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ARTICLE INFO ABSTRACT
Handling Editor: Paul Whaley Background: Cadmium is a toxic heavy metal that has been implicated in breast cancer etiology, albeit with
Keywords: inconsistent results.
Cadmium Objective: To investigate the shape of the relation between cadmium exposure and breast cancer incidence and
Breast cancer mortality in cohort studies.
Dietary intake Data sources: Following a literature search through April 14, 2020, we carried out a systematic review and dose-
Urine excretion response meta-analysis to investigate the shape of the relation between cadmium exposure (assessed either

Dose-response meta-analysis through diet or urine excretion) and disease incidence and mortality.

Study eligibility criteria: For inclusion, a study had to report incidence or mortality for breast cancer according to
baseline cadmium exposure category; be a prospective cohort, case-cohort or nested case-control study with a
minimum one-year follow-up, and reporting effect estimates for all exposure categories.

Study appraisal and synthesis methods: Studies were evaluated using the ROBINS-E risk of bias tool. The effects in
humans were assessed quantitatively using one-stage dose-response meta-analysis in a random effects meta-
analytical model.

Results: We identified 10 studies eligible for inclusion in the dose-response meta-analysis, six based on cadmium
dietary intake, and four on urinary excretion levels. We found a marginal and imprecise positive relation be-
tween dietary cadmium intake and breast cancer, and no association when urinary cadmium excretion was used
for exposure assessment. Compared to no exposure, at 20 ug/day of cadmium intake the summary risk ratio was
1.12 (95% confidence interval 0.80-1.56), while at 2 ug/g creatinine of cadmium excretion the summary risk
ratio was 0.89 (95% confidence interval 0.38-2.14). Analysis restricted to post-menopausal women showed no
association between either dietary or urinary cadmium and subsequent breast cancer incidence and mortality.
Limitations and conclusions: Overall, we found scant evidence of a positive association between cadmium and
breast cancer. Available data were too limited to carry out stratified analyses according to age, smoking and
hormone receptor status. Therefore, possible associations between cadmium exposure and breast cancer in se-
lected subgroups cannot be entirely ruled out.

1. Introduction exposed, diet and smoking are the main sources of exposure (ATSDR,
2012; Filippini et al., 2018). In particular, higher levels of cadmium

Cadmium is a heavy metal toxic for humans with both natural and may occur in women due to increased absorption in relation to low
anthropogenic sources (ATSDR, 2012). In subjects not occupationally levels of iron, and in older subjects due to accumulation of cadmium,
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particularly in liver and kidney (Berglund et al., 1994; Filippini et al.,
2020; Jarup et al., 1983). Cadmium has been associated with increased
risk of chronic diseases including cancer (Akesson et al., 2014; Filippini
et al., 2019b; Satarug et al., 2017b; Tinkov et al., 2017; Tinkov et al.,
2018). The International Agency for Research on Cancer classified
cadmium as carcinogenic to humans (Group I) due to its capacity to
increase risk of lung cancer, and possibly kidney and prostate cancer
(IARC, 2012). Cadmium has also been suspected to increase the risk of
several other cancers, including gynecologic ones (Adams et al., 2014;
McElroy and Hunter, 2019; Vu et al., 2019). The latter association is
made plausible by the estrogen-like properties exhibited by this metal
(Ali et al., 2012; Ali et al., 2016; Kluxen et al., 2013), along with other
mechanisms, including increased migration and epithelial-mesench-
ymal transition of breast cancer cell (Shan et al., 2018; Wang et al.,
2019; Wei et al., 2018). In addition, cadmium has been associated with
genotoxic effects through the production of reactive oxygen species
(ROS), and with epigenetic alterations including DNA methylation and
histone modification, leading to reduction of the antioxidative defense
in breast cells (Cannino et al., 2008; Luevano and Damodaran, 2014).
The possibility that cadmium exposure may increase the risk of breast
cancer has been extensively investigated through recent epidemiolo-
gical studies based on very different indicators of exposure, although
with inconsistent results (Amadou et al., 2020; Gaudet et al., 2019;
Grioni et al., 2019; Jablonska et al., 2017; Jouybari et al., 2018; Larsson
et al., 2015; O'Brien et al., 2019; Strumylaite et al., 2019; Van Maele-
Fabry et al., 2016; White et al., 2019a). These studies have been het-
erogeneous with reference to study design, indicators of cadmium ex-
posure and outcome (incidence or mortality from breast cancer overall
considered, or in relation to specific subtypes). Most epidemiological
studies have based exposure assessment on dietary evaluation of cad-
mium intake or on urinary excretion of the heavy metal, which is the
most reliable biomarker of exposure (Akesson et al., 2014; Satarug
et al., 2017a). Case-control studies assessing this possible relationship
have also been challenged for methodological reasons, since the dis-
ease-related metabolic alterations and an impairment in nutritional
status may lead to changes in circulating levels of trace elements, in-
cluding cadmium (Jablonska et al., 2017; Zaroukian et al., 2005), thus
raising the issue of reverse causation.

Due to lack of dose-response meta-analyses of cohort studies as-
sessing the relation between cadmium exposure and breast cancer, and
the recent availability of advanced biostatistical techniques which are
being tested in risk assessment provided that enough studies with ca-
tegory-specific risk estimates are available (Adani et al., 2020; Crippa
et al.,, 2019; Filippini et al., 2019a; Larsson and Orsini, 2018; Lugo
et al., 2018; Vinceti et al., 2018), we carried out a dose-response meta-
analysis to investigate the shape of the relation between dietary and
urinary cadmium exposure with breast cancer incidence and mortality
in prospective cohort studies.

2. Methods
2.1. Literature search

We performed online literature searches in the PubMed, Embase
and Web of Science databases until 14 April 2020. The research ques-
tion was configured according to PECOS statement (Population,
Exposure, Comparator(s), Outcomes, and Study design - “Is cadmium
exposure positively associated with female breast cancer incidence and
mortality in prospective cohort studies, also taking into account the
different levels of exposure?”) (Morgan et al., 2018), by using search
terms related to “cadmium” and “breast cancer”. Details about the
search terms are reported in Supplemental Table S1. Reference lists
were further screened to identify additional literature, with the appli-
cation of citation chasing techniques including reference list scanning
of included studies and of previous reviews, as well as backward and
forward citations of included studies (Booth, 2008; European network
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for Health Technology Assessment (EUnetHTA) 2017).

A study was considered eligible if: (1) exposure to cadmium was
assessed through a long term indicator of exposure, i.e. assessment of
dietary intake or urinary levels (Akesson et al., 2014; Nawrot et al.,
2010); (2) the outcome of interest was breast cancer incidence and
mortality; (3) it was a prospective cohort, case-cohort or nested case-
control study with a minimum one-year follow-up; (4) risk estimates
were provided using incident rate ratio (IRR), hazard ratio (HR), rate/
risk ratio (RR) or odds ratio (OR), along with the corresponding 95%
confidence interval (CI); and (5) effect estimates were reported for all
exposure categories (either based on fixed cutpoint or percentiles), and
not for some of them only, or for continuous exposure. Case-control
studies with controls not recruited from the same cohort that generated
the breast cancer cases, cross-sectional and animal studies were not
considered. The studies were imported into Covidence systematic re-
view software (Veritas Health Innovation, Melbourne, Australia; www.
covidence.org). At least two authors reviewed all titles and abstracts
independently. When there was disagreement between two authors, a
final decision was reached through the intervention of a third author.
No language restriction was applied to the search strategy.

2.2. Risk of bias assessment

The quality of the included studies was assessed independently by
all authors from the University of Modena and Reggio Emilia, the
University of Athens, and the University of Porto, using the preliminary
Risk of Bias (RoB) in Non-randomized Studies of Exposures (ROBINS-E)
tool (Morgan et al., 2019). Seven domains were covered including: (1)
bias due to confounding; (2) bias in selecting participants in the study;
(3) bias in exposure classification; (4) bias due to departures from in-
tended exposures; (5) bias due to missing data; (6) bias in outcome
measurement; (7) bias in the selection of reported results. Each domain
was characterized as low, moderate, serious or critical risk of bias. We
report in Supplemental Table S2 the criteria for risk of bias evaluation.
In case of disagreement between assessors, we assigned the rate which
obtained the majority of the approvals.

2.3. Data extraction

The following data were extracted by two independent researchers
(MIK, TF) and checked by a third author (CC) for each eligible study:
(1) first author name; (2) publication year; (3) location; (4) duration of
follow-up; (5) exposure of interest (dietary intake or urinary excretion
of cadmium); (6) recruitment period; (7) date of outcome assessment;
(8) information about the outcome of interest (breast cancer incidence
and mortality); (9) cut-off values for each category of exposure; (10)
number of cases; (11) sample size; (12) adjustment variables in multi-
variable analysis; (13) risk estimates with 95% CIs from the most ad-
justed model.

2.4. Data analysis

We performed a meta-analysis based on categorical exposure to
cadmium, i.e. to the RRs from each study obtained by comparing the
highest versus the lowest exposure category. When more than one study
was carried out on the same cohort and used the same biomarker, we
included in the analysis only the latest report. We applied a random
effects model (DerSimonian and Laird, 1986), and we assessed het-
erogeneity using the 12 statistic (Higgins et al., 2003).

We used the methodology established by Greenland and Longnecker
(1992) and recently developed by Orsini et al. (2012) and Crippa et al.
(2019) to explore the shape of the relation between exposure to cad-
mium and breast cancer, stratifying for exposure assessment method
(reported dietary intake vs urinary excretion). For each exposure ca-
tegory, we extracted the mean or the median depending on the avail-
ability of the data provided by the authors. In cases where this
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information was missing, we used the midpoint of each exposure strata.
When the highest and lowest exposure categories were ‘open’, we used
as boundary a value that was 20% and 15% higher or lower than the
closest cutpoint. In order to investigate the association between ex-
posure and the outcome of interest, we applied the one-stage approach
for dose-response meta-analysis (Crippa et al., 2019; Orsini et al.,
2012). We used a restricted cubic spline model with 3 knots at fixed
percentiles (10, 50, and 90%) of the overall distribution of the dose
according to Harrell’s method (Harrell, 2001), and using a generalized
least-squares regression taking into account the correlation within each
set of published effect estimates (Crippa et al., 2019; Orsini et al.,
2012). Furthermore, we pooled study-specific estimates using the re-
stricted maximum likelihood method in a random-effects meta-analysis
(Jackson et al., 2010; Orsini et al., 2006; Orsini et al., 2012). We also
carried out a stratified analysis according to women’s menopausal
status.

We checked for the possible presence of publication bias using
funnel plots for studies reporting highest versus lowest exposure. In
sensitivity analyses, we used an alternative estimate (i.e. 15% instead of
20%) for the highest and lowest exposure categories with unknown
mean/median values. We provided a graphical overlay of study-specific
predicted curves including fixed and random effects showing the in-
fluence of variation across studies (Crippa et al., 2019), and we assessed
the presence of a linear trend (Orsini et al., 2012). We used Stata 16.1
software (Stata Corp. TX, 2019) for all data analyses, and specifically
the ‘metan’ and ‘metafunnel’ routines for highest versus lowest meta-
analysis and ‘mkspline’, and ‘drmeta’ routines for the dose-response
analysis.

We evaluated the overall certainty of the evidence according to the
GRADE approach (Atkins et al., 2004), which takes in account issues
related to both internal validity (risk of bias, inconsistency, impreci-
sion, publication bias) and external validity such as directness of the
results. We used the GRADEPro GDT (https://gradepro.org) to present a
certainty assessment and summary of findings table. Finally, our review
was implemented using the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement checklist (Moher et al.,
2011) reported in Supplemental Table S3.

3. Results

The PRISMA flow-chart of the literature search is presented in
Fig. 1. We retrieved 752 unique studies, from which 718 were excluded
after title and abstract screening, leaving 34 studies for full-text as-
sessment. Based on full-text evaluation, we additionally excluded 24
studies, including one study (Adams et al., 2012b) carried out on the
same population of one subsequently published study (Lin et al., 2013)
we included in the review. Details of reasons for exclusion are reported
in Fig. 1: excluded studies either did not employ a cohort design, or
they solely provided information of possible mechanisms. Otherwise,
they were reviews or conference abstracts of subsequent included stu-
dies. Finally, for lack of compliance with the study protocol we ex-
cluded the only one study assessing blood cadmium levels (Gaudet
et al., 2019) and the four studies using environmental air cadmium for
exposure assessment: one reporting correlations between air emissions
and incidence of breast cancer across US states (Vu et al., 2019), one
study not reporting cadmium levels across increasing categories of ex-
posure (White et al., 2019a), and the remaining two studies im-
plementing different and non-comparable assessment methods, namely
non-cumulative (Liu et al., 2015) and cumulative cadmium exposure
(Amadou et al., 2020).

Table 1 presents details about the characteristics of the eligible
studies which we eventually considered in the dose-response meta-
analysis. Five studies were conducted in the US (Adams et al., 2012a;
Adams et al., 2014; Adams et al., 2016; Garcia-Esquinas et al., 2014; Lin
et al., 2013), four in Europe (Eriksen et al., 2014; Eriksen et al., 2017;
Grioni et al., 2019; Julin et al., 2012) and one in Japan (Sawada et al.,
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2012). We included four studies assessing cadmium exposure using
urine levels (Adams et al., 2016; Eriksen et al., 2017; Garcia-Esquinas
et al., 2014; Lin et al., 2013), and six using dietary intake (Adams et al.,
2012a; Adams et al., 2014; Eriksen et al., 2014; Grioni et al., 2019;
Julin et al., 2012; Sawada et al., 2012). Eight studies assessed breast
cancer incidence (Adams et al., 2012a; Adams et al., 2014; Adams et al.,
2016; Eriksen et al., 2014; Eriksen et al., 2017; Grioni et al., 2019; Julin
et al., 2012; Sawada et al., 2012), and two mortality (Garcia-Esquinas
et al., 2014; Lin et al., 2013).

Detailed and summary RoB assessment with single-item evaluation
and overall study-level risk of bias is reported in Supplemental Tables
S4 and S5. Overall, none of the included studies was at high risk of bias.
All studies accounted for age and body mass index (or both height and
weight). All studies but one (Julin et al., 2012) included smoking habits
in the model, although the authors of this single study reported that the
addition of smoking to the multivariable model did not substantially
change estimates. One study did not adjust for the use hormone re-
placement therapy (Grioni et al., 2019). All studies assessing exposure
through urine levels reported creatinine-adjusted values, while all but
one (Eriksen et al., 2014) among studies using dietary intake presented
energy-adjusted estimates and/or included total energy intake in the
multivariable model. Two studies out of four (Garcia-Esquinas et al.,
2014; Lin et al., 2013) using urinary cadmium excretion focused on
breast cancer mortality, while all studies assessing dietary cadmium
intake considered incidence as the outcome.

The meta-analysis comparing the highest versus the lowest exposure
category showed no association of urine cadmium levels with incidence
or mortality for breast cancer (RR = 1.01, 95% CI 0.70-1.47), as well
as little evidence of a positive association with dietary intake
(RR = 1.04, 95% CI 0.90-1.21 — Supplemental Fig. S1). In the dose-
response meta-analysis, only two studies reported a median value for
each exposure categories (Grioni et al., 2019; Sawada et al., 2012). In
all other studies, we entered the mean values in intermediate categories
and a value 20% higher or lower than the closest cutpoints in open
boundaries. In the analysis considering all women independently from
menopausal status (Fig. 2), we detected a null association between in-
cidence and mortality for breast cancer and urinary cadmium
(RR = 0.96, 95% CI 0.57-1.59, at 1 ug/g creatinine and 0.89, 95% CI
0.37-2.14 at 2 pg/g creatinine). Conversely, we found a marginal and
statistically imprecise positive association between dietary cadmium
and breast cancer (RR = 1.04, 95% CI 0.81-1.33 at 10 pg/day, and
1.12, 95% CI 0.80-1.56 at 20 pg/day).

In the dose-response meta-analysis restricted to post-menopausal
women only, there was little evidence of any association between ex-
posure and breast cancer either using dietary assessment methods or
urinary excretion (Fig. 3). Conversely, the comparison of the highest
versus lowest category in this subgroup indicated no association based
on dietary cadmium, and a weak positive association based on urinary
cadmium excretion (Supplemental Fig. S2). The analysis restricted to
pre-menopausal women could only include two studies assessing
dietary cadmium intake, fewer than the number needed for a dose-re-
sponse spline regression analysis, but enough for a meta-analysis
comparing extreme exposure categories. The latter analysis showed
little association between exposure and breast cancer incidence
(RR = 1.12, 95% CI 0.44-2.87 — Supplemental Fig. S3), based on op-
posite results in the two studies. For urinary cadmium, stratified ana-
lysis based on outcome assessment (incidence vs. mortality) showed
limited evidence of any difference between the two outcomes, despite a
slightly higher risk ratio for the latter (RR = 0.96, 95% CI 0.68-1.36;
RR = 1.18, 95% CI 0.32-4.33, respectively — Supplemental Fig. S4). In
a sensitivity analysis entering a = 15% value instead of 20% for open
boundaries in exposure categories, we found comparable results
(Supplemental Fig. S5).

We also reported study-specific dose-response relations from leave-
one-out analysis in addition to the overall dose-response meta-analyses,
which were particularly heterogeneous for estimates based on dietary
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Fig. 1. Flow-chart of systematic literature search on cadmium exposure and breast cancer until 14 April 2020.

cadmium (Supplemental Fig. S6). Linear regression analysis of the re-
lation between cadmium exposure and breast cancer showed a sub-
stantially comparable pattern compared with the overall spline analysis
(Supplemental Fig. S7).

Funnel plots based on the different exposure assessment methods
showed a substantially symmetric distribution and yielded little evi-
dence of publication bias. Due to the low number of publications,
however, such bias could not be entirely ruled out (Supplemental Fig.
S8).

Finally, the GRADE assessment showed low-certainty of the evi-
dence for an enhanced breast cancer incidence and mortality induced
by both dietary and urinary cadmium exposure, due to directness of the
exposure assessment based on cadmium evaluation, a generally im-
precise effect due to the width of 95% confidence interval, lack of
serious risk of bias, no substantial publication bias, and the presence of
a moderate/serious inconsistency of results, an imprecise and not large
effect with no dose-response gradient (Table 2).

4. Discussion

Overall, we did not find evidence to link higher cadmium exposure
to an enhanced incidence and mortality for breast cancer, both in di-
chotomous, traditional meta-analysis and in dose-response spline re-
gression meta-analysis. In the latter, we found some though very im-
precise evidence of a weak positive association for the highest dietary
cadmium intake (above 20 pg/day approximately). However, this
finding was not replicated by the analysis based on the biomarker, that
is cadmium urinary excretion. This indicator had a major advantage: it
took into account all sources of exposure, including active and passive

smoking and more generally air pollution, as well as long-term and slow
cadmium release by organs such as the kidneys (Akesson et al., 2014;
Satarug et al., 2017a). Therefore, estimates based on dietary intake
assessment could have been biased by methodological limitations in the
evaluation of exposure including exposure misclassification due to
changes of dietary habits over time. In fact, these studies considered
exposure at a single point in time, which cannot probably reflect ex-
posure variation over a long period of time (Filippini et al., 2016;
Satarug et al., 2017a), and in addition they could have suffered from
residual, unmeasured confounding. An alternative hypothesis is that a
positive association actually existed between cadmium dietary intake
and cancer risk, but that such association is no longer detectable when
exposure assessment is based on a biomarker such as urinary cadmium,
either for limitations of the biomarker or for residual confounding.
However, urinary cadmium is considered to be a reliable biomarker of
exposure to this heavy metal (Akesson et al., 2014; Satarug et al.,
2017a). Also, generally high correlation is found between urinary
cadmium levels in samples collected in the same subjects 4-6 years
apart (Meliker et al., 2019). Nonetheless, we cannot entirely rule out
that factors such as changes in smoking habits or occurrence of diseases
characterized by increased excretion of proteins may produce short-
term changes in urinary cadmium levels, thus influencing exposure
assessment based on urinary cadmium excretion (Vacchi-Suzzi et al.,
2016).

The absence of evidence for an association between overall cad-
mium exposure and breast cancer was even stronger when we limited
the analysis to studies in post-menopausal women only. This is in
keeping with the hypothesis that breast cancer risk factors or effect
modification by age could differ according to age of disease onset or
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Table 1 (continued)

Adjustment factors

Cadmium levels

Population (age

range)

Outcome: date - duration Cases/

follow-up

Recruitment
period

Cohort

Region

Reference

population

at baseline: family history of breast cancer, age at

Third National Health and

menarche, age at first full term pregnancy, the
combined variable of menopausal status and

Nutrition Examination Survey

(NHANES III)

hormone therapy use status, alcohol consumption,

total pack years of smoking, strenuous physical

activity. and body mass index
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Fig. 2. Dose-response meta-analysis between cadmium exposure and breast
cancer using dietary intake — dCd (A) or urine levels — uCd (B) in all women.
Spline curve (solid line) with 95% confidence limits (dashed lines). RR: risk
ratio.

menopausal status (Strumylaite et al., 2010). In such a subgroup, in
fact, dietary cadmium also showed little association with breast cancer.
Conversely, we could not carry out a specific analysis for pre-meno-
pausal women due to a lack of data for the latter. However, the di-
chotomous meta-analysis based on the comparison of extreme cate-
gories of exposure for pre-menopausal women did not yield results
suggestive of an association in this subgroup as well.

The substantial lack of association between cadmium exposure and
breast cancer incidence and mortality we detected in this dose-response
meta-analysis is not entirely surprising, given the most recent results of
other studies testing this association based on exposure assessment with
blood or air cadmium levels (Amadou et al., 2020; Gaudet et al., 2019;
Liu et al., 2015; Vu et al., 2019; White et al., 2019b). In particular, the
only study on breast cancer that assessed cadmium exposure using
blood levels drawn from three different cohorts (Gaudet et al., 2019)
found an inverse association RR = 0.59 (95% CI 0.39-0.91) when
comparing the highest versus the lowest exposure category. In addition,
despite some biological plausibility of such association based on some
toxic properties of the heavy metal, such as estrogenicity, reactive
oxygen species production and DNA damage (Akesson et al., 2014),
other studies highlighted cadmium properties compatible with even a
reduced risk of breast cancer. Such effects are cadmium-induced lower
estradiol levels or adverse effects of the metal on angiogenesis and cell
viability, properties which might explain recently reported inverse as-
sociations between cadmium exposure and breast cancer (Amadou
et al., 2020; Gaudet et al., 2019).

Because of the lack of data, we could not assess using dose-response
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Fig. 3. Dose-response meta-analysis between cadmium exposure and breast
cancer using dietary intake — dCd (A) or urine levels —uCd (B) in post-meno-

pausal women. Spline curve (solid line) with 95% confidence limits (dashed
lines). RR: risk ratio.

meta-analysis the role of confounding factors such as body mass index
and smoking habits or whether cadmium exposure may play a role in
the induction of specific breast cancer subtypes based on hormone re-
ceptor status. This is particularly so if cancer subtypes are rare enough
compared with the remaining disease forms and therefore unable to
modify the overall shape of the relation. Some studies suggested that
the hormone receptor status of breast cancer may modify the associa-
tion, although other reports found little support for this (Amadou et al.,
2020; Grioni et al., 2019; Julin et al., 2012; Van Maele-Fabry et al.,
2016). In addition, our meta-analysis included studies assessing both
breast cancer incidence and mortality and this may have introduced
some heterogeneity in the summary risk estimates, since different
etiological factors may be implicated in the onset of or the death from
breast cancer.

We consider the dose-response modelling of the association between
cadmium exposure and breast cancer incidence and mortality as main
strength of this review. To the best of our knowledge, this was per-
formed only once, based on urinary cadmium excretion only and on a
smaller number of studies compared with those we could retrieve
(Larsson et al., 2015). Conversely, we must acknowledge some het-
erogeneity among the included studies: this includes the use of mor-
tality as a surrogate for incidence in two of the four studies based on
urinary cadmium. Unfortunately, only two studies investigated the as-
sociation between urinary cadmium excretion and breast cancer in-
cidence, hampering us from carrying out the dose-response analysis
excluding breast cancer mortality. Also, the higher heterogeneity may
be due to different menopausal status of studies populations. However,

Table 2

Summary of findings table. Research question: “Is cadmium exposure positively associated with female breast cancer incidence and mortality in prospective cohort studies, also taking into account the different levels of

exposure?”. Assessment in all women, divided by exposure assessment methods: dietary cadmium (dCd) and urinary excretion (uCd).

Importance

Summary of findings

Certainty assessment

Certainty

Effect

No. of patients

Imprecision Other considerations

Inconsistency Indirectness

Risk of bias

Study design

No. of

studies

Absolute (95% CI)

Relative

Low exposure

Cadmium

(95% CI)

IMPORTANT*

+

38 more per
100.000

RR 1.04
(0.90 to
1.21)

2791/296133

(0.9%)

2987/293835

No publication bias detected, not large
(1.0%)

Serious”

Not serious

Serious”

Not serious

Observational

VERY LOW

effect, no serious confounding, no dose-

response gradient.

(cohort) dCd

(from 94 fewer to

198 more)
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IMPORTANT*

+
VERY LOW

202 more per
100.000

(from 6.071 fewer
to 9.512 more)

RR 1.01
(0.70 to
1.47)

409/2021
(20.2%)

443/2480
(17.9%)

effect, no serious confounding, no dose-

No publication bias detected, not large
response gradient

Serious”

Not serious

Serious”

Not serious

Observational
(cohort) uCd
¢ Important since breast cancer is one of the most prevalent malignancy and the leading cause of death from cancer among women, but not critical due to the presence of therapeutic alternatives positively affecting

b Serious imprecision due to the width of 95% confidence interval.
disease prognosis.

@ Heterogeneity greater than moderate.
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the subgroup analysis suggested no major effects of this potential source
of heterogeneity on the summary risk estimates, while such estimates
were statistically too unstable to rule out slightly positive associations.
Another limitation of our assessment may derive from the inclusion of
vegetable consumption in the potential confounders adjusted for some
studies based on dietary cadmium assessment (Adams et al., 2012a;
Adams et al., 2014; Grioni et al., 2019; Sawada et al., 2012), and of
smoking in all studies based on urinary cadmium. These two are the
most important sources of cadmium exposure in non-occupationally
exposed individuals (ATSDR, 2012; Filippini et al., 2018; IARC, 2012).
Therefore, adjustment for these factors, despite improving confounding
control, may have led to overadjustment by decreasing the gradient in
exposure, thus contributing to the lack of detection of any relation
between exposure and risk in both the single studies and our meta-
analysis. Unfortunately, risk estimates stratified by smoking or vege-
table intake were not available in sufficient numbers to carry out dose-
response meta-analyses in selected subgroups, such as non-smokers or
smokers. However, there was some sparse evidence of possible relations
in such subgroups in single studies, such as the increased breast cancer
risk found in smokers with the highest urinary cadmium levels but not
in never-smokers in the study by Eriksen et al. (Eriksen et al., 2017),
suggesting the need to further investigate this issue. We cannot also rule
out that some non-differential exposure misclassification may have
occurred, likely biasing the risk estimates towards the null and ham-
pering the detection of any possible weak association between cadmium
and breast cancer. We also note that several case-control studies have
reported increased odds of breast cancer in women with the highest
cadmium exposure as compared to those in the lowest exposure cate-
gories (Gallagher et al., 2010; Itoh et al., 2014; McElroy et al., 2006;
Nagata et al., 2013; Strumylaite et al., 2019). This study design is
however hampered by sources of bias, including (but not limited to)
reverse causation due to dietary changes in patients or disease-induced
changes in cadmium metabolism.

5. Conclusions

Overall, we found no relation between the investigated levels of
cadmium exposure and breast cancer incidence and mortality.
Nevertheless, due to the lack of enough data on smoking and hormone
receptor status to carry out stratified analyses, possible associations
between cadmium exposure and breast cancer in selected subgroups
cannot be entirely ruled out.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgements

Supported by grant GP-EFSA-AFSCO-2017-01 GAOQ9 of the European
Food Safety Authority - EFSA. The text reflects only the authors' view,
and EFSA is not responsible for any use that may be made of the in-
formation it contains.

Appendix A. Supplementary material

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.envint.2020.105879.

References

Adams, S.V., Newcomb, P.A., White, E., 2012a. Dietary cadmium and risk of invasive
postmenopausal breast cancer in the VITAL cohort. Cancer Causes Control. 23,
845-854. https://doi.org/10.1007/s10552-012-9953-6.

Environment International 142 (2020) 105879

Adams, S.V., Passarelli, M.N., Newcomb, P.A., 2012b. Cadmium exposure and cancer
mortality in the Third National Health and Nutrition Examination Survey cohort.
Occup. Environ. Med. 69, 153-156. https://doi.org/10.1136/0emed-2011-100111.

Adams, S.V., Quraishi, S.M., Shafer, M.M., Passarelli, M.N., Freney, E.P., Chlebowski,
R.T., Luo, J., Meliker, J.R., Mu, L., Neuhouser, M.L., Newcomb, P.A., 2014. Dietary
cadmium exposure and risk of breast, endometrial, and ovarian cancer in the
Women's Health Initiative. Environ. Health Perspect. 122, 594-600. https://doi.org/
10.1289/ehp.1307054.

Adams, S.V., Shafer, M.M., Bonner, M.R., LaCroix, A.Z., Manson, J.E., Meliker, J.R.,
Neuhouser, M.L., Newcomb, P.A., 2016. Urinary cadmium and risk of invasive breast
cancer in the Women's Health Initiative. Am. J. Epidemiol. 183, 815-823. https://
doi.org/10.1093/aje/kwv285.

Adani, G., Filippini, T., Wise, L.A., Halldorsson, T.I., Blaha, L., Vinceti, M., 2020. Dietary
intake of acrylamide and risk of breast, endometrial and ovarian cancers: A sys-
tematic review and dose-response meta-analysis. Cancer Epidemiol. Biomarkers Prev.
29, 1095-1106. https://doi.org/10.1158/1055-9965.EPI-19-1628.

Akesson, A., Barregard, L., Bergdahl, I.A., Nordberg, G.F., Nordberg, M., Skerfving, S.,
2014. Non-renal effects and the risk assessment of environmental cadmium exposure.
Environ. Health Perspect. 122, 431-438. https://doi.org/10.1289/ehp.1307110.

Ali, 1., Damdimopoulou, P., Stenius, U., Adamsson, A., Makela, S.I., Akesson, A.,
Berglund, M., Hakansson, H., Halldin, K., 2012. Cadmium-induced effects on cellular
signaling pathways in the liver of transgenic estrogen reporter mice. Toxicol. Sci.
127, 66-75. https://doi.org/10.1093/toxsci/kfs077.

Ali, I., Hurmerinta, T., Nurmi, T., Berglund, M., Ruegg, J., Poutanen, M., Halldin, K.,
Makela, S., Damdimopoulou, P., 2016. From pure compounds to complex exposure:
Effects of dietary cadmium and lignans on estrogen, epidermal growth factor re-
ceptor, and mitogen activated protein kinase signaling in vivo. Toxicol. Lett. 253,
27-35. https://doi.org/10.1016/j.toxlet.2016.04.020.

Amadou, A., Praud, D., Coudon, T., Danjou, A.M.N., Faure, E., Leffondre, K., Le
Romancer, M., Severi, G., Salizzoni, P., Mancini, F.R., Fervers, B., 2020. Chronic long-
term exposure to cadmium air pollution and breast cancer risk in the French E3N
cohort. Int. J. Cancer. 146, 341-351. https://doi.org/10.1002/ijc.32257.

Atkins, D., Best, D., Briss, P.A., Eccles, M., Falck-Ytter, Y., Flottorp, S., Guyatt, G.H.,
Harbour, R.T., Haugh, M.C., Henry, D., Hill, S., Jaeschke, R., Leng, G., Liberati, A.,
Magrini, N., Mason, J., Middleton, P., Mrukowicz, J., O'Connell, D., Oxman, A.D.,
Phillips, B., Schunemann, H.J., Edejer, T., Varonen, H., Vist, G.E., Williams Jr., J.W.,
Zaza, S., 2004. Grading quality of evidence and strength of recommendations. BMJ
328, 1490. https://doi.org/10.1136/bm;j.328.7454.1490.

ATSDR, 2012. Toxicological profile for Cadmium. In: U.S. Department of Health and
Human Services - Public Health Service (Ed), Atlanta, GA: Agency for Toxic
Substances and Disease Registry. https://www.atsdr.cdc.gov/toxprofiles/tp.asp?id =
48&tid =15 (Accessed April 14, 2020).

Berglund, M., Akesson, A., Nermell, B., Vahter, M., 1994. Intestinal absorption of dietary
cadmium in women depends on body iron stores and fiber intake. Environ. Health
Perspect. 102, 1058-1066. https://doi.org/10.1289/ehp.941021058.

Booth, A., 2008. Unpacking your literature search toolbox: On search styles and tactics.
Health Info Libr. J. 25, 313-317. https://doi.org/10.1111/j.1471-1842.2008.
00825.x.

Cannino, G., Ferruggia, E., Luparello, C., Rinaldi, A.M., 2008. Effects of cadmium chloride
on some mitochondria-related activity and gene expression of human MDA-MB231
breast tumor cells. J. Inorg. Biochem. 102, 1668-1676. https://doi.org/10.1016/j.
jinorgbio.2008.04.002.

Crippa, A., Discacciati, A., Bottai, M., Spiegelman, D., Orsini, N., 2019. One-stage dose-
response meta-analysis for aggregated data. Stat. Methods Med. Res. 28, 1579-1596.
https://doi.org/10.1177/0962280218773122.

DerSimonian, R., Laird, N., 1986. Meta-analysis in clinical trials. Control. Clin. Trials. 7,
177-188. https://doi.org/10.1016/0197-2456(86)90046-2.

Eriksen, K.T., Halkjaer, J., Sorensen, M., Meliker, J.R., McElroy, J.A., Tjonneland, A.,
Raaschou-Nielsen, O., 2014. Dietary cadmium intake and risk of breast, endometrial
and ovarian cancer in Danish postmenopausal women: A prospective cohort study.
PLoS One 9, e100815. https://doi.org/10.1371/journal.pone.0100815.

Eriksen, K.T., McElroy, J.A., Harrington, J.M., Levine, K.E., Pedersen, C., Sorensen, M.,
Tjonneland, A., Meliker, J.R., Raaschou-Nielsen, O., 2017. Urinary cadmium and
breast cancer: A prospective Danish cohort study. J. Natl. Cancer. Inst. 109, djw204.
https://doi.org/10.1093/jnci/djw204.

European network for Health Technology Assessment (EUnetHTA), 2017. Process of in-
formation retrieval for systematic reviews and health technology assessments on
clinical effectiveness. Version 1.2, December 2017. https://www.eunethta.eu/
process-of-information-retrieval-for-systematic-reviews-and-health-technology-
assessments-on-clinical-effectiveness (Accessed April 14, 2020).

Filippini, T., Cilloni, S., Malavolti, M., Violi, F., Malagoli, C., Tesauro, M., Bottecchi, I.,
Ferrari, A., Vescovi, L., Vinceti, M., 2018. Dietary intake of cadmium, chromium,
copper, manganese, selenium and zinc in a Northern Italy community. J. Trace Elem.
Med. Biol. 50, 508-517. https://doi.org/10.1016/].jtemb.2018.03.001.

Filippini, T., Hatch, E.E., Rothman, K.J., Heck, J.E., Park, A.S., Crippa, A., Orsini, N.,
Vinceti, M., 2019a. Association between outdoor air pollution and childhood leu-
kemia: A systematic review and dose-response meta-analysis. Environ. Health
Perspect. 127, 46002. https://doi.org/10.1289/ehp4381.

Filippini, T., Malagoli, C., Wise, L.A., Malavolti, M., Pellacani, G., Vinceti, M., 2019b.
Dietary cadmium intake and risk of cutaneous melanoma: An Italian population-
based case-control study. J. Trace Elem. Med. Biol. 56, 100-106. https://doi.org/10.
1016/j.jtemb.2019.08.002.

Filippini, T., Michalke, B., Malagoli, C., Grill, P., Bottecchi, I., Malavolti, M., Vescovi, L.,
Sieri, S., Krogh, V., Cherubini, A., Maffeis, G., Modenesi, M., Castiglia, P., Vinceti, M.,
2016. Determinants of serum cadmium levels in a Northern Italy community: A cross-
sectional study. Environ. Res. 150, 219-226. https://doi.org/10.1016/j.envres.2016.
06.002.

Filippini, T., Upson, K., Adani, G., Malagoli, C., Baraldi, C., Michalke, B., Vinceti, M.,
2020. Comparison of methodologies to estimate dietary cadmium intake in an Italian
population. Int. J. Environ. Res. Public Health. 17, 2264. https://doi.org/10.3390/


https://doi.org/10.1016/j.envint.2020.105879
https://doi.org/10.1016/j.envint.2020.105879
https://doi.org/10.1007/s10552-012-9953-6
https://doi.org/10.1136/oemed-2011-100111
https://doi.org/10.1289/ehp.1307054
https://doi.org/10.1289/ehp.1307054
https://doi.org/10.1093/aje/kwv285
https://doi.org/10.1093/aje/kwv285
https://doi.org/10.1158/1055-9965.EPI-19-1628
https://doi.org/10.1289/ehp.1307110
https://doi.org/10.1093/toxsci/kfs077
https://doi.org/10.1016/j.toxlet.2016.04.020
https://doi.org/10.1002/ijc.32257
https://doi.org/10.1136/bmj.328.7454.1490
https://www.atsdr.cdc.gov/toxprofiles/tp.asp%3fid%3d48%26tid%3d15
https://www.atsdr.cdc.gov/toxprofiles/tp.asp%3fid%3d48%26tid%3d15
https://doi.org/10.1289/ehp.941021058
https://doi.org/10.1111/j.1471-1842.2008.00825.x
https://doi.org/10.1111/j.1471-1842.2008.00825.x
https://doi.org/10.1016/j.jinorgbio.2008.04.002
https://doi.org/10.1016/j.jinorgbio.2008.04.002
https://doi.org/10.1177/0962280218773122
https://doi.org/10.1016/0197-2456(86)90046-2
https://doi.org/10.1371/journal.pone.0100815
https://doi.org/10.1093/jnci/djw204
https://www.eunethta.eu/process-of-information-retrieval-for-systematic-reviews-and-health-technology-assessments-on-clinical-effectiveness
https://www.eunethta.eu/process-of-information-retrieval-for-systematic-reviews-and-health-technology-assessments-on-clinical-effectiveness
https://www.eunethta.eu/process-of-information-retrieval-for-systematic-reviews-and-health-technology-assessments-on-clinical-effectiveness
https://doi.org/10.1016/j.jtemb.2018.03.001
https://doi.org/10.1289/ehp4381
https://doi.org/10.1016/j.jtemb.2019.08.002
https://doi.org/10.1016/j.jtemb.2019.08.002
https://doi.org/10.1016/j.envres.2016.06.002
https://doi.org/10.1016/j.envres.2016.06.002
https://doi.org/10.3390/ijerph17072264

T. Filippini, et al.

ijerph17072264.

Gallagher, C.M., Chen, J.J., Kovach, J.S., 2010. Environmental cadmium and breast
cancer risk. Aging (Albany NY). 2, 804-814. https://doi.org/10.18632/aging.
100226.

Garcia-Esquinas, E., Pollan, M., Tellez-Plaza, M., Francesconi, K.A., Goessler, W., Guallar,
E., Umans, J.G., Yeh, J., Best, L.G., Navas-Acien, A., 2014. Cadmium exposure and
cancer mortality in a prospective cohort: The Strong Heart Study. Environ. Health
Perspect. 122, 363-370. https://doi.org/10.1289/ehp.1306587.

Gaudet, M.M., Deubler, E.L., Kelly, R.S., Ryan Diver, W., Teras, L.R., Hodge, J.M., Levine,
K.E., Haines, L.G., Lundh, T., Lenner, P., Palli, D., Vineis, P., Bergdahl, L.A., Gapstur,
S.M., Kyrtopoulos, S.A., 2019. Blood levels of cadmium and lead in relation to breast
cancer risk in three prospective cohorts. Int. J. Cancer. 144, 1010-1016. https://doi.
0rg/10.1002/ijc.31805.

Greenland, S., Longnecker, M.P., 1992. Methods for trend estimation from summarized
dose-response data, with applications to meta-analysis. Am. J. Epidemiol. 135,
1301-1309. https://doi.org/10.1093/oxfordjournals.aje.al16237.

Grioni, S., Agnoli, C., Krogh, V., Pala, V., Rinaldi, S., Vinceti, M., Contiero, P., Vescovi, L.,
Malavolti, M., Sieri, S., 2019. Dietary cadmium and risk of breast cancer subtypes
defined by hormone receptor status: A prospective cohort study. Int. J. Cancer. 144,
2153-2160. https://doi.org/10.1002/ijc.32039.

Harrell, F.E., 2001. Regression modeling strategies: with applications to linear models,
logistic and ordinal regression, and survival analysis. Springer-Verlag, New York.
https://doi.org/10.1007/978-3-319-19425-7.

Higgins, J.P.T., Thompson, S.G., Deeks, J.J., Altman, D.G., 2003. Measuring inconsistency
in meta-analyses. BMJ 327, 557-560. https://doi.org/10.1136/bmj.327.7414.557.

IARC, 2012. Cadmium and cadmium compounds. IARC Monographs on the evaluation of
carcinogenic risks to humans. 100C, 121-145. https://monographs.iarc.fr/wp-
content/uploads/2018/06/monol100C-8.pdf (Accessed April 14, 2020).

Itoh, H., Iwasaki, M., Sawada, N., Takachi, R., Kasuga, Y., Yokoyama, S., Onuma, H.,
Nishimura, H., Kusama, R., Yokoyama, K., Tsugane, S., 2014. Dietary cadmium in-
take and breast cancer risk in Japanese women: A case-control study. Int. J. Hyg.
Environ. Health. 217, 70-77. https://doi.org/10.1016/j.ijheh.2013.03.010.

Jablonska, E., Socha, K., Reszka, E., Wieczorek, E., Skokowski, J., Kalinowski, L., Fendler,
W., Seroczynska, B., Wozniak, M., Borawska, M.H., Wasowicz, W., 2017. Cadmium,
arsenic, selenium and iron: Implications for tumor progression in breast cancer.
Environ. Toxicol. Pharmacol. 53, 151-157. https://doi.org/10.1016/j.etap.2017.05.
014.

Jackson, D., White, L.R., Thompson, S.G., 2010. Extending DerSimonian and Laird's
methodology to perform multivariate random effects meta-analyses. Stat. Med. 29,
1282-1297. https://doi.org/10.1002/sim.3602.

Jarup, L., Rogenfelt, A., Elinder, C.G., Nogawa, K., Kjellstrom, T., 1983. Biological half-
time of cadmium in the blood of workers after cessation of exposure. Scand. J. Work
Environ. Health. 9, 327-331. https://doi.org/10.5271/sjweh.2404.

Jouybari, L., Saei Ghare Naz, M., Sanagoo, A., Kiani, F., Sayehmiri, F., Sayehmiri, K.,
Hasanpour Dehkordi, A., 2018. Toxic elements as biomarkers for breast cancer: A
meta-analysis study. Cancer Manag. Res. 10, 69-79. https://doi.org/10.2147/cmar.
§151324.

Julin, B., Wolk, A., Bergkvist, L., Bottai, M., Akesson, A., 2012. Dietary cadmium exposure
and risk of postmenopausal breast cancer: A population-based prospective cohort
study. Cancer Res. 72, 1459-1466. https://doi.org/10.1158/0008-5472.Can-11-
0735.

Kluxen, F.M., Diel, P., Hofer, N., Becker, E., Degen, G.H., 2013. The metallohormone
cadmium modulates AhR-associated gene expression in the small intestine of rats
similar to ethinyl-estradiol. Arch. Toxicol. 87, 633-643. https://doi.org/10.1007/
s00204-012-0971-7.

Larsson, S.C., Orsini, N., 2018. Coffee consumption and risk of dementia and Alzheimer's
disease: A dose-response meta-analysis of prospective studies. Nutrients. 10, 1501.
https://doi.org/10.3390/nul10101501.

Larsson, S.C., Orsini, N., Wolk, A., 2015. Urinary cadmium concentration and risk of
breast cancer: A systematic review and dose-response meta-analysis. Am. J.
Epidemiol. 182, 375-380. https://doi.org/10.1093/aje/kwv085.

Lin, Y.S., Caffrey, J.L., Lin, J.W., Bayliss, D., Faramawi, M.F., Bateson, T.F., Sonawane, B.,
2013. Increased risk of cancer mortality associated with cadmium exposures in older
Americans with low zinc intake. J. Toxicol. Environ. Health A. 76, 1-15. https://doi.
0rg/10.1080/15287394.2012.722185.

Liu, R., Nelson, D.O., Hurley, S., Hertz, A., Reynolds, P., 2015. Residential exposure to
estrogen disrupting hazardous air pollutants and breast cancer risk: The California
Teachers Study. Epidemiology. 26, 365-373. https://doi.org/10.1097/ede.
0000000000000277.

Luevano, J., Damodaran, C., 2014. A review of molecular events of cadmium-induced
carcinogenesis. J. Environ. Pathol. Toxicol. Oncol. 33, 183-194. https://doi.org/10.
1615/jenvironpatholtoxicoloncol.2014011075.

Lugo, A., Peveri, G., Bosetti, C., Bagnardi, V., Crippa, A., Orsini, N., Rota, M., Gallus, S.,
2018. Strong excess risk of pancreatic cancer for low frequency and duration of ci-
garette smoking: A comprehensive review and meta-analysis. Eur. J. Cancer. 104,
117-126. https://doi.org/10.1016/j.ejca.2018.09.007.

McElroy, J.A., Hunter, M.I., 2019. Cadmium: A new risk factor for endometrial cancer?
Expert. Rev. Anticancer Ther. 19, 355-358. https://doi.org/10.1080,/14737140.
2019.1596029.

McElroy, J.A., Shafer, M.M., Trentham-Dietz, A., Hampton, J.M., Newcomb, P.A., 2006.
Cadmium exposure and breast cancer risk. J. Natl. Cancer. Inst. 98, 869-873. https://
doi.org/10.1093/jnci/djj233.

Meliker, J.R., Vacchi-Suzzi, C., Harrington, J., Levine, K., Lui, L.Y., Bauer, D.C., Orwoll,
E., Kado, D.M., 2019. Temporal stability of urinary cadmium in samples collected
several years apart in a population of older persons. Int. J. Hyg. Environ. Health. 222,
230-234. https://doi.org/10.1016/j.ijheh.2018.10.005.

Environment International 142 (2020) 105879

Moher, D., Altman, D.G., Liberati, A., Tetzlaff, J., 2011. PRISMA statement.
Epidemiology. 22, 128; author reply 128. https://doi.org/10.1097/EDE.
0b013e3181fe7825.

Morgan, R.L., Thayer, K.A., Santesso, N., Holloway, A.C., Blain, R., Eftim, S.E., Goldstone,
A.E., Ross, P., Ansari, M., Akl, E.A,, Filippini, T., Hansell, A., Meerpohl, J.J., Mustafa,
R.A., Verbeek, J., Vinceti, M., Whaley, P., Schunemann, H.J., 2019. A risk of bias
instrument for non-randomized studies of exposures: A users' guide to its application
in the context of GRADE. Environ. Int. 122, 168-184. https://doi.org/10.1016/j.
envint.2018.11.004.

Morgan, R.L., Whaley, P., Thayer, K.A., Schunemann, H.J., 2018. Identifying the PECO: A
framework for formulating good questions to explore the association of environ-
mental and other exposures with health outcomes. Environ. Int. 121, 1027-1031.
https://doi.org/10.1016/j.envint.2018.07.015.

Nagata, C., Nagao, Y., Nakamura, K., Wada, K., Tamai, Y., Tsuji, M., Yamamoto, S.,
Kashiki, Y., 2013. Cadmium exposure and the risk of breast cancer in Japanese
women. Breast Cancer Res. Treat. 138, 235-239. https://doi.org/10.1007/s10549-
013-2414-4.

Nawrot, T.S., Staessen, J.A., Roels, H.A., Munters, E., Cuypers, A., Richart, T., Ruttens, A.,
Smeets, K., Clijsters, H., Vangronsveld, J., 2010. Cadmium exposure in the popula-
tion: From health risks to strategies of prevention. Biometals 23, 769-782. https://
doi.org/10.1007/510534-010-9343-z.

O'Brien, K.M., White, A.J., Jackson, B.P., Karagas, M.R., Sandler, D.P., Weinberg, C.R.,
2019. Toenail-based metal concentrations and young-onset breast cancer. Am. J.
Epidemiol. 188, 646-655. https://doi.org/10.1093/aje/kwy283.

Orsini, N., Bellocco, R., Greenland, S., 2006. Generalized least squares for trend estima-
tion of summarized dose-response data. The Stata J. 6, 40-57. https://doi.org/10.
1177/1536867X0600600103.

Orsini, N., Li, R., Wolk, A., Khudyakov, P., Spiegelman, D., 2012. Meta-analysis for linear
and nonlinear dose-response relations: Examples, an evaluation of approximations,
and software. Am. J. Epidemiol. 175, 66-73. https://doi.org/10.1093/aje/kwr265.

Satarug, S., Vesey, D.A., Gobe, G.C., 2017a. Health risk assessment of dietary cadmium
intake: Do current guidelines indicate how much is safe? Environ. Health Perspect.
125, 284-288. https://doi.org/10.1289/EHP108.

Satarug, S., Vesey, D.A., Gobe, G.C., 2017b. Kidney cadmium toxicity, diabetes and high
blood pressure: the perfect storm. Tohoku J. Exp. Med. 241, 65-87. https://doi.org/
10.1620/tjem.241.65.

Sawada, N., Iwasaki, M., Inoue, M., Takachi, R., Sasazuki, S., Yamaji, T., Shimazu, T.,
Endo, Y., Tsugane, S., 2012. Long-term dietary cadmium intake and cancer incidence.
Epidemiology. 23, 368-376. https://doi.org/10.1097/EDE.0b013e31824d063c.

Shan, Z., Wei, Z., Shaikh, Z.A., 2018. Suppression of ferroportin expression by cadmium
stimulates proliferation, EMT, and migration in triple-negative breast cancer cells.
Toxicol. Appl. Pharmacol. 356, 36-43. https://doi.org/10.1016/j.taap.2018.07.017.

Strumylaite, L., Kregzdyte, R., Bogusevicius, A., Poskiene, L., Baranauskiene, D., Pranys,
D., 2019. Cadmium exposure and risk of breast cancer by histological and tumor
receptor subtype in white Caucasian women: A hospital-based case-control study. Int.
J. Mol. Sci. 20, E3029. https://doi.org/10.3390/ijms20123029.

Strumylaite, L., Mechonosina, K., Tamasauskas, S., 2010. Environmental factors and
breast cancer. Medicina (Kaunas). 46, 867-873.

Tinkov, A.A., Filippini, T., Ajsuvakova, O.P., Aaseth, J., Gluhcheva, Y.G., Ivanova, J.M.,
Bjorklund, G., Skalnaya, M.G., Gatiatulina, E.R., Popova, E.V., Nemereshina, O.N.,
Vinceti, M., Skalny, A.V., 2017. The role of cadmium in obesity and diabetes. Sci.
Total Environ. 601-602, 741-755. https://doi.org/10.1016/j.scitotenv.2017.05.224.

Tinkov, A.A., Filippini, T., Ajsuvakova, O.P., Skalnaya, M.G., Aaseth, J., Bjorklund, G.,
Gatiatulina, E.R., Popova, E.V., Nemereshina, O.N., Huang, P.T., Vinceti, M., Skalny,
A.V., 2018. Cadmium and atherosclerosis: A review of toxicological mechanisms and
a meta-analysis of epidemiologic studies. Environ. Res. 162, 240-260. https://doi.
org/10.1016/j.envres.2018.01.008.

Vacchi-Suzzi, C., Kruse, D., Harrington, J., Levine, K., Meliker, J.R., 2016. Is urinary
cadmium a biomarker of long-term exposure in humans? A review. Curr. Environ.
Health Rep. 3, 450-458. https://doi.org/10.1007/s40572-016-0107-y.

Van Maele-Fabry, G., Lombaert, N., Lison, D., 2016. Dietary exposure to cadmium and
risk of breast cancer in postmenopausal women: A systematic review and meta-
analysis. Environ. Int. 86, 1-13. https://doi.org/10.1016/j.envint.2015.10.003.

Vinceti, M., Filippini, T., Rothman, K.J., 2018. Selenium exposure and the risk of type 2
diabetes: A systematic review and meta-analysis. Eur. J. Epidemiol. 33, 789-810.
https://doi.org/10.1007/s10654-018-0422-8.

Vu, V., Navalkar, N., Wei, Y., 2019. Endocrine-disrupting metals in ambient air and fe-
male breast cancer incidence in US. Gynecol. Endocrinol. 35, 1099-1102. https://doi.
org/10.1080/09513590.2019.1622089.

Wang, Y., Shi, L., Li, J., Li, L., Wang, H., Yang, H., 2019. Long-term cadmium exposure
promoted breast cancer cell migration and invasion by up-regulating TGIF.
Ecotoxicol. Environ. Saf. 175, 110-117. https://doi.org/10.1016/j.ecoenv.2019.03.
046.

Wei, Z., Shan, Z., Shaikh, Z.A., 2018. Epithelial-mesenchymal transition in breast epi-
thelial cells treated with cadmium and the role of Snail. Toxicol. Appl. Pharmacol.
344, 46-55. https://doi.org/10.1016/j.taap.2018.02.022.

White, A.J., O'Brien, K.M., Niehoff, N.M., Carroll, R., Sandler, D.P., 2019a. Metallic air
pollutants and breast cancer risk in a nationwide cohort study. Epidemiology. 30,
20-28. https://doi.org/10.1097/ede.0000000000000917.

White, A.J., Weinberg, C.R., O'Meara, E.S., Sandler, D.P., Sprague, B.L., 2019b. Airborne
metals and polycyclic aromatic hydrocarbons in relation to mammographic breast
density. Breast Cancer Res. 21, 24. https://doi.org/10.1186/513058-019-1110-7.

Zaroukian, S., Pineault, R., Gandini, S., Lacroix, A., Ghadirian, P., 2005. Correlation be-
tween nutritional biomarkers and breast cancer: A case-control study. Breast. 14,
209-223. https://doi.org/10.1016/j.breast.2005.01.001.


https://doi.org/10.3390/ijerph17072264
https://doi.org/10.18632/aging.100226
https://doi.org/10.18632/aging.100226
https://doi.org/10.1289/ehp.1306587
https://doi.org/10.1002/ijc.31805
https://doi.org/10.1002/ijc.31805
https://doi.org/10.1093/oxfordjournals.aje.a116237
https://doi.org/10.1002/ijc.32039
https://doi.org/10.1007/978-3-319-19425-7
https://doi.org/10.1136/bmj.327.7414.557
https://monographs.iarc.fr/wp-content/uploads/2018/06/mono100C-8.pdf
https://monographs.iarc.fr/wp-content/uploads/2018/06/mono100C-8.pdf
https://doi.org/10.1016/j.ijheh.2013.03.010
https://doi.org/10.1016/j.etap.2017.05.014
https://doi.org/10.1016/j.etap.2017.05.014
https://doi.org/10.1002/sim.3602
https://doi.org/10.5271/sjweh.2404
https://doi.org/10.2147/cmar.S151324
https://doi.org/10.2147/cmar.S151324
https://doi.org/10.1158/0008-5472.Can-11-0735
https://doi.org/10.1158/0008-5472.Can-11-0735
https://doi.org/10.1007/s00204-012-0971-7
https://doi.org/10.1007/s00204-012-0971-7
https://doi.org/10.3390/nu10101501
https://doi.org/10.1093/aje/kwv085
https://doi.org/10.1080/15287394.2012.722185
https://doi.org/10.1080/15287394.2012.722185
https://doi.org/10.1097/ede.0000000000000277
https://doi.org/10.1097/ede.0000000000000277
https://doi.org/10.1615/jenvironpatholtoxicoloncol.2014011075
https://doi.org/10.1615/jenvironpatholtoxicoloncol.2014011075
https://doi.org/10.1016/j.ejca.2018.09.007
https://doi.org/10.1080/14737140.2019.1596029
https://doi.org/10.1080/14737140.2019.1596029
https://doi.org/10.1093/jnci/djj233
https://doi.org/10.1093/jnci/djj233
https://doi.org/10.1016/j.ijheh.2018.10.005
https://doi.org/10.1016/j.envint.2018.11.004
https://doi.org/10.1016/j.envint.2018.11.004
https://doi.org/10.1016/j.envint.2018.07.015
https://doi.org/10.1007/s10549-013-2414-4
https://doi.org/10.1007/s10549-013-2414-4
https://doi.org/10.1007/s10534-010-9343-z
https://doi.org/10.1007/s10534-010-9343-z
https://doi.org/10.1093/aje/kwy283
https://doi.org/10.1177/1536867X0600600103
https://doi.org/10.1177/1536867X0600600103
https://doi.org/10.1093/aje/kwr265
https://doi.org/10.1289/EHP108
https://doi.org/10.1620/tjem.241.65
https://doi.org/10.1620/tjem.241.65
https://doi.org/10.1097/EDE.0b013e31824d063c
https://doi.org/10.1016/j.taap.2018.07.017
https://doi.org/10.3390/ijms20123029
http://refhub.elsevier.com/S0160-4120(20)31834-1/h0310
http://refhub.elsevier.com/S0160-4120(20)31834-1/h0310
https://doi.org/10.1016/j.scitotenv.2017.05.224
https://doi.org/10.1016/j.envres.2018.01.008
https://doi.org/10.1016/j.envres.2018.01.008
https://doi.org/10.1007/s40572-016-0107-y
https://doi.org/10.1016/j.envint.2015.10.003
https://doi.org/10.1007/s10654-018-0422-8
https://doi.org/10.1080/09513590.2019.1622089
https://doi.org/10.1080/09513590.2019.1622089
https://doi.org/10.1016/j.ecoenv.2019.03.046
https://doi.org/10.1016/j.ecoenv.2019.03.046
https://doi.org/10.1016/j.taap.2018.02.022
https://doi.org/10.1097/ede.0000000000000917
https://doi.org/10.1186/s13058-019-1110-7
https://doi.org/10.1016/j.breast.2005.01.001

	Cadmium exposure and risk of breast cancer: A dose-response meta-analysis of cohort studies
	Introduction
	Methods
	Literature search
	Risk of bias assessment
	Data extraction
	Data analysis

	Results
	Discussion
	Conclusions
	Declaration of Competing Interest
	Acknowledgements
	Supplementary material
	References




