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Abstract: There are conflicting reports on the correlation between manganese (Mn) levels and breast cancer. The
purpose of the present study is to clarify the association between Mn levels and breast cancer using a meta-analysis
approach. We searched articles indexed in Pubmed and the Chinese Journal Full-text Database (CJFD) published
as of August 2014 that met our predefined criteria. Eleven eligible studies involving 1302 subjects were identified.
Overall, pooled analysis indicated that subjects with breast cancer had lower Mn levels than the healthy controls
(SMD = -1.51, 95% Cl = [-2.47, -0.56]). Further subgroup analysis found a similar pattern in China (SMD = -1.32,
95% Cl = [-2.33, -0.32]) and Korea (SMD = -4.08, 95% Cl = [-4.63, -3.54]), but not in Turkey (SMD = -0.96, 95% ClI
=[-3.19, 1.27]). Further subgroup analysis also found a similar pattern in different sample specimens (serum: SMD
=-1.24, 95% Cl = [-2.31, -0.16]; hair: SMD = -1.99, 95% CI = [-3.91, -0.06]) and different types of Mn measure-
ment (inductively coupled plasma-atomic absorption spectrometry (ICP-AAS): SMD = -1.14, 95% CI = [-2.24, -0.04];
graphite furnace atomic absorption spectroscopy (GFAAS): SMD =-1.94, 95% Cl = [-2.38, -1.49]; inductively coupled
plasma-atomic emission spectrometry (ICP-AES): SMD = -3.77, 95% Cl = [-4.70, -2.85]). No evidence of publica-
tion bias was observed. In conclusion, this meta-analysis supports a significant association between deficient Mn
levels and breast cancer. However, the subgroup analysis found that there was contradiction regarding races and
geography, like China and Turkey. Thus this finding needs further confirmation by trans-regional multicenter, long-
term observation in a cohort design to obtain better understanding of causal relationships between Mn levels and
breast cancer, through measuring Mn at baseline to investigate whether the highest Mn category versus lowest was
associated with breast cancer risk.
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Introduction

Breast cancer is the most common type of can-
cer among women, inflicting 16% of all female
cancer patients. While its incidence continues
to rise, the mortality rate from breast cancer
has remained almost unchanged in the past
five decades [1-3]. The high incidence of breast
cancer highlights the need for a better under-
standing of the underlying mechanisms of
breast tumorigenesis. Despite great progress
in the monitoring and treatment of this disease,
the exact etiology of breast cancer is not fully
understood.

Breast cancer is a multifactorial disease as the
intensive epidemiological, clinical, and genetic
studies have identified a number of biological

and social traits as risk factors associated with
breast cancer [4-7]. Some meta-analyses have
found that trace elements disturbances, such
as iron or selenium deficiency, have been recog-
nized as playing a role in carcinogenesis in
breast tissues [8, 9]. Manganese (Mn), as a
trace element, is required for the activity of sev-
eral enzymes [10-12]. Some clinical studies find
that there is an inverse association between
Mn concentration and breast cancer [13, 14]. A
lower levels of Mn in patients with breast can-
cer than in healthy controls indicated that Mn
might share the anti-carcinogenic properties.
However, some studies suggest that there is no
relationship between Mn concentration and
breast cancer [15]. Although Mn deficiency is
plausibly linked to breast cancer, the inconsis-
tency among the findings of previous studies
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Meta-analysis is an important tool for revealing
trends that might not be apparent. Therefore,
we performed a comprehensive and critical
meta-analysis of the studies, in order to draw a
more clear and evidence-based conclusion on
the association between Mn levels and breast
cancer.

Methods
Search strategy

We searched all articles indexed in Pubmed
and the Chinese Journal Full-text Database
(CJFD) published up to August 2014. Literature
searches were performed using medical sub-
ject heading (MeSH) or free text words. The
searching keywords were: (manganese OR Mn)
AND breast cancer. Reference lists of all eligi-
ble studies were screened to identify potential-
ly eligible studies. Emails were sent to the
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Flow diagram of
screened and included papers.

ble studies for inclusion pos-
sibility. Where there was a dis-
agreement for study inclusion,
a discussion was held (with
Bo Xu) to reach a consensus.

Eligible studies should meet

the following criteria: (1)

human study; (2) case-control

study or cohort study or ran-

domized clinical trial; (3) stud-

ies focusing on the associa-
tion between Mn levels and breast cancer; (4)
studies providing data of Mn levels for both
subjects with breast cancer and healthy con-
trols; (5) subjects with no other diseases and
no drugs intake which might influence the lev-
els of Mn.

Exclusion criteria included: (1) animal study; (2)
in vitro or laboratory study; (3) review or case
report; (4) studies not providing Mn levels for
both subjects with breast cancer and healthy
controls; (5) subjects with diseases and drugs
intake which might influence the levels of Mn;
(6) sample size less than 20.

Data extraction and quality assessment

Two authors (Wen-Song Cai, Jiang-Lin Li) inde-
pendently extracted data using a standard
form. The following information was extracted
from each included study: first author’s family
name, year of publication, type of study, coun-
try, demography of subjects (number of patients
and age), data on levels of Mn and type of Mn
measurement.
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Table 1. Characteristics of subjects in eligible studies

Age (year) T M S | Breast cancer Healthy controls Weigh i
Studies Country  Breast Healthy mg::u?emgnt sp::;rzsn N Mn concentration N Mn concentration ?of) t SMD (95% Cl) %Lézrl;y
cancer control (mean + SD) (mean £ SD)
Bai 2000 China 32~65 32~65 ICP-AAS Hair 38 1.01 £ 0.62 ng/g 38 6.78 £ 4.19 ng/g 9.11 -1.93(-2.47,-1.38) 6
Kilic 2004  Turkey 5349 55+ 7 GFAAS Hair 26  0.67 +0.52 ug/g 27 1.66 + 0.4 ug/g 897 -2.12(-2.80,-1.44) 7
Dai 2005 China 28~58 23~68 ICP-AAS Serum 54  0.18 + 0.07 pmol/I 56 1.44 + 0.84 pmol/I 9.18 -2.10(-2.56,-1.63) 7
Liang 2005  China 32~68 22~58 ICP-AAS Serum 28 0.08+0.01umol/l 22 1.52+0.88umol/I 8.88 -2.47(-3.22,-1.73) 7
Wu 2006 China NA NA ICP-AES Serum 25 5.5 + 0.47 pg/l 26 9.09 + 1.25 pg/I 8.63 -3.77(-4.70,-2.85) 5
Li 2006 China 20~70 20~70 ICP-AAS Serum 78  1.71+£0.11 pg/dl 61 1.65 + 0.18 pg/dl 9.28 0.41 (0.08, 0.75) 7
Li 2008 China 49.9 +10.7 20~70 ICP-AAS Serum 93 1.75+0.16 pg/dl 81 1.64 + 0.17 pg/dl 9.30 0.67 (0.36, 0.97) 7
Joo 2009 Korea 471+96 47851 ICP-AAS Hair 40 0.21+0.04 pg/g 144 0.44 + 0.0 pg/g 9.11 -4.08 (-4.63,-3.54) 7
Wang 2010  China 25~60 26~60 ICP-AAS Serum 25 0.24+0.41pmol/l 260 0.22+0.2pmol/l  9.23  0.10 (-0.31, 0.51) 7
Cihan 2011 Turkey 50.3+8.8 474+10.1 ICP-AAS Hair 52 0.989 + 0.924 pg/g 52 0.863+0.675pg/g 9.25 0.16 (-0.23, 0.54) 7
Feng 2012 China 48.7+84 47276 GFAAS Serum 56 8.3 £ 1.57 pg/l 20 10.95 + 1.14 pg/| 9.07 -1.80(-2.39,-1.21) 7

ICP-AAS, inductively coupled plasma-atomic absorption spectrometry. ICP-AES, inductively coupled plasma-atomic emission spectrometry. GFAAS, graphite furnace atomic absorption spectroscopy.
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Study %
ID SMD (95% Cl) Weight
Bai 2000 —o— -1.93(-247,-138) 9.1
Kilic 2004 —_— 212(-280,-1.44)  8.97
Dai 2005 — -2.09 (-2.56,-1.63)  9.18
Liang 2005 —_— -247(-322,-173) 888
Wu 2006 —_—— ! -3.77(-4.70,-2.85) 8563
Li 2006 - —_ 0.41(0.08, 0.75) 9.28
Li 2008 ? —— 0.67 (0.36, 0.97) 9.30
Joo 2009 —_— ! -4.08 (-4.63,-354)  9.11
Wang 2010 : — 0.10 (-0.31,051) 923
Cihan 2011 -~— 0.16 (-0.23, 0.54) 9.25
Feng 2012 —_— 1.80(-239,-121)  9.07
Overall (I-squared = 97.8%, p = 0.000) <t> -151(-247,-056)  100.00

I
NOTE: Weights are from random effects analysis :

T : T
47 0 47

Figure 2. Forest plot of studies in Mn levels for subjects with breast cancer versus healthy controls. The combined
SMD and 95% confidence intervals (Cls) were calculated using the random-effects model.

The qualities of all included studies were
assessed using the Newcastle-Ottawa Scale
(NOS). The assessment tool focused on three
aspects, including participant selection, com-
parability and exposure. The studies would be
assigned stars of 9 if all items were satisfied.
Two authors (Fei Shen, Zhe Feng) assessed the
quality independently.

Statistical analysis

The extracted data were used to perform meta-
analysis to obtain the standardized mean dif-
ference (SMD) and 95% confidence intervals
(CI). Heterogeneity between studies was tested
through the Chi-square and l-square tests. If
the 12 value was greater than 50% and the p
value was less than 0.05, the meta-analysis
was considered as homogeneous. The SMDs
were calculated using either fixed-effects mod-
els or, in the presence of heterogeneity, ran-
dom-effects models.

Subgroup analyses were used to identify asso-
ciations between Mn levels and other relevant
study characteristics as possible sources of
heterogeneity. Publication bias was measured
using Begg’s test and visualization of funnel
plot. The stability of the study was also detect-
ed by sensitivity analysis, through re-meta-
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analysis with one involved study excluded each
time. All statistical analyses were performed
with Stata version 11.0 (StataCorp, College
Station, TX).

Results
Literature search

The literature search yielded a total of 274 pri-
mary studies, including 184 studies published
in English and 90 in Chinese. These studies
were included for full-text assessment, of which
263 were excluded for one of the following rea-
sons: (1) irrelevant to our topic (n = 206), (2)
non-original studies (reviews, etc.) (n = 34), (3)
non-human studies (n = 21), (4) articles not pro-
viding Mn levels for both subjects with breast
cancer and healthy controls (n = 2). Overall, 11
eligible studies (6 published in Chinese and 5 in
English) with 1302 subjects from 11 case-con-
trol studies were considered in the analysis
[13-23]. A flow diagram of the study selection
process is presented in Figure 1.

Study characteristics and quality assessment
The detailed characteristics of the included

studies and the results of the quality assess-
ment were summarized in Table 1. The number
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A study %
ID SMD (95% Cl) Weight
China E
Bai 2000 —_— -1.93 (-2.47,-1.38) 9.11
Dai 2005 —_— -2.09 (-2.56,-1.63) 9.18
Liang 2005 R 2.47 (-3.22,-1.73) 8.88
Wu 2006 —_— ' -3.77 (-4.70,-2.85) 8.63
Li 2006 : —a— 0.41(0.08,0.75) 9.28
Li 2008 ! ' 0.67 (0.36,0.97) 9.30
Wang 2010 ! —_— 0.09 (-0.32, 0.50) 9.23
Feng 2012 —_— -1.80 (-2.39, -1.21) 9.07
Subtotal (I-squared = 97.3%, p = 0.000) - -1.32(-2.33,-0.32) 7268
Turkey E
Kilic 2004 R 212 (-2.80,-1.44) 8.97
Cihan 2011 ; —t— 0.16 (-0.23, 0.54) 9.25
Subtotal (-squared =96.9%,p=0.000) ===, To——e -0.96 (-3.19, 1.27) 18.21
Korea E
Joo 2009 —_— ! -4.08 (-4.63, -3.54) 9.11
Subtotal (-squared=.%,p=.) <Z_>> ! -4.08 (-4.63, -3.54) 9.11
1
1
Overall (I-squared = 97.8%, p = 0.000) {:‘;:- -1.52 (-2.47,-0.56) 100.00
NOTE: Weights are from random effects analysis ;
I I
47 0 47
Study %
ID SMD (95% ClI) Weight
I
Serum :
Dai 2005 — -2.09 (-2.56, -1.63) 9.18
Liang 2005 —_— 2.47 (-3.22,-1.73) .38
Wu 2006 —_— : -3.77 (-4.70, -2.85) 8.63
1
Li 2006 ' — 0.41(0.08, 0.75) 9.28
Li 2008 : - 0.67 (0.36, 0.97) 9.30
Wang 2010 f —— 0.09 (-0.32, 0.50) 9.23
Feng 2012 —_—— -1.80 (-2.39,-1.21) .07
Subtotal (I-squared = 97.4%, p = 0.000) ‘—;4}- -1.24 (-2.31,-0.16) 63.57
:
4 1
Hair ]
Bai 2000 —_— -1.93(-2.47,-1.38) 9.11
Kilic 2004 _'_.' 2,12 (-2.80, -1.44) 8.97
Joo 2009 — ! -4.08 (-4.63, -3.54) 9.11
Cihan 2011 i —— 0.16 (-0.23, 0.54) 9.25
U
Subtotal (I-squared = 98.2%, p = 0.000kes T -1.99 (-3.91,-0.06) 36.43
: i
Overall (I-squared = 97.8%, p = 0.000) -::'j‘_;.-:- 152 (-2.47,-0.56) 100.00
]
NOTE: Weights are from random effects analysis :
T T
47 0 47
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C Study
ID

ICP-AAS !

Bai 2000 —

Dai 2005 —_—
Liang 2005

Li 2006

Li 2008

Joo 2009 —_—
Wang 2010

Cihan 2011

Subtotal (l-squared = 98.1%, p = 0.000)

GFAAS

Kilic 2004

Feng 2012

Subtotal (I-squared =0.0%, p = 0.486)

ICP-AES
Wu 2006 —_—

Subtotal (-squared=.%,p=.) ==

Overall (I-squared = 97.8%, p = 0.000)

NOTE: Weights are from random effects analysis ;

OOHO

%
SMD (95% CI) Weight
-1.93 (-2.47,-1.38) 9.11
-2.09 (-2.56,-1.63) 9.18
-2.47 (-3.22,-1.73) 8.88
— 0.41(0.08,0.75) 9.28
—— 0.67 (0.36, 0.97) 9.30
-4.08 (-4.63,-3.54) 9.11
~— 0.09 (-0.32, 0.50) 923
r— 0.16 (-0.23, 0.54) 9.25
-1.14 (-2.24,-0.04) 73.34
-2.12(-2.80,-1.44) 8.97
-1.80 (-2.39,-1.21) 9.07
-1.94 (-2.38, -1.49) 18.03
-3.77 (-4.70, -2.85) 8.63
-3.77 (-4.70,-2.85) 8.63
-1.52 (-2.47, -0.56) 100.00

T
-4.7

0 47

Figure 3. Subgroup analysis of Mn levels for subjects with breast cancer versus healthy controls. A: Stratified by
geographical location; B: Stratified by sample specimen; C: Stratified by type of Mn measurement.

of subjects in each study ranged from 50 to
285. The earliest study was published in 2000,
and the latest in 2013. By geographic location,
one case-control study was conducted in
Korea, two case-control studies were conduct-
ed in Turkey, and eight case-control studies in
China. In seven studies, Mn status was based
on analysis of serum, whereas in the remaining
four, hair was the sample specimen used. Eight
studies measured Mn status by inductively cou-
pled plasma-atomic absorption spectrometry
(ICP-AAS), two studies by graphite furnace
atomic absorption spectroscopy (GFAAS), and
one studies by inductively coupled plasma-
atomic emission spectrometry (ICP-AES). The
overall study quality averaged 6.7 stars (range,
5-7) on a scale of 0 to 9.

Mn and breast cancer

The random-effects meta-analysis results indi-
cated that subjects with breast cancer had
lower Mn levels in serum and hair than healthy
controls (SMD = -1.51, 95% CI = [-2.47, -0.56])
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(Figure 2). The 11 sets of results (listed at Table
1) showed a statistically significant amount of
heterogeneity (12 = 97.8%, P < 0.001).

The subgroup analysis showed that geographi-
cal location had an influence on the levels
of Mn in patients with breast cancer and
healthy controls. Further subgroup analysis
found that subjects with breast cancer had
lower Mn levels than healthy controls in China
(SMD = -1.32, 95% Cl = [-2.33, -0.32]) and
Korea (SMD = -4.08, 95% ClI = [-4.63, -3.54)),
but not in Turkey (SMD =-0.96, 95% CI = [-3.19,
1.27]) (Figure 3A). In addition, the further sub-
group analysis found a similar pattern in differ-
ent sample specimens (serum: SMD = -1.24,
95% ClI = [-2.31, -0.16]; hair: SMD =-1.99, 95%
Cl = [-3.91, -0.06]) (Figure 3B) and different
types of Mn measurement (ICP-AAS: SMD =
-1.14, 95% Cl = [-2.24, -0.04]; GFAAS: SMD =
-1.94, 95% Cl = [-2.38, -1.49]; ICP-AES: SMD =
-3.77, 95% Cl = [-4.70, -2.85]) (Figure 3C).
Summary of further subgroup analysis is given
in Table 2.

Int J Clin Exp Med 2015;8(3):3671-3680
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Table 2. Differences between studies by subgroup analysis ment, metabolism, and
No. of the antioxidant system

Subgroups case-control  SMD (95%Cl)  1>(%) P [26]. Mn plays very impor-
studies tant role in a number

Geographical Location of biological processes. It
China 8 1.32(2.33,-0.32) 973 0.01 is a functional cofactor
Turkey 2 0.96(3.19,1.27) 969 0.397 of various enzymes cru-
cial for the various cellu-

Korea - 1 -4.08 (-4.63,-3.54) 0 <0.001 lar activities [27-30]. For
Sample specimen example, manganese su-
Serum 7 -1.24 (-2.31,-0.16) 974 0.024 peroxide dismutase (Mn-
Hair 4 -1.99 (-3.91,-0.06) 98.2 0.043 SOD) contains Mn in its
Type of Mn measurement active site, which has the
ICP-AAS 8 -1.14 (-2.24,-0.04) 98.1 0.042 cancer-fighting properties
GFAAS 2 -1.94 (-2.38,-1.49) 0 <0.001 [31, 32]. High intracellular
ICP-AES 1 -3.77 (-4.70,-2.85) 0 <0.001 Mn can compensate for

Publication bias and sensitivity analysis

Publication bias was determined by Begg’s test
and visualization of funnel plot. There was no
evidence of publication bias (P = 0.436) (Figure
4). Sensitivity analysis showed that excluding
any one study from the pooled analysis did not
vary the results substantially (Table 3).

Discussion

The present study indicated that patients with
breast cancer had a lower levels of Mn in serum
and hair than healthy controls (SMD = -1.51,
95% ClI = [-2.47, -0.56]). Similarly, previous
study also had shown that the concentrations
of Mn in hair samples of patients diagnosed as
having nasopharyngeal cancer were less than
that of healthy subjects [24]. It supported a
clear negative correlation between Mn content
and breast cancer. A low concentration of Mn
clearly indicated that Mn might share the simi-
lar anticarcinogenic properties, as does the
other trace elements, such as iron and seleni-
um [8, 9]. Roomi et al. [25] investigated the in
vivo effect of dietary supplementation with a
nutrient mixture containing Mn on the develop-
ment of lung tumors, and found that the mean
number of tumors and the mean lung weights
in the mice on the supplemented diet were sig-
nificantly reduced, by 49% (P < 0.0001) and
18% (P = 0.0025), respectively, compared to
mice on the control diet, indicating that dietary
supplementation with Mn has inhibitory poten-
tial on the development of mouse lung tumors.
Mn is an essential trace element for human
health, being absolutely necessary for develop-

3677

the loss of SOD and pro-
vide protection against
oxidative stress [33]. Study also finds that there
is negative correlation between the serum lev-
els of Mn and oxidant/antioxidant status in
patients with breast cancer [23]. Thus, the Mn
levels are closely related to oxidant/antioxidant
status in both physiological and pathological
conditions. Therefore, we speculated that Mn
disturbance might increase the risk of breast
cancer through disrupting the balance of oxi-
dant/antioxidant system.

Further subgroup analysis found subjects with
breast cancer had a lower level of Mn than
healthy controls in serum (SMD =-1.24, 95% Cl
= [-2.31, -0.16]), and the similar pattern was
also found in hair (SMD = -1.99, 95% CI =
[[3.91, -0.06]). Scalp hair has been widely
accepted for the evaluation of trace element
exposure and has been performed by clinical
laboratories since it was first used to assess
systemic levels of the elements in 1929 [34].
Researchers have found correlations between
hair trace elements and diseases, metabolic
disorders, environmental exposures, and nutri-
tional status [35-37]. Hair can provide a more
permanent record of trace elements associat-
ed with normal and abnormal metabolism. In
addition, hair is easily collected, conveniently
stored, and easily treated [38]. While blood
tests show the recent and current body status,
hair represents a longer time frame, which can
incorporate many years [34]. Since the ele-
ments are present in the hair at higher levels,
more sensitive and accurate analysis results
can be expected [39]. As such, it has been sug-
gested that hair mineral analysis can be a cost-
effective means of screening an individual's

Int J Clin Exp Med 2015;8(3):3671-3680
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20

SMD

main source of heterogeneity,
because the further subgroup
analysis indicated that the
geographical location was the
possible source of heteroge-
neity. We found that the sub-
jects with breast cancer had

-20

40

lower Mn levels than healthy
controls in China (SMD =
-1.32, 95% ClI = [-2.33, -0.32])
and Korea (SMD = -4.08, 95%
Cl = [-4.63, -3.54]), but not in
Turkey (SMD =-0.96, 95% Cl =

s.e.of SMD

Figure 4. Funnel plot for studies in Mn levels for subjects with breast cancer

versus healthy controls.

Table 3. The heterogeneity of the included stud-
ies through sensitivity analysis

Excluded study

SMD (95% Cl)  I2(%) p value

arm
Before excluding -1.51 (-2.47,-0.56) 97.8 <0.001
Bai 2000 -1.48 (-2.50,-0.46) 97.9 <0.001
Kilic 2004 -1.46 (-2.47,-0.45) 97.9 <0.001
Dai 2005 -1.46 (-2.47,-0.44) 97.8 <0.001
Liang 2005 -1.42 (-2.42,-0.42) 979 <0.001
Wu 2006 -1.30 (-2.27,-0.34) 97.8 <0.001
Li 2006 -1.71 (-2.76,-0.67) 97.7 <0.001
Li 2008 -1.74 (-2.74,-0.74) 974 <0.001
Joo 2009 -1.25 (-2.09,-0.40) 96.9 <0.001
Wang 2010 -1.68 (-2.74,-0.62) 97.9 <0.001
Cihan 2011 -1.69 (-2.75,-0.63) 97.9 <0.001
Feng 2012 -1.49 (-2.51,-0.47) 979 <0.001

nutritional status [40]. Therefore, the analysis
of human hair instead of serum instead of
serum can be a useful way to understand the
permanent record of Mn levels in patients with
breast cancer.

However, our results showed strong heteroge-
neity among the studies (1> = 97.8%, P < 0.001).
Heterogeneity indicates differences in results
across the studies. There are two sources of
heterogeneity: one is within-study variability
which means a difference within a study of esti-
mating the same effect size and it always exists
in meta-analysis because of sampling error, the
other is between-study variability which means
differences among studies in estimating effect
size among different population. In present
study, the between-study variability was the
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T [[3.19, 1.27]). And the differ-
ences of Mn levels between
patients with breast cancer
and healthy controls were sim-
ilar in different sample speci-
mens (serum: SMD = -1.24,
95% Cl = [-2.31, -0.16]; hair: SMD = -1.99, 95%
Cl = [-3.91, -0.06]) and different types of Mn
measurement (ICP-AAS: SMD = -1.14, 95% CI =
[-2.24, -0.04]; GFAAS: SMD = -1.94, 95% CI =
[-2.38, -1.49]; ICP-AES: SMD = -3.77, 95% Cl =
[-4.70, -2.85]). These findings can well explain
that the between-study variability was the main
source of heterogeneity.

To the best of our knowledge, this is the first
meta-analysis to estimate the association
between Mn levels and breast cancer. We
made sure to minimize the bias by means of
study procedure. Not only did we search
Pubmed and the Chinese Journal Full-text
Database (CJFD) to identify potential studies,
but also we manually examined all reference
lists from relevant studies. Sensitivity analysis
showed that excluding any one study from the
pooled analysis did not vary the results sub-
stantially. Publication bias was also absent, as
determined by visualization of funnel plot and
Begg's test. However, the possible limitations
of our study must be considered. First, only
1302 subjects from 11 case-control studies
and no randomized clinical trial included in the
meta-analysis might weaken the quality of the
results. In addition, heterogeneity could not be
omitted because of methodological diversities
between studies, thus the conclusion should
be more conservative. Third, all the included
studies were from Asia, such conception focal-
ises on a unique area rather than general.
Despite these limitations, our findings point out
new directions for future research. First, ours
study does raise new question why there is no
relationship with Mn deficiency and breast can-
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cer among Turkish women, just like Chinese
and Korean women do. Therefore we suggest
that a community-based, long-term observa-
tion in a cohort design should be performed to
obtain better understanding of causal relation-
ships between Mn and breast cancer in Turkey,
through measuring Mn at baseline to investi-
gate whether the highest Mn category versus
lowest was associated with breast cancer risk.
Second, our results only represented the Asian
and showed the ethnic/geographical paradox,
therefore trans-regional multicenter study is
needed for the investigation of the interrela-
tionship between Mn and breast cancer of dif-
ferent human races or regions.

Conclusion

In summary, this meta-analysis supports a sig-
nificant association between deficient Mn con-
centration and breast cancer. However, the
subgroup analysis found that there was contra-
diction regarding races and geography, like
China and Turkey. Thus this finding needs fur-
ther confirmation by trans-regional multicenter,
long-term observation in a cohort design to
obtain better understanding of causal relation-
ships between Mn levels and breast cancer,
through measuring Mn at baseline to investi-
gate whether the highest Mn category versus
lowest was associated with breast cancer risk.
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