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Abstract

(as an index of lifetime body burden).

relevance at older age.

Background: Exposure to cadmium has been associated with osteoporosis and fracture risk in women and elderly,
but studies in children are lacking. In the present study we investigate the association between markers of bone
demineralization [urinary calcium (Ca) and deoxypyridinoline (DPD) excretion] and urinary cadmium (Cd) excretion

Methods: 155 schoolchildren from 2 elementary schools in Lahore, Pakistan were included. Urinary Cd was
measured as an index of lifetime exposure. We assessed the multivariate-adjusted association of exposure with
markers of bone resorption, urinary DPD as well as with Ca excretion.

Results: Urinary Cd averaged 0.50 nmol/mmol creatinine and was not influenced by age, height, weight and
socio-economic status (SES). Independent of gender, age, height, weight and SES a doubling of urinary Cd was
associated with a 1.72 times (p < 0.0001) increase in urinary DPD and, a 1.21 times (p = 0.02) increase in urinary Ca.
Additional adjustment for urinary Ca revealed still significant associations between urinary Cd and urinary DPD. The
shape of the association was linear without evidence of a threshold.

Conclusions: Even in young children, low-level environmental exposure to cadmium is associated with evidence
of bone resorption, suggesting a direct osteotoxic effect with increased calciuria. These findings might have clinical
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Background

Cadmium (Cd) is a heavy metal that is widely present in
our environment as a pollutant [1]. The environmental
presence of Cd is attributed to industrial emissions and
agriculture [2]. Populations worldwide are exposed to
Cd by low-level intake mainly through their food or by
inhalation of tobacco smoke and exposure to Cd con-
taminated airborne particles. Presence of Cd in the
atmosphere due to industrial activities and the use of
fertilizers containing Cd may lead to the contamination
of land and increased uptake of Cd by crops and vegeta-
bles cultivated for human consumption [2]. Dust is
potentially an important route of exposure to heavy
metals in areas with contaminated soils [3]. Environ-
mental measures in Lahore, Pakistan showed annual

* Correspondence: tim.nawrot@uhasselt.be

1Department of Public Health, Occupational and Environmental Medicine,
Unit of Lung Toxicology, Katholieke Universiteit Leuven, Leuven, Belgium
Full list of author information is available at the end of the article

( ) BiolVled Central

mean fine particalute (PM;,) Cd concentration of 77
ng/m>(vs 5 ng/m® WHO guidelines) [4]. Exposure to Cd
leads to an age-related cumulative increase in the body
burden of this toxic metal [5]. The urinary Cd concen-
tration reflects life-time exposure [6]. Cd causes tubular
renal dysfunction [7] and increases calciuria [8].
Clinically, osteoporosis is a disease of middle to old
age; risk factors operating in early life have been barely
investigated. Clinical features associated with osteoporo-
sis include increased morbidity (i.e. pain, physical
impairment, and decreased quality of life), increased risk
of fractures, and increased mortality [9]. Studies among
populations from Belgium [10,11], Sweden [12-14],
Japan [15], and China [16,17] showed associations
between osteoporosis and low-level environmental Cd
exposure. The generally accepted interpretation has
been that Cd induces renal tubular damage, decreases
the Ca reabsorption in the nephron, thus resulting in
hypercalciuria [7] and low bone mineral density (BMD)
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and hence increased fracture risk [10,15] particularly in
postmenopausal women [10,11] or men in the older age
group [15]. However, a recent study also found a dose-
response association between risks of osteoporosis in
middle aged men (mean age 45 y) and urinary Cd [18].
Independently of the status of kidney function, other
data also support a direct osteotoxic effect of Cd, on the
basis of an increase in the urinary excretion of pyridi-
nium crosslinks from bone collagen even at low non-
nephrotoxic concentrations of urinary Cd in postmeno-
pausal women [11].

Deoxypyridinoline (DPD) cross links occur in Type I
collagen of bone and results by the action of lysyl oxi-
dase on two hydroxylysine and a lysine residue. Any
process which may lead to the bone degradation, leads
to the release of DPD into the blood circulation and
cleared by kidneys. Hence DPD has been shown to be a
biochemical indicator of bone resorption. In view of the
omnipresence distribution of Cd pollution [19] and epi-
demic of osteotoxicity [20], we measured urinary pyridi-
nium crosslinks of collagen, which is a specific marker
of bone resorption [21] to investigate the possible direct
osteotoxicity of Cd beyond its indirect effect on bone
via increased calciuria [8] in schoolchildren living in a
metropolitan city of Pakistan.

Methods

Study areas and subject recruitment

The study subjects were 8 to 12 year old children
attending two private elementary schools in Lahore,
Pakistan. The study was conducted between January and
April 2009 in accordance with the ethical standards
according to the Helsinki Declaration and was approved
by Lahore College of Pharmaceutical Sciences, Lahore,
Pakistan. Details of this environmental health study in
school children of Pakistan have been published
(Muhammad Sughis, Tim S Nawrot, Syed Ihsan-ul-
Haque, Asad Amjad and Benoit Nemery: Blood pressure
and particulate air pollution in schoolchildren of Lahore,
Pakistan, submitted). Briefly, the school officials were
first contacted through private contacts. The school offi-
cials then communicated with the parents seeking their
consent for their children to participate in the study.
The sole inclusion criteria to participate in the study
were the prescribed age range, verbal approval of par-
ents and willingness of the participant. The participants
received verbal and written information about the pur-
pose of the study. Of the 192 children that were asked
to participate were explained the objectives, procedure
and the duration of the examination. 179 (94%) gave
written informed consent. Urine samples were collected
from 173 participants of whom 155 had urine measure-
ments for DPD. We coded social economic status based
on education of the father and condensed it into a scale
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with scores ranging from 1 to 3. Urinary Ca, DPD and
Cd are the part of larger set of endpoints including
blood pressure measurements, respiratory health (spiro-
metry and exhaled NO), and estimation of 20 (Be, Al, V,
Cr, Mn, Co, Ni Cu, Zn, As, Se, Mo, Cd, Sn, Sb, Ba, T],
Pb, Bi and U) toxic metals in urine including Cd. This
article focus on the association between Ca and DPD
excretion and Cd exposure, as Cd bone effects have
been described in adult populations [13,18,22], but so
far these have not been studied in children.

Measurements in urine

A spot urine sample was collected between 9:00 am and
2:00 pm using a sterile polystyrene container (100 ml).
To avoid contamination of the sample, the children
were asked to wash hands before and after sampling.
Creatinine was determined on the day of sampling using
a kit from DiaSys Diagnostic Systems, Germany as per
instructions from the manufacturer. Aliquots of urine
were transferred in eppendorf tubes in triplicates with
disposable dropper and kept frozen. Later the samples
were transported on dry ice (at -80°C) to Belgium for
further analysis. The urine sample was analyzed in the
Laboratory of the Industrial Toxicology and Occupa-
tional Medicine Unit (Université catholique de Louvain,
Belgium) without knowledge of their exact provenance
in relation to exposure (blind analysis). In all urine sam-
ples, the concentration of 20 metals or metalloids (all
called “metals” hereafter) were quantified by means of
inductively coupled argon plasma mass spectrometry
(ICP-MS) with an Agilent 7500 ce instrument. Briefly,
urine specimens (500 pl) were diluted quantitatively (1
+9) with a HNO3; 1%, HCI 0.5% solution containing Sc,
Ge, Rh and Ir as internal standards. Ba, Sb, Al, Cd, Pb,
Mo, Sn, Be, T1, Bi and U were analyzed using no gas
mode while helium mode was selected to quantify As,
V, Cr, Mn, Co, Ni, Cu, Zn, and Se. Using this validated
method, the laboratory has obtained successful results in
external quality assessment schemes organized by the
Institute for Occupational, Environmental and Social
Medicine of the University of Erlangen, Germany (G-
EQUAS program), and by the Institut de National Santé
Publique, Québec (PCI and QMEQUAS programs). The
limit of detection (LOD) and limit of quantification
(LOQ) for Cd was 0.015 pg/l and 0.044 pg/l respectively.
The inter assay coefficient of variance was < 3% for cer-
tified internal control (Recipe, ClinCheck control level I
and II).

Urinary Ca was analyzed using an automated photo-
metric analyzer (Modular® P800-ISE900 System, Roche
Diagnostics; Mannheim, Germany) at the Clinical
Laboratory of Ziekenhuis Oost-Limburg, Genk, Belgium.
The urine samples were not acidified by EDTA. Free
DPD was measured in spot urine samples by ELISA
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(Cusabio Biotech, China). For DPD analysis, the inter-
assay coefficient of variation for duplicate samples was
8% (n = 155).

Statistical analysis

We used SAS software version 9.2 (SAS Institute Inc,
Cary, NC) and GraphPad Prism version 4.2. Non-nor-
mally distributed data were logarithmically transformed
and presented as geometric mean (5" to 95™ percen-
tile). For comparison of means and proportions, we
applied Student’s t-test and the y*-statistic, respectively.
We plotted the biomarkers of effect and urinary Cd to
ensure that there was no threshold phenomenon and
that linear correlation techniques were appropriate. We
investigated associations between biomarkers of effect
and exposure using single and multiple linear regres-
sions. Covariates considered for adjustment in the
model included gender, age, height, weight, and socioe-
conomic class. In addition, in the sensitivity analysis,
time of the day of the urine collection was considered.
Potential interactions between Cd and gender on urinary
levels of DPD and Ca were investigated. Q-Q plots of
the residuals were used to test the assumptions of all
linear models. The urinary Ca and DPD were not nor-
mally distributed and therefore logarithmically trans-
formed. We retransformed to linear scale and expressed
effects as percent change for a two-fold increase in urin-
ary Cd.

Results
Children with missing values for urinary DPD were
excluded from the analysis (n = 18). The characteristics
of the 155 children are listed in Table 1. Urinary DPD
(216 nmol/mmol creatinine vs 83.5 nmol/mmol creati-
nine; p < 0.0001) and Cd (0.65 nmol/mmol vs 0.41
nmol/mmol creatinine; p < 0.0001) concentrations were
higher in girls compared with boys. Urinary DPD con-
centration did not correlate with age, height or weight.
Both before (Figure 1la &1b) and after adjustment for
gender, age, height, weight and socioeconomic class, the
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concentration of urinary DPD and Ca increased signifi-
cantly with higher urinary Cd (Table 2). In secondary
analysis, to gain more insight in the direct effects of Cd
on bone, we studied the association between urinary
excretion of DPD and Cd, correcting for urinary Ca.
The urinary DPD concentration did not correlate signifi-
cantly (p = 0.6) with urinary Ca. Along with the pre-
vious mentioned covariates, we added urinary Ca to the
regression model in which we predicted urinary DPD by
urinary Cd: each doubling of urinary Cd was associated
with 1.72 times increase in urinary DPD (95% CI: 1.37
to 2.17; p: < 0.0001). We tested the gender by Cd inter-
action on urinary levels of DPD and Ca but no effect-
modification by gender was observed (p > 0.3). Never-
theless, the gender stratified results have been given in
Table 2, showing a consistent pattern of urinary markers
of bone and cadmium in girls and boys. In addition, we
run sensitivity analysis with additional adjustment for
the time of the day of urine collection as a marker of
diurnal variation. This additional adjustment did not
alter our previous mentioned association.

Discussion

Cd is stored in the kidney from birth. Therefore, its
urinary excretion shows life-time exposure [19]. We
found that urinary Cd is associated with higher urinary
Ca and DPD excretion, markers of bone demineraliza-
tion and bone resorption in children, suggesting that the
skeletal demineralization effects of Cd occur, a) at rela-
tively low environmental concentrations, b) start early in
life.

Experimental studies strongly support the epidemiolo-
gic evidence for a direct osteotoxic effect of Cd. In ani-
mals exposed to Cd, bone demineralization begins early
after the start of Cd exposure and well before the onset
of kidney damage [23,24]. The urinary Cd concentration
in our population averaged 0.53 nmol/mmol creatinine.
This is comparable with other studies in Pakistan [25]
and considerable higher than data from Europe (0.14
nmol/mmol creatinine) [26] or of the US NHANES

Table 1 Characteristics of participants from a metropolitan city of Pakistan

Characteristics Boys Girls School Children
(n=87) (n = 68) (n = 155)
Age - yr 99 (1.3) 96 (1.2) 98 (1.2)
Height - cm 134 (9.8) 132 (9.0) 133 (9.5)
Weight - kg 288 (7.2) 270 (64) 280 (69)
BMI - kg/m? 159 (29) 153 (22) 15.7 (26)
Creatinine - mmol/I 118 (7.0) 74 (3.5) 99 (6.1)
Cadmium - nmol/mmol crt 041 (0.15 to 1.58) 0.65 (0.20 to 1.63) 0.50 (0.16 to 1.63)
Calcium - pmol/mmol crt 71.0 (13.3 to 401) 108 (16.9 to 494) 85.3 (15.7 to 451)
Deoxypyridinoline - nmol/mmol crt 83.5 (12,5 to 695) 216 (21.8 to 3502) 127 (14.6 to 1945)

Data are arithmetic mean (SD) or geometric mean (5" to 957 percentile).
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population showing urinary Cd values in children of
0.07 nmol/l [27].

Exposure to Cd occurs through intake of contami-
nated food or water. In exposed populations, house dust
loaded with cadmium is an additional relevant exposure
route [3]. In addition recently, potential for dangerous
Cd exposure has been suggested to children who wear,
mouth, or accidentally swallow on inexpensive jewelry
which often contains high levels of Cd (10 000 ppm)
[28]. In our study area, relevant air concentrations of Cd
have been reported (14 times higher than the WHO
guideline) [4].

Our findings might have important implications for
environmental policies, especially those designed to pro-
tect children’s health and prevention of factors that are
operative early in life as shown here. At middle-age,
osteoporosis occurs at an accelerated rate. The studies
in Belgium [10], China [16] and Sweden [22] demon-
strated loss of BMD in relation to Cd exposure, which

was more severe in women [11,16], particularly after the
onset of menopause [11].

In the adult population, women have a higher body
burden of Cd than men [29]. In line with these observa-
tions in adults, in our sample girls had considerably
higher body Cd compared with boys. Children take up
Cd more readily than adults due to lower iron stores
[5,30,31]. The Cd iron interaction is a consequence of
upregulation of iron transporter divalent metal transpor-
ter-1 in the intestine at low iron concentrations. After
upregulation of metal transporter-1 there is a greater
potential for increased absorption of Cd [32]. The
higher Cd stores in girls compared with boys, did not
confound our reported associations as our analysis was
consistently observed in models stratified by gender.

The present study has limitations and strengths.
Although our results were consistent after multiple
adjustments and in sensitivity analyses, we cannot
exclude residual confounding. In most circumstances,

Table 2 Percent change in urinary deoxypyridinoline (DPD) and calcium (Ca) for doubling in urinary Cd concentration

Biomarkers of bone resorption Boys (n = 87) Girls (n = 68) Schoolchildren (n = 155)?
Effect Size* (95% Cl)  p-value  Effect Size* (95% Cl) p-value Effect Size* (95% Cl)  p-value
Deoxypyridinoline, nmol/mmol crt® 71 (33 -121) < 0.0001 86 (20 - 188) 0.007 72 (37 -117) < 0.0001
Deoxypyridinoline, nmol/mmol crt® 80 (38 - 133) < 0.0001 84 (18 - 186) 0.008 74 (38 - 121) < 0.0001
Calcium, pmol/mmol crt® 29 30-61) 0.02 9.0 (-19 - 47) 0.5 21 (20 - 44) 0.02
Calcium, pmol/mmol crtd 39(090-77) 0.009 6.0 (-23 - 45) 0.7 24 (3.0 - 50) 0.02

*Regression coefficients (95% confidence [Cl]) have been calculated for a doubling in the urinary cadmium concentration and expressed as % increase.
@ gender by Cd interaction on urinary levels of DPD and Ca indicated no effect-modification by gender (p for interaction >0.3).

b adjusted for gender, age, height, weight and socioeconomic status.
¢ adjusted for calcium, gender, age, height, weight and socioeconomic status.
9 adjusted for DPD, gender, age, height, weight and socioeconomic status.
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bone collagen degradation is the major contributor to
both crosslink compounds in urine, due to the low turn-
over rate of other tissues [21]. The urinary excretion of
bone collagen has a diurnal variation, with levels peak-
ing in the morning [33]. Additional adjustments for
time of the day of urine collection exclude potential
confounding by diurnal variations. Finally, our urine
samples were not acidified by EDTA; therefore, Ca pre-
cipitation might have been occurred. However, Ca preci-
pitation is proportional to the urinary Ca concentration
and it is unlikely that this has biased our results.

Conclusions

We found a consistent association between biomarkers
of bone resorption and bone demineralization and Cd
exposure in 10-year old children. These findings might
have clinical consequences in adult life. Because Cd is a
long-lived multi-organ toxicant that remains in a child’s
body into adulthood, Cd exposure must be limited as
much as possible from early age on.
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Ca: calcium; DPD: deoxypyridinoline; Cd: cadmium; BMD: bone mineral
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Acknowledgements

The authors thank the management of the schools for allowing this study to
be conducted; the parents of the children for their consent; the children for
their participation; and Syed Ihsan-ul-Haque and Asad Amjad for assisting in
the collection of urine samples. The work was supported by the Flemish
Scientific Fund (kredeiet aan navorsers; G.0.873.11.N.10/1.5.158.09.N.00).

Author details

'Department of Public Health, Occupational and Environmental Medicine,
Unit of Lung Toxicology, Katholieke Universiteit Leuven, Leuven, Belgium.
“Centre of Research for Public Health, Lahore, Pakistan. *Lahore College of
Pharmaceutical Sciences, Lahore, Pakistan. “Biomedical Research Institute,
Hasselt University, Diepenbeek, Belgium. 5Department of Clinical Chemistry,
Microbiology and Immunology, Ghent University Hospital, Ghent, Belgium.
SLaboratory of the Industrial Toxicology and Occupational Medicine Unit
(Université Catholique de Louvain, Belgium), Brussels, Belgium. ’Centre for
Environmental Sciences, Hasselt University, Diepenbeek, Belgium.

Authors’ contributions

MS, TSN and BN designed the study. MS collected urine samples. MS
measured urinary DPD, JP measured urinary Ca and MS and VH analysed
urinary Cd. MS, TSN, and BN contributed in the discussion of data, drawn
conclusions, and drafted the manuscript. All authors read and approved the
final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 23 July 2011 Accepted: 8 December 2011
Published: 8 December 2011

References

1. Moulis J-M, Thévenod F: New perspectives in cadmium toxicity: an
introduction. Biometals 2010, 23:763-768.

2. Jarup L, Akesson A: Current status of cadmium as an environmental
health problem. Toxicol Appl Pharmacol 2009, 238:201-208.

20.

21,

22.

23.

24.

25.

Page 5 of 6

Hogervorst J, Plusquin M, Vangronsveld J, Nawrot T, Cuypers A, Van

Hecke E, Roels HA, Carleer R, Staessen JA: House dust as possible route of
environmental exposure to cadmium and lead in the adult general
population. Environ Res 2007, 103:30-37.

von Schneidemesser E, Stone EA, Quraishi TA, Shafer MM, Schauer JJ: Toxic
metals in the atmosphere in Lahore, Pakistan. Sci Total Environ 2010,
408:1640-1648.

Nawrot TS, Staessen JA, Roels HA, Munters E, Cuypers A, Richart T,

Ruttens A, Smeets K, Clijsters H, Vangronsveld J: Cadmium exposure in the
population: from health risks to strategies of prevention. Biometals 2010,
23:769-782.

Jarup L, Berglund M, Elinder CG, Nordberg G, Vahter M: Health effects of
cadmium exposure - a review of the literature and a risk estimate. Scand
J Work Environ Health 1998, 24:240-240.

Staessen JA, Lauwerys RR, Ide G, Roels HA, Vyncke G, Amery A: Renal-
function and historical environmental cadmium pollution from zinc
smelters. Lancet 1994, 343:1523-1527.

Staessen J, Amery A, Bernard A, Bruaux P, Buchet JP, Claeys F, Deplaen P,
Ducoffre G, Fagard R, Lauwerys RR, et al: Effects of exposure to cadmium
on calcium-metabolism - a population study. Brit J Ind Med 1991,
48:710-714.

Geusens P: Osteoporosis: clinical features. Minerva Med 2008, 99:167-175.
Staessen JA, Roels HA, Emelianov D, Kuznetsova T, Thijs L, Vangronsveld J,
Fagard R, Grp PS: Environmental exposure to cadmium, forearm bone
density, and risk of fractures: prospective population study. Lancet 1999,
353:1140-1144.

Schutte R, Nawrot TS, Richart T, Thijs L, Vanderschueren D, Kuznetsova T,
Van Hecke E, Roels HA, Staessen JA: Bone resorption and environmental
exposure to cadmium in women: A population study. Environ Health
Perspect 2008, 116:777-783.

Jarup L, Alfven T: Low level cadmium exposure, renal and bone effects -
the OSCAR study. Biometals 2004, 17:505-509.

Akesson A, Bjellerup P, Lundh T, Lidfeldt J, Nerbrand C, Samsioe G,
Skerfving S, Vahter M: Cadmium-induced effects on bone in a
population-based study of women. Environ Health Perspect 2006,
114:830-834.

Alfven T, Elinder CG, Carlsson MD, Grubb A, Hellstrom L, Persson B,
Pettersson C, Spang G, Schutz A, Jarup L: Low-level cadmium exposure
and osteoporosis. J Bone Miner Research 2000, 15:1579-1586.

Honda R, Tsuritani |, Noborisaka Y, Suzuki H, Ishizaki M, Yamada Y: Urinary
cadmium excretion is correlated with calcaneal bone mass in Japanese
women living in an urban area. Environ Res 2003, 91:63-70.

Zhu GY, Wang HF, Shi YX, Weng SF, Jin TY, Kong QH, Nordberg GF:
Environmental cadmium exposure and forearm bone density. Biometals
2004, 17:499-503.

Wang HF, Zhu GY, Shi YX, Weng SF, Jin TY, Kong QH, Nordberg GF:
Influence of environmental cadmium exposure on forearm bone
density. J Bone Miner Research 2003, 18:553-560.

Nawrot TS, Geusens P, Nulens TS, Nemery B: Occupational cadmium
exposure and calcium excretion, bone density, and osteoporosis in men.
J Bone Miner Research 2010, 25:1441-1445.

Hoet P: Industrial chemical exposure: Guidelines for biological
monitoring. Lewis Publishers, Boca Raton, FL; Second 1993.

Reginster JY, Burlet N: Osteoporosis: A still increasing prevalence. Bone
2006, 38:4-9.

McLaren AM, Hordon LD, Bird HA, Robins SP: Urinary excretion of
pyridinium crosslinks of collagen in patients with osteoporosis and the
effects of bone fracture. Ann Rheum Dis 1992, 51:648-651.

Alfvén T, Elinder C-G, Hellstrom L, Lagarde F, Jarup L: Cadmium
exposure and distal forearm fractures. J Bone Miner Research 2004,
19:900-905.

Wang CH, Bhattacharyya MH: Effect of cadmium on bone calcium and
45Ca in nonpregnant mice on a calcium-deficient diet: Evidence of
direct effect of cadmium on bone. Toxicol Appl Pharmacol 1993,
120:228-239.

Wilson AK, Bhattacharyya MH: Effects of cadmium on bone: An in vivo
model for the early response. Toxicol Appl Pharmacol 1997, 145.68-73.
Shah F, Kazi TG, Afridi HI, Kazi N, Baig JA, Shah AQ, Khan S, Kolachi NF,
Wadhwa SK: Erratum: evaluation of status of trace and toxic metals in
biological samples (scalp hair, blood, and urine) of normal and anemic
children of two age groups. Biol Trace Elem Res 2011, 141:368.


http://www.ncbi.nlm.nih.gov/pubmed/20632201?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20632201?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19409405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19409405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16843453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16843453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16843453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20080284?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20080284?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20517707?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20517707?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7911869?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7911869?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7911869?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18431325?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10209978?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10209978?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18560534?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18560534?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15688854?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15688854?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16759980?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16759980?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12584006?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12584006?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12584006?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15688853?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16139579?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1616331?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1616331?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1616331?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8511792?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8511792?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8511792?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9221825?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9221825?dopt=Abstract

Sughis et al. Environmental Health 2011, 10:104
http://www.ehjournal.net/content/10/1/104

26.

27.

28.

29.

30.

31

32.

33.

Staessen JA, Nawrot T, Hond ED, Thijs L, Fagard R, Hoppenbrouwers K,
Koppen G, Nelen V, Schoeters G, Vanderschueren D, et al: Renal function,
cytogenetic measurements, and sexual development in adolescents in
relation to environmental pollutants: a feasibility study of biomarkers.
Lancet 2001, 357:1660-1669.

CDC: Fourth National Report on Human Exposure to Environmental
Chemicals. 2009.

Weidenhamer JD, Miller J, Guinn D, Pearson J: Bioavailability of cadmium
in inexpensive Jewelry. Environ Health Perspect 2011, 119:1029-1033.
Vahter M, Akesson A, Lidén C, Ceccatelli S, Berglund M: Gender differences
in the disposition and toxicity of metals. Environ/ Res 2007, 104:85-95.
Berglund M, Lindberg A-L, Rahman M, Yunus M, Grandér M, Lonnerdal B,
Vahter M: Gender and age differences in mixed metal exposure and
urinary excretion. £nviron Res 111:1271-1279.

Shah F, Kazi T, Afridi H, Kazi N, Baig J, Shah A, Khan S, Kolachi N, Wadhwa S:

Evaluation of status of trace and toxic metals in biological samples
(scalp hair, blood, and urine) of normal and anemic children of two age
groups. Biol Trace Elem Res 2011, 141:131-149.

Bressler JP, Olivi L, Cheong JH, Kim Y, Maerten A, Bannon D: Metal
transporters in intestine and brain: their involvement in metal-
associated neurotoxicities. Hum Exp Toxicol 2007, 26:221-229.

Schlemmer A, Hassager C, Jensen SB, Christiansen C: Marked diurnal
variation in urinary excretion of pyridinium cross-links in premenopausal
women. J Clin Endocrinol Metab 1992, 74:476-480.

doi:10.1186/1476-069X-10-104

Cite this article as: Sughis et al: Bone resorption and environmental
exposure to cadmium in children: a cross - sectional study.
Environmental Health 2011 10:104.

Page 6 of 6

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/11425371?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11425371?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11425371?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21377949?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21377949?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20526751?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20526751?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20526751?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17439925?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17439925?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17439925?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1740479?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1740479?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1740479?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study areas and subject recruitment
	Measurements in urine
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


