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 Background: Diet is the primary way cadmium (Cd) enters the body in those without occupational exposure and who do 
not inhabit Cd-polluted regions. Findings on the relationship between dietary Cd exposure and breast cancer 
(BC) risk have been inconsistent; a meta-analysis has supported this association but 2 recent cohort studies 
showed inconsistent results. Hence, we performed an updated meta-analysis to re-evaluate the association 
between dietary Cd exposure and BC risk.

 Material/Methods: We searched PubMed, Medline, and EMBASE to identify relevant studies published through September 2014. 
Combined relative risks (RRs) and the corresponding 95% confidence intervals (CIs) were used to assess the 
association between dietary Cd exposure and BC risk.

 Results: We identified 6 studies involving 321 315 participants and 11 978 cases. Our study suggested there was no 
statistically significant positive association between dietary Cd exposure and BC risk, the combined RR and cor-
responding 95% CI was 1.01 [0.88, 1.14]. The result was not modified by menopause status, geographic area, 
or study design.

 Conclusions: Our study did not find a statistically significant positive association between dietary Cd exposure and BC risk. 
It is necessary to investigate this relationship among the high-risk groups and more cohort studies based on 
diverse populations are needed.
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Background

Cadmium (Cd) is often the result of environmental pollution 
caused by industrial and agricultural activities and it is wide-
ly dispersed into the environment [1]; hence, humans are ex-
posed to it ubiquitously. The relationship between Cd and hu-
man health has been attracting increasing research attention 
[2]. An earlier study showed that Cd acts as a stressor and 
leads to metabolic alterations [3].

Humans always come into contact with Cd by occupational 
exposure, smoking, or diet. However, diet is the primary way 
Cd enters the bodies of those without occupational exposure 
and who do not live in Cd-polluted regions [2]. It has been re-
ported that dietary Cd exposure is mainly from the relatively 
high Cd content of agricultural crops and their products, such 
as rice, bread, potatoes, and vegetables [4]. After entering the 
human body, Cd acts as a component of metallothionein and 
is deposited in organs and tissues [5].

The long-time biological effect of Cd is that it may be a carcino-
gen [6]. In 2008, a population-based cohort study suggested that 
chronic dietary Cd intake could increase risk of hormone-related 
cancers [7]. Similarly, another population-based prospective co-
hort study reported that dietary Cd intake played an important 
role in prostate cancer development [8]. Thus, dietary Cd intake 
may be associated with hormone-related cancers. For women, 
BC is an estrogen-related cancer, and a laboratory study indicat-
ed that Cd could malignantly transform breast cells, stimulate 
breast cell proliferation, and inhibit apoptosis [9]. The relation-
ship between dietary Cd exposure and BC risk has been sup-
ported by some observational studies, but the results of these 
studies were inconsistent [10–13], hence, a meta-analysis was 
conducted by Cho et al. to clarify these inconsistent results, and 
this study found that there was a significant positive relation-
ship between dietary Cd intake and BC risk [14]. Recently, 2 re-
cent prospective cohort studies have observed a relationship be-
tween dietary Cd intake and BC risk; however, neither of these 
studies found that dietary Cd intake was a risk for BC [15,16].

Thus, we performed a meta-analysis to update and quantita-
tively re-assess the association between dietary Cd exposure 
and the risk of BC by summarizing the inconsistent results of all 
published studies. Thus, we intended to provide the best avail-
able evidence as to whether dietary Cd exposure is a risk of BC.

Material and Methods

Literature search strategy

We searched PubMed, Medline, and EMBASE to identify studies 
on the relationship between dietary Cd exposure and risk of 

BC, published through September 2014. The following search 
terms were used in the searching strategy: “cadmium” com-
bined with “breast cancer” and “breast carcinoma”. In addi-
tion, references cited within relevant reviews were retrieved, 
and we contacted the authors for useful information.

Study selection

We included studies that met the following criteria: 1) study 
designed as case-control or cohort study; 2) the exposure of 
interest was dietary Cd exposure; 3) the outcome was BC in-
cidence; and 4) RR and corresponding 95% CI for the highest 
compared with the lowest of dietary Cd exposure were reported.

Initially, we reviewed the titles and abstracts to ascertain re-
ports of interest; if uncertain, a subsequent full-text assess-
ment was conducted. The study retrieval was conducted by 2 
independent authors. All disputes were resolved by discussion.

Data extraction and quality assessment

We extracted the following contents: the first author’s surname, 
publication year, geographic area, age of the participants, num-
ber of cases and participants or controls, study design, range 
of Cd exposure; RR (95% CI) for the highest vs. the lowest di-
etary Cd exposure and variables used in a multivariate model.

The key components of designs (e.g., selection of study popu-
lations, ascertainment of exposure and outcome, duration of 
follow-up) were used to estimate the quality of primary stud-
ies [17], rather than reporting the aggregate scores.

Data analysis

STATA version 12.0 was used to analyze data. RR and the 95% 
CI were used to measure the association of dietary Cd exposure 
and the risk of BC. A random-effects model was used to com-
pute the combined RR. Homogeneity test was performed with 
the use of Q statistic and I2 statistic, and subgroups analysis 
was used to identify the source of heterogeneity. Sensitivity 
analysis was used to assess the influence of a single study 
on the overall risk estimate. Publication bias was detected by 
Begg’s and Egger’s test, if the P-value was less than 0.05, it 
was considered as statistically significant.

Results

Literature search and study characteristics

We initially identified 224 potential articles from the databases. 
After screening the abstracts and titles, most of these were ex-
cluded because they were reviews, the exposure or outcome did 
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not relate to our analysis, or they were laboratory studies. Overall, 
we identified 6 studies involving 321 315 participants and 11 978 
cases [10–13,15,16]. Figure 1 is a flow chart of study selection.

In the included studies, 2 were performed in Europe [11,15], 2 
in the USA [10,16], and 2 in Japan [12,13]. In addition, 5 stud-
ies were cohort studies [10–12,15,16] and one was designed 
as case-control study [13]. Five results of these studies were 
reported by menopausal status in 4 studies [10,11,13,15], 4 
results were conducted in postmenopausal women, and only 
1 in premenopausal women. Table 1 summarizes the general 
data from the 6 included studies.

Main analysis

Data of these 6 studies were analyzed in a random-effects 
model to estimate the relationship between dietary Ca expo-
sure and BC risk. In our study, there was no statistically sig-
nificant positive association between dietary Cd exposure and 
BC, and the combined RR and corresponding 95% CI was 1.01 
[0.88, 1.14]. Strong evidence of heterogeneity was detected 
among these studies (I2=63.0%, P=0.019). Figure 2 presents 
the results of our meta-analysis.

Subgroup-analysis

According to menopause status, geographic area, and study 
design, we conducted subgroup-analysis to identify the source 
of heterogeneity. Evidence of heterogeneity was also found 
across the 2 European studies and the cohort design stud-
ies. However, among these 3 subgroups, no significant posi-
tive correlation between dietary Cd exposure and BC risk was 
found. The combined RR of BC was not modified by the dif-
ferent groups. The results of subgroup analyses are present-
ed in Table 2.

Sensitivity analysis and publication bias

Sensitivity analysis was conducted to estimate the influence of 
each individual study on combined RR by removing 1 study at a 
time. The combined RRs were similar with one another, and no 
single study significantly changed the combined result, which 
indicated that the result was statistically stable and reliable.

Publication bias was detected based in the shape of funnel 
plots and by Begg’s and Egger’s tests. Begg’s funnel plot and 
Egger’s regression test showed a low probability of publication 
bias (p=0.909). The result of Begg’s test is presented in Figure 3.

Discussion

Our study did not show a statistically significant positive asso-
ciation between dietary Cd exposure and BC risk for the high-
est compared with the lowest category of dietary Cd expo-
sure, and the combined RR(95% CI) of BC was 1.01 [0.88, 1.14].

Heterogeneity appears in a meta-analysis when the included 
studies have inconsistent conditions. In our study, evidence of 
heterogeneity was observed; thus, we conducted subgroup-
analysis to identify the source of heterogeneity. Table 2 shows 
that the 2 European studies [11,15] were the main source of 
heterogeneity. Julin et al. adjusted for a wide range of poten-
tial confounders for BC: age, height, BMI, education, use of oral 
contraceptives and postmenopausal hormones, age at men-
arche, age at first birth, alcohol consumption, glycemic load, 
total energy intake, and dietary intake of whole vegetables 
and grains [11]; however, the Danish study of postmenopaus-
al women adjusted for a relatively narrow range, not includ-
ing age, total energy intake, or dietary intake of whole vege-
tables and grains [15].

Figure 1. Flow chart of study selection.

36 articles excluded:
  The exposure factor was not cadmium
  (n=21)
  The endpoint was not the breast cancer risk
  (n=11)
  No useable data reports (n=4)

Potentially relevant studies identified
from PubMed, Medline and EMBASE
(n=224)

Potentially relevant studies identified
from screening (n=91)

Potentially eligible studies for full-text
(N=42)

Studies included in meta-analysis (n=6)

49 articles excluded:
  Review articles (n=41)
  Basic experiment (n=5)
  Non-cohort study and case-control
  study (n=3)
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The relationship between Cd exposure and BC risk has been 
investigated to assess whether Cd has any modifying effects 
on the etiology and process of BC [18,19]. These studies in-
vestigated women who were exposed to Cd occupational-
ly and who lived in Cd-polluted areas; a significant increase 
in frequencies of BC in Cd-exposed women was found by a 

meta-analysis and systematic review [20]. However, diet is 
the primary way Cd enters the human body among popula-
tions without occupational exposure and who do not live in 
Cd-polluted areas [2]. The relationship between dietary Cd 
exposure and BC risk also was considered in recent years. In 
our meta-analysis, 6 studies on this topic were identified, but 

Study 
(year, country)

Age
Study 
design

Sample size (n) 
case/control (size)

Dietary cadmium 
exposure range

Adjusted RR 
(95% CI) 

(highest vs. 
lowest)

Variables used in multivariate 
model

Adams et al. 
(2012, USA)

50–76 Cohort 1026/30543 Q1 (<7.48)
Q2 (7.48–10.05) 
Q3(10.06–13.30) 
Q4 (>13.30)

Post.: 1.00 
[0.72,1.41]

Age, total energy intake,race 
HRT use, smoking, vegetable 
consumption, BMI, physical 
activity, alcohol consumption, 
age at first childbirth, education, 
mammography multivitamin use

Julin et al. 
(2012, Sweden)

n Cohort 2112/55987 T1 (<13)
T2 (<13–16)
T3 (>16)

Post.: 1.21 
[1.07,1.36] 

Age, height, BMI, education, use 
of oral contraceptives, use of 
postmenopausal hormones, age 
at menarche, age at first birth, 
alcohol consumption, glycemic 
load, total energy intake, intake 
of whole grain and vegetables

Sawada et al. 
(2012, Japan)

45–74 Cohort 402/48351 T1: 19.2
T2: 24.9
T3: 32.3

0.87 
[0.61,1.23]

Age, area, BMI, smoking, 
frequency of alcohol intake, 
leisure-time physical activity, 
intake of meat,soybean, 
vegetable, and fruit. Menopausal 
status and use of exogenous 
female hormones

Itoh et al. 
(2014, Japan)

20–74 Case-control 390/390 T1 (21.4)
T2 (26.2)
T3 (31.5)

1.23 
[0.76,2.00]
Pre.: 0.95 
[0.47,1.94]
Post.: 1.49 
[0.84,2.64]

Age, area, menopausal status, 
physical activity,smoking,
family, number of births,
isoflavone, vegetable and
total energy intake

Eriksen et al. 
(2014, 

Denmark)

50–65 Cohort 1390/23815 T1 (<11.9)
T2 (11.9–15.3)
T3 (>15.3)

Post.: 0.97 
[0.85,1.11]

Educational ,smoking, number of 
births,age at first birth, HRT,HRT 
use, age at menarche, BMI, 
height, physical activity and 
alcohol intake

Adams et al. 
(2014, USA)

50–79 Cohort 6658/150889 Q1(<7.10)
Q2 (7.10-9.24)
Q3(9.24-11.35)
Q4(11.35-14.21)
Q5>(14.21)

0.90 
[0.81,1.00]

Total energy intake,age,race 
study component, BMI, alcohol 
consumption, education, 
physical activity, age at first 
birth and menarche, smoking 
age at menopause, unopposed 
estrogen use, estrogen and 
progesterone use, daily vegetable 
servings, daily grain servings, 
mammography 2 years before 
baseline

Table 1. The characteristics of six included studies on the relationship between dietary cadmium exposure and breast cancer risk.

Q – quartile; T – tertile; RR – rate ratio; BMI – body mass index; HRT – hormone replacement therapy; Pre – premenopausal woman; 
Post – postmenopausal woman.
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the results were inconsistent. In 2012, Adams et al. conduct-
ed a cohort study to examine whether dietary Cd exposure 

increased risk of BC, and the result showed no significant as-
sociation [10]. However, a Swedish population-based pro-
spective cohort study including 55 987 participants and 2112 
patients showed that dietary Cd intake increased risk of post-
menopausal BC [11]. The 2 Japanese studies reported no sig-
nificant positive relationships between dietary Cd exposure 
and BC risk [12,13], but the case-control study found a sta-
tistically significant association for estrogen receptor-positive 
tumors among postmenopausal women [13]. In 2013, a me-
ta-analysis of the relationship between dietary Cd intake and 
cancer risk was conducted by Cho et al., who reported a sig-
nificant association between dietary Cd exposure and BC risk, 
and found that dietary Cd intake increased risk of BC – the RR 
(95% CI) was 1.15 [1.04–1.28] [14]. However, in 2014, a pro-
spective cohort study in Danish postmenopausal women did 
not support the above result and reported that dietary Cd in-
take was not linked to the risk of BC or other hormone-related 
cancers [15]. Similarly, another cohort study indicated dietary 
Cd intake had no statistical association with cancer risk [16]. 

Figure 2.  Forest plot for the relationship 
between dietary cadmium exposure 
and breast cancer risk.

Study ID

Adams et al. (2012)

Julin et al. (2012)

Sawada et al. (2012)

Itoh et al. (2014)

Adams et al. (2014)

Eriksen et al. (2014)

Overall (I-squared=63.0%, p=0.019)

Note: Weights are from random effects analysis

RR (95% CI)

–2 0 2

1.00 (0.72, 1.41)

1.21 (1.07, 1.36)

0.87 (0.61, 1.23)

1.23 (1.76, 2.00)

0.90 (0.81, 1.00)

0.97 (0.85, 1.11)

1.01 (0.88, 1.14)

% weight

9.85

23.01

11.37

3.87

27.51

24.38

100.00

Figure 3. Forest plot for publication bias.

.5

0

–.5
0 .1

S.e. of: log[RR]

Begg’s funnel plot with pseudo 95% confidence limits

.2 .3

Lo
g[

RR
]

Study group No. of study RR (95% CI) P for heterogeneity I2

All 6 1.01 [0.88, 1.14] 0.019 63.0

 Menopause status

  Postmenopause 4 1.09 [0.91, 1.26] 0.077 56.1%

  Premenopause 1 0.95 [0.47, 1.94] --- ---

Geographic area

  USA 2 0.91 [0.82, 1.00] 0.584 0. 0%

  Europe 2 1.09 [0.85, 1.32] 0.016 82.9%

  Japan 2 0.95 [0.66,1.23] 0.309 3.5%

Study design

  Cohort 5 1.00 [0.86, 1.13] 0.012 69.0%

  Case-control 1 1.23 [0.76, 2.00] --- ---

Table 2. Subgroup analysis of the association between cadmium exposure and breast cancer risk.
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Thus, we performed a meta-analysis to update and quantita-
tively re-assess this relationship and we did not find a statis-
tically significant positive association between dietary Cd ex-
posure and BC risk. The subgroup-analysis of our study was 
conducted at the same time and no significant positive asso-
ciation between dietary Cd exposure and BC risk was found 
in any subgroups.

Cd acts as a metallo-estrogen and may play an important role 
in the estrogenic signaling pathway [21]; it can malignant-
ly transform breast cells, stimulate breast cell proliferation, 
and inhibit apoptosis [22]. In addition, Cd also can induce BC 
by a non-estrogen-related mechanism. It can change normal 
breast epithelial cells into a basal-like breast carcinoma char-
acterized by negativity of the ER-a and the epidermal growth 
factor receptor 2 (HER2), leading to reduced expression of BC 
susceptibility gene 1, and increasing the expression of cyto-
keratin 5 and p63 [23].

Although our study did not find a statistically significant posi-
tive association between dietary Cd exposure and BC risk, many 
factors that may influence this association should be consid-
ered. First, some other trace elements may relate to the ab-
sorption of Cd. Flanagan et al. reported that iron deficiency led 
to increased absorption of Cd in animal and human studies 
[24]. In addition, zinc can limit absorption of Cd by decreasing 
in the intracellular Cd accumulation and by the sequestration 
of Cd by Cd-induced metallothionein [25]. Second, different 
types of diet may influence the bioavailability and/or kinetics 
of dietary Cd [26]. For example, the Swedish prospective co-
hort study showed that the low Cd and high whole grain and 
vegetables intake groups had the lowest risk, but they had 
the highest risk of BC in relation to diets high in Cd and low 
in whole grains and vegetables [11], which is why these food 
have a conflicting roles in the development of BC because whole 
grains and vegetables are relatively Cd-rich foods. Third, oth-
er lifestyle factors such as tobacco consumption may relate to 
Cd exposure [27]. For example, average urine Cd concentration 

in never-smokers was lower than that in smokers [12]. In our 
study, only 2 investigations reported a relationship between 
dietary Cd exposure and BC risk in smokers and never-smok-
ers [10,13], but no study showed a positive association.

Our meta-analysis of 6 studies involving 321 315 participants 
and 11 978 cases improved the statistical power and found a 
more reliable result of the association between dietary Cd ex-
posure and BC risk. Most investigations were cohort studies, 
which reduced the recall and selection bias. However, there 
are several limitations of our study. First, other factors may in-
fluence this association and the effect of dietary Cd exposure 
on the development of BC. Although most included studies 
adjusted for a wide range of factors, some studies did not ex-
clude the potential factors. Second, in all included studies, Cd 
exposure was assessed with a food frequency questionnaire 
(FFQ), so measurement error in individual studies might have 
led to incorrect classification of Cd exposure. Third, none of 
the included studies reported whether the participants lived 
in a polluted area and, if so, for how long before the primary 
studies were started. Fourth, the inclusion criteria might in-
duce selection bias and potential publication bias still existed. 
Fourth, all of our included studies were conducted in devel-
oped countries, and other studies in less-developed countries 
are warranted.

Conclusions

Our study did not find a statistically significant positive asso-
ciation between dietary Cd exposure and BC risk. It is neces-
sary to investigate this potential relationship among high-risk 
groups and more cohort studies based on diverse populations 
are needed.
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