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Background: The International Agency for Research on Cancer (IARC) Monograph conducted a systematic
review of the relationship between asbestos and ovarian cancer. However, there may have been infor-
mation bias due to the undue weight given to few articles. To address this limitation, the present study
performed a meta-analysis integrating studies published both before and after the 2012 IARC Monograph
on Asbestos, with the aim of investigating the association between asbestos exposure and ovarian cancer.
Methods: A comprehensive search ofmajor journal databaseswas conducted to identify studies examining
the relationship between asbestos exposure and ovarian cancer, including those featured in the 2012 IARC
Monograph on Asbestos. A meta-analysis on asbestos exposure and cancer risk was performed.
Results: The meta-analysis of studies published after the 2012 IARC Monograph on Asbestos found a
summary Standardized Mortality Ratio (SMR) of 2.04 (95% CI: 1.03d4.05; p ¼ 0.0123; 5 studies), with a
significant degree of heterogeneity among the studies (I2 ¼ 72.99%). The combined analysis of 15 studies
before and after the 2012 IARC Monograph showed an overall summary SMR of 1.72 (95% CI: 1.43d2.06;
p ¼ 0.0349; 15 studies), with a moderate degree of heterogeneity (I2 ¼ 42.99%).
Conclusion: This meta-analysis provides evidence of a significant association between asbestos exposure
and ovarian cancer mortality. While the possibility of misdiagnosis in earlier studies cannot be
completely ruled out, recent findings suggest a robust correlation between asbestos exposure and
ovarian cancer. This highlights the importance of sustained efforts to minimize asbestos exposure and
protect public health.

� 2024 Occupational Safety and Health Research Institute. Published by Elsevier B.V. on behalf of
Institute, Occupational Safety and Health Research Institute, Korea Occupational Safety and Health

Agency. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
1. Introduction

Asbestos is a type of fibrous mineral that has been widely
utilized in various industries, including construction, industry,
textiles, and everyday life, due to its fire-retardant and insulating
properties. However, numerous studies have shown that asbestos
exposure is associated with an increased risk of asbestosis, lung
cancer, and malignant mesothelioma. In 1987, the International
Agency for Research on Cancer (IARC) classified all forms of
asbestos as a Group 1 carcinogen [1]. In Republic of Korea, the
manufacture of highly toxic types of asbestos, such as crocidolite
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and amosite, has been banned since 1997. Furthermore, since 2009,
the domestic manufacture, importation, and use of all asbestos-
containing products have been strictly prohibited in the country
to prevent the harmful health effects associated with asbestos
exposure [2].

As the epidemiological understanding of asbestos-related
health risks has evolved, the range of diseases associated with
asbestos exposure has expanded. In the 2014 update on Asbestos in
Helsinki, ovarian cancer was added to the list of malignant diseases
associated with asbestos exposure [3]. The Helsinki criteria were
based on the studies included in the 2012 IARC Monograph on
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asbestos [4]. These studies served as the foundational evidence for
adding ovarian cancer to the list of asbestos-related diseases. A
systematic literature review conducted in 2011, which analyzed 14
cohort studies and two case-control studies, confirmed that
previous exposure to asbestos was associated with an increased
risk of ovarian cancer [5].

Despite these advancements, several unresolved issues persist
regarding the association between asbestos exposure and ovarian
cancer. For instance, while the exposure in occupational settings
has been well-documented, studies suggest that women may also
be exposed through reproductive, digestive, or respiratory systems
[6e8]. Additionally, indirect exposuredsuch as through sexual
activity or domestic cleaning when a partner has been exposed to
asbestosdhas been proposed as an another route for risk [6,9,10].

Furthermore, there remains a concern that cases of malignant
mesothelioma in the peritoneum could be misdiagnosed as an
ovarian cancer, affecting the interpretation of data. It should be
noted that malignant mesothelioma in the peritoneum may be
misdiagnosed as an ovarian cancer on death certificates in cases of
ovarian cancer diagnosed before 1999, which could affect the
interpretation of statistical significance. When the analysis was
limited to pathologically confirmed cases of ovarian cancer, the risk
of asbestos-related ovarian cancer became less significant [5].

Despite the publication of numerous well-designed studies on
the association between asbestos exposure and ovarian cancer
since the 2012 IARC Monograph on asbestos, no comprehensive
meta-analysis has been conducted till date. Previous meta-analyses
confirmed a positive link between asbestos exposure and ovarian
cancer mortality but the potential sources of bias and the influence
of newer epidemiological data have not been fully explored in the
context of this association. In particular, the incorporation of
advanced diagnostic technologies in recent studies may contribute
to an enhanced diagnostic accuracy for asbestos-related ovarian
cancer (i.e., misdiagnosed peritoneal mesothelioma). In addition to,
given the latency periods of ovarian cancer and changes in asbestos
use in certain industries, it may be necessary to incorporate more
recent findings into the analysis.

In the present study, we aim to address these unresolved issues
and to provide an updated synthesis of the evidence. A meta-
analysis was conducted, integrating studies published both before
and after the 2014 Helsinki update on Asbestos, to offer an
advanced understanding of the link between asbestos exposure
and ovarian cancer.

2. Methods

2.1. Data extraction

A systematic review of the literature available on PubMed,
EMBASE, and the Cochrane Library in July 2022 was conducted to
identify relevant studies. Mesh terms and queries were selected
based on the advice of a librarian from the Catholic University
ofKorea School of Medicine, and included key concepts such as
“asbestos,” “crocidolite,” “serpentine,” “ovarian cancer,” “ovarian
neoplasms,” and “ovary tumor.” Each key concept employed a wide
range of synonyms, and the full terms and queries used for the
search are provided in Supplements (Tables S1 and S2). In addition,
we included cohort studies that were part of 2012 IARC Monograph
on asbestos.

2.2. Selection criteria

We followed a two-step approach to identify eligible studies.
First, we conducted a systematic search of longitudinal cohort
studies published after the 2012 IARC Monograph on asbestos that
investigated the association between asbestos exposure and the
risk of ovarian cancer. Second, we included studies that reported
outcome measures using the standardized mortality ratio (SMR),
standardized incidence ratio (SIR), and 95% confidence intervals
(CI). Additionally, we included the studies listed in the 2012 IARC
Monograph as well as 2014 Helsinki update on asbestos. To elimi-
nate redundancy, duplicate studies were excluded. Our search was
restricted to studies published in English.

2.3. Identification of relevant studies

The Fig. 1 below illustrates the PRISMA diagram that shows the
selection process of studies. Initially, 453 studies were identified
through PubMed, Embase, and Cochrane databases. Studies
published before the 2014 Helsinki update and duplicate studies
were removed. Then, cohort studies included in the 2014 Helsinki
update were added, and studies that did not meet the selection
criteria were excluded. Larson TC et al. [11], and Berry et al. [12],
were excluded due to their low scores (less than 4 points) in the
Newcastle-Ottawa Scale (NOS) quality assessment [13]. Finally, 17
studies that met the selection criteria were included in the
meta-analysis. Table 1 provides a summary of all selected literature.

2.4. Screening process

Two independent researchers (SY Kim and OH Kwon) screened
the studies, and another researcher (JY Park) independently
reviewed the screened studies. First, irrelevant topics were briefly
removed, and then studies were excluded according to pre-
determined selection criteria. Disagreements between researchers
were resolved through discussion. The main information extracted
from the studies included the author, publication year, country,
fiber types, follow-up period, participants, corrected variables,
number of women exposed, observed and expected cases of
ovarian cancer, and SMR and SIR with 95% CI.

2.5. Assessment of quality

The Newcastle-Ottawa Scale (NOS) was utilized to assess the
quality of the included cohort studies. The NOS score ranges from
0 d9 and comprises three domains: selection of studies, compa-
rability, and exposure [13]. Studies with a total score of less than
four were deemed to be of low quality and were not included in the
meta-analysis. The detailed quality assessment results of the
included studies are presented in Table S3.

2.6. Statistical analyses

The metafor package (https://cran.r-project.org/web/packages/
metafor/metafor.pdf) in R software version 4.2.1 (R Foundation for
Statistical Computing) was used to analyze each of the SMR and SIR
studies separately, and forest plots were used to display the sum-
mary effect estimates [14]. Both fixed effect and random effect
models were used to estimate the weighted SMRs and 95% CIs. For
the fixed effect model, the Mantel-Haenszel method was used, and
for the random effects model, the DerSimonian and Laird method
was employed [15,16]. Higgins’ I2 was applied to estimate the per-
centage variation and heterogeneity in the study. A criterion of
I2 � 50% (*P < 0.05) and I2 <50% (*P > 0.1) was adopted in the
random effect and fixed effect models, respectively [16,17]. Funnel
plots were used to assess publication bias [18]. Egger’s regression
analysis was performed to assess the asymmetry of the funnel plot
whenmore than 10 studies were included in themeta-analysis [19].

https://cran.r-project.org/web/packages/metafor/metafor.pdf
https://cran.r-project.org/web/packages/metafor/metafor.pdf


Fig. 1. PRISMA flow chart for the metaanalysis of asbestos exposure and ovarian cancer.
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3. Result

3.1. General characteristics of studies

The present analysis includes 17 studies published between
1982 and 2022, reporting data from 1941 to 2015 and involving
more than 73,797 participants from nine countries. The cohort
participants belonged to diverse occupations as well as industries
of cement, textile, etc. Althoughmost studies reported occupational
asbestos exposure, some also reported cases of nonoccupational or
family exposure [20e22].

Asbestos is categorized into two families, serpentine and
amphibole, with serpentine fibers containing chrysotile, also
known as chrysotile asbestos. Amphibole family minerals include
amosite (brown asbestos) and crocidolite (blue asbestos), which is
considered the most carcinogenic. The primary sources of exposure
in most of the literature included in this study were chrysotile,
crocidolite, and amosite. Among the studies analyzed, chrysotile
was the most commonly reported fiber type, although crocidolite
was also frequently reported in mixed form. Exposure to chrysotile
was reported in 7 cohorts [20,23e28]: Dalsgaard et al (2022),
Loomis et al (2013), Wang X et al (2013), Tarchi et al (1994),
Newhouse et al (1989), Gardner et al (1986), and Acheson
et al (1982). Exposure to only crocidolite was reported in three
cohorts [22,23,29]: Reid et al (2013), McDonald et al (2006), and
Acheson et al (1982). Three cohorts reported exposure to both
chrysotile and crocidolite [20,21,30,31]: (Pira et al (2016), Ferrante
et al (2007)). In addition, two mixed types of exposure were found
in (Szeszenia et al (2002) [32], Germani et al (1999) [33]), and the
type of asbestos was not specified in four studies [34e37] (Magnani
et al (2020), Oddone E et al (2017), Yang HYet al (2016), Wilczynska
et al. (2005)).

4. Meta-analysis

4.1. Standardized mortality ratio

Using a fixed-effects model, an analysis of 15 studies both before
and after the 2012 IARC report revealed an overall summary of SMR
of 1.72 for ovarian cancer (95% CI: 1.43d2.06; p ¼ 0.0349; 16
records) (Fig. 2A). The heterogeneity test indicated moderate
heterogeneity, with a p<0.1 and an I2 of 42.99%. In Egger’s test,
there was a low confounding effect due to publication bias
(p ¼ 0.1830) (Fig. 2B). Excluding Ferrante D et al (2007), which
included nonoccupational exposures, a summary SMR was slightly
increased (summary SMR 1.74, 95% CI: 1.44d2.10), compared with
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Fig. 2. Result of pooled analysis and varification for publication analysis. (A) Meta-analysis of standardized mortality ratio for asbestos exposure and ovarian cancer. (B) Begg’s
funnel plots and Egger’s test (p ¼ 0.1830) for identifying publication bias in the meta-analysis of observational studies.
*Heterogeneity: ( Q ¼ 26.3095, df ¼ 15, p-value ¼ 0.0349, I2 ¼ 42.99%).
FE Model, Fixed Effect Model, N, number of the ovarian cancer cases; SMR, Standardized Mortality Ratio.
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a summary SMR of previous whole analysis (summary SMR 1.72,
95% CI: 1.43d2.06).

After performing an analysis using a random-effects model on
studies published after the 2014 Helsinki update on Asbestos [3],
based on the 2012 IARC Monograph, the summary SMR for ovarian
cancer in asbestos-exposed cohorts was 2.04 (95% CI: 1.03d4.05;
p ¼ 0.0123; 5 records) (Fig. 3). The heterogeneity test showed a
p< and an I2 of 72.43%, indicating high heterogeneity. Due to the
small number of studies (n ¼ 5) included, Egger’s regression
analysis was not performed to assess publication bias.



Fig. 3. Meta-analysis of standardized mortality ratio for asbestos exposure and ovarian cancer (Published after 2012 IARC).
*Heterogeneity: ( Q ¼ 12.8050, df ¼ 4, p-value ¼ 0.0123, I2 ¼ 72.99%).
N, number of the ovarian cancer cases; RE Model, Random Effect Model; SMR, Standardized Mortality Ratio.
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4.2. Nonoccupational cohorts and standardized incidence ratio

Due to the majority of studies investigating the correlation
between asbestos exposure and ovarian cancer being occupational
cohort studies employing the SMR method, subgroup analysis on
nonoccupational exposure cohorts and SIR cohorts was not feasible.
However, three studies were discovered that explored the associ-
ation between nonoccupational asbestos exposure and ovarian
cancer [20e22]. Ferrante et al (2007) reported an SMR of 1.42 (95%
CI: 0.71d2.54) in wives of asbestos cement factory workers [21].
Reid et al (2013) reported an SIR of 2.63 (95% CI: 0.97d7.13) in an
Australian women cohort after exposure to blue asbestos [22].
However, this result excluded lost persons as 20% of the cohort was
lost during follow-up. Dalsgaard et al (2022) calculated an SIR of
0.72 (95% CI: 0.52d1.00) in a women cohort attending four schools
located in the neighborhood of a large asbestos cement plant in
Denmark [20]. Regarding the SIR studies, the data were insufficient
for a meta-analysis but showed inconsistent findings for ovarian
cancer risk: one indicated a significant increase (SIR ¼ 2.63), while
the other did not (SIR ¼ 0.72).

In the present meta-analysis of SMR cohorts, a summary SMR
was 2.04 (95% CI: 1.03d4.05) for ovarian cancer among asbestos-
exposed cohorts based on studies published after the 2014
Helsinki update. The heterogeneity was high, with an I2 of 72.99%.
For studies conducted before and after the 2012 IARC report, the
overall SMR was 1.72 (95% CI: 1.43d2.06), with moderate hetero-
geneity (I2 ¼ 42.99%). Regarding the SIR cohorts, only two studies
provided data: one showed a significant increase in ovarian cancer
incidence (SIR ¼ 2.63, corrected to 2.50 after adjusting for smok-
ing), while the other showed no significant increase (SIR ¼ 0.72).
Due to the limited number of studies on SIR, we were unable to
conduct a subgroup analysis for this metric.
5. Discussion

In the present study, a meta-analysis was conducted on
asbestos-exposed cohort studies published both before and after
the 2012 IARC Monograph. The analysis unveiled a statistically
significant increase in ovarian cancer mortality. Furthermore, a
subgroup analysis of studies published after the 2012 IARC Mono-
graph showed an approximately two-fold increase in ovarian
cancer mortality.

Interestingly, the estimate of effect observed in recent studies
appeared higher than those from earlier studies. Wang X
et al reported excessivemortality in ovarian cancer, based onone case
(SMR ¼ 7.69, 95% CI: 1.36d43.58) in a cohort of Chinese textile
workers, but this result is likely biased because they overestimated
theexpectednumberof cases [28]. Pira E et al reported anSMRof 3.03
(95%CI: 1.69d4.99) ina cohortof asbestos textileworkers innorthern
Italy, but study limitations suggest that peritoneal cancer may have
beenmisclassified as ovarian cancer [31]. Oddone E et al reported an
SMR of 3.64 (95% CI: 0.99d9.33) in a cohort of Italian cement plant
workers, although the threshold of statistical significance was not
reached [35]. Magnani et al (2020) reported an SMR of 1.38 (95% CI:
1.00d1.87) in a pool of 43 Italian asbestos cohorts (asbestos cement,
rolling stock, shipbuilding, glasswork, harbors, insulation, and other
industries) [34]. This result supports the conclusion of a previous
meta-analysis that estimated a meta-analytical RR of 1.77 over 18
studies [38]. Although not included in this analysis, Luberto
et al reported an SMR of 1.50 (95% CI: 0.90d2.34) for 21 asbestos
cement workers cohorts in Italy, and there was a significant increase
in women in the upper tertile of cumulative exposure [39].

Several potential explanations could account for this trend.
Recent studies might have employed more advanced and sensitive
diagnostic tools, leading to the more accurate diagnoses of ovarian
cancer. Also, prolonged exposure to asbestos in occupational
settings, due to historical leniencies in safety regulations, could
lead to more pronounced effects in cohorts analyzed in recent
studies. The delayed manifestation of the carcinogenic impact of
asbestos could be more evident in the more recent cohorts, given
the latency period for diseases like cancer.

The mechanism by which asbestos reaches the ovary after
inhalation remains not fully understood. It is suggested that inhaled
asbestos fibers might undergo phagocytosis by macrophages
within the lung tissue and subsequently be transported to the
abdominal cavity through the lymphatic vessels or mucous mem-
branes [4], causing inflammation in the ovary. There is evidence to
support the presence of asbestos fibers in the ovaries of women
with asbestos exposure. In fact, a study found that the number of
asbestos fibers detected in the ovaries of asbestos-exposed women
was more than twice that in nonexposed women [6,8,40].

There is also a possibility that asbestos fibers can reach the ovary
through the transvaginal route, as a recent study reported several
histopathologic cases of talc (similar to asbestos fiber) found in the
lymph nodes, cervix, uterine corpus, and fallopian tubes [41].
Asbestos fibers can accumulate in ovarian tissue over time and are
not expelled, leading to chronic inflammation, genetic and
epigenetic alterations that can promote the development of ovarian
cancers [10]. In addition, recent studies have provided evidence that
inflammation can contribute to the onset of ovarian cancer [42,43].

In refining our analysis by incorporating and excluding specific
studies, one distinct variable that became apparent was the
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differentiation between occupational and nonoccupational expo-
sures. However, when we excluded the only nonoccupational
cohort of Italian wives of asbestos cement factory workers, there is
just a slight increase of summary SMR. This slight increase may be
due to a range of factors, such as the type, duration, and concen-
tration of asbestos exposure. However, the overall direction of the
effect estimate did not fundamentally alter our conclusions but
rather increased the effect size slightly. On the other hand, expo-
sure level was not analyzed because it was only mentioned in a few
of the selected cohorts.

Additionally, due to the majority of studies investigating the
correlation between asbestos exposure and ovarian cancer being
occupational cohort studies employing the SMR method, a sub-
group analysis on nonoccupational exposure cohorts and SIR
cohorts was not feasible. However, when three cohorts with
nonoccupational asbestos exposure were analyzed, there were
conflicting results regarding the increased risk in the exposure
group [20,21,44].

In the heterogeneity test, the meta-analysis of the studies
conducted following the 2012 IARC Monograph showed high het-
erogeneity. However, given the limited number of studies included
in the analysis, a moderation effect analysis to identify the cause of
the high heterogeneity could not be conducted. Based on the
literature review, it is hypothesized that differences in the type or
size of asbestos fibers used in each cohort could potentially
contribute to the observed heterogeneity. Specifically, Yang HY
et al reported a low CI in the SMR result, possibly because they
focused on a population in the nephrite production area rather than
one exposed to the more common crocidolite and amosite [45e48].

As most of the studies included in this research were occupa-
tional cohort studies using the SMR method, conducting a
subgroup analysis on nonoccupational exposure cohorts and SIR
cohorts was challenging. However, Dalsgaard et al demonstrated
different outcomes using nonoccupational exposure cohorts and
the SIR approach [20].

It is important to note that many of the studies included in this
meta-analysis did not adequately account for potential con-
founding factors or independent risk factors for ovarian cancer.
Due to the limited available information, most of these studies
relied on retrospective analyses of occupational cohorts, making it
difficult to comprehensively address these factors. Independent
risk factors for ovarian cancer can include factors such as age at
menarche or menopause, late first pregnancy, age at first delivery,
and use of oral contraceptives or tubal ligation [5]. While some
studies did collect data on these factors, it is generally assumed
that these factors are not significantly related to asbestos exposure
and therefore did not significantly impact the results of the meta-
analysis [5].

As with the 2011 meta-analysis, the investigation of exposure-
response relationships was limited due to the small number of
ovarian cancer cases in the studies included in this analysis.
Furthermore, in the pathological field, there is a possibility that
serious ovarian cancer was misdiagnosed as peritoneal malignant
mesothelioma in previous studies, as immunohistochemical tests
to identify mesothelioma cells were developed only after 1999 [5].
This meta-analysis relies primarily on retrospective cohort studies,
which inherently lack contemporaneous pathological findings.
It’s worth noting that only the study from the Fengtian region
focusing on nephrite exposure, provided results for pathologically
confirmed ovarian cancer. Given the limited number of studies
meeting this criterion, performing a sensitivity analysis for patho-
logically confirmed cases is not feasible. Despite these limitations,
the cohorts included in this meta-analysis have been followed up
post-1999, and there are multiple studies indicating an elevated
risk of ovarian cancer in asbestos-exposed women [28,31,34,35].
Therefore, while issues related to misdiagnosis before the advent of
modern pathology techniques remain a concern, they are some-
whatmitigated in the current analysis. Nevertheless, there may still
be limitations to the pathological reports in studies analyzed since
2000. Therefore, if possible, the analysis in follow-up cohort studies
should focus on studies monitored since 1999 to increase the
accuracy of ovarian cancer diagnosis.

The significance of the current study is that it is the first meta-
analysis to incorporate both the Helsinki-included studies and
subsequent publications. It revealed a significant increase in SMR
for ovarian cancer, even in the studies published after the 2012 IARC
Monograph. To enhance future research, it is recommended to
investigate women diagnosed with ovarian cancer after 1999 using
the SIR method, particularly regarding environmental exposure.
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