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ABSTRACT

Background: In Thailand, a high Cadmium (Cd) levels were observed in the northwestern 
population, especially in Mae Sot District, Tak Province. However, the association 
between urinary cadmium level and changes in renal biomarkers after long-term 
expose has not been studied, especially in case of low-level Cd exposures.   
 

Objectives: The main focus of this study was to investigate the associations between 
urinary cadmium levels and renal biomarkers in the northwestern Thai population. 

Materials and methods: A total of 817 persons (males=309, females=508) living in 
Cd-polluted area of Mae Sot district were participated in this study. The urinary 
cadmium level was analyzed using graphite furnace atomic absorption spectrometry 
(GFAAS). Two renal biochemical markers were selected, namely urinary alpha-1-microglobulin 
and microalbuminuria.

Results and Conclusion: The geometric mean concentration for urinary cadmium 
was 3.67(±3.08) µg/gm creatinine and 4.83(±3.82) µg/gm creatinine in adult males 
and females, respectively. Based on correlation analysis, the urinary cadmium level 
was positively correlated with age, years of residence, microalbuminuria and urinary 
alpha-1 microglobulin in both male and female. While a significant inverse correlation 
was found between the urinary cadmium level and BMI. Linear regression analysis 
yielded that alpha-1-microglobulin and microalbuminuria were significantly increased 
with increasing of urinary cadmium levels. Interestingly, the prevalence of increased 
alpha-1 microglobulin was higher than the prevalence of increased microalbuminuria 
in subjects with low urinary cadmium levels. The findings of this study indicate 
that urinary alpha-1 microglobulin showed a best of biomarker for monitoring the 
low-level of Cd exposure in both populations.
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	 Cadmium (Cd) pollution has become an issue of public 
health concern and associated with nephrotoxic effects as 
well as noncommunicable diseases such as cardiovascular 
disease, diabetes mellitus.1-3 Primary sources of Cd exposure 
are natural components (soils, air, water), cigarette smoke, 

Introduction dietary intake and anthropogenic activities from industrial 
production such as batteries, plastic and synthetic materials.4-6 
Continuous exposure to Cd has been linked to bioaccumulation 
in living organisms and potential adverse health effects in 
human especially people living in contaminated areas.5,7,8 
In the northwest of Thailand, the cadmium contaminated 
areas were located in Mae Sot District, Tak Province. Major 
contamination source is believed to be a zinc mine nearby 
two creeks of Mae Tao and Mae Ku which had been operated 
more than 20 years.9  As a result of this mining activities, 
increasing cadmium levels have been recorded in the 
areas by heavy metal monitoring scheme.10 Several studies 
have shown a degree of cadmium contaminated from food 
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Materials and methods

Study subject and study site
	 The study was conducted in northwest Thai population 
at Tak Province. A total of 817 subjects were recruited 
including 309 males and 508 females. This study was approved 
by the Ethical Review Committee for Research in Human 
Subjects at Department of Medical Sciences, Ministry of 
Public Health, Thailand (Protocol No. 2/2014). All participants 
signed a written informed consent form. Demographics 
information, health behavior, education and occupation 
were administered. 

Urine sample collection and urinary cadmium determination
	 Urine samples were collected from all subjects.  
Urine volume was measured and 30-50 mL was collected 
in 100 mL polypropylene tube before being stores at 4-8 °C 
for alpha-1 microglobulin and –20°C for creatinine as well 
as urinary Cd until analysis. 

Biochemical markers and urinary Cd analyses
	 Analysis of the urine samples were performed at 
Toxicology center, National Institute of Health (Department 
of Medical Sciences, Ministry of Public Health). Using an 
automated analyzer (Beckman coulter, AU 480 chemistry 
System), the following urinary analyses were analyzed, 
according to manufacturer’s instructions: creatinine according 
to the kinetic Jaffe method (compensated, rate blanked), 
microalbuminuria measured by turbidimetry and urinary 
alpha-1 microglobulin based on immunological agglutination. 

 

	 Urinary cadmium levels were analyzed using graphite 
furnace atomic absorption spectrometry (GFAAS) (Perkin 
Elmer, Analyst 600). Urine sample and standard were 
diluted 1: 5 in modifier (0.1% triton x-100, 0.2% ammonium 
dihydrogen phosphate and 0.2% magnesium nitrate). 
The electrodeless discharge lamp (EDL) was used with the 
228.8 nm wavelength cadmium line. 

Data and statistical analysis
	 Statistical analysis were carried out on all 817 urine 
samples. Values below the limit of quantitation (LOQ) 
were treated as half of this limit, i.e. 0.25 µg/gm creatinine. 
Pearson’s correlation coefficient was used to measures the 
statistical association between the two variables. Linear 
regression analysis was performed to determine the 
relationships between urinary Cd and two renal biomarkers 
as well as demographic parameters. The statistical analysis 
was analyzed using SPSS Statistics (version 27.0.1.0, IBM). 
Reference values used for urinary cadmium were published 
by the German Commission on Human Biological Monitoring.15 
In adults >25 years old, urinary cadmium concentrations 
below the lower HBM I level (2 µg/gm creatinine) are not 
considered to be a risk of advance health effects, whereas 
concentrations above HBM II (5 µg/gm creatinine) are 
increased risk of adverse health effects in susceptible 
individuals in the general population.15 For two renal 
biomarkers, the cut-off values microalbuminuria levels 
above 20 mg/L indicate abnormal albuminuria and the cut-off 
values of urinary alpha-1 microglobulin above 15 mg/gm 
creatinine was assumed tubular dysfunction.16

Descriptive profile
	 Characteristics of the study population are summarized 
in Table 1. A total of 817 subjects (309 males, 508 females) 
were included for statistical analysis. Subjects were in their 
mid-50s and the mean years of residence was 54 years 
(SD 16, with ranges of 3 to 91 years) in males and 53 years 
(SD 14, with ranges of 3 to 83 years) in females. Geometric 
mean level of urinary cadmium was 3.67±3.08 µg/gm 
creatinine in males and 4.83±3.82 µg/gm creatinine in 
females. The urinary-Cd levels ranged from 0.25 to 21.53 in 
male and 0.25 to 24.00 µg/gm creatinine in female participants. 
Twenty male and 22 female participants had urinary Cd levels 
below the LOQ. GM concentration of microalbuminuria 
was 21.55 mg/L (SD 45.03, with ranges of 0.45-281.64 
mg/L) in males and 17.95 mg/L (SD 39.94 with ranges of 
0.45-281.64 mg/L) in females. GM concentration of alpha-1 
microglobulin was 25.23 mg/gm creatinine (SD 27.11, with 
ranges of 1.87-258.94 mg/gm creatinine) in males and 
24.51 mg/gm creatinine (SD 36.42 with ranges of 2.09-425.79 
mg/gm creatinine) in females.

Results

chain to local population living in the areas.7-9,11,12

	 Cadmium toxicity refers to the level of tubular 
dysfunction, which is diagnosed by increased urinary 
excretion of low molecular weight proteins such as alpha-1 
microglobulin (α1-MG), beta-2 microglobulin (β2-MG), 
retinol-binding protein (RBP), metallothionine (MT), 
microalbuminuria and kidney injury molecule-1(KIM-1).5, 7, 11-14 
These biomarkers can reflect the early changes and the late 
stage of renal function. Using the German Commission on 
Human Biological Monitoring (HBM) recommended two 
different reference values for Cd in urine for the general 
population based on toxicology and epidemiology studies, 
HBM I (2 µg/gm creatinine) and HBM II (5 µg/gm creatinine).15 
The concentrations below the lower HBM I level are not 
considered to be a risk for the general population, while 
concentrations above HBM II indicate an increased risk 
of adverse health effects in susceptible individuals of the 
general population.15

	 In the present study, we investigated the relationships 
between two renal biomarkers, namely alpha-1 microglobulin 
and microalbuminuria with urinary excretion of cadmium 
from 817 subjects living around the cadmium contaminated 
area of Mae Sot District, Tak Province. Based on the cut-off 
values, the level of microalbuminuria below 20 mg/L indicate 
normal albuminuria whereas level of urinary alpha-1 
microglobulin above 15 mg/gm creatinine is assumed 
tubular dysfunction.16, 17
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Urinary Cd, microalbuminuria and urinary alpha-1 microglobulin 
among study subjects
	 Standard reference urinary cadmium values of HBM 
I and HBM II were exceeded among the male participants 
by 134 (44%) and 75 (24%) males respectively, whereas 
among the female participants, by 213(42%) and 188 (37%) 
females respectively (Table 2). The normal cut-off microal-
buminuria values (<20 mg/L) were exceeded among the male 
participants by 62 (20%) males and the female participants 
by 92 (18%) females. While the normal cut-off alpha-1 
microglobulin values (<15 mg/gm creatinine) were exceeded 

Table 1 �Characteristics of the study population.

Gender Characteristics/Parameters Mean±SD 
(min-max)

Males (n=309) Age (years) 58±11
(35-91)

Body mass index (kg/m2) 24±4
(15-38)

Years of residence (years) 54±16
(3-91)

Urinary-Cd (µg/gm creatinine) 3.67±3.08
(0.25-21.53)

microalbuminuria (mg/L) 21.55±45.03
(0.45-281.64)

alpha-1microglobulin (mg/g creatinine) 25.23±27.11
(1.87-258.94)

Females (n=508) Age (years) 56±11
(35-84)

Body mass index (kg/m2) 24±4
(14-38)

Years of residence (years) 53±14
(3-83)

Urinary-Cd (µg/gm creatinine) 4.83±3.82
(0.25-24.00)

microalbuminuria (mg/L) 17.95±39.94
(0.45-281.64)

alpha-1 microglobulin (mg/gm creatinine) 24.51±36.42
(2.09-425.79)

among the male participants by 180 (58%) males and the 
female participants by 235 (46%) females. Subjects were 
classified into three groups with low-exposure (urinary-Cd 
level below 2 µg/gm creatinine), middle-exposure (urinary-Cd 
level between 2-5 µg/gm creatinine) and high-exposure 
(urinary-Cd level >5 µg/gm creatinine) (Table 2). Increasing 
urinary alpha-1 microglobulin levels were detected in both 
male and female populations exposed to lower cadmium 
levels (<2 µg/gm creatinine). While increasing microalbuminuria 
levels were cross-sectionally associated with increased urinary 
cadmium levels in both populations.
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Table 2 �Urinary Cd levels by the degree of microalbuminuria and urinary alpha-1 microglobulin among study subjects.

Gender Urinary Cd levels 
(µg/g creatinine) N (%) N (%) with microalbuminuria 

>20 mg/L
N (%) with alpha-1 microglobulin 

>15 mg/gm creatinine
Males <2 100 13 (13%) 49 (49%)

(32%)
2-5 134 28 (21%) 81 (60%)

(44%)
>5 75 (24%) 21(28%) 50 (67%)

Females <2 107 7 (7%) 43 (40%)
(21%)

2-5 213 (42%) 37 (17%) 86 (40%)
>5 188 48 (26%) 106 (56%)

 (37%)

Correlation and linear regression analysis of the determinant 
parameters
	 Correlation analysis between urinary-Cd and renal 
biochemical makers are summarized in Table 3. The urinary 
cadmium level was positively correlated with age (males: 
0.184 p<0.001 & females: 0.226, p<0.001), and years of 
residence (males: 0.228 p<0.001& females: 0.243, p<0.001), 
microalbuminuria (males: 0.274, p<0.001 & females: 0.174, 
p<0.001) and alpha-1 microglobulin (males: 0.133, p<0.05 
& females: 0.175, p<0.001) concentrations. Furthermore, 

the urinary cadmium levels revealed a significant inverse 
correlation with BMI (males: -0.161 p<0.05 & females: 
-0.207, p<0.001). 
	 The regression analysis yielded that alpha-1 microglobulin 
and microalbuminuria significantly increased with increasing 
urinary cadmium levels (Table 4). Moreover, two demographic 
parameters (age & years of residence) significantly increased 
with increasing of two renal biomarkers. Interestingly, the 
BMI was significantly associated with alpha-1 microglobulin 
levels in an inverse manner (Table 4). 

Table 3 �Pearson correlation coefficient analysis between urinary-Cd and parameters.

Parameters Correlations Male Female
Age (years) r 0.184** 0.226**

Significant (2-tailed) <0.001 <0.001
BMI (kg/m2) r -0.161* -0.207**

Significant (2-tailed) 0.004 <0.001
Years of residence (years) r 0.228** 0.243**

Significant (2-tailed) <0.001 <0.001
microalbuminuria (mg/L) r 0.274** 0.174**

Significant (2-tailed) <0.001 <0.001
alpha-1 microglobulin (mg/gm creatinine) r 0.133* 0.175**

Significant (2-tailed) 0.020 <0.001
* Correlation is significant at 0.05 level **Correlation is significant at 0.01 level.
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Discussion

	 Cadmium (Cd) is one of serious health and environment 
problems in several countries. Due to the toxicant is 
non-biodegradable with a long biological half-life approximately 
10 to 30 years.3,18 Generally, the biomonitoring of Cd exposure 
in human can be assessed in urine for long-term exposure 
and in blood for a short period of time or recently exposed.19 
The survey of Cd-contamination in Thailand has been reported 
by several authors.6-10, 14 The highest mean level of urinary 
cadmium was recorded in the subjects from northern 
(Mae Sot, Tak Province) and followed by the subjects from 
northeastern and central part of the country.5 Swaddiwudhipong 
and colleagues was surveyed 7,697 subjects in Mae Sot 
District, Tak Province.9 They reported that 4.9% of subjects 
had Cd levels between 5 to 10 µg/gm creatinine and 2.5% 
of subjects showed a Cd levels more than 10 µg/gm creatinine.9 

	 In present study, we conducted a cross-sectional study 
among general population of Tak Province which is historically 
exposed to cadmium. Two biomarkers were used to assess the 
expression of renal function, namely alpha-1 microglobulin 
and microalbuminuria. The alpha-1 microglobulin is a low 
molecular weight protein that can pass through the glomerulus.16 
Increasing of the alpha-1 microglobulin in urine indicate 
early renal tubular dysfunction.15, 16, 18 In term of microal-
buminuria is described as the urinary albumin excretion of 
20 to 200 mg/L.17 The urinary albumin excretion below 
20 mg/L define as normoalbuminuria while the value exceed 
200 mg/L define as macroalbuminuria indicating an end-stage 
renal impairment within 10 to 20 years.17 Based on this 
property, alpha-1 microglobulin and microalbuminuria have 
been studied as a renal biomarker in various diseases such 

as diabetes mellitus, hypertension and heavy metal intoxi-
cation.1, 3, 16, 18

	 Of the 817 subjects surveyed, the total geometric 
mean level of urinary cadmium from males did exceed 
regulatory limits of the Commission of Human Biological 
Monitoring.15 Amongst the total number of 309 males, 209 
(68%) exceeded the HBM I Cd value of 2 µg/gm creatinine, 
whereas 401 females exceeded HBM I (79%). Moreover, 
the geometric mean urinary Cd level in both subjects 
(males: 3.67±3.08 µg/gm creatinine & females: 4.83±3.82 µg/g 
creatinine) were higher than the levels found in previous 
study.9

	 Increasing of urinary cadmium with age, years of 
residence, microalbuminuria and urinary alpha-1 microglobulin 
were similar observed in both male and female participants. 
A significant inverse correlation was found between the 
urinary cadmium levels and BMI. Previous studies have 
demonstrated that the levels of urinary cadmium decreased 
with increasing of BMI. However, their correlation is still 
inadequate.20, 21

	 In the model testing for the association between the 
urinary cadmium levels and two renal biomarkers, yielded 
that alpha-1-microglobulin and microalbuminuria were 
significantly increased with increasing of urinary cadmium 
levels. Interestingly, the prevalence of increased alpha-1 
microglobulin was higher than the prevalence of increased 
microalbuminuria in subjects with urinary cadmium 
concentrations below 2 µg/gm creatinine. According to HBM 
I level, the concentrations below the lower HBM I level are 
not considered to be a risk for the general population.15 

This result was consistent with the studies conducted by 

Table 4 �Linear regression analysis of study parameters and renal markers.

Gender Independent variables alpha-1microglobulin 
(mg/g creatinine)

microalbuminuria 
(mg/l)

β p value β p value
Males Urinary-Cd (µg/gm creatinine) 1.185 <0.05 4.007 <0.001

(adjusted r2 =0.015) (adjusted r2 =0.072)

Age (years) 0.663 <0.001 0.933 <0.001
(adjusted r2 =0.069) (adjusted r2 =0.049)

BMI (kg/m2) -1.176 <0.001 -0.049 0.941
(adjusted r2 =0.026) (adjusted r2 =-0.003)

Years of residence (years) 0.430 <0.001 0.607 <0.001
(adjusted r2 =0.062) (adjusted r2 =0.044)

Females Urinary-Cd (µg/g creatinine) 1.664 <0.001 1.816 <0.001
(adjusted r2 =0.029) (adjusted r2 =0.028)

Age (years) 1.032 <0.001 0.628 <0.001
(adjusted r2 =0.091) (adjusted r2 =0.027)

BMI (kg/m2) -1.547 <0.001 -0.354 0.445
(adjusted r2 =0.025) (adjusted r2 =-0.001)

Years of residence (years) 0.638 <0.001 0.382 <0.05
(adjusted r2 =0.062) (adjusted r2 =0.017)
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Järup et al.22 They suggested that the development of renal 
tubular damage associated with low-level cadmium exposures.22 
While the microalbuminuria levels appeared to be significant 
association with the moderately (>2-5 µg/gm creatinine) 
to high (>5 µg/gm creatinine) levels of urinary cadmium. 

Conclusion

	 The findings of this study indicate that most 610 
subjects did exceed the standard of the Commission of 
Human Biological Monitoring of the HMB I level. The urinary 
cadmium level showed a significant correlation with age, 
years of residence, microalbuminuria and urinary alpha-1 
microglobulin in both male and female. Moreover, this 
study indicated that the cadmium exposure at levels below 
2.0 µg/gm creatinine may produce measurable changes in 
renal biomarker of urinary alpha-1 microglobulin. Therefore, 
we suggested that the urinary alpha-1microglobulin can 
be used for monitoring the early stages of Cd exposure.
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