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Abstract. - OBJECTIVE: Phthalates can
cause immunological disorders and aggravate
allergic diseases. Thus, we investigated the re-
lationship between urinary phthalate, skin barri-
er function, and atopic sensitization in children.

PATIENTS AND METHODS: In total, 448
school children [334 with severe allergic dis-
ease; and 123 with severe atopic dermatitis (AD)]
aged 10-12 years were enrolled in this study be-
tween June and July 2017. Four high-molecu-
lar-weight phthalates (HMWP) [Z4HMWP] and
three low-molecular-weight phthalates (LMWP)
[Z3LMWP] metabolites in urine samples, specif-
ic immunoglobulin E (IgE), and total eosinophil
count were measured. Four-part trans epidermal
water loss (TEWL) (cheek, leg, and upper/low-
er arm; Z4TEWL) was measured to evaluate the
skin barrier function.

RESULTS: After adjusting for confounding
variables, Z4TEWL was significantly associat-
ed with the quartiles of urinary Z4HMWP [ad-
justed B=7.897, 95% confidence interval (Cl):
0.636-15.158, p=0.033] and Z3LMWP (adjusted
B=9.670, 95% ClI: 2.422-16.919, p=0.009). The ad-
justed analyses revealed that the quartiles of
urinary Z4HMWP and Z3LMWP were not signifi-
cantly associated with total eosinophil count,
atopic sensitization, and severe AD (p>0.05). Ac-
cording to the quartiles of urinary Z4HMWP and
23LMWP, there were significant differences in
the TEWL of the lower arm and leg (p<0.05) but
not in cheek and upper arm.

CONCLUSIONS: Exposure to HMWPs and
LMWPs was significantly associated with skin
barrier dysfunction but not with atopic sensiti-
zation. These results suggest that children ex-
posed to phthalates may be more susceptible to
fragile skin barrier function.
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Abbreviations

AD: atopic dermatitis, TEWL: transepidermal water
loss, AR: allergic rhinitis, ISAAC: International Study
of Asthma and Allergies in Childhood, VAS: visual
analogue scale, WHO: world Health Organization, BMI:
body mass index, MiBP: mono-(iso-butyl) phthalate,
MnBP: mono-n-butyl phthalate, MBzP: mono-benzyl
phthalate, MCPP: mono-(3-carboxypropyl) phthalate,
MEHHP: mono-(2-ethyl-5-hydroxyhexyl) phthalate,
MEOHP: mono-(2-ethyl-5-oxohexyl) phthalate, MECPP:
mono-(2-ethyl-5-carboxypentyl) phthalate, HMWPs:
high-molecular weight phthalates, LM WPs: low molecu-
lar weight phthalates, X4HMWP: the sum of four major
high-molecular weight phthalate, X3LMWP: the sum of
the three major low molecular weight phthalate, SE: stan-
dard error, CI: confidence interval, : Beta, OR: Odds
ratio, IgE: immunoglobulin E, IQR: interquartile range.

Introduction

Phthalate is a synthetic compound in many
plastics'. It is divided into lower- and high-mo-
lecular-weight phthalates, a substance added to
plastics to increase their flexibility and longev-
ity>. Owing to these advantages, children are
more likely to be exposed to phthalates relative to
adults due to their greater consumption of foods
from containers lined with phthalates-containing
plastics®*. However, phthalate could disrupt the
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endocrine system and aggravate the allergic dis-
ease*’. Studies in animals revealed that phthal-
ates reduced regulatory T cells, interleukin (IL)-
10, and Interferon (IFN)-y levels and increased
IL-4 and antigen-specific immunoglobulin E
(IgE) levels*S. Additionally, other studies®’ have
demonstrated that indicators of phthalate expo-
sure had strong positive associations with airway
dysfunction and aggravation of allergic diseases.

Meanwhile, atopic dermatitis (AD) is one of
the most common chronic inflammatory skin
diseases in children and affects 17-24% of the pe-
diatric population'’; in particular, AD is a starting
point of allergic march". The underlying pathol-
ogy of AD has complex pathogenesis, including
barrier dysfunction and immune dysregulation
driven by interactions of genetic and environ-
mental factors'?. The skin barrier is critical in
preventing allergen and microbial penetration in-
to the human body, and thus a dysfunction in the
skin barrier may trigger the development of AD".
Several methods have been used for evaluating
skin barrier function, including transepidermal
water loss (TEWL), which is a noninvasive mea-
surement widely used in a previous study™.

Atopic sensitization is a complex interplay
between the allergen in its environmental context
and the tendency of the host’s innate and adap-
tive immune cells to be skewed towards allergic
inflammation'®. Thus, determining sensitivity to
allergens is essential in predicting allergic diseas-
es in children'®. We hypothesized that phthalate
exposure might be associated with AD, skin bar-
rier function, and atopic sensitization in children
from the general pediatric population. However,
the levels of TEWL and atopic sensitization fol-
lowing exposure to environmental pollutants or
other chemicals remains to be elucidated. There-
fore, in this study, we attempt to determine the
associations of phthalate exposure with skin bar-
rier dysfunction and atopic sensitization among
school children in Korea.

Patients and Methods

Study Design

A total of 620 children from 11 elementa-
ry schools aged 10-12 years participated in the
Seongnam atopy project 2017 and were enrolled
between June and July 2017. The Seongnam City
Government sponsored this study for the preven-
tion and education of allergic diseases in Korean
children. The parents were asked to respond to

the questionnaires before the physical examina-
tion. The questionnaires were used to record the
physicians’ diagnoses of the children’s illness-
es [e.g., allergic rhinitis (AR), asthma, urticaria
(AD)], and were based on the International Study
of Asthma and Allergies in Childhood (ISAAC)".
Moreover, the visual analogue scale (VAS),
which is a psychometric response scale, was used
to question the children with AD". Among the
620 children, 454 had their parents returned the
completed questionnaires and agreed to provide
blood and urine samples for testing. Pediatricians
and well-trained pediatric technicians performed
the physical examinations, which included mea-
surements of weight, height, and collection of
blood and urine samples. Body mass index (BMI)
z-scores are based on age- and sex standardized
measures of adiposity in children from World
Health Organization (WHO) growth standards,
which are based on optimal growth in children®.

Measurement of Phthalate Metabolites

Urine samples were collected in sterile cups
between 9 and 12 am and were stored at -70°C
freezer for up to three months before the anal-
ysis. Phthalate metabolite concentrations were
determined using gas chromatography/tandem
mass spectroscopy?’. Reported phthalate concen-
trations were expressed relative to urinary cre-
atinine (pg/g UCr) to control for urine dilution.
A total of 448 urine samples were analyzed for
the following seven phthalate metabolites: mo-
no-(iso-butyl) phthalate (MiBP), mono-n-butyl
phthalate (MnBP), mono-benzyl phthalate (MB-
zP), mono-(3-carboxypropyl) phthalate (MCPP),
mono-(2-ethyl-5-hydroxyhexyl) phthalate (ME-
HHP), mono-(2-ethyl-5-oxohexyl) phthalate
(MEOHP), and mono-(2-ethyl-5-carboxypen-
tyl) phthalate (MECPP). Phthalate metabolites
were grouped based on molecular weight and
reported as the sum of four major high-molecular
weight phthalate (X4HMWP) metabolites (ME-
HP, MEOHP, MECPP, and MCPP), or the sum
of the three major low molecular weight phthal-
ate (X3LMWP) metabolites (MiBP, MnBP, and
MBzP). They were further divided into quartiles
according to concentration (lowest to highest, Q1
to Q4). Previous research®® demonstrated that
these two groups of metabolites have different
physicochemical properties.

Measurement of TEWL

TEWL measurements (g/m?/h) were obtained
from 443 (98.8%) children using open chamber
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Tewameter (Courage & Khazaka Electronic Gm-
bH, Ko6ln, Germany). In line with international
recommendations?!, we included measurements
performed at room temperature between 20°C
and 25°C only, while accepting humidity within
the range of 6-73% [mean 29%, standard devia-
tion (SD) 12.7]. Three successive measurements
were performed on four body parts, keeping the
room temperature as close to 22°C as possible,
while noting for ambient temperature and humid-
ity. Measurements are only performed on calm
children, and the windows and doors were kept
shut. In this study, TEWL is reported as the sum
of four body parts: cheek, left upper and low lat-
eral arm, and left low lateral leg (X4TEWL).

Measurement of Eosinophil and
Specific IgE

Blood samples from all participants were an-
alyzed using the ImmunoCAP system (Phadia,
Uppsala, Sweden) to assess the percentage of
blood eosinophils and specific IgE against the six
significant aeroallergens in South Korea (Der-
matophagoides farinae, birch, Japanese hop, cat,
dog, and Alternaria). In this study, a total eosin-
ophil count of >4% is defined as positive, and a
child with one or more positive reactions (>0.35
U/L) were considered allergic. Children were
categorized as non-sensitized, mono-sensitized
(positive result for a single antigen), or poly-sen-
sitized (positive results for multiple antigens)'.

Statistical Analysis

All statistical analyses were performed using
SPSS version 24.0 (IBM Corp., Armonk, NY,
USA) and R Packages version 3.5.0 (R Founda-
tion, Vienna, Austria). Continuous data are ex-
pressed as means with standard deviations or as
medians with the interquartile ranges, depending
on the data distribution. The relationships of the
concentrations of different of urinary phthal-
ates with sum of TEWL, total eosinophil count,
atopic sensitization, were analyzed using linear
regression. Beta (f) and standard error (SE) from
continuous variables (TEWL and VAS), as well
as odds ratio (OR) and 95% confidence interval
(CI) from dichotomous variable (total eosinophil
count 4%, atopic sensitization, and AD) were cal-
culated using a generalized linear mixed model
with the gamma or logit function, adjusted for
age, sex, BMI z score, prematurity, and low birth
weight, as well as random effect with school us-
ing the identity function. A p-value < 0.05 was
considered significant.

Ethical Considerations

The study protocol was approved by the In-
stitutional Review Board of the CHA Bundang
Medical Center (IRB No. 2017-04-049). Written
informed consent was obtained from the parents
or guardians of all participants following a de-
tailed explanation of the study.

Results

A total of 448 fifth- and sixth-grade students
were recruited for this study (Table I). There
were 244 males (54.5%), and the mean age was
11.0 years (95% CI: 10.9-11.1). Among the 334
children with one or more allergic diseases (se-
vere), 271 (60.6%) had AR, 123 (27.5%) had AD,
and 55 (12.3%) had asthma. The median TWEL
levels of the cheek, upper arm, lower arm, and
leg were 15.3 g/m*/h (IQR: 13.3-19.3), 11.0 g/m*/h
(8.8-13.9), 13.1 g/m?/h (10.7-19.6), and 12.6 g/m?*/h
(10.0-20.0), respectively. Among the 289 chil-

Table I. Demographic and clinical characteristics of study
participants (n = 448).

Variable

Male sex, n (%)
Mean age, years (95% CI)
BMI, z-score (95% CI)

244 (54.5)
11.0 (10.9-11.1)
-0.01 (-0.11-0.09)

Allergic disease (ever), n (%) 334 (74.6)
Allergic rhinitis 271 (60.6)
Urticaria 124 (27.9)
Atopic dermatitis 123 (27.5)
Asthma 55(12.3)

Healthy control, n (%) 114 25.4)

TEWL, g/m?*h, median (IQR)

Cheek 15.3 (13.3-19.3)
Upper arm, 11.0 (8.8-13.9)
Lower arm 13.1 (10.7-19.6)

Leg 12.6 (10.0-20.0)
Total IgE (IU/mL)*, median (IQR)  102.0 (40.3-289.8)
Blood eosinophil, 10° cells/L?, 171.8 (104.9-279.9)

median (IQR)
Vitamin D (ng/mL), (IOR)
Sufficient (> 30) 36 (8.3)
Insufficient (20-29.9) 213 (49.1)
Deficient (< 20) 185 (42.6)
Atopic sensitization* n (%)
None 145 (33.4)
Mono- 148 (34.1)
Poly- 141 (32.5)

BMI, body mass index; IgE, immunoglobulin E; IQR, inter-
quartile range. *Inhalant allergen-specific IgE > 0.35 kU/L
for at least one of six allergens (Alternaria, birch, cat dander,
dog dander, Dermatophagoides farina, Japanese hop).
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dren with sensitization to allergens, 148 (34.1%)
had mono-sensitization, and 141 (32.5%) had
poly-sensitization (Table I). Phthalate metabolites
were grouped based on molecular weight and
reported as the sum of four major high-molec-
ular-weight phthalates (X4HMWP) metabolites
(MEHP, MEOHP, MECPP, and MCPP) or the
sum of the three major low molecular weight
phthalate (£3LMWP) metabolites (MiBP, MnBP,
and MBzP). They were further divided into quar-
tiles according to concentration (lowest to high-
est, Q1 to Q4) (Table II).

Association of Urinary Phthalate Con-
centration with Total Eosinophil Count
and Atopic Sensitization

We examined the relationships between the
quartiles of urinary high and low MWP metabo-
lites (Z4HMWP and Z3LMWP) and total eosino-
phil count and atopic sensitization (Table III). The
unadjusted analyses showed that the quartiles of
urinary X4HMWP and X3LMWP were not sig-
nificantly associated with total eosinophil count
or atopic sensitization (all comparisons, p>0.05).
The analysis adjusted for multiple covariates re-
vealed that the quartiles of urinary X4HMWP
and Z3LMWP were not significantly associated
with total eosinophil count or atopic sensitization
(all comparisons, p>0.05) (Table I1I).

Association of Urinary Phthalate
Concentration with TEWL

The relationships of the quartiles of urinary
high and low MWP metabolites and TEWL level
is shown in Table III. The unadjusted analysis
indicated that Z4TEWL was significantly asso-
ciated with the quartiles of Z4HMWP (crude

=10.096, 95% CI: 2.346-17.846, p=0.011). The
adjusted analysis for multiple covariates indi-
cated that Y4ATEWL was significantly associated
with the quartiles of X4HM WP (adjusted =7.897,
95% CI: 0.636-15.158, p=0.033). The unadjusted
analysis indicated that Y4TEWL was signifi-
cantly associated with the quartiles of X3LMWP
(crude B=13.450, 95% CI: 5.785-21.141, p=0.001).
The analysis adjusted for age, sex, BMI z-score,
prematurity and/or low birth weight, severe AD
revealed that Y4TEWL level was significantly
associated with the quartiles of X3LMWP (ad-
justed B=9.670, 95% CI: 2.422-16.919, p=0.009)
(Table I11).

The associations of the quartiles of urinary
Y4HMWP level with TEWL level in four body
parts are depicted in Figure 1. The quartiles of
urine X4HMWP level was significantly asso-
ciated with the TEWL level of the lower arm
(p=0.002) and leg (p=0.004), respectively; it was
not associated with the upper arm (p=0.385) and
cheek (p=0.917), respectively. The associations
of the quartiles of urinary Z3LMWP level with
TEWL level in the four body parts are shown
in Figure 2. According to quartiles of urinary
Y3LMWP, there were significant differences in
the TEWL level of the lower arm (p=0.001)
and leg (p<0.001), respectively. However, there
were no significant differences in the upper arm
(p=0.436) and cheek (p=0.572), respectively.

Association of Phthalate Concentration
with severe AD and VAS

The relationships between urinary high and
low MWP metabolites and severe AD are shown
in Table IV. Severe AD was not significantly as-
sociated with X4HM WP and 23LMWP. However,

Table Il. The level of high and low molecular phthalate in study participants (expressed in pg/g creatinine) (n = 448).

Phthalate Metabolite Q1 Q2 Q3 Q4 > 95 percentile

High molecular MEHHP <11.0 11.0-18.4 18.4-28.7 >28.7 >61.3
MEOHP <42 4.2-6.8 6.8-10.4 >10.4 >233
MECPP <16.7 16.7-27.5 27.5-44.0 >44.0 >101.5
MCPP <0.7 0.7-1.5 1.5-3.0 >3.0 >6.6

Low molecular MiBP <114 11.4-19.4 19.4-35.0 >35.0 > 1279
MnBP <343 34.3-56.4 56.4-84.9 >84.9 > 174.5
MBzP <1.0 1.0-3.1 3.1-8.6 > 8.6 >40.0

Sum of molecular >, High MW <32.6 32.6-52.5 52.5-81.8 >81.8 > 181.7
>, Low MW <559 55.9-87.3 87.3-136.3 >136.3 >304.7

MEHHP, mono-(2-ethyl-5-hydroxyhexyl) phthalate; MCPP, mono-(3-carboxypropyl) phthalate; MECPP, mono-(2-ethyl-5-
carboxypentyl) phthalate; MiBP, mono-(iso-butyl) phthalate; MEOHP, mono-(2-ethyl-5-oxohexyl) phthalate; MnBP, mono-n-

butyl phthalate (MnBP); MBzP, mono-benzyl phthalate.
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Table IllI. Association of high and low MWP metabolites with TEWL, total eosinophil count, and atopic sensitization.

Quartiles of

Total eosinophil count (none vs. positive, 4%)

Atopic sensitization

urinary phthalate OR (95% Cl) P aoR (95% CI)* p* OR (95% ClI) P aoR (95% CI)* p*

High MWP Q1 Ref Ref Ref Ref

Q2 0.608 (0.336-1.102) 0.101 0.5721 (0.310-1.050) 0.072 0.596 (0.339-1.048) 0.073 0.597 (0.334-1.067)  0.082
Q3 0.800 (0.447-1.432) 0.452 0.775 (0.425-1.413) 0.405 0.865 (0.484-1.547) 0.625 0.864 (0.476-1.566) 0.630
Q4 0.946 (0.534-1.674) 0.848 0.834 (0.460-1.510) 0.834 0.818 (0.458-1.460) 0.496 0.743 (0.407-1.356)  0.743
Low MWP Q1 Ref Ref Ref Ref

Q2 1.019 (0.567-1.832) 0.950 0.922 (0.503-1.689) 0.792 1.084 (0.621-1.893) 0.776 0.940 (0.530-1.668)  0.832
Q3 0.994 (0.548-1.803) 0.984 0.895 (0.485-1.654) 0.724 1.229 (0.700-2.159) 0.473 1.187 (0.661-2.128)  0.566
Q4 1.244 (0.692-2.238) 0.466 1.088 (0.595-1.990) 0.785 1.196 (0.680-2.104) 0.534 1.059 (0.592-1.892)  0.847

Quartiles of

>,.TEWL (continuous variable)

urinary phthalate Crude B (95% CI) P Adjusted p (95% CI)** p**
High MWP Q1 Ref - Ref -
Q2 7.436 (-0.403-15.274) 0.063 6.631 (-0.626-13.888) 0.073
Q3 7.000 (-0.785-14.784) 0.078 8.169 (0.961-15.376) 0.026
Q4 10.096 (2.346-17.846) 0.011 7.897 (0.636-15.158) 0.033
Low MWP Q1 Ref - Ref -
Q2 4.005 (-3.720-11.731) 0.310 2.698 (-4.536-9.931) 0.465
Q3 9.928 (2.149-17.701) 0.012 4.676 (-2.667-12.019) 0.212
Q4 13.450 (5.758-21.141) 0.001 9.670 (2.422-16.919) 0.009

TEWL, transepidermal water loss; MWP, molecular weight phthalate; OR, odds ratio; CI, confidence interval; 3’ TEWL, sum of cheek, leg, upper arm, and lower arm. *Adjusted for
age, sex, BMI z-score, and prematurity and/or low birth weight, and p from a generalized linear regression with the logit function. ** Adjusted for age, sex, BMI z-score, prematurity

and/or low birth weight, ever atopic dermatitis, and p from a generalized linear mixed model with the gamma or logit function, random effect school.
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Table IV. Association of AD (n = 123) and VAS (n = 123) with high and low MWP metabolites.

AD (severe) VAS score
Quartiles of

urinary phthalate B (95% ClI) P ap (95% Cl) P B (95% ClI) P ap (95% CI)* p*
High Q1 Ref Ref Ref - Ref -
Q2 0.595 (0.293-1.206) 0.149 0.535 (0.259-1.105) 0.091 0.704 (-0.335-1.743) 0.182 0.911 (-0.133-1.956) 0.911
Q3 1.166 (0.539-2.524) 0.696 1.074 (0.488-2.363) 0.860 0.409 (-0.737-1.555) 0.409 0.591 (-0.544-1.726)  0.304
Q4 1.002 (0.470-2.137) 0.995 0.936 (0.425-2.064) 0.870 1.463 (0.359-2.567) 0.010 1.469 (0.344-2.593) 0.011
Low Q1 Ref Ref Ref - Ref -
Q2 1.202 (0.595-2.429) 0.608 1.190 (0.575-2.464) 0.639 0.570 (-0.553-1.692) 0.317 0.439 (-0.704-1.581) 0.448
Q3 1.282 (0.627-2.621) 0.495 1.194 (0.573-2.491) 0.635 0.057 (-1.078-1.193) 0.921 0.200 (-0.944-1.344) 0.729
Q4 1.339 (0.653-2.745) 0.424 1.290 (0.615-2.704) 0.499 0.212 (-0.864-1.288) 0.697 0.377 (-0.730-1.484) 0.501

AD, atopic dermatitis; MWP, molecular weight phthalate; OR, odds ratio; CI, confidence interval; VAS score, visual analog scale score. *Adjusted for age, sex, BMI z-score, and
prematurity and/or low birth weight, and p from a generalized linear mixed model with the gamma function and random effect school.
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adjusted for age, sex, BMI z-score, prematurity
and/or low birth weight, and p from a generalized
linear mixed model with the gamma function
and random effect school, VAS score was sig-
nificantly associated with Z4HMWP (af=1.469,
95% CI: 0.344-2.593, p=0.011), but not X3LMWP.
Moreover, there were no significant differences
in urinary high and low MWP metabolites levels
between HC and allergic diseases group (severe),
including AR, urticaria, AD, and asthma (all
comparisons, p>0.05).

Discussion

Our study of a general population of children
indicated that after adjusting for confounding
variables, exposure to high-molecular weight
phthalates (HMWPs) and low molecular weight
phthalates (LM WPs) was significantly associated
with the sum of TWEL levels in four body parts.
Moreover, phthalate exposure was significantly
associated with the TEWL level of the lower arm
and leg, but not cheek and upper arm. These find-
ings indicated that increased exposure to phthal-
ate was associated with increased skin barrier
dysfunction and inflammation but had varying
results depending on the body part.

The role of phthalate exposure on various dis-
eases, including allergic diseases, has been a topic
of interest>*%?2, However, few studies have exam-
ined the association of phthalate exposure with
skin barrier function and atopic sensitization®**,
Dry skin is associated with higher TEWL, and
skin barrier dysfunction, measured by increased
TEWL, has been found™?* to precede AD. The
differences in the association between TEWL
level and phthalate (LMWPs and HMWPs) in our
study, may be attributed to the varying responses
of the body parts to LMWPs and HMWPs. The
relationship between metabolism of phthalate and
skin permeation®® or frequent emollient use in
children with AD* have been studied in the past.
However, to the best of our knowledge, this is the
first study with a large-sample size of children,
which comprehensively investigate the relation-
ship between LM WPs and HMWPs exposure and
skin barrier dysfunction.

Meanwhile, HMWPs are replacing the LMW Ps
derived from C3-C6 alcohols with more than six
carbons in their backbone, giving them increased
permanency and durability?”’. The LMWPs are
used in various personal hygiene and cosmetic
products, and HMWPs are used in plastic tubing,

food packaging, and containers®®®. A previous
study®® on 797 Korean aged 12-17 years reported
that the urinary mono-(2-ethyl-5-carboxypentyl)
phthalate (MECCP) and mono-benzyl phthalate
(MBzP) concentrations in the highest quartile
were positively associated with AD. Another
study’' showed that urine MBzP at age two was
significantly associated with AD, but observed
no statistically significant association for other
phthalate metabolites with AD. In addition, one
meta-analysis** showed that prenatal exposure to
MBzP was significantly associated with the risk
of AD development.

In the present study, we found that LMWPs
and HMWPs were not significantly associated
with severe AD, in agreement with a previous
study®. to some studies 30, 31, 33 presenting
prior exposure to phthalate and inconsistencies
in phthalate. The mentioned epidemiological
studies supported associations between phthal-
ate exposures and airway, but dermal allergic
disecases were weak. Furthermore, AD has a
complex and complicated etiology, including
genetic, immunological, and environmental fac-
tors that cause skin barrier abnormalities and
immune dysfunctions®.

Interestingly, we found that VAS findings from
123 children with AD are associated with HM-
WPs, but not LMWPs. The previous studies'®3*
showed that pruritus intensity in AD was assessed
using VAS. From our findings, we assumed that
moderate or severe AD with high pruritus might
be strongly associated with exposure to HMWPs,
which are typically obtained from food packag-
ing and containers in Korean food delivery.

Urine phthalate levels have been reported®*-*
to be correlated with blood eosinophil levels and
atopic sensitization. Thus, we initially hypoth-
esized a positive association between LM WPs
and HMWPs with atopic sensitization and total
eosinophil count. However, our results revealed
no association, which corroborates the findings
of a previous study® demonstrating that phthal-
ates’ effect on sensitization was more robust
in children with allergic disease, but no direct
associations was observed between phthalate
exposures and allergic disease. This result may
also explain why the relationship between urine
phthalate, eosinophil levels, and atopic sensi-
tization has been controversial. Thus, future
mechanistic studies are needed to clarify the
nature of this relationship.

This study has the following merits. We used
a comprehensive and stringent questionnaire and
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TEWL that yielded accurate and objective data
and evaluated allergic biomarkers, including spe-
cific IgE and eosinophil. Additionally, we includ-
ed a large urine sample size of 448 children from
the general population. Moreover, we performed
all measurements under the same conditions so
that all samples and data were collected at ap-
proximately the same time.

Limitations

However, the present study had some limita-
tions. Firstly, the correlation between urinary
phthalate metabolites and TEWL alone may be
insufficient to address the association of barrier
dysfunction because the TEWL could be elevat-
ed even in temporal dermatitis. Secondly, rela-
tive to the small size of this study (123 children
with AD), the analysis result for 123 children
may show negligible effects of phthalates on AD
and may have poor generalizability of the re-
sults. However, due to the study’s cross-section-
al nature, we did not obtain direct evidence for
cause-and-effect relationships. Therefore, it is
necessary to examine the correlation separately
in AD children and healthy subjects or to check
the values of urinary phthalates metabolites ac-
cording to AD severity with large-scale studies
on children.

Conclusions

Exposure to high- and low-molecular-weight
phthalates may be associated with skin barrier
dysfunction in children. Thus, reducing expo-
sure to phthalate in children may help prevent
skin barrier dysfunction and pruritus. However,
longitudinal studies involving repeated mea-
surements are warranted to analyze the long-
term effects of phthalate on skin barrier func-
tions and pruritus.
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