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Novelty and Impact 

Epidemiological studies suggested a role of cadmium in breast cancer risk, but findings have 

been inconsistent. In this prospective cohort study, airborne cadmium was not significantly 

associated with the overall risk of breast cancer. However, statistically significant inverse 

associations were found for ER- breast tumors, but the possibility of false positive findings as 

a result of multiple testing could not be excluded. This study highlights a paradoxical effect of 

both carcinogenicity and anti-carcinogenicity of cadmium.  
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ABSTRACT 

Cadmium, due to its estrogen like activity, has been suspected to increase the risk of breast 

cancer, however epidemiological studies have reported inconsistent findings. We conducted a 

case-control study (4,059 cases and 4,059 matched controls) nested within the E3N French 

cohort study to estimate the risk of breast cancer associated with long-term exposure to 

airborne cadmium pollution, and its effect according to molecular subtype of breast cancer 

(estrogen receptor negative/positive (ER-/ER+) and progesterone receptor negative/ positive 

(PR-/PR+)). Atmospheric exposure to cadmium was assessed using a Geographic Information 

System (GIS) based metric, which included subject’s residence-to-cadmium source distance, 

wind direction, exposure duration and stack height. Adjusted odds ratios (OR) and 95% 

confidence intervals (CI) were estimated using conditional logistic regression. Overall, there 

was no significant association between cumulative dose of airborne cadmium exposure and 

the risk of overall, premenopausal and postmenopausal breast cancer. However, by ER and 

PR status, inverse associations were observed for ER- (ORQ5 vs Q1 = 0.63; 95% CI: 0.41-0.95, 

P trend = 0.043) and for ER-PR- breast tumors (ORQ4 vs Q1 = 0.62; 95% CI: 0.40-0.95, ORQ5 vs 

Q1 = 0.68; 95% CI: 0.42-1.07, P trend = 0.088). Our study provides no evidence of an 
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association between exposure to cadmium and risk of breast cancer overall, but suggests that 

cadmium might be related to a decreased risk of ER- and ER-PR- breast tumors. These 

observations and other possible effects linked to hormone receptor status warrant further 

investigations. 

 

 

 

 

 

 

INTRODUCTION 

Ambient air pollution is one of the leading contributors to global burden of disease, and its 

contribution remained relatively stable from 1990 to 2015 1. Evidence from the International 

Agency for Research on Cancer (IARC) and epidemiological studies have shown that long 

term exposure to ambient air pollution was associated with higher risk of cardiovascular, 

respiratory diseases and cancer 2,3. Of those, cadmium, due to its estrogenic properties, has 

been suspected to increase the risk of breast cancer, the most common cancer among women 4 

. 

Cadmium is a common environmental contaminant and a metal belonging to group IIB of the 

periodic table, which has an estrogen like activity 5. Cadmium is emitted in the environment 

as a result of both natural and anthropogenic activities. Natural sources include volcanic 

activity, weathering of cadmium-containing rocks, sea spray, and cadmium deposited in soils, 
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sediments and landfills. The anthropogenic sources, which represent the major part of 

cadmium present in the atmosphere, include tobacco smoking, mining and smelting of zinc-

bearing ores, combustion of fossil fuels, waste incineration and releases from tailings piles or 

municipal landfills 6. Human cadmium exposure is essentially through inhalation and 

ingestion. Inhalation is a far smaller contributor to total cadmium body burden except for 

smokers, however a greater proportion of inhaled cadmium is retained by the body in 

comparison to ingested cadmium. Cadmium accumulates primarily in the kidneys, and its 

estimated biological half-life in humans is 10–35 years 7.   

Overall, cadmium and its compounds have been classified by IARC as carcinogenic to 

humans (Group 1), reporting that there was sufficient evidence for their carcinogenicity in 

humans, specifically for lung cancer 8. A growing number of case-control epidemiological 

studies have shown that higher urinary level of cadmium significantly increases the risk of 

breast cancer 9,10. A 2016 random effect meta-analysis reported that higher level of urinary 

cadmium was associated with a higher risk of breast cancer, pooled odds ratio (OR) of highest 

versus lowest quantile was 2.24, 95% confidence interval (CI): 1.49-3.35)11. Similarly, a dose 

response meta-analysis by Larsson et al. found a pooled OR of 2.24 (95CI: 1.50-3.34) for the 

highest versus lowest category of urinary cadmium concentration and 1.66 (95%CI: 1.23-

2.25) for each 0.5 µg/g creatinine increase of cadmium concentration 12. However, data from 

the prospective Danish cohort study based on 900 incident breast cancers cases showed no 

association between urinary concentration of cadmium and subsequent risk of 

postmenopausal breast cancer 13. Similarly, in the prospective Women's Health Initiative 

cohort study, Adams et al. reported no association between urinary cadmium evaluated by 
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creatinine-normalized urinary cadmium concentration and risk of postmenopausal breast 

cancer 14. Also, the majority of studies on dietary cadmium intake did not support the 

hypothesis that cadmium increases the risk of breast cancer 15,16. Nevertheless, a small number 

of studies found a statistically significant relationship between dietary exposure to cadmium 

and an increased risk of developing breast cancer 17,18. 

A limited number of studies 19 have investigated the effect of long-term exposure to airborne 

cadmium. Furthermore, cadmium exposure and cancer relationships may also be different 

according to the molecular subtypes of breast cancer. The only study conducted on airborne 

cadmium exposure and breast cancer risk found no evidence for overall increased breast 

cancer risk, with the exception of an increase in risk of ER-PR- breast cancer among non-

smokers (HRQ5 vs Q1  = 1.00; 95%CI: 0.9-1.2 for all cancers and HRQ5 vs Q1  = 1.60; 95%CI: 1.1-

2.5 for ER-PR-) 19. Due to these inconsistent results, further analyses of the role of long-term 

exposure to airborne cadmium in breast cancer etiology are needed taking into consideration 

the molecular subtypes.  

Using data from a case-control study nested within the E3N (Étude Épidémiologique auprès 

des femmes de la Mutuelle Générale de l’Éducation Nationale) cohort, this study aimed to 

assess the risk of breast cancer associated with long-term exposure to cadmium air pollution, 

and to investigate whether this association differs according to molecular subtypes of breast 

cancer.  

 

METHODS 

6 
 

This article is protected by copyright. All rights reserved.



The E3N cohort study 

E3N is an ongoing prospective cohort study launched in 1990 to investigate the main risk 

factors for cancer and severe chronic conditions in women 20. Participants were recruited 

between June 1990 and November 1991 among women aged 40-65 years, living in France 

and insured with the MGEN, a national health insurance plan covering mostly teachers. E3N 

is the French part of EPIC (European Prospective Investigation into Cancer and Nutrition), a 

vast European study coordinated by the IARC involving nearly 500,000 Europeans in 10 

countries 21. At recruitment, 98,995 E3N participants replied to a baseline self-administered 

questionnaire, which included information about lifestyle and reproductive factors, 

anthropometry, past medical history, and familial history of cancer. Follow-up questionnaires 

were sent approximately every 24-36 months thereafter. Until now, eleven questionnaires 

have been sent to the participants (participation rate at each questionnaire ~80%). Between 

1994 and 1998, participants were invited to give a blood specimen. Blood samples were 

collected from 25,000 women and saliva samples from an additional 47,000 women. 

Occurrence of cancer was self-reported in each questionnaire, and a small number of cancers 

were further identified from the insurance files or information on causes of death obtained 

from the National Service on Causes of Deaths. The pathology report used to confirm the 

diagnosis of invasive breast cancer (our primary outcome), was obtained for 93% of declared 

cases and the proportion of false-positive self-reports was low (<5%). The addresses of the 

subjects selected for the study have been recorded at baseline questionnaire (1990) and at 

follow-up questionnaires 5 to 9 (years 1997, 2000, 2002, 2005, 2008 and 2011). Postal codes 

of participants were recorded at follow-up questionnaires 3 and 4 (1993 and 1994). In 
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addition, participants’ place of birth (postal code and commune) was obtained from the first 

questionnaire and assigned an urban/rural status based on data from the closest national 

census 22. Informed consent was obtained from all participants and the study was approved by 

the French National Commission for Data Protection and Privacy (CNIL). 

The nested case control study 

The present analysis is based on a nested case-control subset of the E3N cohort. The study 

involved 5397 histologically confirmed incident breast cancer cases, identified during the 

follow-up 1990 to 2008. Women were included if they had completed their home address at 

baseline, lived in the metropolitan French territory during the follow-up time, and had never 

been diagnosis with any cancer at baseline. Women with phyllodes tumors or tumors with 

missing morphological codes were excluded (N=18). Women with more than one missing 

address, as well as women with incomplete address were additionally excluded (N=847).  For 

each breast cancer case, one control was randomly selected using incidence density sampling, 

thus among cohort participants at risk of breast cancer at the time when the case was 

diagnosed. The time was the delay elapsed since entry into the cohort. Controls were further 

individually matched to cases on residential area (French “département”), age (± 1 year), date 

(± 3 months) and menopausal status at blood collection for participants who gave a biological 

sample, or at baseline for participants without a blood sample. The latter were additionally 

matched for existence or not of a saliva sample. Women with missing data on matching 

variables were excluded (N=3). Overall, the current analyses were carried out in a subsample 

of 4529 women diagnosed with a primary invasive breast cancer and 4529 matched controls 

with complete information on confounding variables and home address at baseline. 
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Information on estrogen receptor (ER) and progesterone receptor (PR) status was obtained 

from the pathology report. ER and PR status were available for 76.7% (ER- =697, ER+ 

=2775, and unknown = 1057) and 74.1% (PR- =1214, PR+ = 2142, and unknown = 1173) of 

cases, respectively.  

Covariates assessment 

Data on established and potential breast cancer risks factors were available from the self-

administered questionnaires at baseline. Regularly updates have been collected on smoking, 

anthropometry (height, weight), physical activity, diabetes, high blood pressure, benign breast 

disease, gynecological follow-up, breast cancer family history, education, age at menarche 

and at menopause, use of exogenous hormones, number of children, age at first full-term 

pregnancy, and breastfeeding. Body mass index (BMI) was calculated as weight (kg) divided 

by height (meter) squared. Physical activity was measured in metabolic equivalents (METs) 

per week. Daily alcohol intake was estimated from a validated semi quantitative dietary 

questionnaire. Education level was used as a proxy for socioeconomic status. 

Assessment of long term exposure to airborne cadmium  

The residential history of the study subjects, from their recruitment in the cohort until the 

index (breast cancer diagnosis for cases, selection for controls) was used to estimate 

atmospheric exposure to cadmium. Atmospheric exposure to cadmium was assessed using a 

Geographic Information System (GIS), which required a retrospective inventory of industrial 

sources, the estimation of their emission intensity, the geocoding of the participants’ 

residential history and of the industrial sources, as well as the computation of local 
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meteorological data. The detailed methods used to assess exposure to cadmium have been 

recently described in two separate articles 23,24. Briefly, cadmium industrial sources were first 

inventoried between 1990 and 2008, over the whole metropolitan France. Sources were 

identified through institutional and public databases, industrial unions and nationally 

recognized associations (OMINEA database (Organization and Methods of the National 

Inventories of the Atmospheric Releases in France) 25 and the EMEP database (European 

Monitoring and Evaluation Program) 26.  Overall, 2,700 cadmium sources were inventoried 

over the French national territory from 1990 to 2008 23. 

The participants residential history and emitting sources were geocoded (X and Y coordinates, 

addresses) using the ArcGIS Software (ArcGIS Locator version 10.0, Environmental System 

Research Institute – ESRI, Redlands, CA, USA) and its reference street network database, BD 

Adresse®, from the National Geographic Institute (IGN) 27. Overall, 28,511 residential 

addresses in metropolitan France collected from the follow-up questionnaires (1990-2008) 

were geocoded 27. A total of 78.1% of the subject’s residences were geocoded to the address, 

26% were manually checked, of which 17.4% have been corrected. All automatically 

geocoded locations were manually checked and repositioned at the stack using aerial 

photography from IGN.  

A GIS-based metric was used to estimate airborne cadmium exposure 24 . Several parameters 

were tested to be included in the GIS-based metric to characterize exposure and to classify 

study subjects according to their airborne cadmium exposure. More specifically, the annual 

exposure index (AEI) to cadmium was estimated using the following GIS-based metric:  
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where j was the place of residence (j=1,…,J); i was the industrial source (i=1,…,I), EI was the 

annual cadmium emission intensity (in kg/year); t was the emission period duration (in year); 

d was the residence-to-source distance (in m); Fi was the factor taking into account the 

percentage of time during which the wind was blowing in a direction so as to induce a 

transport from the industrial source i to the participant’s resident j (accounting for the 

weighted contribution of the sector of the buffer in which the participant was located); hi was 

the stack height (in m); hmedian was the median value of the other sources’ stack height (in m) 

in a 10 km buffer, a was taking into account only when hi was greater than 90 m. The 

exposure to cadmium was computed for each individual and for each calendar year. For each 

individual, their cumulative index of exposure (CIE) to cadmium was calculated by 

cumulating their AEI from their entry into the cohort to their index date.  

The reliability of the GIS-based metric has been compared to SIRANE, a validated Gaussian 

atmospheric dispersion model, by calculating weighted kappa statistics (wκ) and coefficient 

of determination (R²) 24. SIRANE is an urban dispersion model that integrates a specific 

module to simulate pollutant dispersion within a built environment, considering local 

meteorological conditions and geometry of the streets. The comparison of this dispersion 

model with measured designs of NO2, PM10, dioxin and cadmium in the Lyon metropolitan 

area, showed consistent results 23,28. Overall findings showed strong concordance between the 

GIS-based metric and the dispersion models, with wκ ranging from 0.69 (0.64 - 0.73) to 0.86 
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(0.82 - 0.91) and R² from 0.65 to 0.86 24. This metric has also been recently applied in a study 

on dioxin exposure and breast cancer risk among French women  29. 

Statistical analyses  

Baseline subject characteristics were compared between cases and controls using univariate 

conditional logistic regression models, and according to quintiles of the CIE to cadmium 

exposure using ANOVA test for continuous variables and Chi-square test for categorical 

variables. Conditional logistic regression models were used to calculate odds ratios (OR) and 

95% confidence intervals (95% CI) for cadmium exposure, in relation to risk of breast cancer. 

Models were conditioned on the matching factors including date of blood collection or of the 

return of the first questionnaire, age, department of residence, menopausal status at blood 

collection or at baseline and existence of a biological sample (blood, saliva, none). 

Multivariable models were additionally adjusted for variables including physical activity, 

smoking status, level of education, body mass index (BMI), previous family history of breast 

cancer, history of personal benign breast disease, age at menarche, age at first full-term 

pregnancy, parity, breastfeeding, oral contraceptive use, menopausal hormone replacement 

therapy use (HRT) and status of birthplace (see Table 1 for the categories). Missing values in 

any of the categorical covariates were included as a separate category. 

Statistical analyses for quintiles of the CIE to cadmium were performed for all subjects and 

separately for pre and post-menopausal women at the index date, using the first category as 

the reference value. Quintile cut-points of the CIE to cadmium were based on the distribution 

of the CIE to cadmium in control subjects. For each variable, the P for linear trend was the p-
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value associated with the regression coefficient of the continuous variable based on the 

median value of each quintile. Further subgroup analyses were conducted according to 

hormone receptor status (ER and PR) of the breast tumors. Heterogeneity of associations 

across hormone receptor subgroups was assessed using polytomous logistic regression 30. 

The potential non-linearity of the relationship between CIE to cadmium and breast cancer risk 

was investigated using restricted cubic splines 31. Four knots were placed at 5th, 35th, 65th, 

and 95th percentiles of the distribution of CIE to cadmium  32, and the minimum value was 

chosen as a the reference. These models were also stratified according to menopausal status, 

and to hormone receptor status (ER and PR) of the breast cancer. 

The effect modification by birthplace status (urban or rural), BMI (<25 kg/m2/ ≥ 25 kg/m2), 

smoking (never/ever), oral contraceptives use (no/yes) and HRT use (no/yes) was assessed 

using interaction terms and likelihood ratio tests.  

All statistical tests were two-sided and P values < 0.05 were considered statistically 

significant. All analyses were performed using STATA version 14 (College Station, Texas, 

USA). 

RESULTS 

Baseline characteristics of the study participants 

Table 1 summarizes the sociodemographic, reproductive and lifestyle characteristics of study 

participants by case–control status. Level of alcohol intake was higher among cases than 

controls (P = 0.001). Cases were more likely to be born in an urban area (P = 0.041), to be 
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less physically active (P = 0.006), to report having university education (P < 0.001), to be 

HRT users (P = 0.004), to be nulliparous (P < 0.001), to have a family history of breast cancer 

(P < 0.001) and a personal history of benign breast disease (P < 0.001). 

The distributions of known risk factors for breast cancer by quintiles of CIE to cadmium are 

reported in Supplementary Table S1. Age, use of oral contraceptives, use of HRT, age at 

menarche, breastfeeding and history of personal benign breast disease were similar across 

quintiles. Compared to women in the lower quintiles, women in the upper quintiles of CIE to 

cadmium had a higher level of alcohol intake (P = 0.001), were more frequently current or 

former smokers (P < 0.001), were physically less active (P < 0.001), were more nulliparous 

(P = 0.001), had a higher educational level (P < 0.001), were mainly born in urban area (P < 

0.001) and had a family history of breast cancer (P = 0.040). 

Associations of cumulative airborne cadmium exposure with breast cancer risk 

Table 2 and 3 show the relationship between quintiles of cumulative airborne cadmium 

exposure and overall breast cancer risk, by menopausal status and hormone receptor status. 

Overall, there was no significant association between CIE to cadmium and the risk of overall, 

premenopausal and postmenopausal breast cancer (Table 2). We found a statistically 

significant heterogeneity of the results by ER status (ER-/ER+) (P heterogeneity < 0.001). 

Across strata of ER and PR status, we observed an inverse linear relationship between CIE to 

cadmium and risk of breast cancer (ORQ5 vs Q1 = 0.63; 95% CI: 0.41-0.95, P trend = 0.043) for 

ER- breast cancer in all women (pre- and post-menopausal combined). An inverse association 

was observed for ER-PR- breast cancer but only for the fourth quintile of exposure (ORQ4 vs Q1 
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= 0.62; 95% CI: 0.40-0.95, P trend = 0.088). Test for heterogeneity of findings by ER-PR-

/ER+PR+ status was statistically significant (P heterogeneity = 0.005). No statistically 

significant associations were observed between CIE to cadmium and risk of ER+, PR-, PR+ 

and ER+PR+ breast tumors. After stratification by menopausal status at index date, the 

inverse associations observed for ER- and ER-PR- remained significant only in 

postmenopausal women, but appeared to be nonlinear. Statistically significant associations 

were observed for the second versus the first quintile (ORQ2 vs Q1 = 0.57; 95% CI: 0.36-0.88, P 

trend = 0.300 and ORQ2 vs Q1 0.55; 95% CI: 0.34-0.90, P trend = 0.254) for ER- and ER-PR- 

breast tumors, respectively in postmenopausal women. No statistically significant associations 

were found in premenopausal women (Table 3). The distributions of known risk factors for 

ER- breast cancer cases by quintiles of CIE to cadmium are reported in Supplementary 

Table S2.   

The non-linear modeling of the relationship between cumulative airborne cadmium exposure 

and the risk of overall breast cancer, using four-knot cubic splines with the minimum value as 

the reference category is shown in Figure 1. These models were also stratified by menopausal 

status (see Supplementary Figures S1 and S2). Although not statistically significant, these 

figures confirm the non-linear effect of cumulative airborne cadmium exposure on the risk of 

breast cancer. However, the significant inverse associations appeared to be linear for ER- and 

ER-PR- breast tumors (see Supplementary Figures S3 and S4). Overall, findings from cubic 

splines analyses confirmed results observed in the analyses based on quintile categories.   

Effect modification and sensitivity analyses 

15 
 

This article is protected by copyright. All rights reserved.



Given the potential effect of the residential areas (urban or rural status) on the risk of breast 

cancer, we reported the risk estimates accordingly (see Supplementary Table S3). There is 

some evidence that association of CIE to cadmium and breast cancer differed according to the 

urban/rural status of the birthplace, although the interaction was not statistically significant (P 

interaction = 0.197). The ORQ2 vs Q1 was 0.61; 95% CI: 0.39-0.95 and ORQ3 vs Q1 was 0.57; 

95% CI: 0.35-0.92; P trend = 0.727 in women born in rural areas, while no significant 

associations were found among women born in urban areas. The association between CIE to 

cadmium and the risk of breast cancer was not modified by tobacco smoking status, BMI 

levels, oral contraceptive use, HRT use, age at menarche, age at first full term pregnancy, 

parity and breastfeeding (P interaction > 0.05, data not shown). 

 

DISCUSSION 

In this large nested case-control study, airborne exposure to cadmium was not significantly 

associated with the overall risk of breast cancer. However, in the stratified analyses, we 

observed that breast cancer risk associated to airborne cadmium exposure may vary according 

to menopausal status, and hormone receptor status of breast tumors. Statistically significant 

inverse associations were suggested for ER- and ER-PR- breast tumors.  

Results of some case control epidemiological studies have shown that a high urinary cadmium 

level was associated with an increased risk of overall breast cancer 9,10,33. In contrast, and in 

line with our results, several studies did not corroborate the hypothesis that cadmium 

increases the risk of overall breast cancer, although these were based on dietary estimated 

cadmium intake and measured urinary level of cadmium 13,14,34. Consistent with our overall 
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findings, the only study conducted on airborne cadmium exposure and risk of breast cancer 

found a non-statistically significant association for overall breast cancer. By contrast, this 

study reported a positive association for ER- breast cancer 19, our results however suggested 

an inverse associations for ER- and ER-PR- breast tumors. The results of cubic splines were 

consistent with these findings. Only few studies investigated breast cancer risk stratified 

according to hormone receptor status. A number of studies reported that the increased risk 

associated with cadmium may be limited to ER+, or ER+PR+ breast cancers 34,35, however 

these were based on urinary level of cadmium. The study by Strumylaite et al. demonstrated 

that women with a greater urine level of cadmium (3rd quartile: 0.241-0.399 μg/g and 4th 

quartile: ≥ 0.4 μg/g) exhibited approximately twice the ER+ breast cancer risk compared with 

those having cadmium concentration lower than 0.147 μg/g (1st quartile) (OR = 1.9; 95 % CI: 

1.31, 2.74) 35. In contrast, findings by Julin et al. suggested a role for dietary cadmium in 

postmenopausal breast cancer development, with significant associations observed for overall 

(RR = 1.27; 95% CI, 1.07–1.50) and for ER+ tumors (RR = 1.25; 95% CI, 1.03–1.52) and no 

statistically significant association for ER− tumors (RR = 1.22; 95% CI, 0.76–1.93) 18. 

Overall, these results should be interpreted with caution, since cadmium exposure information 

was only available since inclusion 1990 and not over the entire lifetime. The lack of historical 

air pollutant emission data makes it difficult to reconstruct past exposures and further research 

is needed to clarify the relationship between cadmium exposure and breast cancer risk. 

Additionally, the possibility of false positive findings as a result of multiple testing could not 

be completely ruled out, in particular for ER-PR- breast cancer, for which an inverse 

association was observed only for the fourth quintile of exposure. Overall, further studies 
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taking into account temporal exposure patterns that allow to capture the evolution of annual 

cadmium exposure over long periods prior to diagnosis are needed.  

The underlying mechanisms linking exposure to cadmium and breast cancer risk in women 

are not fully elucidated, and it is possible that cadmium may have distinct roles in breast 

cancer carcinogenesis according to menopausal status and hormone receptor status. One of the 

main mechanisms may be related to the estrogenic effects of cadmium. Due to its properties, 

cadmium could interact with the hormone-binding domain of ER 36 to modulate target gene 

expression (expression of E2 regulated genes for example) 33, to activate ERK1/2 and p38 

signaling 37,38, leading to breast cancer cell growth and cell proliferation. There is also 

evidence that cadmium induces estrogenic effects in rodents, including proliferation of 

mammary tissues 39. In addition, cadmium has been reported to act through several ER 

independent mechanisms. Cadmium was able to induce the production of reactive oxygen 

species (ROS) and reduce the anti-oxidative defenses in breast tumor cells 40. Also, cadmium 

can either damage DNA directly or alter the processes that control normal DNA replication or 

repair of DNA damage 41. Overall, these hormonal, oxidative stress and genomic effects could 

facilitate tumor promoting effects associated with increasing cadmium exposure and breast 

cancer risk. 

With respect to plausible biological mechanisms that could explain the observed inverse 

associations, it has been reported that the effects of cadmium on tumor angiogenesis in breast 

cancer cells and other tumor models, can be either stimulatory or inhibitory, depending on the 

concentrations 42,43. Ultra-low concentrations of cadmium (< 0.5 μM) inhibit endothelial nitric 

oxide synthase (eNOS) activation, leading to reduced eNOS production and attenuated tumor 
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angiogenesis 44. Additionally, cadmium in high concentrations (>10 μM) induces both 

endothelial cells apoptosis via the activation of caspase-3, resulting in destruction of tumor 

vasculature 45. As angiogenesis is one of the key mechanisms in tumor carcinogenesis 

particularly in triple negative breast cancer 46, inhibition of tumor vessel growth by cadmium 

could reduce the tumor promoting growth, accounting in part for the inverse association 

between airborne cadmium exposure and risk of breast cancer observed in ER- and ER-PR- 

breast tumors. In contrast, low-dose cadmium (1-10 μM) up-regulates vascular endothelial 

growth factor (VEGF)-mediated tumor angiogenesis by exerting sub-apoptotic levels of 

oxidative stress on both tumor cells and endothelial cells 47. The exact mechanisms underlying 

such effects are unclear, however the reported contradictory effects may partially explain the 

lack of consistency in the epidemiological findings regarding the association between 

cadmium exposure and breast cancer risk.  

The strengths of our study comprise its prospective design of the E3N cohort allowing a high 

quality of information collected and the large number of cases, providing sufficient statistical 

power for most subgroup analyses. Availability of detailed information on lifestyle factors, 

reproductive factors and history of breast cancer, as well as information on the status of 

urban/rural at birth allowing for better control of confounding and further investigation of 

potential effect modifiers. Another strong point of our study includes detailed information on 

hormone receptor status, since breast cancer may develop according to distinct molecular 

pathway 48. In addition to the most common cumulative exposure methods used in 

epidemiology, other alternative approaches taking into account the non-linearity of the 

relationship between CIE to cadmium and breast cancer risk was also considered using 
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restricted cubic splines. Also, while in many epidemiological studies, exposure is measured at 

a single point in time under the assumption that a single measure is an approximation for that 

exposure over a long time, we used in the present study the residential history to reconstruct 

exposure variation over time resulting both from changes in source emissions over time or 

from residential mobility of the study population. Furthermore, it should be noted that 

analyses comparing the distribution of demographics and risk factors between included cases 

and excluded cases (because of missing addresses) showed no important differences overall 

(data not shown). Compared to the included cases, excluded cases were less likely to be 

physically active, to have a higher educational level and to have a history of personal benign 

breast disease. However, there was no reason to believe that these minor differences could 

have modified any of the findings. The reliability of the GIS-based metric as compared to the 

SIRANE atmospheric dispersion model showed strong concordance, highlighting its ability to 

provide robust estimates of the subject’s exposure in comparison to modelling results 23,24. 

The inclusion of the wind speed in the parameters’ combination of the GIS-based metric, did 

not further improve the agreement statistics although wind speed has been suggested to 

impact pollutant dispersion. However, integration of additional parameters, such as 

pluviometry or outdoor temperature, may further improve the performance of the GIS-based 

metric.  

The limitations of this study include the lack of past residential history and historical airborne 

cadmium exposure estimates before 1990. This left truncation may bias the estimation of the 

exposure effect 49. And this, according to the exposure effect model, may lead to an 

overestimation or underestimation of associations between exposure and the risk of disease 50. 
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We cannot exclude potential measurement errors in airborne cadmium exposure as other 

punctual and non-industrial sources (such as biomass fires, traffic-related exposure 

manufactured good burnings, outdoor burning and illegal landfills) were not included in this 

GIS-based metric due to the difficulty of their retrospective inventory at a fine geospatial 

scale, their geolocalization and the estimation of their cadmium emissions. However these 

restricted sources of cadmium represent overall a small proportion of cadmium exposure, 

while our GIS-based metric included almost all industrial sources of cadmium plus some 

miscellaneous sources including crematoria.  

In conclusion, this study shows that, although there was no significant association for overall, 

premenopausal and postmenopausal breast cancer risk, increased airborne exposure to 

cadmium appeared to be associated with decreased risk of ER- and ER-PR- breast tumors. 

Our results suggest a paradoxical effect of cadmium in breast cancer which may be supported 

by mechanistic evidence reporting both carcinogenic and anti-carcinogenic effects of 

cadmium. Overall, these findings call for caution in evaluating breast cancer risk associated to 

cadmium exposure and highlight the need for further epidemiological studies, particularly in 

assessing the impact of lifetime cadmium exposure trajectories, taking into account 

postmenopausal status and hormone receptor status. 

 

 

 

21 
 

This article is protected by copyright. All rights reserved.



Acknowledgments  

This work was supported by the Fondation ARC pour la recherche sur le cancer. The E3N 

cohort is financially supported by Ligue Contre le Cancer, the Mutuelle Générale de 

l’Education Nationale, the Institut Gustave Roussy, the Institut National de la Santé et de la 

Recherche. The authors thank all participants for providing data and physicians for providing 

pathology reports. We thank Camille Denis for data collection and Hassan Hourani for his 

work on the inventory and characterization of cadmium sources. We thank the scientific 

committee of the project for its advice on the exposure assessment. Delphine Praud is 

supported by a post-doctoral fellowship from the National French Cancer League. 

 

Competing financial interests   

The authors declare they have no actual or potential competing financial interests. 

 

 

 

 

 

 

 

 

 

 

 

 

 

22 
 

This article is protected by copyright. All rights reserved.



 

 

 

References 

1.  GBD 2015 Risk Factors collaborators. Global, regional, and national comparative risk 
assessment of 79 behavioural, environmental and occupational, and metabolic risks or 
clusters of risks,. Lancet 2016;388:1659–724.  

2.  Cohen AJ, Brauer M, Burnett R, Anderson HR, Frostad J, Estep K, Balakrishnan K, 
Brunekreef B, Dandona L, Dandona R, Feigin V, Freedman G, et al. Estimates and 25-
year trends of the global burden of disease attributable to ambient air pollution: an 
analysis of data from the Global Burden of Diseases Study 2015. Lancet 
2017;389:1907–18.  

3.  Loomis D, Grosse Y, Lauby-Secretan B, El Ghissassi F, Bouvard V, Benbrahim-Tallaa 
L, Guha N, Baan R, Mattock H, Straif K. The carcinogenicity of outdoor air pollution. 
Lancet Oncol 2013;14:1262–3.  

4.  DeSantis CE, Bray F, Ferlay J, Lortet-Tieulent J, Anderson BO, Jemal A. International 
Variation in Female Breast Cancer Incidence and Mortality Rates. Cancer Epidemiol 
Biomarkers Prev 2015;24:1495–506.  

5.  Mezynska M, Brzoska MM. Environmental exposure to cadmium-a risk for health of the 
general population in  industrialized countries and preventive strategies. Environ Sci 
Pollut Res Int 2018;25:3211–32.  

6.  Pan J, Plant JA, Voulvoulis N, Oates CJ, Ihlenfeld C. Cadmium levels in Europe: 
implications for human health. Environ Geochem Health 2010;32:1–12.  

7.  WHO. Cadmium. In: Guidelines for drinking-water quality, 3rd edition incorporating 1st 
and 2nd addenda. Vol. 1. Recommendations. Geneva, World Health Organization 
2008;317–9.  

8.  Straif K, Benbrahim-Tallaa L, Baan R, Grosse Y, Secretan B, El Ghissassi F, Bouvard 
V, Guha N, Freeman C, Galichet L, Cogliano V. A review of human carcinogens--Part 
C: metals, arsenic, dusts, and fibres. Lancet Oncol 2009;10:453–4.  

9.  Gallagher CM, Chen JJ, Kovach JS. Environmental cadmium and breast cancer risk. 
Aging (Albany NY) 2010;2:804–14.  

10.  Nagata C, Nagao Y, Nakamura K, Wada K, Tamai Y, Tsuji M, Yamamoto S, Kashiki Y. 
Cadmium exposure and the risk of breast cancer in Japanese women. Breast Cancer Res 
Treat 2013;138:235–9.  

23 
 

This article is protected by copyright. All rights reserved.



11.  Lin J, Zhang F, Lei Y. Dietary intake and urinary level of cadmium and breast cancer 
risk: A meta-analysis. Cancer Epidemiol 2016;42:101–7.  

12.  Larsson SC, Orsini N, Wolk A. Urinary cadmium concentration and risk of breast 
cancer: a systematic review and  dose-response meta-analysis. Am J Epidemiol 
2015;182:375–80.  

13.  Eriksen KT, McElroy JA, Harrington JM, Levine KE, Pedersen C, Sorensen M, 
Tjonneland A, Meliker JR, Raaschou-Nielsen O. Urinary Cadmium and Breast Cancer: 
A Prospective Danish Cohort Study. J Natl Cancer Inst 2017;109.  

14.  Adams SV, Shafer MM, Bonner MR, LaCroix AZ, Manson JE, Meliker JR, Neuhouser 
ML, Newcomb PA. Urinary Cadmium and Risk of Invasive Breast Cancer in the 
Women’s Health Initiative. Am J Epidemiol 2016;183:815–23.  

15.  Van Maele-Fabry G, Lombaert N, Lison D. Dietary exposure to cadmium and risk of 
breast cancer in postmenopausal women: A  systematic review and meta-analysis. 
Environ Int 2016;86:1–13.  

16.  Wu X, Zhu X, Xie M. Association between dietary cadmium exposure and breast cancer 
risk: an updated meta-analysis of observational studies. Med Sci Monit 2015;21:769–75.  

17.  Cho YA, Kim J, Woo HD, Kang M. Dietary cadmium intake and the risk of cancer: a 
meta-analysis. PLoS One 2013;8:e75087.  

18.  Julin B, Wolk A, Bergkvist L, Bottai M, Akesson A. Dietary cadmium exposure and risk 
of postmenopausal breast cancer: a population-based prospective cohort study. Cancer 
Res 2012;72:1459–66.  

19.  Liu R, Nelson DO, Hurley S, Hertz A, Reynolds P. Residential exposure to estrogen 
disrupting hazardous air pollutants and breast cancer risk: the California Teachers Study. 
Epidemiology 2015;26:365–73.  

20.  Clavel-Chapelon F. Cohort Profile: The French E3N Cohort Study. Int J Epidemiol 
2015;44:801–9.  

21.  Riboli E, Hunt KJ, Slimani N, Ferrari P, Norat T, Fahey M, Charrondière UR, Hémon B, 
Casagrande C, Vignat J, Overvad K, Tjønneland A, et al. European Prospective 
Investigation into Cancer and Nutrition (EPIC): study populations and data collection. 
Public Health Nutr 2002;5:1113–24.  

22.  Binachon B, Dossus L, Danjou AMN, Clavel-Chapelon F, Fervers B. Life in urban areas 
and breast cancer risk in the French E3N cohort. European Journal of Epidemiology 
2014;29:743–51.  

24 
 

This article is protected by copyright. All rights reserved.



23.  Coudon T, Hourani H, Nguyen C, Faure E, Mancini FR, Fervers B, Salizzoni P. 
Assessment of long-term exposure to airborne dioxin and cadmium concentrations in the 
Lyon metropolitan area (France). Environ Int 2018;111:177–90.  

24.  Coudon T, Danjou AMN, Faure E, Praud D, Severi G, Mancini FR, Salizzoni P, Fervers 
B. Development and performance evaluation of a GIS-based metric to assess exposure to 
airborne pollutant emissions from industrial sources. Environ Health 2019;18:8.  

25.  Andre JM, Bouchard D, Druart A, Durand A, Antoine GAVEL, Gueguen C, Jeannot C, 
Mathias E, Nicco L, Bort R, Robert C, Serveau L, et al. CITEPA. Rapport OMINEA 
(Organisation et méthodes des inventaires nationaux des émissions atmosphériques en 
France)–15ème edition. 2018;Available from: https://www.citepa.org/images/III-
1_Rapports_Inventaires/OMINEA/OMINEA_2018.pdf 

26.  EMEP/EEA. EMEP/EEA air pollutant emission inventory guidebook. 2013;Available 
from: https://www.eea.europa.eu/publications/emep-eea-guidebook-2013 

27.  Faure E, Danjou AMN, Clavel-Chapelon F, Boutron-Ruault M-C, Dossus L, Fervers B. 
Accuracy of two geocoding methods for geographic information system-based exposure 
assessment in epidemiological studies. Environ Health 2017;16:15.  

28.  Soulhac L, Nguyen C, Volta P, Salizzoni P. The model SIRANE for atmospheric urban 
pollutant dispersion. PART III: Validation against NO2 yearly concentration 
measurements in a large urban agglomeration. Atmos Environ 2017;167:377–388.  

29.  Danjou AMN, Coudon T, Praud D, Lévêque E, Faure E, Salizzoni P, Le Romancer M, 
Severi G, Mancini FR, Leffondré K, Dossus L, Fervers B. Long-term airborne dioxin 
exposure and breast cancer risk in a case-control study nested within the French E3N 
prospective cohort. Environ Int 2019;124:236–48.  

30.  Wang M, Spiegelman D, Kuchiba A, Lochhead P, Kim S, Chan AT, Poole EM, Tamimi 
R, Tworoger SS, Giovannucci E, Rosner B, Ogino S. Statistical methods for studying 
disease subtype heterogeneity. Stat Med 2016;35:782–800.  

31.  Durrleman S, Simon R. Flexible regression models with cubic splines. Stat Med 
1989;8:551–61.  

32.  Harrell F. Regression modeling strategies: with applications to linear models, logistic 
regression, and survival analysis. In: Regression Modeling Strategies. 2001.  

33.  Wei X-L, He J-R, Cen Y-L, Su Y, Chen L-J, Lin Y, Wu B-H, Su F-X, Tang L-Y, Ren Z-
F. Modified effect of urinary cadmium on breast cancer risk by selenium. Clin Chim 
Acta 2015;438:80–5.  

34.  Itoh H, Iwasaki M, Sawada N, Takachi R, Kasuga Y, Yokoyama S, Onuma H, 
Nishimura H, Kusama R, Yokoyama K, Tsugane S. Dietary cadmium intake and breast 

25 
 

This article is protected by copyright. All rights reserved.



cancer risk in Japanese women: a case-control study. Int J Hyg Environ Health 
2014;217:70–7.  

35.  Strumylaite L, Kregzdyte R, Bogusevicius A, Poskiene L, Baranauskiene D, Pranys D. 
Association between cadmium and breast cancer risk according to estrogen receptor and 
human epidermal growth factor receptor 2: epidemiological evidence. Breast Cancer Res 
Treat 2014;145:225–32.  

36.  Byrne C, Divekar SD, Storchan GB, Parodi DA, Martin MB. Metals and breast cancer. J 
Mammary Gland Biol Neoplasia 2013;18:63–73.  

37.  Casano C, Agnello M, Sirchia R, Luparello C. Cadmium effects on p38/MAPK isoforms 
in MDA-MB231 breast cancer cells. Biometals 2010;23:83–92.  

38.  Liu Z, Yu X, Shaikh ZA. Rapid activation of ERK1/2 and AKT in human breast cancer 
cells by cadmium. Toxicol Appl Pharmacol 2008;228:286–94.  

39.  Johnson MD, Kenney N, Stoica A, Hilakivi-Clarke L, Singh B, Chepko G, Clarke R, 
Sholler PF, Lirio AA, Foss C, Reiter R, Trock B, et al. Cadmium mimics the in vivo 
effects of estrogen in the uterus and mammary gland. Nat Med 2003;9:1081–4.  

40.  Cannino G, Ferruggia E, Luparello C, Rinaldi AM. Effects of cadmium chloride on 
some mitochondria-related activity and gene expression of human MDA-MB231 breast 
tumor cells. J Inorg Biochem 2008;102:1668–76.  

41.  Candéias S, Pons B, Viau M, Caillat S, Sauvaigo S. Direct inhibition of 
excision/synthesis DNA repair activities by cadmium: analysis on dedicated biochips. 
Mutat Res 2010;694:53–9.  

42.  Pacini S, Punzi T, Morucci G, Gulisano M, Ruggiero M. A paradox of cadmium: a 
carcinogen that impairs the capability of human breast cancer cells to induce 
angiogenesis. J Environ Pathol Toxicol Oncol 2009;28:85–8.  

43.  Wei T, Jia J, Wada Y, Kapron CM, Liu J. Dose dependent effects of cadmium on tumor 
angiogenesis. Oncotarget 2017;8:44944–59.  

44.  Majumder S, Gupta R, Reddy H, Sinha S, Muley A, Kolluru GK, Chatterjee S. 
Cadmium attenuates bradykinin-driven nitric oxide production by interplaying with the 
localization pattern of endothelial nitric oxide synthase. Biochem Cell Biol 2009;87:605–
20.  

45.  Gheorghescu A, Thompson J. Delayed vasculogenesis and impaired angiogenesis due to 
altered Ang-2 and VE-cadherin levels in the chick embryo model following exposure to 
cadmium. Pediatr Surg Int 2016;32:175–86.  

26 
 

This article is protected by copyright. All rights reserved.



46.  Ribatti D, Nico B, Ruggieri S, Tamma R, Simone G, Mangia A. Angiogenesis and 
Antiangiogenesis in Triple-Negative Breast cancer. Transl Oncol 2016;9:453–7.  

47.  Jing Y, Liu L-Z, Jiang Y, Zhu Y, Guo NL, Barnett J, Rojanasakul Y, Agani F, Jiang B-
H. Cadmium increases HIF-1 and VEGF expression through ROS, ERK, and AKT 
signaling pathways and induces malignant transformation of human bronchial epithelial 
cells. Toxicol Sci 2012;125:10–9.  

48.  Dai X, Xiang L, Li T, Bai Z. Cancer Hallmarks, Biomarkers and Breast Cancer 
Molecular Subtypes. J Cancer 2016;7:1281–94.  

49.  Applebaum KM, Malloy EJ, Eisen EA. Left truncation, susceptibility, and bias in 
occupational cohort studies. Epidemiology 2011;22:599–606.  

50.  Hazelbag CM, Klungel OH, van Staa TP, de Boer A, Groenwold RHH. Left truncation 
results in substantial bias of the relation between time-dependent exposures and adverse 
events. Ann Epidemiol 2015;25:590–6.  

 

 

 

 

 

  

27 
 

This article is protected by copyright. All rights reserved.



Table 1: Baseline demographic and lifestyle characteristics of breast cancer cases and their 
matched controls in the case-control study nested within E3N cohort, France, 1990-2008 
 

Characteristics 
Cases  
(n=4,529) 

Controls 
(n=4,529) P value 

CIE to cadmium (mg/m2), median (p25-p75) 0.81 (0.07-4.18) 0.78 (0.07-3.79) 0.071 
Age (years), mean ± SD 49.8 ± 0.1 49.7 ± 0.1  
Alcohol drinking (g/day), n (%)    
     0 413 (9.1) 459 (10.1)  
     > 0-6.7 1,269 (28.0) 1,319 (29.1)  
     ≥ 6.7 1,982 (43.8) 1,803 (39.8)  
     Missing  865 (19.1) 948 (20.3) 0.001 
Body Mass Index (kg/m²), n (%)    
    <25 3,762 (83.1) 3,741 (83.1)  
     25-30 636 (14.0) 640 (14.1)  
     ≥ 30 131 (2.9) 148 (3.3) 0.567 
Tobacco smoking status, n (%)    
     Never  2,447 (54.0) 2,485 (54.9)  
     Current  678 (15.0) 654 (14.4)  
     Former  1,404 (31.0) 1,39 (30.7) 0.662 
Status of birthplace, n (%)    
     Rural 1,204 (26.6) 1,269 (28.0)  
     Urban 2,902 (64.1) 2,790 (61.6)  
     Missing  423 (9.3) 470 (10.4) 0.036 
Physical activity (METs-h/week), n (%)    
     < 25.3 1,145 (25.3) 1,068 (23.6)  
     25.3-37.3 1,404 (31.0) 1,319 (29.1)  
     37.4-56.9 1,187 (26.2) 1,254 (27.7)  
     ≥ 57.0 793 (17.5) 888 (19.6) 0.004 
Education, n (%)    
     Undergraduate 559 (12.3) 636 (14.0)  
     Post-graduate with a 1- to 2-year university 
degree 2,301 (50.8) 2,423 (53.5) 

 

     Post-graduate with a ≥ 3 year university 
degree 1,669 (36.9) 1,470 (32.5) 

 
< 0.001 

Menopausal status at index date, n (%)    
     Premenopausal  2,679 (59.2) 2,690 (59.4)  
     Postmenopausal 1,850 (40.8) 1,839 (40.6)  
Use of oral contraceptives, n (%)    
     No  1,854 (40.9) 1,877 (41.4)  
     Yes 2,675 (59.1) 2,652 (58.6) 0.583 
Use of hormone replacement therapy, n (%)    
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     No  3,759 (83.0) 3,860 (85.2)  
     Yes 770 (17.0) 669 (14.8) < 0.001 
Parity & age at first pregnancy (AFP, years), n (%)   
     0 597 (13.2) 491 (10.8)  
     0-2 & AFP < 30 2,196 (48.5) 2,227 (49.2)  
     0-2 & AFP  ≥ 30 515 (11.4) 412 (9.1)  
     ≥ 3 1,177 (25.9) 1,357 (29.9)  
     Missing  44 (0.9) 42 (0.9) < 0.001 
Age at menarche (years)    
     < 12 989 (21.8) 934 (20.6)  
      12-14 2,360 (52.1) 2,320 (51.2)  
     ≥ 14 1,180 (26.1) 1,275 (28.2) 0.059 
Breastfeeding, n (%)    
     No  2,153 (47.5)  2,148 (47.4)  
     Yes 2,376 (52.5) 2,381 (52.6) 0.915 
Family history of breast cancer, n (%)    
     No  3,717 (82.1) 4,024 (88.8)  
     Yes 812 (17.9) 505 (11.2) < 0.001 
History of personal benign breast disease, n (%)   
     No  3,189 (70.4) 3,514 (77.6)  
     Yes 1,340 (29.6) 1,015 (22.4) < 0.001 
P values from univariate conditional logistic regression models, except for age and 
menopausal status which were matching factors 
SD: Standard deviation, MET: Metabolic Equivalent of Task, HRT: menopausal hormone 
replacement therapy, CIE: cumulative index of exposure to cadmium. Menopausal status at 
index date: date of diagnosis of the case in the case-control pair
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Table 2: Odds ratio and 95% confidence intervals (OR, 95% CI) for the association of quintiles of cumulative airborne cadmium exposure  
with breast cancer risk overall and by menopausal status at index date in the case-control study nested within the E3N cohort, France, 1990-2008 

 Overall  Premenopausal  Postmenopausal 
Cumulative airborne cadmium 
exposure (mg/m2) 

n cases/ 
controls OR (95%CI)  

n cases/ 
controls OR (95%CI)  

n cases/ 
controls OR (95%CI) 

All         
     ≤ 0.033 917/906 Ref  254/226 Ref  663/680 Ref 
     > 0.033 - 0.357 860/907 0.92 (0.80-1.06)  211/193 0.88 (0.62-1.25)  649/714 0.92 (0.78-1.08) 
     > 0.357 - 1.48 924/904 0.96 (0.83-1.10)  198/163 1.13 (0.78-1.64)  726/741 0.93 (0.78-1.10) 
     > 1.48 - 5.47 872/907 0.90 (0.78-1.04)  127/123 0.86 (0.56-1.33)  745/784 0.91 (0.77-1.09) 
     > 5.47 956/905 0.98 (0.84-1.14)  98/119 0.72 (0.45-1.15)  858/786 1.06 (0.89-1.27) 
     P trend  0.717   0.310   0.531 
     P interaction         0.070 
Multivariable models were adjusted for physical activity, smoking status, level of education, body mass index (BMI), previous family history of 
breast cancer, history of personal benign breast disease, age at first full-term pregnancy, parity, breastfeeding, oral contraceptive use, menopausal 
hormone replacement therapy use (HRT) and status of birthplace 
Menopausal status at index date: date of diagnosis of the case in the case-control pair
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Table 3: Odds ratio and 95% confidence intervals (OR, 95% CI) for the association of quintiles of cumulative airborne cadmium exposure  
with breast cancer risk by hormone receptor status in overall pre- and post-menopausal, in the case-control study nested within the E3N cohort, 
France, 1990-2008 

 Overall  Premenopausal  Postmenopausal 
Cumulative airborne cadmium 
exposure (mg/m2) 

n cases/ 
controls OR (95%CI)  

n cases/ 
controls OR (95%CI)  

n cases/ 
controls OR (95%CI) 

ER-         
     ≤ 0.033 168/137 Ref  52/43 Ref  116/94 Ref 
     > 0.033 - 0.357 132/144 0.68 (0.48-0.97)  41/29 1.28 (0.48-3.39)  91/115 0.57 (0.36-0.88) 
     > 0.357 - 1.48 141/140 0.73 (0.49-1.06)  28/34 1.06 (0.34-3.33)  113/106 0.80 (0.50-1.28) 
     > 1.48 - 5.47 136/147 0.66 (0.44-0.97)  23/39 0.64 (0.21-1.94)  113/108 0.74 (0.47-1.19) 
     > 5.47 120/129 0.63 (0.41-0.95)  18/21 0.75 (0.18-3.09)  102/108 0.66 (0.41-1.08) 
     P trend  0.043    0.391   0.300 
 ER+         
     ≤ 0.033 534/543 Ref  118/111 Ref  416/432 Ref 
     > 0.033 - 0.357 499/529 0.94 (0.78-1.13)  97/91 0.84 (0.48-1.49)  402/438 0.95 (0.76-1.18) 
     > 0.357 - 1.48 566/537 1.01 (0.84-1.22)  105/79 1.28 (0.73-2.26)  461/458 1.02 (0.82-1.26) 
     > 1.48 - 5.47 542/567 0.93 (0.76-1.13)  71/55 1.10 (0.57-2.12)  471/512 0.94 (0.76-1.18) 
     > 5.47 634/599 1.00 (0.82-1.22)  69/70 0.89 (0.47-1.67)  565/529 1.07 (0.87-1.34) 
     P trend  0.969   0.947   0.567 
P heterogeneity  < 0.001   0.259   0.015 
PR-         
     ≤ 0.033 249/239 Ref  47/54 Ref  202/185 Ref 
     > 0.033 - 0.357 230/261 0.80 (0.61-1.04)  47/41 0.90 (0.39-2.08)  183/220 0.69 (0.50-0.95) 
     > 0.357 - 1.48 260/230 0.97 (0.73-1.29)  36/33 1.31 (0.46-3.73)  224/197 0.89 (0.64-1.23) 
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     > 1.48 - 5.47 236/250 0.86 (0.65-1.15)  32/45 0.79 (0.30-2.08)  204/205 0.85 (0.61-1.19) 
     > 5.47 239/234 0.89 (0.66-1.20)  26/33 1.40 (0.35-5.57)  213/201 0.87 (0.62-1.22) 
     P trend  0.581   0.966    0.812 
PR+         
     ≤ 0.033 446/432 Ref  125/100 Ref  321/332 Ref 
     > 0.033 - 0.357 385/394 0.94 (0.76-1.16)  88/78 0.98 (0.55-1.76)  297/316 1.00 (0.78-1.27) 
     > 0.357 - 1.48 420/424 0.91 (0.74-1.12)  93/77 1.13 (0.63-2.02)  327/347 0.97 (0.76-1.23) 
     > 1.48 - 5.47 404/422 0.85 (0.68-1.06)  60/46 1.00 (0.51-1.97)  344/376 0.90 (0.70-1.16) 
     > 5.47 487/470 0.93 (0.74-1.15)  59/56 0.76 (0.40-1.48)  428/414 1.02 (0.79-1.31) 
     P trend  0.348   0.605   0.863 
P heterogeneity  0.064   0.205   0.004 
ER-PR-         
     ≤ 0.033 132/107 Ref  34/29 Ref  98/78 Ref 
     > 0.033 - 0.357 105/117 0.68 (0.46-1.02)  28/23 0.88 (0.26-2.92)  77/94 0.55 (0.34-0.90) 
     > 0.357 - 1.48 112/106 0.77 (0.50-1.17)  17/24 0.59 (0.12-2.75)  95/82 0.83 (0.50-1.38) 
     > 1.48 - 5.47 106/124 0.62 (0.40-0.95)  16/28 0.72 (0.18-2.94)  90/96 0.65 (0.39-1.09) 
     > 5.47 96/97 0.68 (0.42-1.07)  14/12 1.55 (0.21-11.5)  82/85 0.65 (0.38-1.12) 
     P trend  0.088   0.962   0.254 
ER+PR+         
     ≤ 0.033 408/402 Ref  105/85 Ref  303/317 Ref 
     > 0.033 - 0.357 359/369 0.96 (0.78-1.19)  75/72 0.79 (0.42-1.47)  284/297 1.02 (0.80-1.31) 
     > 0.357 - 1.48 394/390 0.96 (0.77-1.18)  82/67 1.05 (0.56-1.98)  312/323 1.01 (0.79-1.30) 
     > 1.48 - 5.47 378/403 0.86 (0.69-1.08)  54/37 1.08 (0.52-2.25)  324/366 0.89 (0.69-1.15) 
     > 5.47 462/437 0.97 (0.78-1.22)  55/47 1.02 (0.50-2.07)  407/390 1.06 (0.81-1.36) 
     P trend  0.576    0.816   0.936 
P heterogeneity  0.005   0.779   0.008 
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Multivariable models were adjusted for physical activity, smoking status, level of education, body mass index (BMI), previous family history of 
breast cancer, history of personal benign breast disease, age at first full-term pregnancy, parity, breastfeeding, oral contraceptive use, menopausal 
hormone replacement therapy use (HRT) and status of birthplace.  
Menopausal status at index date: date of diagnosis of the case in the case-control pair.
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Figure legends 
 
Figure 1: Cubic spline modelling of the relationship between cumulative airborne cadmium exposure 

and risk of overall breast cancer in the case-control study nested within the E3N cohort, France, 1990-

2008. Multivariable adjusted OR (continuous line) and 95% CI (dotted line) obtained using four-knot 

restricted cubic splines with the minimum value used as reference. Models were adjusted for physical 

activity, smoking status, level of education, body mass index (BMI), previous family history of breast 

cancer, history of personal benign breast disease, age at first full-term pregnancy, parity, breastfeeding, oral 

contraceptive use, menopausal hormone replacement therapy use (HRT) and status of birthplace. 
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Novelty & Impact Statement: IJC-19-0111.R1 

 

Cadmium is a common environmental contaminant that exerts estrogen-like activity in human cells. 
While this activity suggests that cadmium might influence breast cancer risk, the relationship between 
cadmium exposure and breast cancer remains unclear. In this study, the authors employed a Geographic 
Information System (GIS)-based metric to assess atmospheric cadmium exposure in women in France. 
No significant association was found between airborne cadmium and overall breast cancer risk. Risk 
varied, however, according to menopausal status and tumor hormone receptor status. Significant 
inverse associations were indicated for estrogen receptor-positive breast cancers. Additional research is 
needed to assess cadmium exposure-associated cancer risks. 
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