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Abstract

Objective: Lifestyle factors including education, coffee intake, tea consumption, dietary fat intake, obesity, physical activities,

smoking and alcohol drinking, sleep duration, and insomnia, have been linked to Ovarian Cancer (OC) in observational studies.

We assessed whether the concerning factors are causally associated with the risk of OC by histological subtypes. Design:

Mendelian Randomization (MR) study. Setting: Independent genetic instruments associated with thirteen lifestyle behaviors

were selected from ten genome-wide association studies. Summary-level data for OC subtypes were obtained from the Ovarian

Cancer Association Consortium. Population: Exposures population were including 375,833 to 1,232,091 European individuals,

outcomes population were including up to 25,509 cases and 40,941 controls. Methods: Two-sample and multivariable MR

study, and multiple complementary sensitivity analyses were conducted. Main Outcome Measures: Histological subtypes of

OC. Results: We provided unconfounded genetic evidence of inverse associations of genetically predicted years of education

and fat intake with specific OC subtypes, which are independent of BMI. Whereas consumption of coffee or tea was positively

associated with endometroid OC, which may be partly mediated by BMI. Although physical activity and sleep characteristics

have been reported to be the risk factors for OC, no causal associations were observed in our study. Conclusions: Our study

clarified the protective and independent role of high level education and relative fat intake in particularly OC subtypes. We

also showed detrimental effects of higher coffee or tea consumption on OC histotypes. Our results may provide insight into the

corresponding interventions as lifestyle factors can easily be modified.

Introduction

Ovarian cancer (OC) is the most lethal gynecologic cancer, which affects around 230,000 women and with
152,000 deaths worldwide each year. One of the main factors contributing to the high death-to-incidence
rate of OC is the advanced stage of the disease at the time of diagnosis. [1], [2]. OC is classified into distinct
histological subtypes, which differ in their origin, pathogenesis, molecular profile, risk factors, and clinical
prognosis. [3]. An understanding of the epidemiology and etiology of OC based on the heterogeneity is
critical for the development of prevention strategies.

Lifestyle-related risk factors are amenable to modification and may therefore be relevant targets in the
prevention of OC. While many lifestyle factors have been associated with OC and its subtypes, such as
education [4], coffee or tea consumption [5]–[8], dietary fat intake [9], physical activities [10]–[13], obesity
[14], cigarette smoking and alcohol drinking [15]–[17], sleep duration and insomnia [18], [19], ascertaining
causality and whether their modification will reduce the risk is undetermined. For example, education and
obesity are closely interrelated, but their independent association with OC subtypes is uncertain. As well,
smoking and coffee or tea consumption are overlapping behaviors, so they may introduce residual confounding
to observational studies. Moreover, another challenge is that OC is caused by various pathologies, which have
distinct pathophysiological characteristics. Most risk factors exhibited significant heterogeneity by histology,
however, much of the current epidemiological data examining risk factor modification have not studied the
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. relationships between modifiable risk factors and specific OC subtypes. A clear appraisal of the causality
of these associations is of importance in updating the primary prevention strategy for OC and different
histotypes.

Mendelian Randomization (MR) involves the use of genetic variants as instrumental variables in order to
prove the causal effect of environmental exposure on a disease outcome. The MR estimates represent asso-
ciations between genetically predicted levels of risk factors and outcomes, which makes MR estimates less
likely to be affected by confounding factors than conventional observational epidemiology estimates [20],
[21]. Additionally, since genetic codes are immune from environmental influences or preclinical disease, MR
estimates are less prone to bias caused by reverse causation.

Herein, we conducted a comprehensive MR study to investigate the etiological role of multiple modifiable
lifestyle factors on OC and its histologic subtypes.

Methods

Study Design and Genetic Instruments

The study design overview and the assumptions of an MR study are shown in Fig. 1 . Genetic instruments
for education [22], coffee and tea consumption [23], relative fat intake [24], BMI [25], physical activities (in-
cluding three physical activity phenotypes: overall acceleration average, self-reported moderate-to-vigorous
physical activity (MVPA) and vigorous physical activity (VPA) [26], smoking initiation [27], lifetime smok-
ing index (taking into account smoking status as well as smoking duration, heaviness, and cessation in ever
smokers) [28], alcohol drinking [27], sleep duration [29] and insomnia [30] were selected at genome-wide
significance threshold (P < 5×10–8) from corresponding genome-wide association (GWAS) studies. Detailed
information on used GWAS studies is presented in Table 1 . Linkage disequilibrium between single-nucleotide
polymorphisms (SNPs) was assessed based on the European population of 1000 Genomes reference panel.
SNPs without linkage disequilibrium (defined by r2 < 0.01 and clump distance >10,000 kb) were used as
instrumental variables.

Outcome Data Sources

Summary-level data for OC were obtained from the Ovarian Cancer Association Consortium (OCAC), which
involved 25,509 cases of overall OC and 40,941 controls of European descent [31]. In the subtype analyses,
the data included 7 well classified OC histotypes: High grade serous (HGSOC, 13,037 cases and 53,978
controls), Low grade serous (LGSOC, 1,012 cases and 41,953 controls), Invasive mucinous (IMOC, 1,417 cases
and 42,358controls), Endometrioid (EOC, 2,810cases and 43,751 controls), Clear cell (CCOC, 1,366 cases
and 42,307 controls), Low malignant potential serous (LMSOC, 1,954 cases and 42,895 controls), and Low
malignant potential mucinous (LMMOC, 1,149 cases and 42,090 controls). Association tests were adjusted for
up to 19 genetic principal components in the data sources. Data from the consortia were extracted through
the MR-Base platform [32]. Characteristics and detailed information on used data sources are displayed in
Table S1 . All studies had been approved by a relevant ethical review board and participants had given
informed consent.

Statistical Analysis

We used the inverse variance-weighted (IVW) model as the main statistical method [33]. In sensitivity
analyses, the weighted median method [34], MR-Egger method [35], Maximum likelihood, and Mendelian
Randomization Pleiotropy RESidual Sum and Outlier (MR-PRESSO) method [36] were performed to ex-
amine the consistency of associations and detect possible pleiotropy. The weighted median method provides
a causal estimate when more than 50% of the weight in the analysis comes from valid instrumental variables
[34]. The MR-Egger regression mode is able to detect pleiotropy by its intercept, but it compromises statisti-
cal power after pleiotropy is corrected [35]. The MR-PRESSO method, can detect and adjust for horizontal
pleiotropy by outlier removal [36]. Cochran’s Q statistics were calculated to test for heterogeneity produced
by different genetic variants in the IVW analyses.
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. Multivariable MR analysis was further applied to assess whether any association of domain-specific lifestyle
behaviors with OC subtypes could be affected by potential confounders, including BMI and smoking. We
also conducted a 2-step multivariable MR analysis in the analysis to adjust for BMI and smoking initiation.
The associations were deemed significant associations at a strict Bonferroni corrected P -value below 0.00048
(correcting for 13 exposures and 8 outcomes), and associations with P -value > 0.00048 and < 0.05 were
regarded as suggestive associations. All statistical tests were 2-tailed and performed using the TwoSampleMR
[32], MR-PRESSO [36], and Mendelian randomization [37] packages in the R software (version 4.0.2; R
Foundation for Statistical Computing, Vienna, Austria).

Results

Education

Our results showed significant inverse association of genetically determined years of education with overall
OC (odds ratio [OR], 0.8 [95% CI, 0.72–0.89]) (Fig. 2A ). Suggestive associations were also observed for
the protective effect of education attainment on the subtypes of LMSOC (OR, 0.64 [95% CI, 0.48–0.84]),
HGSOC (OR, 0.81 [95% CI, 0.72–0.92]), IMOC (OR, 0.68 [95% CI, 0.51–0.92]), LGSOC (OR, 0.67 [95% CI,
0.46–0.98]), and EOC (OR, 0.8 [95% CI, 0.65–0.99]). The inverse associations were persistent in the weighted
median and maximum likelihood mode. Although there was inconsistency in the MR-Egger method, the
MR-Egger test for pleiotropy indicated that no significant pleiotropy was present. After removing outliers
in the MR-PRESSO analysis, the association of education with all OC and OC subtypes persisted and the
P value for the distortion test were above 0.05 (Table S2 ). Most of the associations for education and OC
subtypes persisted and attenuated slightly after multivariable adjustment (Table 2 ).

Coffee or tea consumption

There were limited data supporting associations of genetically predicted coffee, or tea consumption with
overall OC risk (Fig. 2B-C ). However, higher genetically predicted coffee and tea consumption were
both positively associated with the endometrioid subtype. The ORs of EOC were 1.70 [95% CI, 1.18–2.44])
for genetically predicted 50% increase in coffee consumption (Fig. 2B ), and 1.84 [95% CI, 1.10–3.07])
for genetically predicted 50% increase in tea consumption (Fig. 2C ). The positive association between
coffee consumption and EOC was also replicated in the sensitivity analyses including the weighted median
and maximum likelihood mode, although with wider CI in the MR-Egger method (Table S3 ). For tea
consumption, the positive association was persistent in the weighted median method, albeit there was some
inconsistency in effect estimates of other sensitivity analyses (Table S4 ). The association between coffee
or tea consumption and EOC did not remain after adjusting for BMI (Table 2 ).

Relative fat intake and BMI

The results indicated that a higher relative fat intake causally increases the risk of HGSOC (OR, 1.85 [95%
CI, 1.06, 3.22]), but reduces the risk of EOC (OR, 0.3 [95% CI, 0.11, 0.86]) (Fig. 2D ). The associations
remained consistent in the maximum likelihood mode, albeit with wider CI in the weighted median and
MR-Egger method (Table S5 ). After adjustment for BMI, the association between fat intake and HGSOC
attenuated greatly. However, the protective effect of fat intake on EOC was not affected by BMI (Table 2
).

Genetic predisposition to higher BMI was significantly associated with an increased risk of LMSOC (OR,
1.44 [95% CI 1.18–1.77]) (Fig. 2E ). The positive association was consistent in the further analyses including
weighted median, MR-Egger, and Maximum Likelihood, suggesting little evidence for pleiotropy and poten-
tial violations of instrumental variable assumptions (Table S6 ). A suggestive association was also found
between BMI and the EOC (OR, 1.27 [95% CI 1.07–1.50]). The effect estimate was persistent when perform-
ing MR-Egger and maximum likelihood and was slightly attenuated when employing weighted median mode
estimators. In addition, a borderline association was observed between BMI and LMMOC in IVW (OR,
1.29 [95% CI 1.01–1.66]) and maximum likelihood mode. Although no statistically significant association
was observed between BMI and all OC, sensitive analysis indicated a suggestive association (Table S6 ).
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. Smoking

Despite null associations between smoking initiation and risk of OC subtypes (Fig. 2I and Table S10 ),
genetic liability to lifetime smoking index showed a suggestive association with an increased risk of overall
OC (OR, 1.23 [95% CI 1.04–1.46]), HGSOC (OR, 1.25 [95% CI 1.02–1.53]) and EOC (OR, 1.51 [95% CI
1.01–2.26]) histotypes (Fig. 2J) . The positive associations remained consistent in the maximum likelihood
mode, albeit with wider CI in the weighted median and MR-Egger method (Table S11 ).

Physical activities, alcohol drinking, sleep duration, and insomnia

Among other lifestyle factors, there were no associations to be found for physical activities (Fig. 2F-H) ,
alcohol drinking (Fig. 2K) , sleep duration (Fig. 2L) , or insomnia (Fig. 2M) with any type of OC in
the primary analysis or the sensitivity analyses (Table S7-9 , S12-14 ).

Discussion

In the present MR study, we systematically assessed the causal associations of a broad range of lifestyle
factors with the risk of OC by histologic subtypes. We found genetically determined years of education
to be inversely associated with overall OC, and subtypes of LMSOC, HGSOC, IMOC, LGSOC, and EOC.
The associations of education with risk of all OC, HGSOC, IMOC, and LMSOC were independent of BMI.
Genetic liability to higher coffee or tea consumption was positively associated with the risk of EOC, which
may partly mediated by BMI. Our results further showed that increased dietary fat intake was positively
associated with HGSOC, but inversely and independently associated with EOC. Genetic predisposition to
a higher BMI was associated with an increased risk of LMSOC, LMMOC, and EOC. Although little clear
evidence supports the role of smoking initiation in ovarian carcinogenesis, elevated lifetime smoking index
was positively associated with overall OC, HGSOC, and EOC. In contrast, there was limited evidence for
causal associations of physical activities, alcohol drinking, sleep duration, and insomnia with any type of
OC.

Education level is a concerned social determinant and has been proposed as a modifiable risk factor for
a number of diseases. An understanding of the causal links from education level to health outcomes may
help disease prevention. A recent observational study reported that the incidence of borderline ovarian
tumors decreased in women with a high educational level [4]. Our study found that genetically predicted
higher education level was causally and independently associated with lower risks of many OC subtypes,
further suggesting the protective effect of educational attainment on OC development. Possible pathways
may link education level to OC prevention. Firstly, modifiable risk factors have been reported largely
mediates the educational effects on diseases. Moreover, high level of education is more likely to drive positive
health-related behaviors and thus reduce the risk of OC. [38]. The associations between education and OC
subtypes were attenuated in the multivariable MR analysis with adjustment for genetically predicted BMI
and lifetime smoking index liability, which may suggest that BMI and lifetime smoking index partly mediate
the associations.

Studies have not demonstrated either an overall protective or detrimental effect on OC development in
coffee or tea drinkers. In previous observational analyses, the RR estimates of coffee or tea consumption
were significantly heterogeneous, with individual studies suggesting positive [5], [6], [39]–[41], null [8], [42]–
[45], and inverse [7], [45]–[48] associations with OC risk. Inconsistencies observed in the literature may
be due to the interference of confounders, lack of compatibility of categorical definitions, and differences
in definitions for baseline groups. Our study is the first to use MR analyses to explore the relationship
between coffee or tea consumption with OC histotypes. In the subtype analyses, we found evidence for a
positive association between endometrioid OC risk and genetically predicted coffee intake levels. Similarly, a
suggestive increased risk was only observed in the endometrioid subtype in the tea consumption analyses. The
etiology of endometrioid OC resulting from coffee or tea consumption warrants to be established. The major
endometriosis mechanism in OC is estrogen-dependent, endometriosis acts as a precursor for OC, which
is easily developed in the low-progesterone and high-estrogen conditions [49]. The intake of caffeine and
caffeine-containing beverages has been positively associated with estrone and sex hormone-binding globulin
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. concentrations and inversely with bioavailable testosterone [50], [51]. These hormonal changes may influence
hormone-dependent diseases. Therefore, caffeine intake has been associated with the risk of endometriosis
and has been hypothesized to exert its effects through the alteration of endogenous hormone levels [52]. Our
findings of an increased risk for endometrioid carcinoma in coffee or tea drinkers are consistent with the
hormonally mediated hypothesis.

The current knowledge on the association between dietary fat intake and OC was inconclusive. Pooled
analyses of observational studies have reported positive [9] or null [53] association between fat intake and
overall OC risk, however, there were limited data for the OC subtypes. Although we found no indication
of a causal effect of relative fat intake on overall OC risk, a persistent borderline association was observed
between fat intake and HGSC, which was corroborated with the findings that serous ovarian cancer was
more susceptible to dietary fat consumption than other subtypes [53]. Due to the pathological specificity of
endometrioid OC and the composition of dietary fat, our result of an inverse association between relative
fat intake and this subtype may get support from a prospective study that higher intake of omega-3 may be
protective for OC overall and endometrioid tumors in particular [54]. Further MR analyses for the effects of
dietary fat components on OC subtypes are needed.

BMI has been associated with OC in observational studies [14], [55]. However, the effect of BMI increase
on the etiology of histological subtypes of OC remains controversial [56] [57]. In our analyses with updated
GWAS studies including 583 BMI SNPs and 25,509 OC cases, which may afford the analysis greater instru-
ment strength and greater statistical power to detect effects, we observed positive associations of genetically
predicted BMI with LMSOC, LMMOC, and EOC, which complemented the findings from previous observa-
tional studies [14]. A high BMI has been linked to benign ovarian tumors, the evidence from epidemiological,
histopathological, and molecular studies suggests that borderline tumors may develop from benign tumors
[58], [59]. This theory of progression for borderline tumors is supported by our finding that low malignant
potential tumors were associated with BMI, but not high-grade cancers.

The association between physical activity and OC risk remains less clear. It has been hypothesized from
previous meta-analysis of observational studies that physical activity may protect against the development
of OC [12], [60], [61], whereas positive or null associations were found from time to time [11], [13], [62].
Across studies, the findings are inconclusive especially when considering histologic type [13], [63], indicating
that this issue needs to be resolved. We identified no causal relationship for overall acceleration average,
self-reported MVPA, and VPA, with overall OC by MR analyses, which supported the findings from three
large prospective studies including up to 96,216 participants showing that MVPA, VPA, or overall physical
activity were not independently associated with reduced risk of OC [10], [11], [62]. In this study, we further
showed that physical activities do not affect the risk of OC subtypes, which contributed to the knowledge
regarding the evaluation of lifestyle behaviors on OC histotypes incidence.

Studies of the association of smoking with the risk of OC have not been entirely consistent. [17], [64], [65].
One reason for the variation in these results may be the different methods employed to assess and analyze
these measures of smoking exposure. Here we improve our study by using two sets of instruments for smoking
[28]. Our analyses by OC histological subtypes demonstrated limited associations between smoking initiation
and OC subtypes. However, we found that the lifetime smoking index is suggestively associated with overall
OC, HGSOC, and EOC subtypes. Although smoking has been strongly linked to mucinous OC in previously
pooled analyses, we didn’t observe a consistent result. However, we still emphasize that independent GWAS
and large prospective studies by OC subtypes are warranted to further validate our findings in other cohorts
and ethnicities.

Results from epidemiological studies on the association between alcohol drinking and OC risk are inconsistent,
reporting either a null association [66]–[69], a positive association [70], or a negative association [71], [72]. A
recent study focused on overall OC and alcohol consumption, including single instrument MR using rs1229984
and multiple instruments MR using 34 SNPs, showed no causal evidence of association [15]. In our subtype
analyses with 83 SNPs, we further found no causal effect of alcohol drinking on the development of OC
histotypes, which complement findings of overall OC from previous studies.
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. Sleeping disorders are associated with the poor quality of life of women suffering from OC. However, there
are limited data about the effect of sleeping disorders and lack of a proper amount of sleep on the occurrence
of OC. A previous prospective study reported a null association between sleep duration and OC risk [18].
A recent observational study also shows no association between sleep duration, sleep quality, or insomnia
with the risk of overall OC among postmenopausal women. Nevertheless, in subtype analyses, restful sleep
quality was associated with a lower risk of invasive serous OC, and insomnia was associated with a higher
one [19]. In our MR analyses by using up to 74 and 702 SNPs, we didn’t observe a causal effect of sleep
duration or insomnia on the development of any type of OC.

The major strengths of the present study are the MR design, the systematic assessment of multiple lifestyle
factors, and the inclusion of well-classified OC subtypes. MR design strengthened the causal inference by
diminishing residual confounding and other biases. In addition, consistent results from several sensitivity
analyses guaranteed the robustness of our findings. Our analysis was confined to individuals of European
ancestry, which largely diminished population stratification bias. However, the population confinement might
limit the generalization of our findings to other populations. Limitations in our study need consideration.
Although indicative pleiotropy was observed in a few analyses of BMI by the MR-Egger regression, several
aspects of our results suggested a minimal probability that pleiotropy would bias our results, including a
few outliers detected in the MR-PRESSO analysis and consistent results from multiple sensitivity models.
In addition, we were unable to examine possible pre- and post-menopausal differences in associations of
studied exposures with OC due to a lack of menopause data. However, given that most OC cases occur after
menopause and that age-matched controls were used, the inclusion of some pre- or perimenopausal women
in these analyses would less likely have biased results. Finally, further experimental studies to reveal the
possible mechanisms, through which factors that appear to influence OC in these analyses, could help to
expand the scope for prevention opportunities across the life course.

Conclusions

In conclusion, our results suggest causal associations of lower educational attainment and increased coffee or
tea consumption, fat intake, BMI, and smoking with increased risk of OC histological subtypes. Specifically,
our study demonstrated that genetically determined years of education was inversely associated with overall
OC, and subtypes of LMSOC, HGSOC, IMOC, LGSOC, and EOC. Higher coffee or tea consumption was
causally associated with EOC risk. In addition, we found increased dietary fat intake was detrimental for
HGSOC, but protective for EOC subtype. Genetic predisposition to a higher BMI was positively associated
with the risk of LMSOC, LMMOC, and EOC. Elevated lifetime smoking index was suggestively associated
with increased risk overall OC, HGSOC and EOC. Whereas physical activity, sleep duration, insomnia, and
alcohol consumption are not associated with any type of OC. These findings have major clinical and public
health implications as lifestyle factors can easily be modified. However, the results should be interpreted
with caution considering the difficulty in completely ruling out pleiotropy.
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Figure legends

Figure 1 . Graphical overview of the MR study design. The Mendelian Randomization (MR) design
indicates that the genetic variants proposed as instrumental variables (IVs) should be robustly associated
with the risk factor of interest; the selected IVs should not be associated with potential confounders and affect
the risk of the outcome merely through the risk factors, not via alternative pathways. The genetic variants,
selected as IVs for studying the effect of modifying the exposure, are randomly allocated at conception and
are therefore less vulnerable to confounding from environmental factors and reverse causation. Multiple
analyses are conducted to assess the causal relationship between lifestyle factors and the risk of ovarian
cancer subtypes.

Figure 2 . Associations of genetically predicted lifestyle factors and ovarian cancer subtypes. The OR (95%
CI) of ovarian cancer subtypes were estimated using an inverse-variance weighted meta-analysis.
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