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Environmental Heavy Metal Exposure and Chronic Kidney 
Disease in the General Population 

Lead (Pb), mercury (Hg), and cadmium (Cd) are common heavy metal toxins and cause 
toxicological renal effects at high levels, but the relevance of low-level environmental 
exposures in the general population is controversial. A total of 1,797 adults who 
participated in the KNHANES (a cross-sectional nationally representative survey in Korea) 
were examined, and 128 of them (7.1%) had chronic kidney disease (CKD). Our study 
assessed the association between Pb, Hg, Cd exposure, and CKD. Blood Pb and Cd levels 
were correlated with CKD in univariate logistic regression model. However, these 
environmental heavy metals were not associated with CKD after adjustment for age, sex, 
BMI, smoking, hyperlipidemia, hypertension, diabetes, and these metals in multivariate 
logistic regression models. We stratified the analysis according to hypertension or diabetes. 
In the adults with hypertension or diabetes, CKD had a significant association with 
elevated blood Cd after adjustment, but no association was present with blood Pb and Hg. 
The corresponding odds ratio [OR] of Cd for CKD were 1.52 (95% confidence interval [CI], 
1.05-2.19, P = 0.026) in adults with hypertension and 1.92 (95% CI, 1.14-3.25,  
P = 0.014) in adults with diabetes. Environmental low level of Pb, Hg, Cd exposure in the 
general population was not associated with CKD. However, Cd exposure was associated 
with CKD, especially in adults with hypertension or diabetes. This finding suggests that 
environmental low Cd exposure may be a contributor to the risk of CKD in adults with 
hypertension or diabetes.
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INTRODUCTION

Chronic kidney disease (CKD) is a global public health prob-
lem because of a significant increase in prevalence, the enor-
mous cost of management, and its role as a risk factor for car-
diovascular disease. Diabetes and hypertension are the major 
risk factors of CKD. Many other risk factors of cardiovascular 
disease, such as age, obesity, smoking, and hypercholesterol-
emia are linked to CKD (1). Environmental heavy metals such 
as lead (Pb), mercury (Hg), and cadmium (Cd) are established 
nephrotoxins at high exposure levels (2-7). Chronic exposure to 
low levels is widespread in the current environment, especially 
in industrializing countries, and these metals slowly accumu-
late in the body. In particular, environmental Pb, Hg, and Cd 
exposure can occur widespread in air, food, cigarettes, gasoline, 
contaminated crops, and seafood (3, 6). However, their relevance 
at environmental low-level exposures in the general population 
is controversial.
  Substantial experimental evidence suggests that exposure to 
Cd may cause oxidative stress, inflammation, and lipid peroxi-
dation in the organs (5, 8). Chronic low exposure to Cd can cause 
both renal proximal tubular damage and decline in glomerular 

filtration rate (GFR) in experimental animal models (9). Human 
and animal studies reported that Cd may potentiate or exacer-
bate diabetic nephropathy (10). Pb toxicity has been shown to 
cause mitochondrial swelling in the renal tubular cells and im-
pair energy production (7). Information about the relationship 
between low levels of environmental Hg exposure and decreas
ed renal function is scarce, but occupational exposure to ele-
mental Hg vapor has been shown to cause albuminuria and se-
vere membranous nephropathy (11).
  Therefore, we evaluated the association of blood Pb, Hg, and 
Cd level with CKD in Korean adults who participated in the fifth 
Korean National Health and Nutrition Examination Survey 
(KNHANES V-2, 2011), Korea Centers for Disease Control and 
Prevention. To evaluate the effect of other CKD risk factors on 
the renal toxicity of these metals, we stratified and examined 
the association among participants according to hypertension 
or diabetes.

MATERIALS AND METHODS

Study population
The KNHANES is a cross-sectional nationally representative 
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survey of the general population in Korea, and is regularly con-
ducted by the Korea Center of Disease Control and Prevention 
(KCDC) in the Ministry of Health and Welfare. KNHANES was 
performed year-round, which is a similar data collection meth-
od to that used in the US NHANES. KNHANES data are publicly 
available (website: https://knhanes.cdc.go.kr/knhanes/index.
do). All participants provided written informed consent. The 
fifth Korea National Health and Nutrition Examination Survey 
(KNHANES V-2, 2011) was conducted from January 2011 through 
December 2011. The KNHANES V-2 consisted of health ques-
tions and a health screening via a standardized questionnaire 
followed by a detailed physical examination and laboratory test 
at a mobile examination center and nutrition questions via stan-
dardized questionnaires administered in the home by trained 
interviewers. The participants were chosen from the candidates 
by using proportional allocation-systemetic sampling with mul-
tistage stratification (age, sex and region) (n = 8,518). Blood Pb, 
Hg and Cd were measured in some participants by probability 
sampling (n = 2,395). We included participiants ≥ 20 yr of age 
in the analysis. We excluded pregnant women and those miss-
ing serum creatinine, and urine albumin data and other vari-
ables of interest, finally leaving 1,797 adults with complete data. 

Measurement of blood heavy metal levels and other variables
Blood Pb and Cd levels were determined by graphite furnace 
atomic absorption spetrophotometry (GFAAS) using AAnalyst 
600 (PerkinElmer, Turku, Finland) and blood Hg levels, gold-amal
gamation process using DMA-80 (Milestone, Milano, Italy). 
  Data relevant to the analysis included age, sex, body mass in-
dex (BMI), self-reported information about cigarette smoking, 
and whether subjects were diagnosed with hypertension or di-
abetes by a physician. Serum and urine samples were collected 
at a mobile examination center; and HbA1c, fasting glucose, 
creatinine, blood Pb, Hg, and Cd were measured. 
  Three blood pressure measurements were taken at the mo-
bile examination center by a trained and certified observer fol-
lowing the KNHANES protocol. The average of the second and 
third blood pressure measurements were used for the data anal-
ysis. Hyperlipidemia was defined as a diagnosis history of hy-
perlipidemia or antihyperlipidemic medication. Hypertension 
was defined as systolic blood pressure ≥ 140 mmHg or diastol-
ic blood pressure ≥ 90 mmHg or diagnosis history of hyperten-
sion. Diabetes mellitus was defined as serum HbA1c ≥ 6.5%, 
fasting glucose ≥ 126 mg/dL, or diagnosis history of diabetes.
  CKD was defined as estimate glomerular filtration rate (eGFR) 
< 60 mL/min/1.73 m2 or urine albumin-to-creatinine ratio (ACR) 
≥ 30 mg/g, the standard definition of CKD, as defined in the 
most recent Kidney Disease Improving Global Outcome (KDI-
GO) 2012 guidelines. A morning urine sample was obtained from 
a random subsample of participants for urine albumin and cre-
atinine. Urinary albumin levels were measured by turbidimet-

ric assay using a Hitachi Automatic Analyzer 7600 (Hitachi, Ko-
ka-city, Japan) and serum creatinine levels were measured by a 
enzymatic colorimetric method. eGFR was calculated from the 
Modification of Diet In Renal Disease (MDRD) formula, adjust-
ing serum creatinine for age and sex. eGFR (mL/min/1.73 m2) 
= 175 × SCr-1.154 × age-0.203 × 0.742 (if female) × 1.21.
 
Statistical analysis
Data are expressed as mean ± standard deviation or frequen-
cies (%). Baseline characteristics were compared with chi-square 
test or Fisher’s exact test for categorical variables and Student’s 
t-test for continuous variables. We constructed multivariate lo-
gistic regression models to identify independent factors associ-
ated with CKD. Univariate and multivariate analysis adjusted 
for age, sex, BMI, smoking, hyperlipidemia, hypertension, dia-
betes, and other metals were performed. Crude and adjusted 
odds ratios (OR) with 95% confidence intervals (CI) were calcu-
lated. A one-way analysis of variance (ANOVA) was used to com-
pare the blood heavy metal levels of study population by hyper-
tension and diabetes, and analyzed the polynomial linear P for 
trend. P values < 0.05 were considered statistically significant. 
All statistical analyses were performed using SPSS PASW statis-
tics 18.0 (IBM, Armonk, NY, USA).

Ethics statement
The design of the present study was approved by institutional 
review board of the Kangbuk Samsung Hospital (2014-07-013). 
The Korea Center for Disease Control and Preventoin received 
the informed consent from all particpants.

RESULTS

Characteristics of the study population
The overall analysis included 1,797 adults in the KNHANES, and 
of these subjects, 128 adults (7.1%) had CKD. A greater propor-
tion of adults with hypertension, diabetes, hyperlipidemia, or 
high BMI had CKD (Table 1). The means of blood Pb, Hg, and 
Cd were 2.37 ± 1.02 μg/dL, 4.35 ± 3.33 μg/L, and 1.17 ± 0.68 μg/
L, respectively. The cut-off levels for blood Pb, Hg, and Cd level 
set by the World Health Organization (WHO) are 21 μg/dL, 5 
μg/L and 5 μg/L. respectively. No paticipant was above the cut 
off levels of the WHO guidelines. Average blood Pb, Hg, and Cd 
levels were higher for subjects with CKD than for subjects with-
out CKD (Table 1).

No association detected between environmental heavy 
metal exposure and CKD in KNHANES adults
In the correlation analysis, we found that exposure to environ-
mental heavy metals was correlated significantly with eGFR (Pb; 
r = -0.19, Hg; r = -0.07, Cd; r = -0.13, P < 0.001) but only Cd was 
correlated with albumin creatinine ratio (ACR) (r = 0.52, P =  
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0.028). In univariate logistic analysis, blood Pb and Cd levels 
were associated with CKD. After multiple regression analysis 
adjusting for age, sex, BMI, smoking, hyperlipidemia, hyperten-
sion, diabetes, and other metals (multivariate model 3), blood 
Pb (OR, 1.05; 95% CI, 0.85-1.30, P = 0.644), Hg (OR, 1.02; 95% 
CI, 0.97-1.07, P = 0.479), and Cd level (OR, 1.09; 95% CI, 0.81-
1.47, P = 0.577) had no association with CKD (Table 2). 

Association of environmental Cd exposure with CKD in 
adults with diabetes or hypertension
Next, we performed a stratified analysis for diabetes and for hy-
pertension, which are major risk factors for CKD (Table 1). There 
were also associations between blood Cd level and CKD in hy-
pertensive adults (n = 499) by multiple logistic regression anal-
ysis (multivariate model 3) (OR, 1.52; 95% CI, 1.05-2.19, P = 0.026), 
but there was no association between CKD and blood Pb and 

Table 1. Characteristics of the 1,797 adults in the KHNANES (Korean National Health and Nutrition Examination Survey), a general population-based survey

Parameters All (n = 1,797) CKD (+) (n = 128) CKD(-) (n = 1,669) P value

Age† (yr)
21-39
40-59
60 <

46 ± 14
665 (37.0%)
742 (41.3%)
390 (21.7%)

57 ± 12
14 (10.9%)
49 (38.3%)
65 (50.8%)

45 ± 14
651 (39.0%)
693 (41.5%)
325 (19.5%)

0.000

Sex
Male (%) 938 (52.2%) 63 (49.2%) 875 (52.4%) 0.484

BMI† (kg/m2) 23.78 ± 3.30 24.58 ± 3.63 23.72 ± 3.26 0.004
Hypertension† 499 (27.8%) 81 (63.3%) 418 (25.0%) 0.000
Diabetes† 178 (9.9%) 45 (35.2%) 133 (8.0%) 0.000
Smoking

Current 443 (24.7%) 27 (21.4%) 416 (25.3%) 0.339
Hyperlipidemia† 204 (11.4%) 28 (21.9%) 176 (10.5) 0.000
eGFR (mL/min/1.73 m2)†

≥ 60
< 60

89 ± 16
1,761 (98.0%)

36 (2.0%)

81 ± 25
92 (71.9%)
36 (28.1%)

89 ± 15
1,669 (100%)

0 (0%)

0.000

ACR (mg/g creatinine)†

< 30
≥ 30

18 ± 163
1,693 (94.2%)

104 (5.8%)

197 ± 584
24 (18.8%)

104 (81.3%)

4 ± 5
1,669 (100%)

0 (0%)

0.000

Heavy metal
Pb* (µg/dL)
Hg (µg/L)
Cd† (µg/L)

2.37 ± 1.02
4.35 ± 3.33
1.17 ± 0.68

2.56 ± 1.04
4.65 ± 3.41
1.41 ± 0.93

2.35 ± 1.02
4.33 ± 3.33
1.16 ± 0.65

0.025
0.291
0.003

Data show mean ± standard deviation. Continuous variable: Chi-square test, Categorical variable: t-test. *P < 0.05, †P < 0.01. CKD, chronic kidney disease; BMI, body mass 
index; eGFR, estimate glomerular filtration rate; ACR, albumin creatinine ratio.

Table 2. Multiple logistic regression analysis for CKD by blood lead (Pb), mercury (Hg), 
and cadmium (Cd) in the 1,797 adults in the KHNANES

Variables Odds ratio (95% Confidence interval) P value

Univariate model
Blood Pb*
Blood Hg
Blood Cd†

1.20 (1.02-1.40)
1.03 (0.98-1.08)
1.57 (1.26-1.96)

0.025
0.292
0.000

Multivariate model 1
Blood Pb
Blood Hg
Blood Cd

1.03 (0.84-1.25)
1.02 (0.97-1.07)
1.24 (0.96-1.60)

0.810
0.444
0.102

Multivariate model 2
Blood Pb
Blood Hg
Blood Cd

1.07 (0.87-1.31)
1.02 (0.97-1.08)
1.12 (0.94-1.50)

0.542
0.405
0.439

Multivariate model 3
Blood Pb
Blood Hg
Blood Cd

1.05 (0.85-1.30)
1.02 (0.97-1.07)
1.09 (0.81-1.47)

0.644
0.479
0.577

Model 1 includes adjustment for age and sex. Model 2 includes adjustment for vari-
ables in model 1, BMI, smoking, hyperlipidemia, hypertension and diabetes. Model 3 
includes adjustment for variables model 2, and other metals. *P < 0.05, †P < 0.01.

Table 3. Multiple logistic regression analysis for CKD by blood lead (Pb), mercury (Hg), 
and cadmium (Cd) according to hypertension

Variables

Hypertensive (n = 499) Non-hypertensive (n = 1,298)

Odds ratio (95% 
Confidence interval)

P value
Odds ratio (95% 

Confidence interval)
P value

Univariate model
Blood Pb
Blood Hg
Blood Cd†

1.00 (0.80-1.26)
0.99 (0.93-1.05)
1.48 (1.09-1.99)

0.970
0.698
0.010

1.20 (0.93-1.55)
1.04 (0.96-1.12)
1.10 (0.71-1.70)

0.168
0.380
0.666

Multivariate model 1
Blood Pb
Blood Hg
Blood Cd*

0.97 (0.76-1.26)
1.00 (0.93-1.06)
1.47 (1.06-2.02)

0.842
0.903
0.020

1.10 (0.80-1.50)
1.04 (0.95-1.13)
0.69 (0.40-1.18)

0.569
0.381
0.167

Multivariate model 2
Blood Pb
Blood Hg
Blood Cd*

1.02 (0.78-1.32)
1.01 (0.95-1.08)
1.50 (1.05-2.14)

0.898
0.761
0.026

1.12 (0.80-1.57)
1.03 (0.94-1.12)
0.61 (0.34-1.11)

0.515
0.576
0.104

Multivariate model 3
Blood Pb
Blood Hg
Blood Cd*

0.96 (0.73-1.25)
1.00 (0.94-1.07)
1.52 (1.05-2.19)

0.750
0.986
0.026

1.16 (0.83-1.63)
1.05 (0.96-1.15)
0.56 (0.30-1.03)

0.383
0.304
0.061

Model 1 includes adjustment for age and sex. Model 2 includes adjustment for vari-
ables in model 1, BMI, smoking, hyperlipidemia and diabetes. Model 3 includes ad-
justment for variables model 2, and other metals. *P < 0.05, †P < 0.01.
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Hg level (Table 3). Diabetic adults (n = 178) had a positive asso-
ciation between elevated blood Cd and CKD by multiple logis-
tic regression analysis (multivariate model 3) (OR, 1.92; 95% CI, 
1.14-3.25, P = 0.014), but there was no association between CKD 
and blood Pb and Hg level (Table 4). Adults who were normo-
tensive or who were non-diabetic had no association between 
the environmental heavy metals and CKD (Tables 3, 4). In ANO-
VA, blood Cd level showed significantly increasing trend in 
KNHANES participants according to hypertension and diabe-
tes (Table 5).

DISCUSSION

The Korea Center for Disease Control and Prevention (KCDC) 
released a health report showing that blood Hg and Cd levels of 
Koreans are higher than those of people in other developed coun

tries and that blood Pb levels are similar (2011 KNHANES re-
port). The reason may be that Koreans live with more severe 
environmental pollution from cars, factories, and pesticides, 
and may ingest more contaminated seafoods and Chinese herb-
al medications. Therefore, there is a high probability of heavy 
metal toxicity from contamination of the air, soil, and water. Pb, 
Hg, and Cd are widespread environmental heavy metal toxi-
cants. Environmental sources of Pb exposure include gasoline, 
contamination of food during processing, and contamination 
of air, soil, and water in areas close to old mines or garages (3, 4, 
6, 7). Common sources of Hg include freshwater fish from pol-
luted waters (3, 6). Sources of Cd exposure in the general popu-
lation are cigarette smoke, ingestion of polluted vegetables, and 
breathing air from fuel combustion (2, 5, 6). In the human body, 
Cd accumulates in the renal cortex where more than 50% of the 
body burden is stored, and Pb accumulates in bone which con-
tains about 90% of the body burden in adults (12). The biologic 
half-lives of these metals are on the order of decades. Because 
of these long half-lives (i.e., Cd more than 30 yr), prolonged, low 
level exposure can lead to excessive accumulation in certain 
tissues, especially the kidney, and this can perturb physiologi-
cal function. Blood Cd levels are usually indicative of recent ex-
posure, but also correlates well with total body Cd load (3, 6) 
and urine Cd (13). Blood Pb reflects exposure from current ex-
ogenous sources and also the release of endogenous Pb from 
bone (3, 6). Threfore, the blood concentrations of these heavy 
metals have been used as markers of chronic environmental 
exposure in the large population.
  In the National Health and Nutrition Examination Survey 
(NHANES), blood Pb and Cd levels below the accepted thresh-
olds were associated with low eGFR, albuminuria, or CKD (12, 
14-16). In a Swedish population exposed to Cd, exposure to low 
environmental Cd appeared to be a determinant for the devel-
opment of end-stage renal failure (ESRD) (17). In a population-
based prospective nested case-referent study of low level expo-
sure to environmental Pb, Hg, and Cd, erythrocyte Pb was asso-
ciated with ESRD (18). However, in a longitudinal observation 

Table 4. Multiple logistic regression analysis for CKD by blood lead (Pb), mercury (Hg), 
and cadmium (Cd) according to diabetes

Variables

Diabetic (n = 178) Non-diabetic (n = 1,619)

Odds ratio (95% 
Confidence interval)

P value
Odds ratio (95% 

Confidence interval)
P value

Univariate model
Blood Pb
Blood Hg
Blood Cd*

1.36 (0.92-2.01)
0.97 (0.90-1.07)
1.51 (1.00-2.28)

0.120
0.572
0.048

1.16 (0.96-1.41)
1.04 (0.98-1.10)
1.44* (1.08-1.91)

0.127
0.170
0.013

Multivariate model 1
Blood Pb
Blood Hg
Blood Cd*

1.26 (0.83-1.92)
0.98 (0.90-1.08)
1.57 (1.01-2.46)

0.284
0.736
0.045

1.06 (0.84-1.34)
1.04 (0.98-1.11)
1.06 (0.75-1.50)

0.636
0.167
0.735

Multivariate model 2
Blood Pb
Blood Hg
Blood Cd*

1.42 (0.91-2.20)
1.00 (0.91-1.10)
1.93 (1.16-3.23)

0.122
0.971
0.012

1.04 (0.82-1.33)
1.03 (0.97-1.10)
0.94 (0.64-1.37)

0.741
0.339
0.744

Multivariate model 3
Blood Pb
Blood Hg
Blood Cd*

1.35 (0.86-2.13)
0.98 (0.88-1.08)
1.92 (1.14-3.25)

0.195
0.666
0.014

1.05 (0.82-1.35)
1.03 (0.97-1.10)
0.90 (0.60-1.33)

0.706
0.311
0.593

Model 1 includes adjustment for age and sex. Model 2 includes adjustment for vari-
ables in model 1, BMI, smoking, hyperlipidemia and hypertension. Model 3 includes 
adjustment for variables model 2, and other metals. *P < 0.05.

Table 5. Blood lead (Pb), mercury (Hg), and cadmium (Cd) levels in KNHANES participants according to hypertension and diabetes

Parameters
Non-hypertensive and  

non-diabetic (n = 1,223)
Hypertensive 

(n = 396)
Diabetic 
(n = 75)

Hypertensive and diabetic 
(n = 103)

P for trend 

All (n = 1,797)
Pb (µg/dL)
Hg (µg/L)
Cd† (µg/L)

2.27 ± 1.00
4.08 ± 2.99
1.09 ± 0.63

2.64 ± 1.09
5.03 ± 3.86
1.36 ± 0.70

2.39 ± 0.87
5.27 ± 4.13
1.23 ± 0.72

2.51 ± 0.85
4.25 ± 3.87
1.42 ± 0.83

0.166
0.508
0.000

Non-CKD (n = 1,669)
Pb (µg/dL)
Hg (µg/L)
Cd* (µg/L)

2.26 ± 1.00
4.08 ± 2.99
1.09 ± 0.63

2.64 ± 1.10
5.01 ± 3.95
1.34 ± 0.66

2.29 ± 0.80
5.27 ± 4.11
1.21 ± 0.62

2.50 ± 0.83
4.34 ± 4.03
1.33 ± 0.69

0.392
0.419
0.022

CKD (n = 128)
Pb (µg/dL)
Hg (µg/L)
Cd* (µg/L)

2.32 ± 1.22
4.28 ± 3.19
1.06 ± 0.65

2.67 ± 0.99
5.15 ± 3.20
1.52 ± 0.92

2.86 ± 1.05
5.23 ± 4.39
1.34 ± 1.12

2.54 ± 0.90
4.04 ± 3.55
1.63 ± 1.05 

0.323
0.820
0.038

*P < 0.05, †P < 0.01.
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of the Cadmibel study, increased Cd burden was not associated 
with progressive renal dysfunction (19). In a recent review ex-
amining chronic renal failure and lead exposure, the kidney 
was not an early victim after lead exposure (7). Pb, Hg, and Cd 
at high levels in occupational exposures are known to be neph-
rotoxic, but the relevance of renal damage at low-level environ-
mental exposures in the general population is controversial and 
the associations according to other CKD risk factors remain un-
certain. The association between CKD and environmental toxin 
exposure has been studied exclusively in Western countries, 
and little data are available in Asian populations. In addition, 
there are few studies on the associations and effects according 
to diabetes or hypertension. In our results, environmental low 
dose esposures of Pb, Hg, and Cd were not associated with CKD 
after adjustment. Instead, in adults with hypertension or diabe-
tes, CKD had a significant association with elevated blood Cd, 
but no association was present with blood Pb and Hg. There-
fore, we suggest that Cd is a potential and important contribu-
tor to the epidemic of CKD and has a harmful effect on the kid-
neys in those who have previously suffered from diabetes or 
hypertension due to a synergic effect.
  Previously published studies (20, 21) have suggested that 
blood Cd and Pb have been implicated in hypertension, even at 
low levels of exposure. Navas-Acien et al. (22) reported that blood 
Pb and Cd, at levels below current safety standards, were asso-
ciated with an increased prevalence of peripheral arterial dis-
ease. Muntner et al. (14) reported the existence of an associa-
tion between low levels of Pb exposure and CKD in hyperten-
sive patients, but not in normotensive patients. Akesson et al. 
(23) reported that Cd-potentiated diabetes induced effects on 
the kidney. Although the effects were small, the tubular kidney 
effect occurred at lower Cd levels, especially in subjects with di-
abetes. Evans et al. (24) recently reported that there was no evi-
dence of an important role for low-level occupational Pb expo-
sure in the cause or progression of severe CKD. There is much 
debate about the relationship between low levels of environmen-
tal heavy metals and renal damage. Although environmental 
heavy metal exposures, especially Cd, in Korea are more com-
mon than in other developed countries, kidney toxicities are 
not more severe in our results. Several possible reasons for this 
discrepency are suggested by the results of the current study. 
Genetic factor, lifestyle pattern and low burden of other risk fac-
tors may be confounding factors (24-27). Some Korean diet (i.e. 
greater consumption of vegetables, soy bean, garlic extract, and 
Korean red ginseng) might be a possible reason for the discre-
pency. There are some interesting experimental studies suggest-
ing that garlic extracts have a reno-protective effect against Pb-
induced hypertension and oxidative stress in an experimental 
rat model, but this should be further evaluated (28, 29).
  The present findings should be interpreted in light of potential 
limitations. First, since the KNHANES is a cross-sectional sur-

vey, it is not possible to infer causality between elevated blood 
metals and CKD. The lack of prospective follow-up limits the 
ability to make inferences regarding the causality of the associa-
tions detected. In addition, reverse causation cannot be exclud-
ed as an explanation for our results. Second, our findings could 
also be limited by difficulties in fully adjusting for potential con-
founders, including socioeconomic status, food intake, or other 
environmental factors. Third, we assessed exposure to environ-
mental heavy metal toxins by blood heavy metal level. Blood 
metal level is the most commonly used measure of chronic en-
vironmental exposure in general population studies, but blood 
Pb, Hg, and Cd levels may not be exact tissue levels and may also 
be considered to be markers of acute, short term exposure (30). 
  The main strength of this study is the evaluation of the effect 
of environmental exposure of Cd on CKD in real-life patients in 
a nationwide setting, using the well-characterized KNHANES 
datasets, which are characterized by a large sample size, a rig-
orous study protocol, high quality and extensive quality control, 
standardized laboratory procedures, and are representative of 
the Korean noninstitutionalized, civilian population. Since sev-
eral potential confounders were collected as part of the KNHA
NES, we were able to examine the association between com-
mon environmental metals exposure and CKD, providing suffi-
cient power to examine effect modification and adjust for a va-
riety of sociodemographic and traditional kidney disease risk 
factors. Our results indicate an environmental low level of Pb, 
Hg, Cd exposure in the general population was not associated 
with CKD. However, low levels of Cd exposure may be harmful 
to kidney function, especially chronic environmental exposure 
in adults with hypertension or diabetes. Finally, given the high 
prevalence of hypertension and diabetes among persons with 
CKD, further prospective, large sample studies are needed to 
evaluate a causal relationship between environmental exposure 
to Cd and CKD in relation to hypertension and diabetes.
  Our data have suggested that although the effects are weak 
for environmental low level exposures, environmental Cd ex-
posure can cause vascular or renal damage, especially in dia-
betic or hypertensive subjects. Given the widespread and cor-
related exposures to the Cd and the increasing worldwide bur-
den of CKD, these data have substantial public health implica-
tions for the general population. This risk may contribute to a 
synergic effect in the development and progression of CKD, es-
pecially in susceptible individuals with hypertension or diabetes. 
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