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Abstract

Objectives To review the published literature investigat-

ing the association between cadmium exposure and

osteoporosis.

Methods A review of published peer-reviewed literature

based on a priori criteria was completed. Odds ratios (OR)

were abstracted or estimated from observational studies to

calculate a pooled OR using inverse variance weighted

random effects models.

Results The review identified seven studies with a pooled

OR of OR = 2.22 (95 % CI: 1.16, 4.28) [I2 = 54.8 %

(p \ 0.05)] (comparing highest urine cadmium category to

lowest). In women over the age of 50 years, the pooled OR

was 1.82 (95 % CI: 1.63, 2.02) [I2 = 73.1 % (p \ 0.05)].

A dose response evaluation (six studies) suggested

increasing odds for osteoporosis with increasing urine

cadmium levels.

Conclusions This review detected an association between

cadmium exposure and the occurrence of osteoporosis in a

small number of cross-sectional studies which requires

confirmation in using prospective study design.

Keywords Cadmium � Environmental exposure �
Osteoporosis

Introduction

Cadmium is an environmental and occupational contami-

nant with public health implications first documented in

1942 (U.S. Public health Service 1942), however, it was in

1955 when it was identified as the cause of Itai–Itai disease

in a Japanese population that consumed contaminated rice

(Hagino and Kono 1955). Environmental exposure to

cadmium is mainly through diet in non-occupational, non-

smoking populations (Franz et al. 2008; European Food

Safety Authority 2009). Cadmium is found in most food

through uptake by crops and vegetables consumed by

humans or animals. Worldwide, the average person con-

sumes 8–25 lg per day which raises concerns about long-

term effects on chronic diseases involving the kidney

(Kazantzis 1979; Suwazono et al. 2006), cardiovascular

system (Schutte et al. 2008), and the bone and skeletal

system (Åkesson et al. 2006; Wallin et al. 2013).

Since the 1950s, findings from observational studies have

suggested that cadmium could be associated with adverse

effects on bone structures (Kido et al. 1989; Järup et al.

1998; Wang et al. 2003; Järup and Alfvén 2004; Alfvén

et al. 2000; Nambunmee et al. 2010; Shin et al. 2011;

Thomas et al. 2011; Engström et al. 2012). In conjunction

with population-based research, findings from experimental

research have presented potential mechanistic pathways to

substantiate the possibility that cadmium exposure can have

direct and indirect adverse effects on bone structure (Sta-

essen et al. 1999; Brzóska et al. 2005a, b, c; Åkesson et al.

2006; Coonse et al. 2007; Bhattacharyya 2009; Engström

et al. 2009). Current proposed mechanisms include (1)
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disturbance of activation of vitamin D in the kidney (Tsu-

ritani et al. 1992; Chen et al. 2011), (2) interference with

calcium absorption in the digestive tract (Nordberg et al.

2007), (3) direct injury on bone metabolism and osteocytes

(Bhattacharyya et al. 1988, 1992; Uriu et al. 2000; Brzóska

and Moniuszko-Jakoniuk 2005a; Järup and Åkesson 2009),

and alteration of osteoblast gene expression (Arbon et al.

2012); however, the exact mechanism is uncertain.

Cadmium is a toxicant with widespread exposure with

documented adverse effects on bone, however, the asso-

ciation and dose response curves have yet to be clearly

elucidated. This review evaluated the potential relationship

between cadmium exposure and osteoporosis in observa-

tional studies employing urinary cadmium levels to define

exposure and osteoporosis.

Methods

We completed a comprehensive search in the bibliographic

databases PubMed (http://www.ncbi.nlm.nih.gov/pubmed/)

and TOXLINE (http://toxnet.nlm.nih.gov/cgi-bin/sis/html

gen?TOXLINE) to identify peer-reviewed articles

addressing the relationship between cadmium exposure and

osteoporosis. Within the bibliographic databases, the

search strategy included a combination of title and topic

with the following terms ‘‘cadmium’’, ‘‘bone’’, and ‘‘oste-

oporosis’’. Boolean operators were used and wild card or

truncation symbols were added to select words to account

for possible use of similar word forms. The study selection

criteria were (1) observational study with urine cadmium

measurements and osteoporosis outcome data available; (2)

written in the English language.

The literature search results yielded 129 articles

[PubMed (n = 110); TOXLINE (n = 19)]. Titles and

abstracts were first reviewed to determine the relevancy

of the document to the study selection criteria listed

above excluding a total of 119 documents that were not

written in English (n = 11), did not include an osteopo-

rosis outcome (n = 65), government report (n = 6),

conference/working group report (n = 4), animal study

(n = 29), and non-observational study (n = 4) (Fig. 1).

Ten articles underwent a full text review leading to the

exclusion of four more (duplicate cohort and outcome

definition), however, a bibliographic review for relevant

articles not identified in the database search identified one

additional article for a total of seven papers for final

analysis (Table 1).

A quality assessment was completed for each article

using the STROBE checklist (von Elm et al. 2007). The

STROBE checklist is a 22-item inventory of key compo-

nents of observational and/or epidemiology studies used

in reviews to assess the quality of the article. STROBE

scores are based on the percent of the 22 components

within article sections title ‘‘Introduction’’, ‘‘Methods’’,

‘‘Results’’, ‘‘Discussion’’. STROBE scores greater than

61 % are considered substantial for a review article (von

Elm et al. 2007).

Odds ratios(OR) for the association between cad-

mium exposure and osteoporosis were abstracted from

five studies (Alfvén et al. 2000; Gallagher et al. 2008;

Nawrot et al. 2010; Wu et al. 2010; Engström et al.

2011). Two additional studies (Chen et al. 2009; Jin

et al. 2004) had no available measures of association;

therefore, unadjusted OR and 95 % confidence intervals

were estimated based on the number of cases of

Total references identified: 129
• PubMed search: 110  

 • TOXLINE (after PubMed): 19 

Excluded: (n=119) 
 • Not written in English (n=11) 
 • No osteoporosis outcome (n=65) 
 • Government report (n=6)  
 • Conference/working group report (n=4) 
 • Animal study (n=29) 
 • Non-observational study (n=4)  

Studies in detailed review (n=10) 

Excluded: 
• Benchmark dose analysis (Suwazono et. al. 2010)  
• Duplicated study cohort (Chen et. al. 2013; Trzcinka-Ochocka 
et.al. 2010) 

• Exposure included both dietary and urine cadmium (Engstrom 
et.al. 2012) 

Final list of papers (n=7)  
• Environmentally exposed cohort (n=6)  
• Occupationally exposed cohort (n=1) 

Bibliography review of selected articles 
(n=1) 

Fig. 1 Flow chart of article

selection for review based on a

priori inclusion criteria:

(a) environmental or

occupational cadmium exposure

as measured by urine and

osteoporosis diagnosis and

(b) written in English

738 K. A. James, J. R. Meliker

123

http://www.ncbi.nlm.nih.gov/pubmed/
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?TOXLINE
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?TOXLINE


T
a

b
le

1
E

v
id

en
ce

b
as

e
ta

b
le

o
f

se
v

en
o

b
se

rv
at

io
n

al
st

u
d

ie
s

in
v

es
ti

g
at

in
g

ca
d

m
iu

m
ex

p
o

su
re

an
d

o
st

eo
p

o
ro

si
s

(t
o

ta
l

N
=

2
0

,3
3

9
;

to
ta

l
ca

se
s

=
2

,0
3

2
)

R
ef

er
en

ce
s

C
o
h
o
rt

S
T

R
O

B
E

sc
o
re

A
g
e

ra
n
g
e

(y
ea

rs
)

G
en

d
er

U
ri

n
e

ca
d
m

iu
m

m
ea

n
(r

an
g
e)

(l
g
/g

cr
)

R
ad

io
lo

g
ic

te
st

D
efi

n
it

io
n

o
f

o
st

eo
p
o
ro

si
s

#
C

as
es

/

co
h
o
rt

M
ea

su
re

s
o
f

as
so

ci
at

io
n

(l
g
/g

cr
ea

ti
n
in

e)

C
o
v
ar

ia
te

s

S
tu

d
ie

s
w

it
h

a
m

ea
su

re
o
f

as
so

ci
at

io
n

ab
st

ra
ct

ed
fr

o
m

p
ap

er

A
lf

v
én

et
al

.

(2
0
0
0
)

O
S

C
A

R
st

u
d
y

8
1

1
6
–
8
1

M
:

4
8
.4

%

W
:

5
1
.6

%

(0
.0

6
–
4
.7

)
D

E
X

A
R

ad
ia

l/
U

ln
a

A
g
e

an
d

g
en

d
er

st
an

d
ar

d
iz

ed
Z

-

sc
o
re

v
al

u
es

\
-

1
(b

o
n
e

d
en

si
ty

)

2
0
5

n
=

1
,0

6
4

\
0
.5

O
R

=
1
.0

(r
ef

er
en

t)

0
.5

–
2
.9

9
O

R
=

0
.9

8

(0
.6

9
,1

.4
0
)
[

2
.9

9

O
R

=
1
.9

(1
.0

,3
.8

0
)

A
g
e,

w
ei

g
h
t

G
al

la
g
h
er

et
al

.

(2
0
0
8
)

U
S

N
H

A
N

E
S

1
9
8
8
–
1
9
9
4

an
d

1
9
9
9
–
2
0
0
4

8
6

5
0
–
9
0

1
0
0

%
w

o
m

en
0
.9

6
(0

.0
0
7
–
1
6
.1

7
)

D
E

X
A

F
em

u
r/

n
ec

k
T

-s
co

re
o
f

at
le

as
t

-
2
.5

st
an

d
ar

d

d
ev

ia
ti

o
n
s

b
el

o
w

th
e

m
ea

n
o
f

th
e

ag
e

an
d

g
en

d
er

sp
ec

ifi
c

re
fe

re
n
ce

v
al

u
e

in

fe
m

o
ra

l
n
ec

k

5
7
9

n
=

4
,2

5
8

\
0
.5

0
O

R
=

1
.0

(r
ef

er
en

t)
0
.5

0
–
1
.0

O
R

=
1
.4

3

(1
.0

2
,2

.0
0
)
[

1
.0

O
R

=
1
.4

0

(0
.9

7
,2

.0
3
)

A
g
e,

ra
ce

,
in

co
m

e,

sm
o
k
in

g
,

u
n
d
er

w
ei

g
h
t

W
u

et
al

.
(2

0
1
0

)
U

S
N

H
A

N
E

S

1
9
8
8
–
1
9
9
4

8
5

3
0
–
9
0

N
o
rm

al
(M

:7
2
.1

%
;

W
:6

1
.0

%
)

O
st

eo
p
h
o
ro

ti
c

(M
:2

.3
%

;

W
:8

.1
%

)

N
o
rm

al
0
.5

5

O
st

eo
p
h
o
ro

ti
c

1
.1

6

D
E

X
A

F
em

u
r/

n
ec

k
T

-s
co

re
o
f

at
le

as
t

-
2
.5

st
an

d
ar

d

d
ev

ia
ti

o
n
s

b
el

o
w

th
e

m
ea

n
o
f

th
e

ag
e

an
d

g
en

d
er

sp
ec

ifi
c

re
fe

re
n
ce

v
al

u
e

in

at
le

as
t

o
n
e

o
f

th
e

m
ea

su
re

d
b
o
n
e

si
te

s

7
5
0

n
=

1
0
,9

7
8

0
–
0
.9

9
O

R
=

1
.0

(r
ef

er
en

t)
1
.0

0
–
1
.9

9

O
R

=
1
.7

8

(1
.2

6
,2

.5
2
)
[

=
2
.0

0

O
R

=
3
.8

0

(2
.3

6
,6

.1
4
)

co
n
ti

n
u
o
u
s:

O
R

=
1
.9

1

(1
.5

4
,2

.3
7
)

fo
r

ev
er

y

1
l

g
/g

cr
in

cr
ea

se
in

u
ri

n
e

ca
d
m

iu
m

A
g
e,

se
x
,

et
h
n
ic

it
y
,

B
M

I,
ca

lc
iu

m

in
ta

k
e,

p
h
y
si

ca
l

ac
ti

v
it

y

N
aw

ro
t

et
al

.

(2
0
1
0
)

O
cc

u
p
at

io
n
al

7
6

2
4
–
6
4

1
0
0

%
m

al
e

1
.0

2
(0

.1
7
,

5
.5

1
)

D
E

X
A

H
ip

/S
p
in

e
T

-s
co

re
o
f

at
le

as
t

-
2
.5

st
an

d
ar

d

d
ev

ia
ti

o
n
s

b
el

o
w

th
e

m
ea

n
o
f

th
e

ag
e

an
d

g
en

d
er

sp
ec

ifi
c

re
fe

re
n
ce

v
al

u
e

in

at
le

as
t

o
n
e

o
f

th
e

m
ea

su
re

d
b
o
n
e

si
te

s

1
9

n
=

8
3

\
0
.5

1
O

R
=

1
.0

(r
ef

er
en

t)
0
.5

1
–
1
.8

8

O
R

=
4
.8

(0
.8

8
,2

.9
1
)
[

1
.8

8

O
R

=
9
.9

(1
.8

,5
5
.2

)

co
n
ti

n
u
o
u
s:

O
R

=
1
.4

7

(1
.0

3
,2

.1
0
)

fo
r

ev
er

y

d
o
u
b
li

n
g

o
f

u
ri

n
ar

y

ca
d
m

iu
m

A
g
e

sm
o
k
in

g

E
n
g
st

rö
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osteoporosis and non-cases in each exposure category

as defined by urinary cadmium (UCd). For the outcome

variable, osteoporosis, there were two diagnostic crite-

ria used in the studies (T and Z-score). The bone

mineral density T-score is a comparison of bone density

with that of a healthy 30-year old of the same gender

whereas a Z-score is a comparison of bone density

with a person of the same age and gender adjusted for

ethnicity (Hoffman 2013). The T-score \2.5 is used

more frequently to diagnose osteoporosis (osteopenia:

-2.5 \ T-score \ -1), however, the Z-score can be

used to define the type of osteoporosis (secondary

cutoff: Z-score -1) (Swaminathan et al. 2009).

For the exposure categories, four studies had

UCd \0.5 lg/g creatinine (Alfvén et al. 2000; Gallagher

et al. 2008; Nawrot et al. 2010; Engström et al. 2011) as

the lowest exposure group, one study had \1.0 lg/g

creatinine (Wu et al. 2010), and two studies

had \2.0 lg/g creatinine (Jin et al. 2004; Chen et al.

2009). For the highest category four studies

used C2.0 lg/g creatinine (Jin et al. 2004; Nawrot et al.

2010; Wu et al. 2010; Chen et al. 2009), one study

used [1.0 lg/g creatinine (Gallagher et al. 2008), one

study used C0.75 lg/g creatinine (Engström et al.

2011), and one study used [3.0 lg/g creatinine (Alfvén

et al. 2000). Given that research has shown the bench-

mark response of 5 % for UCd related to osteoporosis to

be 1.88 lg/g creatinine (Chen et al. 2013), we defined

the highest and lowest categories as \2.0 and C2.0 lg/g

creatinine. Three studies do not have those exact cutoffs

and therefore used the highest level reported from those

studies (Gallagher et al. 2008 UCd [1.0 lg/g creatinine;

Alfvén et al. 2000 UCd [2.99 lg/g creatinine; and

Engström et al. 2011 UCd [0.75 lg/g creatinine).

Odds ratio estimates comparing osteoporosis risk across

UCd groups from each study were pooled to assess heter-

ogeneity based on a calculated I2 statistic using a fixed and

random effects model, where the OR was the difference

between the highest and lowest exposure categories

reported from the studies. The I2 statistic is an indication of

inconsistency between studies by quantifying how much

variance is due to heterogeneity and not chance (Higgins

and Thompson 2002). Heterogeneity was also assessed

across the two different outcome definitions for osteopo-

rosis (T and Z-score) and in a limited analysis to women

only since two study cohorts were all women (Gallagher

et al. 2008; Engström et al. 2011). Heterogeneity was also

graphically presented in a forest plot. Lastly, a sensitivity

assessment was completed to assess the robustness of the

findings by assessing the contribution of each study to the

heterogeneity. Statistical Analysis System 9.2 (SAS, ver-

sion 9.2; SAS Institute Inc., Cary, North Carolina) was

used for the statistical analyses.T
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Results

Study characteristics

Seven peer-reviewed articles were included in this review

of research investigating the association between cadmium

exposure as measured in urine and osteoporosis diagnosis

(Table 1). The selected studies were cross-sectional and the

cohorts ranged in size from 83 (Nawrot et al. 2010) to

10,798 (Wu et al. 2010). Two study cohorts included only

women (Gallagher et al. 2008; Engström et al. 2011), one

study included only men (Nawrot et al. 2010), two cohorts

were population-based but included only older subjects

([50 years) (Gallagher et al. 2008; Engström et al. 2011),

and four studies were conducted in a general population

(Alfvén et al. 2000; Jin et al. 2004; Wu et al. 2010; Chen

et al. 2009). Four studies were completed in a population

with high exposure including occupational (Nawrot et al.

2010) and industrial polluted areas (Alfvén et al. 2000; Jin

et al. 2004; Chen et al. 2009) and three were completed in a

population with general exposure, two in the United States

(Gallagher et al. 2008; Wu et al. 2010) and one in Sweden

(Engström et al. 2011). In all studies, exposure to cadmium

was assessed using the UCd biomarker corrected for cre-

atinine (lg/g) with measurements ranging from 0.007 to

68.0 lg/g creatinine. Osteoporosis diagnosis was based on

international guidelines (World Health Organization 1994)

with two studies employing a bone mineral density Z-

score \ -2 criteria (Jin et al. 2004; Chen et al. 2009), one

study employing a bone mineral density Z-score \ -1

criteria (Alfvén et al. 2000), and four studies employing a

bone mineral density with a T-score \2.5 criteria (Galla-

gher et al. 2008; Wu et al. 2010; Nawrot et al. 2010;

Engström et al. 2011). Lastly, the exposure categories for

the studies were within a similar range with various cutoffs.

Four studies had UCd \0.5 lg/g creatinine (Alfvén et al.

2000; Gallagher et al. 2008; Nawrot et al. 2010; Engström

et al. 2011) as the lowest exposure group, one study

had \1.0 lg/g creatinine (Wu et al. 2010), and two studies

had \2.0 lg/g creatinine (Jin et al. 2004; Chen et al. 2009).

For the highest category, four studies used [2.0 lg/g cre-

atinine (Jin et al. 2004; Nawrot et al. 2010; Wu et al. 2010;

Chen et al. 2009), one study used [1.0 lg/g creatinine

(Gallagher et al. 2008), one study used [0.75 lg/g creati-

nine (Engström et al. 2011), and one study used [3.0 lg/g

creatinine (Alfvén et al. 2000).

Quality assessment

The seven studies meeting the inclusion criteria were

assessed for quality in consideration of bias that could be

introduced due to limitations in the study design, sample

size, research methods, and analytic methods (Table 1).

The selected articles underwent a rigorous assessment

using the STROBE checklist with scores ranging from

76 % (Nawrot et al. 2010) to 86 % (Gallagher et al. 2008).

One study had a sample size significantly smaller than the

other studies, 83 subjects compared to the pooled sample

size mean of 2,496 subjects (Nawrot et al. 2010). One study

presented only osteoporosis prevalence measures and

therefore the effect measure (OR) was estimated and

unadjusted (Jin et al. 2004). Another study presented OR

comparing UCd 10.0 lg/g creatinine to UCd \2.0 lg/g

creatinine therefore we estimated OR at UCd [2.0 lg/g

creatinine based on prevalence measures presented at that

level (Chen et al. 2009). Three studies employed an oste-

oporosis diagnostic criterion based on a Z-score as

compared to a T-score. The difference in the effect mea-

sures between the two criteria was assessed in a sensitivity

analysis (presented below). Of the five studies that pre-

sented effect measures (OR and 95 % confidence limits),

all adjusted the OR for age, gender, and smoking. Four

studies accounted for weight or body mass index (Alfvén

et al. 2000; Gallagher et al. 2008; Wu et al. 2010; Engström

et al. 2011) and two studies accounted for dietary factors

(Wu et al. 2010; Engström et al. 2011).

Effect measures

In this review, four of the seven studies identified an

increased risk for osteoporosis with higher cadmium

exposure as indicated by UCd (Gallagher et al. 2008; Wu

et al. 2010; Nawrot et al. 2010; Engström et al. 2011) and

three studies reported a suggested increased risk for oste-

oporosis with higher cadmium exposure (Alfvén et al.

2000; Jin et al. 2004; Chen et al. 2009). Among the studies

located in high exposure populations, the OR estimates

comparing highest to lowest cadmium exposure groups

ranged from OR = 1.7 (95 % CI: 0.56, 5.78) in a study

located in China (Jin et al. 2004) to OR = 9.9 (95 % CI:

1.8, 55.2) in an occupational cohort (Nawrot et al. 2010)

whereas the three studies completed in general populations

reported OR ranging from 1.43 (95 % CI: 1.02, 2.00)

(Gallagher et al. 2008) to 3.8 (95 % CI: 2.36, 6.14) (Wu

et al. 2010) both studies using the National Health and

Nutrition Examination Survey (both 1988–1994 and

Gallagher et al. 2008 also 1999–2004) cohort in the United

States. Three sets of studies were from similar cohorts with

each set producing similar results. Two studies from the

NHANES cohort found similar OR when limited to only

women, OR = 1.41 (95 % CI: 1.13, 1.75) (Wu et al. 2010)

and OR = 1.43 (95 % CI: 1.02, 2.00) (Gallagher et al.

2008). Two studies based on Swedish cohorts found similar

OR when limited to women only OR = 1.80 (95 % CI:

0.65, 5.30) (Alfvén et al. 2000) and OR = 1.95 (95 % CI:

1.30, 2.93) (Engström et al. 2011). Lastly, the two studies
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completed in a polluted area in China had similar OR

estimated for UCd [2.0 lg/g creatinine with OR * 1.73

(95 % CI: 0.30, 5.87) (Chen et al. 2009) and OR * 1.83

(95 % CI: 0.60, 6.27) (Jin et al. 2004).

Heterogeneity was visually assessed using a forest plot

(Fig. 2). The pooled effect measure (OR) for osteoporosis

comparing the highest and lowest UCd (exposure) in the

seven studies reviewed was OR = 2.22 (95 % CI: 1.16,

4.28) with an I2 of 54.8 % (p \ 0.05). When the occupa-

tional based study with a small sample size was eliminated,

the corresponding pooled OR was 2.10 (95 % CI: 1.80,

2.93) with an I2 of 61.2 % (p \ 0.05). When the analysis is

limited to effects on only women the pooled OR was 1.82

(95 % CI: 1.63, 2.02) with an I2 of 73.1 % (p \ 0.05). In

an analysis stratifying the studies by outcome measure

(T versus Z-score), the pooled OR for studies employing a

T-score was OR = 2.25 (95 % CI: 1.83, 3.15) with an I2 of

77.4 % (p \ 0.05) and the pooled OR for studies

employing a Z-score was OR = 2.30 (95 % CI: 1.58, 2.88)

with an I2 of 8.8 % (p \ 0.05).

The dose response relationship between UCd and osteo-

porosis was assessed (Fig. 3). Compared with the referent

group, all but one study suggests a dose response relation-

ship. Three studies suggest a steeper dose response curve

(Nawrot et al. 2010; Wu et al. 2010; Engström et al. 2011);

however, the remaining four studies are more suggestive of

dose response curve with a smaller slope (Alfvén et al. 2000;

Jin et al. 2004; Gallagher et al. 2008; Chen et al. 2009).

Discussion

We present a review on the association between UCd and

osteoporosis representing heterogeneous populations,

outcome measures, and time period. The association

between UCd and osteoporosis was present in the pooled

OR coupled with an I2 index of 54.8 % indicating that most

of the total variability among effect sizes is not caused by

sampling error but actual heterogeneity. This association

was present in studies that employed either a T-score or a

Z-score to classify a subject as an osteoporotic case and in

studies that were located in a high exposure population or

the general population. The association between UCd and

osteoporosis remained when the review was limited to

female subjects only. There is evidence of a dose response

relationship; however, the shape of the dose response curve

still requires more research. The understanding of the

association between UCd and osteoporosis is limited by the

small number of studies included in this review, the

between-study heterogeneity, and the lack of prospective

study designs. In addition, conclusive evidence was limited

by inconsistent disease status definitions and inconsistent

adjustment for relevant confounders. This review presents

evidence suggestive of an association between cadmium

exposure as represented by UCd, however, any etiologic

inference would require more research especially pro-

spective in design.

Four of the seven studies selected for this review had

consistent OR (Alfvén et al. 2000; Gallagher et al. 2008;

Engström et al. 2011; Wu et al. 2010) while adjusting for

major risk factors in a large sample. One study was not

consistent with the other studies (Nawrot et al. 2010) with

an OR in working men of 9.9, which is about three times

higher than the other studies with effect measures at similar

exposure categories (Alfvén et al. 2000; Jin et al. 2004; Wu

et al. 2010; Chen et al. 2009). This difference can be

explained by the small sample size (n = 83) and male only

cohort, however, when Nawrot et al. (2010) is excluded

Fig. 2 Forest plot of risk

estimates and associated

confidence limits for

osteoporosis and urinary

cadmium levels in the seven

studies reviewed (total

N = 20,339; total

cases = 2,032 in four countries,

China, United States, Japan,

Sweden)
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from the heterogeneity analysis there is a little change in

the new pooled OR and the I2 = 61.2 %. The other two

studies that were divergent in results (Jin et al. 2004; Chen

et al. 2009) had smaller sample sizes and OR, however, had

similar findings in high exposure populations in China.

This consistency is also found in the two other sets of

studies completed in similar datasets (Gallagher et al.

2008; Wu et al. 2010) or similar location (Alfvén et al.

2000; Engström et al. 2011).

Three of the seven studies employed a case criterion

based on a Z-score of bone mineral density and four

employed a case criterion based on a T-score. When het-

erogeneity was assessed by diagnostic criteria, the pooled

OR for T-score was not significantly different from the

pooled OR from the total group of studies (OR = 2.25

versus 2.30); however, the I2 indices were different sug-

gesting that variation in outcome definition can influence

heterogeneity. The above findings suggest that the results

from this meta-analysis are robust to the exclusion of the

Nawrot et al. (2010) study and differences in diagnostic

criteria in three of the studies.

Even though the findings from this meta-analysis have

shown to be robust, caution should be heeded in making

causal inferences specific to cadmium exposure and oste-

oporosis. All of the reviewed studies employed a cross-

sectional design which is unable to establish exposure prior

to osteoporosis diagnosis. Also, potential effect modifiers

and confounders relevant to the association between oste-

oporosis and cadmium exposure such as hormone

replacement therapy, micronutrient intake (calcium or

vitamin D), family history, co-exposures, and physical

activity were not included universally across studies. Two

studies did not adjust for any factors (Jin et al. 2004; Chen

et al. 2009) and the remaining studies adjusted for factors

with available data, but no study examined all relevant

factors. The inconsistency in adjustment for confounders

across all seven studies is a limitation in this meta-analysis

that cannot be quantified. Nonetheless, the relatively con-

sistent results across the studies, adds weight to the findings

of an association between urine cadmium levels and oste-

oporosis independent of other risk factors.

Osteoporosis risk is higher in women than men, there-

fore, heterogeneity was assessed limiting analysis to the

female sample of each study (where information available).

Three studies limited their cohort to women (Jin et al.

2004; Gallagher et al. 2008; Engström et al. 2011) and

three others stratified their analysis by gender. The pooled

OR for female only was 1.82 (95 % CI: 1.63, 2.02),

however, the I2 index improved to 73.1 % suggesting that

variability among effect sizes is caused by true heteroge-

neity between studies and less due to sampling error as

when all the studies (including males) are pooled. This

improvement in heterogeneity based on female cohorts

given that osteoporosis is more of a health concern for

women than men. The focus on female cohorts could

represent a possible publication bias where null findings

involving all male or general populations may not have

been published. The Nawrot et al. 2010 is the only all-male

cohort identified in this review with most studies contain-

ing predominantly female populations.

The mechanistic pathway for the association between

cadmium exposure and osteoporosis is complex and has yet

to be clearly defined. There are several proposed pathways

including: (1) disturbance of the renal normal activation

Fig. 3 Graphical presentation

of the dose relationship between

urinary cadmium levels and the

associated odds for osteoporosis

in seven reviewed studies (total

N = 20,339; total

cases = 2,032 in four countries,

China, United States, Japan,

Sweden). *Y-axis truncated

therefore not showing the data

point OR=9.9 at urinary

cadmium=2.0 lg/g from

Nawrot et al. (2010)
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process of vitamin D as a secondary effect of renal tubular

injury (Järup et al. 1998; Chen et al. 2011), (2) interference

with calcium absorption in the digestive tract (Nordberg

et al. 2007), and (3) direct injury on bone metabolism and

osteocytes (Bhattacharyya 2009; Uriu et al. 2000; Brzóska

and Moniuszko-Jakoniuk 2005a; Arbon et al. 2012).

Observational research has examined the association

between bone mineral density measurements and UCd to

determine whether cadmium exposure is associated with

bone demineralization leading to osteoporosis with incon-

clusive results (Staessen et al. 1999; Horiguchi et al. 2005;

Trzcinka-Ochocka et al. 2010; Youness et al. 2012).

Therefore, additional research with a prospective design

incorporating clinical markers for kidney and bone disease

is needed to determine whether cadmium is an independent

and direct toxicant on bones and thereafter osteoporosis.

Conclusions

This is the first review and meta-analysis evaluating the

relationship between cadmium exposure and osteoporosis.

A positive association between elevated UCd and the

occurrence of osteoporosis was identified; however, the

inference of causation is ambiguous because of the small

number of studies in this review, the cross-sectional

designs, and other methodological limitations. Prospective

cohort studies conducted in general populations with var-

iable exposure and strong assessment of osteoporosis,

major confounders, and effect measure modifiers such as

consistent clinical measures [bone mineral density from the

same bone, using the same device, and same measurement

(T versus Z-score)], gender, smoking history, diet, micro-

nutrient intake, family history, and hormone therapy are

needed to better characterize the relationship between

cadmium and bone disease. Cadmium is a universal toxi-

cant that plagues all humans regardless of location or diet

and research has shown that adverse effects may be per-

manent and cannot be reversed (Chen et al. 2013);

therefore even a modest osteopathic effect could have

substantial public health impact. Future research needs to

evaluate the shape of the dose response especially in sus-

ceptible populations such as post-menopausal females and

children (Sughis et al. 2011), and means for reduction in

exposure should be a worldwide public health priority.
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