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Abstract

Objective: Epidemiological studies have reported an inconsistent association between obesity and

ovarian cancer. To update the current knowledge of and further qualify the association between over-

weight, obesity and ovarian cancer risk, we conducted a meta-analysis of published observational

studies.

Methods: Using the PubMed, MEDLINE and EMBASE databases, we performed a literature search

of all of the case–control and cohort studies published as original articles in English before March

2015. We included 26 observational studies, of which 13 were case–control studies (7782 cases

and 21 854 controls) and 13 were cohort studies (5181 cases). Fixed- and random-effects models

were used to compute summary estimates and the corresponding 95% confidence intervals.

Subgroup analyses were also performed.

Results: The pooled relative risk for overweight and obesity compared with normal weight (body

mass index = 18.5–24.9 kg/m2) was 1.07 (95% confidence interval: 1.02–1.12) and 1.28 (95% confi-

dence interval: 1.16–1.41), respectively. In subgroup analyses, we found that overweight/obesity

increased the risk of ovarian cancer in most groups, except for the postmenopausal group

(overweight: pooled relative risk = 0.97, 95% confidence interval: 0.76–1.24; obesity: pooled relative

risk = 0.93, 95% confidence interval: 0.61–1.42). There was no evidence of publication bias.

Conclusions: Increased body weight was associated with an increased risk of ovarian cancer; in

particular, severe obesity demonstrated a stronger risk effect. No statistically significant association

was observed in the postmenopausal period, but was in the premenopausal period.
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Introduction

Ovarian cancer (OC) is the eighth most common cancer and the sev-
enth most common cause of death from cancer in women worldwide;
it is the second most common cause of death among female reproduct-
ive malignancies and claims 140 200 lives each year (1). In addition,
the majority of cases are diagnosed with OC at later stages. Despite
efforts to improve early detection and treatment, OC is the most
fatal gynaecologic cancer, with a 44% five-year survival rate (2).

While the debate regarding the reason for increased OC incidence
continues, risk factors for OC are still not well established. Age, family
history of OC, infertility treatment and assisted fertilization, hormonal
substitution in menopause and obesity are potential factors in favour
of developing OC (3,4). Because there are differences in the method-
ology and different means in defining obesity in the published
research, an explanation of the results of epidemiological studies on
the relation between obesity and OC has been hampered, and the
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Table 1. Characteristics of the included cohort studies on overweight, obesity and ovarian cancer

Author, date, country Year of study Study name Age Cases Cohort sizes Exposure measure

Ma, 2013, China 1996–2000 Shanghai Women’s Health Study (SWHS) 40–70 152 70 258 Measured at baseline
Brändstedt, 2011, Sweden 1991–96 The Malmö Diet and Cancer Study (MDCS) Not given 93 17 035 Measured at baseline
Kotsopoulos, 2010, USA NHS

1979–2006
NHSII
1989–2005

Nurses’ Health Study (NHS) and NHSII NHS
30–55
NHSII
25–42

862 NHS
121 700
NHSII
116 430

Self-reported at baseline

Lahmann, 2010, Europe 1992–2000 European Prospective Investigation into Cancer and Nutrition
(EPIC) cohort study

35–70 611 226 798 Measured at baseline

Leitzmann, 2009, USA 1996–2003 The National Institutes of Health (NIH)-AARP Diet and Health Study 50–71 303 94 525 Self-reported at baseline
Reeves, 2007, UK 1996–2001 The Million Women Study 50–64 2406 1 222 630 Self-reported at baseline
Rapp, 2005, Austria 1985–2001 The Vorarlberg Health Monitoring and Promotion Program

(VHM&PP) Study Cohort
19–93 121 78 484 Measured at baseline

Kuriyama, 2005, Japan 1984–92 A population-based prospective cohort study in Japan ≥40 5 15 054 Self-reported at baseline
Niwa, 2005, Japan 1988–99 Japanese Collaborate Cohort (JACC) study 40–79 38 36 456 Self-reported at baseline
Anderson, 2004, USA 1986–2000 The Iowa Women’s Health Study Cohort 55–69 223 41 836 Measured at baseline; self-reported at age 18
Schouten, 2003,
The Netherlands

1986–93 The Netherlands Cohort Study on Diet and Cancer 55–69 172 62 573 Self-reported at baseline; self-reported at age 20

Jonsson, 2003, Sweden 1969–97 Cohort and co-twin control studies based on the Swedish twin registry 44–83 118 11 598 Self-reported at baseline
Wolk, 2001, Sweden 1964–93 A population-based cohort of hospital patients with any discharge

diagnosis of obesity
Not given 77 19 964 Height and weight recorded from hospital records
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Table 2. Characteristics of the included case–control studies on overweight, obesity and ovarian cancer

Author, date,
country

Year of study Age Cases/
controls

Case sources Control sources Exposure measure

Schildkraut, 2014,
USA

2010–14 20–79 403/639 Newly diagnosed cases from Surveillance,
Epidemiology and End Results (SEER)
registries or gynaecologic oncology
departments at individual hospitals

Population-based random-digit dialing (RDD) by an
outside contractor (Kreider Research and
Consulting)

Self-reported
Current height and weight;
age 18

Delort, 2009, France 1996–99
2005–06

24–84 55/857 Incident cases from hospitals within the Auvergne
region, enrolled in the COSA (Breast and
Ovarian Cancer in Auvergne) programme

Population-based gathered in a mammographic
screening centre

Self-reported
Current height and weight;
age 20

Olsen, 2008,
Australia

2002–05 18–79 1580/1509 Newly diagnosed, histologically confirmed cases
from state cancer registries throughout
Australia

Population-based randomly selection from the
national electoral roll

Self-reported
One year prior to diagnosis/
interview; age 20

Rossing, 2006, USA 1994–98 35–54 355/1637 Incident cases from SEER registry in metropolitan
Atlanta, Detroit and Seattle

Population-based RDD in metropolitan Atlanta,
Detroit and Seattle

Self-reported
Five years before diagnosis/
reference date; age 18, 30

Peterson, 2006, USA 1993–95
1998–2001

20–79 700/5943 Newly diagnosed, state cancer registries in
Wisconsin and Massachusetts

Population-based randomly selection from lists of
licensed drivers and rosters of Medicare
beneficiaries compiled by the Centers for Medicare
and Medicaid Services

Self-reported
One year prior to diagnosis/
interview; age 20

Beehler, 2006, USA 1982–98 Not given 427/854 Incident cases from Roswell Park Cancer Institute
(RPCI) in Buffalo, NY

Hospital-based randomly selection from who were
not diagnosed with a pathological condition in
Roswell Park Cancer Institute (RPCI)

Self-reported
BMI calculated from ‘usual
weight’

Hoyo, 2005, USA 1999–2003 20–74 593/628 Newly diagnosed, North Carolina Central
Cancer Registry

Population-based RDD and ascertained through
Health Care Financing Administration lists

Self-reported
One year prior to diagnosis/
interview; age 18

Riman, 2004,
Sweden

1993–95 50–74 655/3899 Incident cases from regional tumour registries Population-based randomly selection from a national
population registry

Self-reported
One year prior to interview

Pike, 2004, USA 1992–98 18–74 467/660 Histologically confirmed cases from the cancer
registry of Los Angeles County

Population-based randomly selection from Los
Angeles County

One year prior to diagnosis/
interview

Pan, 2004, Canada 1994–97 21–76 442/2492 National Enhanced Cancer Surveillance System
(NECSS) in Canada

Population-based stratified random sample and RDD Self-reported
Two years prior to interview

Kuper, 2002, USA 1992–97 Not given 563/523 Incident cases from hospital tumour boards and
statewide cancer registries in eastern
Massachusetts (MA) or New Hampshire (NH)

Population-based RDD and selection from
community lists (townbooks)

Self-reported
One year prior to diagnosis/
interview

Purdie, 2001,
Australia

1990–93 18–79 775/846 Incident cases from gynaecological oncology
treatment centres in New SouthWales, Victoria
and Queensland

Population-based randomly selection from state
electoral roll

Self-reported
‘Usual weight before their
illness’

Ness, 2000, USA 1994–98 20–69 767/1367 Newly diagnosed, 39 hospitals around the
Delaware Valley

Population-based RDD in the same geographic
region and ascertained through Health Care
Financing Administration lists

Self-reported
Six months prior to interview

BMI, body mass index.
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category that was most similar to those defined by the WHO. Because
cancer could be considered to be a relatively rare event, we assumed
that the ORs, risk ratios and rate ratios were all comparable estimates
of the RR (10). Thus, we collected maximally adjusted HR, RR or OR
estimates (for the comparison of individuals in the ‘overweight’ and
‘obesity’ category with those with ‘normal weight’) in our analysis.
We included studies that used a reference BMI category that was less
than the WHO defined ‘normal BMI’ if the RR estimate for the ‘nor-
mal BMI’ category was 1.0 compared with the reference category (5).
Some studies did not provide the required risk estimates for analysis;
thus, we combined the risk estimates into a single required category
with the fixed-effect model.

The statistical heterogeneity among studies was tested with the Q
statistic, and inconsistency was quantified with the I2 statistic (11). For
theQ statistic, statistical significance was set at P < 0.1. When hetero-
geneity was detected, the random-effects model was used (12). To
evaluate the potential for publication bias, a visual inspection of asym-
metry in funnel plots was performed, and the symmetry of the funnel
plot was tested using Egger’s test and Begg’s test (P < 0.05 was consid-
ered to be a representative of statistically significant publication bias)
(13). We also conducted a sensitivity analysis in which one study was
removed and the rest were analysed to confirm the stability of the over-
all result.

Subgroup analyses were carried out based on the study design (cohort
and case–control), race (Caucasian and Asian), body size assessment

(measured and self-reported) and menopausal status (premenopausal
and postmenopausal). All of the statistical analyses were performed
using STATA12.0 (StataCorp, College Station, TX, USA).

Results

Characteristics of studies that were included in the

meta-analysis

We identified 584 potential relevant studies by a primary computer-
ized literature search. After screening titles and abstracts and reviewing
the full-text articles, 13 cohort studies (14–26) and 13 case–control
studies (27–39) were obtained (Fig. 1). Of these studies, 11 were con-
ducted in the United States, 9 in Europe, 3 in Asia, 2 in Australia and 1
in Canada. The main characteristics of the studies that were included
in the meta-analysis are summarized in Tables 1 and 2 for cohort and
case–control studies, respectively.

Association of overweight, obesity and risk for OC

As shown in Fig. 2, we compared the ‘overweight’ category with ‘nor-
mal weight’ (BMI = 18.5–24.9 kg/m2) to estimate the RR. There was a
statistically significant association (pooled RR = 1.07, 95% CI: 1.02–
1.12) between overweight and OC risk.

In Fig. 3, the analysis of all of the studies revealed a statistically sig-
nificant association between obesity and OC risk (pooled RR = 1.28,

Figure 2. Forest plot for the association between overweight and ovarian cancer risk. Relative risk estimates are for the comparison of individuals in the ‘overweight’

category with those in the ‘normal weight’ category.
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95% CI: 1.16–1.41) compared with normal weight (BMI = 18.5–
24.9 kg/m2).

Subgroup analyses

The results of subgroup analyses according to the study design, race,
body size assessment and menopausal status are presented in Table 3.
Increased body weight was associated with an increased risk of OC in
both the cohort studies (overweight: pooled RR = 1.07, 95%CI: 1.01–
1.13; obesity: pooled RR = 1.23, 95% CI: 1.10–1.39) and the case–
control studies (overweight: pooled RR = 1.09, 95% CI: 1.00–1.18;
obesity: pooled RR = 1.31, 95%CI: 1.21–1.54). As shown in Table 3,
overweight and obesity were associated with an increased risk of OC
in both the Caucasian studies (overweight: pooled RR = 1.06, 95%CI:
1.02–1.11; obesity: pooled RR = 1.26, 95% CI: 1.15–1.39) and the
Asian studies (overweight: pooled RR = 1.52, 95% CI: 1.13–2.05;
obesity: pooled RR = 2.37, 95% CI: 1.37–4.09). When stratifying
for menopausal status, overweight and obesity were associated with
an increased risk of OC in the premenopausal period (overweight:
pooled RR = 1.31, 95% CI: 1.04–1.65; obesity: pooled RR = 1.50,
95% CI: 1.12–2.00). However, no statistically significant association
was observed in the postmenopausal period (overweight: pooled
RR = 0.97, 95% CI: 0.76–1.24; obesity: pooled RR = 0.93, 95% CI:
0.61–1.42). Overweight and obesity were associated with an increased
risk of OC risk in both the self-reported studies (overweight: pooled
RR = 1.06, 95% CI: 1.01–1.11; obesity: pooled RR = 1.27, 95% CI:

1.13–1.43) and the measured studies (overweight: pooled RR = 1.19,
95% CI: 1.04–1.37; obesity: pooled RR = 1.28, 95% CI: 1.14–1.44).

Publication bias and sensitivity analysis

We detected no publication bias in the literature on BMI and OC risk
in the ‘overweight’ and ‘obesity’ groups based on either Egger’s test
(P = 0.31 and 0.37, respectively) or Begg’s test (P = 0.30 and 0.83, re-
spectively). In the sensitivity analyses, there was no significant vari-
ation in the pooled RR by excluding any of the studies, supporting
the robustness of our results (Figs 4 and 5).

Discussion

A total of 12 963 cases in 26 independent studies were identified in this
current meta-analysis. The results of this current meta-analysis, in-
cluding 13 case–control and 13 cohort studies, indicate that over-
weight and obesity are associated with an increased risk of OC.
When stratified by the degree of obesity, the overweight studies were
associated with a slightly increased risk of OC, and the results from the
obesity studies demonstrated a stronger risk effect.

In subgroup analyses, we found that overweight and obesity could
increase the risk of OC in most groups, except for the postmenopausal
group. The summary RR estimate was slightly lower for cohort studies
than for case–control studies. Olsen et al. (5) also reported that the
summary estimate was slightly lower in cohort studies, but these

Figure 3. Forest plot for the association between obesity and ovarian cancer risk. Relative risk estimates are for the comparison of individuals in the ‘obesity’ category

with those in the ‘normal weight’ category.
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Table 3. Pooled RRs of ovarian cancer for overweight/obesity compared with normal weight and corresponding 95% CIs

Studies groups No. of studies Fixed-effects RR (95% CI) Random-effects RR (95% CI) Q-test for heterogeneity

I2 score (%) P value

Overweight
Study design

Cohort studies 12 1.07 (1.01, 1.13) 1.08 (0.99, 1.17) 17.9 0.268
Case–control studies 13 1.09 (1.00, 1.18) 1.09 (1.00, 1.19) 11.1 0.334

Race
Caucasian 22 1.06 (1.02, 1.11) 1.06 (1.02, 1.11) 0 0.604
Asian 3 1.52 (1.13, 2.05) 1.51 (1.01, 2.28) 28.6 0.246

Menopausal status
Premenopausal 6 1.31 (1.04, 1.65) 1.32 (0.98, 1.77) 36.1 0.166
Postmenopausal 6 1.00 (0.87, 1.14) 0.97 (0.76, 1.24) 64.1 0.016

Body size assessment
Self-reported 20 1.06 (1.01, 1.11) 1.06 (1.00, 1.13) 12.8 0.296
Measured 5 1.19 (1.04, 1.37) 1.19 (1.04, 1.37) 0 0.623

Obesity
Study design

Cohort studies 12 1.18 (1.11, 1.26) 1.23 (1.10, 1.39) 41.5 0.065
Case–control studies 13 1.32 (1.20, 1.45) 1.31 (1.12, 1.54) 60.5 0.002

Race
Caucasian 23 1.22 (1.15, 1.29) 1.26 (1.15, 1.39) 53.2 0.001
Asian 2 2.37 (1.37, 4.09) 2.37 (1.37, 4.09) 0 0.773

Menopausal status
Premenopausal 6 1.50 (1.12, 2.00) 1.50 (1.12, 2.00) 0 0.501
Postmenopausal 6 1.02 (0.86, 1.21) 0.93 (0.61, 1.42) 77.6 0

Body size assessment
Self-reported 19 1.21 (1.14, 1.29) 1.27 (1.13, 1.43) 58.5 0.001
Measured 6 1.28 (1.14, 1.44) 1.32 (1.10, 1.58) 39.5 0.142

RR, relative risk; CI, confidence interval.

Figure 4. Sensitivity analyses for overweight versus normal weight.
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authors did not perform a subgroup analysis. Another meta-analysis
was conducted by the Collaboration Group on Epidemiological Stud-
ies of Ovarian Cancer, who reported highly significant variation in the
findings by study design (6). The reasons for these results may be as
follows: in case–control studies, the under-reporting of weight could
be a potential bias if it occurred unequally among cases and controls,
and there may also be bias if the individuals in the control group were
more ‘health conscious’ and thus less likely to be overweight than the
other cases (40). It seemed that most of the case–control cases were in-
corporated into our paper, including the young adults about 20. Most
of the target subjects in cohort studies were over age 40, as shown in
Tables 1 and 2, which may also lead to a higher RR estimate for the
case–control studies. However, we found the young adults accounting
for a very small part of all cases in the case–control studies, in which an
age distribution was adopted (27,31,33,35,39). There was also the
possibility that the age of the cases may have no obvious difference be-
tween cohort and case–control studies. When we used self-reported
weight and height at study entry to calculate the BMI, the small
error that exists is generally systematic, with an overestimation of
height and an underestimation of weight, especially at higher weights
(41–43). Consequently, we could observe a stronger association in the
measured studies. The measured studies were more accurate, and
the conclusion drawn from them was more credible. Furthermore,
the Asian studies demonstrated a stronger risk effect in our results.
Few observational studies were conducted among Asian women:
one Japanese study (20) and three Chinese studies (14,44,45) revealed
a statistically significant association between obesity and OC, whereas
Kuriyama et al. (25) and Weiderpass et al. (46) reported no associ-
ation. Additional studies are needed to support this thesis: there
exist some differences in the risk of OC caused by overweight/obesity
between Asians and Caucasians. In addition, the summary of the RR
estimate was higher for obesity groups than for overweight groups in
all of the above categories.

In our meta-analysis, we found no association between BMI and
OC risk in the postmenopausal period. However, the associations of
overweight and obesity with OC risk appeared stronger for postmeno-
pausal women than for premenopausal women in the European Pro-
spective Investigation into Cancer and Nutrition (EPIC) cohort study
(16). In a meta-analysis that was conducted by Poorolajal et al. (7),
when stratifying for menopausal status, these authors reported that
an increase in BMI could increase the risk of OC regardless of the
menopausal status. In contrast, Schouten et al. (8) revealed that no as-
sociation between BMI and OC risk existed in the postmenopausal
period; many epidemiological studies (32,37,47) have supported our
findings. The potential biological mechanism for the association be-
tween overweight, obesity and OC was not clear and consistent.
Kuper et al. (37) suggested that progesterone and leptin may be poten-
tial endocrine mediators of the effect of weight on OC risk. This effect
may also be as a result of the increased insulin levels (48), androgens
and free IGF-I (49) caused by obesity. Because there was no associ-
ation between BMI and OC risk in postmenopausal women, Reeves
et al. (18) suggested that OC and the relation with BMI might be
mediated by hormones, as the effect of BMI on risk seems to differ
markedly in premenopausal and postmenopausal women. Interesting-
ly, BMI was inversely associated with sex hormone-binding globulin
and progesterone and positively associated with free testosterone
in premenopausal women (50). All of the above hormone factors
probably play an independent or cooperative role in the carcinogenic
process. As previous findings remained inconclusive, additional stud-
ies are needed to confirm these findings and to explore the possible
mechanism.

The strength of our meta-analysis lies in its large sample size
(12 963OC cases and 2 164 977 participants) and a lack of significant
evidence of publication bias. Furthermore, we incorporated amaximal
bias adjustment in the pooled estimate; thus, the effect of potential
confounders was minimized. However, there were a few limitations

Figure 5. Sensitivity analyses for obesity versus normal weight.
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in our study as follows: (i) Due to the inherited limitation of observa-
tional studies, the possibility of recall, selection and information biases
cannot be ruled out and might have distorted the results. (ii) We only
searched for relevant articles in English and did not include literature
of other languages. (iii) We could not avoid the effect of confounding
variables completely, such as nulliparity and a family history of OC,
dietary intake, physical activity, tumour type and hormone replace-
ment therapy. Despite some limitations, this meta-analysis could effi-
ciently assess the association between overweight, obesity and OC
based on these studies.

In conclusion, the findings of this meta-analysis suggest that in-
creased body weight is associated with an increased risk of OC, in
Caucasians and Asians; in particular, severe obesity demonstrated a
stronger risk effect. No statistically significant association was ob-
served in the postmenopausal period, but was in the premenopausal
period. Note that OC can be prevented by maintaining a healthy
body weight; the results of this study will have a positive impact on
public health.
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