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Higher Serum Heavy Metal May Be
Related with Higher Serum gammaGlutamyltransferase Concentration in
Koreans: Analysis of the Fifth Korea National
Health and Nutrition Examination Survey
(KNHANES V-1, 2, 2010, 2011)
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Background: Abnormal serum gamma-glutamyltransferase (γ-GT) may be an early and sensitive marker for oxidative
stress. This study was performed to evaluate the association between serum heavy metals and γ-GT concentration.
Methods: This study is a cross-sectional analysis based on data from Korean National Health and Nutrition Examination
Survey (V-1, 2, 2010, 2011) regarding serum heavy metal concentrations (lead, mercury, and cadmium) as well as serum
γ-GT. Serum heavy metals were categorized into tertiles, and serum γ-GT concentration was compared using an analysis
of covariance test after relevant variable adjustments. In addition, we evaluated the odds ratio (OR) of having the highest
tertile of serum γ-GT in each heavy metal tertile using logistic regression.
Results: The mean serum lead, mercury, and cadmium concentrations were 2.67, 5.08, and 1.02 μg/dL in men and 1.95,
3.60, and 1.21 μg/dL in women, respectively. Partial correlation showed a significant positive relation between each heavy
metal and serum γ-GT concentration. Comparing serum γ-GT concentration by the tertile of each heavy metal, serum
γ-GT concentration showed a significant increase as the tertiles of serum mercury and cadmium in men and that of
serum mercury in women increased, but not with lead. The OR of having the highest tertile of serum γ-GT was significant
for cadmium in men (OR, 4.02; 95% confidence interval [CI], 2.54 to 6.35) and mercury in women (OR, 2.00; 95% CI, 1.29
to 3.10) in the top tertile of each heavy metal.
Conclusion: Higher serum heavy metal concentration may be related with higher serum γ-GT concentration. In particular,
serum cadmium in men and mercury in women showed significant correlation with serum γ-GT concentration.
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Exposure to heavy metals is common in modern life. Heavy
metals include both those that are essential for normal biological
functions (e.g., Cu and Zn), and those which are non-essential,
such as cadmium, mercury, and lead. It is known that both
essential and non-essential metals may disturb normal biological
functions. One of the major mechanisms of heavy metal toxicity
has been attributed to oxidative stress, which is supported by the
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wide spectrum of nucleobase products typical for the oxygen
1)

this cross-sectional analysis. From an initial total of 17,476 men

attack on DNA in cultured cells and animals. Heavy metals are

and women, 12,926 people were excluded due to missing data

environmental chemicals that are detected by biomonitoring.

(the missing data of serum γ-GT, 3,959 subjects; heavy metal data

The term environmental chemical refers to a chemical compound

missing, 8,767 subjects). Two hundred and twenty-four subjects

or chemical element present in air, water, food, soil, dust, or other

who had medical illness were also excluded (liver diseases,

environmental media. Biomonitoring is the assessment of human

cancer, and rheumatoid disease). We defined liver disease as viral

exposure to chemicals by measuring the chemicals or their

hepatitis B, liver cirrhosis, and hepatitis B carriers. Those younger

2)

metabolites in human specimens such as blood or urine.

Elevated serum gamma-glutamyltransferase (γ-GT) might
3)

subjects than 20 years old (799 subjects) were also excluded.
After that, 200 subjects whose serum γ-GT was above 200 IU/

be an early and sensitive marker for oxidative stress. There is

L were further excluded. In total, 3,677 subjects (1,806 men and

evidence that cellular γ-GT plays an important role in antioxidant

1,876 women) were included in this analysis.

defense systems. γ-GT is widely distributed in the human
4)

body and is frequently localized in the plasma membrane with

2. Measurements

its active site directed into the extracellular space. In addition,

Serum γ-GT concentration was assayed by the standard

the primary role of γ-GT is to metabolize extracellular reduced

method recommended by the International Federation for

glutathione (GSH), allowing for precursor amino acids to be

Clinical Chemistry using pure auto γ-GT as substrate with a

assimilated and reutilized for intracellular GSH synthesis. Thus,

Hitachi Automatic Analyzer 7600 (Hitachi Co., Tokyo, Japan).

ectoplasmic γ-GT acts as a cellular supply of GSH, the most

Lead was assayed by standard methods using DMA-8 as a

5)

important non-protein antioxidant of the cell. According to

substrate with HNO3 (coefficient of variation [CV]% range was

a recent study, ectoplasmic γ-GT may also be involved in the

1.0 to 26.7 μg/dL). Mercury and cadmium were checked by

generation of harmful metal-induced reactive oxygen species.6) In

standard methods using a Perkin Elmer AAnalyst 60 (Perkin-

addition, in many animal studies, metal-induced oxidative stress

Elmer, Norwalk, CT, USA) with the atomic absorption method

can affect not only biomonitoring data but also biological lab

using ammonium phosphate and TritonX-10 as substrates. The

data, including γ-GT. Nonetheless, there have not been many

CV% ranges of serum mercury and cadmium were 0.7 to 38.9

human studies on γ-GT elevation and biomonitoring data due to

μg/L and 0.3 to 10.1 μg/L, respectively. Blood pressure was

heavy metal exposure. The aim of the present study is to evaluate

measured using a standard mercury manometer and expressed by

the association of heavy metal concentrations (lead, mercury,

rounding off. Fasting blood specimens were used for measuring

and cadmium) and serum γ-GT concentration using the fifth

lipids, glucose, and liver enzymes. We used a self-administered

Korean National Health and Nutrition Examination Survey

questionnaire of hypertension, diabetes, smoking status, job,

(KNHANES) data (V-1, 2, 2010, 2011).

education, moderate physical activity, and alcohol intake for

7)

proper adjustments. Body mass index (BMI) was calculated as

METHODS

weight (kg) divided by height squared (m2).

3. Statistics
1. Participants

Complex sample analysis was used for KNHANES data (V-

The KNHANES has been conducted periodically by the

1, 2, 2010, 2011) for weighting all values following the guidance

Korea Centers for Disease Control and Prevention since 1998

on statistics from the Korea Centers for Disease Control and

and provides comprehensive information on health status, health

Prevention. Initially, we used a simple descriptive analysis for

behavior, nutritional status, and sociodemographics in 600

general characteristics such as age, BMI, lipid profiles, fasting

national districts in Korea. KNHANES data (V-1, 2, 2010, 2011)

glucose, blood pressure, and serum heavy metals, including

samplings containing serum heavy metal concentrations (lead,

lead, mercury, and cadmium in both genders. Partial correlation

mercury, and cadmium) including serum γ-GT data were used in

analysis was performed to evaluate the association between
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heavy metal concentration and serum γ-GT concentration in

RESULTS

both genders after adjusting for age, BMI, smoking, and alcohol
intake. To evaluate the exact relation between serum heavy metals

Table 1 shows the general characteristics of the study

and serum γ-GT concentration, we categorized serum heavy

subjects. Compared with females, males showed higher serum

metals into tertiles and compared serum γ-GT concentration

concentration of lead, mercury, and γ-GT. In contrast, serum

using an analysis of covariance test after adjustments for age,

cadmium concentration was higher in women than in men. Table

BMI, job, education, moderate physical activity, smoking status,

2 shows a partial correlation between heavy metal concentration

and alcohol intake in men, and menopause, oral contraceptive

and γ-GT after adjusting for age, BMI, smoking status, and alcohol

use, and hormone replacement therapy in women. Finally, we

intake. In men, lead (r = 0.064, P < 0.05), mercury (r = 0.134, P <

calculated the odds ratio (OR) of having the highest tertile of

0.001), and cadmium (r = 0.243, P < 0.001) showed significant

serum γ-GT in the tertiles of serum mercury and cadmium in

correlations with serum γ-GT concentration. In women, lead (r =

men, and that of mercury in women using logistic regression

0.032, P = 0.017), mercury (r = 0.096, P < 0.001), and cadmium

analysis after adjustments for age, BMI, job, education, moderate

(r = 0.112, P < 0.001) also showed significance. Table 3 shows

physical activity, smoking status, and alcohol intake in men, and

γ-GT concentrations according to increasing heavy metal tertiles.

menopause, oral contraceptive use, and hormone replacement

With the increasing tertile of mercury in men and women, serum

therapy in women. The P-value for trends was used to assess

γ-GT concentration was significantly higher in the second and

the significance of all analysis, and P < 0.05 was considered

third tertiles than in the first tertile. In particular, serum γ-GT

significant. Data were analyzed using PASW SPSS ver. 18.0 (SPSS

concentration showed the highest mean value in the top tertile

Inc., Chicago, IL, USA).

compared with other tertiles of serum cadmium in men (P <
0.001). When comparing the OR of having the highest tertile of

Table 1. Characteristics of the subjects
Characteristic

Men (n = 1,806)

Women (n = 1,876)

40.2 ± 0.4

41.2 ± 0.3

Body mass index (kg/m )

24.1 ± 0.1

23.0 ± 0.1

Waist circumference (cm)

84.0 ± 0.3

76.8 ± 0.3

Total cholesterol (mg/dL)

187.0 ± 1.2

185.2 ± 1.1

50.3 ± 0.5

57.2 ± 0.5

Triglycerides (mg/dL)

157.1 ± 4.4

106.0 ± 1.9

Low density lipoprotein cholesterol (mg/dL)

113.6 ± 1.0

110.6 ± 0.9

Fasting blood glucose (mg/dL)

97.5 ± 0.7

92.8 ± 0.4

Aspartate aminotransferase (IU/L)

24.3 ± 0.4

18.9 ± 0.2

Alanine aminotransferase (IU/L)

27.1 ± 0.6

16.2 ± 0.3

gamma-Glutamyl transferase (IU/L)

45.8 ± 1.5

20.7 ± 0.6

Systolic blood pressure (mm Hg)

118.6 ± 0.5

112.3 ± 0.4

Diastolic blood pressure (mm Hg)

78.2 ± 0.4

72.4 ± 0.3

Lead (μg/dL)

2.67 ± 0.39

1.95 ± 0.03

Mercury (μg/L)

5.08 ± 0.13

3.60 ± 0.08

Cadmium (μg/L)

1.02 ± 0.02

1.21 ± 0.02

Age (y)
2

High density lipoprotein cholesterol (mg/dL)

Values are presented as mean ± standard error.
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serum γ-GT, the adjusted OR in the 2nd and top tertile of serum

DISCUSSION

cadmium in men was 1.72 (95% confidence interval [CI], 1.15
to 2.59), 4.02 (95% CI, 2.54 to 6.35), and the adjusted OR of

The present study demonstrated that data from KNHANES

the top tertile of mercury in women was 2.00 (95% CI, 1.29 to

(V-1, 2, 2010, 2011) showed that the serum concentration of

3.10). The adjusted OR of mercury in men was not statistically

cadmium in men and that of mercury in women has a significant

significant.
Table 4. Odds ratio of having the highest tertile of γ-GT by heavy
metal tertiles in men & women
Variable

Men (95% CI)

Women (95% CI)

Table 2. Partial correlation of serum Pb, Hg, Cd concentration with

Top tertile of γ-GT (IU/L)

serum gamma-glutamyltransferase concentration

Hg T1

1 (reference)

1 (reference)

Pd

Hg

19.0–184.0

Men

Women

Hg T2

1.47 (0.97–2.22)

1.31 (0.87–1.98)

r

0.064

0.032

Hg T3

1.14 (0.75–1.74)

2.00 (1.29–3.10)

P-value

0.006

0.017

Cd T1

1 (reference)

-

r

0.134

0.096

Cd T2

1.72 (1.15–2.59)

-

<0.001

<0.001

Cd T3

4.02 (2.54–6.35)

-

0.243

0.112

<0.001

<0.001

P-value
Cd

43.0–196.0

r
P-value

Data are represents partial correlation coefficients after adjustment
for age, body mass index, smoking status, alcohol intake.

Data are represents odds ratio with 95% CI by logistic regression
analysis after adjustment for age, body mass index, job, education ,
moderate physical activity, smoking status, alcohol intake, and
serum iron concentration.
γ-GT: gamma- glutamyltransferase, CI: confidence interval.

Table 3. serum γ-GT concentration by heavy metal tertiles
Serum γ-GT concentration
Variable
Men

Women

Pb T1 (men, 0.66–2.20; women, 0.42–1.56)

42.3 ± 1.92

19.50 ± 0.78

Pb T2 (men, 2.21–3.01; women, 1.57–2.18)

45.5 ± 2.27

20.49 ± 1.15

Pb T3 (men, 3.02–26.51; women, 2.19–9.19)

50.9 ± 3.59

22.31 ± 1.18

0.94

0.207

Hg T1 (men, 0.61– 3.41; women, 0.37–2.40)

41.56 ± 1.74

18.15 ± 0.55

Hg T2 (men, 3.42–5.73; women, 2.41–3.82)

48.05 ± 2.71*

21.02 ± 1.06*

†

49.13 ± 3.17

23.01 ± 1.26†

0.032

0.001

Cd T1 (men, 0.10–0.74; women, 0.10–0.86)

39.45 ± 1.81

18.82 ± 0.85

Cd T2 (men, 0.75–1.19; women, 0.87–1.42)

42.81 ± 2.28

20.19 ± 0.76

P for trend

Hg T3 (men, 5.74–40.90; women, 3.83–26.49)
P for trend

Cd T3 (men, 1.20–5.17; women, 1.43–5.54)
P for trend

†,‡

57.74 ± 3.81

23.60 ± 1.72

<0.001

0.094

Values are presented as mean ± standard error. P-for trend are obtained by analysis of covariance test after adjustment for age, body mass
index, job, education , moderate physical activity, smoking status, alcohol intake, and serum iron concentration. T1–T3 represent each
tertile of heavy metal. ( ) represent range in each tertile of heavy metal.
γ-GT: gamma- glutamyltransferase.
*P < 0.05 in the comparison of T1 vs. T2. †P < 0.05 in the comparison of T1 vs. T3. ‡P < 0.05 in the comparison of T2 vs. T3.
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relation with serum γ-GT concentration. In addition, the overall

data showed that mercury poisoning mainly resulted from long-

correlation of serum heavy metal with serum γ-GT concentration

term occupational exposure to mercury, abuse of mercury-

was considerable in both genders.

containing compounds, or skin-lightening cosmetics.14) Among

There have not been many human studies evaluating the

mercury exposure routes, amalgam-related mercury exposure

relationship between serum heavy metal and γ-GT concentration.

exceeds that from fish for the majority of the population.15) In

In a lead exposure study, values of liver function test (alkaline

a recent study, mercury poisoning was commonly related to

phosphatase [P = 0.012] and lactate dehydrogenase [P =

mercury-containing skin-lightening cream or mercury-containing

0.029]) were significantly higher in industrial workers who had

anti-rheumatoid pills.16) In our study results, although serum

significantly higher mean blood lead concentration (77.5 ± 42.8

mercury concentration in women was not higher than in men,

mg/dL) than non-industrial workers (19.8 ± 12.3 mg/dL). These

their serum mercury accumulation might be from chronic cream

results might be related to lead exposure, and liver function might

and pill usage, which may have been related with serum γ-GT

8)

have been affected. In an animal study, tissue analysis showed

elevation.

an accumulation of lead, cadmium, and mercury in the liver and

In cadmium exposure, diet is the main source of environmental

kidney of brown hares, but there was no significant correlation

cadmium exposure. Tobacco smoking results in 4 to 7 times

between levels of heavy metals in the liver and kidney and

higher blood cadmium and two to three times higher kidney

9)

cadmium concentrations in smokers than in nonsmokers.17,18)

biochemical parameters.

Traditionally, serum γ-GT activity has been used as a marker

The concentrations of cadmium in blood, urine, and kidneys were

for excessive alcohol consumption or liver diseases in clinical

found to have been generally higher in women than in men.19,20)

practice. A dose response relationship is generally seen in which

This can be explained by the mechanism of uptake for iron and

the mean γ-GT increases as the amount of self-reported alcohol

cadmium, the duodenal metal transporter, which is known to

consumption increases.10) Heavy metal intoxication may result

be upregulated by iron deficiency and to have high affinity for

in oxidative stress. Some studies suggest that serum γ-GT

cadmium.21) In our study, however, serum γ-GT concentration

concentration within its normal laboratory range might be an early

showed the highest mean adjusted value and OR in the top tertile

and sensitive marker for oxidative stress. Therefore, serum γ-GT

of serum cadmium, even after the adjustment for serum iron as

elevation after drinking alcohol might be interpreted as a reflection

well as adjusting for smoking history and alcohol intake, which

of oxidative stress; acute and chronic ethanol consumption under

may mean serum cadmium concentration is an independent factor

experimental conditions increased the production of reactive

with regard to higher serum γ-GT concentration. Considering

3)

that serum γ-GT together with glutathione is supposed to work to

11)

oxygen species.

In our study results, cadmium in men and mercury in women

remove cadmium or mercury from the body, and abnormal γ-GT

showed significantly higher ORs of having the highest tertile of

concentration may indicate oxidative stress partially from serum

serum γ-GT concentration. Unfortunately, because we could

heavy metals, higher serum concentration of cadmium in men and

not differentiate the quantitative measurements of heavy metal

mercury in women may therefore be related with higher serum

exposure in both genders, it is hard to conclude this difference

γ-GT concentration.

between genders or direct connection between serum heavy

This study has several limitations. First, urine mercury

metals and γ-GT concentration. In a cadmium toxicity study,

concentration is generally considered a better marker than

cadmium caused oxidative stress, mainly because it has a great

serum samples, but there is no such data in KNHANES data.

affinity for thiols, especially GSH, which is the most important

Second, we could not adjust for all heavy metal exposure routes

12)

Some studies show serum

or confounders such as the amount of tobacco smoking, alcohol

γ-GT activity increased in response to cadmium loading, which

intake, fish consumption, and occupational exposure to heavy

may mean serum γ-GT and glutathione work together to remove

metals. Third, we used a cross-sectional design, so we cannot

cadmium from the cytoplasm, a crucial mechanism for metal

draw causality from these results. The strength of this study is the

antioxidant in aerobic organisms.

13)

detoxification that is dependent on glutathione. Epidemiologic
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representative of the general population of Korea. In addition, this

production, cell surface protein thiol oxidation and NF-kappa

is the first study to deal with serum heavy metals and serum γ-GT

B activation status. J Cell Sci 2000;113( Pt 15):2671-8.

concentration in the Korean population.

8. Al-Neamy FR, Almehdi AM, Alwash R, Pasha MA, Ibrahim

In conclusion, the elevation of serum heavy metal may

A, Bener A. Occupational lead exposure and amino acid

be related to the elevation of serum γ-GT concentration. In

profiles and liver function tests in industrial workers. Int J

particular, serum cadmium in men and mercury in women

Environ Health Res 2001;11:181-8.

showed significant correlation with serum γ-GT concentration. It

9. Kolesarova A, Slamecka J, Jurcik R, Tataruch F, Lukac N,

is necessary to investigate whether decreasing serum heavy metals

Kovacik J, et al. Environmental levels of cadmium, lead and

decreases or normalizes serum γ-GT concentration in the near

mercury in brown hares and their relation to blood metabolic

future.

parameters. J Environ Sci Health A Tox Hazard Subst Environ
Eng 2008;43:646-50.
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