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EEMZHRAEFYE (BRORL-R2RAREETRER)

SHEARHEE

BRMODOAFIVLBRELREEE

SHEHRE EOER BSARENXEREERFT LS -REEFHMBDEER

MRES

BEb CAEZBPEVWHIEF K TEBFELMOBRESLIOCEFEER 2 EAIL, BRERE
FEETo, CABRBCRELEX ZEE, BEREROEEE, BRIV, FEECE
EEZDMERRERAEE, AL EVEAIBIUCRBRESVE CERER EZMBIT
KBEENORI LT, 350 B EXBIC, MFRBEICRFO CABEEL, RHED al-B L T B2-
SsusudY VBE, BEE, ROPAINLV T LABELOMESR, EHEMMEHE LT
SEEBFEN L, ZORELLEMATIE, CARBEC L2 BEERT~OEEIR AT,
AN LPREEOHEM RO oTz, BEECETIIELEELEZ 5O T
HY, Cd BERBEIFEREF IR, BAOEERMHAREREZB L5
Cd ZEEZZTCERLLEIONIEFNTYH, AL RBEHEREEOHEEIIR O )
7o

WEBIE ED DY EMAERIERE 2 D B0
BENESEND LHEINZ. ZOWEEBEO Cd

i L B L s i L OER A IR S 2
FUFTHE HRERRE 5 URSHIEER - Bl MR L ORRE T

EEBRETD.
ITHER- FkE
AN e il B. BIEAE
BEAERT FE ZHIVETOLE 8 AFTOTERMIETIE. BEk
HmEEF Rk 2, 000 ZERORERE N B D, ZDEFIZOVWT
ek AR CRDEISTIRER - ShgorT BB U CHERHIBIT 21T O, BREICE
BT AR R AR A 5 Body Mass Index, EEhE, v &I D, W
i TR ¥ T3 CHABI R ¥ ORI T % TR L CARYT
= T3, BACZOHT, FHIET FI 7 AORE
BENEL, ZOEFICOWTEBEORITR X
A TEER UV R U LERIZE 0 RF AT SERIEOHE

R DEHRTEAT .
T 13 FEDLRI L RES nFoy k3 o EPRITEATS

T b (Cd) BRI & A ST HEA> B FAREE Cd
B i IR E TORRETIZ, FAOWHO Joint . BIZHER
Expert Committee on Food Additives (JECFA) D EMOKEEL OEENHTY NI U AEYLRREEE
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TERPDEWT DL, BREAEXEZRL TS
EREVENTERLY RIVLAOBROBRELZT
TWBEEZDND, ZOHIRDOBI LMD,
B R0 LERICHEL 51 DB R IRE, &
DITEHEMERRRREE. thr e AR LV
BIBRESNVE RS CREE R b
A DGR ER B U THRITRSE DS LT,
BRAHI RN 82 360 4 OB 2 32 LR T,
FEAERTEA (premenopausal) 41-48 #RlT 48 4. AR
#4178 (perimenopausal) 49-55 F&lZ 93 4. EERE#L
B3 (early postmenopausal)56-65 &l 126 4.
PRIET4 1% (older menopausal) 66-75 #ild 68 £ C
o7z, M CAIRBET, Kl NI 7 AREOE
HIRD> o Te AHBER & EHEIS SOV #iuskod g ©
3. SFESMTENER 2.04 pg/L, 3.63 pg/l ,
3.59 pg/L. PARRRIEITIE 192 pe/L, 3.70 pe/L,
2. 81pe/L, BB THICIE 2. 05 pg/L, 3.29 pe/L,
3. 15pg/L, PRRREREENCIZ 2. 10 ng/L, 3.72 pe/L,
3. 58 pe/L. FRIEHE I TIZ 2. 11 pe/L, 4. 17 pg/L,
4.95pg/L THoTz (K 2), PALMNTAHE L
B D L TN ENO BRGE T PRETS -
7o Fiz. EHURE FHUR L OB TITEREN
D RABHE CTERSAE MER S H o703, B
BEH. J72bb 66 Ll L 75 BT TR H#iko
HTHRENZ ERHALE ooz, REARFI T
RETIL2FRTEN TN 2.6 ng/gcr, 4.22
ng/gcr, 6.08 ng/g cr, FHEAHATIZ2. 17 1
g/gcr, 3.69 ng/gcr, 3.80 pg/g cr, HER
ITHITCIL2.499 ng/gcr, 400 pg/ger, 5.38
g/g cr, FHEEARTICIZ 2.98 ng/g cr, 4.40 p
g/g cr, 6.85 png/g cr, BRREHEITIX3.02 1
g/gcr, 495 pg/ger, .97 ng/g cr ThHo
oo R CATREEIT, EHUERS JUF Ui el ©

L, TN TOHESIETEMR L v FHusoH 23
BWESEERR LTz, Tbb, ZORRENLIH,
FEO BRI U MBEIIEHIROFRE S, @k
D7 R U LREIIF HIROF BB -7 b E L
DT LIRHPRES,
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Urinary @ ,~microglobulin and 8 ,~microglobulin in three districts.

District A District E District F
o ,-microglobulin (mg/g cr.)
All subjects 5.04 (2.01) 4.81 (2.05) 4.44(2.16)
(range ND-37.33) (range ND-56.04) (range ND-48.56)
30-40 y.o. - 2.25 (1.80) -
Premenopause (41-48 y.0.) 3.21 (1.99) 2.96 (1.72) 3.19 (1.89)
Perinemopause (49-55 v.0.) 5.10 (1.88) 4.21 (1.93) 3.61 (1.92)%
Younger postmenopause {(56~65 y.o.) 5.13 (2.02) 5.54 (1.93) 461 (2.03)
Older postmenopause (6675 y.0.) 6.95 (1.84) 6.23 (2.02) 7.20 (2.13)
B ~microglobulin (ug/g cr.)
All subjects 150 (2.43) 162 (2.32) 172 (2.51)
(range ND-9352) (range ND-5689) (range ND-15332)
30-40 y.o. - 92 (1.64) -
Premenopause (41-48 y.0.) 96 (2.05) 104 (1.87) 107 (1.95)
Perinemopause (49-55 v.0.) 151 (2.00) 149 (2.11) 134 (2.07)
Younger postmenopause (56~65 y.o.) 147 (2.55) 162 (2.06) 173 (2.07)
Older postmenopause (66—75 y.0.) 216 (2.74) 225 (277 320 (3.15)t
Presented as GM (GSD).
*: P<0.05 (cpmpared to the value in District A)
+: PL0.05 (cpmpared to the value in District E)
%5
BMI and grip in three districts.
District A District E District F
BMI
All subjects 246434 242432 242+3.4
(range 16.4-41.5) (range 16.5-37.2) (range 16.3—-43.0)
30-40 y.o. - 23343 -
Premenopause (41-48 v.0.) 23.943.1 24.0+3.0 240442
Perinemopause (49-55 v.0.) 245439 24.1+3.1 246+3.3
Younger postmenopause (5665 y.o0.) 245+3.4 244+3.2 246+3.4
Older postmenopause (66-75 y.o.) 25530 24.34+3.3% 23.42.7%F
Grip (kg
All subjects 255447 249448 26.1x4.7%
(range 10.0-37.0) (range 6.0-39.5) (range 10.0-38.5)
30-40 y.o. - 26.7+4.4 -
Premenopause (41-48 y.0.) 28.8:4+4.0 28.1+4.2 29.8+4.6
Perinemopause (49~55 y.0.) 26.1£4.5 26141 271437
Younger postmenopause (56-65 y.0.) 25.7+4.2 250+4.5 25.3%+3.9
Older postmenopause (6675 y.0.) 224443 22144 234443

Presented as AM3:ASD.
*: P<0.05 (cpmpared to the value in District A)
+: P<0.05 {cpmpared to the value in District E)
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Abstract

Some recent research suggests that environmental exposure to cadmium, even at low levels, may increase the risk of osteoporosis,
and that the bone demineralization is not just a secondary effect of renal dysfunction induced by high doses of cadmium as
previously reported. To investigate the effect of exposure to cadmium at a level insufficient to induce kidney damage on bone
mineral density (BMD) and bone metabolism, we conducted health examinations on 1380 female farmers from five districts in Japan
who consumed rice contaminated by low-to-moderate levels of cadmium. We collected peripheral blood and urine samples and
medical and nutritional information, and measured forearm BMD. Analysis of the data for subjects grouped by urinary cadmium
level and age-related menstrual status suggested that cadmium accelerates both the increase of urinary calcium excretion around the
time of menopause and the subsequent decrease in bone density after menopause. However, multivariate analyses showed no
significant contribution of cadmium to bone density or urinary calcium excretion, indicating that the results mentioned above were
confounded by other factors. These results indicate that environmental exposure to cadmium at levels insufficient to induce renal
dysfunction does not increase the risk of osteoporosis, strongly supporting the established explanation for bone injury induced by
cadmium as a secondary effect. i
© 2004 Elsevier Inc. All rights reserved.

Keywords: Cadmium; Bone; Kidney; Female; Japanese

1. Introduction

Cadmium (Cd) is a toxic heavy metal that induces the
deterioration of renal tubular function, which can be
detected by the increase in urinary excretion of low

*This research project was supported by grants mainly from the
Japanese Ministry of Health, Labor, and Welfare, the Ministry of
Agriculture and Forestry, and CREST-JST. We obtained approval of
the Committee on Medical Ethics of Jichi Medical Schoo!l for this
project, and written informed consent from all participants.

*Corresponding author. Division of Environmental Immunology
and Toxicology, Department of Health Science, Jichi Medical School,
3311-1 Yakushiji, Minami-Kawachi, Kawachi-Gun, Tochigi 329-0498
" Japan. Fax: +81-285-44-8465.

E-mail address: kayamaf@jichi.acjp (F. Kayama).

0013-9351/$ - see front matter © 2004 Elsevier Inc. All rights reserved. 280

doi:10.1016/j.envires.2004.03.004

molecular weight proteins such as o;-microglobulin (aI-
MG) or fs-microglobulin (f2-MG), after sustained
environmental exposure (Friberg et al., 1986; WHO,
1992). The most severe form of chronic intoxication,
called “Itai-itai disease,” was endemic among female
farmers in the heavily Cd-polluted area of the Jinzu
River basin in Japan and was characterized by renal
tubular dysfunction, renal anemia, and multiple bone
fractures due to osteomalacia, which lead to generalized
severe pain (the Japanese word “itai” means “ouch’)
(Yamagata and Shigematsu, 1970; Kasuya et al,
1992a,b; Horiguchi et al., 1994). The mechanism of
the bone injury has been acknowledged as an acquired
Fanconi’s syndrome: the decrease of the bone calcium
(Ca) pool is accelerated by the continuous loss of Ca and
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phosphorus into urine and/or by the disturbance of
vitamin D metabolism in the kidneys due to renal
tubular dysfunction (Ishizaki and Fukushima, 1968;
Akiba et al., 1980; Ruth et al, 1981; Nogawa et al.,
1987; Aoshima et al., 1993). In other words, Cd
primarily damages the kidneys, followed by osteomala-
cia as a secondary effect. In fact, Itai-itai disease
developed only among the large number of the
inhabitants with Cd-induced nephropathy, and vitamin
D treatment alleviated the osteomalacia (Kasuya et al.,
1992a).

However, some recent epidemiological studies in
Europe have challenged this accepted mechanism,
suggesting that Cd can induce osteoporosis at much
lower exposure levels than previously reported (Jarup
et al., 1998; Staessen et al., 1999; Alfvén et al., 2000). In
addition to these human studies, there are some
experimental studies to suggest the direct Cd effect on
bone (Bhattacharyya et al., 1988; Ogoshi et al., 1992;
Miyahara et al., 1992). This implies that bone deminer-
alization could be induced as a primary Cd effect before
the occurrence of renal damage. If this were true, it
would constitute a major public health problem among
the Japanese, who have a higher Cd body burden than
most other people do because they consume Cd-
contaminated rice as a staple food. The conflicting
views have prompted the Joint FAO/WHO Expert
Committee on Food Additives (JECFA) to call for
additional studies on the impact of lifetime exposure to
Cd on the development of osteoporosis (WHO, 2000).
Consequently, we undertook a cross-sectional epide-
miological study of 1380 female Japanese farmers with
dietary exposure to Cd at levels insufficient to induce
renal dysfunction in order to investigate the effects of
Cd exposure at these levels on bone mineral density
(BMD) and bone metabolism.

2. Materials and methods
2.1. Study populations

We conducted health examinations on female Japa-
nese farmers from five districts of Japan in 2001-2002 as
previously described, named “Japanese Multicentered
Environmental Toxicants Study” (JMETS) (Horiguchi
et al., 2004). Briefly, we investigated 202, 202, 203, 204,
and 569 participants—1380 in total—from one non-
contaminated district (A) as a control, where highly
Cd-contaminated rice has never been detected, and
four Cd-contaminated districts (B, C, D, and E), where
such rice is often detected, respectively. The partici-
pants were thought to have been exposed to the
sustained levels of Cd through the consumption of the
rice grown in their own fields ever since birth. The
geometric means (GMs) of urinary Cd levels (Cd-U)

281

H. Horiguchi et al. | Environmental Research 97 (2005) 83-92

were 2.6, 3.5, 3.2, 3.2, and 4.1pg/g cr. in the five
districts, respectively, with only 1% over the threshold
at which Cd induces renal dysfunction (10pg/g cr.)
(Roels et al., 1979; Ikeda et al., 2003). In addition, the
GM of urinary f2-MG in the total population was less
than 150pg/g cr., with less than 3% showing f,-
microglobulinuria (over 1000pg/g cr. of urinary f2-
MG, a cutoff value considered as the threshold of
irreversible tubular dysfunction; Teranishi et al., 1992).
Thus, the Cd exposure levels of the investigated subjects
can be described as “moderate” and insufficient to
induce renal dysfunction.

2.2. Health examinations

At the examinations, we collected peripheral blood
and second-morning urine samples before breakfast and
measured the participants’ weight, height, grasping
power, and BMD. Body mass index (BMI) was
calculated by dividing weight (kg) by height (m)
squared. The grasping power of a participant’s non-
dominant hand was measured three times with a hand
dynamometer, and the highest value was used as an
indicator of physical activity. We measured BMD
by dual energy X-ray absorption (DXA) in the
participant’s nondominant forearm with a DTX-200
(Osteometer), which scanned DXA at distal sites of the
radius and ulna between the 8 and 24mm points.
Subjects with BMD less than 80% of the young adult
mean (YAM) (2044 years old) were classified as having
“decreased BMD” according to the criteria of the
Japanese Society for Bone and Mineral Research (The
Committee on Standard Criteria of Primary Osteoporo-
sis, 1996).

We obtained medical information about each parti-
cipant’s health status, including present and past
medical history, using a self-administered questionnaire.
We investigated the intakes of Ca and vitamin D by
another questionnaire, named diet history questionnaire
(DHQ), which was designed to determine food and
nutrient intake levels in the previous month with regard
to the quantity and semi-quantitative frequency of
consumption of 110 food items commonly consumed
in Japan (Sasaki et al., 1998).

2.3. Analysis of blood and urine samples

Two urinary proteins, «1-MG and f2-MG, Ca, and
creatinine (Cr) in urine were determined by a latex
agglutination method, the o-cresolphthalein complexone
method, and the Jaffé reaction method, respectively,
with one drop of sodium hydrogen carbonate solution
added to the S2-MG sample just after collection to
prevent destruction by low pH (Donaldson et al., 1989).
Luteinizing hormone (LH), bone-specific alkaline phos-
phatase (BAP), and bone Gla protein (BGP) in serum



