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Background & aims: Diet may play an important role in the etiology of ovarian cancer (OC). We aimed to
evaluate the strength and credibility of evidence pertaining to dietary risk factors for OC.
Methods: We comprehensively searched PubMed, Web of Science, Cochrane, CINAHL, JBI Database of
Systematic Reviews and Implementation Reports, PROSPERO and EMBASE databases to identify related
systematic reviews and meta-analyses of prospective cohort studies. This study had been registered at
PROSPERO. The registration number is CRD42020187651. For each association, we estimated the sum-
mary effect size using fixed and random effects models, the 95% confidence interval and the 95% pre-
diction interval. We assessed heterogeneity, evidence of small-study effects, and excess significance bias.
Results: A total of 22 systematic reviews and meta-analyses were included in the present study. These
previous reports evaluated 184 individual studies, which proposed a total of 36 associations between
dietary factors and OC risk. Out of the 36 associations, there were no strong, highly suggestive and
suggestive evidence, only four (black tea, skim/low-fat milk, lactose, and calcium) were determined to be
supported by weak evidence. OC risk was inversely associated with intake of black tea or calcium, and
positively associated with intake of skim/low-fat milk or lactose.
Conclusions: Our studies revealed that four associations between OC risk and dietary factors (black tea,
skim/low-fat milk, lactose, and calcium) were supported by weak evidence. The remaining 32 associa-
tions were not confirmed. Additional studies are needed to carefully evaluate the relationship between
dietary factors and OC risk.

© 2020 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Ovarian cancer (OC) is one of the most severe gynecologic ma-
lignancies and the fifth leading cause of death by cancer in women
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worldwide [1,2]. Globally, 239,000 new cases and 152,000 deaths
are reported annually [3]. Recent evidence has demonstrated that
many factors contribute to the development of OC, including
reproductive factors, the use of exogenous hormones, and BRAC1/2
mutations [4e7]. However, these unmodifiable risk factors do not
provide an appropriate avenue to make recommendations for OC
prevention in the general population [8].

Diet is a key modifiable risk factor that can be used to make
recommendations for the prevention of non-communicable dis-
eases, including cancers [9]. Typical dietary patterns include a
combination of multiple diets, composed of numerous nutrients
that have synergistic interactions. Hence, to understand the asso-
ciation between diets and OC risk, we must consider food groups,
nutrients, and dietary patterns. Furthermore, dietary intake has
been demonstrated to play an important role in the etiology of OC
lism. All rights reserved.
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[10e12]. Numerous epidemiological studies have been published
that investigated the association between dietary factors and OC
risk [13e16]. However, to date, there have been no conclusive
studies that evaluated both the direction (i.e., increased or reduced
risk) and strength of the associations between dietary factors and
OC risk [17]. In addition, previous efforts to systematically evaluate
data from these studies have focused on exposure to individual
dietary factors. To our knowledge, there has been no attempt to
summarize the data from existing systematic reviews or from
meta-analyses of dietary risk factors in OC. Therefore, to gain a
better understanding of the strength of the data and the extent of
potential biases in the claimed associations between individual
dietary factors and OC risk, we performed an umbrella review of
the most recent data in published systematic reviews and meta-
analyses. We evaluated any evidence of bias in the findings and
identified the most robust associations with the fewest potential
biases.

2. Methods

2.1. Search strategy

We strictly conducted the umbrella review following the
guidelines [18]. We systematically searched PubMed, Web of Sci-
ence, Cochrane Database of Systematic Reviews, CINAHL, JBI Data-
base of Systematic Reviews and Implementation Reports,
PROSPERO and EMBASE databases for meta-analyses or systematic
reviews of observational studies that investigated the association
between dietary factors and risk of OC. We included studies pub-
lished from database inception through May 12, 2020. The search
algorithm used the keywords: “(diet OR dietary OR food OR
nutrition OR nutritional factors) AND (ovarian cancer OR ovarian
carcinoma OR ovarian neoplasms OR ovarian tumor OR ovarian
neoplasm OR ovarian mass OR ovarian masses) AND (meta-analysis
OR systematic review OR systematic overview)”. Subsequently, we
performed a manual search of reference lists from the retrieved
articles. The protocol of the study was registered on PROSPERO. The
registration number is CRD42020187651.

2.2. Selection criteria

Articles were initially screened by reviewing titles and abstracts.
The full-texts of potentially eligible articles were then examined by
three independent authors (HS, Z-YW and T-TG). Any discrepancies
were resolved by a third author (T-TG) who is dedicated to OC and
has expertise of clinical epidemiology and evidence-based medi-
cine. The criteria for eligibility were: (1) systematic reviews and
meta-analyses of prospective cohort studies on the associations
between diet and OC incidence in humans; (2) studies investigating
the incidence of OC in different dietary categories or dietary pat-
terns; and (3) studies focusing on the subtypes of OC. If a systematic
review or meta-analysis performed a subgroup analysis stratified
by the study design (caseecontrol and cohort studies), then the
results for cohort studies were included. Meta-analyses of ran-
domized controlled trials were not available for the present study.

We excluded individual studies from eligible systematic reviews
or meta-analyses according to the following criteria: (1) studies in
which dietary factor was not the exposure of interest and OC
incidence was not the outcome of interest (such as OC mortality);
and (2) systematic reviews or meta-analyses that did not present
study-specific data [risk estimates, 95% confidence intervals (CIs),
and numbers of cases/population]; (3) animal studies; (4) non-
English articles. We included separate studies of dietary in-
gredients and dietary patterns. If an article presented separate
meta-analyses of more than one eligible dietary factor, each was
1683

Descargado para BINASSS Circulaci (binas@ns.binasss.sa.cr) en National Library
2021. Para uso personal exclusivamente. No se permiten otros usos sin autoriz
assessed individually. If the association between dietary factors and
OC incidence was evaluated from highest to lowest and a
doseeresponse analysis was used, we included the doseeresponse
analysis [19]. Whenever a meta-analysis included a lower number
of component studies compared to other meta-analyses related to
the same research question, we chose to include the review with
the larger number of studies, since the number of studies was part
of our criteria [19].

2.3. Data extraction

Data extraction was performed independently by two authors
(HS and Z-YW). In the case of a discrepancy, the final decision was
made by a third author (Q-JW). For each eligible article, we recor-
ded the first author, publication year, dietary factor, number of
included studies, case number, study population, most adjusted
risk estimates (relative risk, odds ratio, hazard ratio, or incident risk
ratio), and corresponding 95% CIs. For each primary study from an
included systematic review or meta-analysis, the first author,
number of cases and subjects, maximally adjusted relative risk, and
corresponding 95% CI was extracted for further analysis.

2.4. Assessment of summary effects and heterogeneity

For each meta-analysis, we estimated the summary effect size
and its 95% CI using both fixed-effects and random-effects models
[20,21]. After taking into account the uncertainty of the estimated
summary effect in the random effects model and the heterogeneity
between the studies, the 95% prediction interval (PI) was calculated
to predict the expected effect size range in the new original studies
[22]. For the largest data set of each meta-analysis, we calculated
the standard error (SE) of the effect size and determined whether
the SE was less than 0.10. We used the I2 statistic to assess het-
erogeneity among studies [23]. Where I2 was beyond 50% or 75%,
the heterogeneity was considered to be substantial or considerable,
respectively. We also calculated the 95% CI of I2 to assess the un-
certainty around heterogeneity estimates [24].

2.5. Assessment of small-study effects

Egger's regression asymmetry test was performed to identify
small-study effects [25]. Although small-study effects can indicate
publication bias and other reporting biases, they can also reflect
genuine chance, heterogeneity, or other reasons for differences
between small and large studies. We calculated the SE of the effect
size for the largest study of each meta-analysis to determine
whether larger estimates of effect size were predicted by small
studies compared to large studies. If the p value for Egger's test was
smaller than 0.10 and the largest study had a smaller effect size
than the summary effect size, both criteria for the existence of
small-study effects were fulfilled [25].

2.6. Evidence of excess significance bias

We used the excess significance test to investigate whether the
observed number of studies (O) with nominally significant results
(“positive” studies, p < 0.05) was larger than the expected number
of significant results (E) [26]. In each meta-analysis, E is calculated
from the sum of the statistical power estimates for each component
study.We used the effect size of the largest study in ameta-analysis
to estimate the power of each component study [27]. We calculated
the power of each study by using a non-central t distribution [28].
The excess significance test was considered positive for p
values < 0.10, given that O > E.
 of Health and Social Security de ClinicalKey.es por Elsevier en mayo 06, 
ación. Copyright ©2021. Elsevier Inc. Todos los derechos reservados.
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2.7. Reviewing the existing evidence

Statistically significant (p < 0.05) associations between dietary
factors and OC risk were rated into four levels (strong, highly
suggestive, suggestive, and weak) using specific criteria. For strong
evidence: p < 10�6, number of cases >1000, I2 < 50%, p < 0.05 of the
largest study in the meta-analysis, 95% PI excludes the null value,
absence of small-study effects (p > 0.1 for Egger's test), and no
excess significance bias (p > 0.1). For highly suggestive evidence:
p < 10�6, number of cases >1000, and p < 0.05 of the largest study
in the meta-analysis. For suggestive evidence: p < 10�3, and
number of cases >1000. For weak evidence, the sole criterion was
p < 0.05 [29]. When p value > 0.05, there was no association.

3. Results

3.1. Literature review

We obtained 999 records from seven electronic databases after
the systematic search. After deleting duplicates, 585 records were
excluded through browsing titles and abstracts, and 58 were
excluded after assessment of the full-text (Fig.1 and Supplementary
Table S1). Ultimately, 22 studies met the inclusion criteria for our
study and were included in the final analysis [12,30e50].

3.2. Characteristics of included articles

Thecharacteristics of these22studies are shown inTable1.Among
22 studies, thirteen did not conduct methodological quality assess-
ment for individual studies [12,32e34,37,38,40e42,45e48], only 8
Fig. 1. Flow diagram of the
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used the NewcastleeOttawa Quality Assessment scale (NOS)
[30,31,35,36,39,43,44,50] and 1 used the Jadad scale for assessment
[49]. The included studies covered 36 different associations between
dietary factors and OC risk. All articleswere published between 2006
and2020. Thenumberof original prospective cohort studies included
in these systematic reviewsormeta-analyses ranged fromthree to14.
The number of participants ranged from 170,327 to 199,6841, and the
number of cases ranged from 728 to 5857. All eligible systematic re-
views or meta-analyses used summary-level data from published
literature andnoneprovidedaccess to individualparticipantdata. Ten
of 22 studies focused on 15 food items, including eggs, fish, redmeat,
processed meat, poultry, cruciferous vegetables, coffee, caffeine,
caffeinated coffee, decaffeinated coffee, tea, black tea, alcohol, skim/
low-fat milk, and cheese [12,33,41,43,44,46e50]. Twelve of the
studies focused on 19 nutrients, including lactose, vitamin A, vitamin
C, vitamin E, total fat, animal fat, plant fat, saturated fat, mono-
unsaturated fat, polyunsaturated fat, dairy fat, fiber, nitrate and ni-
trite, acrylamide, phytoestrogen, lycopene, calcium, and folate
[30e32,34,36e40,42,45,48]. One of them focused on two types of
dietary patterns, including a healthy pattern and Western-style
pattern [35]. Doseeresponse analyses were carried out for three as-
sociations (acrylamide, red meat, and processed meat) [40,47].

3.3. Summary effect size

The meta-analyses of the 36 associations were re-performed
using a random-effects model (Table 2). Out of the 36 meta-
analyses, the summary fixed-effects and random-effects estimates
were significant at p � 0.05 in four meta-analyses. These included
associations with black tea, skim/low-fat milk, lactose, and calcium.
study selection process.

 of Health and Social Security de ClinicalKey.es por Elsevier en mayo 06, 
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Table 1
Main characteristics of included systematic reviews or meta-analyses that evaluate dietary factors and ovarian cancer risk.

First author (Ref),
Year

Dietary factor No. of
studies

No. of
cases

No. of
population

Original article retrieval
time

Comparison Summary relative risk estimate
(95% CI)

Quality
Assessment

Wang [30], 2020 Vitamin A 5 1435 430,133 September 1 2019 Highest vs.
lowest

0.90 (0.74e1.09) NOS

Salari [33], 2019 Coffee 13 3927 860,106 October 31 2018 Highest vs.
lowest

1.08 (0.89e1.33) NOS

Caffeine 5 1443 253,784 Highest vs.
lowest

0.91 (0.69e1.19)

Caffeinated coffee 5 2384 534,070 Highest vs.
lowest

0.98 (0.65e1.49)

Decaffeinated
coffee

5 2256 534,070 Highest vs.
lowest

0.87 (0.67e1.14)

Long [31], 2019 Vitamin C 5 1435 430,133 May 31 2019 Highest vs.
lowest

1.15 (0.93e1.42) NA

Leng [32], 2019 Vitamin E 4 1155 332,858 June 1 2019 Highest vs.
lowest

1.08 (0.83e1.40) NA

Xu [34], 2018 Dietary fiber 5 1941 548,115 September 30 2017 Highest vs.
lowest

0.97 (0.85e1.12) NA

Wang [35], 2018 Healthy pattern 6 1787 404,714 December 31 2016 Highest vs.
lowest

0.95 (0.85e1.06) NOS

Western-style
pattern

4 752 294,869 Highest vs.
lowest

1.09 (0.93e1.28)

Song [36], 2017 Calcium 5 1726 351,192 April 30 2017 Highest vs.
lowest

0.86 (0.74, 0.99) NOS

Zhan [49], 2017 Tea 7 2277 686,654 April 30 2016 Highest vs.
lowest

0.80 (0.62e0.97) Jadad scale

Xie [37], 2016 Nitrate 3 1126 201,848 April 30 2016 Highest vs.
lowest

0.90 (0.54e1.52) NA

Nitrite 3 1104 192,451 Highest vs.
lowest

0.99 (0.75e1.32)

Qiu [38], 2016 Total fat 6 2850 745,748 December 31 2015 Highest vs.
lowest

1.10 (0.97e1.24) NA

Saturated fat 6 2850 745,748 Highest vs.
lowest

1.06 (0.89e1.26)

Animal fat 5 2570 648,473 Highest vs.
lowest

1.09 (0.93e1.28)

Plant fat 5 2570 648,473 Highest vs.
lowest

0.93 (0.74e1.17)

Monounsaturated
fat

5 2570 648,473 Highest vs.
lowest

1.04 (0.88e1.22)

Polyunsaturated
fat

5 2570 648,473 Highest vs.
lowest

1.06 (0.86e1.31)

Dairy fat 5 1728 253,780 Highest vs.
lowest

1.10 (0.94e1.28)

Yan [50], 2015 Alcohol 14 5857 1,996,841 May 31 2014 Highest vs.
lowest

1.03 (0.96e1.10) NOS

Zeng [41], 2015 Egg 6 984 620,121 August 31 2013 Highest vs.
lowest

1.20 (0.97e1.48) NA

Pelucchi [40], 2015 Acrylamide 3 979 212,302 July 31 2014 Per 10 ug/day 1.20 (0.81e1.79) NA
Qu [39], 2014 Phytoestrogen 4 867 274,896 April 30 2014 Highest vs.

lowest
0.77 (0.53e1.10) NOS

Li [42], 2014 Lycopene 3 2534 668,806 December 31 2013 Highest vs.
lowest

0.87 (0.62e1.23) NA

Jiang [43], 2014 Fish 5 1288 861,267 August 31 2013 Highest vs.
lowest

1.04 (0.89e1.22) NOS

Han [44], 2014 Cruciferous
vegetables

5 1379 365,585 December 05 2013 Highest vs.
lowest

1.00 (0.85e1.11) NOS

Li [45], 2013 Folate 4 1158 217,309 December 31 2012 Highest vs.
lowest

0.84 (0.61e1.14) NA

Butler [46], 2011 Black tea 5 1299 203,998 December 31 2010 Highest vs.
lowest

0.73 (0.57e0.93) NA

Wallin [47], 2011 Red meat 7 2272 691,295 January 21 2011 Per 100 g/
week

1.02 (0.99e1.04) NA

Processed meat 4 1761 568,673 Per 100 g/
week

1.06 (0.98e1.14)

Kolahdooz [12],
2010

Poultry 3 953 419,270 November 30 2009 Highest vs.
lowest

1.03 (0.84e1.27) NA

Larsson [48], 2006 Cheese 3 728 170,327 January 31 2005 Highest vs.
lowest

1.04 (0.60e1.81) NA

Skim/low-fat milk 3 728 170,327 Highest vs.
lowest

1.35 (1.09e1.68)

Lactose 3 728 170,327 Highest vs.
lowest

1.47 (1.17e1.84)

CI: confidence intervals.
NOS: NewcastleeOttawa Quality Assessment Scale.
NA: Not available.
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When we used p � 0.001 as a threshold for significance, only one
meta-analysis (lactose) produced significant summary results using
the random- and fixed-effects methods. Two associations (skim/
low-fat milk and lactose) for the highest versus lowest categories
showed p � 0.05 by the random-effects model, suggesting
increased OC risk. Additionally, two associations (black tea and
calcium) for the highest versus lowest categories showed p � 0.05
by the random-effects model, suggesting decreased OC risk. The
magnitude of the observed summary random effect estimates
ranged from 0.73 to 1.47 (Fig. 2). However, after excluding null
values of 95% PI, no associationwas found between diet factors and
OC risk (Table 2). The studies with the smallest SE for each asso-
ciation suggested that seven of 36 were significant at p� 0.05. Most
studies (75%, 27/36) showed low heterogeneity (I2 � 50%). Seven
(19.4%) meta-analyses had substantial heterogeneity estimates
(I2 > 50% and I2 � 75%), and two (5.6%) meta-analyses had
considerable heterogeneity estimates (I2 > 75%; Table 2).
Fig. 2. Association of meta-analysis summary effect sizes with inverse of the variance.
3.4. Small-study effects

With the exception of cheese (p < 0.10 with more conservative
effects in the larger studies), therewas no evidence for the presence
of small-study effects according to Egger's test (Table 3). However,
only two associations (coffee and alcohol) included 10 or more
studies and, therefore, provided enough statistical power for the
Table 2
Description of 36 meta-analyses of diet factors and ovarian cancer risk included in umbr

First author (Ref), Year Dietary factor Summary relative risk estimate (

Random effects Fixed effects

Wang [30], 2020 Vitamin A 0.89 (0.74e1.09) 0.89 (0.74e1
Salari [33], 2019 Coffee 1.08 (0.89e1.33) 1.09 (0.94e1

Caffeine 0.91 (0.69e1.19) 0.88 (0.74e1
Caffeinated coffee 0.98 (0.65e1.49) 0.98 (0.82e1
Decaffeinated coffee 0.87 (0.67e1.14) 0.87 (0.67e1

Long [31], 2019 Vitamin C 1.15 (0.92e1.42) 1.14 (0.94e1
Leng [32], 2019 Vitamin E 1.08 (0.83e1.40) 1.09 (0.89e1
Xu [34], 2018 Dietary fiber 0.97 (0.85e1.12) 0.97 (0.85e1
Wang [35], 2018 Healthy pattern 0.95 (0.85e1.06) 0.95 (0.86e1

Western-style pattern 1.09 (0.93e1.28) 1.10 (0.95e1
Song [36], 2017 Calcium 0.86 (0.74e0.99) 0.86 (0.74e0
Zhan [49], 2017 Tea 0.84 (0.68e1.03) 0.86 (0.73e1
Xie [37], 2016 Nitrate 0.90 (0.54e1.52) 1.05 (0.85e1

Nitrite 0.99 (0.75e1.32) 1.02 (0.85e1
Qiu [38], 2016 Total fat 1.10 (0.97e1.24) 1.10 (0.98e1

Animal fat 1.09 (0.93e1.28) 1.08 (0.95e1
Plant fat 0.93 (0.74e1.17) 0.99 (0.87e1
Saturated fat 1.06 (0.89e1.26) 1.08 (0.95e1
Monounsaturated fat 1.04 (0.88e1.22) 1.04 (0.89e1
Polyunsaturated fat 1.06 (0.86e1.31) 1.12 (0.98e1
Dairy fat 1.10 (0.94e1.28) 1.09 (0.95e1

Yan [50], 2015 Alcohol 1.03 (0.96e1.10) 0.97 (0.94e1
Zeng [41], 2015 Egg 1.19 (0.93e1.53) 1.20 (0.97e1
Pelucchi [40], 2015 Acrylamide 1.05 (0.95e1.15) 1.03 (0.97e1
Qu [39], 2014 Phytoestrogen 0.77 (0.53e1.10) 0.84 (0.70e1
Li [42], 2014 Lycopene 0.87 (0.62e1.23) 0.96 (0.84e1
Jiang [43], 2014 Fish 1.04 (0.89e1.22) 1.04 (0.89e1
Han [44], 2014 Cruciferous vegetables 0.97 (0.86e1.11) 0.97 (0.86e1
Li [45], 2013 Folate 0.84 (0.61e1.14) 0.82 (0.65e1
Butler [46], 2011 Black tea 0.73 (0.56e0.93) 0.72 (0.57e0
Wallin [47], 2011 Red meat 1.02 (0.99e1.04) 1.02 (0.99e1

Processed meat 1.06 (0.98e1.14) 1.06 (0.98e1
Kolahdooz [12], 2010 Poultry 1.03 (0.84e1.27) 1.03 (0.84e1
Larsson [48], 2006 Skim/low-fat milk 1.35 (1.09e1.68) 1.35 (1.09e1

Cheese 1.04 (0.60e1.81) 0.95 (0.71e1
Lactose 1.47 (1.17e1.84) 1.47 (1.17e1

PI, prediction interval.
a Relative risk and 95% confidence interval of largest study (smallest SE) in each meta
b p value of summary random effects estimate.
c p value of summary fixed effects estimate.
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Egger's test to adequately identify the presence of small-study
effects.
3.5. Excess significance

Only lactose association had evidence of excess significance bias
using the largest study estimate as the plausible effect size.
ella review.

95% CI) Random p valueb Fixed p valuec 95% PI

Largest studya

.09) 0.86 (0.60e1.23) 0.264 0.264 0.65e1.23

.27) 1.05 (0.75e1.46) 0.439 0.273 0.64e1.83

.05) 0.80 (0.60e1.07) 0.487 0.143 0.38e2.16

.18) 1.05 (0.78e1.39) 0.929 0.871 0.24e4.09

.14) 0.90 (0.61e1.31) 0.311 0.311 0.57e1.34

.37) 1.07 (0.77e1.48) 0.213 0.180 0.70e1.88

.34) 1.52 (1.04e2.21) 0.560 0.405 0.44e2.63

.12) 0.99 (0.83e1.18) 0.709 0.709 0.78e1.22

.04) 0.94 (0.83e1.06) 0.347 0.281 0.78e1.16

.27) 1.22 (0.97e1.55) 0.299 0.203 0.68e1.74

.99) 0.86 (0.68e1.10) 0.041 0.041 0.67e1.09

.01) 0.96 (0.70e1.30) 0.093 0.065 0.51e1.38

.29) 1.31 (1.01e1.68) 0.696 0.665 0.00e411.99

.21) 1.18 (0.93e1.50) 0.954 0.868 0.05e18.12

.24) 1.16 (0.96e1.40) 0.125 0.100 0.91e1.34

.22) 0.96 (0.80e1.15) 0.272 0.227 0.74e1.62

.13) 1.22 (0.98e1.52) 0.543 0.868 0.45e1.94

.23) 1.17 (0.97e1.40) 0.521 0.231 0.69e1.62

.22) 1.16 (0.93e1.44) 0.649 0.582 0.77e1.40

.28) 1.22 (1.02e1.48) 0.570 0.096 0.57e1.98

.25) 1.01 (0.80e1.27) 0.242 0.235 0.79e1.51

.00) 0.95 (0.92e0.99) 0.473 0.087 0.86e1.22

.48) 1.19 (0.85e1.67) 0.177 0.087 0.69e2.06

.10) 0.97 (0.89e1.05) 0.327 0.286 0.38e2.87

.00) 1.13 (0.87e1.47) 0.151 0.056 0.17e3.40

.09) 0.97 (0.84e1.12) 0.436 0.498 0.02e36.75

.22) 1.04 (0.83e1.32) 0.600 0.600 0.81e1.34

.11) 0.96 (0.80e1.15) 0.697 0.697 0.79e1.20

.04) 0.76 (0.52e1.12) 0.265 0.100 0.28e2.54

.91) 0.63 (0.40e0.99) 0.012 0.005 0.42e1.24

.04) 1.02 (0.98e1.06) 0.221 0.221 0.98e1.05

.14) 1.06 (0.95e1.17) 0.163 0.163 0.89e1.25

.27) 0.98 (0.73e1.32) 0.766 0.766 0.27e4.02

.68) 1.32 (0.97e1.82) 0.006 0.006 0.34e5.43

.26) 0.65 (0.43e0.97) 0.884 0.700 0.00e563.84

.84) 1.48 (1.05e2.09) 0.001 0.001 0.34e6.29

-analysis.
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3.6. Grading the evidence

Out of 36 associations between dietary components and OC risk,
four associations (black tea, skim/low-fat milk, lactose, and cal-
cium)was supported byweak evidence. Comparing the highest and
lowest consumers, the results showed that consuming black tea
and calcium reduced the risk of OC by 17% and 14%, respectively,
however, consumption of skim/low-fat milk and lactose increased
the risk of OC by 35% and 47%. The remaining 32 associations were
not confirmed. The detailed results of the analyses on which the
evidence ratings were based are shown in Tables 2 and 3.
4. Discussion

To promote communication between clinicians and patients on
the impact of diet on OC risk, we provide a comprehensive over-
view of reported associations between dietary factors and OC risk
by incorporating evidence from systematic reviews with meta-
analyses of prospective cohort studies. Overall, we evaluated as-
sociations between 36 different dietary factors and OC risk,
including 65,971 cancer cases. Four associations (black tea, skim/
low-fat milk, lactose, and calcium) were supported by weak evi-
dence. With the detailed evaluation of bias in the literature, our
studies revealed that OC risk was inversely associated with black
tea and calcium, and positively associated with skim/low-fat milk
and lactose.
Table 3
Evaluation of bias and heterogeneity in 36 meta-analyses of dietary factors and ovarian

First author (Ref), Year Dietary factor Egger's p valuea I

Wang [30], 2020 Vitamin A 0.137 0
Salari [33], 2019 Coffee 0.926 3

Caffeine 0.371 5
Caffeinated coffee 0.906 7
Decaffeinated coffee 0.175 0

Long [31], 2019 Vitamin C 0.389 2
Leng [32], 2019 Vitamin E 0.304 3
Xu [34], 2018 Dietary fiber 0.758 0
Wang [35], 2018 Healthy pattern 0.734 1

Western-style pattern 0.070 1
Song [36], 2017 Calcium 0.623 0
Zhan [49], 2017 Tea 0.280 3
Xie [37], 2016 Nitrate 0.434 7

Nitrite 0.810 5
Qiu [38], 2016 Total fat 0.040 4

Animal fat 0.783 2
Plant fat 0.173 6
Saturated fat 0.595 3
Monounsaturated fat 0.060 4
Polyunsaturated fat 0.145 4
Dairy fat 0.167 1

Yan [50], 2015 Alcohol 0.110 3
Zeng [41], 2015 Egg 0.589 2
Pelucchi [40], 2015 Acrylamide 0.146 5
Qu [39], 2014 Phytoestrogen 0.430 6
Li [42], 2014 Lycopene 0.442 6
Jiang [43], 2014 Fish 0.589 0
Han [44], 2014 Cruciferous vegetables 0.397 0
Li [45], 2013 Folate 0.472 4
Butler [46], 2011 Black tea 0.440 1
Wallin [47], 2011 Red meat 0.786 0

Processed meat 0.553 0
Kolahdooz [12], 2010 Poultry 0.186 0
Larsson [48], 2006 Skim/low-fat milk 0.213 0

Cheese 0.015 7
Lactose 0.417 0

a From Egger's regression asymmetry test.
b I2 metric of inconsistency (95% CI) and p value of Q test.
c Observed and expected number of significant studies using effect of largest study (s
d p value of excess significance test. All statistical tests two sided.
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Our umbrella review of the existing evidence supports an in-
verse association between OC risk and intake of black tea and cal-
cium, based on two meta-analyses of 10 (total) prospective cohort
studies [36,46]. Previous studies have examined the relationship
between OC risk and black tea and dietary calcium intake [51,52].
However, while these studies described the association, they failed
to fully evaluate potential heterogeneity and bias. Our study dem-
onstrates that some issues remained that needed to be considered
before reaching a definitive conclusion in these studies. Although
our study included null values of 95% PI, there was no evidence of
small-study effects or excess significance bias for black tea and
calcium. For these associations, the number of cases exceeded 1000.
Compared with previous umbrella reviews that studied associa-
tions between risk factors and health outcomes [53,54], this asso-
ciation study failed only one of our criteria, indicating that the
presence of bias in this literature may be relatively modest. A
previous study showed that black tea is rich in polyphenols, which
have been shown to significantly reduce the risk of OC [55]. Tea
polyphenols are one of the most beneficial compounds extracted
from tea and have been shown to down-regulate tumor gene
expression, induce tumor cell apoptosis, remove excess free radi-
cals, and play a role in preventing and inhibiting tumor growth
[56,57]. The exact biological mechanisms that allow for the inverse
relationship between calcium intake and OC risk are not fully un-
derstood. One possible explanation is that high levels of calcium
down-regulate circulating parathyroid hormone, which may be
negatively correlated with OC risk [58].
cancer risk.

2 (95% CI)b p valueb Observedc Expectedc p valued

.0 (0e79) 0.7980 0 0.47 e

6.6 (0e67) 0.0905 1 2.45 e

6.0 (0e84) 0.0586 1 1.47 e

5.9 (41e90) 0.0023 2 2.10 e

.0 (0e79) 0.9411 0 0.35 e

0.2 (0e66) 0.2863 1 0.88 0.88
5.9 (0e78) 0.1968 1 1.79 e

.0 (0e79) 0.5010 0 0.66 e

0.0 (0e77) 0.3514 0 0.97 e

7.9 (0e87) 0.3006 0 0.87 e

.0 (0e79) 0.6145 0 0.57 e

5.4 (0e73) 0.1579 2 1.66 0.76
8.8 (32e93) 0.0089 2 1.28 0.40
1.2 (0e86) 0.1287 0 0.85 e

.2 (0e76) 0.3896 1 1.01 e

8.4 (0e72) 0.2319 1 1.25 e

1.7 (0e86) 0.0336 1 2.02 e

1.9 (0e72) 0.1966 0 1.28 e

.5 (0e80) 0.3809 0 0.94 e

9.8 (0e82) 0.0931 1 1.28 e

3.7 (0e82) 0.3263 1 0.93 0.94
4.0 (0e65) 0.1027 2 2.99 e

3.7 (0e68) 0.2563 1 1.09 e

6.8 (0e88) 0.0988 0 1.16 e

8.4 (8e89) 0.0234 2 2.00 1.00
4.3 (0e90) 0.0605 1 0.77 0.76
.0 (0e79) 0.8748 0 0.40 e

.0 (0e79) 0.8990 0 0.38 e

0.8 (0e80) 0.1675 0 0.81 e

5.2 (0e82) 0.3173 2 0.97 0.24
.0 (0e71) 0.9961 0 0.44 e

.0 (0e85) 0.4807 0 0.50 e

.0 (0e90) 0.8065 0 0.23 e

.0 (0e90) 0.6376 0 0.26 e

0.6 (0e91) 0.0332 1 1.49 e

.0 (0e90) 0.9185 1 0.17 0.04

mallest SE) of each meta-analysis as plausible effect size.
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Our study also indicated that high consumption of skim/low-fat
milk and lactose was associated with increased OC risk based on
data of two meta-analyses of six (total) prospective cohort studies
[48]. A previous meta-analysis based on four cohort and nine
caseecontrol studies [59] found no association between low-fat/
skim milk intake and OC risk. However, this study did not
conduct subgroup analysis according to research type, and wewere
unable to obtain the results of the prospective study for further
analysis. Although there was no evidence of small-study effects or
excess significance bias for skim/low-fat milk, our study included
null values of 95% PI and the number of cases was less than 1000.
Therefore, more caution should be exercised in interpreting the
relationship between low-fat milk and OC risk. The mechanisms
underlying the positive association between skim/low-fat milk and
OC risk remains unclear, and more studies are needed to analyze
the underlying biological mechanisms. For lactose, a pooled study
of 12 cohort studies, including 553,217 women and 2132 epithelial
OC cases assessed the relationship between lactose intake and OC
risk [14] and was consistent with our findings. A significantly
higher risk of OC was observed with lactose consumption
(RR ¼ 1.19, 95% CI, 1.01e1.40) comparing � 30 g/day to � 10 g/day.
Animal models have shown that high dietary galactose causes
ovarian toxicity [60]. Hypogonadism or ovarian failure occurs
frequently in women with galactosemia due to an autosomal
recessive defect of the galactose-1-phosphouridase transferase
(GALT) gene [61,62]. Damage to the GALT gene causes the accu-
mulation of galactose and other metabolites in the body, including
the ovary [48]. However, the meta-analyses of this outcome had
some limitations, including excess significance bias and PIs con-
taining the null value. These biases may degrade the evidence and
do not demonstrate cautious or prudent conclusions.

Dietary pattern analysis has emerged in the field of nutritional
epidemiology as an alternative way to assess the association be-
tween overall diet and disease risk, because it takes into account
the complexity of overall diet and can potentially encourage
nutritional recommendations [63]. To date, limited systematic re-
views and meta-analyses have addressed the role of dietary pat-
terns in the risk of OC. A total of three meta-analyses of the
relationship between dietary patterns and OC risk were retrieved in
the present umbrella review [35,64,65]. However, two of them
included primary studies with fewer than three cohorts [64,65].
Finally, we included only one article that investigated two dietary
patterns (a healthy pattern and Western-style pattern), but we
failed to detect any association [35]. The lack of association be-
tween these two dietary patterns and OC risk is consistent with our
findings that many individual components of the dietary patterns,
such as alcohol, vegetables, and meat, are not strongly associated
with OC risk [12,44,50].

To our knowledge, our study is the first to provide an umbrella
review of published systematic reviews and meta-analyses of di-
etary factors for OC risk. It is also the first to summarize existing
data on dietary factors associated with OC risk in prospective
cohort studies. According to the assessment results of a series of
statistical analyses, we strictly rated the robustness and validity of a
total of 36 associations. Firstly, compared to an individual system-
atic review or meta-analysis, the present study has obvious ad-
vantages. As the number of system reviews increases, the logical
and appropriate next step is to review existing system reviews in
order to compare and contrast the results of individual reviews,
thus providing health care decision makers with the evidence they
need. The purpose of an umbrella review is to provide an overview
of the findings of a particular problem or phenomenon. This is more
useful for guidelines and clinical practice when all treatment op-
tions need to be considered. Second, we only included systematic
reviews or meta-analyses with prospective cohort studies.
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Information reflecting exposure is collected after a cancer diag-
nosis, and therefore, recall biases are inevitable and cannot be
ignored in caseecontrol studies.

This study also has several limitations that must be considered
when interpreting the results. Firstly, there are few prospective
cohort studies on diet and OC risk and, with the exception of coffee
and alcohol, most of the associations do not include enough studies
(i.e., at least 10) to support excess significance tests and Egger's
tests for identifying the origin of biases [25]. Secondly, since um-
brella reviews are observational studies, their reliability depends
directly on the included meta-analyses and indirectly on the orig-
inal studies. It was not possible for us to control for bias in the
original studies. Thirdly, we only assessed dietary factors consid-
ered by meta-analyses of observational studies. Therefore, this
study may exclude associations with adequate evidence if they
have yet to be assessed through meta-analyses of randomized
controlled trials or if they have not yet been assessed through
meta-analysis at all. For example, Rinninella et al. [66] reviewed
randomized controlled trials to assess the impact of nutritional
interventions on clinical outcomes in patients with OC. They found
that coffee consumption as well as supplementation with fruit and
vegetable juice concentrate have been shown to be valid and well-
tolerated nutritional strategies to improve clinical outcomes in OC.
Lastly, although more than half of meta-analyses did not evaluate
the methodological quality of individual articles, we did not
appraise the quality of the individual component primary studies as
this was beyond the scope of our review.

5. Conclusions

In conclusion, four associations between OC risk and dietary
factors (black tea, skim/low-fat milk, lactose, and calcium) were
supported by weak evidence. Intake of calcium or black tea was
found to reduce the risk of OC, whereas intake of skim/low-fat milk
or lactose was found to increase the risk of OC. However, data
related to lactose consumption and OC risk presents evidence of
excess significance bias. Further studies are needed to better
elucidate the association between other dietary factors and OC risk.
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