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Summary

Background Concerns have emerged about the adverse effect of phthalates on
human health.
Objectives The aim of this study was to investigate the association between di(2-
ethylhexyl) phthalate (DEHP) exposure and atopic dermatitis (AD) in Korean
children, focusing on the potential dose–response relationship.
Methods A matched case–control study was conducted from May to October 2012.
Subjects from 3 to 6 years of age were recruited from kindergartens and daycare
centres in Seoul, Korea. The clinical diagnosis of AD was made by dermatologists.
A total of 224 cases and 224 age- and sex-matched controls were included. The
levels of two phthalate metabolites [mono(2-ethyl-5-hydrohexyl) phthalate (ME-
HHP) and mono(2-ethyl-5-oxohexyl) phthalate (MEOHP)] of DEHP in urine
samples were measured.
Results The effects of DEHP varied by age, and an increased risk for AD was asso-
ciated with DEHP at age 3 years (odds radio 2�51, 95% confidence interval
1�02–6�20). The association was in the opposite direction in the other age
groups although there was no statistical significance. The effects of DEHP on AD
was observed differently by the level of the body burden. The predicted risk for
AD based on the results of multiple logistic regression analysis showed a nonmo-
notonous association (U-shaped) between the level of DEHP and the risk of AD.
Conclusions This finding might suggest that the effects of DEHP on AD may be dif-
ferent according to the exposure level or age of the subject. Further longitudinal
investigations with a suitable design to investigate the nonmonotonous associa-
tion should be encouraged.

What’s already known about this topic?

• Concerns have emerged about the adverse effect of phthalates on human health.

• Recent studies have suggested that exposure to phthalates may increase the risk of

eczema.

What does this study add?

• The association between the level of di(2-ethylhexyl) phthalate (DEHP) and atopic

dermatitis (AD) was neither linear nor monotonous.

• This finding might suggest that the effect of DEHP on AD may be different accord-

ing to the exposure level.
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Phthalates are primarily used as plasticizers in the manufacture

of flexible polyvinyl chloride products such as flooring, medi-

cal devices and personal care products such as perfumes and

cosmetics.1,2 Because of the noncovalent bonding structure,

they easily leach out into the environment.3 Among various

species of phthalate, di(2-ethylhexyl) phthalate (DEHP) has

been the most widely used.4

Concerns have emerged about the adverse effects of phthalates

on human health.5,6 The primary endpoints of interest have been

developmental abnormalities,7 reproductive health8–10 and

respiratory health including asthma.11

Recently, the number of investigations of the association

between phthalate exposure and allergic diseases in children

has increased.12 Although recent studies have suggested that

exposure to phthalates may increase the risk of asthma or

eczema,13,14 only limited species of phthalates demonstrated

the association. This finding may be primarily because of the

diversity of phthalate esters or the nonmonotonous dose–

response relationship.15 Generally, a nonmonotonic dose–

response relationship is defined as a nonlinear relationship

between dose and effect in which the direction of relationship

changes somewhere within the range of doses examined.16 It

is quite well known that endocrine hormones or endocrine-

disrupting chemicals may demonstrate a nonmonotonous

dose–response curve.17

The aim of this study was to investigate the association

between DEHP exposure and atopic dermatitis (AD) in Korean

children, focusing on the potential dose–response relationship.

Methods

Subjects and study design

A matched case–control study was conducted from May to

October 2012. Subjects were recruited from the ‘Seoul Atopy

Free School’ as part of the ‘Atopy Free Seoul Project’.

In 2012, 359 kindergartens including daycare centres par-

ticipated in the project. Among those, we asked 50 facilities

(two for each of the 25 districts, considering the feasibility of

performance of the research, including the number of kinder-

gartens, location and accessibility) to participate in the study,

and we provided the purpose and expected process of the

study. Forty-three facilities had 100 or more children (range

100–222), and seven facilities had fewer than 100 children

(range 63–99). The parents or guardians of each child decided

whether to participate and, if they did, provided written

informed consent. Among 6829 subjects, 4259 subjects partic-

ipated. Ten dermatologists carried out the examinations of all

the participants for the presence of AD. The diagnosis of AD

was based on the physical examination of several major and

minor criteria proposed by Hanifin and Rajka.18 Persistent or

relapsing symptoms of AD lasting at least 6 months were

screened by a questionnaire. To share the diagnostic criteria of

AD in this study and to discuss how to standardize the diag-

nosis, all dermatologists had at least three technical meetings

before the survey. There were 416 potential cases of physi-

cian-diagnosed AD. Potential controls were recruited, for a

total number of 1000 subjects. All subjects completed ques-

tionnaires about demographic characteristics, parental history

of allergic diseases, breastfeeding and environmental factors

including exposure to second-hand smoke and moving to a

new house within the child’s first year of life. Those who did

not answer the basic questions including age and sex were

excluded (n = 273). Of the remaining 727 subjects, 681 chil-

dren from 3 to 6 years of age were included. There were 224

cases and 457 eligible controls. Among the 457 eligible con-

trols, 224 age- and sex-matched controls were selected ran-

domly. A total of 224 cases and 224 controls were included

in the analysis. The study procedure was reviewed and

approved by the Ethics Committee of the Seoul Medical Cen-

ter.

Collection of urine samples and measurement of

phthalate metabolites

We asked parents to collect the first morning voided urine

sample of the children at home using a polypropylene speci-

men cup on the morning of collection day and to store the

sample in the freezer until submission. The samples were

transferred to polystyrene conical tubes between 09:30 and

11:30 at each facility on the designated day and immediately

transported on ice to the laboratory. Two metabolites from

DEHP [mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP)

and mono(2-ethyl-5-oxohexyl) phthalate (MEOHP)] were

measured in the urine by high-performance liquid chromatog-

raphy with tandem mass spectrometer (Agilent Triple Quad

6410; Agilent Technologies, Santa Clara, CA, U.S.A.). The

analyses were performed using the method reported by the

Centers for Disease Control and Prevention.19 The limit of

detection for phthalate metabolites was as follows:

0�116 lg L�1 for MEHHP and 0�080 lg L�1 for MEOHP.

None of the urine samples had concentrations of phthalate

metabolites below the detection limit.

The concentration of creatinine was analysed by kinetic col-

orimetric assay (Hitachi 7600 II; Hitachi High-Technologies

Corporation, Tokyo, Japan). The concentrations of phthalate

metabolites were adjusted for creatinine levels and expressed

as microgram per gram of creatinine.

Statistical analysis

We performed t-tests for the continuous variables and chi-

square tests for categorical variables. Considering the parent

phthalate, MEHHP and MEOHP were combined into their

molar sum (∑DEHP). The individual metabolite concentrations

in microgram per gram of creatinine were divided by the

molecular weight of the metabolite and totalled. The condi-

tional logistic regression models were built considering a

matched case–control design. We fitted the logistic regression

model by the level of ∑DEHP (stratified by quartiles). In each

stratum, ∑DEHP was treated as a continuous variable. In the

second model, ∑DEHP was treated as a categorical variable
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(below the median as reference), after stratification by age. In

the multiple logistic regression models, breastfeeding, expo-

sure to second-hand smoke, parental history of allergic dis-

eases and moving to a new house within the child’s first year

of life were adjusted. A scatter plot was drawn using the pre-

dicted probabilities for AD calculated from the multiple logis-

tic regression models to examine the relationship between the

predicted risk of AD and the level of DEHP exposure. A line

on the scatter plot was drawn using the smoothing spline

method, and P-values ≤ 0�05 were considered statistically sig-

nificant. All analyses were performed using SAS 9.2 (SAS Insti-

tute, Cary, NC, U.S.A.).

Results

The demographic characteristics of the subjects are presented

in Table 1. Among 224 pairs of cases and controls, there were

40 three-year-old pairs (17�9%), 48 four-year-old pairs

(21�4%), 71 five-year-old pairs (31�7%) and 65 six-year-old

pairs (29�0%). There were 123 pairs (54�9%) of boys and

101 pairs (45�1%) of girls. A total of 87 case subjects

(38�8%) and 66 control subjects (29�5%) reported that at least

one parent had a history of allergic diseases. Other variables

such as breastfeeding, exposure to second-hand smoking and

moving to a new house within the child’s first year of life

were not significantly different between cases and controls.

The geometric mean concentrations and distributions of

MEHHP, MEOHP and ∑DEHP are presented in Table 2. The

creatinine-adjusted concentrations were higher than the unad-

justed concentrations. The concentrations of phthalate metabo-

lites decreased with increasing age. The mean concentrations

of phthalate metabolites were statistically significantly higher

in the controls than in the cases. The differences varied by age

and AD status (Fig. 1). In the cases, the concentration of

∑DEHP was inversely associated with age (P-for-trend

< 0�01). The concentration of ∑DEHP was not associated with

age in controls (P-for-trend 0�99).
The odds ratios (ORs) of phthalate for AD were different by

the level of ∑DEHP, although there was no statistical signifi-

cance (Table 3). The unadjusted ORs for AD were as follows:

first quartile, OR 0�60, 95% confidence interval (CI) 0�35–
1�03; second quartile, OR 0�56, 95% CI 0�24–1�29; third

quartile, OR 0�89, 95% CI 0�52–1�54; fourth quartile, OR

1�04, 95% CI 0�96–1�14. After adjustment for breastfeeding,

exposure to second-hand smoke, parental history of allergic

disease and moving to a new house within the child’s first

year of life, the adjusted ORs were similar to the unadjusted

ORs.

The predicted risk for AD based on the results of multiple

logistic regression analysis is presented in Figure 2. A curve

derived from the smoothing spline method was approximately

U-shaped.

The association between AD and ∑DEHP differed by age

(Table 4). The concentrations of ∑DEHP above the median

value were associated with an increased risk of case status at

age 3 years (OR 2�45, 95% CI 1�01–5�98). The association

was in the opposite direction in the other age groups (age

4 years: OR 0�51, 95% CI 0�23–1�15; age 5 years: OR 0�67,
95% CI 0�34–1�30; age 6 years: OR 0�50, 95% CI 0�25–
1�01). The adjusted ORs were similar to the unadjusted ORs,

but AD was no longer statistically significantly associated with

the concentration of ∑DEHP.

Discussion

In this study, we investigated the relationship between the

body burden of phthalate (DEHP) and AD in children between

the ages of 3 and 6 years. The effect of DEHP on AD was

observed differently by the level of the body burden. There

was a nonmonotonous association between the level of DEHP

and the risk of AD. The effect of DEHP was different by age,

and an increased risk for AD was associated with DEHP at

3 years of age.

The levels of urinary phthalate metabolites in this study

appear to be different from previous studies. In this study, the

geometric mean for MEHHP was 67�0 lg L�1, and the geo-

metric mean for MEOHP was 75�5 lg L�1. These values are

in agreement with a recent Korean study.20 German children

(3–5 years) showed lower levels of DEHP metabolites (geo-

metric mean of 51�1 lg L�1 for MEHHP and 38�3 lg L�1 for

MEOHP).21 In a Norwegian study of 623 children aged 8�8–
12�5 years, the geometric mean was 76�8 lg L�1 for MEHHP

and 49�8 lg L�1 for MEOHP.13 This inconsistency may be

because of the difference in age or ethnicity. This study was

not a population-based study, but a case–control study. Fur-

Table 1 General characteristics of the cases and controls

Variables

Cases

(n = 224), n (%)

Controls

(n = 224), n (%) P-value

Age (years)

3 40 (17�9) 40 (17�9)
4 48 (21�4) 48 (21�4)
5 71 (31�7) 71 (31�7)
6 65 (29�0) 65 (29�0)

Sex
Boys 123 (54�9) 123 (54�9)
Girls 101 (45�1) 101 (45�1)

Breastfeeding

Yes 176 (78�6) 173 (77�2) 0�90
No 10 (4�5) 12 (5�4)
Missing 38 (17�0) 39 (17�4)

Exposure to second-hand smoking
Yes 35 (15�6) 38 (17�0) 0�33
No 189 (84�4) 184 (82�1)
Missing 0 (0�0) 2 (0�9)

Parental history of allergic diseases
Either parent 87 (38�8) 66 (29�5) 0�11
None 101 (45�1) 118 (52�7)
Missing 36 (16�1) 40 (17�9)

Moving to a new house within the child’s first year of life
Yes 37 (16�5) 31 (13�8) 0�43
No 187 (83�5) 193 (86�2)
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ther investigations with additional comparability are needed to

investigate the factors affecting the difference in the distribu-

tion of DEHP metabolites in children.

A number of studies have shown the relationship between

phthalates and allergic diseases in children. In allergic diseases,

the primary outcome associated with DEHP is typically

asthma.13,22 An association between eczema and n-butylbenzyl

phthalate (BBzP) was reported in Swedish children.23 In that

study, the OR for eczema was 2�26 (95% CI 1�24–5�32) for

the highest BBzP quartile compared with the lowest quartile.

The OR for eczema increased with quartiles for DEHP,

although there was no statistical significance in each quartile

compared with the lowest quartile. In this study, the OR for

AD was 2�45 (95% CI 1�01–5�98) for the above median value

of ∑DEHP compared with the below median value. Although

the adjusted OR was similar to the unadjusted OR (aOR

2�03), there was no statistical significance (95% CI 0�78–5�30;
P = 0�14).
The underlying mechanism of the effect of phthalate on

atopic disorders has not been fully understood. It has been

suggested that DEHP may have an adjuvant effect on the

immunological response.24 These findings were reported in

experimental animal studies25,26 as well as in in vitro stud-

ies.27,28 An alternation of inflammatory reactions including

Table 2 Geometric means and distribution of phthalates

Phthalate Group N GM Unita

Percentile

P-value25th 50th 75th

MEHHP Total 448 67�0 lg L�1 41�4 66�8 109�0
81�7 lg g�1 cr 58�0 82�2 117�8

Ageb 3 80 89�0 lg g�1 cr 61�7 86�6 132�6 0�02c
4 96 85�8 lg g�1 cr 57�1 84�4 129�6
5 142 81�1 lg g�1 cr 58�9 85�0 117�7
6 130 75�2 lg g�1 cr 53�0 77�0 105�9

Case 224 75�9 lg g�1 cr 51�5 74�8 109�1 < 0�01
Control 224 87�8 lg g�1 cr 61�9 87�2 126�4

MEOHP Total 448 75�5 lg L�1 47�7 76�1 121�5
92�0 lg g�1 cr 64�7 89�1 128�2

Age 3 80 104�3 lg g�1 cr 71�5 99�5 145�5 < 0�01c
4 96 98�5 lg g�1 cr 67�4 92�7 142�2
5 142 89�6 lg g�1 cr 64�7 91�9 128�1
6 130 83�4 lg g�1 cr 61�2 82�9 112�4

Case 224 87�1 lg g�1 cr 61�8 87�1 121�1 0�04
Control 224 97�2 lg g�1 cr 70�5 93�3 134�2

∑DEHP Total 448 0�49 lg L�1 0�30 0�49 0�78
0�59 lg g�1 cr 0�42 0�58 0�84

Age 3 80 0�66 lg g�1 cr 0�45 0�63 0�95 < 0�01c
4 96 0�63 lg g�1 cr 0�42 0�61 0�92
5 142 0�58 lg g�1 cr 0�41 0�60 0�84
6 130 0�54 lg g�1 cr 0�40 0�55 0�72

Case 224 0�56 lg g�1 cr 0�38 0�55 0�79 0�01
Control 224 0�63 lg g�1 cr 0�46 0�62 0�89

DEHP, di(2-ethylhexyl) phthalate; GM, geometric mean; MEHHP, mono(2-ethyl-5-hydrohexyl) phthalate; MEOHP, mono(2-ethyl-5-ox-

ohexyl) phthalate; ∑DEHP, molar sum of MEHHP and MEOHP, which are metabolites of DEHP (lmol g�1 cr). Bold indicates significance.
aUnits: lg L�1 for unadjusted concentrations; lg g�1 cr for creatinine-adjusted concentrations. bAge in years. cP-value for trend test.

Fig 1. Geometric means of ∑DEHP by age. In the cases, the

concentration of ∑DEHP decreased with age (red crosses, P-for-trend

< 0�01). In contrast, the concentration of ∑DEHP was not associated

with age in the controls (blue circles, P-for-trend 0�99). DEHP,

di(2-ethylhexyl) phthalate.
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inactivation of the peroxisome proliferator-activated receptor-

gamma (PPAR-c) or enhancement of dendritic cell differentia-

tion may increase susceptibility to atopic disorders.27,29

The association between the level of DEHP and AD was nei-

ther linear nor monotonous. The predicted risk for AD based

on the results of the multiple logistic regression analysis

showed a nonmonotonous dose–response curve that was

approximately U-shaped (Fig. 2). A nonmonotonous dose–

response relationship has been commonly found in research

in the field of endocrine and endocrine-disrupting chemi-

cals.16,17,30 There are reports about the nonmonotonic effects

of DEHP such as the effects on bacterial growth in a cell cul-

ture experiment31 and induced allergic reaction in an animal

study.26 A number of supporting mechanisms for the nonmo-

notonous dose–response relationship such as cytotoxicity, spe-

cific receptors and cofactors, receptor selectivity, receptor

downregulation, receptor competition and endocrine feedback

loops have been identified.16 Although it is difficult to specify

the mechanism in this study, it is remarkable that there may

be the possibility of a nonmonotonous relationship between

DEHP exposure and AD in children. Further investigations are

needed to clarify the underlying mechanisms.

In this study, an increased risk for AD was associated with

DEHP in the age 3 years pairs. The association was in the

opposite direction in the other age groups, although there was

no statistical significance. These findings appear to be plausible

with the possibility of the nonmonotonous relationship

described above. The children of age 3 years pairs were the

highest exposure group in this study. The mean concentrations

of DEHP metabolites decreased with age. This is consistent

with other previous reports.21 The risk for AD was increased

with the level of DEHP in the relatively high-dose exposure

group. So it makes sense that the odds for above median con-

centration of DEHP were greater than the odds for below

median concentration in the age 3 years group. Although it is

difficult to verify this possibility because the distributions

were overlapped with each other and there is a lack of knowl-

edge about the effects of age on phthalate metabolism and

AD, it is noteworthy that younger children may be at greater

risk for AD due to DEHP exposure.

Table 3 Unadjusted and adjusted ORs for atopic dermatitis by the level of ∑DEHP using age- and sex-matched conditional logistic regression

analysis (per 0�1 lmol g�1 cr increase in ∑DEHP)

∑DEHP Case Control Unadjusted OR (95% CI) Adjusted ORa (95% CI)

1st Q (≤ 0�42) 67 46 0�60 (0�35–1�03) 0�59 (0�33–1�05)
2nd Q (> 0�42–0�58) 54 58 0�56 (0�24–1�29) 0�57 (0�23–1�37)
3rd Q (> 0�58–0�84) 55 57 0�89 (0�52–1�54) 0�97 (0�55–1�71)
4th Q (> 0�84) 48 63 1�04 (0�96–1�14) 1�05 (0�96–1�15)

DEHP, di(2-ethylhexyl) phthalate; OR, odds ratio; CI, confidence intervals; Q, quartile. aAdjustment for breastfeeding, exposure to second-

hand smoking, parental history of allergic disease and moved to a new house within the child’s first year of life.

Fig 2. Circles are the predicted risk for atopic dermatitis based on the

results of logistic regression analysis. The solid line was drawn by the

smoothing spline method.

Table 4 Unadjusted and adjusted odds ratios for atopic dermatitis by the level of ∑DEHP

Age Concentration of ∑DEHP Cases (n) Controls (n) Unadjusted OR (95% CI) Adjusted ORa (95% CI)

3 ≤ Medianb 12 21 1�00 1�00
> Median 28 19 2�45 (1�01–5�98) 2�03 (0�78–5�30)

4 ≤ Median 26 15 1�00 1�00
> Median 22 33 0�51 (0�23–1�15) 0�78 (0�31–1�98)

5 ≤ Median 37 25 1�00 1�00
> Median 34 46 0�67 (0�34–1�30) 0�73 (0�36–1�48)

6 ≤ Median 38 27 1�00 1�00
> Median 27 38 0�50 (0�25–1�01) 0�50 (0�24–1�03)

DEHP, di(2-ethylhexyl) phthalate; OR, odds ratio; CI, confidence intervals. Bold indicates significance. aAdjustment for breastfeeding, expo-

sure to second-hand smoking, parental history of allergic disease and moved to a new house within the child’s first year of life. bMedian

concentration of ∑DEHP = 0�58 lmol g�1 cr.
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There is a difference in distribution of phthalate metabolites

by case status. In this study, the mean DEHP metabolite con-

centrations decreased with age in the cases, but not in the

controls. Age independency in the levels of DEHP metabolites

was also observed in 233 unselected controls (data not

shown). It is difficult to explain these findings clearly, but the

interval of age may be one of the possible explanations. In the

above-cited German study about measurement of phthalate

metabolites in children, the authors reported that secondary

metabolites of DEHP decreased with age, within a range of

ages from 3 to 14 years.21 Within a narrow range, the mean

concentrations of DEHP metabolites were higher in the 6–8-

year-old children than in the 3–5-year-old children (geometric

mean for MEHHP, 51�1 lg L�1 in 3–5-year olds and

54�3 lg L�1 in 6–8-year olds; geometric mean for MEOHP,

38�3 lg L�1 in 3–5-year olds and 42�3 lg L�1 in 6–8-year

olds). Although this finding may explain, at least in part, the

distribution of DEHP metabolites in controls, an additional

explanation of the decrease of DEHP metabolites with age in

the cases is needed.

There are a number of reports about the subtypes of AD

that are extrinsic and intrinsic types according to immunologi-

cally distinctive features.32,33 Generally, in contrast to extrinsic

atopic dermatitis (EAD), intrinsic atopic dermatitis (IAD) dem-

onstrates nonallergic features such as normal serum total IgE,

undetectable specific IgE antibodies and a negative skin prick

test.34 In a Korean study with infants (age 0–2 years), IAD

was more prevalent (57%) than EAD.35 It has been reported

that IAD changed to EAD with increasing age.35,36 It may be

postulated that DEHP affects AD with nonallergic mechanisms

in children with IAD. In such cases, a relatively high level of

DEHP may be required. If IAD decreases and EAD increases

with age, it may indicate that there will be cases of relatively

low body burden of DEHP in older children because it

requires a relatively low dose with allergic or immunological

mechanisms. It may be hypothesized that the effect of DEHP

on AD may vary with age (or the subtype of AD) and the

level of DEHP. We could not assess the subtypes of clinical AD

in this study. More detailed experimental evidence about the

mechanism of action of DEHP in relation to human immune

responses and DEHP levels is needed to verify this hypothesis.

This study has several strengths. Because of the matched

case–control study design, improved comparability could be

expected. The cases were defined by dermatologist-diagnosed

AD. AD is diagnosed by physical examination, and a dermatol-

ogist examined the eligible subjects to diagnose AD in the

study cases. We measured urinary concentrations of oxidative

metabolites (MEHHP and MEOHP) from DEHP to determine

quantitatively the level of internal exposure. Generally, the

urinary levels of MEHHP and MEOHP were a number of

times higher than the levels of the hydrolytic metabolite

[mono(2-ethylhexyl) phthalate].37 The oxidized phthalate

metabolites have longer half-lives than the monoesters and are

resistant to contamination.13

There are several limitations in this study. If a subject had

AD with temporary improvement at the time of examination,

he/she might have been ignored as a case. AD is a chronic

condition which is defined as persisting for a minimum of

6 months. Although the condition may vary in intensity, the

typical signs of AD can be detected by dermatologists. The

possibility of misclassification does not appear to be a critical

weakness. Although spot urine samples have comparability

with corresponding 24-h urine samples for concentration

testing,38 considering the variability of phthalate exposure

and the short biological half-life of phthalates,39 a single

urine analysis may be insufficient to measure the exposure

over a relatively long time.40 It is difficult to determine the

relationship between the DEHP level and AD at extremely

low exposures such as those below the detection limit, and

more sensitive methods to detect low-dose exposure are

needed.

The possibility of reverse causation is an additional concern.

Parents of children with AD may avoid or reduce the use of

phthalate-containing products. Considering that AD is a

chronic condition, avoidance behaviour is expected to be

observed to a greater extent as children grow older. Informa-

tion about parental effort to avoid or reduce daily exposure to

phthalate products by the children in the study may be benefi-

cial to evaluate this hypothesis. We could not gather relevant

information and cannot confirm or eliminate the possibility of

reverse causation. Regardless of the presence of reverse causa-

tion, an increased risk of DEHP was observed, at least in a

specific subgroup. The facilities in the study were selected for

convenience, and not randomly. Although the surveys and

investigations did not precede the selection of facilities, the

lack of randomness may limit the generalizability. Although

generalizability depends on how the underlying biological

mechanism of the relationship between the exposure and out-

come is similar among the populations of interest,41 further

investigations should be encouraged.

In this study, there was a nonmonotonous dose–response

relationship between DEHP exposure and AD. An increased

risk for AD was positively associated with DEHP in the 3-year-

old group. This finding might suggest that the effect of DEHP

on AD may be different according to the exposure level or age

of the subject. Further longitudinal investigations with a suit-

able design to investigate the nonmonotonous association

should be encouraged.
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