fatal malig-
nancy worldwide, with an estimated 17,100 deaths in
2021 in the US [1]. Non-muscle invasive bladder cancer
(NMIBC) accounts for ~ 75% of newly diagnosed cases,
and a subset of these cases progress to muscle-invasive
disease at a rate of 10-15% [2]. Despite notable advance-
ments in therapeutic approaches and tactics in recent
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years, the survival rate of individuals with muscle-inva-
sive bladder cancer (MIBC) has remained comparatively
low [3]. Moreover, NMIBC patients who were unre-
sponsive to Bacillus Calmette—Guérin (BCG) treatment
exhibited poorer survival outcomes compared to BCG-
responsive patients [4].

The recognized risk factors associated with the onset
and progression of bladder cancer include age, tobacco
smoking, genetic alterations, dietary patterns, metabolic
factors, occupational exposure to certain chemicals such
as polycyclic aromatic hydrocarbons, chlorinated hydro-
carbons, and diesel exhaust, environmental exposure to
substances such as hair dye, and other factors such as
cardiovascular disease that remain controversial [5-7].
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Insomnia is a prevalent subtype of sleep disorders
(SDs) affecting ~ 23-56% of the general population [8].
It has been found to be linked to a diverse range of dis-
eases, including cardiovascular diseases, hypertension,
dementia and depression [9-12]. Moreover, insomnia
was also identified as a potential risk factor for several
types of cancer, including breast, colorectal and gastric
cancer [13-15]. Multiple observational studies had also
indicated an association between insomnia and the risk
of bladder cancer [16, 17]. Another study indicated that
insomnia can manifest as a result of bladder cancer treat-
ment, thereby negatively impacting the overall quality
of life [18]. However, an alternative observational study
demonstrated no significant alterations in health-related
quality of life, including insomnia, within the initial
4 years following a diagnosis of NMIBC [19]. In light of
the inconsistent findings from these observational stud-
ies, further elucidating the relationship between insom-
nia and bladder cancer is important.

Recently, artificial intelligence, including machine
learning, deep learning, and artificial neural networks,
has garnered attention for its ability to autonomously
learn from extensive datasets and enhance prediction
algorithms, particularly in the field of healthcare. This
technology shows promise in revolutionizing various
aspects of bladder cancer research, such as early detec-
tion, precise diagnosis, and personalized treatment
strategies [20]. MR, akin to artificial intelligence, is a
significant statistical approach employed to establish
causal relationships between exposure and outcome by
utilizing genetic variants, specifically single-nucleotide
polymorphisms (SNPs) [21]. The MR analysis is predi-
cated on three fundamental assumptions: (1) the genetic
variant exhibits a robust association with the exposure;
(2) the genetic variant does not demonstrate any asso-
ciation with potential confounding factors that may
exist between the exposure and the outcome; and (3) the
genetic variant solely influences the outcome through the
exposure. Therefore, MR analysis, commonly referred to
as a "natural randomized controlled trial (RCT)", is less
prone to confounding than observational studies and is
increasingly employed in the evaluation of causal associa-
tions [22].

The objective of this study was to estimate the causal
relationship between insomnia and bladder cancer
through the implementation of bidirectional two-sample
MR analysis.

Methods

Summary statistics data for insomnia and bladder cancer
The summary statistics for insomnia and bladder can-
cer were acquired from the IEU Open GWAS project
(https://gwas.mrcieu.ac.uk/datasets/). The dataset for

Page 2 of 6

bladder cancer (ieu-b-4874) encompasses 1279 cases
and 372016 controls of European ancestry, with 9904926
SNPs. The summary statistic for insomnia (ukb-a-13)
comprises 336965 individuals of European descent, with
10894596 SNPs. All participants in this study had no
sample overlap between the exposure and outcome traits,
thereby minimizing the potential bias arising from con-
founding factors.

Selection of instrumental variables

The selection of valid instrumental variables (IVs)
was guided by three essential assumptions: the rel-
evance assumption, the independence assumption,
and the exclusion restriction assumption, as previously
described. Specifically, the significance level of IVs for
each insomnia trait was established at 5 x 1078, and a
total of 30 instrumental SNPs were selected. For bladder
cancer, a genome-wide significance level of 5 X 10~ was
set, leading to the identification of 95 SNPs as genetic
instruments associated with this condition. Furthermore,
within the chosen SNPs, a process of linkage disequilib-
rium (LD) clumping was carried out using a threshold
of #<0.001 and a clumping distance of 10,000 kb. This
procedure was used to eliminate any SNPs that were cor-
related with each other, thus ensuring the independence
of the selected IVs. Additionally, SNPs with weak instru-
mental variable strength (F-statistic greater than 10) were
also excluded from consideration.

Bidirectional Mendelian randomization analysis

Primary two-sample MR analysis was conducted to esti-
mate the ORs and 95% confidence intervals (ClIs) utiliz-
ing the IVW method, as well as the weighted median,
MR-Egger, simple mode, and weighted mode approaches
[23]. Initially, each insomnia phenotype was considered
as an exposure variable, while the bladder cancer trait
served as the outcome variable, aiming to investigate
potential causal associations between insomnia and the
risk of bladder cancer. Additionally, a reverse MR analysis
was performed, wherein each bladder cancer phenotype
was considered as an exposure and the insomnia trait
was considered an outcome to explore reverse causa-
tion between bladder cancer and insomnia risk. Statisti-
cal significance was determined at a threshold of P<0.05.
Moreover, additional sensitivity analysis was carried
out to verify the reliability and stability of the obtained
results.

Pleiotropy was evaluated through the utilization of
the MR-Egger intercept test, employing Nb Distribu-
tion=1000 [24]. The MR-Egger intercept test investi-
gated the existence of a non-zero intercept to gauge the
genetic pleiotropy of IVs, where a significance level of
P>0.05 indicated the absence of pleiotropy. Additionally,
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Fig. 2 Genetic causal associations between bladder cancer and risk of insomnia

scatter plots were also generated to examine the potential
effect of outliers on the causal correlation.

The assessment of heterogeneity among the SNPs was
conducted using Cochrane’s Q test, with a significance
level of P>0.05 suggesting no heterogeneity. Funnel plots
were generated to examine the robustness and heteroge-
neity of the causal correlations. Moreover, the leave-one-
out analysis was utilized to evaluate the influence of each
SNP on the overall MR estimate and to detect any poten-
tial outliers.

All MR analyses were performed using the “TwoSam-
pleMR” package in R4.2.3 (http://www.Rproject.org).

Results

The findings of the present study suggest that there is
no causal relationship between insomnia and the risk of
bladder cancer. Genetic analysis using the IVW method
did not reveal any significant association between insom-
nia and bladder cancer risk (IVW method: OR=0.761,
95% CI 0.996-1.005; P=0.76), nor was there any genetic
association between bladder cancer and the risk of
insomnia (IVW method: OR=1.47, 95% CI 0.772-2.799;
P=0.24). The MR-Egger, weighted median, simple mode
and weighted mode methods produced consistent results
with IVW analysis (Figs. 1, 2).

As shown in Table 1, horizontal pleiotropy was not
detected in the MR-Egger regression test, and the
Cochrane’s Q statistic (P>0.05) showed no heterogene-
ity for the selected variants. The scatter plot indicated no
potential influence of outliers on the causal correlation

Table 1 The heterogeneity and horizontal pleiotropy of MR and

reverse MR
Exposure Outcome Heterogeneity Pleiotropy
Q P Egger_ P
intercept
Insomnia Bladder cancer 23799 0.692 3.37E-05 0.707
Bladder cancer Insomnia 112973 0.078 2.18E-05 0.976

(Fig. 3). Furthermore, the funnel plot also showed no evi-
dence for heterogeneity (Fig. 4).

The sensitivity (leave-one-out) analysis revealed that
no potential causality existed after excluding any one
SNP (Fig. 5). These results indicated the reliability of the
causal effect estimates.

Discussion

To our knowledge, this is the first MR study to investi-
gate the bidirectional causal association between insom-
nia and bladder cancer. The findings from our MR study
indicate no evidence that insomnia increases the risk of
bladder cancer. Furthermore, the reverse MR study failed
to demonstrate any substantial evidence supporting a sig-
nificant association between bladder cancer and the risk
of insomnia.

To date, there were two observational studies have
provided evidence supporting a positive correlation
between insomnia and the risk of bladder cancer. W Li
et al. reported that poor overall sleep-quality scores and
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Fig. 4 The funnel plot of the causal effect between insomnia and bladder cancer. Individual SNP was delineated in the background

poor scores for insomnia and snoring status could elevate
the risk of several specific-site cancers including breast,
uterine or uterine cervical, prostatic, kidney, and blad-
der cancer in one prospective cohort study that included
78,232 participants [16]. Another retrospective cohort
study indicated that HRQoL parameters including pain,
fatigue, insomnia, dyspnea and anorexia are significant
and independent prognostic factors for outcome (over-
all survival, time to progressive disease, and time to

treatment failure) in patients with locally advanced or
metastatic bladder cancer [17].

Recent research has also suggested the possible mecha-
nisms by which sleep disturbances including insomnia
might increase the risk of cancer. These mechanisms
include the perturbation of circadian rhythms, which play
pivotal roles in tumor progression, tumor cell prolifera-
tion, and heightened tumor invasion. Additionally, sleep
disturbances contribute to a reduction in the secretion of
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Fig.5 Leave-one-out plots of causal estimates between insomnia and bladder cancer

melatonin, a hormone that governs the sleep—wake cycle
and plays a fundamental role in safeguarding cells against
DNA damage. Furthermore, inflammatory responses
triggered by sleep disturbances contribute to uncon-
trolled cell proliferation [25-28].

Two observational studies have yielded incongru-
ous findings regarding the occurrence of insomnia in
patients diagnosed with bladder cancer. Ivy Beeren
et al. reported that there were no significant changes in
HRQoL including insomnia or social functioning were
observed during the first 4 years after NMIBC diagnosis
compared with the general population in a multicentre
prospective cohort study [19]. In another cross-sectional
study, Ahrang Jung et al. demonstrated that 1- to 6-year
NMIBC survivors had persistent symptoms, including
fatigue, insomnia and financial difficulties [18].

However, it is important to acknowledge that the
observational nature of these studies imposes certain lim-
itations, including small sample sizes, selection bias, and
susceptibility to confounding factors. Li et al. proposed
that the pleiotropy of genetic variants could potentially
account for the observed associations [29]. Therefore, the
disparities between our study’s findings and those of pre-
vious cohort studies could potentially be attributed to the
aforementioned confounding factors.

However, our MR study also has several limitations.
First, the GWASs utilized in our analysis were con-
ducted exclusively on individuals of European descent,
thus necessitating further investigation to ascertain the

generalizability of our findings to the broader population.
Second, despite our efforts to mitigate confounding fac-
tors through outlier exclusion and sensitivity analyses,
the potential for uncontrolled pleiotropy, heterogeneity,
or residual bias cannot be entirely dismissed. This differ-
ence may be attributed to the intricate biological mech-
anisms underlying the functionality of distinct SNPs.
Third, larger sample sizes, more sleep disorders such as
hypersomnia, snoring and daytime sleepiness, and more
advanced approaches are needed to synthesize the results
and enhance the statistical power. Finally, the absence of
mechanistic studies necessitates further experimental
investigations, such as cell function studies and animal
studies, to facilitate a comprehensive interpretation of
the findings in our study.

Conclusion

In conclusion, our research indicated the absence of a
causal association between insomnia and bladder cancer,
which differs from most observational studies. However,
larger scale MR studies and more sophisticated method-
ologies are needed to validate these findings.

Abbreviations

MR Mendelian randomization

GWAS  Genome-wide association studies
VW Inverse variance weighted

NMIBC  Non-muscle invasive bladder cancer

MIBC Muscle-invasive bladder cancer
SDs Sleep disorders

SNPs Single-nucleotide polymorphisms
RCT Randomized controlled trial



Du et al. European Journal of Medical Research (2024) 29:316

Vs Instrumental variables
Cls Confidence intervals
BCG Bacillus Calmette—Guérin

Acknowledgements
Not applicable.

Author contributions

Study conception and design, computational analysis, writing and supervi-
sion were performed by Lihuan Du. Data were acquired by Lihuan Du, Bohan
Wang, Jiaming Wen and Nan Zhang. Administrative, technical or material sup-
port was provided by Bohan Wang, Jiaming Wen and Nan Zhang. All authors
read and approved the submitted manuscript.

Funding

This study was financially supported by the Natural Science Foundation of
Zhejiang Province (No. LQ20H160032) and the National Natural Science Foun-
dation of China (No. 82374080).

Availability of data and materials

The authors declare that the data supporting the findings of the current study
are provided in the article. Any additional inquiries may be directed towards
the corresponding author.

Declarations

Ethics approval and consent to participate
Since all the data used were published previously in the public databases, no
additional ethical approval and patient consent were needed.

Competing interests
The authors declare that they have no competing interests to disclose.

Received: 6 May 2024 Accepted: 3 June 2024
Published online: 08 June 2024

References

1. Siegel RL, Miller KD, Fuchs HE, et al. Cancer statistics, 2022. CA Cancer J
Clin. 2022;72(1):7-33.

2. Lenis AT, Lec PM, Chamie K, et al. Bladder cancer: a review. JAMA.
2020;324(19):1980-91.

3. Patel VG, Oh WK, Galsky MD. Treatment of muscle-invasive and advanced
bladder cancer in 2020. CA Cancer J Clin. 2020;70(5):404-23.

4. Ferro M, Barone B, Crocetto F, et al. Predictive clinico-pathological factors
to identify BCG, unresponsive patients, after re-resection for T1 high
grade non-muscle invasive bladder cancer. Urol Oncol. 2022;40(11):490
e13-e20.

5. Jubberl, Ong S, Bukavina L, et al. Epidemiology of bladder cancer in 2023:

a systematic review of risk factors. Eur Urol. 2023;84(2):176-90.

6. Ferro M, Chiujdea S, Musi G, et al. Impact of age on outcomes of patients
with pure carcinoma in situ of the bladder: multi-institutional cohort
analysis. Clin Genitourin Cancer. 2022;20(2):e166-72.

7. Barone B, Finati M, Cinelli F, et al. Bladder cancer and risk factors: data
from a multi-institutional long-term analysis on cardiovascular disease
and cancer incidence. J Pers Med. 2023;13(3):512.

8. Leger D, Poursain B, Neubauer D, et al. An international survey of
sleeping problems in the general population. Curr Med Res Opin.
2008;24(1):307-17.

9. Grandner MA, Jackson NJ, Pak VM, et al. Sleep disturbance is asso-
ciated with cardiovascular and metabolic disorders. J Sleep Res.
2012,21(4):427-33.

10. Van Ryswyk E, Mukherjee S, Chai-Coetzer CL, et al. Sleep disorders, includ-
ing sleep apnea and hypertension. Am J Hypertens. 2018;31(8):857-64.

11. Shenker JI, Singh G. Sleep and dementia. Mo Med. 2017;114(4):311-5.

12. Murphy MJ, Peterson MJ. Sleep disturbances in depression. Sleep Med
Clin. 2015;10(1):17-23.

Page 6 of 6

13. Li X, Huang D, Liu F, et al. Sleep characteristics and cancer-related out-
comes: an umbrella review of systematic reviews and meta-analyses of
observational studies. J Clin Med. 2022;11(24):7289.

14. Sateia MJ, Lang BJ. Sleep and cancer: recent developments. Curr Oncol
Rep. 2008;10(4):309-18.

15. GuF, Xiao Q, Chu LW, et al. Sleep duration and cancer in the NIH-AARP
diet and health study cohort. PLoS ONE. 2016;11(9): e0161561.

16. LiW,Li C LiuT, et al. Self-reported sleep disorders and the risk of all
cancer types: evidence from the Kailuan Cohort study. Public Health.
2023;223:209-16.

17. Roychowdhury DF, Hayden A, Liepa AM. Health-related quality-of-life
parameters as independent prognostic factors in advanced or metastatic
bladder cancer. J Clin Oncol. 2003;21(4):673-8.

18. Jung A, Nielsen ME, Crandell JL, et al. Health-related quality of life among
non-muscle-invasive bladder cancer survivors: a population-based study.
BJU Int. 2020;125(1):38-48.

19. Beeren |, Klerks NE, Aben KK, et al. Health-related quality of life during the
first 4 years after non-muscle-invasive bladder cancer diagnosis: results of
a large multicentre prospective cohort. Eur Urol Oncol. 2023.

20. Ferro M, Falagario UG, Barone B, et al. Artificial intelligence in the
advanced diagnosis of bladder cancer-comprehensive literature review
and future advancement. Diagnostics (Basel). 2023;13(13):2308.

21. Davey Smith G, Hemani G. Mendelian randomization: genetic anchors
for causal inference in epidemiological studies. Hum Mol Genet.
2014;23(R1):R89-98.

22. Davies NM, Holmes MV, Davey SG. Reading Mendelian randomisation
studies: a guide, glossary, and checklist for clinicians. BMJ. 2018;362: k601.

23. Burgess S, Butterworth A, Thompson SG. Mendelian randomization
analysis with multiple genetic variants using summarized data. Genet
Epidemiol. 2013;37(7):658-65.

24. Burgess S, Thompson SG. Interpreting findings from Mendelian randomi-
zation using the MR-Egger method. Eur J Epidemiol. 2017;32(5):377-89.

25. Prather AA, Vogelzangs N, Penninx BW. Sleep duration, insomnia, and
markers of systemic inflammation: results from the Netherlands Study of
Depression and Anxiety (NESDA). J Psychiatr Res. 2015;60:95-102.

26. Truong KK, Lam MT, Grandner MA, et al. Timing matters: circadian rhythm
in sepsis, obstructive lung disease, obstructive sleep apnea, and cancer.
Ann Am Thorac Soc. 2016;13(7):1144-54.

27. Walker WH 2nd, Borniger JC. Molecular mechanisms of cancer-induced
sleep disruption. Int J Mol Sci. 2019;20(11):2780.

28. Reiter RJ, Rosales-Corral SA, Tan DX, et al. Melatonin, a full service anti-
cancer agent: inhibition of initiation, progression and metastasis. Int J Mol
Sci. 2017;18(4):843.

29. LiX,Meng X, He, et al. Genetically determined serum urate levels and
cardiovascular and other diseases in UK Biobank cohort: a phenome-
wide Mendelian randomization study. PLoS Med. 2019;16(10): €1002937.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	No causal association between insomnia and bladder cancer: a bidirectional two-sample Mendelian randomization study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Summary statistics data for insomnia and bladder cancer
	Selection of instrumental variables
	Bidirectional Mendelian randomization analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


