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Abstract

Background: Observational studies have reported a positive association between body

mass index (BMI) and ovarian cancer risk. However, questions remain as to whether this

represents a causal effect, or holds for all histological subtypes. The lack of association

observed for serous cancers may, for instance, be due to disease-associated weight loss.

Mendelian randomization (MR) uses genetic markers as proxies for risk factors to over-

come limitations of observational studies. We used MR to elucidate the relationship be-

tween BMI and ovarian cancer, hypothesizing that genetically predicted BMI would be

associated with increased risk of non-high grade serous ovarian cancers (non-HGSC) but

not HGSC.

Methods: We pooled data from 39 studies (14 047 cases, 23 003 controls) in the Ovarian

Cancer Association Consortium. We constructed a weighted genetic risk score (GRS, par-

tial F-statistic ¼ 172), summing alleles at 87 single nucleotide polymorphisms previously

associated with BMI, weighting by their published strength of association with BMI.

Applying two-stage predictor-substitution MR, we used logistic regression to estimate

study-specific odds ratios (OR) and 95% confidence intervals (CI) for the association be-

tween genetically predicted BMI and risk, and pooled these using random-effects meta-

analysis.

Results: Higher genetically predicted BMI was associated with increased risk of

non-HGSC (pooled OR¼1.29, 95% CI 1.03-1.61 per 5 units BMI) but not HGSC (pooled

OR¼1.06, 95% CI 0.88-1.27). Secondary analyses stratified by behaviour/subtype sug-

gested that, consistent with observational data, the association was strongest for low-

grade/borderline serous cancers (OR¼1.93, 95% CI 1.33-2.81).

Conclusions: Our data suggest that higher BMI increases risk of non-HGSC, but not the

more common and aggressive HGSC subtype, confirming the observational evidence.

Key words: Body mass index, obesity, ovarian neoplasms, Mendelian randomization analysis

Key Messages

• Observational studies had reported a positive association between BMI and overall risk of ovarian cancer, but it was

unclear whether the observed differences by subtype—no association for serous cancers but an association for the

other subtypes—were meaningful or whether the observed associations represent a causal effect.

• We used Mendelian randomization to clarify the relationship between BMI and risk of ovarian cancer.

• Our study provides the clearest evidence to date that obesity increases risk of non-high grade serous ovarian cancer

(non-HGSC) for women of European ancestry.

• Our results also support the absence of a relationship between BMI and risk of the more aggressive high-grade

serous ovarian cancers (HGSC), confirming evidence from previous observational studies.

• This study confirms the clinical relevance of elevated BMI to risk of some subtypes of ovarian cancer; thus interven-

tions to reduce obesity may alleviate the worldwide burden from non-HGSC.
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Introduction

Observational studies, including two recent large pooled

analyses, have reported a positive association between body

mass index (BMI) and risk of ovarian cancer.1,2 In both, the

association was observed only for non-serous cancers.

However, although the subtype-specific estimates reported

by the two pooled analyses were very similar,1,2 the authors

reached different conclusions about whether the differences

by subtype were meaningful. Potentially, the lack of associ-

ation seen for invasive serous ovarian cancer, the most ag-

gressive subtype accounting for 62% of adenocarcinomas,3

could result from reverse causality because of disease-

associated weight loss before diagnosis. Furthermore, given

the potential for biases and confounding in observational

studies, the observed association with non-serous ovarian

cancer might not reflect a causal effect. Mendelian random-

ization (MR) has the potential to overcome these limitations

by using genetic markers as proxies [instrumental variables

(IVs)] for conventionally measured traits in observational

studies.4 We used MR to clarify the relationship between

BMI and risk of ovarian cancer, using data from the interna-

tional Ovarian Cancer Association Consortium (OCAC).

Based on existing data and the current understanding that

low- and high-grade serous ovarian cancers (HGSC) repre-

sent distinct entities,5 our a priori hypothesis was that genet-

ically predicted BMI would be associated with increased

risk of non-HGSC but not HGSC.

Methods

Study population and data available

We pooled data from 39 OCAC studies6 which included

14 047 cases and 23 003 controls, all of whom had > 90%

European ancestry and were genotyped via the

Collaborative Oncological Gene-Environment Study;7 22

studies were population-based and 17 were clinic- or fam-

ily registry-based. Nine case-only studies were grouped

with case-control studies in the same region (Table 1;

Supplementary Table S1, available as Supplementary data

at IJE online). Cases included women with primary ovar-

ian, fallopian tube or peritoneal cancer. All studies pro-

vided demographic data and tumour characteristics (site,

behaviour, grade, FIGO (Fédération Internationale de

Gynécologie Obstétrique)/SEER (Surveillance,

Epidemiology and End Results Program) stage and hist-

ology). A subset provided lifestyle data for > 50% of their

participants, including usual weight 1 or 5 years before

diagnosis (cases) or interview (controls), adult height, par-

ity, oral contraceptive (OC) use, family history of cancer,

education, smoking, menopausal status and hormone re-

placement therapy (HRT) use.

Outcome variables

For primary analysis, we classified cases as invasive

HGSC, invasive non-HGSC and borderline (low malignant

potential). The HGSC group (n ¼ 7933) included all inva-

sive serous cancers except low-grade (G1) (n ¼ 469). We

classified invasive serous cancers of unknown grade (n ¼
1452) and primary peritoneal cancers of unknown behav-

iour (n ¼ 44) as HGSC because in both instances the ma-

jority would be HGSC. The non-HGSC-group (n ¼ 4434)

included G1 serous cancers and all invasive mucinous,

endometrioid and clear cell cancers. The third group

included borderline tumours (n ¼ 1680) of any histology.

For secondary analysis by cancer site, we subdivided

HGSC into ovarian/fallopian tube and primary peritoneal

cancers. Two studies (AUS, SRO), where < 20% of women

with peritoneal tumours were genotyped, were excluded

from peritoneal analyses. For secondary analysis by histo-

logical subtype/behaviour, we divided the non-HGSC and

borderline groups into four sub-categories: invasive low-

grade and borderline serous cancers; invasive and border-

line mucinous cancers; invasive endometrioid cancers; and

invasive clear cell carcinomas.

Genetic risk score

Samples were genotyped using a custom-designed Illumina

genotyping array (iCOGS) comprising over 200 000 single

nucleotide polymorphisms (SNPs).7 Genotyped SNPs that

were not in Hardy-Weinberg equilibrium, or with discord-

ant duplicate samples or call rates < 95% or 99% [depend-

ing on SNP minor allele frequencies (MAF)], were

excluded.7 Approximately 15 million additional SNPs

were imputed from measured genotypes using 1000

Genome Project data.7,8

We used 87 of 97 loci reported to be associated with BMI

in a meta-analysis of genome-wide association studies con-

ducted by the Genetic Investigation of ANthropometric

Traits (GIANT) Consortium (Supplementary Table S2, avail-

able as Supplementary data at IJE online).9 We excluded

three loci which were associated with BMI only among men

in the GIANT analysis, and seven loci where the GIANT

SNP was not genotyped on iCOGS and was imputed with a

quality score (estimated correlation between imputed and

true genotype, r2) of< 0.6 in our data. Overall, 12 selected

SNPs were genotyped and 75 imputed. We used imputed

genotype probabilities where genotyped values were missing

(< 0.7%, all genotyped SNPs). We constructed a weighted

genetic risk score (GRS) for BMI by summing alleles associ-

ated with higher BMI across the 87 SNPs, assuming additive

effects based on evidence from GIANT.9 We weighted alleles

by b-coefficients for their association with BMI reported by
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http://ije.oxfordjournals.org/lookup/suppl/doi:10.1093/ije/dyw158/-/DC1
http://ije.oxfordjournals.org/lookup/suppl/doi:10.1093/ije/dyw158/-/DC1
http://ije.oxfordjournals.org/lookup/suppl/doi:10.1093/ije/dyw158/-/DC1
http://ije.oxfordjournals.org/lookup/suppl/doi:10.1093/ije/dyw158/-/DC1


Table 1. Characteristics of 39 OCAC studies and 37 050 participants of European ancestry included in the Mendelian randomiza-

tion analysis

Type

of

study

Study

acronyma,b,c

Country Diagnosis

(years)

Median

(range) age

at diagnosis

Invasive

HGSC

(N)

Invasive

non-HGSC

(N)d

Borderline

cases

(N)

Median

(interquartile range)

BMIe

Population-based AUS Australia 2002-06 58 (19-80) 508 224 1 25.9 (22.7-29.7)

DOV USA 2002-09 57 (35-74) 510 255 327 25.1 (22.2-29.5)

GER Germany 1993-98 57 (21-75) 81 62 24 �
HAW USA 1993-2008 56 (27-87) 36 22 20 24.4 (22.0-28.8)

HOC Finland 1975-99 46 (18-86) 106 76 8 �
HOP USA 2003-09 58 (25-94) 338 167 71 27.4 (23.6-32.2)

MAL Denmark 1994-99 57 (31-80) 197 204 138 23.6 (21.5-26.1)

MCC Australia 1990-2008 65 (45-79) 31 23 0 26.6 (23.2-29.0)

NCO USA 1999-2008 57 (20-75) 373 255 171 26.1 (22.8-30.5)

NEC USA 1992-2003 52 (21-78) 367 243 232 24.7 (22.0-28.6)

NJO USA 2002-09 60 (25-88) 92 62 0 25.9 (22.3-30.4)

NOR Norway 2001-10 51 (18-86) 123 64 12 �
NTH Netherlands 1997-2008 55 (18-83) 94 139 3 24.5 (22.2-27.0)

OVA Canada 2002-09 58 (19-80) 344 186 161 �
POL Poland 2000-04 56 (24-74) 101 69 0 23.8 (22.0-26.4)

SEA UK 1998-2011 57 (19-78) 643 599 76 �
SOC UK 1993-98 62 (22-92) 91 116 20 �
SRO Scotland 1999-2001 59 (34-84) 89 31 0 �
STA USA 1997-2002 50 (20-64) 141 81 10 �
TOR Canada 1995-2007 58 (26-85) 339 205 0 25.7 (23.1-29.1)

UCI USA 1993-2005 56 (18-86) 154 102 141 24.9 (21.9-29.1)

USC USA 1992-2010 57 (22-82) 418 187 152 24.2 (21.7-28.1)

Clinic-based BAV Germany 2002-08 58 (24-83) 42 41 5 25.4 (22.7-28.7)

BEL Belgium 2007-10 46 (19-87) 188 74 0 �
HJO Germany 2007-11 54 (18-88) 136 43 13 �
HMO Belarus 2006-11 45 (22-76) 50 20 0 �
HSK Germany 2000-07 58 (18-81) 103 21 9 �
LAX USA 1989-2008 58 (31-88) 213 43 0 �
MAY USA 2000-2010 61 (20-93) 516 154 79 26.1 (23.0-30.3)

MDA USA 1997-2009 62 (23-88) 190 59 0 �
MSK USA 1997-2010 57 (18-89) 354 50 0 �
ORE USA 2007-11 58 (22-86) 40 11 9 �
POC Poland 1998-2008 55 (23-82) 200 81 0 �
PVD Denmark 2004-09 63 (30-88) 121 39 0 �
RMH UK 1993-96 52 (26-73) 49 60 7 �
UKO UK 2006-10 63 (19-89) 329 277 0 �
WOC Poland 1997-2010 44 (20-81) 131 45 2 �

Familial registry GRR USA 1981-2012 48 (21-83) 72 33 0 �
UKR UK 1991-2009 54 (24-77) 23 11 0 �

aSee Supplementary Table S1 for study names and references. BMI, body mass index; HGSC, high-grade serous ovarian cancer; OCAC, Ovarian Cancer

Association Consortium.
bFor analysis, we combined case-only with case-control sites: HSK combined with GER; GRR with HOP; PVD with MAL; RMH, SOC, SRO, UKR with SEA

and UKO; ORE with DOV; LAX with UCI.
cNineteen studies (AUS, BAV, DOV, GER, HAW, HOP, MAL, MAY, NEC, NJO, NTH, POL, PVD, SEA, STA, TOR, UCI, UKO, USC) were used in meno-

pausal/hormonal replacement therapy analyses as they provided these data for > 50% of participants.
dHistological subtypes other than serous, mucinous, endometrioid and clear cell carcinoma are not included.
eRecent BMI (1-5 years before diagnosis). BMI is summarized for 16 studies where > 50% participants had data available. These 16 studies were also used in

conventional BMI analyses, as they provided data on potential confounders (parity, use of oral contraceptives and hormone replacement therapy, and family his-

tory of ovarian or breast cancer) for > 50% of participants. BMI, body mass index; HGSC, high-grade serous ovarian cancer; OCAC, Ovarian Cancer

Association.
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GIANT investigators. All MAFs were > 5% in controls (ex-

cept for two SNPs with MAFs of 4.7% and 2.8%), and were

consistent with GIANT data.

Statistical analysis

We examined associations between the GRS and potential

confounders of the BMI-ovarian cancer relationship using

chi-square statistics or analysis of variance, stratified by

study. In a two-stage predictor-substitution MR approach

using individual-level data,10,11 we used multivariable lo-

gistic regression to model case-control status on BMI pre-

dicted by the GRS within each study. First, we predicted

BMI from the GRS by using linear regression in 10 085

controls from 16 studies with BMI data available for

> 50% of women. The model regressed BMI on the GRS,

adjusting for age and the first five principal components

from a principal-components analysis in European-

ancestry OCAC participants.7 We applied the results of

this model to predict BMI from the GRS for the whole

study population (14 047 cases and 23 003 controls). In

the second stage, we used logistic regression to determine

the association between case-control status and this genet-

ically predicted BMI, adjusted for age and the principal

components. As MR is relatively new with multiple

approaches proposed, we also tested alternative methods

including the control function estimator (adjusting for re-

sidual variation in BMI not predicted by the GRS),10,12 the

sub-sample estimator13 and inverse-variance weighted and

likelihood-based MR (combining summary data across

SNPs).14 The resulting odds ratios (OR) and 95% confi-

dence intervals (CI) were very similar to those from our

primary analysis, and so are not reported here. The robust

standard errors obtained using seemingly unrelated regres-

sion and the delta method13 were identical to those esti-

mated in our primary analysis.

For the primary analyses, study-specific IV-estimates

per 5-unit increase in genetically predicted BMI were

pooled to generate odds ratios (pOR) and 95% CI using

random-effects meta-analysis.15,16 We also compared

HGSC and non-HGSC directly in a single pooled model

comparing HGSC vs non-HGSC cases, stratified by study.

We examined inter-study heterogeneity of the association

between the GRS and ovarian cancer risk by inspecting

Cochran’s I2 and P-values for heterogeneity.17

We conducted sensitivity analyses including: removing

two studies where MAFs for 27 or more SNPs (> 30%) ex-

ceeded two standard deviations from the mean; restricting

the GRS to 56 SNPs with imputation quality scores � 0.9;

using a single-SNP instrument in the locus explaining most

variation (FTO); and weighting the GRS using published

b-coefficients for SNP associations with BMI in women.9

We also conducted MR-Egger regression18 to assess the ro-

bustness of our findings to pleiotropy.

Secondary analyses by tumour site and behaviour/hist-

ology were conducted using single models stratified by

study, to maximize power. Similarly, we explored whether

menopausal status or HRT use modified the relation-

ship by conducting stratified models (women grouped as:

pre-/peri-menopausal; postmenopausal without HRT;

postmenopausal with HRT). Information on menopausal

status and HRT use was available for 21 938 women

(59.2%) from 19 studies. Among 16 studies with BMI and

confounder data, we conducted traditional epidemiological

analysis modelling case-control status on BMI, adjusted

for age, parity, OC use, HRT use and family history of

ovarian or breast cancer, stratified by study, for compari-

son with IV-estimates among the same women.

Analyses were conducted using SAS 9.2 (SAS Institute

Inc., Cary, NC) and STATA 13.0 (StataCorp LP, College

Station, TX) software. This analysis and each contributing

study received approval from the appropriate institutional

review board or equivalent committee. All participants

provided written informed consent.

Results

Population characteristics

The 39 studies were conducted in Europe, North America

and Australia (Table 1) and included 12 367 women with

invasive cancer, 1680 with borderline tumours (from 20

studies), and 23 003 control women. The median diagnosis

year was 2003, with 74.4% of cases diagnosed after 2000.

Participants were aged between 18 and 92 (median 57)

years. Median BMI ranged from 23.6 to 27.4 kg/m2 across

16 studies with these data, and was 25.0 (interquartile

range 22.3–29.1) kg/m2 for controls and 25.4 (22.4–29.8)

kg/m2 for cases (P < 0.001). Mean age varied by histo-

logical subtype: women with HGSC were older, and

women with low-grade or borderline serous cancers

younger, than controls (Supplementary Table S3, available

as Supplementary data at IJE online). Compared with con-

trols, a higher proportion of cases (all subtypes combined)

were obese (BMI > 30kg/m2, P < 0.001).

Characteristics of the genetic risk score

The GRS was normally distributed among OCAC controls.

GRS values ranged from 9.11 to 15.88 (median 12.62;

interquartile range 12.01–13.23). Alone, the GRS ex-

plained 1.6% of variance in BMI among OCAC controls.

After adjusting for age and principal components, the GRS

explained 3.0% (partial R2 ¼ 1.7%) (first-stage regression
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partial F-statistic ¼ 172.0, P < 0.001). A 1-unit increase in

GRS was associated with a 0.8 kg/m2 increase in BMI.

Average BMI was 1.9 kg/m2 higher in the highest GRS

quartile than the lowest.

There was no evidence of inter-study heterogeneity (I2

¼ 32%, P-heterogeneity ¼ 0.11) in the relationship be-

tween the 87-SNP GRS and BMI among controls, nor for

the simplified 56-SNP (I2 ¼ 28%, P-heterogeneity ¼ 0.14)

GRS, or FTO (I2 ¼ 21%, P-heterogeneity ¼ 0.22)

(Supplementary Figure S1, available as Supplementary

data at IJE online). While BMI was associated with

potential confounders of the BMI-ovarian cancer associ-

ation (including parity, OC use and menopausal status,

all P<0.001), the GRS was not (all P> 0.10)

(Supplementary Table S4, available as Supplementary data

at IJE online). We also saw no substantial variation in

GRS values by levels of potential confounders within indi-

vidual studies.

The ORs (95% CI) for ovarian cancer per 1-unit in-

crease in the GRS were 1.04 (1.01–1.08) for non-HGSC,

1.01 (0.98–1.04) for HGSC and 1.05 (0.99–1.11) for bor-

derline tumours.

Association between genetically predicted BMI

and primary outcomes

Higher genetically predicted BMI was associated with

increased risk of non-HGSC (pOR ¼ 1.29, 95% CI 1.03–

1.61 per 5-unit predicted BMI increase) but not HGSC

(pOR ¼ 1.06, 95% CI 0.88–1.27) (Figure 1A, B; Table 2).

Figure 1. Association between increasing genetically predicted BMI and risks of high-grade serous, non-high grade serous, and borderline ovarian

tumours. Increasing BMI per 5 kg/m2 predicted by weighted 87-locus genetic risk score among 39 studies. (A) Risk of high-grade serous cancers.

(B) Risk of non-high grade serous cancers. (C) Risk of borderline ovarian tumours. Site groupings (case-only with case-control sites) are: GERþHSK

(HSK with GER); NE USA (GRR with HOP); DENMARK (PVD with MAL); UK (RMH, SOC, SRO, UKR with SEA and UKO [for (A) and (B)]) or (RMH, SOC

with SEA [for (C)]); NW USA (ORE with DOV); SW USA (LAX with UCI).
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The same pattern was seen for the simplified GRS compris-

ing 56 SNPs (pOR ¼ 1.33 vs 1.10 for non-HGSC and

HGSC, respectively), and for FTO (pOR ¼ 1.51 vs 0.88).

Tests for heterogeneity between HGSC and non-HGSC

gave P ¼ 0.24 and P ¼ 0.23 using the 87- and 56-SNP

GRSs, respectively, and P ¼ 0.046 when we predicted BMI

from FTO alone. The pooled OR for borderline tumours

was 1.28 (95% CI 0.86–1.90) (Figure 1C; Table 2).

There was little evidence of inter-study heterogeneity in

the association between genetically predicted BMI and ovar-

ian cancer risk (Figure 1A, B, C). Results were similar when

we used female-specific weights (b-coefficients) published

by GIANT,9 when we removed two SNPs with MAF < 5%

and when we excluded two studies (HMO, HOC) with ex-

treme MAFs for � 27 SNPs. The association between BMI

and non-HGSC, but not HGSC, was seen when we excluded

family registry-based studies or case-only studies. Excluding

eight studies with tumour grade unknown for > 50% of in-

vasive serous cases made little difference to HGSC results

(pOR ¼ 1.04, 95% CI 0.86–1.27). The results from an MR-

Egger test suggested no bias from pleiotropy (P ¼ 0.9 and P

¼ 0.2 comparing traditional MR and MR-Egger results for

HGSC and non-HGSC, respectively).

For women with GRS, BMI and confounder data, re-

sults of the conventional BMI analysis (Supplementary

Table S5, available as Supplementary data at IJE online)

and IV analysis (Table 2) were similar, although the associ-

ation with non-HGSC was weaker (adjusted OR¼ 1.18,

95% CI 1.13–1.23 per 5 kg/m2) in the former, suggesting

the true association might be stronger than that seen in

conventional epidemiological analyses.

Secondary outcomes

Secondary analyses stratifying HGSC by cancer site and sub-

type suggested that the lack of association with BMI might

hold only for HGSC of the ovary and fallopian tube (Table

2). The estimate for HGSC of the peritoneum was elevated,

but the CI was wide and crossed null (OR¼ 1.77, 95% CI

0.91–3.43) (Table 2). For non-HGSC sub-categories, the

strongest association was seen for invasive low-grade and

borderline serous cancers (OR¼ 1.93, 95% CI 1.33–2.81)

and the weakest for endometrioid (OR¼ 1.17, 95% CI 0.87–

1.59) and mucinous (OR¼ 1.18, 95% CI 0.84–1.67) cancers

(Table 2), but the relatively small numbers (in the MR con-

text) led to wide and overlapping confidence intervals.

The associations with HGSC and non-HGSC did not

vary substantially by menopausal status or combined

menopausal status/HRT use. The association between gen-

etically predicted BMI and non-HGSC was slightly stron-

ger for premenopausal women (OR¼ 1.62, 95% CI 0.88–

3.01) compared with postmenopausal HRT users

(OR¼ 1.26, 95% CI 0.57–2.82) and non-users

(OR¼ 1.17, 95% CI 0.61–2.24).

Discussion

Having established the GRS as an appropriate instrument for

BMI in our sample, we used this to assess the relationship be-

tween BMI and ovarian cancer risk for women of European

ancestry. Our data suggest a likely causal effect of BMI on

risk of non-HGSC, but do not support an association with

the more common HGSC subtype. Secondary analyses had

Table 2. Association between increasing BMI (per 5 units)–predicted by a weighteda 87-locus genetic risk score–and risk of ovar-

ian cancer by histological subtype, stratified by study

Histological subtype N studies N controls N cases Odds ratios (95% CI)b

Primary outcomes

High-grade serous 39 23 003 7933 1.06 (0.88-1.27)

Non-high grade serous 39 23 003 4434 1.29 (1.03-1.61)

Borderline 20 16 463 1680 1.28 (0.86-1.90)

Secondary outcomes

Serous

High-grade ovary/tubal 39 23 003 7466 1.06 (0.89-1.27)

High-grade peritoneal c 37 22 026 447 1.77 (0.91-3.43)

Invasive low-grade and borderline 39 23 003 1411 1.93 (1.33-2.81)

Mucinous (invasive and borderline) 39 23 003 1563 1.18 (0.84-1.67)

Endometrioid 39 23 003 2059 1.17 (0.87-1.59)

Clear cell 39 23 003 962 1.27 (0.83-1.96)

aWeights applied were b-coefficients for the relationship between each SNP and BMI as reported in a large meta-analysis of genome-wide association studies.

BMI, body mass index; CI, confidence interval
bPooled odds ratios are reported for primary outcomes.
cExcludes two studies (AUS and SRO) where < 20% of women with primary peritoneal cancers were genotyped. BMI, body mass index; CI, confidence

interval.
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limited power so CI were wide; however, they suggested that

the association was strongest for low-grade/borderline serous

cancers, that higher BMI might increase risk of HGSC of the

peritoneum and that the association with non-HGSC might

be stronger for premenopausal women.

Ovarian cancer is a heterogeneous disease: the separate

histological subtypes display distinct molecular profiles

and have different risk factors.19,20 Our primary findings

for genetically predicted BMI are consistent with results of

the two large pooled analyses (one including 11 OCAC

studies)1,2 which investigated conventionally measured

BMI and ovarian cancer risk by histological subtype, al-

though our data suggest the association with non-HGSC

may be somewhat stronger than previously reported.

Overall, our results suggest that the previously reported re-

lationship with non-HGSC is probably not due to bias or

confounding, and the lack of association with HGSC is un-

likely to arise from reverse causality. We observed a posi-

tive association with BMI and risk of endometrioid

tumours of the same magnitude (pOR ¼ 1.17 per 5 kg/m2)

seen in the previous OCAC study,1 but the 95% CI around

our estimate (0.87–1.59) is wide. Similarly, we observed

odds ratios for borderline tumours and for low-grade/

borderline serous cancers which were comparable to find-

ings from the previous OCAC study.1 Few studies have

investigated an association between BMI and primary peri-

toneal cancers, but if a causal effect exists, rising obesity

prevalence would result in increasing incidence of these

cancers, which has been observed.21

Obesity has been associated with increased cancer risk

at multiple body sites.22 Mechanisms hypothesized to ex-

plain this involve lipid signalling, inflammatory and adipo-

kine pathways and insulin-like growth factor influencing

cell proliferation.23 If adiposity affects ovarian cancer risk

via a disrupted endocrine environment,23,24 then hormonal

levels may modify this risk. Results by menopausal status

and HRT use from previous studies have been inconsistent.

In one pooled analysis, the BMI association was restricted

to non-users of HRT,2 whereas another reported that the

association for non-serous invasive cancers did not differ

by menopausal status or HRT use.1 Our findings do not re-

solve this controversy.

The advantage of MR is that it allows non-causal ex-

planations that might affect epidemiological studies (bias,

confounding and reverse causality) to be excluded, pro-

vided several underlying assumptions are met.25 We satis-

fied the first assumption by using SNPs most strongly

associated with BMI in a large external study, and confirm-

ing the association between GRS and BMI in OCAC. The

F-statistic also exceeded the threshold below which weak-

instrument bias is likely.26 To support the second MR as-

sumption,25 we confirmed that the GRS was not associated

with potential confounders of the BMI-ovarian cancer as-

sociation. Our analysis has a number of other strengths.

The variance in BMI explained by the GRS was consistent

with GIANT results,9 and only modest inter-study hetero-

geneity was observed in the association between the GRS

and BMI. Our primary results were consistent across mul-

tiple GRS versions, different subgroups of the study popu-

lation, various MR methods and when using female-

specific weights. The weaker association with non-HGSC

risk for conventional BMI than genetically predicted BMI

may arise from measurement error or residual confounding

in observational studies.

The chief concerns regarding the validity of MR studies

are: an absence of appropriate variants, due, for example,

to canalization (developmental compensation for the ef-

fects of the SNPs); population structure influencing both

SNP frequency and risk; and pleiotropy or linkage disequi-

librium whereby the IV might influence risk via a non-BMI

pathway.4,12,25 Canalization can weaken the association

between the IV and risk factor but this effect, if present in

our sample, did not prevent the GRS from being an ad-

equate instrument for BMI. Population structure and/or

pleiotropy may violate the third MR assumption (that the

IV influences the outcome only via the risk factor).25 A

limitation of MR studies is that this assumption cannot be

tested directly. However, our IV estimates are likely to rep-

resent BMI-outcome effects for the following reasons. We

restricted our analysis to an ethnically homogeneous ana-

lysis sample and adjusted models for principal components

of population substructure. Using multiple independent

variants can minimize potential bias from pleiotropy,27

and the biological effect of this IV is becoming more fully

understood. The SNPs do not show much evidence of plei-

otropy in genome-wide association studies, and none has

been identified as, or is in linkage disequilibrium with, an

ovarian cancer susceptibility SNP. In addition, MR-Egger

regression results suggested a lack of bias from pleiotropy.

The significance of this study lies in the clear evidence it

provides that obesity increases risk of non-HGSC for

women of European ancestry. Our results do not support

an association between obesity and risk of the more com-

mon and more aggressive HGSC subtype. This study also

provides reassurance that the results of the large pooled

epidemiological studies were not seriously biased. As the

fifth most common cancer and the sixth most common

cause of cancer death for women in more developed re-

gions, ovarian cancer is responsible for a substantial health

burden.28 The major risk factors identified to date, low

parity and non-use or short-duration use of OCs, have bar-

riers to their modification, especially at older ages. Given

the high and increasing prevalence of overweight and obes-

ity,29 our findings suggest that intervening on obesity may
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reduce the worldwide burden from these subtypes of ovar-

ian cancer. This study adds to the body of evidence sug-

gesting that maintaining healthy weight is important.

Continued efforts should be made to develop effective

interventions to reduce BMI and to identify women who

would benefit most from these. Our results also suggest

that we should pursue other avenues for prevention of

HGSC. Further work is required to replicate these findings,

to investigate the effects of adipose tissue distribution and

to explore the mechanisms underlying the different associ-

ations for non-HGSC and HGSC.

Supplementary Data

Supplementary data are available at IJE online.
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