CHAPTER III
RESULTS

3.1 Population characteristics

Seven hundred subjects from 13 villages in Mae Sot were 261 men (37.28%)
and 439 women (62.71%). The averagetstandard deviation of age of men was
55.48+14.01 years whereas of women was 53.04+12.69 years. Body mass index was
ranged between 12.88 to 32.40 kg/m? in men and 10.96 to 38.01 in women. The mean
body mass index of both genders was less than the normal level of 25 kg/m*. Detailed
of the data included weight and height were shown in Table 2.

Farmer was the main occupation of the study subjects (n=362). Number of

smoker (n=263), ex-smoker (n=203) and non-smoker (n=234) subjects were similar in
approximately over 200 people but number of men smoker (n=157) were more than
women (n=106) (Table 3).

Number of subjects with hypertension (n=131) was more than subjects with
diabetes (n=55) and hypercholesterolemia (n=113). Details of the data in men and
women were separately shown in Table 3.

Rice was a staple food of Thai population and it was proposed as a main
source of cadmium (Cd) exposure in these inhabitants. Most men ate sticky rice more
than women in approximately 850 g/day but 660 g/day by women. Amount of
cadmium contaminated in rice was not investigated in this study, therefore, the result

of this finding was discussed in Chapter IV referring to previous study.
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3.2 Cadmium exposure

Blood cadmium levels among the study inhabitants (n=700) were shown in
Table 4 and Figure 5 in both men (n=261) and women (n=439). Men below 39 years
old had blood cadmium higher than women below the same age significantly with p
<0.001 but in other age groups, blood cadmium in men and women were not
significantly different. The levels of blood cadmium increased when age increased in
both men and women except at the eldest people group aged over 70 years old.
However, total blood cadmium in men and women were not significantly different.
The significant result was the average levels of blood cadmium in the study subjects
were higher than the reported cadmium levels in normal Thai population'** indicated
high cadmium exposure of the Mae Sot inhabitants.

In accordant to high levels of blood cadmium in the study subjects, the
urinary cadmium in both men and women were also high (Table 5 and Figure 6). The
average of urinary cadmium of the subjects were 3 times higher than accepted level of
normal people at the concentration of 2 pg/g Cr reported by WHO in 1999 Urinary
cadmium was also increased when age increased except in the eldest people group

aged over 70 years old.

3.3 Exposure to cadmium, occupation and smoking status adjusted by age
Relations between blood and urinary cadmium and occupation and smoking
habit or status adjusted by age with generalized linear model are shown in Table 6 &
7. Farmers had the highest levels of blood and urinary cadmium at the concentrations
of 6.08+1.13 pg/l and 7.27+1.13 pg/g Cr, respectively, which were higher than those

of other occupations in both men and women. The employee and subjects with other
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occupations showed the lowest blood and urinary cadmium levels at the
concentrations of 4.44+1.24 pg/l and 5.30+1.24 pg/g Cr, respectively. However,
smoking men had blood cadmium concentrations (7.31+1.20 pg/l) but not urinary
cadmium concentration (6.38+1.20 pg/g Cr) higher than women (6.39+1.26 ng/l and
7.16+1.26 pg/g Cr, respectively). All of these differences were not statistically
significant. An interesting data found was smoking women apparently had lower
levels of urinary cadmium than non-smokers which led us to assume that the Mae Sot
women would have exposed to other source of polluted cadmium such as local rice

grown in the area, not from the cigarette smoke.

3.4 Correlation of blood and urinary cadmium
Positive correlation of blood and urinary cadmium was significantly shown by
scatter plot and Spearman rho correlation coefficient values of 0.669 and 0.671 in

men (n=239) and women (n=441), respectively (Figure 7).

3.5 Renal dysfunction biomarkers

Concentrations of B,-MG and NAG, the biomarkers of proximal tubular
dysfunction, and serum cystain C, the biomarker of glomerular dysfunction were
shown in Table 8 in comparison to blood and urinary cadmium between 700 Mae Sot
inhabitants. Mean + standard deviation of B,-MG in men (367.96 + 9.45 pg /g Cr)
was significantly (p<0.001) higher than women (182.60 + 6.05 pg /g Cr). Whereas
the NAG concentrations of men and women were not significantly different. Mean +
standard deviation of serum cystatin C in men (1.17 + 1.36 mg/l) was significantly

higher than those of serum cystacin C in women (1.05 + 1.35 mg/l) with p<0.001.
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These results indicate that both proximal tubule and glomerular of the nephrons of
Mae Sot people in average are not in normal functions even though the NAG levels

are still appeared to be normal.

3.6 Cadmium exposure VS renal and bone markers

The mean and range of subject age, blood and urinary cadmium, renal
dysfunction markers (urinary B,-MG and NAG, serum octeocalcin), bone resorption
markers (urinary DPD and NTXx), urinary calcium and fractinal calcium excretion
(FECa) in 412 subjects (men=156, women=256) whose age over 50 years were shown
in Table 9 indicated high exposure to cadmium affected to renal tubular function and
bone metabolism. The mean age and B,-MG concentrations were significantly higher
in men than women. Whereas, urinary calcium, DPD and NTx were significantly
higher in women than men.

The concentrations of both bone resorption markers in the average urine
samples were higher than the bone fracture risk cutoff values proposed by Nishizawa
et al. (2004)"** (viz, DPD >7.6 nmol/mmol Cr and NTx > 54.3 nmol BCE/mmol Cr).
Average concentrations of urinary cadmium and NAG, serum calcium and FECa

were not significantly different between men and women.

3.7 Dose-response relationship between cadmium exposure and renal and bone
markers

Dose-response relationship between urinary cadmium and the renal and bone
markers concentrations were investigated by grouping the subjects according to the

urinary excretion of cadmium. A low level exposure group (n=20) was defined with
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<2 ng Cd/g Cr; a medium exposure group (n=86 and 190) with 2-5 and 5-10 pg Cd/g
Cr, respectively; and a very high exposure group (n=116) with >10 pg Cd/g Cr (Table
10 and 11).

The average concentrations of the renal and bone markers increased with
rising cadmium exposure and the fractional excretion of calcium also increased,
especially in women. There was also a slight decrease in serum calcium in women
participants, indicative of calcium reabsorption impairment. Bone resorption
acceleration was also evident, especially among subjects with high urinary cadmium
excretion >10 pg Cd/g Cr.

A comparison of excreted urinary renal and bone markers in the high (>10 pg
Cd/g Cr) and medium (5-10 pg Cd/g Cr) cadmium exposure groups showed NAG was
significantly high in both genders. Whereas in women, urinary B,-MG, fractional
excretion of calcium and NTx were all significantly different.

These results show that high cadmium concentrations affected the renal
function, accelerated bone resorption and impaired calcium reabsorption in elderly

Thai women more than in men.

3.8 Gender dependent correlation between cadmium exposure, renal
dysfunction and bone metabolism impairment

The correlation between cadmium exposure and urinary renal tubular
dysfunction and bone metabolism impairment was analyzed and used Spearman’s rho
value to estimate the strength of the correlation (Table 12). Blood and urinary
cadmium showed positive correlation with the bone markers. Interestingly, both bone

resorption markers (DPD and NTx), were significantly correlated to the urinary
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cadmium concentrations in men but only NTx was highly correlated to the urinary
cadmium concentrations in women. Blood cadmium was significantly correlated with
DPD in men and correlated with osteocalcin, DPD and NTx in women.

A highly significant positive correlation between NTx and urinary cadmium
and FECa in women was clear (Figure 8 and Figure 9) with » = 0.231, p <0.001 and r
= 0.440, p <0.001, respectively. In addition, the bone formation markers, serum
osteocalcin, was well correlated to age in both men and women but age and bone
resorption markers (DPD and NTx) in both genders were not correlated (Spearman’s
rho value was below 0.1). The renal dysfunction markers in both men and women
were positively correlated with the serum osteocalcin values. However, only the NTx
in men and the DPD in women were highly correlated with the renal markers.

Urinary cadmium related well to DPD and NTx but showed no relation with
serum osteocalcin. On the other hand, blood cadmium showed positively significant
relation to all of bone markers. B,-MG showed significant relation to every bone
markers for both adjusting by urinary cadmium or blood cadmium. FECa was a strong
explanatory variable of NTx with unstandardized coefficient 0.257 adjusted by
urinary cadmium and 0.263 adjusted by blood cadmium (Table 13 and Table 14).

Unexpectedly, the DPD was inversely correlated to the urinary B,-MG in
women, whereas NTx was positively related to urinary B,-MG, NAG and FECa
independent of blood and urinary cadmium and age. Serum osteocalcin was also
positively related to urinary P,-microglobulin in both genders and only to urinary

NAG in women.
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3.9 Anemia prevalence among inhabitants in cadmium polluted area
Hemoglobin (Hb) in the subjects range between 3.30-18.20 g/dl (6.70-18.20
g/dl in men and 3.30-16.60 g/dl in women). Urinary cadmium of anemia subjects was
significantly higher than non-anemia subjects (p<0.05) (Table 15). Red blood cell
counts was also low in both men (4.53+0.98 10°/ul) and women (4.42+0.83 10°/ul)
whereas MCV of anemic men was within normal range but in women the MCV
(78.57+11.29 fl) was lower than the normal values. Means values of MCH and
MCHC in both anemic men and women were lower than the normal reference level
whereas RDW(%) in both genders were higher than the reference level (Table 15).
Blood indices levels of anemia subjects were shown according to urinary
cadmium levels in Table 16. Even though the mean level of red blood cells of the
women who had anemia with urinary cadmium below 2 pg/g Cr was higher than those
of other studied group, but this relation was not statistically significant (p=0.072).
Mean of RDW of the anemic women with urinary cadmium below <2 pg/g Cr was
higher than other groups (ANOVA p-value = 0.019). Moreover, the Hb, Het, MCV,
MCH and MCHC showed no relation to the urinary cadmium levels in both genders.
Correlations between Hb and Hct and age, BMI, cadmium exposure markers
and renal dysfunction markers were determined by Spearman’s rho analysis (Table
16). In men, Hb and Hct showed significant correlation with age, BMI, urinary
cadmium, B,-MG, NAG and cystatin C. The Hb values showed strong negative
correlation to age (r=-0.498, p<0.001). In women, Hb and Hct showed significant
correlation with age, BMI, blood cadmium, ,-MG, NAG and cystatin C. In addition,
Hb values showed negative correlation to urinary cadmium in both genders and this

correlation was statistically significant in only men (Figure 10). Age was also showed



60

significant relation to anemia prevalence in men (p<0.001) and borderline significant
in women (p=0.055)(Table 17).

Table 18 and 19 showed the relation between renal dysfunction severity and
anemia. Even though urinary cadmium showed no relation to anemia prevalence (Chi-
square p-value = 0.228) but anemia prevalence in people with urinary cadmium >10
ng/g Cr was higher than others (30.65%). Anemia prevalence in the subjects with [3,-
MG > 1,000 pg/g Cr was 37.97% which was significantly higher than those of f,-MG
<400 and 400-1,000 pg/g Cr. The prevalence of anemia in the subjects with NAG >8
unit/g Cr (41.38%) was significantly higher than others. Cystatin C also showed
significant relation to anemia prevalence, the prevalence of anemia in the subjects
with cystatin C >1.4 mg/l was 50.91% which was higher than other subjects.

In women, urinary cadmium showed significant relation to anemia prevalence
with Chi-square p-value = 0.034 and the prevalence of anemia in urinary cadmium
>10 pg/g Cr (32.50%) was higher than other subjects (Table 19). ,-MG, NAG and
cystatin C showed substantial significant relation to anemia prevalence (p<0.001).
The prevalence of anemia in ,-MG >1,000 pg/g Cr, NAG >8 Unit/g Cr and cystatin
C >1.4 mg/l was 42.86%, 33.33% and 41.67%, respectively, which was higher than
other groups significantly (p<0.001).

The relations between an increase prevalence of anemia and age, urinary
cadmium, renal dysfunction markers were verified by logistic regression model
(Table 20 and 21). Age was a significant related to anemia prevalence in men
(expected odds p-value<0.001) whereas urinary cadmium and renal dysfunction
markers were not. The expected odds ratio of women with ,-MG >1,000 was 2.77

with statistically significance (p<0.001). The odds ratios of women with NAG>8



61

unit/g Cr and cystatin C >1.4 mg/l were 3.28 and 2.86, respectively (p<0.05). The
Nagelkerke R square in model included age, log urinary cadmium and (,-MG of
women were higher than the model included NAG or cystatin C (R>=0.07 vs 0.05 and

0.05, respectively).

3.10 Effect of cadmium on hFOB 1.19 mRNA expression

Morphology of the human fetal osteoblast like cells (hFOB cells) after treated
with CdCl, concentrations of 0.31-2.50 uM was similar to the control cells showing
their cell’s adherence without round shape cells or cell scrum. At CdCl, concentration
of 10.00 pM, there were round shape cells shown with detached cells. Cell
detachment was dominantly shown at the CdCl, concentration of 20 uM and healthy
cell population in the culture media was diminished after treatment with CdCl,
concentration of 40 uM (Figure 11).

LC50 of CdCl; was calculated (Figure 12) and shown at the concentration of
23.17 uM whereas LC20 was 7.72 uM. Figure 13 shows high correlation between the
two cytotoxicity assays, MTT and trypan blue exclusion asssays with correlation
coefficient of 0.817. Therefore, the LC20 obtained from the MTT assay was chosen to
use for the gene expression experiments.

The expression of osteocalcin (OC), bone alkaline phosphatase (ALP), type I
collagen (Col1Al), RANKL and OPG genes of the hFOB 1.19 cells after treatment
with CdCl, solution were investigated and found that only the OC, CollAl and OPG
mRNA were detected in every determined condition but not the ALP and RANKL

mRNA using dexamethasone 1 x 10° M as positive control (Figure 14).
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The expression of Coll A1 was not related to concentration of CdCl, and at the
concentration of 7.72 uM the mRNA level was decreased to 0.509 fold of the control
(Figure 14). Even though there was no relation between CdCl, concentrations and the
genes expression, the CdCl, at the concentrations of 1.83, 3.86 and 7.72 uM showed
an increased of the OPG gene expression more than the control and CdCl, at the
concentration of 7.72 pM showed the highest OPG gene expression in all
experimental conditions (4.344+0.786 folds compared to the control). However, the
results need more experiments to clarify assumption that cadmium has a direct effect

to the osteoblast causes several genes expression as it’s mechanism of toxicity.
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Figure 5 Histograms of blood cadmium (B-Cd) concentrations distribution according
to age groups in men (left panel) and women (right panel) who live in Mae Sot, the
cadmium polluted area.

Table 4 Mean + standard deviation of blood cadmium (B-Cd) distribution according
to age groups in both men and women who live in Mae Sot, the cadmium polluted
area.

Men Women
(‘:ffs) N B-Cd(pg) ANOVA N B-Cd (pg/) ANOVA
Y Mean S.D.  p-value Mean S.D. p-value
<39 30 555 171 0.053 70 3.67 1.83 <0.001
40-49 72 6.08 191 109 450 2.22
50-59 52 674  1.88 118 5.69 1.92 ik
60-69 54 784  1.80 95 5.65 2.04 kx*
>70 53 727 1.76 47 513 180 *
Total 261 671 184 439 494 2.02

* p<0.05 compared to the group of subjects <39 years
*#%p<0.001 compared to the group of subjects <39 years
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Figure 6 Histograms of urinary cadmium (U-Cd) concentrations distribution
according to age groups in men (left panel) and women (right panel) who live in Mae
Sot, the cadmium polluted area.

Table S Mean + standard deviation of urinary cadmium (U-Cd) distribution according
to age groups in both men and women who live in Mae Sot, the cadmium polluted
area.

Men Women

(y‘:ffs) N U-Cd(ug/gCr) ANOVA N U-Cd (ug/gCr) ANOVA

Mean S.D. p-value Mean S.D. p-value
<39 30 5.62 1.93 0.344 70 6.35 1.83 0.182
40-49 72 5.87 1.79 109 6.54 2.07
50-59 52 7.05 2.03 118 7.61 1.86
60-69 54  6.88 1.69 95 7.48 1.96
>70 53  6.28 2.02 47 6.49 1.80

Total 261  6.35 1.88 439 6.97 1.93
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Table 17 Correlation between hemoglobin (Hb) & hematocrit (Hct), and cadmium
concentrations in blood and urine, renal markers, age and body mass index (BMI) in
all of the study subjects living in the cadmium polluted area

Men (n=261) Women (n=439) Total (n=700)
Hb Het Hb Het Hb Het
Age(year) 20.498%%% 0. 481%* 0,193 %%x 0, 195%kx  -0.264%FF 0264 %
BMI(km/m?) 0.323%%% (303***  (.102*  0.108* 0.100%*  0.093
B-Cd (ug/l) 20.026  -0.019 0.106*  0.135% 0.136%** 0157 s
U-Cd (ug/g Cr)  -0.168**  -0.18**  -0.085 -0.076 -0.1327%%% - -0.128 s
B-MG (ug/g Cr)  -0.437#%x _0.442%*x  0.151%* .0.163***  -0.204%%% -0.210 s
NAG (Unt/g Cr)  -0.387%%* _0.412%%* . [9]*** _0201***  -0279%**  -0.290sxx
Cystatin C (mg/l) ~ -0.477#%% 0473 0, 198%** _0.195%**  _0209%** _0.2]0***

The correlations were expressed as Spearman rho coefficient values
*p<0.05, **p<0.01, ***p<0.001
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Table 18 Relation between anemia prevalence in 5 age groups among the study
subjects

Age (vears) Anemia Non-anemia Total Chi-square
N (% ) N (% ) N ( % ) p-value

Men

<39 4 (13.33) 26 ( 86.67 ) 30 (100 ) <0.001

40-49 4 (556) 68 (94.44) 72 (100 )

50-59 11 (21.15) 41 ( 78.85) 52 (100 )

60-69 12 (2222) 42 (7778 ) 54 (100 )

>70 29 (54.72) 24 (145.28) 53 (100 )

Total 60 (22.99) 201 ( 77.01 ) 261 (100 )

Women

<39 16 (22.86) 54 (77.14) 70 (100 ) 0.055

40-49 16 (14.68) 93 (8532) 109 (100 )

50-59 29 (24.58) 89 (7542) 118 ( 100 )

60-69 24 (25.26) 71 (74.74) 95 (100 )

>70 17 (36.17) 30 (63.83) 47 (100 )

Total 102 (23.23) 337 (76.77) 439 (100 )

Anemia = Hb<13 g/dl in men and <12 g/dl in women
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Figure 12 Cytotoxicity of cadmium chloride (CdCl,) in human fetal osteoblasts like
cells (hWFOB 1.19) after 24 h treatment using MTT assay, the data expressed as %cell

survival compared to non-treated cells and calculated for lethal concentrations, LC20
and LC50
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Figure 13 Correlation of %hFOB cell viability between MTT and trypan blue
exclusion assays after treatment with CdCl; solution, r = Spearman rho’s correlation
coefficient.
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Figure 14 Expression of osteocalcin, typel collagen and OPG genes of the human
fetal osteoblast like cells (hFOB cell) after 24 hr treatment with CdCl, concentrations
of 0.96, 1.83, 3.86 and 7.72 uM and 10™° M of dexamethasone (Dex) compared to the
results from media control"**.





