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Abstract

Background: We aimed to determine if salivary cadmium (Cd) levels had any
association with breast density, hoping to establish a less invasive cost-effective
method of stratifying Cd burden as an environmental breast cancer risk factor.
Methods: Salivary Cd levels were quantified from the Marin Women's Study,
a Marin County, California population composite. Volumetric compositional
breast density (BDy,,) data were measured by single x-ray absorptiometry tech-
niques. Digital screening mammography was performed by the San Francisco
Mammography Registry. Radiologists reviewed mammograms and assigned
a Breast Imaging-Reporting and Data System score. Early morning salivary Cd
samples were assayed. Association analyses were then performed.

Results: Cd was quantifiable in over 90% of saliva samples (mean=55.7 pg/L,
SD =29). Women with higher saliva Cd levels had a non-significant odds ratio
of 1.34 with BI-RAD scores (3 or 4) (95% CI 0.75-2.39, p=0.329). Cd levels were
higher in current smokers (mean =61.4pg/L, SD =34.8) than former smokers or
non-smokers. These results were non-significant. Pilot data revealed that higher
age and higher BMI were associated with higher BI-RAD scores (p <0.001).
Conclusion: Salivary Cd is a viable quantification source in large epidemiologic
studies. Association analyses between Cd levels and breast density may provide
additional information for breast cancer risk assessment, risk reduction plans,
and future research directions. Further work is needed to demonstrate a more
robust testing protocol before the extent of its usefulness can be established.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2024 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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1 | INTRODUCTION

Cadmium (Cd) is classified as a heavy metal carcinogen
by the International Agency for Research on Cancer.'™
It is environmentally ubiquitous; found in the soil and
can become concentrated in tobacco plants, vegeta-
bles, and grains.3_6’9_13 Cd is also released into the at-
mosphere from motor vehicle fuel and is used in the
production of batteries, fertilizers, and plastics.'**> In
90%-95% of cases, Cd introduction into the human body
occurs mainly through inhalation, while the remaining
5%-10% is through ingestion.>*'*"*” Tobacco smoke and
diet are the main sources of non-occupational environ-
mental Cd exposure.>*'*!” Women have been found to
have a higher gastrointestinal absorption rate of Cd than
Inerl.18—20

Once absorbed by the body Cd can be stored for decades
and interferes with multiple cellular processes, including
DNA repair and methylation.”** It induces oxidative
stress and inflammation, stimulates cellular proliferation,
and disrupts tight junctions between cells, theoretically
contributing to tumor development.”>° Cd exposure had
reportedly been associated with female breast cancer in
some studies,” ™ as it acts on estrogenic signaling path-
ways that may trigger the malignant transformation of
breast cancer cells in vitro and in vivo, independent of
estrogen receptor (ER)-a.’'** Thus, Cd is a high concern
for hormone-related breast cancer. Cd concentrations in
breast tissue from women diagnosed with breast cancer
have been at higher levels compared to concentrations in
non-cancerous breast tissue.*>*°

Cd levels are most commonly measured through
serum and urine sampling, with urinary Cd (U-Cd)
being the current standard diagnostic test’”® to assess
for Cd exposure. However, U-Cd does not seem to re-
flect chronic low Cd levels but rather is more reflec-
tive of recent Cd exposure.39 On the contrary, serum
Cd measurements continue to show high levels of Cd
even after exposure cessation,*** which indicates that
serum Cd levels are more reflective of a previous long-
term exposure rather than recent exposure. Both serum
and U-Cd sampling methods are not the least invasive or
convenient. Saliva Cd sampling could provide a nonin-
vasive and convenient method for specimen collection,
which may be a more useful biological monitoring tool
for large-scale population screening.*>*! Limitations of
saliva Cd sampling include variations in the saliva flow

rate, possible blood contamination during collection,
absence of standard laboratory reference values, and the
presence of other metal compounds from dental proce-
dures that may confound results.*"**

To our knowledge, little is known about salivary Cd
sampling in the context of breast cancer risk factor as-
sessment. In this current pilot feasibility study, we as-
sessed if there was an association between salivary Cd
levels and breast density, a known breast cancer risk
factor.

2 | MATERIALS AND METHODS

2.1 | Study population

Data used for this feasibility study were collected from
the Marin Women's Study (MWS), a mammography-
population-based study of Marin County women resi-
dents between 2006 and 2009, which enrolled over 13,000
women.”* The mammography imaging diagnostic sites
involved in the MWS were part of the San Francisco
Mammography Registry (SFMR), which is one of seven
registries included in the National Cancer Institute Breast
Cancer Surveillance Consortium. An estimated 80% of
mammograms performed on Marin residents were con-
ducted within centers associated with these locations. A
total of 8700 salivary specimens were received from the
enrolled women in the MWS. A subset of 400 saliva sam-
ples was assayed for Cd levels (pg/L).

The MWS was developed to create a data repository,
linking risk factors to biospecimens and breast density
measures to examine the associations between known
and suspected risk factors, namely, breast density as one.
This study was approved by the Marin General Hospital
Institutional Review Board and the Kaiser Permanente
Northern California Institutional Review Board. All par-
ticipants provided informed consent to fully participate in
the study.

2.2 | Questionnaire

Each participant enrolled in the MWS study was asked to
complete a 20-page questionnaire, in collaboration with
the Kaiser Foundation, and report in-depth informa-
tion on reproductive history, life course socioeconomic
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status, alcohol use, exogenous hormone use, family his-
tory of breast cancer, and other risk factors (Figure S1A).
History of smoking was collected using an item that
asked respondents if they had smoked at least 100 ciga-
rettes in their lifetime. If so, the ages when they smoked
and the average number of daily cigarettes smoked dur-
ing that period were also investigated. The question of
having smoked at least 100 cigarettes was dichotomized
into “Never Smoked” and “Ever Smoked” for purposes
of the current analysis. Self-reported height and weight
were collected from the SFMR. Data were categorized
into overweight/obese (BMI of 25kg/m? or greater) ver-
sus underweight/normal weight (BMI under 25kg/m?).
Participants were asked to provide information on av-
erage daily/weekly/monthly dietary intake, including
average servings of whole grains. Servings were quan-
tified as Y2 cup of cereal, crackers, brown rice, pasta,
one corn tortilla, or one slice of bread. The whole grain
dietary intake variable was dichotomized into “Yes” or
“No” to correspond to whether participants had one or
more cups of whole grain per day. Vegetable consump-
tion was elicited by asking participants about their usual
daily/weekly/monthly servings, with a serving size
equal to %2 cup. For vegetable consumption, women be-
tween the ages of 19-51+ years need about 2-2Y2 cups
per day. Vegetable intake was dichotomized into “Yes”
or “No” to correspond to whether participants usually
consumed two or more cups of vegetables per day.

2.3 | Breast density measures

Data from the MWS were linked to the SFMR to obtain
information on breast density, measured as percent fibro-
glandular volume (%FGV), and Breast Imaging-Reporting
and Data System (BI-RADS) results. The %FGV was as-
sessed by the method of single x-ray absorptiometry
(SXA), which measures the percentage of fibro-glandular
tissue volume. This tool is both accurate and precise.** In
comparison to other breast density measures, SXA is less
subjective and has absolute reference standards.** SXA is
performed using an SXA phantom attached to a conven-
tional digital mammography machine.* The phantom
is compressed to the same thickness as the breast. Data
for this feasibility study was obtained using version 6.5 of
SXA software.

The American College of Radiology's BI-RADS sys-
tem® categorizes mammographic density into four clas-
sifications: (1) fatty, (2) scattered fibroglandular tissue,
(3) heterogeneously dense, and (4) extremely dense. The
BI-RADS has been found to predict a four-fold change
in breast cancer risk between the first and fourth catego-
ries.*® Variability in compression during mammography
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and the reliance on trained readers to manually determine
density reduces the sensitivity of BI-RADS.*® Breast den-
sity data were collected at Marin County locations with
digital mammography and were obtained from the SFMR
through a cooperative agreement.

2.4 | Saliva sample collection

Participants enrolled in the MWS were given the option
to donate a saliva sample. Of them, 89% consented to
donate saliva. Each one of the consented subjects was
mailed a kit containing a collection tube and asked to
provide an early morning saliva sample, before brush-
ing teeth. Kits were mailed back to the Buck Institute
for Research on Aging (Novato, CA) in pre-addressed,
postage-paid envelopes for processing and storage. A
total of 8700 specimens were received. The specimens
were processed by separation into supernatant and a
cellular component from which DNA was isolated using
Invitrogen's PureLink Genomic DNA Kkits. Several po-
tential testing laboratories were contacted to provide
assays of the submitted saliva samples using mass spec-
trometry, the same methodology currently used for
blood and saliva levels. The University of California-
Davis laboratory was the selected reference laboratory
for the samples. The lab reported Cd results as (1) below
minimal detectable levels (below 12 pg/L, the method
detection limit), (2) detectable but with large confidence
intervals (12-20 pg/L, the method reporting limit), and
(3) reportable levels (above 20pg/L). This study ob-
tained 290 samples that were above 20 pg/L, the detect-
able limit. Under 20 pg/L is beyond the limit of the test.
Conservatively, only 284 samples were analyzed that
were 20 pg/L and above because the literature does not
support any specific cut points. Therefore, the Cd saliva
variable was analyzed as a continuous variable while ex-
cluding outliers.

2.5 | Candidate selection

Only samples from white, non-Hispanic females were se-
lected to control for any potential confounding by race.
Marin County has a highly homogeneous population and
the great majority of subjects in the MWS were white non-
Hispanic. Subjects had to complete the MWS survey, have
both a %FGV and BI-RADS score, and donate two saliva
specimens with at least 2mL each of sample. All current
cigarette smokers who met the other inclusion criteria
(n=48) were included. All other subjects, for a total of
400, were selected at random from among women meet-
ing the other entry criteria. Conservatively, only 284 were
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selected for the analysis, after taking into account inclu-
sion and exclusion criteria.

2.6 | Statistical analysis

Saliva samples were grouped into batches for analysis
with each containing 20 samples. Detectable levels were
above 20 pg/L in 290 subjects, including outliers. Six out-
liers were removed before analysis. Univariate, bivari-
ate, ANOVA, and logistic regression were performed on
Cd categorized as above and below the mean value (55.7
[SD=29.0]). Multivariate regression included age, BMI,
smoking, and diet. All assumptions were met. Alpha level
was assumed at 0.05. SPSS version 22 was used to analyze
data.

3 | RESULTS

Table 1 shows a subset of the MWS (N=284), all cur-
rent smokers (n=33) and former smokers (n=115) were
tested for Cd using a saliva sample along with a random
sample of non-smokers (n=136) from the MWS. Current
smokers had a higher Cd mean (m=61.4pg/L) compared
to non-smokers (m=54.5pg/L) and former smokers
(m=55.3pg/L) (Table 2), but these results were non-
significant. The study population characteristics are il-
lustrated in Table 1. Cd was quantifiable and detectable
in over 90% of the saliva samples. Cd saliva levels show
a normal distribution with a mean of 55.7 and a standard
deviation of 29.0 (See Figure S1). The levels varied from
the lowest detectable level of 12pg/L to 20 pg/L. Among
the subjects of this study, 284 (m = 55.7, SD =29.0) had sal-
ivary Cd levels above 20pg/L. When using the BI-RADS
measurement, 123 (43.3%) participants had heterogene-
ous mammographic density, and 46 (16.2%) participants
had extremely dense breasts. Moreover, there were 102
(35.9%) participants who had %FGV above 45%.

A bivariate analysis between detectable saliva Cd lev-
els (n=284) and potential confounding variables is re-
flected in Table 2. Participants who were ages 55years and
younger had a high Cd saliva mean of 57.0 pg/L compared
to those older than 55years (m=54.0pg/L). Table 2 re-
flects that even when including Cd levels of 20 pg/L and
under, the results are the same as Table 2. Table 3 shows
that women with higher BI-RADS classification (levels
3 and 4) and (mean, [SD]=59.2 [31.7]) were statistically
significantly more likely to have higher Cd saliva com-
pared to those with lower BI-RADS classification (levels 1
and 2) (mean, [SD]=50.4 [23.6]) (t [df], p=—2.680 [280],
p<0.05).

TABLE 1 Baseline Characteristics, n=284.

Characteristic n (%)
Age (years)
<55 153 (53.9)
>55 130 (45.8)
Body mass index
Underweight/normal weight 207 (72.9)
Overweight/obese 74 (26.1)
Cigarette smoking status
Never smoked 136 (47.9)
Former smoker 115 (40.5)
Current smoker 33(11.6)
Energy intake
Whole grain intake
Yes 115 (40.5)
No 119 (41.9)
Vegetable intake 66 (23.2)
Yes 69 (23.8)
No 171 (60.2)
Cd, mean (SD) 55.7
(29.0)
BI-RADS classification
1-Fatty 11 (3.9)
2-Scattered fibroglandular tissue 104 (36.6)
3-Heterogeneously dense 123 (43.3)
4-Extremely dense 46 (16.2)
Breast density SXA (%)
<25 86 (30.3)
25-<45 96 (33.8)
45+ 102 (35.9)

Note: A subset of the MWS (N=284), all current smokers (n=33) and former
smokers (n=115) were tested for cadmium (Cd) using a saliva sample along
with a random sample of non-smokers (n=136) from the MWS. Current
smokers had a higher Cd mean (m=61.4) compared to non-smokers
(m=54.5) and former smokers (m =55.3).

Abbreviations: BI-RADS, Breast Imaging-Reporting and Data System; MWS,
Marin Women's Study; SXA, single x-ray absorptiometry.

Individuals with higher saliva Cd levels had an odds
ratio of 1.34 for higher BI-RADs after controlling for age,
BMI, smoking, and diet (95% CI 0.75-2.39, p=0.329)
than individuals with lower saliva Cd levels, as seen in
Table 4, which was not significant. While saliva Cd lev-
els were not statistically significantly associated with BI-
RAD scores, the pilot data revealed that older age and
higher BMI were associated with higher BI-RAD scores
after adjustment (p <0.001). Table 4 shows the signif-
icance of age and BMI with BI-RADS. Those who are
younger than 55 have an odds ratio of 2.93 (p <0.001)
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TABLE 2 Bivariate analysis with cadmium (Cd) (continuous)
and potential confounders in subsection of population with
detectable levels of Cd (n=284).

Saliva Cd levels (pg/L)
Mean (SD) ¢ (df), p-value
Age
<55 57.0(27.2) 0.863(281), p=0.389
>55 54.0 (31.0)

Body mass index

Underweight/normal  55.5(28.8)  0.329(279), p=0.743
weight
Overweight/obese 54.3 (26.4)

Current smoker status F (df); p-value
Never smoker 54.5(27.3)  0.762(2); p=0.468
Former smoker 55.3(29.1)

Current smoker 61.4 (34.8)

Whole grain intake
Standard 55.6(29.1)  0.813(232), p=0.417
Not standard 58.6 (27.9)

Vegetable intake
Standard 58.2(29.1)  —0.184(235), p=0.854
Not standard 57.5(28.9)

2E. Edited with 20pg/L and under t/F (df), p-value

Age
<55 15.08 (3.34)  0.311(71.46), p=0.757
>55 14.88 (3.14)

Body mass index

Underweight/ 15.27(3.29)  1.75(69.09), p=0.085
normal weight
Overweight/obese  14.18 (2.87)
Current smoker status
Never smoker 15.04 (3.38) 0.453 (2); p=0.637
Former smoker 14.69 (3.02)
Current smoker 15.57 (3.32)
Whole grain intake
Standard (high) 15.06 (3.27)  1.78 (51.20), p=0.080
Not standard (low) 16.52(2.73)
Vegetable intake
Standard (high) 15.25(3.47)  0.657 (16.23), p=0.521

Not standard (low) 15.98 (3.10)

Note: This shows Cd levels shown for each population subsection. Each
subsection was considered a potential confounder. A bivariate analysis
between detectable saliva Cd levels (n =284) and potential risk factors is
reflected here. Participants who were ages 55years and younger had a high
Cd saliva mean of 57.0 compared to those older than 55years (m=>54.0).
Note: It (2E) reflects that even when including the 20 and under, the results
are the same as Table 2. Because the laboratory technicians were unable to
verify the exact Cd levels when under 20 pg/L, we decided to exclude those
samples.
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TABLE 3 Univariate analysis with Cd versus SXA and Cd vs.
Bi-RADs, n=284.

Saliva Cd levels (pg/L)
Mean
Variables (SD) F (df); p-value
Breast density SXA (%)
<25 56.0(28.9)  0.989 (2); p=0.373
25-<45 52.5(29.0)
45+ 58.3(29.0)
BI-RADS classification
1-Fatty 51.1(23.4)  2.349(3); p=0.073
2-Scattered 50.3 (23.8)
fibroglandular
tissue
3-Heterogeneously 60.3 (33.2)
dense
4-Extremely dense 56.4(27.1)

BI-RADS classification (2 levels) t (df), p-value

1-2-Fatty & scattered 50.4(23.6)  —2.680(280); p<0.05
fibroglandular
tissue

3-4-Heterogeneously 59.2 (31.7)

dense & extremely
dense

Note: Women with higher BI-RADS classification (levels 3 and 4) and (mean,
[SD]=59.2 [31.7]) were statistically significantly more likely to have higher
Cd saliva compared to those with lower BI-RADS classification (levels 1 and
2) (mean, [SD]=50.4 [23.6]) (¢ [df], p=—2.680 (280); p <0.05).
Abbreviations: BI-RADS, Breast Imaging-Reporting and Data System; SXA,
single x-ray absorptiometry.

of having a higher BI-RADS classification. Those who
have a higher BMI have an odds ratio of 4.59 (p <0.001)
of having a higher BI-RADS classification. Our univari-
ate results also show that smoking is statistically signifi-
cantly inversely associated with breast density (p < 0.05),
as seen in Table S2.

4 | DISCUSSION

The results of this pilot study indicated that while more
work is needed to establish a more robust testing proto-
col before its usefulness can be qualified and quantified,
meaningful salivary Cd measurement is possible. Further
refinement of the process would be an appropriate next
step to advance this work. Validating salivary Cd levels in
comparison to blood and urine levels would also be neces-
sary for establishing the usefulness of saliva for measuring
Cd for use in large epidemiological studies with limited
clinical access to patients.
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Variables OR 95% CI p-value Model fit ;&i;: (241eVI;lc; fj?;;:sig;zfs(ﬁz)‘zggve
Constant for BI-RADS classification 0.85 R*=0.207 versus below mean and confounders,
Saliva Cd Levels (0 is low, 1 is high) 1.34 0.75-2.39 0.329 n=284.

Age 2.93 1.63-5.29 p<0.001

BMI 4.59 2.34-9.03 p<0.001

Smoking 1.75 0.95-3.23 0.075

Veggie intake 0.98 0.52-1.86 0.954

Note: Individuals with higher saliva Cd levels had odds ratio 1.34 after controlling for age, BMI, smoking
and diet (95% CI 0.75-2.39, p=0.329). While saliva Cd levels were not statistically significantly associated
with BI-RAD scores, the pilot data revealed that older age and higher BMI were associated with higher
BI-RAD scores after adjustment (p <0.001). There is significance between age and BMI with BI-RADS,

as reflected by p <0.05. Those who are younger than 55 have an odds ratio of 2.93 (p <0.001) of having

a higher BI-RADS classification. Those who have a higher BMI have an odds ratio of 4.59 (p <0.001) of

having a higher BI-RADS classification.

Abbreviations: BI-RADS, Breast Imaging-Reporting and Data System; BMI, body mass index.

In addition to examining the feasibility of obtaining a
measure of salivary Cd, the present study allowed an ex-
amination of the feasibility of using saliva-based Cd levels
in association with breast density measures. In our study,
we found that women with BI-RADS classification of
level 3 & 4 had statistically significantly higher detectable
levels of Cd saliva compared to those with BI-RADS clas-
sification of level 1 & 2. Since mammographic density is
strongly associated with breast cancer, breast density, and
breast cancer likely share common risk factors. Previous
studies*”*® have shown a relationship between Cd levels
and breast density. Researchers showed that each two-fold
increase in urinary Cd was associated with 1.75 times the
odds of having BI-RADS classification of extremely dense
in premenopausal women. There was a two-fold increase
in urinary Cd concentration associated with a statistically
significant increase of 1.6% in mammographic density.‘”’48
Positive associations between urinary Cd and fibro-
glandular tissue volume were shown in a group of nullip-
arous women,*”*® in which a doubling of urinary Cd was
associated with a 1.34-fold change in the fibro-glandular
tissue volume.

Although these findings are encouraging, there are
several limitations to note. The small sample size in
the present study limited our ability to demonstrate
statistical significance despite suggestions of a posi-
tive association between salivary Cd and breast density,
consistent with previous studies that have investigated
associations of Cd exposure, breast density, and breast
cancer.”>* Additionally, many of our demographic and
behavioral variables were self-reported and we recog-
nize those limitations. However, because participants
are likely unaware of their Cd (pg/L) status, this bias is
likely non-differential and caused our measures of as-
sociation to bias toward the null. Our study found that
age and BMI are statistically significant with BI-RADS
and are trending toward significance in saliva Cd and

smoking. Furthermore, salivary quantification of Cd,
though not considered the gold standard for diagnostic
or screening methods of Cd levels, has the potential for
cost-effective utilization and validity, as previously con-
sidered by other studies.™

5 | CONCLUSION

In conclusion, we found that saliva-based sampling for Cd
(pg/L) has the potential as a bio-sample to measure Cd
(pg/L) and should be considered for larger epidemiologi-
cal studies where physical access to patients is limited or
challenging. While these results are not statistically sig-
nificant or ground-breaking evidence for an association
between breast density and salivary Cd level (pg/L), the
introduction of a method of gathering biosamples for can-
cer risk screening that is less invasive, more convenient,
and cost-effective means is promising. Evidence in what is
currently available in the literature points to Cd as a car-
cinogen, contributing to cancer development. Therefore,
further research and investigations should move toward
the determination of salivary Cd and its usefulness in
breast cancer screening.

5.1 | Clinical practice points

Existing evidence available in the literature included the
identification of risk factors for breast cancer develop-
ment or predisposition. Such risk factors include intrin-
sic and unmodifiable genetic composition. Modifiable
risk factors include smoking status, environmental ex-
posures to known carcinogens, and dietary intake of
foods that are scientifically accepted as potentially car-
cinogenic. Early detection of breast cancer has shown
efficacy for the prolongation of life and preserving high
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quality of life. The findings of this feasibility study using
salivary Cd levels (pg/L) as predictors of breast cancer
disposition include the potential for a very cost-effective
and convenient method of breast cancer risk factor
screening. The findings also add to the already existing
evidence that breast density plays a critical role in the
pathogenesis of breast cancer development. There is an
ongoing need in clinical practice and breast cancer re-
search to advance the search for methodologies that are
not only cost-effective, appropriate, and efficient but are
also convenient for the target population. A screening
risk factor tool with these elements should remove bar-
riers in clinical care.

AUTHOR CONTRIBUTIONS

Michaela George: Formal analysis (lead); supervision
(equal); writing — original draft (lead); writing - re-
view and editing (equal). Shayne Paff: Writing - origi-
nal draft (equal); writing - review and editing (equal).
Jenyse Rojo: Formal analysis (equal); writing - origi-
nal draft (equal). Mark Powell: Data curation (support-
ing); project administration (equal); resources (equal);
writing - review and editing (equal). Christopher
Benz: Conceptualization (equal); data curation (equal);
writing - review and editing (equal). Karl Pope: Formal
analysis (lead); writing - review and editing (equal).
Karla Kerlikowske: Conceptualization (equal); data
curation (lead); investigation (equal); writing — review
and editing (equal). John Shepard: Data curation
(lead); investigation (equal); writing — review and edit-
ing (equal). Matthew Willis: Supervision (equal); writ-
ing - review and editing (equal). Rochelle Ereman:
Conceptualization (lead); investigation (equal); meth-
odology (lead); visualization (lead); writing — original
draft (supporting). LeeAnn Prebil: Conceptualization
(equal); investigation (equal); methodology (equal); pro-
ject administration (equal); visualization (equal); writ-
ing - original draft (equal).

ACKNOWLEDGMENTS

This work was supported by CDC grant no. 5H75
DP001730-2, thanks to the efforts of Senator Boxer and
Congresswoman Woolsey, and The Avon Foundation
grant no. 02-2009-053. This SXA measurement was
funded by the National Cancer Institute-fund no. P01
CA154292, U01 CA63740, HHSN261201100031C. We
thank the Marin County Board of Supervisors for their
support of this work. We also thank Rachel Puckett,
Bianca Gabriel, Daniel Rothschild, and Katya Frazier
for their technical assistance in processing the MWS
saliva samples. We would like to thank Jordana Sandy
for her help with the literature review of cadmium
and breast cancer. Lastly, we thank the MWS Steering

.. 7 0f 9
Cancer Medicine _ —WI LEYJ—

Committee for their work on the design and conduct of
the MWS, and all the study sites and residents of Marin
County for their support of, and participation in, this
research.

CONFLICT OF INTEREST STATEMENT
The authors have declared that there are no conflicts of
interest that exist.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are avail-
able on request from the corresponding author first au-
thor. The data are not publicly available due to privacy
or ethical restrictions. However, if de-identified data is
requested, the data that support the findings of this study
may be available from the first author upon reasonable
request.

ORCID

Michaela F. George (© https://orcid.
org/0000-0002-0863-6615

Shayne Paff ‘© https://orcid.org/0000-0002-5406-9375

REFERENCES

1. International Agency for Research on Cancer. Beryllum, cad-
mium, mercury and exposures in the glass manufacturing in-
dustry. International Agency for Research on Cancer Monographs
on the Evaluation of Carcinogenic Risks to Humans; 1993 No. 58.
https://www.ncbi.nlm.nih.gov/books/NBK499767/

2. Romanowicz-Makowska H, Forma E, Bry$ M, Krajewska WM,
Smolarz B. Concentration of cadmium, nickel, and aluminum
in female breast cancer. Pol J Pathol. 2011;62(4):257-261.

3. Adams SV, Quraishi SM, Shafer MM, et al. Dietary cadmium
exposure and risk of breast, endometrial, and ovarian cancer
in the Women's Health Initiative. Environ Health Perspect.
2014;122(6):594-600.

4. Garcia-Esquinas E, Pollan M, Tellez-Plaza M, et al. Cadmium ex-
posure and cancer mortality in a prospective cohort: the strong
heart study. Environ Health Perspect. 2014;122(4):363-370.

5. Adams SV, Newcomb PA, White E. Dietary cadmium and risk
of invasive postmenopausal breast cancer in the VITAL cohort.
Cancer Causes Control. 2012;23(6):845-854.

6. Eriksen KT, Halkjaer J, Sorensen M, et al. Dietary cadmium
intake and risk of breast, endometrial and ovarian cancer in
Danish postmenopausal women: a prospective cohort study.
PloS One. 2014;9(6):e100815.

7. Gil F, Hernandez AF, Marquez C, et al. Biomonitorization of
cadmium, chromium, manganese, nickel and lead in whole
blood, urine, axillary hair and saliva in an occupationally ex-
posed population. Sci Total Environ. 2011;409(6):1172-1180.

8. Jacquez GM, Barlow J, Rommel R, et al. Residential mobil-
ity and breast cancer in Marin County, California, USA. Int J
Environ Res Public Health. 2014;11(1):271-295.

9. Adams SV, Shafer MM, Bonner MR, et al. Urinary cadmium
and risk of invasive breast cancer in the women's health initia-
tive. Am J Epidemiol. 2016;183(9):815-823.

95UB017 SUOLUIOD 9A1I.1D) 3[cedl|dde 8Ly Aq peusenob a.1e sajole YO 9sh Jo SainJ 10} ARiq1T 8UlUO AB[1M UO (SUORIPUOD-PUE-SWLBI LD 3| 1M Afed 1 jBuUO//Sdhy) SUORIPUOD pue WIS | 8} 39S " [7202/20/50] U0 Akeiqi8uliuo A8|Im BILI0jIED JO AISIBAIUN Uediuiwod Aq €269 7WUEd/Z00T OT/I0pAL0d" A3 1M Alelq1jeuljuo//Sdny WOy pepeo|umod ‘Z ‘v202 ‘E9.Sv0Z


https://orcid.org/0000-0002-0863-6615
https://orcid.org/0000-0002-0863-6615
https://orcid.org/0000-0002-0863-6615
https://orcid.org/0000-0002-5406-9375
https://orcid.org/0000-0002-5406-9375
https://www.ncbi.nlm.nih.gov/books/NBK499767/

ﬂl_wl LEY_Cancer Medicine

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24.

25.
26.

217.

28.

29.

GEORGE ET AL.

TEEED

Alloway BJ, Jackson AP, Morgan H. The accumulation of cad-
mium by vegetables grown on soils contaminated from a vari-
ety of sources. Sci Total Environ. 1990;91:223-236.

Pappas RS, Polzin GM, Zhang L, Watson CH, Paschal
DC, Ashley DL. Cadmium, lead, and thallium in main-
stream tobacco smoke particulate. Food Chem Toxicol.
2006;44(5):714-723.

Morrow H. Cadmium and cadmium alloys. Kirk-Othmer
Encyclopedia of Chemical Technology. Wiley; 2000:1-36.
Galal-Gorchev H. Dietary intake, levels in food, and estimated
intake of lead, cadmium, and mercury. Food Addit Contam.
1993;10(1):115-128.

Filipic M, Fatur T, Vudrag M. Molecular mechanisms
of cadmium-induced mutagenicity. Hum Exp Toxicol.
2006;25(2):67-77.

Stoica A, Katzenellenbogen BS, Martin MB. Activation of estro-
gen receptor-a by the heavy metal cadmium. Mol Endocrinol.
2000;14(4):545-553.

Johnson MD, Kenney N, Stoica A, et al. Cadmium mimics the
in vivo effects of estrogen in the uterus and mammary gland.
Nat Med. 2003;9(8):1081-1084.

Antila E, Mussalo-Rauhamaa H, Kantola M, Atroshi F,
Westermarck T. Association of cadmium with human breast
cancer. Sci Total Environ. 1996;186(3):251-256.

Tonescu JG, Novotny J, Stejskal V, Laetsch A, Blaurock-Busch
E, Eisenmann-Klein M. Increased levels of transition metals in
breast cancer tissue. Neuro Endocrinol Lett. 2006;27:36-39.
Strumylaite L, BoguSevi¢ius A, Abdrachmanovas O, et al.
Cadmium concentration in the biological media of breast can-
cer patients. Breast Cancer Res Treat. 2011;125(2):511-517.
Waisberg M, Joseph P, Hale B, Beyersmann D. Molecular and
cellular mechanisms of cadmium carcinogenesis. Toxicology.
2003;192(2-3):95-117.

Satarug S, Baker JR, Reilly PE, Moore MR, Williams DIJ.
Changes in zinc and copper homeostasis in human livers and
kidneys associated with exposure to environmental cadmium.
Hum Exp Toxicol. 2001;20(4):205-213.

Pearson CA, Prozialeck WC. E-cadherin, beta-catenin and cad-
mium carcinogenesis. Med Hypotheses. 2001;56(5):573-581.
Joseph P. Mechanisms of cadmium carcinogenesis. Toxicol
Appl Pharmacol. 2009;238(3):272-279.

Waalkes MP. Cadmium carcinogenesis.
2003;533(1-2):107-120.

Liu J, Qu W, Kadiiska MB. Role of oxidative stress in cad-
mium toxicity and carcinogenesis. Toxicol Appl Pharmacol.
2009;238(3):209-214.

Giaginis C, Gatzidou E, Theocharis S. DNA repair systems
as targets of cadmium toxicity. Toxicol Appl Pharmacol.
2006;213(3):282-290.

Takiguchi M, Achanzar WE, Qu W, Li G, Waalkes MP. Effects
of cadmium on DNA-(cytosine-5) methyltransferase activity
and DNA methylation status during cadmium-induced cellular
transformation. Exp Cell Res. 2003;286(2):355-365.

Pollan M, Gustavsson P. High-risk occupations for breast can-
cer in the Swedish female working population. Am J Public
Health. 1999;89(6):875-881.

Julin B, Wolk A, Bergkvist L, Bottai M, Akesson A. Dietary
cadmium exposure and risk of postmenopausal breast can-

Mutat  Res.

cer: a population-based prospective cohort study. Cancer Res.
2012;72(6):1459-1466.

30.

31.

32.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Gallagher CM, Chen JJ, Kovach JS. Environmental cad-
mium and breast cancer risk. Aging (Albany NY). 2010;2(11):
804-814.

Lian J, Li K. A review of breast density implications and breast
cancer screening. Clin Breast Cancer. 2020;20(4):283-290.

Boyd NF. Mammographic density and risk of breast cancer. Am
Soc Clin Oncol Educ Book. 2013;33:e57-e62.

Shepherd JA, Kerlikowske K, Ma L, et al. Volume of mam-
mographic density and risk of breast cancer. Cancer Epidemiol
Biomarkers Prev. 2011;20(7):1473-1482.

Shepherd JA, Herve L, Landau J, Fan B, Kerlikowske K,
Cummings SR. Novel use of single x-ray absorptiome-
try for measuring breast density. Technol Cancer Res Treat.
2005;4(2):173-182.

Bloomfield M, Louie MC. Chronic cadmium exposure de-
creases the dependency of MCF7 breast cancer cells on ERa.
Sci Rep. 2019;9:12135. d0i:10.1038/s41598-019-46912-3

Jarup L, Berglund M, Elinder CG, Nordberg G, Vanter M.
Health effects of cadmium exposure-a review of the litera-
ture and a risk estimate. Scand J Work Environ Health. 1998;24
Suppl 1:1-51.

Garner RE, Levallois P. Associations between cadmium levels
in blood and urine, blood pressure and hypertension among
Canadian adults. Environ Res. 2017;155:64-72.

Gunier RB, Horn-Ross PL, Canchola AJ, et al. Determinants
and within-person variability of urinary cadmium concentra-
tions among women in northern California. Environ Health
Perspect. 2013;121(6):643-649.

Wang D, Du X, Zheng W. Alteration of saliva and serum con-
centrations of manganese, copper, zinc, cadmium and lead
among career welders. Toxicol Lett. 2008;176(1):40-47.

Olmedo P, Pla A, Herndndez AF, Lopez-Guarnido O, Rodrigo L,
Gil F. Validation of a method to quantify chromium, cadmium,
manganese, nickel and lead in human whole blood, urine,
saliva and hair samples by electrothermal atomic absorption
spectrometry. Anal Chim Acta. 2010;659(1):60-67.

Streckfus CF, Bigler LR. Saliva as a diagnostic fluid. Oral Dis.
2002;8(2):69-76.

Lawrence HP. Salivary markers of systemic disease: noninva-
sive diagnosis of disease and monitoring of general health. J
Can Dent Assoc. 2002;68(3):170-174.

County of Marin Health & Human Services. The Marin
Women's Study. n.d. https://www.marinhhs.org/content/marin
-womens-study-mws

Malkov S, Wang J, Kerlikowske K, Cummings SR, Shepherd JA.
Single x-ray absorptiometry method for the quantitative mam-
mographic measure of fibroglandular tissue volume. Med Phys.
2009;36(12):5525-5536.

Sickles EA, D'Orsi CJ, Bassett LW, et al. ACR BI-RADS® mam-
mography. ACR BI-RADS® Atlas, Breast Imaging Reporting and
Data System. American College of Radiology; 2013.

Magny SJ, Shikhman R, Keppke AL. Breast imaging reporting
and data system. StatPearls [Internet]. StatPearls Publishing;
2023 https://www.ncbi.nlm.nih.gov/books/NBK459169/
Mockus M, Prebil L, Ereman R, et al. First pregnancy charac-
teristics, postmenopausal breast density, and salivary sex hor-
mone levels in a population at high risk for breast cancer. BBA
Clinical. 2015;3:189-195.

Prebil LA, Ereman RR, Powell MJ, et al. First pregnancy events
and future breast density: modification by age at first pregnancy

95UB017 SUOLUIOD 9A1I.1D) 3[cedl|dde 8Ly Aq peusenob a.1e sajole YO 9sh Jo SainJ 10} ARiq1T 8UlUO AB[1M UO (SUORIPUOD-PUE-SWLBI LD 3| 1M Afed 1 jBuUO//Sdhy) SUORIPUOD pue WIS | 8} 39S " [7202/20/50] U0 Akeiqi8uliuo A8|Im BILI0jIED JO AISIBAIUN Uediuiwod Aq €269 7WUEd/Z00T OT/I0pAL0d" A3 1M Alelq1jeuljuo//Sdny WOy pepeo|umod ‘Z ‘v202 ‘E9.Sv0Z


https://doi.org//10.1038/s41598-019-46912-3
https://www.marinhhs.org/content/marin-womens-study-mws
https://www.marinhhs.org/content/marin-womens-study-mws
https://www.ncbi.nlm.nih.gov/books/NBK459169/

GEORGE ET AL.

.. 90f 9
Cancer Medicine _ —WILEYJ—

49.

50.

51.

52.

and specific VEGF and IGF1R gene variants. Cancer Causes
Control. 2014 Jul;25(7):859-868. doi:10.1007/s10552-014-0386-2
Adams SV, Newcomb PA, Shafer MM, et al. Urinary cadmium
and mammographic density in premenopausal women. Breast
Cancer Res Treat. 2011;128(3):837-844.

Peptoniska B, Janasik B, McCormack V, Bukowska-Damska
A, Katuzny P. Cadmium and volumetric mammographic
density: a cross-sectional study in polish women. PLoS One.
2020;15(5):1-12.

White AJ, Weinberg CR, O'Meara ES, Sandler DP, Sprague
BL. Airborne metals and polycyclic aromatic hydrocarbons in
relation to mammographic breast density. Breast Cancer Res.
2019;21(1):24. doi:10.1186/s13058-019-1110-7

Filippini T, Torres D, Lopes C, et al. Cadmium exposure and
risk of breast cancer: a dose-response meta-analysis of co-
hort studies. Environ Int. 2020;142:105879. doi:10.1016/].
envint.2020.105879

53. Florez-Garcia VA, Guevara-Romero EC, Hawkins MM, et al.
Cadmium exposure and risk of breast cancer: a meta-analysis.
Environ Res. 2023;219:115109. doi:10.1016/j.envres.2022.115109

SUPPORTING INFORMATION
Additional supporting information can be found online in
the Supporting Information section at the end of this article.

How to cite this article: George MF, Paff S, Rojo
J, et al. Assessment of salivary cadmium levels and
breast density in the Marin Women's Study. Cancer
Med. 2024;13:e6973. doi:10.1002/cam4.6973

95UB017 SUOLUIOD 9A1I.1D) 3[cedl|dde 8Ly Aq peusenob a.1e sajole YO 9sh Jo SainJ 10} ARiq1T 8UlUO AB[1M UO (SUORIPUOD-PUE-SWLBI LD 3| 1M Afed 1 jBuUO//Sdhy) SUORIPUOD pue WIS | 8} 39S " [7202/20/50] U0 Akeiqi8uliuo A8|Im BILI0jIED JO AISIBAIUN Uediuiwod Aq €269 7WUEd/Z00T OT/I0pAL0d" A3 1M Alelq1jeuljuo//Sdny WOy pepeo|umod ‘Z ‘v202 ‘E9.Sv0Z


https://doi.org//10.1007/s10552-014-0386-2
https://doi.org//10.1186/s13058-019-1110-7
https://doi.org//10.1016/j.envint.2020.105879
https://doi.org//10.1016/j.envint.2020.105879
https://doi.org//10.1016/j.envres.2022.115109
https://doi.org/10.1002/cam4.6973

	Assessment of salivary cadmium levels and breast density in the Marin Women's Study
	Recommended Citation
	Authors

	Assessment of salivary cadmium levels and breast density in the Marin Women's Study
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Study population
	2.2|Questionnaire
	2.3|Breast density measures
	2.4|Saliva sample collection
	2.5|Candidate selection
	2.6|Statistical analysis

	3|RESULTS
	4|DISCUSSION
	5|CONCLUSION
	5.1|Clinical practice points

	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


