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COMMUNICATIONS 

 Cadmium Exposure and 
Breast Cancer Risk 

   Jane A.     McElroy   ,    Martin M.     Shafer   , 
   Amy     Trentham-Dietz   ,    John M.   
  Hampton   ,    Polly A.     Newcomb    

   Cadmium, a highly persistent heavy 
metal, has been categorized as a prob-
able human carcinogen by the U.S. 
 Environmental Protection Agency. 
Primary exposure sources include 
food and tobacco smoke. We carried 
out a population-based case – control 
study of 246 women, aged 20 – 69 years, 
with breast cancer and 254 age-
matched con trol subjects. We mea-
sured cadmium levels in urine samples 
by inductively coupled plasma mass 
spectrometry and conducted inter-
views by telephone to obtain informa-
tion on known breast cancer risk 
factors. Odds ratios (ORs) and 95% 
confi dence intervals (CIs) for breast 
cancer by creatinine-adjusted cadmi-
um levels were calculated by multi-
variable analysis. Statistical tests were 
two-sided. Women in the highest quar-
tile of creatinine-adjusted cadmium 
level ( ≥ 0.58 µg/g) had twice the breast 
cancer risk of those in the lowest quar-
tile (<0.26 µg/g; OR = 2.29, 95% CI = 
1.3 to 4.2) after adjustment for estab-
lished risk factors, and there was a 
statistically signifi cant increase in risk 
with increasing cadmium level (  P    trend   = 
.01). Based on this study, the abso-
lute risk difference is 45 (95% CI = 0 
to 77) per 100 000 given an overall 
breast cancer rate of 124 per 100 000. 
Whether increased cadmium is a caus-
al factor for breast cancer or refl ects 
the effects of treatment or disease 
 remains to be determined.   [J Natl 
Cancer Inst 2006;98: 869  –  73 ]    

  Cadmium is a toxic, bioaccumulating, 
nonessential, and highly persistent heavy 
metal with a variety of known adverse 

health effects. It has been designated as a 
probable human carcinogen by the U.S. 
Environmental Protection Agency, which 
means that the weight of evidence of car-
cinogenocity based on animal  studies is 
suffi cient and the weight of the evidence 
based on epidemiologic studies is lim-
ited  ( 1 ) . For nonoccupationally ex  posed 
women who do not smoke, food is the 
largest source of cadmium intake, whereas 
for smokers, inhalation of to  bacco smoke 
is the predominant source of exposure  ( 2 ) . 
Only a small fraction of inhaled or ingested 
cadmium is excreted, resulting in increased 
body burden over time  ( 3 ) . In vitro studies 
provide provocative evidence that cad-
mium is associated with human breast 
cancer through several mechanisms  ( 4  –
  10 ) . For example, cadmium may act like 
an estrogen, forming high-affi nity com-
plexes with estrogen receptors  ( 10  –  13 ) . 

 Past studies suggest that values from 
urine samples give an indication of life-
time cadmium exposure, whereas values 
from serum samples represent recent 
exposure  ( 2 ) . From September 2004 
through February 2005, we collected 
urine samples from 246 women with 
breast cancer aged 20 – 69 years to deter-
mine whether higher body burden levels 
of cadmium as measured in urine are 
associated with risk of breast cancer. 
Women who were asked to contribute a 
urine sample were part of an ongoing 
population-based case – control study of 
breast cancer. Only women who had 
been diagnosed with breast cancer within 
the 24 months preceding the interview 
and whose cancers had been reported to 
Wisconsin’s mandatory statewide cancer 
reporting system, the Wisconsin Cancer 
Reporting System, were eligible for 
enrollment in the parent study. Informa-
tion on stage of disease and reported 
treatment(s) for all participating case 
participants was obtained from the 
Wisconsin Cancer Reporting System. 
Community control subjects were ran-
domly selected women from State of 
Wisconsin driver’s license lists who did 
not have a personal history of breast can-
cer. Control subjects were matched to 
case participants within 5-year age strata 
to yield an age distribution similar to that 
of the case participants. We collected 
urine samples from 254 community con-
trol subjects from September 2004 
through February 2005. The participa-
tion proportions — i.e., the percentage of 
participants eligible to participate in the 
parent study who actually completed the 

interview — was 75% for case patients 
and 71% for control subjects. Of those 
who completed the interview and agreed 
to participate in the substudy, the 
 participation proportion for the sequen-
tial sample returning the urine specimen 
was 90% for both case patients and con-
trol subjects. The study was ap  proved by 
the University of Wisconsin – Madison 
Health Sciences Human Sub  jects 
Committee. Oral informed consent was 
obtained for the interview, and written 
informed consent was obtained for the 
urine specimen collection. 

 All participants were interviewed by 
telephone by trained interviewers. The 
35-minute interview asked about physi-
cal activity, reproductive history, alcohol 
consumption, height and weight, use of 
oral contraceptives and hormone replace-
ment therapy, personal and family medi-
cal history, demographic factors, a limited 
set of dietary components, and smoking 
history. Women collected urine samples 
in their homes. Urine collection kits 
and detailed photoessay instructions were 
carefully designed to minimize trace 
 element contamination during specimen 
collection and handling. Samples were 
processed at the Wisconsin State Labo-
ratory of Hygiene, a laboratory that is 
specially designed for and dedicated to 
trace element analysis and is subject to 
high-effi ciency particulate air fi ltration. 
Urine samples contacted only Tefl on or 
polyethylene materials and sample con-
tainers were exhaustively cleaned using 
multistep acid leachings. Cadmium was 
quantifi ed by using inductively coupled 
plasma mass spectrometry  ( 2 ) . Trace 
metal analyses were performed from 
November 2004 to August 2005 (a 2- to 
6-month lag from collection time). A 
comprehensive quality-control program 
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  Table 1.       Characteristics of participants with breast cancer and control subjects  

   Case patients ( N  = 246)   Control subjects ( N  = 254)  

Characteristic  n %  n % Odds ratio * 95% CI † 

Parity
    0 – 1 69 28 45 18 1.00
    2 95 39 100 39 0.61 0.4 to 1.0
    3 or more 81 33 107 42 0.45 0.3 to 0.7
Age at fi rst full term pregnancy (years)
    <20 36 15 43 17 1.00
    20 – 24 80 33 105 41 0.87 0.5 to 1.5
    25 – 29 55 22 54 21 1.26 0.7 to 2.3
    30+ 36 15 21 8 2.17 1.1 to 4.4
    Nulliparous 39 16 31 12 1.58 0.8 to 3.0
Family history of breast cancer
    Absent 187 76 218 86 1.00
    Present 52 21 30 12 2.01 1.2 to 3.3
    Unknown 7 3 6 2 1.35 0.5 to 4.1
Recent alcohol consumption (drinks/week)
    None 46 19 50 20 1.00
    1 – 6 173 70 178 70 1.07 0.7 to 1.7
    7+ 27 11 25 10 1.15 0.6 to 2.3
Body mass index (kg/m 2 )  ‡  
    <22.5 34 23 27 18 1.00
    22.5 – 25.0 30 20 30 20 0.75 0.4 to 1.6
    25.1 – 28.8 35 24 41 27 0.68 0.3 to 1.4
    28.9+ 48 33 52 34 0.74 0.4 to 1.4
Age at menarche
    <12.0 59 24 51 20 1.00
    12.0 – 12.9 51 21 58 23 0.75 0.4 to 1.3
    13.0 – 13.9 60 24 72 28 0.71 0.4 to 1.2
     ≥ 14.0 67 27 65 26 0.89 0.5 to 1.5
    Unknown 9 4 8 3 1.06 0.4 to 3.0
Menopausal status
    Postmenopausal 147 60 152 60 1.00
    Premenopausal 67 27 75 30 0.97 0.5 to 1.8
    Unknown 32 13 27 11 1.24 0.6 to 2.5
Age at menopause (years)  ‡  
    <45 25 17 43 28 1.00
    45 – 49 38 26 37 24 1.84 0.9 to 3.6
    50 – 54 50 34 33 22 2.69 1.4 to 5.3
    55+ 22 15 22 14 1.64 0.8 to 3.6
    Unknown 12 8 17 11 1.18 0.5 to 2.9
Type of postmenopausal hormone therapy  ‡  
    Never 52 35 61 40 1.00
    Estrogen only 32 22 37 24 1.01 0.6 to 1.9
    Estrogen and progestin only 47 32 37 24 1.49 0.8 to 2.6
    Other combination 9 6 10 7 1.05 0.4 to 2.8
    Unknown 7 5 7 5 1.13 0.4 to 3.5
Smoking status
    Never 135 55 155 63 1.00
    Former 77 31 65 26 1.37 0.9 to 2.1
    Current 33 13 31 13 1.23 0.7 to 2.1
Education
    No high school diploma 4 2 13 5 0.28 0.1 to 0.9
    High school diploma 103 42 97 38 1.00
    Some college 60 24 69 27 0.84 0.5 to 1.3
    College degree 77 31 72 28 1.04 0.7 to 1.6
    Unknown 2 1 3 1 0.64 0.1 to 3.9
Marital status
    Never married 17 7 7 3 2.46 1.0 to 6.1
    Married/living as married 199 81 201 79 1.00
    Separated/widowed 28 11 43 17 0.64 0.4 to 1.1
    Unknown 2 1 3 1 0.67 0.1 to 4.1
Annual income, US dollars
    <15   000 9 3.7 8 3.1 1.38 0.5 to 3.8
    15   001 – 30   000 28 11.4 28 11.0 1.22 0.7 to 2.3
    30   001 – 50   000 66 26.8 81 31.9 1.00
    50   001 – 100   000 87 35.4 95 37.4 1.13 0.7 to 1.8
    >100   000 30 12.2 19 7.5 1.94 1.0 to 3.8
    Unknown 26 10.6 23 9.1 1.42 0.7 to 2.7

  *  Adjusted for age.
†CI = confi dence interval.  
   ‡   Postmenopausal women only.  
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incorporating numerous methods includ-
ing bottle blanks, monitoring of mul-
tiple cadmium isotopes, internal and 
external controls, and routine inclusion 
of National Institute of Standards and 
 Tech nology (NIST) standard reference 
mate rials ensured high-quality data. A 
method reporting level of 0.010 µg/L 
cadmium enabled metal levels in every 
urine sample to be quantifi ed. Urine cre-
atinine level was also measured to con-
trol for kidney function  ( 14 ) . 

 Case participants were older at fi rst 
full-term pregnancy, were more likely to 
have a family history of breast cancer, 
had fewer children, reported higher 
income, and were more likely to have 
never married than similarly aged con-
trol subjects ( Table 1 ). Creatinine-
adjusted cadmium levels ranged from 

0.02 to 4.55  μ g/g in case participants 
(excluding one subject whose level was 
30.95  μ g/g) and from 0.08 to 2.64  μ g/g 
in control subjects. The creatinine-
adjusted cadmium values for each 10-
year age group in the control subjects 
were similar to those reported from a 
national age-stratifi ed sampling of the 
general population of Caucasian women 
in the National Health and Nutrition 
Examination Survey (NHANES III) 
(data not shown)  ( 15 ) .     

 We used multivariable analysis to 
compute odds ratios (ORs) and 95% con-
fi dence intervals (CIs) for breast cancer 
by quartile of cadmium level, as defi ned 
by levels in control subjects. After adjust-
ment for age, women in the highest quar-
tile (Q4) had twice the risk of breast 
cancer as those in the lowest quartile (Q1) 

(OR = 2.05, 95% CI = 1.2 to 3.6;  P  = .02, 
 P  trend  = .07) ( Table 2 ). After adjustment 
for age, parity, age at fi rst birth, family 
history of breast  cancer, recent alcohol 
consumption, body mass index, age at 
menarche, menopausal  status, age at 
menopause, type of postmenopausal hor-
mone use, education, and marital status, 
the odds ratio for women in Q4 as com-
pared with Q1 rose slightly to 2.29 (95% 
CI = 1.3 to 4.2;  P  = .01,  P  trend  = .02). For 
every 0.1  μ g/g increase in cadmium, we 
observed an 8% increase in breast cancer 
risk (95% CI = 1.02 to 1.14;  P  = .01). 
Adding smoking status (three  categories —
 never, former, and current) to the models 
did not change the risk estimates (data not 
shown).     

 We carried out several exploratory 
 str atifi ed analyses. In one, we stratifi ed 

  Table 2.       Multivariable-adjusted odds ratio of breast cancer associated with creatinine-adjusted cadmium level *   

   Case patients ( n  = 246)   Control subjects ( n  = 254)     

Cadmium concentration level  n %  n % OR  †  95% CI OR  ‡  95% CI  †  

All participants
    Q1 43 17 63 25 1.00 1.00
    Q2 61 25 64 25 1.46 0.9 to 2.5 1.53 0.9 to 2.7
    Q3 60 24 64 25 1.44 0.8 to 2.5 1.42 0.8 to 2.6
    Q4 82 33 63 25 2.05 1.2 to 3.6 2.29 1.3 to 4.2
    Continuous (per 1.0 µg/g increase) 1.59 1.0 to 2.6 2.09 1.2 to 3.8
     P  value 0.07 0.01
Stratifi ed by stage § 
    Localized
        Q1 27 17 63 25 1.00 1.00
        Q2 41 26 64 25 1.46 0.8 to 2.7 1.53 0.8 to 3.0
        Q3 37 24 64 25 1.27 0.7 to 2.4 1.25 0.6 to 2.5
        Q4 50 32 63 25 1.75 0.9 to 3.3 1.99 1.0 to 4.0
        Continuous (per 1.0 µg/g) 1.48 0.9 to 2.5 2.04 1.1 to 3.9
         P  value 0.14 0.03
    Regional/distant
        Q1 14 18 63 25 1.00 1.00
        Q2 16 20 64 25 1.40 0.6 to 3.2 1.57 0.6 to 3.9
        Q3 21 26 64 25 1.94 0.9 to 4.4 1.95 0.8 to 4.9
        Q4 29 36 63 25 3.14 1.4 to 7.1 3.92 1.6 to 9.9
        Continuous (per 1.0 µg/g) 1.95 1.0 to 4.0 3.24 1.2 to 8.6
         P  value 0.07 0.02
Stratifi ed by treatment || 
    Surgery and/or radiation only
        Q1 25 18 63 25 1.00 1.00
        Q2 33 24 64 25 1.36 0.7 to 2.6 1.65 0.8 to 3.5
        Q3 28 20 64 25 1.14 0.6 to 2.2 1.08 0.5 to 2.3
        Q4 51 37 63 25 2.19 1.1 to 4.2 3.18 1.5 to 6.8
        Continuous (per 1.0 µg/g) 1.67 1.0 to 2.9 3.07 1.4 to 7.0
         P  value 0.07 0.01
    Chemotherapy and/or hormonal therapy
        Q1 10 17 63 25 1.00 1.00
        Q2 15 25 64 25 1.58 0.6 to 3.9 1.54 0.6 to 4.3
        Q3 17 28 64 25 1.82 0.7 to 4.5 2.11 0.7 to 6.0
        Q4 18 30 63 25 2.03 0.8 to 5.1 2.08 0.7 to 6.2
        Continuous (per 1.0 µg/g) 1.28 0.6 to 2.8 1.24 0.4 to 3.5
         P  value      0.54  0.68

  *  Quartile (Q) of cadmium concentration (in µg/g): Q1 = <0.263; Q2 = 0.263 – 0.395; Q3 = 0.396 – 0.579; Q4 =  ≥ 0.580. OR = odds ratio; CI = confi dence interval.  
   †   Adjusted for age.  
   ‡   Adjusted for age, parity, age at fi rst birth, family history of breast cancer, recent alcohol consumption, body mass index, age at menarche, menopausal status, 

age at menopause, type of postmenopausal hormone use, education, and marital status.  
  §  For 11 case participants, stage was reported as unknown.  
  ||  For 16 case participants, treatment was not reported to the cancer registry.  
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by smoking status (never versus former 
or current). All of the odds ratios were 
higher than 1.0 for every quartile in rela-
tion to the lowest quartile, as we had 
observed in the full models. However, 
the estimates were unstable and had very 
large confi dence intervals due to the 
very small numbers of smokers (data not 
shown). We also  stratifi ed by median age 
(56 years) of study participants. In age-
adjusted analyses, younger women had 
an increased risk of breast cancer with 
increased cadmium level (OR for Q4 
versus Q1 = 2.34, 95% CI = 1.1 to 5.0; 
 P  = .58,  P  trend  = .06). However, among 
older women the relationship between 
cadmium level and breast cancer risk 
was not statistically signifi cant (OR for 
Q4 versus Q1 = 1.36, 95% CI = 0.5 to 
3.4;  P  = .08,  P  trend  = .12). Similar pat-
terns were observed when stratifying 
by menopausal status (data not shown). 
We also evaluated breast cancer risk 
 associated with intake of a limited num-
ber of foods that are potentially high 
in cadmium (canned fi sh, liver,  kidney, 
and  crustaceans); however, we did not 
observe any associations (data not 
shown). The breast cancer participant 
with very high creatinine-adjusted cad-
mium levels (30.95  μ g/g) had only one 
established risk factor (low parity) and 
no evidence of occupational exposure 
to cadmium. However, she was a heavy 
smoker who also reported heavy con-
sumption of crustaceans. 

 Finally, we considered whether the 
disease process per se or treatment may 
have altered cadmium levels by strati-
fying by disease stage (localized versus 
regional/distant) and by treatment (sur-
gery and/or radiation only versus che-
motherapy and/or hormonal therapy). 
Similar results in the multivariable anal-
ysis were observed among participants 
with localized breast cancer (OR for Q4 
versus Q1 = 1.99; 95% CI =1.0 to 4.0; 
 P  = .03,  P  trend  = .10) and among partici-
pants with regional/distant breast cancer 
(OR = 3.92; 95% CI = 1.6 to 9.9;  P  = .02, 
 P  trend  = .004) ( Table 2 ). We also analyzed 
differences in odds ratios by stage using 
the Wald test in polytomous logistic 
regression models and found no stati-
stically signifi cant differences in odds 
ratios (data not shown). In analyses by 
treatment, breast cancer risk increased 
with increasing cadmium level among 
those treated by surgery and/or radiation 
only (OR for Q4 versus Q1 = 3.18; 95% 
CI = 1.5 to 6.8;  P  = .01,  P  trend  = .01). 

However, among those treated with che-
motherapy the association of risk with 
cadmium level was not statistically sig-
nifi cant (OR for Q4 versus Q1 = 2.08; 
95% CI = 0.7 to 6.2;  P  = .68,  P  trend  = .16) 
( Table 2 ). There were no differences in 
odds ratios when parti cipants were strati-
fi ed by treatment (surgery/radiation only 
versus chemotherapy) using the Wald 
test in polytomous logistic regression 
models (data not shown). 

 Our fi nding of an association of breast 
cancer risk with cadmium level is provoca-
tive, although whether the association 
refl ects an effect of cadmium on the initia-
tion or promotion of tumor growth or pos-
sible effects of treatment or the disease 
itself on cadmium levels (reverse causa-
tion) is unclear. Studies of smoking   — a 
major cadmium source — and breast cancer 
have yielded mixed results  ( 16 , 17 ) . If cad-
mium were a cause of breast cancer, then a 
positive association of smoking with breast 
cancer would be expected. More research 
is needed to examine the relation of cad-
mium exposure to breast cancer risk, in -
cluding additional research on potential 
interactions between treatment or disease 
status and cadmium release from tissue 
stores as well as the infl uence of smoking 
(with its concomitant high cadmium expo-
sure potential) on breast cancer risk, par-
ticularly with regard to polymorphisms in 
detoxifi cation enzymes. 

 The results of this population-based 
case – control study indicate a statisti-
cally signifi cant twofold increased breast 
cancer risk for women in the highest 
quartile of cadmium level compared 
with those in the lowest quartile. If cad-
mium exposure is causal—which one 
epidemiology study cannot  determine—
the population attributable risk, using 
our point estimates, could account for 
45 of the 124 annual breast cancer cases 
per 100   000. However, due to the small 
sample size, the absolute risk calcula-
tion has considerable uncertainty. If we 
used 95% confi dence limits for each 
quartile, the population at  tributable risk 
for cadmium exposure would range 
from 0 to 77 of the 124 annual breast 
cancer cases per 100   000. Laboratory 
data also support a relation between 
high  cadmium levels and increased 
breast  cancer risk  ( 4  –  8 , 10  –  13 ) . Given 
the ubiquitous exposure of the general 
population to  cadmium, the mode of the 
association between cadmium exposure 
and breast cancer risk warrants further 
study.   
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