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ABSTRACT

Background: Osteoporosis is a growing health concern
across the world. Some epidemiological data suggest that
cadmium increases risk for development of osteoporosis
and lead to higher rate of fracture incidents even on low
environmental exposure level. Material and methods:
Cadmium in urine and bone resorption markers — total
fraction of the urinary pyridynoline (Pyr) and deoxypyridi-
noline (DPyr) — were determined in 36 patients, who were
examined for toxic effects of cadmium exposure. Addition-
ally calcium in urine was determined. Associations between
cadmium exposure and factors related to bone metabolism
were estimated and Pyr and DPyr excretion were compared
in three groups categorized across cadmium concentrations.
Results: In the investigated group there were significant
positive correlations between cadmium levels in urine and
Pyr and DPyr excretion. None of the other variables cor-
related significantly with examined bone resorption mark-
ers excluding calcium excretion in urine. Excretion of Pyr
and DPyr differed significantly between group with the
lowest cadmium concentration (< 1.2 pg/g creatinine) and
group with the highest cadmium concentration (>1.9 pg/g
creatinine), where median values of Pyr and DPyr increased
by 49.8% and 37.5%, respectively. Conclusion: The results
suggest that cadmium increases bone resorption processes
and induce osteotoxic effects in environmental exposure
level.

Key words: cadmium, osteoporosis, pyridinoline, de-
oksy-pyridinoline

STRESZCZENIE

Wstep: Osteoporoza jest rosnagcym problemem na wie-
cie. Niektore badania epidemiologiczne sugeruja, ze kadm
zwigksza ryzyko rozwoju tej choroby i prowadzi do zwigk-
szenia ryzyka ztaman kosci nawet przy niskim narazeniu
srodowiskowym. Material i metody: Kadm w moczu oraz
biomarkery resorpcji kostnej — catkowite frakcje pirydy-
noliny (Pyr) i dezoksypirydynoliny (DPyr) w moczu — byty
oznaczane u 36 pacjentéw badanych pod katem toksycz-
nego dziatania kadmu. Dodatkowo oznaczano zawartosé
wapnia w moczu. Oszacowano zaleznosci pomiedzy nara-
zeniem na kadm a czynnikami powigzanymi z metaboliz-
mem kosci oraz poréwnano st¢zenia Pyr oraz DPyr pomie-
dzy grupami skategoryzowanymi wzgledem stezenia kadmu
w moczu. Wyniki: W badanej grupie wykazano statystycz-
nie istotna pozytywna korelacje pomiedzy poziomem kad-
mu w moczu, a iloscig wydalanej Pyr i DPyr z moczem.
Zadna z innych badanych zmiennych nie korelowata zna-
czaco z markerami resorpcji koSci oprocz wydalania wapnia
z moczem. Zroéznicowanie wydalania Pyr i DPyr byto
statystycznie istotne pomiedzy grupami o najnizszym
(< 1.2 pg/g kreatyniny) i najwyzszym stezeniu kadmu
w moczu (> 1.9 pug/g kreatyniny), w ktérej mediany war-
tosci stezen Pyr i DPyr wzrosty odpowiednio o 49,8%
i 37,5%. Wnioski: Wyniki badan sugeruja, ze kadm wzma-
ga procesy resorpcji kosci i dziata osteotoksycznie rowniez
w narazeniu srodowiskowym.

Stowa kluczowe: kadm, osteoporoza, pirydynolina, dez-
oksypirydynolina
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INTRODUCTION

Cadmium is a widespread and persistent contami-
nant, occurring in the environment from natural pro-
cesses and human activities. Current and past emis-
sion from non-metal industry, emission from waste
incineration and fossil fuel combustion, as also appli-
cation of phosphorus fertilizers contaminated by cad-
mium and fertilizers originated from sewage sludge
are recognized as the main sources of cadmium pol-
lution [1]. Human exposure to cadmium is mainly
via the food, especially by the consumption of shel-
Ifish, offal products, cereals and vegetables [2]. Direct
inhalation of cigarette smoke causes additional expo-
sure to high amount of cadmium through the lungs
due to linearity transfer of cadmium from burning
tobacco leafs into smoke [3]. In human body cad-
mium accumulates mainly in the kidney cortex where
its elimination half-time has been estimated at 10-30
years. Concentration of cadmium in urine is propor-
tional to its kidney content therefore reflects integra-
ted past exposure and cadmium body burden [4].

Cadmium is a well-known nephrotoxic agent able
to induce renal tubular dysfunction at relatively low
exposure level [2]. The first signs of cadmium toxic
effect on kidneys are increased excretion of low-mole-
cular-weight proteins and tubular enzymes in urine.
Prolonged exposure to high cadmium levels is also
related to disturbances in bone metabolism. Several
cases of osteomalacia and osteoporosis in combina-
tion with kidney damage were reported among expo-
sed to cadmium workers and Japanese women con-
suming heavily cadmium-polluted rise [5]. The
disease characterized multiply fractures and long
bone deformation with severe pain for which reason
it was called Itai-itai (‘ouch-ouch’) disease.

Some epidemiological data suggest that low level
cadmium exposure may also be associated with cad-
mium osteotoxicity and increase risk of osteoporosis
[2]. It is not clear if this effect is related to cadmium-
induced renal dysfunction or possibly direct effect
of cadmium to bones exists. Nevertheless, it is well
known that incidences of osteoporosis increase in
industrialized countries, especially among cigarette
smokers what would suggest negative effect of low
cadmium exposure on bone metabolism.

The aim of the study was to assess the relation
between urinary cadmium and pyridinoline (Pyr)
and deoxypyridinoline (DPyr) crosslinks in urine
among subjects with only environmental exposure
to cadmium. (Pyr) and (DPyr) are the first and spe-
cific markers of bone resorption processes. They are
synthesized in posttranslational processing of lysine
and hydroxylysine residue of collagen and are essen-

tial for stabilizing the mature forms collagen fibers
and elastin. During bone resorption Pyr and DPyr
are excreted into the circulation through collagen
degradation and eliminated with urine, where they
can be measured by HPLC method with fluorescence
detection. Positive correlations between concentra-
tion of cadmium in urine and Pyr and DPyr urinary
excretion may indicate significant impact of low cad-
mium exposure on higher bone resorption. Additio-
nally calcium in urine was determined.

MATERIAL AND METHODS

The first void urine spot samples were collected
from 36 patients (28 women and 7 men) who were
examined for possible toxic effects of cadmium expo-
sure. The patients participated in the study following
health survey of population who inhabited one of
the community in the southern Poland. The local Bio-
medical Ethics Committee approved the study proto-
col for this health survey. The study was extended to
include possible toxic effects of cadmium exposure
in patients with elevated urinary cadmium level. All
the examined patients were with no history of meta-
bolic bone diseases and with no signs of tubular kid-
ney dysfunction. In 2010 the level of cadmium in
moss (Brachythecium rutabulum) originated from the
patients residential area were in the range of 0.73-
2.16 pg/g. For the reference in the non-polluted area
of Sobieszewska Island near Gdansk we obtained cad-
mium levels in the range of 0.10-0.27 pg/g whereas
and in the Upper Silesian region — one of the most
polluted area in Poland - they were in the range of
4.29-28.67 pg/g. Soils cadmium levels accounted 0.46
-1.66 pg/g in the patients area which is within the
range from increased cadmium content to low cad-
mium contamination (geometric mean GM in Poland
is 0.21 pg/g) [6]. It is recommended that vegetables
growing on soils with increased cadmium content
should not be designed for children. On low - con-
taminated soils some vegetables such as lettuce, spi-
nach or cauliflower should not grow, but cereals, root
crops and fodder can be cultivated [7].

Cadmium in urine was measured by graphite fur-
nace atomic absorption spectrometry technique with
Zeeman background correction system using Perki-
nElmer 4100ZL instrument (Bodyswerk, Ger-many).
Acidified samples (pH <2) were diluted in 1:1 ratio
with 0.8 M nitric acid and 20 pl of the solution was
introduced into graphite tube. Calibration was per-
formed using the method of standard addition using
peak area measurements mode. The precision was
1.6-8.3% relative standard deviation at concentration
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0.5-7.0 pg/l. The limit of detection was 0.10 pg/l.
Urinary cadmium was corrected for urinary creati-
nine which was determined by Jaffé photometric
method. Laboratory regularly participates in the Ger-
man External Quality Assessment Scheme intercom-
parison programme for toxicological analyses in bio-
logical materials and complies with the requirements
for determining cadmium and creatinine in urine. In
2008 for environmental medical field the results for
urinary samples with target cadmium levels of 1.04
and 3.41 pg/l were 0.91 and 3.13 pg/l respectively,
which was within the accepted ranges. Mean of the
results from the first (about 1 year earlier) and the
present determination of cadmium in urine were
expressed as a mean cadmium concentration.

Pyr and DPyr in urine were measured by HPLC
after hydrolysis of urine in 6 M hydrochloric acid.
The method was previously described elsewhere [8].
Briefly, samples were mixed with concentrated hydro-
chloric acid in 1:1 ratio and heat at 120 for 4 h in
glass ampoules. The acid hydrolysates were subse-
quently mixed with butanol-acetic acid-water mix-
ture (4:1:1) and purified using celulose CF1 (What-
man). The crosslinks were then eluted with water
and after evaporation to dryness resuspended in 1%
perfluorobutyric acid (HFBA Sigma Aldrich) and
measured using ions — pairs chromatography. Lichros-
pher 100 LichroCART 250-4 RP-18 5 pm chromato-
graphic column was used with AT 1200 high pressure
liquid chromatograph (Agilent Technologiest, USA)
equipped with a set of pumps, thermostat, autosam-
pler and fluorescence detector. The column was
equillabrated with 0.01 M HFBA in water (solvent
A) 80% and 0.01 M HFBA in acetonitrile: water 3:1
(solvent B) 20%. Elution of the crosslinks was achived
at ambient temperature at a flow-rate 0.8 ml/min in
gradient elution: time 0-20 min solvent A 80% linear
change to 70%. The column was washed with 100%
of the solvent B for 10 min. Fluorescence was moni-
tored using excitation and emission wavelength 295
and 395 nm, respectively. Calibration was performed
using external standard contained crosslinks in con-
centration 1237 pmol/ml for pyr and 432 pmol/ml
deoksypiridynoline in lyophilized urine (Chromsys-
tems — Crosslinks urine calibration standard). The
values of urinary Pyr and DPyr in samples were
expressed as per mmol of urinary creatinine.

Calcium in urine was determined using flame ato-
mic absorption spectrometry. Standards and samples
were introduced into air-acetylene flame after 50 fold
dilution with 1% lanthanum chloride solution.

Data was analyzed using Statistica 9.1 Software.
Descriptive statistic with means, standard deviations
and ranges was used for results presentation and sub-

ject characterization. Simple regression analysis was
performed between markers and the statistic signifi-
cance of the correlation was determined by Spear-
man’s rank correlation coefficient. To assess effect
level we used Kruscal-Wallis test followed by Dunn’s
post hoc tests for categorized cadmium level in urine.
P values of less than 0.05 were considered signifi-
cant.

RESULTS

The examined physiological and biochemical para-
meters are showed in Table I. Men participation was
far less than women.

Tab. I. Participant characteristics and results of biochemical exa-
mination (n=36, females n=28; males n=7)

Tab. I. Charakterystyka badanej grupy oraz wyniki badan bio-
chemicznych (n= 36, kobiety n=28, mezczyznin=7)

Parameter Values

Age (year)

Mean =SD 58.7x9.9

Median 58

Range 34-77
Height (cm)

Mean=SD 163.9+7.2

Median 161

Range 1562-178
Weight (kg)

Mean = SD 69.7+8.4

Median 69

Range 50-90
BMI (kg/m?)

Mean =SD 26.1 =41

Median 26

Range 15.7-37.0
Smoking cigarettes (n)

never/past/current 25/5/6
Cadmium in urine (ug/g creatinine)

Mean =SD 1.683+0.96

Median 1.57

Range 0.29-6.01
Pyr in urine (nmol/mmol creatinine)

Mean=SD 43.5+151

Median 42.9

Range 16.0-80.2
DPyr in urine (nmol/mmol creatinine)

Mean = SD 8.9+3.41

Median 8.8

Range 3.0-16.6
Calcium in urine (mg/g creatinine)

Mean =SD 125.6+65.3

Median 117.6

Range 10.2-284.5
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The Spearman rank correlation coefficients for
bone-related variables and urinary cadmium were sho-
wed in Table II. In the investigated group there were
significant positive correlation between cadmium
levels in urine and Pyr and DPyr excretion. None of
the other variables correlated significantly with exa-
mined bone resorption markers excluding calcium

excretion in urine. Excretion of Pyr and DPyr differed
significantly between group with the lowest cadmium
concentration (< 1.2) and group with the highest cad-
mium concentration (> 1.9) what is showed in Figure
1 and 2. In the group with the highest cadmium levels
Pyr and DPyr median values increases of 49,8%
(p=0,012) and 37,5% (p=0,049), respectively.

Tab. Il. Spearman’s rank correlation coefficients for the associations between cadmium exposure and expected factors linked to

bone metabolism

Tab. 1. Wspdtczynniki korelacji rang Spearmana dla zaleznosci pomiedzy narazeniem na kadm i przewidywanymi czynnikami zwig-

zanymi z metabolizmem kosci

Cd urine Cd urine Sex Years. of Weight Pyr urine DPyr urine | Ca urine
meana smoking
Age 0.12 0.03 0.038 —0.09 0.04 0.11 -0.13 —-0.04
Sex (0,1) 0.07 0.14
Years of smoking 0.18 0.19 —0.44*
Weight 0.31 0.40* —-0.07 0.09
Pyr urine 0.49* 0.45* 0.07 —-0.07 0.28
DPyr urine 0.34* 0.45* 0.22 0.05 0.32 0.72**
Ca urine 0.36* 0.36* 0.06 0.18 0.40* 0.46* 0.41*
*p<0,05; ** p<0,001, a — mean value for the present and past (about 1 year earlier) examination
18
%0 p=0.049
80 T frommmmm e
- o
570 N e I B
5 % 12 b L
o T
£50 Swopo e
540 g 8l 12 | 4 |
=30 E* o - 5 iiibA
a [a)
20 af e -4 =
1O b 2
<1.20 1.20-<1.90 >1.90 <1.20 1.20-<1.90 >1.90
Cadmium in urine pg/g creat Cadmium in urine pg/g creat

Fig. 1. Pyridinoline in urine related to urinary cadmium (catego-
rized) in population study. Boxes depict 25", 501, 751
percentiles and whiskers minimum and maximum. Num-
bers inside boxes indicate the number of samples. Value
for difference between the lowest exposed group and
highest exposed group (Kruscal-Wallis test with multiple
comparisons)

Ryc. 1. Zawartos¢ pirydynoliny w moczu w stosunku do zawar-
tosci kadmu w moczu (wartosci skategoryzowane)
w badanej populacji. Ramki oznaczajg 25, 50 i 75 per-
centyl, a wasy minimum i maksimum. Warto$¢ w ramce
oznacza ilos¢ probek. Warto$¢ p dla réznic pomiedzy
grupg o najnizszym a najwyzszym narazeniu (test Krus-
cala-Wallisa z poréwnaniami wielokrotnymi)

Fig. 2. Deoxypyridinoline in urine related to urinary cadmium
(categorized) in population study. Boxes depict 25", 501,
75 percentiles and whiskers minimum and maximum,
excluding outliers (cirkle). p Value for difference between
the lowest exposed group and highest exposed group
(Kruscal-Wallis test with multiple comparisons)

Ryc. 2. Zawartos¢ deoksypirydynoliny w moczu w stosunku do
zawartosci kadmu w moczu (wartosci skategoryzowane)
w badanej populacji. Ramki oznaczajg 25, 50 i 75 per-
centyl, a wagsy minimum i maksimum z wytgczeniem war-
tosci odstajgcych (okrag). Wartos¢ w ramce oznacza
ilos¢ probek. Wartosé p dla réznic pomiedzy grupg
0 najnizszym a najwyzszym narazeniu (test Kruscala-
Wallisa z poréwnaniami wielokrotnymi)
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DISCUSSION

In this study we have observed significant positive
correlation between cadmium body burden reflected
by Cd concentration in urine and urinary Pyr and
DPyr crosslinks excretion. In the last years many of
epidemiological studies also indicated cadmium toxic
action on bone in low environmental exposure level.
Alven et al. found that cadmium dose was inversely
related to forearm Bone Mineral Density (BMD) and
tubular proteinuria particularly in person over 60
years of age [9]. Studies in China reported that cad-
mium exposure was related to kidney tubular damage
and osteoporosis suggesting possible association bet-
ween effects on bones and kidneys [10, 11]. However
according to their resent finding the effects on kidney
showed to be reversible if the exposure to Cd decrea-
sed whereas bone effects seems to persist even after
exposure cessation [12]. In Japanese study Honda et
al. indicated that an index of calcaneal bone mass
was inversely correlated with urinary cadmium in
the absence of kidney damage [13]. Gallangher et al.
found statistically significant association between Cd
exposure and osteoporosis and BMD in the US fema-
le population > 50 years of age and also suggested
direct action of cadmium on bones because of increa-
sed odds for osteoporosis at Cd levels below those
previously associated with renal tubular dysfunction
[14]. In Swedish survey among population with very
low environmental cadmium exposure (GM 0.52
pg/L) Akesson et al. found small but clearly associa-
tion between increasing cadmium body burden and
decreasing BMD as also increasing urinary DPyr mea-
sured in Pyrilinks-D immunoassay [15]. It was sug-
gested that cadmium decreased bone mineral density
through direct osteotoxic effect without earlier cad-
mium-induced renal tubular dysfunction. This fin-
ding was subsequently supported by Belgian study
where Pyr and DPyr crosslinks were positively corre-
lated with 24 h-excretion of cadmium in urine [16].
Direct osteotoxic effects of Cd possibly through acti-
vation of osteoclasts was also suggested on the base
of animal studies [17].

We performed study in a small group of patients
with middle exposure level (GM 1.63 pg/g creatinine).
Nevertheless, our results are in accordance with fin-
ding of cadmium-associated effects on bone-resorp-
tion markers. It also suggests direct action of cad-
mium on bone metabolism with the absence of
earlier kidney effects measured as an increase in
excretion of low-molecular weight proteins and N-
acetylo-B-D-glucosamidase in urine (data not pre-
sented). In opposite to these finding other Japanese
study conducted by Horiguchi et al. did not reveal

any association between Cd exposure and BMD after
adjustment for renal tubular function [18]. Trzcin-
ka-Ochocka et al. also reported any contributions of
cadmium exposure to decreased BMD. Body weight
and additionally age in females and urinary calcium
in males were the only factors influencing BMD in
the mulivariate analysis. It was suggested that this
inconsistencies would be attributed to differences
between population being examined [19]. In study
where the lack of association with cadmium and
BMD was reported mainly young women and men
were recruited whereas older individuals were exa-
mined in other mentioned studies. In our study older
subjects were also examined with mean age of 59
years.

According to many previous finding our study also
indicates increased calcium excretion with higher
cadmium concentration in urine. It is not clear if
increased calcium excretion is connected to kidney
damage or higher rate of bone resorption. The increa-
sed calcium excretion due impaired tubular reabsorp-
tion is suggested as a possible mechanism of cad-
mium effect on bones. However, the findings by
Akesson et al. and Shuttle et al. showed that PTH
(parathyroid hormone) levels were inversely correla-
ted to Cd exposure suggesting that calcynuria was
most likely a consequence of increased bone resorp-
tion rather than decreased tubular calcium reabsorp-
tion [15, 16]. In this second case increased PTH levels
should be expected. Recent study have also revealed
that serum 1,25-dihydroxy vitamin D did not corre-
late with cadmium in urine despite higher markers
of tubular damage and lower BMD in high cadmium
women group compared to the women in the low-
cadmium group [20]. This is in opposite with postu-
lated mechanism of cadmium osteotoxicity by lowe-
ring active form of vitamin D due to kidney
impairment.

Our simple dose-effect analysis showed the influ-
ence of increasing Cd body burden on increased
bone resorption markers. None of the other studied
variables correlated significantly with Pyr and DPyr
excretion in urine. Men exhibited similar levels of
crosslinks in urine as women. Alfen et al. found even
higher OR for osteoporosis for men than for women
in the cadmium dose range of 0.5-3.0 pg/g creatini-
ne [9]. Trzinka-Ochocka et al. also suggested than
men may be more sensitive group for the impact of
Cd on bone density than women besides higher
BMD [19]. After categorization across amount of
cadmium excretion the statistically significant
increase in Pyr and DPyr concentration could be
seen at the highest exposed group with cadmium
excretion over 1.9 pg/g creatinine. Recently estimated
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benchmark dose with 5% additional risk of osteo-
porosis in women due to cadmium ex-posure was
2.9 png Cd/g creatinine and corresponding lower 95%
confidence limit of the benchmark dose was 1.6 pg
Cd/g creatinine [21]. Our results seems to be in
accordance with this estimation however it should
be note that significantly increased odds ratio for
bone effects was observed even at lower exposure
levels. The effects was more pronounced for Pyr than
for DPyr despide that DPyr is suggested to be more
specific marker for bone tissue than Pyr. This obser-
vation is consistent with finding reported by Schutte
et al. which also indicated that Pyr is stronger asso-
ciated with cadmium urinary excretion than DPyr
[16]. To avoid spurious results they used 24-hour
excretion of cadmium with urine. We used creatinine
corrected cadmium, but mean cadmium levels from
two determinations also correlated significantly with
markers of bone resorption.

Unexpectedly cadmium in urine was not correla-
ted to smoking years and smoking status suggesting
other important sources of exposure in the examined
subjects. It is also possible that method based on
questionnaire only and not use more objective met-
hod for smoking status assessment as for example
determination of cotinine concentration in urine may
be a reason for the lack of such associations. Howe-
ver, following Swedish studies on fracture incidents
conducted among men and women cadmium osteo-
toxicity is independent from smoking and especially
evident in never-smokers, which are exposed to cad-
mium mainly via the foods [22, 23].

CONCLUSIONS

We conclude that long-term cadmium exposure
may increase bone resorption at relatively low envi-
ronmental exposure level. This association suggests
that cadmium contributes to bone metabolism and
may increase risk for development of osteoporosis
and occurrence of fracture incidents. Since cadmium
is a widespread contaminant and exposure is com-
mon especially via the foods intensive action toward
decreasing exposure level seems to be strongly recom-
mended.
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