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Summary

Background Insomnia is the most common sleep disorder in patients with epithelial ovarian cancer (EOC). We
investigated the causal association between genetically predicted insomnia and EOC risk and survival through a two-
sample Mendelian randomization (MR) study.

Methods Insomnia was proxied using genetic variants identified in a genome-wide association study (GWAS) meta-
analysis of UK Biobank and 23andMe. Using genetic associations with EOC risk and overall survival from the
Ovarian Cancer Association Consortium (OCAC) GWAS in 66,450 women (over 11,000 cases with clinical follow-
up), we performed Iterative Mendelian Randomization and Pleiotropy (IMRP) analysis followed by a set of
sensitivity analyses. Genetic associations with survival and response to treatment in ovarian cancer study of The
Cancer Genome Atlas (TCGA) were estimated controlling for chemotherapy and clinical factors.

Findings Insomnia was associated with higher risk of endometrioid EOC (OR =1.60, 95% CI 1.05-2.45) and lower
risk of high-grade serous EOC (HGSOC) and clear cell EOC (OR = 0.79 and 0.48, 95% CI 0.63-1.00 and 0.27-0.86,
respectively). In survival analysis, insomnia was associated with shorter survival of invasive EOC (OR = 1.45, 95%
CI 1.13-1.87) and HGSOC (OR = 1.4, 95% CI 1.04-1.89), which was attenuated after adjustment for body mass
index and reproductive age. Insomnia was associated with reduced survival in TCGA HGSOC cases who
received standard chemotherapy (OR = 2.48, 95% CI 1.13-5.42), but was attenuated after adjustment for clinical
factors.

Interpretation This study supports the impact of insomnia on EOC risk and survival, suggesting treatments targeting
insomnia could be pivotal for prevention and improving patient survival.

Funding National Institutes of Health, National Cancer Institute. Full funding details are provided in
acknowledgments.

Copyright © 2024 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study

Sleep has been recognized as the third pillar of health
alongside diet and exercise. Prior research has shed light on
the potential adverse effects of sleep disorders on individuals
both healthy and with cancer. Among these disorders,
insomnia has been particularly spotlighted as a potential risk
factor for various cancers, such as breast and ovarian cancers.
Additionally, there is increasing evidence indicating that sleep
disorders adversely affect cancer survival. However, the nature
of these associations remains unclear, primarily due to the
inherent limitations of observational studies.

Added value of this study

This study investigated the relationship between insomnia
and ovarian cancer risk and survival through a Mendelian
randomization (MR) approach by leveraging genome-wide
association study information from the Ovarian Cancer
Association Consortium (OCAC). The ovarian cancer study of

Introduction

Epithelial ovarian cancer (EOC) is a leading cause of
cancer death in women throughout the world with
nearly 13,000 deaths estimated to occur during 2022 in
the United States alone.’ With a lack of clear symptoms
at onset and a high recurrence rate, the early detection
and prognosis of ovarian cancer are major clinical
challenges. Identifying modifiable risk and prognostic
factors is greatly needed. In recent years, sleep disorders
have received much attention as risk factors for multiple
cancers, including breast and ovarian.”” Growing evi-
dence suggests sleep disorders and disruption can also
influence survival of ovarian® and breast cancer.” How-
ever, the nature of these associations is unclear.

Sleep and the circadian system are vitally linked to
hormone production, metabolism, and immune regu-
latory mechanisms that play a role in the development
and progression of cancer.® Therefore, sleep has been
considered as the third pillar of health along with
nutrition and exercise. Notably, sleep disturbances occur
at higher rates among patients with cancer than the
general population, with insomnia (defined as difficulty
in falling or maintaining asleep) ranking as the most
prevalent sleep disorder in the oncological population,
affecting up to 60% of those with EOC.’ In observational
studies, insomnia and circadian disruption (usually
assessed by night shift work) have been associated with
an increased risk of invasive EOC and an even higher
increased risk of early-stage ovarian cancer.”'* However,
it is important to acknowledge that such evidence is
inconsistent across studies.'"'* The interpretation and
validation of these associations are limited given that
sleep disorders correlate with a wide spectrum of envi-
ronmental, psychiatric, and reproductive factors associ-
ated with EOC.” Furthermore, sleep disorders tend to

The Cancer Genome Atlas (TCGA) was also used to confirm
the association between insomnia and clinical outcomes.
Ultimately, this study aims to provide a more thorough
understanding of the potential causal relationship between
insomnia and both the susceptibility and outcome for
patients diagnosed with ovarian cancer.

Implications of all the available evidence

We observed that insomnia was linked with an increased risk
of one histotype of ovarian cancer (endometrioid EOC) but
seemed to decrease the risk for other histotypes (high-grade
serous EOC (HGSOC) and clear cell EOC). Furthermore, for
those with HGSOC, insomnia appeared to be associated with
poorer patient survival. Altogether, our analysis provides
compelling and independent evidence suggesting that sleep
disorders could hold significant implications for both the
prevention and management of ovarian cancer.

be more prevalent among patients receiving treatment
such as chemotherapy and surgery,” which may lead to
spurious associations when evaluating survival out-
comes. Understanding whether associations between
insomnia and ovarian cancer risk and/or prognostic
factors are potentially causal in nature could have sig-
nificant implications for strategies to improve detection
and survival.

In this study, we apply two-sample Mendelian
randomization (MR) to investigate the potential causal
relationship between insomnia and ovarian cancer risk
and survival. MR is becoming an established method for
estimating the causal effect of a modifiable exposure on
the etiology of a disease or a clinical outcome, by using
only summary statistics from large GWAS studies. The
approach uses genetic markers as instrumental vari-
ables (IVs) to randomly assign lifetime risk of an expo-
sure, such as insomnia, to create pseudo exposure. MR
has increasingly been applied in cancer populations and
epidemiological studies as it does not require longitu-
dinal collection of exposure and outcome from the same
study. The approach is also less prone to residual con-
founding, reverse causation and various biases.'® Thus
far, MR studies have demonstrated that insomnia may
be causally associated with an increased risk of type 2
diabetes, higher body mass index (BMI), and coronary
heart disease.” Here, we perform MR based on sum-
mary statistics derived from the largest GWAS of
insomnia and the Ovarian Cancer Association Con-
sortium (OCAC), which comprises data from over
66,000 women. Given the fact that EOC is a highly
heterogeneous disease, our analysis is also stratified
based on histological subtypes or histotypes. Data from
the ovarian cancer study of the Cancer Genome Atlas
(TCGA) was also analyzed to further evaluate the

www.thelancet.com Vol 104 June, 2024


http://www.thelancet.com

Articles

potential impact of insomnia on patient survival.
Sensitivity analyses and multivariable MR analyses are
also considered in our study to ensure the validity and
reliability of our findings.

To the best of our knowledge, no existing epidemi-
ological study has systematically investigated the po-
tential causal relationship between insomnia and both
the risk and survival outcomes of ovarian cancer.
Leveraging the most comprehensive GWAS datasets
available in this domain, our study seeks to offer a
cutting-edge perspective on the implications of sleep
disorders for patients with cancer, specifically in the
context of ovarian cancer prevention and therapeutic
approaches.

Methods

Ethics

This work was approved by the Institutional Review
Board of Brigham and Women’s Hospital and complies
with all relevant ethical regulations.

Overview

We leveraged existing genotyping studies to perform
two-sample Mendelian randomization analyses with
summary level data. In discovery analysis, we used
summary statistics from two large-scale genome-wide
association studies (GWASs) for EOC and insomnia. In
validation analysis, we further obtained individual level
genotype and clinical data from an independent clinical
cohort and performed GWAS for overall survival and
therapy response outcomes. Then, the association
summary statistics were used for validation MR. The
overall study design is shown in Fig. 1.

Ovarian cancer risk and survival outcomes

For discovery analysis, genome-wide summary statics of
EOC outcomes were obtained from previously pub-
lished genome-wide association analysis (GWAS) in
66,450 women of European ancestry that was carried out
by the Ovarian Cancer Association Consortium
(OCAC).” Analyses included 25,509 EOC cases and
40,941 controls with risk associations estimated for all
invasive EOC and by histotype including 13,037 high
grade serous (HGSOC), 1012 low-grade or borderline
serous (LGSOC), 2810 endometroid, 1149 mucinous
(invasive or borderline), and 1366 clear cell carcinomas
defined by medical records. In brief, GWAS were per-
formed for each genotyping project separately, adjusting
for study and genotype principal components, and then
pooled using a fixed effect meta-analysis using custom
written software as previously described [20]. GWAS of
overall survival was conducted in a subset of 11,311
EOC cases with clinical follow-up, regardless of
chemotherapy and surgical intervention, and adjusted
for EOC histotype or limited to HGSOC cases only as
previously described.'

www.thelancet.com Vol 104 June, 2024

Insomnia exposure and instrumental variables
Genetic instruments of insomnia were selected based
on the most recent and largest GWAS estimated in in-
dividuals of European ancestry from the UK Biobank
(UKB) and 23andMe. In the study, insomnia was
assessed using single or multiple questions and
dichotomized as described before (total 593,724 cases
and 1,771,286 controls).”” GWAS were performed in
each study adjusting for age, sex, and genotype principal
components, and then meta-analyzed using METAL
software. 554 independent SNPs that were genome-wide
significantly associated with insomnia were included as
IVs (p < 5e-8; Supplementary Table S1). Because no
significant sex heterogeneity was reported in UKB," we
used summary statistics of combined males and females
to increase statistical power and instrument variable (IV)
strength. To reduce type 1 error, we performed linkage
disequilibrium (LD) based clumping (r* < 0.01) to retain
independent IVs.

Genetic risk score analysis

We evaluated the combined (additive) association of the
554 insomnia SNPs with EOC outcomes using weighted
genetic risk score (GRS) that was derived from sum-
mary level GWAS data with the grs.summary function
in R package gtx (http://cran.nexr.com/web/packages/
gtx/gtx.pdf). For each EOC outcome, the effect of GRS
score was estimated as the combined effect of individual
risk allele count weighted by their estimated effects in
the ovarian GWAS.

Two-sample MR

As Dboth insomnia and EOC are heterogenous traits
involving different mechanisms, we applied Iterative
Mendelian Randomization and Pleiotropy (IMRP)
analysis as the primary method to remove pleiotropic
outliers.” Briefly, in each iterative step, IMRP estimates
the biologically independent, often called horizontal,
pleiotropic effect for each IV using an estimated causal
association f between the exposure (insomnia) and
outcome (EOC), and updates p excluding significant
pleiotropic variants until no additional pleiotropic vari-
ants are left. This approach is computationally effective
and does not need to simulate global p distribution.”!
EOC risk associations were estimated from summary
statistics for overall EOC risk and five histologic sub-
types. EOC survival associations were estimated for
three survival analyses (overall unadjusted, overall
adjusted for histology, and high-grade serous only sur-
vival). For survival GWAS, we investigated the extent of
index event bias which can occur when restricting to a
case-only population and a confounder induces a false
association with disease progression that is due to the
association with disease incidence.”” To detect the
presence of index event bias, we selected 34 known EOC
susceptibility SNPs to serve as negative controls. All
known risk loci were not significant (p < 0.05) in the
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Insomnia GWAS 1. Select Genetic Instruments:
UKB and 23andMe SNP1
GWAS 593,724 cases SNP2
Summa 1.771.286 controls
ry SNP554
Statistics .
Ovarian Cancer GWAS
1 OCAC
1 25,509 cases
| 40,941 controls
|
|
1 2. Verify association with EOC outcomes:
| Weighted genetic risk score (GRS)
|
| J
1 3. Two-sample MR:
1 Iterative Mendelian Randomization and Pleiotropy (IMRP)
|
I I
1 Significant EOC associations (p<0.005)
v
4, Sensitivity analysis 5. Multi-variable MR analysis
Mendelian IV strength: F statistics>10, 1sq>0.9 Sleep duration
I Horizontal pleiotropy: MR-Egger Chronotype
Randomization Heterogeneity: Cochran’s Q, leave- BMI EOC
(MR) one—out'analyses SNPs i\'?;':’;f qutcomes
Alternative MR methods: Inverse 4
= s Depression
variance weighted (IVW), MR-Egger, R TR
weighted median, MR-RAPS, MRMix, Sex hormone binding
MR-Steriger, IVW using female IVs.
. Ovarian Cancer Genotypes/Phenotypes
Individual
Genotypes . il "
I 396 high-grade serous cases with genotype and clinical outcomes data
! I
: 1. Perform GWAS for Overall Survival
v
GWAS )
Summary 1 Adjust for age, stage,
Statistics N residual disease
I
|
2. Two-sample MR:
Inverse variance weighted (IVW)
(Same 554 genetic instruments as Discovery analysis)

Fig. 1: Analysis flowchart for investigating potential causal relations between insomnia and ovarian cancer (EOC) outcomes.

survival GWAS, indicating index event bias was likely
not significant (Supplemental Table S2). Associations
between insomnia and EOC outcomes were considered
significant using a Bonferroni corrected p-value
threshold that accounted for all nine EOC outcomes
tested (P < 0.005). Significant associations were followed
up for sensitivity and multivariate MR analyses.

Sensitivity analyses

There are three essential assumptions in MR: 1) the as-
sociation between IVs and the exposure are sufficiently
strong; 2) there is no direct association between IVs and
the outcome except through the effects on exposure (i.e.,
no horizontal pleiotropy that occurs when a variant in-
fluences the two traits through independent physiological

www.thelancet.com Vol 104 June, 2024
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mechanisms); 3) the [Vs are independent to confounders
for the associations between the exposure and outcome.”’
Sensitivity analyses were conducted to evaluate the
robustness of our primary results to the assumptions of
MR methods and the IVs selected. We performed mul-
tiple MR testing methods that each has its unique benefit
under the different MR assumptions. These included the
inverse variance weighted (IVW), MR-Egger, weighted
median,”” MR-RAP, and MR-Mix tests using the
TwoSampleMR R package® (https://mrcieu.github.io/
TwoSampleMR/). IVW is the mostly commonly used
MR approach, which may exhibit weak instrument bias.
Weighted median test has better power when <50%
estimation comes from invalid IVs. MR-Egger regression
detects bias from horizontal pleiotropy effects (between
the IV and outcome) based on deviation of the regression
intercept from the origin (p < 0.05) and provides esti-
mates of the causal association using the slope coeffi-
cient” MR-RAPS (Robust Adjusted Profile Score) is
robust to many weak instruments and systematic and
idiosyncratic pleiotropy.”” MR-Mix is robust to invalid IVs
due to correlated pleiotropy, which occurs when a pro-
portion of IVs have correlated effects on the exposure and
outcome.”® We also performed the MR Steiger direc-
tionality test to remove IVs acting through potential
reverse causality from EOC to insomnia, which were
indicated if the variance explained in the EOC outcome
was larger than the variance explained in the insomnia
exposure by the IV.*® A consistent direction of MR esti-
mates using these different methods supports the reli-
ability of the causal estimate.

Additional sensitivity analyses were performed to test
the validity of IV used for MR analysis. We evaluated IV
strength (association between IV and exposure) using
the mean Cragg-Donald F statistics after excluding
pleiotropic outliers, which were calculated as: F =
(z=E1)(&;), where R” is the variance of exposure
explained by IVs, n is the sample size of exposure, and k
is the number of IVs. A mean F > 10 indicates sufficient
IV strength for MR analysis. We also evaluated the
heterogeneity of IV effects across EOC outcomes using
Cochran’s Q (for IVW) and Riicker’s Q” (for MR-Egger)
statistics**! to assess the robustness of IV association.
In addition, we performed a leave-one-out analysis to
test if the MR-estimated association was driven by an
individual SNP. Finally, we performed a secondary IVW
analysis using a separate IVs set that consisted of SNPs
that were genome-wide significant in the female-specific
insomnia GWAS (Supplementary Table S1).

Multivariate MR

To investigate whether the significant effects of
insomnia genetic variants on EOC outcomes were
confounded or mediated by other risk factors including
sleep duration, chronotype (an indicator of circadian
diurnal preference), BMI, and reproductive age, we
performed multivariate MR analysis including genetic

www.thelancet.com Vol 104 June, 2024

effects of each risk factor as covariates.** Genetic effects
were extracted from published GWASs of European
ancestry samples, including self-reported sleep duration
in the UK Biobank (N = 446,118)*; self-reported chro-
notype in the UK Biobank (N = 697,828),” BMI in the
GIANT consortium studies (N = 681,275)*; age at
menarche, and age at menopause estimated in the
ReproGen consortium studies (N = 182,416 and 69,360,
respectively)***°; smoking, depression and sex hormone-
binding globulin in women in the UK Biobank provided
by IEU OpenGWAS (N > 460,000).”

Independent validation analysis

To validate the association between insomnia and EOC
survival, we further performed two-sample MR using
publicly available individual-level of genotype and clinical
data for HGSOC patients from TCGA in two steps. We
first performed GWAS in 323 patients with genotype data
that received chemotherapy, had surgical debulking, and
were followed for response the chemotherapy and overall
survival. Cox proportional hazard modeling was used for
overall survival analyses. Logistic regression was used to
estimate the association with response to treatment (RTT;
complete vs. incomplete). All models used additive genetic
models and adjusted for the first two principal compo-
nents of European ancestry. All adjusted models included
age, stage (early/advanced) and residual disease (optimal,
<10 mm of disease vs. suboptimal, >10 mm of disease) as
covariates. Fully adjusted overall survival models addi-
tionally included RTT as a covariate. We then perform
two-sample MR between insomnia and TCGA EOC out-
comes using the same instruments in discovery analysis.

Literature-mined entity-based analysis connecting
sleep disorders and ovarian cancer

In order to further explore the plausible broader bio-
logical mechanisms linking sleep disorders to ovarian
cancer, we mined the literature using EpiGraphDB, a
biomedical knowledge graph database. This platform is
designed to facilitate data mining of epidemiology re-
lationships and literary-minded estimates for various
health conditions, as well as molecular and lifestyle
traits. Specifically, we queried EpiGraphDB to extract
the semantic triple associated with the GWAS IDs “ukb-
d-SLEEP” (sleep disorder) and “ieu-a-1120” (ovarian
cancer).

Role of funders

The funders did not play a role in the design of the
study; the collection, analysis, and interpretation of the
data; the writing of the manuscript; or the decision to
submit the manuscript for publication.

Results
A total of 554 independent SNPs significantly associated
with insomnia (P < 5e-8) in the meta-analysis GWAS of
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the UK Biobank and 23andMe were selected as IVs
(Supplementary Table S1). The weighted GRS of IVs
constructed using summary level data were significantly
associated with reduced risk of clear cell EOC (beta per
SD change in GRS = -0.670, SE = 0.290, p = 0.021),
increased OR of overall EOC survival time without and
with adjusting for histology (beta SD change in
GRS =0.301 and 0.269, SE = 0.126 and 0.126, p = 0.017
and 0.033, respectively), and reduced survival time of
HGSOC (OR per GRS sd = 1.35, 95% CI 1.01-1.80)
(Supplementary Table S3).

We excluded horizontal pleiotropic outliers for each
EOC outcome detected by IMRP? leaving at least 459
IVs for MR estimation for each EOC outcome
(Supplementary Table S4). The primary results of two-
sample MR analysis using summary level data be-
tween insomnia exposure and EOC outcomes are shown
in Fig. 2. For risk in all invasive EOC, we did not observe
an association with insomnia (OR = 0.91, 95% CI:
0.75-1.10). However, in histotype-specific analyses, we
identified putative causal associations between
insomnia with a reduced risk of HGSOC (OR = 0.79,
95% CI: 0.63-1.00) and clear cell EOC (OR = 0.48 95%
CI: 0.27-0.86), and an increased risk of endometroid
EOC (OR = 1.60, 95% CI 1.05-2.45). However, none of
these associations were significant after accounting for
multiple comparisons (p < 0.005).

Among EOC cases with clinical follow-up, regardless
of treatment, insomnia was associated with decreased

overall survival time (mortality OR = 1.45, 95% CI
1.13-1.87), which was significant after multiple testing
correction (p < 0.005). This association was somewhat
attenuated after adjustment for histology (OR = 1.26,
95% CI 0.97-1.62). Survival analysis limited to HGSOC
cases showed a similar association between insomnia
and HGSOC survival (OR = 1.40, 95% CI 1.04-1.89).

We performed a set of sensitivity analyses for the
significant MR association between insomnia and overall
EOC survival (IMRP p < 0.005). The IV-insomnia asso-
ciation mean F statistic was 49.8 (>10) showing sufficient
strength of the instrument for MR analysis. The exposure
variance explained by IVs as 1.0%. Consistent directions
of MR associations were observed for the six EOC out-
comes using alternative MR approaches (including IVW,
MR-Egger, weighted median, MR-RAPs, and MR-CUE),
suggesting reliable causal effects (Table 1). We did not
observe significant evidence for the presence of hori-
zontal pleiotropy, as indicated by the MR-Egger intercept
test (p > 0.05), or remaining heterogeneity effects (IVW
Cochran’s Q and MR-Egger Riicker’s Q" p-values>0.05).
Leave-one-out IVW analysis showed consistent associa-
tion patterns (Supplementary Fig. S1). However, the MR
Steiger test indicates potential causality in the reverse
direction (p_Steiger = 2.03 x 1079).

We next performed multivariable MR analysis® to
investigate whether significant univariate MR associa-
tions could be explained by other potential confounders.
For EOC risk associations, estimates were largely

OR[95% CI] p-value
1
Invasive EOC - —e— 0.91[0.75-1.1] 0.330
1
1
HGSOC - —o—! 0.79 [0.63-1] 0.048*
1
1
LGSOC 4 —:—0— - 1.18[0.77-1.79] 0.444
Endometrioid A : ® 1.6 [1.05-2.45] 0.028*
1
Mucinous 4 —’:— 0.88 [0.61-1.28] 0.508
1
1
Clear Cell 1 ——— 0.48[0.27-0.86]  0.014*
L
1
Invasive EOC (Unadjusted) - : — 1.45[1.13-1.87] 0.004*
1 »
=
Invasive EOC (Histology Adjusted) :—0— g 1.26 [0.97-1.62] 0.078
I —
1
- - ——
HGSOC i 1.4[1.04-1.89]  0.026*
1
0.5 1.0 1.5 2.0 25

IMRP OR (95% Confidence Interval)

Fig. 2: Iterative Mendelian Randomization and Pleiotropy (IMRP) associations between insomnia and EOC outcomes.
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Method #SNPs IV strength MR association Heterogeneity
OR 95% Cl P-value Q P-value
IVW 461 Mean F = 49.2 1.42 1.1-1.85 0.007 354.9 0.999911
MR Egger Intercept 461 1.00 0.99-1 0.488
MR Egger 461 Isq = 0.98 2.00 0.74-5.43 0.173 354.5 0.999905
Weighted median 461 135 0.93-1.94 0.112
MR RAPS 461 1.40 1.07-1.84 0.016
MRMix 461 1.16 0.95-1.42 0.144
MR Steiger 461 127 0.89-1.82 0.192
IVW using female IVs 238 1.92 11-3.32 0.021
IVW: inverse variance weighted; SE, standard error; OR, odds ratio; Q, Cochran’s Q-value.
Table 1: Sensitivity MR analyses for significant associations between insomnia and EOC overall survival.

unchanged (same direction of effect and p < 0.10) after
adjusting for genetically predicted sleep duration,
chronotype, BMI, smoking, depression, age at meno-
pause and age at menarche (Table 2). For survival out-
comes, the association between insomnia and poorer
overall survival was largely unchanged. However, the
MR association with HGSOC survival was not signifi-
cant after adjustment for BMI (OR = 1.23, 95% CI
0.91-1.66), age at menopause (OR = 1.24, 95% CI:
0.92-1.67), and age at menarche (OR = 1.23, 95% CI:
0.91-1.67).

To explore the association between insomnia and
clinical outcomes further, we performed validation MR
analysis for overall survival and response to therapy in
323 patients with HGSOC that received standard
chemotherapy following surgical debulking. Clinical
characteristics are provided in Supplemental Table S5.
For both overall survival and response to therapy out-
comes, we conducted GWAS analysis and then per-
formed two-sample MR using the summary statistics.
Insomnia was associated with worse survival of HGSOC
(mortality OR = 2.48, 95% CI 1.13-5.42) which was still
suggestive of association after adjustment for age of
diagnosis, stage, and residual disease (OR = 2.09, 95%
CI 0.94-4.62). When including adjustment for response
to therapy, the estimated association between insomnia

Covariate OR 95% Cl P-value
Sleep duration 142 1.12-1.82 0.004
Chronotype 1.44 1.13-1.83 0.003
BMI 139 1.06-1.83 0.018
Current Smoking 145 114-1.84 0.002
Alcohol intake frequency 145 114-1.84 0.002
Depression 145 1.14-1.84 0.003
Age at menopause (in women) 144 11-1.89 0.008
Age at menarche (in women) 1.43 1.09-1.88 0.010
Sex hormone binding globulin (in 144 114-1.82 0.002
women)
Table 2: Multivariate MR associations between insomnia and EOC
overall survival adjusting for potential confounders.
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and survival was comparable (OR = 1.96, 95% CI
0.85-4.52). Insomnia was not associated with treatment
response (OR = 0.87, 95% CI 0.22-3.43), although the
confidence intervals were wide (Table 3).

The bar plot in the bottom panel of Fig. 3 displays the
frequency counts of overlapping terms identified
through the entity-based literature-mined connecting
sleep disorders and ovarian cancer, focusing on those
with frequencies of three or more. Each of these entities,
encompassing proteins, genes, hormones, or chemicals,
represent a key point in a potential mechanism con-
necting the two traits. The entities with high frequency
counts (with large numbers of supporting literatures)
included melatonin, leptin, AKT1, and Proto-Oncogene
Proteins c-akt. Melatonin is a well-known hormone
related to sleep disorders and has important roles in
cellular signaling and metabolic regulation. Leptin, a
hormone primarily associated with energy balance and
hunger regulation, has been implicated in cancer
biology due to its roles in promoting cell proliferation
and inhibiting apoptosis. Akt signalling pathway, a
critical regulator of cell survival and growth, often be-
comes dysregulated in cancer, leading to enhanced
tumour development and resistance to cell death.
Therefore, the activation of leptin and Akt signalling
pathways may suggest a potential synergistic effect on
enhancing ovarian cancer cell survival and proliferation.
Notably, there are multiple entities involved in cancer
immune mechanisms, including TNF, IL-10, and G-
Protein-Coupled Receptors (GPCRs), as well as in can-
cer proliferation, such as VEGFA, Prolactin, PPAR
gamma, and Mitogen-Activated Protein Kinases
(MAPKs). The network plot illustrated in Fig. 3 eluci-
dates a primary pathway linking sleep disorders to
ovarian cancer through leptin, with the involvement of
other intermediate biological terms, suggesting a po-
tential mechanism of interest for future studies.

Discussion
In this study, we performed mendelian randomization
to understand the potential for causal associations
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covariates plus a covariate for treatment response).

Outcome Model® SNPs OR 95% CI P-value
Survival Unadjusted 449 2.48 1.13-5.42 0.023
Survival Adjusted 449 2.09 0.94-4.62 0.068
Survival Full 449 1.96 0.85-4.52 0.114
Treatment Response Unadjusted 449 0.90 0.25-3.27 0.875
Treatment Response Adjusted 449 0.87 0.22-3.43 0.844

“Models were unadjusted (no covariates), adjusted (included age, stage, and residual disease covariates), and for survival model we also ran a full model (included adjusted

Table 3: Associations between insomnia and TCGA EOC outcomes using Inverse Variance Weighted Mendelian Randomization.

between insomnia and ovarian cancer risk and survival.
We leveraged the largest genetic epidemiology studies
for sleep disorders and EOC to investigate their rela-
tionship using a two-sample design that reduces sample
selection bias. Our approach with IMRP reduced the

impact of biologic (horizontal) pleiotropy on our asso-
ciation estimates and increased statistical power.
Through a suite of MR diagnostic and sensitivity tests
we found our findings to be relatively robust, and we
further explored potential confounding effects. Finally,
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Fig. 3: Plausible biological mechanisms linking sleep disorders to ovarian cancer.
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we leveraged the ovarian cancer study of TCGA to vali-
date our survival analysis and explore more deeply po-
tential clinical confounders of prognosis. Our results
reveal significant associations between the genetic pre-
disposition to insomnia and EOC survival that appear to
be largely influenced by BMI and partially by clinical
characteristics.

Although not significant after accounting for multi-
ple comparisons, we observed heterogeneity in associa-
tions between insomnia and EOC risk based on
histotype. Insomnia has been associated with higher
risk of invasive serous and the characteristically more
aggressive, high-grade type II ovarian cancers but not
with noninvasive or less aggressive, low-grade type I
ovarian cancers.’ Further, sleep problems are associated
with increased incidence of several cancers but inversely
associated with incidence and mortality of others.** In
the current study, we observed a suggestive association
between insomnia and increased endometroid EOC risk
but an inverse association of insomnia for HGSOC and
clear cell risk (IMRP p < 0.05). EOC histotypes are
known to have distinct pathogenesis and molecular
features that are reflected by different associations with
epidemiologic risk factors, response to standard
chemotherapy, and prognoses which may be contrib-
uting to the differences seen in our study.””*** Thus, the
opposite associations with insomnia for endometrioid
and clear cell histotypes could reflect their differing
origin, clinical behaviour, and relationship with endo-
metriosis.”” While the underlying biology relating
insomnia to ovarian cancer risk is unclear, potential
pathways have been proposed which largely center
around disruption of immune function, induction of
cancer-stimulatory cytokines, and proinflammatory re-
sponses that most likely effect ovarian cancer patho-
genesis differentially by histotype.*

Persistent insomnia in EOC survivors has been
associated with anxiety, depression, wellbeing and
quality of life,”**** and shorter survival.*“* However, the
causal link between insomnia and EOC survival has not
been established. We analyzed EOC survival in two in-
dependent studies and identified causal associations
between insomnia and all invasive EOC and HGSOC-
specific survival (OR>1 and p < 0.05). In our discovery
analysis, effects were largely unchanged after adjusting
for sleep duration, chronotype, smoking, and depres-
sion but decreased after adjusting for BMI and repro-
ductive age. Notably, the validation analysis in the
ovarian cancer study of TCGA found insomnia was
associated with an approximately two times higher rate
of death for HGSOC that was relatively robust (OR~2)
after adjustment for clinical covariates and response to
treatment, although not statistically significant. These
results suggest that insomnia may impact EOC survival
through pathways overlapped with obesity, possibly
involving metabolism, energy balance and chronic
inflammation. We cannot rule out the potential of
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reverse direction of effect, given the results of the MR
Steiger test and that we could not test for reverse MR
directly. However, our prior MR analyses have identified
causal associations between insomnia with increased
depressive symptoms and reduced subjective well-
being, but not vice versa.” Taken together with our
current findings, insomnia may be an upstream risk
factor for BMI and poor EOC survival. This is consistent
with a recent observational study that found persistent
insomnia in cancer survivors despite clinical and psy-
chological improvements, especially in women.”” How-
ever, future mediation analyses are needed to validate
this hypothesis.

Prevalent insomnia in patients with EOC may relate
to pain, anxiety, hot flashes and night sweats, gastroin-
testinal, bladder, and breathing problems, and certain
treatment such as chemotherapy and hormonal therapy.
The importance of early insomnia management has
been recognized in cancer survival. Cognitive-
behavioural therapy for insomnia (CBT-i) has been
considered first-line practice for insomnia in cancer
survivors that contributes to improved physical and
functional well-being and quality of life.*** In contrast,
sleep medications seemingly have little effect on
improving chronic insomnia or other adverse effects in
patients with cancer.”*° Future clinical trials are needed
to understand the effects of insomnia treatments on
EOC survival.

This study has several limitations. First, the insomnia
GRS was constructed using significant variants associ-
ated with insomnia that do not fully capture the polygenic
risk of insomnia. Polygenic risk score (PRS) using
advance methods Polygenic Risk Score-Continuous
Shrinkage’' with individual level data is warranted to
understand the shared genetic etiology. Second, IVs were
selected based on GWAS conducted in a population of
both males and females to gain instrument strength and
statistical power. Sensitivity analysis using IVs that were
genome-wide significant in females suggested consistent
associations but statistical significance was attenuated. In
addition, the association statistics for several covariates
(e.g., sleep duration, chronotype, BMI, smoking, and
depression) were estimated in male and female pop-
ulations. This may influence the validation of MVMR
since heterogeneous effects may exist between male and
female, particularly for BMI. Finally, the exposure clas-
sification and statistical power of this study was limited
by the heterogeneity of the insomnia phenotype. Recent
epidemiological studies using accelerometric data have
identified subtypes of insomnia symptoms (e.g., associ-
ated with long vs short sleep duration, long-term vs short-
term midawake or fragmented sleep, or due to irregular
sleep and circadian misalignment) that are associated
with distinct lifestyle and environmental risk factors, and
cardiovascular and psychiatric outcomes.”” Future work
of subtyping insomnia and leveraging objective sleep
measures, such as actigraphy or polysomnography, are
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needed to better understand the relationship between
insomnia and EOC to improve treatment. Additionally, to
improve generalizability, further studies are needed in
non-European populations, particularly African Ameri-
cans and non-Hispanic populations which have a higher
prevalence and severity of sleep disorders™ and poorer
EOC survival.**

In summary, we performed the first MR study
examining insomnia and EOC and found insomnia is
associated with poorer survival after diagnosis. Future
longitudinal analyses are needed to validate this finding
and investigate the potential mediating effects of BMI.
Elucidating the causal relationships of these modifiable
behaviors could inform clinical prevention strategies
and therapeutics for EOC.
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