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ABSTRACT 

 

Residents of the Mae Sot district, Tak province in Thailand are exposed to 

high levels of cadmium, a toxic metal that is concentrated in the soil and rice in this 

region.  We hypothesized that chronic cadmium exposure was a risk factor for 

accelerated bone resorption, anemia, and renal tubular dysfunction. We assayed blood 

and urinary cadmium levels in addition to biomarkers of bone metabolism, renal 

tubular dysfunction, and anemia in 700 subjects with a history of elevated urinary 

cadmium.  We also performed in vitro studies using the human fetal osteoblast like 
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cell line to determine if cadmium exposure impacted the mRNA expression of 

osteocalcin, bone alkaline phosphatase, type I collagen (Col1A1), receptor activator 

for nuclear factor � B ligand (RANKL) and osteoprotegerin (OPG). Gene expression 

was determined by using reverse transcription-real time polymerase chain reaction 

after treatment of the cells with cadmium chloride solution. 

 The study subject included 261 men and 439 women.  The average levels of 

blood cadmium were, 6.71+1.84 �g/l in men and 4.94+2.02 �g/l in women, which is 

higher than reported cadmium levels from a normal Thai population (0.45-2.11 �g/l). 

Furthermore, urinary cadmium levels were 3 times higher than the safe level of 2 �g/g 

creatinine (Cr), established by the World Health Organization.  Farmers had higher 

levels of blood and urinary cadmium than those of other occupations.   

To determine if an association exists between cadmium exposure and bone 

metabolism, we measured the bone resorption markers, urinary deoxypyridinoline 

(DPD) and type I collagen crosslinked N-telopeptide (NTx), in subjects >50 years old 

(men=156, women=256).  Both DPD (5.22+1.39 nmol/mmol Cr in men; 8.30+1.44 

nmol/mmol Cr in women) and NTx (43.50+1.80 nmol/mmol in men; 65.16+1.77 

nmol/mmol in women) were directly associated with cadmium concentration and the 

ratio of excreted calcium.  The concentrations of bone resorption markers in women 

were higher than the bone fracture risk cutoff values previously proposed (viz, DPD 

>7.6 nmol/mmol Cr and NTx >54.3 nmol BCE/mmol Cr).  Multivariate regression 

analysis indicated that bone resorption was accelerated by impaired calcium 

reabsorption in renal tubules, especially among subjects with high urinary cadmium 

excretion >10 �g/g Cr. 
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 The subjects also had high levels of the renal dysfunction markers, �2–

microglobulin (�2-MG =237.14+7.43 �g/g Cr; reported normal levels =156+3.10 �g/g 

Cr) but not N-acetyl-�-D-glucosaminidase (NAG =5.52+1.86 unit/g Cr; reported 

normal levels =4.40+1.90 unit/g Cr) and serum cystatin C (1.09+1.36 mg/l; reported 

normal level <1.4 mg/l).  Urinary cadmium concentrations were directly associated 

with renal markers of renal tubular dysfunction (p<0.05). 

 Anemia (defined as hemoglobin <13 g/dl in men and <12 g/dl in women) was 

found in 162 subjects (60 men and 102 women).  In anemic subjects, urinary 

cadmium (7.52+2.01�g/g Cr) was significantly higher than non-anemia subjects 

(6.51+1.88�g/g Cr), [p<0.05].  Concentrations of �2-MG showed a stronger relation to 

an increase anemia prevalence than the NAG and cystatin C.  Women with levels 

>1,000 �g/g Cr were 2.77  times more likely to be anemic than women with �2-MG 

levels <400 �g/g Cr (p<0.001), whereas the probability in men was 1.61  In addition, 

the odds ratio of women with NAG >8 unit/g Cr and cystatin C >1.4 mg/l were also 

significantly different from the other groups (p<0.05). 

 Expression of the mRNA of osteocalcin, Col1A1 and OPG genes of the hFOB 

cells were detected after treatment with a CdCl2 solution concentration of 7.72 �M 

(LC20) but not the mRNA of bone alkaline phosphatase and RANKL genes.  

However, an expression of all detected genes need more experiments to clarify the 

assumption that cadmium has a direct effect to the osteoblasts which causes several 

genes expression as its direct mechanism of bone toxicity. The differentiating factors 

should be considered to achieve suitable condition for osteoblast gene expression 

experiment. 
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In conclusion, chronic cadmium exposure is associated with osteopathy and 

nephropathy in the Mae Sot district, Tak province of Thailand.  This association is 

particularly pronounced in women. The prevalence of anemia among our study 

subjects was higher than the general population, which may be a consequence of 

elevated cadmium levels.  Clinical interventions should be implemented in the Mae 

Sot community to address this increased risk of osteopathy, nephropathy, and other 

health risks associated with cadmium toxicity. 
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