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Purpose: This study utilized data from the Korean National Health and Nutrition Examination Survey (KNHANES) to explore 
differences in the timing of menarche in Korean girls according to blood heavy metal concentrations. Methods: This study 
performed a secondary analysis of cross-sectional data from the sixth KNHANES. Data from 179 female children and adolescents 
aged 10~18 were included in this study. The relationships of blood heavy metal concentrations (lead, mercury, and cadmium) 
with age of menarche were analyzed using complex sample multiple logistic regression. Results: In the participants of this study, 
the geometric mean values of blood lead, mercury, and cadmium concentrations were 1.15±0.04 μg/dL, 1.80±0.08 μg/L, and 
0.30±0.03 μg/L, respectively. Mercury poisoning (>5 μg/L) was found in 1.5% of participants. Furthermore, significant 
relationships were found between blood lead and mercury concentrations and age at menarche (p for trend: p<.001 and p=.015, 
respectively). Conclusion: Through an analysis of national big data, this study found evidence that Korean girls showed a 
younger age at menarche in response to higher blood lead and mercury concentrations. To prevent and manage precocious 
puberty in Korean children and adolescents, a systematic policy that monitors both exposure to environmental hazards and 
blood heavy metal concentrations is needed.
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INTRODUCTION

In many countries, rapid industrialization has caused se-
vere and hazardous contamination of soils with heavy metals, 
as well as particulate matter pollution. Soil contamination 
with heavy metals and air pollution have emerged as major 
global concerns, since they are deleterious for the environ-
ment and pose potential risks for human health [1,2]. Heavy 
metals are widely dispersed in the environment; in addition 
to being present in soil, they can also be found on the ground 
surface, in groundwater, in the air, and in other settings rele-
vant for human life [3]. Heavy metals enter the body via respi-
ration, skin contact, and oral ingestion of contaminated foods. 
The most common route of contamination is the consumption 
of crops grown in soil contaminated with heavy metal [1]. 
Inhalation is also an important route, as tiny particulate mat-
ter in the air-often so small as to be invisible without a micro-
scope-may readily enter the lungs through the respiratory 
system [2,4].

After entering the body, heavy metals form complexes with 
other substances within the body; as a result, they are not easi-
ly eliminated, and tend to accumulate [5]. Heavy metal accu-
mulation results in a variety of harmful effects, which are es-
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pecially severe in children and adolescents [6]. Developing 
bodies are especially vulnerable to heavy metal exposure. Of 
particular concern, children inhale proportionally more air 
than adults, and their respiratory system filters hazardous 
materials less efficiently than that of adults because they en-
gage in mouth breathing more frequently [6]. Moreover, the 
absorption rate of heavy metals through the digestive system 
is higher in children than in adults, and children’s cumulative 
exposure may be higher if the duration of exposure extends to 
adulthood [6]. Furthermore, puberty-accompanied by the de-
velopment of secondary sexual characteristics-is an important 
developmental stage in adolescence. Previous studies have re-
ported both positive and negative relationships between blood 
lead, mercury, and cadmium concentrations and sexual devel-
opment [7-11]. Therefore, the issue of heavy metal exposure in 
children and adolescents requires particular attention.

In recent years, particulate matter in the air has become a 
matter of grave concern in Korea. In 2015, the media men-
tioned particulate matter 254,913 times, which spiked 2.7-fold 
in just 2 years to 676,312 times in 2017 [12]. Particulate matter 
itself contains pollutants, including heavy metals [4]. Another 
relevant public health issue in Korea is the rising prevalence 
of precocious puberty. According to data from the Korean 
Health Insurance Review Agency [13], in the last 5 years, the 
number of patients with precocious puberty increased by 
42.4% from 72,246 in 2014 to 102,886 in 2018. In particular, 
there were 11,099 boys with precocious puberty and 91,787 
girls in 2018, with 8.27 times more girls than boys [13]. Preco-
cious puberty refers to a phenomenon in which pubertal de-
velopment occurs abnormally earlier and more quickly com-
pared to other children of the same age [14]. In general, a girl 
is diagnosed with precocious puberty if she develops secon-
dary sexual characteristics younger than the age of 8 (breast 
bud development at <8 years old; pubic hair development at 
<9 years old; menarche at <9~10 years old) [14]. Overall, pre-
cocious puberty has become a social issue in Korea, and the 
high prevalence of precocious puberty in girls has become an 
even more serious problem.

Until recently, most research on heavy metal elements has 
focused on the correlations of blood heavy metal concen-
trations with food ingestion [15] and children’s products [16]. 
Earlier research related to precocious puberty placed a greater 
emphasis on the diagnosis and treatment of precocious pub-
erty [14], the characteristics of precocious puberty, and psy-
chosocial issues [17]. Research conducted to explore relation-
ships between precocious puberty and heavy metal exposure 
in Korea is relatively rare. Additionally, previous studies 
have reported no significant relationships [18,19] and even 
opposite findings regarding the relationship between sexual 
development and heavy metal concentrations [8-11,20], and 

these discrepancies underscore the necessity of further re-
search. Moreover, fine dust in Korea is affected by yellow dust 
in China [4]. According to a recent Chinese study, a signifi-
cantly earlier age at menarche was found in women with high 
blood cadmium levels [11]. Therefore, it is necessary to ex-
plore differences in the timing of menarche in Korean girls ac-
cording to blood heavy metal concentrations.

Traditionally, the onset of menstruation has been consi-
dered the most significant indicator of sexual maturity in girls 
[21]. Thus, by analyzing data from the Korean National Health 
and Nutrition Examination Survey (KNHANES), which con-
tains representative data on the nutritional status of the entire 
Korean population [22], we explored differences in the timing 
of menarche according to blood heavy metal concentrations, 
considering that age at menarche is a major parameter used to 
diagnose precocious puberty.

METHODS

1. Study Design

This study performed a secondary analysis of the sixth 
KNHANES to investigate the correlation between age at me-
narche and blood heavy metal concentrations in Korean girls 
[22].

2. Sampling Procedure and Participants

This study used the first-year data of the sixth KNHANES, 
which is being conducted with the approval of the Institu-
tional Review Board of the Korea Centers for Disease Control 
and Prevention (KCDC) (Approval No. 2013-07CON-03-4C) 
[22]. Permission was also obtained from the Research Ethics 
Committee of W University (Approval No. WS-2019-19) and 
KCDC website (http://knhanes.cdc.go.kr/). This study used a 
nationally representative sample from the sixth KNHANES, 
2013~2015. This national survey has been conducted annually 
since 2005 by the KCDC. The KNHANES comprises health 
questionnaires, examinations, and nutritional surveys [22]. 
The participants with information on heavy metal concen-
trations included 2,000 people who were over the age of 20 in 
2005, 2008, and 2009; these participants accounted for one-half 
of the sample who were over the age of 10 in 2010~2013, and 
one-third of the sample who were over the age of 10 in 2017. 
The city of Sejong was added to the strata and cluster varia-
bles starting in 2016 [22]. For the purpose of this study, the da-
taset from the 2013~2015 KNHANES was used.

The first-year data of the sixth KNHANES included an ex-
amination of heavy metal exposure (lead, mercury, and cad-
mium) among 2,355 subjects (female: 1,178 and male: 1,177) 
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[22]. The subjects of this study were female children and ado-
lescents aged between 10 and 18, and the final analysis in-
cluded 179 girls who underwent tests of blood heavy metal 
concentrations (lead, mercury, and cadmium).

The variables analyzed in this study were gender, age, eco-
nomic status, residential area, housing type, age at menarche, 
height, body weight, body mass index (BMI), and blood heavy 
metal concentrations (lead, mercury, and cadmium) [22]. Pre-
vious studies have identified differences in blood heavy metal 
concentration according to socioeconomic status, residential 
area, and life environment [11,23]. In particular, children liv-
ing in areas with lower socioeconomic status and poor living 
conditions had significantly higher blood lead levels than 
children living in the opposite environment (lower socioeco-
nomic status and good living conditions) [6,20,23]. Therefore, 
this study used the variables of economic status, residential 
area, and housing type.

3. Measures

1) General characteristics
The KNHANES health survey items were used to analyze 

subjects’ general characteristics including, age, economic sta-
tus (household income quartile), residential area, housing 
type, height, body weight, and BMI. Age, economic status, 
housing type, age at menarche, height, body weight, and BMI 
were analyzed according to the raw data [22]. The residential 
areas of participants were reclassified from 16 cities into five 
regions: the capital area (Seoul, Incheon, and Gyeonggi Pro-
vince); the Chungcheong area (Daejeon and North and South 
Chungcheong Provinces); the Daegu, Gyeongbuk, and Gang-
won area (Daeju, North Gyeongsang Province, and Gangwon 
Province); the Busan, Ulsan, and Gyeongnam area (Busan, 
Ulsan, and South Gyeongsang Province); and the Honam and 
Jeju area (Gwangju, North and South Jeolla Provinces, and 
Jeju). This study used raw data with 1-year variation; the age at 
menarche was indicated using the international age [22]. The 
age of 10 years, the diagnostic criterion for premature me-
narche [14], was the earliest age of menarche considered in this 
study since it was the age when examinations of blood heavy 
metal levels were started. This study also used the same ranges 
of age at menarche as the KNHANES data, in which partic-
ipants were categorized into the early-maturing group (<11 
years), the average-maturing group (11~13 years), and the 
late-maturing group (≥14 years) [14,22].

2) Blood heavy metal concentrations
Lead and cadmium concentrations in blood were measured 

with graphite furnace atomic absorption spectroscopy using a 
Perkin Elmer AAnalyst 600. Mercury concentrations in blood 

were measured with inductively coupled plasma-mass spec-
trometry (ICP-MS) using a Perkin Elmer ICP-MS device [22]. 
Blood concentrations of lead and cadmium were categorized 
according to the standards presented in the Centers for Disease 
Control and Prevention (CDC) guideline, while the human bio-
monitoring (HBM) standard was used for mercury [22].

4. Data Analysis

All data were analyzed with two-sided tests using SPSS ver-
sion 24 at a significance level of ⍺=.05. Complex sampling 
analysis was used to analyze the weighted data in compliance 
with the guidelines for utilizing KNHANES data [22]. General 
characteristics are presented as frequency and percentage, 
whereas complex sampling descriptive statistics (mean and 
standard deviation) were used for age at menarche, height, 
body weight, BMI, and blood heavy metal concentrations. 
Age at menarche according to participants’ demographic 
characteristics was analyzed with the x2 test and one-way 
ANOVA analysis of variance considering the complex sample 
design. Age at menarche was categorized as 10, 11, 12, 13 and
≥14 years to examine the relationships between blood con-
centrations of heavy metals and menarche. The blood concen-
trations of heavy metals were analyzed using a complex sam-
ple multiple logistic regression with lead, mercury, and cad-
mium levels as the dependent variables.

RESULTS

1. Participant Demographics and Characteristics

The subjects of this study were all females, with a mean age 
of 14.4 years. Their economic status was distributed as follows: 
mid-high, 32.2%; high, 27.4%; mid-low, 25.4%; and low, 15.0%. 
The vast majority of participants (48.3%) lived in the capital 
area. Furthermore, 57.3% and 42.7% of participants lived in 
apartments (flats) and houses, respectively. The mean age at 
menarche was 12.2 years. The participants’ mean height and 
body weight were 158.7±0.6 cm and 53.4±0.9 kg, respectively, 
and their mean BMI was 21.08±0.27 kg/m2 (Table 1).

2. Differences in Age at Menarche by Participants' Charac-
teristics

There were no significant differences in economic status, 
residential area, housing type, body weight, or BMI among the 
participants whose age at menarche was 10 years, 11 years, 12 
years, 13 years, or ≥14 years, but height showed a significant 
difference across these groups (F=3.54, p=.008) (Table 2).
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Table 1. Participants’ Characteristics (N=179)

Characteristics Categories n* or (%†)   M† (SE†)

Age (year)  14.4 (0.2)

Economic status‡ Low
Mid-low
Mid-high
High

 27 (15.0)
 44 (25.4)
 53 (32.2)
 53 (27.4)

Residential area Capital area§

Chungcheong area‖

Daegu, Gyeongbuk, and Gangwon area¶

Busan, Ulsan, and Gyeongnam area#

Honam and Jeju area**

 92 (48.3)
 22 (13.2)
 19 (10.3)
 22 (14.7)
 24 (13.5)

Housing type House
Apartments (flats)

 76 (42.7)
103 (57.3)

Age at menarche (year)  12.2 (0.1)

Height (cm) 158.7 (0.6)

Body weight (kg)  53.4 (0.9)

BMI (kg/m2)  21.08 (0.27)

*Unweighted; †Weighted; ‡Excludes participants who did not reply; §Seoul, Incheon, and Gyeonggi Province; ‖Daejeon and North and South 
Chungcheong Provinces; ¶Daeju, North Gyeongsang Province, and Gangwon Province; #Busan, Ulsan, and South Gyeongsang Province; **Gwangju, 
North and South Jeolla Provinces, and Jeju; BMI=Body mass index.

Table 2. Differences in Age at Menarche by Participants’ Characteristics (N=179)

Variables Categories

Age at menarche

10 years 11 years 12 years 13 years ≥14 years

x2 or F p%* or
M (SE)†

%* or
M (SE)†

%* or
M (SE)†

%* or
M (SE)†

%* or
M (SE)†

Economic 
status‡

Low
Mid-low
Mid-high
High

2.2
3.1
2.5
3.7

24.1
17.1
22.3
15.0

43.8
27.4
36.1
36.9

27.1
25.8
15.1
13.9

 2.8
26.6
24.0
30.5

11.24 .619

Residential 
area

Capital area§

Chungcheong area‖

Daegu, Gyeongbuk, and Gangwon area¶

Busan, Ulsan, and Gyeongnam area#

Honam and Jeju area**

1.5
7.7
0.0
2.9
5.7

22.6
 8.5
14.3
19.3
20.4

31.9
37.4
28.9
38.8
42.8

15.2
34.5
22.1
24.0
15.1

28.8
11.9
34.7
15.0
16.0

15.51 .706

Housing 
type

House
Apartments (flats)

3.6
2.5

19.3
18.9

29.4
38.8

22.8
17.7

24.9
22.1

 1.92 .820

Height (cm) 160.2 (3.0) 159.8 (1.2) 158.6 (0.9) 161.3 (1.2) 154.1 (1.6) 3.54 .008

Body weight (kg) 56.1 (3.7) 54.8 (1.9) 54.2 (1.5) 55.1 (1.8) 49.3 (1.8) 1.90 .112

BMI (kg/m2) 21.24 (1.74) 21.38 (0.57) 21.50 (0.52) 21.14 (0.51) 20.18 (0.46) 1.09 .361

*Weighted; †Weight mean, standard error and reference variable is 13 years; ‡Excludes participants who did not reply; §Seoul, Incheon, and Gyeonggi 
Province; ‖Daejeon and North and South Chungcheong Province; ¶Daeju, North Gyeongsang Province, and Gangwon Province; #Busan, Ulsan, and 
South Gyeongsang Province; **Gwangju, North and South Jeolla Provinces, and Jeju; BMI=Body mass index.

3. Blood Heavy Metal Concentrations 

Table 3 shows differences in blood heavy metal concen-
trations according to participants’ characteristics. There were 

statistically significant differences in geometric mean values 
according to residential area (lead: F=3.21, p=.014) and age 
at menarche (lead: F=7.10, p<.001, mercury: F=3.17, p=.015). 
However, there were no significant differences in the geome-
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Table 3. Differences in Blood Heavy Metal Concentrations by Participants’ Characteristics (N=179)

Variables Categories

Blood heavy metal concentrations

Lead (μg/dL) Mercury (μg/L) Cadmium (μg/L)

GM (SE)* t or F (p) GM (SE)* t or F (p) GM (SE)* t or F (p)

Economic status† Low
Mid-low
Mid-high
High

1.10 (0.09)
1.22 (0.08)
1.21 (0.07)
1.03 (0.06)

1.90
(.132)

1.77 (0.17)
1.60 (0.09)
1.74 (0.11)
2.07 (0.24)

1.32
(.269)

0.30 (0.04)
0.33 (0.08) 
0.28 (0.03)
0.28 (0.02) 

0.23
(.878)

Residential area Capital area‡

Chungcheong area§

Daegu, Gyeongbuk, and Gangwon area‖

Busan, Ulsan, and Gyeongnam area¶

Honam and Jeju area#

1.22 (0.06)
0.94 (0.06)
1.05 (0.10)
1.15 (0.10)
1.20 (0.11)

3.21
(.014)

1.72 (0.13)
1.60 (0.14)
1.67 (0.16)
2.20 (0.26)
1.94 (0.17)

1.38
(.243)

0.27 (0.02)
0.28 (0.05)
0.25 (0.03)
0.46 (0.13)
0.28 (0.05)

0.66
(.619)

Housing type House
Apartments (flats)

1.21 (0.06)
1.11 (0.06)

1.35
(.246)

1.67 (0.08)
1.90 (0.13)

2.20
(.140)

0.34 (0.05)
0.27 (0.02)

1.30
(.257)

Age at menarche
(year)

10
11
12
13
≥14

1.10 (0.18)
1.08 (0.07)
1.19 (0.08)
1.07 (0.07)
1.35 (0.03) 

7.10
(＜.001)

2.14 (0.48)
1.64 (0.22)
1.72 (0.12)
2.03 (0.27)
2.11 (0.10)

3.17
(.015)

0.44 (0.09)
0.28 (0.03)
0.30 (0.03)
0.41 (0.10)
0.32 (0.02)

1.21
(.310)

Total 1.15 (0.04) 1.80 (0.08) 0.30 (0.03)

Poisoning rate weighted %** 0.0 1.5 0.0

*Weighted; †Excludes participants who did not reply; ‡Seoul, Incheon, and Gyeonggi Province; §Daejeon and North and South Chungcheong 
Provinces; ‖Daeju, North Gyeongsang Province, and Gangwon Province; ¶Busan, Ulsan, and South Gyeongsang Province; #Gwangju, North and South 
Jeolla Provinces, and Jeju; **For lead, blood heavy metal poisoning＞10 μg/dL, for mercury, blood heavy metal poisoning＞5 μg/L, for cadmium, 
blood heavy metal poisoning＞5 μg/L; GM=Geometric mean.

tric mean values of blood lead, mercury, and cadmium accor-
ding to economic status or housing type (Table 3).

In the participants of this study, the geometric mean values 
of blood lead, mercury, and cadmium concentrations were 
1.15±0.04 μg/dL, 1.80±0.08 μg/L, and 0.30±0.03 μg/L, re-
spectively. Mercury poisoning (>5 μg/L) was found in 1.5% 
of participants (Table 3).

4. Blood Heavy Metal Concentrations According to Age at 
Menarche

In the participants of this study, significant relationships 
were found between blood lead and mercury concentrations 
and age at menarche (p for trend: p<.001 and p=.015, respect-
ively). Higher blood lead and mercury concentrations were as-
sociated with a significantly lower age at menarche (Table 4).

DISCUSSION

The blood heavy metal concentrations observed in this study 
in Korean girls were higher than those generally reported in 
children from other major advanced nations. In this study, the 
geometric mean of blood lead concentrations in girls between 

10 and 18 years of age was 1.15 μg/dL, according to our analy-
sis of KNHANES 2013 data. In contrast, in the National Health 
and Nutrition Examination Survey (NHANES) in the United 
States (US) [24], the average lead concentration was 0.57 μg/dL 
in participants between 6 and 11 years of age (2013~2014), and 
0.51 μg/dL among those 12 to 19 years of age (2013~2014). 
According to the Canadian Health Measures Survey (CHMS) 
[25], the geometric mean of lead concentrations was 0.71 
μg/dL in children 6 to 11 years of age (2012~2013) and 0.64 
μg/dL in those 12 to 19 years of age (2012~2013). In this study, 
the geometric mean of blood mercury concentrations was 1.80 
μg/L, which was significantly higher than the concentrations 
reported in children in the US and Canada, which were 0.33 μg/L 
(6~11 years, 2011~2012), 0.41 μg/L (12~19 years, 2013~2014) in 
the NHANES data [24], and 0.28 μg/L (6~11 years, 2009~2011) 
and 0.27 μg/L (12~19 years, 2009~2011) in the CHMS data [25]. 
The geometric mean of blood cadmium concentrations was 
0.30 μg/L in this study, which was also significantly elevated 
relative to the levels reported in the US and Canada, which 
were 0.13 μg/L (12~19 years, 2013~2014) in the NHANES data 
[24], and 0.10 μg/L (6~11 years, 2009~2011) and 0.17 μg/L 
(12~19 years, 2009~2011) in the CHMS data [25]. As shown 
above, Korean girls’ blood heavy metal concentrations were 
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Table 4. Blood Heavy Metal Concentrations According to Age at Menarche

Variables B SE t R2 Wald F p

Lead (μg/dL)
10 years*
11 years†

12 years†

13 years†

 1.35
-0.49
-0.27
-0.16
-0.28

0.03
0.18
0.08
0.08
0.08

45.15
2.71
3.38
2.10
3.54

.071 7.10 ＜.001
.007
.001
.037
.001

Mercury (μg/L)
10 years*
11 years†

12 years†

13 years†

 2.11
 0.03
-0.47
-0.39
-0.07

0.10
0.49
0.22
0.14
0.29

20.72
 0.06
2.14
2.77
0.26

.023 3.17 .015
.951
.033
.006
.797

Cadmium (μg/L)
10 years*
11 years†

12 years†

13 years†

 0.32
 0.12
-0.04
-0.02
 0.10

0.02
0.09
0.04
0.03
0.10

13.89
1.34
1.13
0.70
0.97

.015 1.21 .310
.182
.262
.486
.332

*Early-maturing: age at menarche less than 11 years; †Average-maturing: age at menarche between 11 and 13.

more than twice as high as those of similar-aged children in 
the North American region. In particular, mercury concen-
trations were almost five fold higher, and 1.5% of the subjects 
exceeded the 5 μg/L threshold that indicates poisoning ac-
cording to the HBM standard [26], suggesting the need for 
more intensive control of children’s mercury intake.

Mercury thermometers, plastic toys, houses and toys with 
paint containing heavy metals, and living in a deteriorated en-
vironment have been identified as significant factors affecting 
children’s exposure to heavy metals [6]. In particular, children 
aged 7~18 in Korea spent 21 hours a day, on average, in indoor 
spaces such as houses and schools [27]. We can cautiously in-
fer that such a living environment may have contributed to 
the elevated levels of blood heavy metal concentrations ob-
served in Korean children. Recently, environmental pollution 
has received attention as a cause of heavy metal exposure. 
Pollution in the soil and air causes the accumulation of heavy 
metals in the ecosystem, and humans-as the apex of the food 
chain-ingest these food sources, leading to accumulations of 
heavy metals that are not eliminated through feces [1]. In 
Korea, the most prevalent route of environmental heavy met-
al exposure is the ingestion of food items produced in a con-
taminated environment [28]. Therefore, blood heavy metal 
concentrations in children are affected by the food they eat. 
For instance, the intake of grains, vegetables, fruits, fish, and 
shellfish tends to be higher in Korea than in the US, reflecting 
differences in culinary culture [27]. Therefore, eating habits 
may be a major factor contributing to the observed differences 
in blood heavy metal concentrations. 

This study revealed that higher blood concentrations of lead 
and mercury were associated with lower ages at menarche. 
Exposure to endocrine-disrupting chemicals (EDCs) such as 

lead, cadmium, mercury, and polychlorinated biphenyls, 
among others [29], during the developmental stages of the 
central nervous system and sexual differentiation can alter 
the course of puberty [5,7]. Some EDCs mimic hormones, es-
sentially tricking our body into thinking that they are hor-
mones, while other EDCs block natural hormones from doing 
their job [5]. Exposure to lead interferes with various aspects 
of the hypothalamic-pituitary-gonadal axis, including the 
disruption of hormonal pathways, estradiol levels in females, 
luteinizing hormone levels, and follicle-stimulating hormone 
levels [5,7]. These commonly known environmental toxins 
act as EDCs in the body to promote early puberty [5,29]. This 
study showed no significant differences in age at menarche 
according to the participants’ characteristics. Accordingly, 
early menarche in Korean girls is not caused by economic sta-
tus, residential area, housing type, or obesity; however, envi-
ronmental toxins that disturb sexual development can be con-
sidered as playing a causative role.

Prior studies showed a negative correlation between lead 
exposure and pubertal development in animals [30] and hu-
mans [8,9,20]. However, many results seem to contradict the 
findings of the present study. For instance, higher blood lead 
concentrations were found to delay the pubertal develop-
ment of South African girls [20]. It was also reported that 
African-American girls and Mexican-American girls with high-
er blood mercury concentrations tended to experience a de-
layed onset of pubertal development [8], and high blood mer-
cury concentrations were specifically found to be associated 
with significant delays in the development of pubic hair and 
menarche [9]. Several previous studies have reported that 
there were no significant relationships between blood mer-
cury concentrations and pubertal development [18,19], which 
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also did not correspond with the findings of the present study. 
Furthermore, previous research findings regarding cadmium 
concentrations and pubertal development are not consistent. 
A cohort study [10] in the US reported that high levels of uri-
nary cadmium were associated with delayed menarche, but in 
a more recent study [11], Chinese girls who were exposed to 
cadmium showed early menarche. 

We suggest that the discrepancies between previous re-
search and this study can be explained in terms of differ-
ences in the research subjects (race), variation in physical 
and social environments, and the absolute levels of blood 
heavy metal concentrations. In the US, a significant differ-
ence was found in the correlations between blood heavy metal 
concentrations and the timing of menarche across Caucasian 
girls, African-American girls, and Mexican-American girls 
[8]. In the abovementioned study of Chinese girls, the rela-
tionship between the timing of menarche and the degree of 
heavy metal contamination varied depending on whether girls 
resided in an environment contaminated by heavy metals. 
The girls who resided in moderately or severely contaminated 
environments had a high risk of premature menarche before 
the age of 13 [11]. However, in our opinion, the most sig-
nificant reason for the discrepancies between our findings and 
those of previous studies is the difference in the absolute lev-
els of blood heavy metal concentrations. In studies reporting 
that higher blood heavy metal concentrations significantly de-
layed menarche, the concentrations were generally higher than 
in the subjects of this study, to the point that some were classi-
fied as experiencing heavy metal poisoning [8,9]. 

Children and adolescents are often characterized as vulner-
able populations susceptible to the adverse effects of environ-
mental pollution. Therefore, they are usually at the forefront 
of environmental health policies. In the US and Germany, 
governments gather national biomonitoring data to track bio-
logical indicators regarding children’s and adolescents’ ex-
posure to environmental hazards. Moreover, those govern-
ments assess a variety of national environmental health in-
dicators as a basis for designing and promoting scientifi-
cally-grounded environmental health policies. However, the 
Korean government has insufficient means to assess chil-
dren’s and adolescents’ exposure to environmental hazards 
through biological samples, despite the existence of nation-
wide sampling surveys such as the KNHANES and the Kore-
an National Environmental Health Survey (KoNEHS). Those 
surveys are performed rather sporadically, instead of in a con-
tinuous way that would provide reliable monitoring informa-
tion. Of even greater concern than the possibility that heavy 
metal exposure may induce premature menarche is the link 
between heavy metal exposure and elevated risks for various 
conditions related to female sex hormones [21]. When a child 

exposed to a contaminated environment grows into adult-
hood, she may suffer from subfertility or infertility, and she 
may be at a higher risk of obesity, hypertension, breast cancer, 
ovarian cancer, and endometrial cancer [5,21]. Hence, the is-
sues that arise from exposure to hazardous materials during 
growth and development may result in a deteriorated quality 
of living, productivity, and social burden throughout the life-
cycle of an individual.

Thus, extensive and ongoing nationwide surveys are need-
ed to obtain data for assessing exposure to environmental 
hazards and the subsequent consequences for health; such da-
ta would help combat pollution, which is becoming an ever 
more severe problem, and would help prevent and control 
precocious puberty in Korean children. Since children are not 
yet physically mature, they require adults’ protection and 
care. Because children’s primary caretakers may exert an es-
pecially significant effect on their health, nationwide surveys 
should include both children and their family members, espe-
cially parents.

This study is subject to certain limitations due to its retro-
spective design. Furthermore, the KNHANES data do not 
contain information on breast or public hair development, 
which would be helpful for diagnosing precocious puberty in 
girls. Therefore, this study used only age at menarche as an in-
dicator of precocious puberty. It was also not possible to ana-
lyze some other variables related to heavy metals and preco-
cious puberty, such as diet, physical activity, and internal and 
external environmental factors (psychosocial status, living en-
vironment, and maternal age at menarche). Nevertheless, this 
study is significant in that it analyzed associations between 
blood heavy metal concentrations in Korean children and age 
at menarche, which had not been attempted previously, using 
representative national data, and it revealed that elevated lead 
and mercury levels increased the risk of precocious puberty. 

CONCLUSION

The blood heavy metal concentrations in Korean girls and 
adolescents aged 10~18 were 2~5 times higher than has been 
reported in advanced countries. Fortunately, the blood lead 
and cadmium concentrations did not exceed the CDC recom-
mendations. However, 1.5% of subjects showed blood mer-
cury concentrations that exceeded the levels recommended by 
the HBM standard, meaning that the risk of health damage ex-
ceeded the expected level in sensitive individuals. A major 
problem found in this study is that Korean girls faced an in-
creasing risk of precocious puberty, as they showed a younger 
age at menarche in response to higher blood lead and mercury 
concentrations.

Children and adolescents are still developing, and expo-
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sure to harmful substances in this period has an effect on life-
time health. Therefore, a systematic, ongoing monitoring sys-
tem for heavy metals is needed at the national level. These 
findings should also spur an additional interest in the envi-
ronment.
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