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Abstract Mammographic density (MD), a strong marker

of breast cancer risk, is influenced by genetic, environ-

mental, and hormonal factors. Cadmium, a persistent and

widespread environmental pollutant, has been associated

with risk of breast cancer, and laboratory evidence suggests

cadmium is a carcinogen in the breast. We investigated the

hypothesis that cadmium exposure is associated with

higher MD. In a cross-sectional study of MD and urinary

cadmium concentration, percentage MD (MD%) and

Breast Imaging-Reporting and Data Systems (BI-RADS�)

density category were determined from screening mam-

mograms of 190 premenopausal women ages 40–45 years.

Women completed a health questionnaire, and the cad-

mium content of spot urine samples was measured with

inductively coupled plasma mass spectrometry and cor-

rected for urine creatinine. Urinary cadmium concentra-

tions are thought to reflect exposure to cadmium during a

period of 20–30 years. Multivariable linear regression and

logistic regression were used to estimate the strength of

association between urinary cadmium and mammographic

breast density. Adjusted mean MD% among women in the

upper tertile of creatinine-corrected urinary cadmium was

4.6% higher (95% CI: –2.3 to 11.6%) than in women in the

lowest cadmium tertile. Each twofold increase in urinary

cadmium was associated with higher odds of MD% in the

upper tertile (OR: 1.29, 95% CI: 0.82–2.02) or a BI-RADS

category rating of ‘‘extremely dense’’ (OR: 1.75, 95% CI:

1.14–2.70). Stronger associations were observed among

nulliparous women, and current or former smokers.

Exposure to cadmium may be associated with increased

breast density in premenopausal women.
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Introduction

Mammographic density (MD) is a strong marker of breast

cancer risk [1], although the etiological relationship

between MD and breast cancer remains unclear [2]. MD has

been proposed as an ‘‘intermediate phenotype’’ of breast

cancer that is largely determined by genetics and reflects

cumulative exposure to sex steroid hormones and other

breast mitogens [3]. However, the association between

circulating levels of endogenous sex steroid hormones and

MD is weak [4–6], and the increase in breast cancer risk

associated with hormone therapy or endogenous hormones

is likely independent of MD [4, 7]. Notably, environmental

exposures may also change MD; active cigarette smoking

decreases MD [8], alcohol consumption may increase MD

[9], and some dietary factors may also play a role [10].
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Cadmium is a heavy metal that has been widely dis-

persed in the environment as a result of industry and

agriculture [11, 12]. Non-occupationally exposed persons

are mainly exposed to cadmium by smoking tobacco or

through eating contaminated cereals, certain vegetables,

and shellfish [12–14]. Cadmium, once ingested, is ineffi-

ciently excreted and accumulates primarily in the liver and

kidneys, and has also been measured in breast tissue

samples [12].

Preliminary epidemiologic evidence suggests that cad-

mium exposure may increase risk of invasive breast cancer

[15–17] and endometrial cancer [18]. Laboratory evidence

indicates that cadmium may have estrogenic activity in rats

[19, 20] and epithelial breast cell lines [21–24], and addi-

tional recent evidence highlights nonhormonal carcino-

genic effects of cadmium on breast epithelial cells in vitro

[25]. Cadmium can also induce cellular oxidative stress

[26], and biomarkers of oxidative stress have been asso-

ciated with MD [27–29].

The incomplete understanding of the variability in MD,

the putative carcinogenic actions of cadmium, and epide-

miologic and laboratory evidence supporting the hypothe-

sis that cadmium is a breast carcinogen motivated us to

investigate whether cadmium exposure is associated with

MD.

Materials and methods

Study population and recruitment

The recruitment, exclusion criteria, and clinical protocols of

the Equol, Breast, and Bone (EBB) study have been detailed

[30, 31]. Briefly, premenopausal women aged 40–45 years

were recruited from a mammographic screening program

within Group Health (GH), an integrated healthcare system

in Washington State. Women were sampled from the GH

population based on Breast Imaging and Reporting Data

System (BI-RADS�—American College of Radiology)

category recorded at the time of eligibility review to achieve

similar numbers of women across BI-RADS categories. For

this purpose, BI-RADS ratings of 1 (almost entirely fat) and

2 (scattered density) were combined. Peri- and postmeno-

pausal women, women with a history of breast cancer,

women using hormone therapy or oral contraceptives, and,

consistent with other goals of the EBB study, women with

certain digestive conditions or using antibiotics were

excluded [30, 31]. Study procedures were approved by the

Fred Hutchinson Cancer Research Center and GH Institu-

tional Review Boards.

Of the 203 EBB study participants [30, 31], the 190

included in this study completed a health questionnaire,

provided a urine sample on which cadmium and creatinine

analysis were completed, and had MD% measured from

screening mammograms.

Data collection

Participants completed a health questionnaire and a study

clinic visit during which height and weight were measured,

and spot urine samples were provided using standard

‘‘clean-catch’’ procedures. Clinic visits were timed to fall

between days 5 and 9 of each woman’s menstrual cycle

[31]. Urine samples were aliquoted and frozen at –70�C

until analysis. Separate aliquots were assayed for creatinine

and heavy metals. (Home-collected soy challenge urine

samples also obtained from these participants as described

[30] were not used in the present analysis.)

Percentage mammographic density

Percentage mammographic density (MD%) was calculated

from the left cranial-caudio view of screening mammo-

grams collected up to 14 months prior to urine and data

collection, as described [30]. Mammograms were digitized

and read for total area and dense area using Cumulus, a

computer-assisted method developed at the University of

Toronto [32]. Mammograms were read by a single reader

(EJAB), unaware of urine results. MD% is calculated as the

proportion of dense area to total area of the breast. A

random sample (10%) of mammograms was re-read for

quality control; no discrepancies were apparent [30]. Both

BI-RADS and MD% were determined without knowledge

of urinary cadmium content.

Urinary cadmium and creatinine measurement

A panel of 30 elements including cadmium was quantified

by sector field inductively coupled plasma mass spec-

trometry (SF-ICPMS) on a Thermo-Finnigan Element 2

(Thermo Scientific, Waltham, MA) at the Wisconsin State

Laboratory of Hygiene (Madison, WI), following quality

control procedures similar to those previously described

[33]. Urine was diluted in 2% high-purity nitric acid con-

taining internal normalization standards, and introduced to

the plasma with a low-flow Teflon nebulizer interfaced to

an ESI FAST auto-sampler. Isotopes were acquired in peak

jumping mode. A series of dedicated samples (molybde-

num spiked reference materials and spiked samples) were

positioned throughout the analytical sequence to address

potential molybdenum oxide interference. A typical SF-

ICPMS batch included 20 participant samples, 3 standard

reference material aliquots (including National Institute of

Standards of Technology 2670a), and multiple quality

control samples (duplicates, spikes, check standards, and

blanks) [33]. The mean of batch-specific reagent blanks
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was subtracted from the mean of triplicate sample mea-

surements to arrive at the cadmium concentration used for

statistical analysis. All participant samples were above the

lower limit of quantification of cadmium, 0.008 lg/l.

Levels of extractable metals (0.5 M nitric acid for 48 h) in

unused urine collection containers and storage/transport

vials were also quantified to assess potential contamination

biases. Extractable concentrations of cadmium in the col-

lection containers (0.0004 ± 0.0002 lg/l, n = 4) and

1.8 ml storage vials (0.0020 ± 0.0006 lg/l, n = 9) were

significantly below the method quantification limit of

cadmium in urine and therefore judged to be an insignifi-

cant source of error.

Urinary creatinine was assessed using a colorimetric

assay [30].

Statistical analysis

Potential confounders identified prior to data analysis were

age, parity, body mass index (BMI), education, race/eth-

nicity, smoking history, and consumption of mineral or

multivitamin supplements. Occupation and alcohol intake

were additionally considered during revision of this study

report. Alcohol intake was estimated from participant food

frequency questionnaires. For analysis, these potential

confounders were included in regression models as linear

continuous variables centered at the mean (age), or

parameterized into categories: parity (none, 1–2, 3, or more

pregnancies longer than 6 months); BMI (in tertiles);

education (no college degree, college degree); race/eth-

nicity (Asian, non-Asian); smoking history (never, ever);

current supplement use (yes, no); daily alcohol consump-

tion (\14 g [approximately one drink]; C14 g). Education,

supplement use, and alcohol intake were excluded because

elimination from the fully adjusted model changed linear

regression estimates by less than 10% and did not sub-

stantially alter estimate standard errors. Occupation was

not considered because no reported occupations were rea-

sonably related to exposure to cadmium.

Prior to heavy metal assays, cadmium was selected as

potentially related to MD. Associations between other

metals and MD were not examined prior to drafting this

report and will be presented elsewhere. Cadmium con-

centration measured in each spot urine sample was divided

by the sample’s creatinine concentration; cadmium con-

centration is reported as microgram cadmium per gram

creatinine (lg/g).

Creatinine-normalized urinary cadmium concentrations

were log-transformed. The logarithm of creatinine-cor-

rected cadmium as a linear term, or an indicator of tertile of

creatinine-normalized cadmium, was entered in each

regression model. The association between MD% as a

continuous variable and other variables was estimated

using ordinary least squares linear regression, from which

least squares adjusted mean MD% was calculated. Logistic

regression was used to estimate associations after catego-

rizing MD% into tertiles among all participants, or with BI-

RADS category as the outcome, comparing category 4

(extremely dense) to 1, 2, or 3 (heterogeneously dense). For

subgroup analyses defined by parity and smoking history,

an interaction term was added to the statistical model,

equal to the product of log-transformed cadmium and a

dichotomous indicator for either nulliparity or ever-smok-

ing. Least-squares adjusted means were calculated based

on the linear regression models; for least-squares adjusted

means among sub-groups, the model with the appropriate

interaction term was used.

Linear regression modeling assumptions were examined

by graphical methods. No substantial departure from line-

arity or normality of the residuals was observed in adjusted

models, with or without interaction terms. Similarly, no

important departures from homoscedasticity either among

all women, or in comparing parous and nulliparous, or

ever-smokers and never-smokers. Statistical analyses were

completed with Stata version 11 (Stata Corp, College

Station, TX).

Results

Percent mammographic density ranged from zero to 88.9%

in this sample of women. The creatinine-normalized

urinary cadmium concentrations ranged from 0.06 to

1.56 lg/g. Geometric means and the range of values within

one geometric standard deviation [34] indicated that Asian

women, smokers, women with lower BMI, and women

with fewer pregnancies had higher urinary creatinine-cor-

rected cadmium (Table 1). Dietary supplement use was

related to slightly lower urinary cadmium, and college

education and alcohol intake were not related to urinary

cadmium content.

Women of higher parity and women with higher BMI

had substantially lower mean MD% (Table 1), whereas

women with more education, taking dietary supplements,

and who consumed more alcohol had higher MD%. The

narrow age range of the participants precluded observation

of relations between age and MD% or urinary cadmium.

Regression results showed that higher urinary cadmium

was associated with higher MD% or BI-RADS rating.

Multivariable linear regression of MD% suggested that

each twofold increase in creatinine-normalized cadmium

was associated with an increase of 1.60 percentage points

(95% CI: -2.12–5.32) in MD%, as reflected in increasing

estimated adjusted mean MD% in each tertile of cadmium

(Table 2). Elevated cadmium was also associated with
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increased odds of MD% in the uppermost tertile and with a

BI-RADS rating of 4 (extremely dense) per twofold

increase in creatinine-normalized cadmium (ORs [95%CI]:

1.29 [0.82–2.02] and 1.75 [1.14–2.70], respectively).

The association between cadmium and MD% was

stronger among nulliparous women and women with a

history of smoking (Table 2), and attenuated among parous

women and never-smokers. Similar results were observed

with logistic regression analyses repeated on these sub-

groups (not shown).

Discussion

Overall, the urinary cadmium concentrations measured in

this study are comparable to measurements in similar

Table 1 Personal characteristics, mean (standard deviation [SD]) percent mammographic density (MD%), and urinary cadmium concentrations

of participating women (N = 190)

Mean SD N % MD% Creatinine-adjusted urinary cadmiuma,b Urinary cadmiumb

Mean SD Mean (lg/g) ±1 SD Mean (lg/l) ±1 SD

Age (y)c 42.4 1.3 190 100 37.1 22.4 0.33 0.18–0.59 0.14 0.05–0.40

BI-RADS category

1 or 2 (almost entirely fat) 48 25 12.6 12.2 0.32 0.18–0.55 0.13 0.04–0.37

3 (heterogeneously dense) 74 39 34.8 14.5 0.29 0.16–0.51 0.12 0.04–0.33

4 (extremely dense) 68 36 56.9 15.7 0.38 0.21–0.70 0.18 0.07–0.50

BMI (kg/m2)

\23.0 63 33 50.3 19.6 0.35 0.19–0.64 0.15 0.05–0.43

23.0–26.9 63 33 38.3 18.7 0.33 0.19–0.56 0.14 0.06–0.36

C26.9 64 34 22.9 20.0 0.31 0.17–0.56 0.13 0.04–0.41

Parityd

Nulliparous 73 38 42.6 22.4 0.35 0.19–0.65 0.15 0.05–0.44

1–2 93 49 35.5 21.7 0.33 0.18–0.58 0.15 0.05–0.41

C3 24 13 26.8 20.9 0.27 0.17–0.44 0.09 0.03–0.24

Race

Non-Asiane 176 93 36.9 22.3 0.31 0.18–0.55 0.13 0.05–0.35

Asian/Pacific Islander 14 7 39.1 24.6 0.62 0.38–1.04 0.31 0.07–1.32

Smoking

Neverf 127 67 37.2 22.7 0.29 0.16–0.52 0.13 0.04–0.37

Current 8 4 29.8 24.5 0.47 0.30–0.73 0.16 0.06–0.41

Former 55 29 38.0 21.7 0.41 0.24–0.70 0.17 0.06–0.47

College graduate

No 62 33 33.0 25.1 0.32 0.19–0.56 0.11 0.04–0.32

Yes 128 67 39.1 20.8 0.33 0.18–0.60 0.15 0.05–0.44

Supplement useg

No 61 32 33.5 22.6 0.35 0.21–0.58 0.16 0.06–0.43

Yes 129 68 38.8 22.2 0.32 0.17–0.59 0.13 0.04–0.39

Alcohol Intake (g/day)

\14 155 82 35.7 22.0 0.33 0.18–0.59 0.14 0.05–0.39

C14 35 18 43.4 23.2 0.33 0.18–0.60 0.15 0.05–0.43

a Urinary cadmium (lg) per gram urinary creatinine
b Geometric mean and endpoint of values within ±1 geometric standard deviation
c Mean age, MD%, and cadmium of all study participants
d Pregnancies that lasted at least 6 months
e White (n = 168), African American (n = 2), Native American/Alaskan Native (n = 1), and Other (n = 5)
f Fewer than 100 cigarettes over lifetime
g Current use of multi-vitamins, mineral supplements, or any other dietary supplement
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populations, including the National Health and Nutrition

Examination Survey [35] and the sample used in a previous

study of cadmium and breast cancer risk [15, 33]. Although

the spot urine samples analyzed in this study were not

obtained with trace metal analysis in mind, they were

donated under controlled conditions in a research clinic.

The consistency of the urinary cadmium concentrations

with comparable cohorts, our quantitative assessment of

container blanks, and high accuracy of SF-ICPMS mea-

surements on reference materials indicate that the urinary

cadmium measurements appear to be both internally and

externally valid.

To measure MD, we used both a qualitative BI-RADS

rating and MD%. For this study, we used a qualitative

clinic-based BI-RADS rating determined before MD%

was measured and not BI-RADS based directly on

MD%. Differences in classification of women by MD%

and BI-RADS were noted (Table 1). However, previous

pooled analysis found that a qualitative BI-RADS rating of

4 was associated with a *fourfold breast cancer risk

compared to a BI-RADS rating of 1 [1]. When we divided

study participants into tertiles of MD%, the upper tertile

MD% included women with MD% more than 49%; MD%

more than 50% is associated with a four-to-fivefold breast

cancer risk in comparison to women with very low MD% [1].

Our results suggest that cadmium exposure might be

associated with increased mammographic density in pre-

menopausal women. The measured cadmium and MD are

in the relevant range of MD to be of epidemiological

interest. Furthermore, we observed consistent results

whether MD was measured as MD% or qualitative

BI-RADS.

An important strength of this study is that by examining

the association between cadmium and MD, rather than

breast cancer, we avoid potential bias because of breast

cancer therapies. Cancer therapies could influence the

cadmium content of urine, and thus generate a spurious

association with breast cancer. Because women with a

history of cancer or use of tamoxifen, raloxifene, or bis-

phosphonates were excluded from this study, the

Table 2 Geometric mean urinary cadmium and least-squares adjusteda estimated mean MD% (95% CI) by tertile of creatinine-normalized

urinary cadmiumb

N Mean MD% (95% CI) MD% per unit log2(Cdc) (95% CI)

All women 1.62 (-2.12–5.32)

1st 63 34.9 (30.4–39.3)

2nd 63 36.9 (33.7–40.1)

3rd 64 39.5d (34.5–44.5)

Nulliparous 6.68 (1.63–11.72)

1st 25 36.1 (29.0–43.3)

2nd 16 42.4 (37.3–47.5)

3rd 32 47.8e (42.6–52.9)

Parous -1.76 (-6.06–2.55)

1st 38 34.8 (30.3–39.4)

2nd 47 34.3 (31.0–37.7)

3rd 32 31.3f (25.8–36.9)

Ever-smokers 6.36 (0.26–12.46)

1st 10 31.1 (24.1–38.1)

2nd 19 32.5 (28.1–37.0)

3rd 34 41.2g (35.5–46.8)

Never-smokers -0.44 (-4.68–3.80)

1st 53 36.6 (32.1–41.2)

2nd 44 37.2 (33.5–40.8)

3rd 30 38.1h (32.4–43.9)

a Adjusted for age, BMI (in tertiles), parity (none, 1–2, 3, or more pregnancies longer than 6 months), smoking (ever, never), and race (Asian,

non-Asian)
b Creatinine-normalized tertile bounds: 1st: B0.252 lg/g (geometric mean: 0.18 lg/g); 2nd: 0.253–0.387 lg/g (geometric mean: 0.31 lg/g); 3rd:

[0.387 lg/g (geometric mean: 0.63 lg/g)
c Normalized by urine creatinine

Two-sided P-value from Wald test comparing mean MD% of highest to lowest tertiles of urine cadmium: d P = 0.2; e P = 0.009; f P = 0.4;
g P = 0.04; and h P = 0.7
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associations we observed are very unlikely to be because of

medications.

The limitations of this study include the modest sample

size and the single-spot measurement of urinary cadmium.

Spot urine samples are more variable than 24-hour urine

collection; to minimize differences in urine dilution

between individuals, we normalized cadmium content to

creatinine [36]. This common practice is especially

appropriate for a homogenous population such as the one in

this study [35, 36]. As noted, urine was collected up to

14 months after the screening mammogram was made, and

acute exposure to cadmium could have occurred during the

intervening time. However, none of the women began

smoking in the intervening period, and none reported

occupations in which such exposure was likely; overall, the

influence of an acute exposure in this period on our results

is likely small.

Because of the cross-sectional design, we cannot be

certain that urinary cadmium reflects exposure during the

time over which MD developed. However, urinary cad-

mium has been demonstrated to reflect cumulative long-

term exposure [12], and the etiologically relevant time-

frame during which environmental exposures might influ-

ence MD remains unclear [2, 37].

We also observed that adiposity, parity, and current

cigarette smoking were strongly related to MD, consistent

with previous studies [8, 38], and we selected these and

other variables as potential confounders prior to analysis

and analytically adjusted. Nonetheless, it is possible that

other unknown factors, for example, an underlying physi-

ology, could predispose women to both higher MD and

higher urinary cadmium.

Our findings may support the hypothesis that cadmium

acts as a ‘‘metallo-hormone’’ or disrupts the activity of

endogenous hormones that influence MD. However, evi-

dence that elevated MD is related to higher endogenous sex

steroid hormones levels is weak and inconsistent [4], and

no association was observed in the EBB study participants

examined in this study [5]. Therefore, direct estrogenic

actions of cadmium are unlikely to explain an association

between cadmium and MD. Beyond sex hormones, direct

associations between growth hormone [37], prolactin [39],

insulin-like growth factor-I [39–41], and breast density

have been reported, mainly in premenopausal women,

although evidence is not consistent [7]. Animal and limited

human studies suggest that cadmium may influence levels

of these hormones in a complex manner [42]. Alterna-

tively, cadmium in breast tissue may increase oxidative

stress which, in turn, may influence MD [27–29]. Given the

limited current understanding of the etiology of MD and

the nature of cadmium’s actions in breast tissue, the

mechanisms underlying an association between cadmium

and MD, if true, must be the subject of future studies.

We noted two subgroups responsible for much of the

association between cadmium and MD: nulliparous women

and cigarette smokers. The stronger association among

nulliparous women is perhaps consistent with a model in

which breast tissue is most susceptible to carcinogens,

including cadmium, prior to differentiation induced by

pregnancy [43]. Although smoking results in lower MD

during active smoking [8], our results suggest that cad-

mium may act to increase MD as a persistent effect of

smoking after cessation. With only eight active smokers in

this study, and given the cross-sectional nature of the study,

we were unable to further investigate the relationship

between smoking duration and timing, cadmium, and MD.

In summary, the results of our study suggest a positive

association between urinary cadmium and MD in pre-

menopausal women. This would lend support to the

hypothesis that cadmium is associated with breast cancer,

potentially as a result of endocrine disruption or other

mechanisms. Future studies are needed to reproduce these

findings to address the mechanism through which cadmium

might be acting to increase MD and to investigate how an

association between cadmium and MD relates to an asso-

ciation between cadmium exposure and breast cancer

incidence.
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