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Background: Phthalates and bisphenol A (BPA) are synthetic chemicals widely used in daily life. This study investigated urinary
phthalate and BPA levels in Korean children and their associations with obesity.
Methods: A total of 2,351 children aged 3 to 17 years who participated in the Korean National Environmental Health Survey 2015
to 2017 were included. Urinary dilution was corrected using covariate-adjusted standardization (CAS). We examined the geometric
mean (GM) concentrations of urinary phthalate metabolites, including di (2-ethylhexyl) phthalate (DEHP) metabolites (mono [2-ethyl-5-hydroxyhexyl] phthalate, mono [2-ethyl-5-oxohexyl] phthalate, and mono [2-ethyl-5-carboxypentyl] phthalate [MECPP]), mono-benzyl-phthalate (MBzP), mono (carboxyoctyl) phthalate (MCOP), mono (carboxy-isononyl) phthalate (MCNP), mono (3-carboxypropyl) phthalate, and mono-n-butyl-phthalate (MnBP), and BPA. We also analyzed the odds ratio (OR) for obesity according
to the quartiles of each analyte.
Results: The urinary GM levels of DEHP metabolites and MnBP were notably higher among Korean children than among American, Canadian, and German children. The CAS-applied GM concentrations of most analytes, except for MBzP, MCOP, and MCNP,
were higher in children aged 3 to 5 years than in those aged 6 to 17 years. The OR for obesity in the highest quartile of MECPP was
significantly higher than in the lowest quartile after adjusting for covariates. However, the other phthalate metabolites and BPA were
not significantly associated with obesity.
Conclusion: The concentrations of urinary DEHP metabolites and MnBP were higher in Korean children than in children in Western
countries. Urinary MECPP exposure, but not other phthalates or BPA, showed a positive association with obesity in Korean children.
Further studies are required to elucidate the causal relationships.
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INTRODUCTION
Phthalates are synthetic organic chemicals that are diesters of
1,2-benzenedicarboxylic acid [1,2] and are categorized by their
molecular weight [2]. High-molecular-weight phthalates (HMWPs) are mainly used in household products (polyvinyl chloride
[PVC] plastics for food packaging, medical devices, building
materials, and children’s toys), whereas low-molecular-weight
phthalates (LMWPs) are mainly used in personal care products
(shampoo, lotions, deodorants, perfumes, and makeup products)
[3]. HMWPs are classified as di (2-ethylhexyl) phthalate (DEHP)
and non-DEHP compounds, depending on the parent compound
[3]. Bisphenol A (BPA) is a synthetic chemical widely used in
polycarbonate plastics for food packaging, epoxy resins for
canned beverages, and thermal paper [4].
Phthalates and BPA have been reported to have various effects on the human body [4,5]. In particular, extensive studies
are being conducted on their obesogenic effects in response to
increasing obesity worldwide [3,6]. Previous studies have shown
that both phthalates and BPA can cause obesity by promoting
adipogenesis by activating peroxisome proliferator-activated receptors (PPARs), binding to estrogen receptors (ERs), and interfering with thyroid hormone receptors (TRs) [6]. However,
studies on the association between phthalates and BPA exposure
with obesity have reported inconsistent results [1,7]. Moreover,
much research on this issue has been conducted in Western populations, and studies on other ethnic groups, especially among
pediatric populations, are insufficient [2,7].
Urinary creatinine (Ucr) was adjusted as an independent covariate to account for urinary dilution of analyte concentrations
in most of the previous studies. However, as Ucr is affected by
urine dilution, age, sex, and body mass index (BMI), adjusting
Ucr as an independent covariate in BMI-based obesity studies
might cause collider stratification bias [8-10]. Given that creatinine is predominantly produced by skeletal muscle and excreted
in the urine, Ucr levels are higher in obese people with relatively more skeletal muscle than in lean people [8]. Therefore, adjusting only for Ucr leads to a risk of offsetting significance in
the results of obesity risk analyses [8]. To overcome this problem, covariate-adjusted standardization (CAS) has recently been
introduced [8-10]. CAS may contribute to an adequate assessment of BMI-related obesity risk in epidemiological studies using endocrine-disrupting chemical (EDC) levels as exposure
biomarkers [9].
This study aimed to determine the urinary concentrations of
phthalates and BPA in Korean children and adolescents and to
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identify their associations with pediatric obesity by analyzing
national representative data using the CAS method.

METHODS
Study population
The Korean National Environmental Health Survey (KoNEHS)
was conducted by the National Institute of Environmental Research (NIER) to assess the general population’s exposure to
environmentally hazardous substances [11].
Data from the third cycle of the KoNEHS, which included the
pediatric population for the first time, were used in this study
[11]. Before participation, all participants and their parents provided informed consent. The study protocol was approved by
the Institutional Review Board of Inje University Sanggye Paik
Hospital (approval number: SGPAIK 2019-11-018). Informed
consent was waived by the board.
In total, 2,380 participants aged 3 to 17 years were surveyed.
After excluding participants who had not been tested for urinary
phthalate metabolites and BPA, the final sample contained 2,351
individuals (1,163 boys and 1,188 girls).
Study variables
Height and weight were measured by qualified surveyors to the
nearest 0.1 cm and 0.1 kg, respectively, using a stadiometer and
a weighing scale while the participants wore light clothing and
no shoes. BMI was calculated by dividing the weight (in kilograms) by the square of the height (in meters), and BMI status
was determined using the sex- and age-specific percentile values presented in the 2017 Korean National Growth Charts for
children and adolescents: underweight (<5th percentile), normal (≥5th percentile and <85th percentile), overweight (≥85th
percentile and <95th percentile), and obesity (≥95th percentile)
[12].
The survey included questionnaires on household income and
health behaviors. The mean monthly household income for the
past year was classified into the following seven categories:
<1,000,000, 1,000,000–<2,000,000, 2,000,000–<3,000,000,
3,000,000–<5,000,000, 5,000,000–<7,000,000, ≥7,000,000
South Korean won (KRW), and unknown. For health behavior,
the survey asked participants whether they ate hamburgers or
pizza more than twice a week and played or exercised enough
to sweat more than three times a week. Urine cotinine concentrations were measured using gas chromatography-mass spectrometry (Clarus 600T, PerkinElmer, Waltham, MA, USA). Ucr
was measured by colorimetry (ADVIA 1800, Siemens HealthCopyright © 2022 Korean Endocrine Society
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ineers, Erlangen, Germany) using the Jaffe reaction method.
Measurement of urinary phthalate metabolites and BPA
Eight urinary phthalate metabolites, including mono (2-ethyl5-hydroxyhexyl) phthalate (MEHHP), mono (2-ethyl-5-oxohexyl) phthalate (MEOHP), mono (2-ethyl-5-carboxypentyl)
phthalate (MECPP), mono-benzyl-phthalate (MBzP), mono
(carboxyoctyl) phthalate (MCOP), mono (carboxy-isononyl)
phthalate (MCNP), mono (3-carboxypropyl) phthalate (MCPP),
and mono-n-butyl-phthalate (MnBP), and BPA were analyzed.
After collecting the participants’ midstream voided urine, the
collection container was shielded, immediately stored at 2°C to
6°C, and frozen at –20°C until analysis. Ultra-performance liquid chromatography-mass spectrometry (Agilent 6490, Agilent
Technologies Inc., Santa Clara, CA, USA) was used to analyze
the concentrations of urinary phthalate metabolites and BPA.
Quality control procedures for the analytes were carried out in
accordance with the recommendations of the NIER [11].
Before statistical analysis, each concentration below the limit
of detection (LOD) was imputed as the LOD value divided by
√2. The LOD values were as follows: MEHHP, 0.056 µg/L;
MEOHP, 0.048 µg/L; MECPP, 0.141 µg/L; MBzP, 0.066 µg/L;
MCOP, 0.048 µg/L; MCNP, 0.139 µg/L; MCPP, 0.078 µg/L;
MnBP, 0.040 µg/L; and BPA, 0.075 µg/L [11].
Adjustment of urinary dilution
To account for the urinary dilution effect, we used a novel method known as CAS [8-10,13]. First, the natural log-transformed
urinary creatinine level (LnUcr) was regressed on variables that
were considered to affect Ucr levels (age, sex, and BMI). Second, the predicted LnUcr levels for each study participant were
calculated using this model [9]: predicted LnUcr=0.990+sex
(boys=1, girls=2)×(–0.237)+age (year)×(–0.033)+BMI (kg/m2)
×(0.014).
The CAS-applied urinary phthalate metabolite and BPA concentrations were calculated as the measured urinary phthalate
metabolite and BPA level divided by the observed-to-predicted
Ucr ratio [9,13].
Statistical analysis
The KoNEHS used a proportionate, stratified two-stage sampling design. Sample weights were needed for a design-based
analysis to consider the differential potential of selection and
non-response bias. The data were then post-stratified using the
2010 Population and Housing Census of Korea. In all statistical
analyses, data on strata (administrative region and socioecoCopyright © 2022 Korean Endocrine Society

nomic status) and clusters (unit of sampling) were employed.
The complex-sample crosstabs procedure and the complexsample general linear model were used to analyze categorical
and continuous variables, respectively. The geometric mean
(GM) concentrations of urinary phthalate metabolites and BPA
were analyzed using a complex-sample descriptive procedure.
Differences in the concentrations of urinary phthalate metabolites and BPA by age group were analyzed using a complexsample general linear model. To determine the odds ratios (ORs)
of the associations of phthalate and BPA exposure with pediatric
obesity, a complex-sample logistic regression procedure was
used after adjustment for covariates.
Statistical analyses were performed using SPSS software version 27.0 for Windows (IBM Corp., Armonk, NY, USA). For all
statistical tests, a P value of <0.05, was considered statistically
significant.

RESULTS
General characteristics of study participants
The general characteristics of the study participants according
to sex and age groups are presented in Table 1. The study included participants aged 3–5 years (n=571), 6–11 years (n=
884), and 12–17 years (n=896). Overall, the prevalence of obesity was 18.2% in boys and 13.3% in girls. Eating hamburgers
or pizza more than twice a week was reported in 4.8% of boys
and 2.0% of girls. Playing or exercising enough to sweat more
than three times a week was reported in 61.1% of boys and
35.9% of girls.
Detection rates and concentrations of phthalate
metabolites and BPA
The detection rates and GM concentrations of each urinary
phthalate metabolite and BPA by sex are shown in Table 2. The
detection rates of each urinary phthalate metabolite and BPA
ranged from 95.4% (MBzP) to 100.0% (MEHHP and MECPP).
The GM concentrations of each urinary phthalate metabolites
were 22.7 µg/L for MEHHP, 15.6 µg/L for MEOHP, 37.7 µg/L
for MECPP, 2.9 µg/L for MBzP, 1.9 µg/L for MCOP, 0.5 µg/L
for MCNP, 1.6 µg/L for MCPP, and 41.5 µg/L for MnBP. The
GM concentration of BPA was 1.7 µg/L. Although the GM concentration of MBzP was significantly higher in boys than in
girls (3.2 µg/L vs. 2.6 µg/L, P<0.01), the concentrations of other analytes did not show sex-associated differences.
The GM concentrations of urinary phthalate metabolites and
BPA in pediatric populations from various countries are pre-
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Table 1. General Characteristics of the Study Participants (n=2,351)
Variable

Boys (n=1,163)

Age, yr

Girls (n=1,188)

9.8±0.4

9.7±0.4

Preschoolers (3–5 yr, n=571)

285 (24.0)

286 (24.7)

Elementary schoolers (6–11 yr, n=884)

451 (37.3)

433 (38.1)

Middle-high schoolers (12–17 yr, n=896)

427 (38.7)

469 (37.2)

51 (4.3)

46 (4.2)

Normal

769 (67.0)

852 (72.2)

Overweight

133 (10.5)

134 (10.3)

Obese

210 (18.2)

156 (13.3)

School age

P value
0.669
0.740

Body mass index status

0.030

Underweight

Household income, KRW

0.462

<1,000,000

21 (1.6)

14 (1.1)

1,000,000–<2,000,000

81 (7.5)

102 (7.6)

2,000,000–<3,000,000

184 (14.6)

156 (12.2)

3,000,000–<5,000,000

393 (33.0)

439 (37.5)

5,000,000–<7,000,000

277 (25.2)

275 (23.9)

≥7,000,000

155 (14.1)

148 (13.3)

52 (4.0)

54 (4.4)

Unknown
Eating hamburgers or pizza ≥twice a week

0.002

No

1,112 (95.2)

Yes

51 (4.8)

1,162 (98.0)
26 (2.0)

Play/Exercise with sweating ≥3 times a week

0.000

No

453 (38.9)

750 (64.1)

-

Yes

710 (61.1)

438 (35.9)

-

21.5±5.3

7.6±3.5

0.006

1.5±0.1

1.3±0.0

0.000

Urine cotinine, µg/L
Urine creatinine, mg/dL
Values are expressed as mean±standard error or number (% ).
KRW, Korean won.
a
Weighted percentages after accounting for the sampling design.
a

sented in Table 3. The Korean children included in our study
had higher urinary concentrations of DEHP metabolites and
MnBP than the pediatric populations in the United States [14],
Canada [15], and Germany [16]. The levels of the other HMWPs (MBzP, MCOP, MCNP, and MCPP) and BPA did not differ significantly across countries [14-16].
Comparisons of concentrations of phthalate metabolites
and BPA by age
Fig. 1. presents the CAS-applied GM concentrations of urinary
phthalate metabolites and BPA by age group. Phthalates and
BPA levels were generally higher in younger age groups. The
concentrations of MEHHP, MEOHP, MECPP, MCPP (P<
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0.001), MnBP (P<0.05), and BPA (P<0.001) were significantly
higher in children aged 3 to 5 years than in those aged 12 to 17
years. Moreover, the concentrations of MEHHP (P<0.01),
MEOHP (P<0.001), MCPP, and BPA (P<0.01) were significantly higher in children aged 3 to 5 years than in children aged
6 to 11 years. Meanwhile, both MCOP and MCNP levels were
the highest in children aged 6 to 11 years.
Risk of obesity according to concentrations of phthalate
metabolites and BPA
The crude and adjusted ORs with 95% confidence intervals
(CIs) for obesity, according to the quartiles of urinary phthalate
metabolites and BPA, are presented in Table 4. After adjusting
Copyright © 2022 Korean Endocrine Society
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Table 2. Distribution of Concentrations of Phthalate Metabolites and Bisphenol A
Parent compound
of analytes

Analytes

LOD, µg/L Detection rate, %

Geometric mean (95% confidence interval), µg/L

P value

Total (n=2,351)

Boys (n=1,163)

Girls (n=1,188)

100.0

22.7 (20.7–24.8)

23.6 (21.2–26.4)

21.8 (19.5–24.2)

0.172

HMWPs
DEHP

MEHHP

0.056

MEOHP

0.048

99.9

15.6 (14.2–17.2)

16.2 (14.3–18.3)

15.0 (13.5–16.8)

0.265

MECPP

0.141

100.0

37.7 (35.0–40.6)

39.1 (35.8–42.6)

36.4 (33.3–39.7)

0.108

BBzP

MBzP

0.066

95.4

2.9 (2.6–3.2)

3.2 (2.8–3.6)

2.6 (2.3–2.9)

0.003

DNP

MCOP

0.048

99.2

1.9 (1.8–2.0)

1.9 (1.7–2.0)

1.9 (1.7–2.0)

0.655

DDP

MCNP

0.139

96.8

0.5 (0.5–0.5)

0.5 (0.5–0.5)

0.5 (0.5–0.5)

0.175

DnOP

MCPP

0.078

99.7

1.6 (1.5–1.7)

1.6 (1.5–1.7)

1.5 (1.5–1.6)

0.094

MnBP

0.040

99.8

41.5 (37.8–45.6)

43.3 (38.7–48.4)

39.8 (35.9–44.1)

0.130

BPA

0.075

97.3

1.7 (1.6–1.9)

1.7 (1.5–1.9)

1.7 (1.6–1.9)

0.996

LMWPs
DnBP
BPA

Phthalate metabolite concentrations are shown after substituting the <LOD values by LOD/√2.
LOD, limit of detection; HMWP, high-molecular-weight phthalate; DEHP, di (2-ethylhexyl) phthalate; MEHHP, mono (2-ethyl-5-hydroxyhexyl) phthalate; MEOHP, mono (2-ethyl-5-oxohexyl) phthalate; MECPP, mono (2-ethyl-5-carboxypentyl) phthalate; BBzP, benzylbutyl phthalate; MBzP, monobenzyl-phthalate; DNP, di-isononyl phthalate; MCOP, mono (carboxyoctyl) phthalate; DDP, di-isodecyl phthalate; MCNP, mono (carboxy-isononyl)
phthalate; DnOP, di-n-octyl phthalate; MCPP, mono (3-carboxypropyl) phthalate; LMWP, low-molecular-weight phthalate; DnBP, di-n-butyl phthalate;
MnBP, mono-n-butyl-phthalate; BPA, bisphenol A.

Table 3. Comparison of the Geometric Mean Concentrations of Urinary Phthalate Metabolites and Bisphenol A by Country
Korea
KoNEHS (2015–2017)
Data source

Age: 3–17 years
Male: 49.5%
n=2,351

United States
NHANES (2015–2016)
Age: 3–19 years
Male: 49.5%
n=2,975

Canada
CHMS (2016–2017)

Germany
GerES (2014–2017)

Age: 3–19 years
Male: not described
n=1,615

Age: 3–17 years
Male: 51.6%
n=2,256

Age, yr

3–5

6–11

12–17

3–5

6–11

12–19

3–5

6–11

12–19

3–17

MEHHP, µg/L

34.5

28.7

13.7

8.7

8.8

5.8

12.0

9.7

5.9

NA

MEOHP, µg/L

25.5

19.2

9.3

5.8

6.0

3.8

8.5

7.0

4.0

7.6

MECPP, µg/L

45.2

44.5

28.4

14.9

14.6

9.4

15.0

13.0

6.9

11.9

MBzP, µg/L

3.1

2.8

2.8

8.3

10.7

6.1

7.7

10.0

5.3

3.1

MCOP, µg/L

1.6

2.2

1.7

9.1

11.1

10.3

1.3

1.3

1.2

NA

MCNP, µg/L

0.5

0.5

0.5

2.1

2.3

2.2

Could not be calculated because
>40% of samples were below the
LOD

NA

MCPP, µg/L

1.8

1.6

1.5

1.7

1.8

1.3

1.3

1.3

0.9

1.5

MnBP, µg/L

47.3

43.2

36.7

10.9

14.4

11.6

20.0

20.0

16.0

20.9

2.4

1.7

1.4

NAa

1.4a

1.3a

0.9

1.0

1.0

1.9

BPA, µg/L

KoNEHS, Korean National Environmental Health Survey; NHANES, National Health and Nutrition Examination Survey; CHMS, Canadian Health
Measures Survey; GerES, German Environmental Survey; MEHHP, mono (2-ethyl-5-hydroxyhexyl) phthalate; NA, not applicable; MEOHP, mono
(2-ethyl-5-oxohexyl) phthalate; MECPP, mono (2-ethyl-5-carboxypentyl) phthalate; MBzP, mono-benzyl-phthalate; MCOP, mono (carboxyoctyl)
phthalate; MCNP, mono (carboxy-isononyl) phthalate; LOD, limit of detection; MCPP, mono (3-carboxypropyl) phthalate; MnBP, mono-n-butyl-phthalate; BPA, bisphenol A.
a
Exceptionally based on the 2013–2014 NHANES, which was not included in the Fourth National Report on Human Exposure to Environmental Chemicals by the 2015–2016 NHANES.
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c

c
c

c

30

35

25

30
25
20
15
10

c

20
15
10
5

40
30

C

c

2.5

2.0

c

0.60

2.2

MCNP (μg/L)

MCOP (μg/L)

MBzP (μg/L)

4.0

2.5

50

B
c

3.0

c

20

A

3.5

c

60

MECPP (μg/L)

40

MEOHP (μg/L)

MEHHP (μg/L)

b

1.9
1.6
1.3
1.0

0.55
0.50
0.45
0.40

D

E

F

c

c

b

1.6
1.4
1.2

3−5

6−11

12−17

G

60
55
50
45
40
35
30
25
20

a

3−5

6−11
Age group (yr)

b

3.0

BPA (μg/L)

1.8

MnBP (μg/L)

MCPP (μg/L)

2.0

12−17

2.5
2.0
1.5
1.0

H

a

3−5

6−11

12−17

I

Fig. 1. The geometric mean concentrations of urinary phthalate metabolites and bisphenol A by age group. Covariate-adjusted standardization was applied to the analysis of the geometric mean concentration of the substances. (A) Mono (2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), (B) mono (2-ethyl-5-oxohexyl) phthalate (MEOHP), (C) mono (2-ethyl-5-carboxypentyl) phthalate (MECPP), (D) mono-benzylphthalate (MBzP), (E) mono (carboxyoctyl) phthalate (MCOP), (F) mono (carboxy-isononyl) phthalate (MCNP), (G) mono (3-carboxypropyl) phthalate (MCPP), (H) mono-n-butyl-phthalate (MnBP), (I) bisphenol A (BPA). aP<0.05; bP<0.01; cP<0.001.

for Ucr, none of the substances showed a significant association
with obesity, regardless of covariate adjustment. However, following CAS, after adjusting for age and sex (model 1), none of
the analytes except MECPP showed a significant association
with obesity. Only MECPP showed a significant positive association with obesity (OR, 1.61; 95% CI, 1.04 to 2.48) in the
highest quartile compared with the lowest quartile. After further
adjustment for household income, urinary cotinine, junk food
intake, and physical activity (model 2), a significantly higher
OR remained in quartile 4 of MECPP (OR, 1.61; 95% CI, 1.03
to 2.50) than in quartile 1 (Fig. 2).
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DISCUSSION
In this study, the concentrations of most urinary phthalate metabolites and BPA were higher in the younger participants. The
concentrations of urinary DEHP metabolites and MnBP were
higher in Korean children than in children in Western countries.
Although MECPP concentrations showed a positive association
with obesity, the other phthalate metabolites and BPA were not
significantly associated with obesity in Korean children. This
was the largest nationally representative study on phthalate and
BPA exposure levels and their association with pediatric obesity
in Asia. To the best of our knowledge, this is the first study to
investigate the difference in phthalate and BPA concentrations
Copyright © 2022 Korean Endocrine Society
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Table 4. Risk for Obesity According to the Quartiles of Phthalate Metabolites and Bisphenol A levels
Ucr adjustment

P value

CAS

P value

Crude

1.19 (0.81–1.75)

0.381

1.33 (0.89–1.98)

0.167

Model 1

1.07 (0.71–1.60)

0.758

1.43 (0.98–2.09)

0.065

Model 2

1.06 (0.70–1.60)

0.783

1.43 (0.98–2.10)

0.063

Crude

1.13 (0.78–1.63)

0.531

1.05 (0.71–1.54)

0.818

Model 1

0.98 (0.66–1.44)

0.911

1.07 (0.72–1.57)

0.741

Model 2

0.96 (0.65–1.42)

0.838

1.05 (0.72–1.54)

0.796

Crude

1.12 (0.76–1.63)

0.569

1.55 (1.04–2.29)

0.030

Model 1

1.02 (0.67–1.55)

0.937

1.61 (1.04–2.48)

0.033

Model 2

1.01 (0.66–1.55)

0.955

1.61 (1.03–2.50)

0.035

Crude

0.98 (0.65–1.47)

0.901

1.21 (0.85–1.71)

0.294

Model 1

0.90 (0.59–1.39)

0.632

1.16 (0.82–1.65)

0.410

Model 2

0.89 (0.58–1.37)

0.595

1.16 (0.81–1.64)

0.420

Crude

1.07 (0.76–1.51)

0.683

1.18 (0.79–1.77)

0.417

Model 1

1.00 (0.71–1.42)

0.994

1.17 (0.78–1.76)

0.433

Model 2

0.99 (0.69–1.43)

0.975

1.16 (0.77–1.75)

0.486

Crude

1.01 (0.64–1.60)

0.962

1.11 (0.82–1.52)

0.485

Model 1

0.99 (0.63–1.57)

0.969

1.11 (0.81–1.51)

0.519

Model 2

0.98 (0.62–1.55)

0.924

1.09 (0.80–1.48)

0.589

Crude

1.04 (0.69–1.55)

0.855

1.19 (0.82–1.72)

0.364

Model 1

1.00 (0.65–1.53)

0.996

1.17 (0.80–1.71)

0.416

Model 2

0.98 (0.64–1.50)

0.940

1.17 (0.80–1.72)

0.421

Crude

0.92 (0.63–1.34)

0.658

1.24 (0.85–1.80)

0.258

Model 1

0.81 (0.53–1.23)

0.312

1.21 (0.82–1.78)

0.345

Model 2

0.80 (0.52–1.22)

0.302

1.21 (0.78–1.71)

0.341

Crude

1.14 (0.75–1.73)

0.543

1.16 (0.78–1.72)

0.450

Model 1

1.10 (0.74–1.63)

0.651

1.17 (0.81–1.69)

0.392

Model 2

1.11 (0.74–1.64)

0.622

1.18 (0.82–1.69)

0.362

Variable
MEHHP

MEOHP

MECPP

MBzP

MCOP

MCNP

MCPP

MnBP

BPA

Values are expressed as odds ratios (95% confidence intervals) for the highest quartile relative to the lowest quartile. The covariate-adjusted standardization was applied to the analysis of the geometric mean concentration of the study substance. Model 1: adjusted for age and sex (+urinary creatinine in the
Ucr adjustment method); Model 2: adjusted for model 1+household income, urinary cotinine, eating hamburger or pizza ≥twice a week, play/exercise
with sweating ≥3 times a week (+urinary creatinine in the Ucr adjustment method).
Ucr, urinary creatinine; CAS, covariate-adjusted standardization; MEHHP, mono (2-ethyl-5-hydroxyhexyl) phthalate; MEOHP, mono (2-ethyl-5-oxohexyl) phthalate; MECPP, mono (2-ethyl-5-carboxypentyl) phthalate; MBzP, mono-benzyl-phthalate; MCOP, mono (carboxyoctyl) phthalate; MCNP,
mono (carboxy-isononyl) phthalate; MCPP, mono (3-carboxypropyl) phthalate; MnBP, mono-n-butyl-phthalate; BPA, bisphenol A.
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Fig. 2. Adjusted odds ratios (95% confidence intervals) for obesity by quartiles of phthalate metabolite and bisphenol A (BPA) levels. Adjusted for age, sex, household income, urinary cotinine level, eating hamburgers or pizza ≥twice a week, and play/exercise with sweating ≥
3 times a week. Covariate-adjusted standardization was applied to the analysis of the geometric mean concentration of each substance. The
quartile values of urinary phthalate metabolite and BPA levels were as follows: (A) mono (2-ethyl-5-hydroxyhexyl) phthalate (MEHHP;
<14.18, 14.19–23.65, 23.67–38.75, >38.78 µg/L), (B) mono (2-ethyl-5-oxohexyl) phthalate (MEOHP; <9.70, 9.70–16.10, 16.14–26.32,
>26.34 µg/L), (C) mono (2-ethyl-5-carboxypentyl) phthalate (MECPP; <23.97, 24.02–36.28, 36.29–57.26, >57.32 µg/L), (D) mono-benzyl-phthalate (MBzP; <1.49, 1.49–3.00, 3.00–6.41, >6.43 µg/L), (E) mono (carboxyoctyl) phthalate (MCOP; <1.18, 1.18–1.78, 1.78–2.82,
>2.83 µg/L), (F) mono (carboxy-isononyl) phthalate (MCNP; <0.33, 0.33–0.48, 0.48–0.71, >0.71 µg/L), (G) mono (3-carboxypropyl)
phthalate (MCPP; <1.09, 1.09–1.51, 1.51–2.13, >2.13 µg/L), (H) mono-n-butyl-phthalate (MnBP; <26.65, 26.80–41.77, 41.80–63.13,
>63.18 µg/L), (I) BPA (<0.97, 0.97–1.89, 1.90–3.44, >3.44 µg/L). aP<0.05.

by age group and their associations with childhood obesity, using the novel CAS method.
The urinary concentrations of DEHP metabolites and MnBP
in Korean children in our study were notably higher than those
in the United States [14], Canada [15], and Germany [16]. In
contrast, the levels of the other HMWPs (MBzP, MCOP,
MCNP, and MCPP) and BPA were not noticeably different
across countries [14-16]. Differences in lifestyle patterns may
explain disparities in exposure levels between countries [17]. In
Korea, most residential settings have underfloor heating systems, which increase the DEHP emissions from PVC flooring
materials. For this reason, DEHP exposure levels in Korea may
be higher than those in most other countries that do not use underfloor heating [18]. Moreover, the inhabitants of countries

256 www.e-enm.org

such as Korea with a high consumption of delivered food may
consume more food contaminated by DEHP and MnBP, which
are often used in plastic food packaging, compared to countries
that do not [19]. In addition, differences in phthalate regulations
in each country may contribute to the differences in exposure
levels [20].
We also demonstrated that most urinary phthalate metabolites
and BPA showed significantly higher exposure levels at a
younger age. These age-specific concentration differences are
consistent with previously published studies in the United States
[21] and Germany [16]. Younger children may be more vulnerable to phthalate exposure than older children, presumably because of more hand-to-mouth behavior and immature immune
and metabolic systems [22].
Copyright © 2022 Korean Endocrine Society
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Studies on phthalates and obesity are increasingly being reported, concomitantly with the rapidly increasing prevalence of
obesity [3,6]. Multiple mechanisms by which phthalates cause
obesity have been proposed. First, phthalates can induce obesity
by influencing adipocyte differentiation and proliferation via
PPARs or by binding to ERs [6]. Second, phthalates can lead to
obesity by interfering with thyroid hormones by binding to TRs
or by influencing the processes of thyroid hormone synthesis,
secretion, transport, and metabolism [5,23]. Third, phthalates
may contribute to obesity by interfering with the hypothalamic
control of appetite and satiety [23,24].
In our study, most phthalate metabolites were not associated
with obesity risk in Korean children, except for MECPP, which
is one of the major DEHP metabolites. Although animal studies
have generally observed positive associations with obesity
[23,25-30], the major HMWPs, including DEHP metabolites,
did not show any difference in urinary levels between obese and
normal-weight groups among American [31,32], Chinese [33],
Canadian [34], and Korean [35] children (Supplemental Table
S1). Previously, we also reported nonsignificant differences in
urinary phthalate metabolite levels according to obesity status,
but showed a higher percentage fraction of MEHHP in urinary
total DEHP metabolites in obese Korean girls than in controls
[36]. Meanwhile, a recent study in Iranian children reported that
most DEHP metabolites were positively related to obesity [37],
which is consistent with the findings of our study.
MnBP, the only LMWP among the KoNEHS analytes, was
not associated with obesity in this study. MnBP alone did not
show a significant association with obesity in American children, but the sum of LMWP metabolites was positively related
to obesity [38]. These positive associations between LMWP and
obesity were also observed in non-Hispanic Blacks [31], American girls [32], and Chinese children [33,39].
However, as some studies have found negative associations
between urinary phthalate metabolites and obesity in Chinese
[39,40] and Taiwanese [41] children, the relationship between
phthalate exposure and pediatric obesity has not yet been established.
In this study, no significant association was noted between
BPA and obesity among Korean children, which is consistent
with the findings of prior research from the United States [42],
Germany [43], and India [44]. However, previous studies from
the United States [45,46], Spain [47], Italy [48], and China [49]
have reported positive associations between BPA and childhood
obesity. In the United States, a positive association was observed in a previous National Health and Nutrition Examination
Copyright © 2022 Korean Endocrine Society

Survey-based study [45,46], but no significant association was
demonstrated in a more recent study [42]. Owing to the lack of
large-scale longitudinal studies from diverse ethnic groups, it is
unclear whether these disparities are due to racial differences in
the metabolism e or degree of exposure to EDCs. As the doseresponse associations of EDCs and health outcomes are mainly
nonlinear, different associations may be derived in populations
with varying levels of exposure [8]. In addition, the association
may have been offset by applying traditional Ucr adjustment
rather than CAS in most previous studies as an adjustment
method for dilution [9]. Further research is warranted to understand the heterogeneity of the obesogenic effects of phthalates
and BPA in epidemiological studies.
Unlike most previous studies, we used the CAS method instead of the conventional Ucr adjustment method to correct for
urinary dilution. As Ucr has a positive association with BMI,
collider stratification bias was a concern; therefore, adjusting
Ucr as an independent covariate could neutralize or distort the
association between urinary EDC concentrations and BMIbased obesity [8-10,50]. According to a regression model study
examining the association between urinary arsenic exposure
and BMI, a null association was observed when adjustment for
urinary flow rate or the CAS method was performed without
concern for collider stratification bias [10]. However, when Ucr
was adjusted owing to concern over collider stratification bias, a
negative association was observed, confirming the distortion of
the actual association [10]. Our study findings demonstrate that
the true association between MECPP exposure and obesity can
be attenuated by Ucr adjustment, highlighting the necessity of
using a urine dilution method appropriate for the study design.
In particular, in studies of the association between urinary EDC
levels and BMI-based obesity, it is advisable to adopt the CAS
method to avoid collider stratification bias [10].
This study had some limitations. First, it is difficult to determine a causal relationship because of the nature of a cross-sectional study. Second, as spot urine samples were used, the findings cannot reflect the effects of long-term exposure [8]. Nevertheless, the main strength of this study is that it included the
most recent data from large-scale pediatric population in Asia.
Furthermore, to the best of our knowledge, this is the first study
to highlight the association between phthalate/BPA exposure
and childhood obesity using the CAS method.
In conclusion, Korean children had higher urinary levels of
DEHP and MnBP than children in Western countries. In addition, most urinary phthalate metabolites and BPA showed higher
levels at younger ages. The CAS-applied MECPP levels were
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positively associated with obesity in Korean children. This
study facilitates endocrinologists’ understanding of the obesogenic effects of EDCs in children, provides a rationale for individuals to make an effort to prevent exposure to these substances, and suggests the need to reconsider appropriate age-specific
regulations.
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