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Purpose: Obesity has been associated with higher total blood mercury levels, based on animal studies;
however, studies that focus on children and adolescents are lacking. We aimed to assess the association
between total blood mercury levels and the incidence of overweight and abdominal obesity in Korean
adolescents.

Methods: The study population comprised 1,567 adolescents (793 boys and 774 girls; aged 10-19
years), who participated in the Korea National Health and Nutrition Examination Survey 2010—2013. We
analyzed total blood mercury levels according to obesity status in all participants.

Results: The geometric mean of total blood mercury levels was 1.93 pg/L. Participants with overweight
(2.20 pg/L) and obesity (2.17 pg/L) had higher levels than those with normal weight (1.86 pg/L, P<
0.0001). The prevalence of overweight significantly increased with elevation of the total blood mercury
quartile in both sexes. Increased incidence of abdominal obesity corresponding to increased total blood
mercury level was observed in boys. After adjusting for covariates, those in the highest total blood mercury
quartile were found to be at higher risk of overweight/obesity than those in the lowest quartile in both sexes
(odds ratio [95% confidence interval]: boys, 3.27 [1.66—6.41]; girls, 1.90 [1.03—3.49]). The association
between total blood mercury quartile and abdominal obesity was significant after controlling for covariates
inboys (2.35[1.05-5.24]).

Conclusion: Our results suggest an association between total blood mercury levels and overweight in
Korean adolescents.
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Introduction

Mercury exists naturally in the Earth’s crust. It is naturally emitted into the atmosphere from
soil and water, or released artificially through human activities such as metal mining, coal-
burning (in power stations and homes), and the breakage of products containing mercury
(fluorescent lamps, batteries, and pharmaceuticals).” The general population is exposed to
mercury predominantly through contaminated foods—in particular, the products of fisheries
and plants, which accumulate mercury in the form of methylmercury. Mercury exposure, in
humans, has toxic effects on various organ systems, including the nervous, cardiovascular,

renal and endocrine systems.”
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Mercury is considered an endocrine disruptor, since it has direct
cytotoxic effects on most of the human endocrine tissues, such as
pancreas and thyroid gland.” In addition, mercury exposure cause
disturbances in carbohydrate and lipid metabolism” and induction
of oxidative stress and systemic inflammation.” These effects,
caused by mercury exposure, could lead to an increased risk of the
development of obesity-related metabolic disorders. In recent times,
numerous studies have investigated the relationship between mer-

cury exposure and an increased risk of obesity, "

and mercury
has emerged as a possible obesogen. However, these findings were
not consistent with some other studies, which reported that there
was no association” between total blood mercury concentrations
and adiposity. Moreover, the number of studies conducted on the
pediatric population, in this context, is limited.*”

Children and adolescents are considered more vulnerable to the
toxic effects of heavy metal exposure, as they may ingest larger
amounts of contaminated foods, in relation to their body weight."” In
addition, the immature nature of their metabolic excretory pathways
can limit the detoxification and elimination of heavy metals, after
exposure; this may increase the toxic effects on this population.'®

In this study, we aimed to investigate the association of total
blood mercury levels and overweight/obesity (defined by the body
mass index [BMI]), and with abdominal obesity (defined by the
waist to height ratio [WHtR]), in a population of Korean adolescents,
using data from the Korean National Health and Nutrition Survey

(KNHANES) 2010-2013.

Materials and methods

1. Study participants

The data for this study were obtained from the KNHANES
2010-2013—a community-based survey performed by the Korea
Centers for Disease Control and Prevention, to evaluate the health
and nutritional statuses of Korean citizens. A stratified, multistage,
probability sampling design was used to select participants, who
were representative of South Korea’s civilian, noninstitutionalized
population. The cross-sectional analysis was performed in 1,567
children and adolescents, aged 10-19 years (793 boys and 774 girls),
who completed the health examination survey and the laboratory
assessment for the estimation of the total blood mercury levels.
Written informed consent was obtained from all the participants or
their parents. This study was exempt from the approval of the insti-
tutional review board, since it used a publicly available deidentified
dataset.

2. Data collection and study variables

The participants were divided into 3 age groups (10-12, 13-15,
and 16-19 years). The BMI status was determined in accordance
with the sex- and age-specific percentiles of the national reference
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standards."” For participants aged <19 years, the BMI status was
defined as follows: underweight (BMI<5th percentile), normal
(BMI=5th percentile, and <85th percentile), overweight (BMI=85th
percentile and <95th percentile), and obese (BMI=95th percentile).
For subjects aged 19 years, the BMI status was determined in accor-
dance with the criteria defined by the International Obesity Task
Force, for adults in the Asian and Pacific regions.'” In this, the BMI
status was defined as follows: underweight (BMI<18.5 kg/m?),
normal weight (18.5 kg/m’<BMI<23 kg/m”), overweight (23 kg/
m’<BMI<25 kg/m’), and obese (BMI>25 kg/m®). Abdominal obesity
was defined as a WHtR>0.5."

We classified the areas of the participants’ residence into 2 cate-
gories: rural areas (administrative divisions of counties, or small
cities with a population of less than 500,000 people) or urban areas
(administrative divisions of counties, or cities with a population
of more than 500,000 people). The household income level was
determined by the quartiles of the monthly household equivalent
income, which was calculated by dividing the monthly household
income by the square root of the number of household members.

The smoking status of the participants was categorized into 3
groups, according to their smoking habits or exposure to cigarette
smoke in the past 30 days: nonsmokers (those who had never
smoked), secondhand smoke exposure (those who were exposed to
cigarette smoke due to the smoking habits of their family members),
and current smokers (those who smoked at least 1 cigarette a
day). Drinking habits were categorized into 3 groups, based on the
patterns of alcohol consumption in the past year: nondrinkers (those
who did not consume alcohol even once a month), light drinkers
(those who consumed at least one glass of alcohol every month),
and heavy drinkers (those who consumed more than 6 drinks for
boys, or 4 drinks for girls, on a single occasion, more than 2 times
per week). The level of physical activity was self-reported, using the
International Physical Activity Questionnaire, in the KNHANES.
Moderate-to-vigorous physical activity was defined as vigorous
physical activity lasting at least 20 minutes, per session, more than
3 times a week, or as moderate physical activity lasting at least 30
minutes, per session, more than 5 times a week.

We defined anemia according to the cutoff values provided by
the criteria of the'”: Hb<11.5 g/L at 10-11 years, <12.0 g/L at 12-14
years, <13.0 g/L in boys aged 215 years, and <12.0 g/L in girls aged
=15 years.

3. Determination of mercury concentrations in whole blood
Participants’ blood samples were drawn into sodium heparin
tubes, after an overnight fast. The total blood mercury concentra-
tions were measured using the gold-amalgam collection method,
with a Direct Mercury Analyzer 80 (DMA 80, Milestone, Bergamo,
Italy). The interassay coefficients of variation were 0.47%-6.08%.
The limit of detection (LOD) for the total blood mercury was 0.158
mg/L, and the total blood mercury levels were not below the LOD in
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any of the participants.

Table 1. General characteristics of participants

Characteristic (n:T10Yt2|67) (n:B%S) (n:G;r; 4 Pvalue
Age (yr) 15.0+0.1  14.9+0.1 15.0+0.1  0.409
Age group (yr) 0.601

10-12 471 (23.8) 249 (24.7) 222 (22.8)

13-15 515(30.2) 267 (30.8) 248 (29.7)

16-19 581 (46.0) 277 (44.5) 304 (47.5)

BMI (kg/m?) 21.0+0.1 21.4+0.2 20.8+0.2 0.006

BMI status 0.808
Underweight 75(4.8) 36(.1) 39(4.6)

Normal 1,171 (73.9) 589 (72.7) 582( 2)
Overweight 198 (12.7) 102 (13.3) 96 (12.0)
Obese 123(86) 66(89 57(8.2

Waist circumference (cm) 70.3+0.3 725+0.4 68.1+0.4 <0.001

Abdominal obesity 157 (11.0) 103 (13.0) 54(8.7)  0.037

Residential region 0.726
Urban 1,323 (82.8) 668 (82.5) 655 (83.2)

Rural 244 (17.2) 125(17.5) 119 (16.8)

Household income 0.199
Quartile 1 186 (14.0) 85(12.4) 101 (15.9)

Quartile 2 414 (28.8) 210 (29.2) 204 (28.3)
Quartile 3 488 (29.5) 244 (28.7) 244 (30.4)
Quartile 4 463 (27.6) 249 (29.7) 214 (25.4)

Smoking status <0.001
Nonsmoker 851 (53.2) 418 (49.8) 433 (56.8)
Secondhand smoke exposure 619 (38.9) 304 (38.5) 315 (39.4)

Current smoker 86(7.9 66(11.7) 20(3.8)

Drinking habits 0.001
Nondrinker 1,371 (84.6) 684 (81.9) 687 (87.6)

Light drinker 139 (11.4) 70(11.8) 69 (10.9)
Heavy drinker 45(4.00 36 (6.4) 9(1.5)

Anemia <0.001
No 1,545 (98.5) 790 (99.7) 755 (97.2)

Yes 22 (1.5) 303 1928

Values are presented as mean=standard error or number (%).

BMI, body mass index.

Table 2. Distribution of blood mercury levels (ug/L) in Korean adolescents
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4. Statistical analysis

Statistical analyses were conducted using IBM SPSS ver. 18.0 (IBM
Co., Armonk, NY, USA), and sampling weights were used to take
the complex sampling design into account. The complex sample
descriptive procedure (CSDESCRIPTIVES) was used to evaluate the
numerical variables (both discrete and continuous). For categorical
or ordinal variables, the complex-samples crosstabs procedure
(CSTABULATE) was used. Because of the left-skewed distribution,
the blood mercury levels were log-transformed. The geometric
means and 95% confidence intervals (Cls) were calculated using a
complex samples general linear model (CSGLM), to compare the
blood mercury levels by different demographic and lifestyle groups,
after adjusting for all the covariates, including age, sex, BMI status,
residential region, household income, smoking status, alcohol con-
sumption, and anemia. Multivariate logistic regression analyses were
used to determine the adjusted odds ratios (ORs) and 95% CI for the
incidences of overweight and abdominal obesity, according to the
quartile of total blood mercury concentrations (CSLOGISTIC). For all
the analyses, P values were two-tailed and P<0.05 was considered
statistically significant.

Results

1. General characteristics of the study participants

The general characteristics of the study participants are presented
in Table 1. The mean age of the study population was 15.0 years.
There were no significant differences in age, area of residence, and
household income, between the boys and girls. The prevalence of
overweight and obesity was 12.7% and 8.6%, respectively, and no
significant sex-related difference was found in the BMI status. The
prevalence of abdominal obesity, however, was significantly higher
in the boys (13.0%) than in the girls (8.7%). The proportions of cur-
rent smokers (P<0.001) and heavy drinkers (P=0.001) were also
significantly higher among the boys. The prevalence of anemia was
significantly higher in the girls than in the boys (P<0.001).

2. Total blood mercury concentrations of the study participants
The distribution of the total blood mercury concentrations in

the study participants are shown in Table 2. The geometric mean

of the total blood mercury levels was 1.93 ug/L (2.01 pg/L in boys,

Selected percentiles (95% Cl)

No. Geometric mean (95% Cl)
50th 75th 90th 95th
Total 1,567 1.93 (1.87-1.98) 1.88 (1.82-1.93) 2.54 (2.47-2.68) 3.561(3.38-3.73) 4.32 (4.08-4.77)
Sex
Girl 774 1.85(1.78-1.92) 1.80 (1.72-1.89) 2.41(2.30-2.55) 3.23(3.05-3.45) 3.89 (3.59-4.41)
Boy 793 2.01 (1.93-2.09) 1.94 (1.86-2.04) 2.43 (2.41-2.46) 3.81 (3.62-4.07) 4.77 (4.30-5.15)

Cl, confidence interval.
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and 1.85 pg/L in girls), and the 95th percentile values in the boys
and girls were 4.77 and 3.89 pg/L, respectively. Table 3 presents the
crude and adjusted geometric means of total blood mercury con-
centrations, according to the participants’ characteristics. The crude
and adjusted geometric means of the total blood mercury levels were
significantly higher in the boys than in the girls (P<0.001).

Table 3. Crude and adjusted geometric means of blood mercury levels
(ug/L) according to participant general characteristics

Geometric mean (95% CI)

Variable No. .
Crude Adjusted'
Total 1,567 1.93 (1.87-1.98)
Sex
Girl 774 1.85(1.78-1.92) 2.11 (1.88-2.36)
Boy 793 2.01 (1.93-2.09)* 2.25 (2.00-2.52)**
Age (yr)
10-12F 471 1.89 (1.81-2.18)  2.16 (1.90-2.44)
13-15 515 1.94 (1.84-2.03) 2.21(1.95-2.49)
16-19 581 1.95(1.87-2.03) 217 (1.95-2.41)
Body mass index status
Underweight 75192 (1.68-2.19) 2.05(1.74-2.41)
Normal* 1171 1.86 (1.80-1.92)  2.00 (1.80-2.24)
Overweight 198 2.20 (2.02-2.38)™* 2.38 (2.08-2.72)*
Obese 123 2.17 (2.00-2.35™* 2.30 (2.02-2.62)*
Residential region
Urban’ 1,323 1.91 (1.85-1.97) 2.11 (1.89-2.35)
Rural 244 2.02 (1.88-2.16) 2.25(1.98-2.55)
Household income
Quartile 1* 186 1.94 (1.79-2.10) 2.21 (1.94-2.52)
Quartile 2 414 1.81 (1.73-1.90) 2.02 (1.79-2.27)
Quartile 3 488 1.94 (1.84-2.04) 2.18 (1.93-2.46)
Quartile 4 463 2.06 (1.95-2.19) 2.32 (2.06-2.61)
Smoking status
Nonsmoker* 851 1.88 (1.81-1.96) 2.12(1.88-2.39)

Secondhand smoke exposure

619 1.98 (1.89-2.06)

2.21 (1.98-2.47)

Current smoker 86 2.00 (1.83-2.19) 2.21(1.93-2.52)
Drinking habits

Nondrinker* 1,371 1.91 (1.85-1.98) 210 (1.90-2.32)

Light drinker 139 2.02 (1.88-2.16) 2.21 (1.97-2.48)

Heavy drinker 45215 (1.80-2.56) 2.22 (1.83-2.69)
Anemia

No 1,545 1.93(1.88-1.99) 2.15(1.99-2.31)

Yes 22 1.80 (1.562-2.13) 2.21 (1.84-2.64)

Total blood mercury levels and overweight among Korean adolescents

3. The associations of total blood mercury concentrations with
overweight/obesity and abdominal obesity

Significantly higher total blood mercury levels were observed
among participants with overweight and obesity than among parti-
cipants with a normal weight (P<0.001). However, the total blood
mercury levels did not differ significantly based on age group, area
of residence, household income, smoking/drinking habits, or pre-
sence of anemia.

The prevalence of overweight/obesity and abdominal obesity,
according to the quartiles of total blood mercury concentrations,
are presented in Table 4. The prevalence of overweight/obesity
significantly increased with the elevation of the total blood mercury
quartile, in both the sexes (P for-trend<0.05). Increases in the pre-
valence rates of abdominal obesity, corresponding to the increase of
the total blood mercury quartile, were also noted in the boys, but this
trend was not observed in the girls.

The adjusted ORs (95% CI) for overweight/obesity and abdominal
obesity, according to the quartiles of total blood mercury concen-
trations, are shown in Table 5. After adjusting for the covariates,
including age, household income, daily calorie intake, and level of
physical activity, the participants in the highest total blood mercury
quartile were found to be at the highest risk for developing over-
weight/obesity, compared to those in the lowest quartile (OR [95%
CIJ: boys, 3.27 [1.66-6.41]; girls, 1.90 [1.03-3.49]). The positive asso-
ciation between total blood mercury quartiles and abdominal obesity
was significant in the boys (2.35 [1.05-5.24]), but not in the girls.

Table 4. Prevalence of overweight/obesity and abdominal obesity
according to blood mercury level quartile

Blood mercury quartile
Variable | I J q”l N for—tfend
Boy n=200 n=196 n=199 n=198
BMI status 0.001
Underweight 8.2 0(6.4) 9.8 93.9
Normal 166 (79.8) 147 (70.8) 154 (79.2) 122 (60.9)
Overweight 16(9.3) 24(12.00 24(11.8) 38(20.2)
Obesity 10 (5.6) 5(10.8) 12(4.3) 29(15.0)
Abdominal obesity 14 (7.8) 22 (14.0) 27(10.9) 40(19.2) 0.043
Girl n=193 n=193 n=191 n=197
BMI status 0.024
Underweight 10 (6.0) 0(4.0) 04.2) 9(.1)
Normal 149 (78.5) 155 (80.6) 143 (74.9) 135(67.2)
Overweight 27 (13.4) 15(6.5 23(11.00 31(16.8)
Obesity 7(3.2) 389 599 22(10.8)
Abdominal obesity 8 (5.7) 4(10.00 13(9.1) 19(10.1) 0.618

Cl, confidence interval.

**P<0.001. **P<0.0001.
TAdjusted for all variables in the table. ‘Reference for comparison of geometric

mean in each variables'.
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Values are presented as number (%).

The sex-specific quartile values of blood mercury are as follows: boy (<-1.47,
1.47-1.93, 1.94-2.67, >2.67 ug/L), girl (<1.39, 1.39-1.79, 1.80-2.41,
>2.41 ug/L).
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Table 5. Odds ratio (95% confidence interval) for obesity according to blood mercury level quartile

Blood mercury quartile

Variable
| [ Il \%
Boy
Overweight/obesity
Model 1 1.00 1.61(0.83-3.09) 1.02 (0.49-2.12) 2.89 (1.54-5.40)
Model2 1.00 1.72 (0.89-3.36) 1.11 (0.53-2.34) 3.00 (1.57-5.72)
Model 3 1.00 1.86 (0.92-3.77) 1.27 (0.58-2.76) 3.27 (1.66-6.41)
Abdominal obesity
Model 1 1.00 2.06 (0.89-4.78) 1.58 (0.70-3.57) 3.13 (1.44-6.80)
Model 2 1.00 2.06 (0.89-4.78) 1.58 (0.71-3.53) 2.87 (1.33-6.18)
Model 3 1.00 2.09 (0.87-4.97) 1.72 (0.72-4.08) 2.35(1.05-5.24)
Girl
Overweight/obesity
Model 1 1.00 0.92 (0.46-1.83) 1.34 (0.76-2.36) 1.93 (1.10-3.37)
Model 2 1.00 0.90 (0.45-1.79) 1.29(0.72-2.31) 1.93 (1.09-3.41)
Model 3 1.00 0.83(0.39-1.79) 1.24 (0.66-2.30) 1.90 (1.03-3.49)
Abdominal obesity
Model 1 1.00 1.94 (0.65-5.82) 1.71 (0.62-4.76) 1.93(0.70-5.31)
Model 2 1.00 1.87 (0.63-5.57) 1.65 (0.59-4.60) 1.87 (0.67-5.21)
Model 3 1.00 1.85 (0.58-5.94) 1.41 (0.47-4.26) 1.67 (0.57-4.93)

The sex-specific quartile values of blood mercury are as follows: boy (<-1.47,1.47-1.93,1.94-2.67, >2.67 pg/L), girl (<1.39, 1.39-1.79, 1.80-2.41, >2.41 pg/L).

Odds ratios were derived from logistic regression analyses.

Model 1, adjusted for age; model 2, model 1 plus adjustment for household income; model 3, model 2 plus adjustment for daily calorie intake (kcal) and fulfillment

of moderate-to-vigorous physical activity.

Discussion

In this study, we presented a representative sample of total blood
mercury concentrations, in Korean adolescents, and also demon-
strated that elevations in the total blood mercury levels were asso-
ciated with increases in the prevalence of overweight/obesity in both
sex and abdominal obesity in boys, using data from the KNHANES
2010-2013.

Only a limited number of studies have focused on the effects of
total blood mercury concentrations among adolescent populations,
especially those from Asian countries. Recently, two studies reported
the total blood mercury levels of children in Japan'” and China.'”
Although there were differences regarding the number of parti-
cipants and their ages in those studies, the geometric means of the
total blood mercury levels tended to be the highest in Japanese
children (4.55 pg/L)," followed by in adolescents from Korea (1.93
ng/L in this study) and Chinese children (1.05 pg/L)." Importantly,
we found that the geometric mean values of the total blood mercury
levels, among the children and adolescents in these 3 countries, were
markedly higher than those of their counterparts from Canada (0.29
ng/L),"” the US (0.28 pg/L),"® and Germany (0.2 pg/L)."”

Total blood mercury comprises 14% to 26% of inorganic mercury
and 75% to 90% of methylmercury; exposure to methylmercury
predominantly occurs through the consumption of the products

of fisheries.”” Interestingly, the consumption of fish and shellfish,
per capita, has been reported to be relatively higher in Japanese
(85.4-107 g/day),”" Korean (79.6 g/day),”” and Chinese (29.6 g/day)
populations,” compared with the consumption, per capita, in the
US (12.8 g/day),”” Canada (20 g/day),”” and Germany (15.8-16.2
g/day)’”; these results can be expanded to include children and
adolescents too. Therefore, the high total blood mercury levels ob-
served in Korean and Japanese adolescents, in comparison to the
corresponding levels in adolescents from other countries, could
be partly attributed to the higher rates of consumption of fishery
products.

Several studies have reported a positive association between
blood mercury levels and obesity, in adult populations; however,
these findings were not consistent with those of other previously
conducted studies. Several investigators have observed an increased
risk of overweight/central obesity, based on the BMI****® in Korean
adults with higher blood mercury concentrations, using large-scale
data. In addition, a recent study demonstrated that blood mercury
levels were associated with visceral fat, as estimated using dual-
energy X-ray absorptiometry, in healthy Korean adults.” Similarly,
Russian investigators demonstrated a positive correlation between
hair mercury levels and BMI, and also established an association
between increased hair mercury levels and the prevalence of
overweight and obesity, in adults.” However, there were some other
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studies which suggested that there is no significant relationship
between blood mercury concentrations and central obesity.” There
were a few studies reported a negative associations between mercury
concentrations and BMI.”

As mentioned previously, mercury has numerous toxic effects,
which could be responsible for the link between mercury exposure
and overweight/obesity. However, there have been no prospective
studies focusing on whether obesity would be developed or aggra-
vated after mercury exposure. Therefore, it is unclear if elevated
concentrations of mercury in the blood and tissues are a cause
or an effect of obesity. Obesity has been hypothesized to be an
important factor that impacts the tissue distribution and elimination
of mercury. In vivo studies demonstrated much higher mercury
concentrations in the blood and other organs in experimental
animals with obesity.”**® These studies suggested that the higher
blood mercury concentrations in overweight organisms could be
attributed to their higher body fat mass, and to the lower capacity
of mercury accumulation in the fat tissues compared to the other
tissues.””” In addition, the defective biliary excretion processes and
reduced glutathione levels that accompany obesity, may impair
the biliary excretion of methylmercury,’"”” thereby leading to
accumulation of methylmercury in the blood and multiple organs.

In this study, we demonstrated that total blood mercury con-
centrations were increased in adolescents with overweight/obesity,
irrespective of their sex, as well as in boys with abdominal obesity.
To our knowledge, this is a novel finding, in relation to pediatric
populations. Only a few studies, till date, have investigated the
relationship between mercury exposure and overweight/obesity,
in children and adolescents. Two previously conducted studies
failed to show significant correlations between total blood mercury
concentrations and BMI or obesity, in a population of children
and adolescents from the US*?; these findings differ from those
of the present study. A recent study, which made use of the Vac-
cine Safety Datalink database, demonstrated that exposure to
mercury, through Thimerosal-containing hepatitis B vaccines, was
associated with a higher incidence of obesity, in children from the
US*: this is consistent with the present study’s results. However,
the study by Geier et al.” was not adjusted for several important
covariates, including ethnicity, socioeconomic status, calorie intake,
and physical activity. Our study showed modest but significant
associations between incidences of overweight/abdominal obesity
and higher blood mercury concentrations, after controlling for
socioeconomic status, calorie intake and physical activity in Korean
adolescents. It is interesting to note that while total blood mercury
concentrations are shown to be positively associated with increased
risks of overweight and abdominal obesity in several studies
conducted on the Korean population, they are not significantly or
even negatively associated with the prevalence of overweight in
the US population.®” It is unclear if this discrepancy is due to the
ethnicity-driven differences in the metabolism and elimination of
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mercury, or due to the higher levels of mercury exposure, among
Koreans (adult, 3.08 ug/L; children, 1.93 ug/L) relative to US citizens
(adult, 1.7 pg/L; children, 0.76 ug/L].Q] Further studies, conducted in
different countries and ethnic groups, are required, for the estimation
of the inconsistencies in the study results.

Of note, the associations between blood mercury concentrations
and abdominal obesity was significant only in boys, not in girls. Sex
differences in tissue distribution and clearance of mercury have been
demonstrated in rodent studies.” However, no previous human data
have reported on the sex difference in mercury accumulation within
the adipose tissue, therefore, the sex difference in the relationship
between the blood mercury level and abdominal obesity cannot
be fully explained. We assume that one possible explanation is the
sexual dimorphism in fat distribution.”” Men have more visceral
adipose tissue and less subcutaneous adipose tissue compared with
women, which is explained as effects of sex steroids. In addition,
previous studies suggested that mercury predominantly accumulates
in visceral adipose tissue than subcutaneous adipose tissue.” For
these reasons, the relationship between abdominal obesity and the
blood mercury might be more relevant in boys than in girls.

The present study has some limitations. First, because this was
a cross-sectional study, causality could not be inferred. Second,
the levels of mercury in the hair and toenails, which are the best
biomarkers of long-term exposure, were not measured in the
KNHANES. Third, we could not assess differences in the consump-
tion of fish/shellfish based on obesity status, as the variable grouping
of fish/shellfish types and the frequencies of food consumption
were different, between 2010-2011 and 2012-2013. Additionally,
the response rate to the food frequency questionnaire, among the
participants, was relatively low. Nonetheless, to our knowledge, this
is the first study to demonstrate the association of high blood mer-
cury concentrations, and incidences of overweight and abdominal
obesity using a representative national sample of adolescents.

In conclusion, this study provides evidence of the positive asso-
ciation between total blood mercury levels and incidences of over-
weight/abdominal obesity in Korean adolescents compared to their
counterparts in Western countries. Adiposity and its distribution
should be considered in studies using blood mercury concentrations.
Further studies are required to reveal the possible mechanisms that
lead to an association between high blood mercury concentrations
and obesity.
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