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Tobacco-Related Disease Research Program (TRDRP)
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Zika Virus Infection
Zika virus is a virus transmitted through mosquitoes. The outbreak of Zika virus at the
end of 2015 in Brazil was suspected to be related to newborn microcephaly.

Epidemiology: Geographical distribution

Zika Virus 1s an Arbovirus, a RNA virus that are transmitted by arthropods, notably
mosquitoes and ticks. [4] It was first 1solated from a rhesus monkey from the Ugandan Zika
forest in 1947.[5] Several cases were reported in Africa and Asia later such as Yap Island of
Micronesia (2007), and French Polynesia (2013). By March 2015, Brazil confirmed the
transmission of Zika virus in the northeast of the country.[6]
»  Figure 1. Countries with Zika Virus transmission[4]
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B Locally acquired cases
or virus isolation

7] Serosurvey data only

Countries with Past or Current Evidence of Zika Virus Transmission (as of December 2015).

For countries with serosurvey data only, evidence of Zika virus transmission is derived from studies that detected Zika virus anti-
bodies in healthy people. Outlined areas, all with locally acquired cases or virus isolation, include Cape Verde, Cock Islands, Easter

Island, Federated States of Micronesia, French Polynesia, Martinique, New Caledonia, Puerto Rico, Solomon Islands, and Vanuatu.
Data are from the Centers for Disease Control and Prevention (http://www.cdc.gov/zika).

Figure 2. The distribution of Aedes mosquitos in the States.[5]
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Transmission:

Zika virus 1s transmitted by Aedes aegypti and Aedes albopictus mosquitoes, which can be

found in some regions in the States. Naturally, the virus needs mosquitos to serve as a disease

vector. However, its viral RNA has also been detected in semen[6] and breast milk[7]. It 1s

still unknown that Zika virus may be transmitted through blood contact, sexual contact,

breastfeeding or vertical transmission. On February 2, 2016, a case in Texas was suspected to

be infected through sexually transmission. The WHO listed these transmission pathways as
“Infrequent mechanisms.” [6]
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According to Musso et al, 42 of 1 505 (3%) blood donors in French Polynesia, although
asymptomatic at the time of blood donation, were found positive for ZIKV by PCR supporting
a potential risk of transfusion-derived transmission [13]. Viraemic asymptomatic travellers
returning from affected areas could potentially transmit the disease through blood donation.

The Clinical Manifestation:

> Clinical symptoms: low grade fever, maculopapular rash, conjunctivitis, and muscle pain
[8]; Some patients may complained about myalgia, headache, retro-orbital pain, and
weakness.

»  Rare symptoms: abdominal pain, nausea, diarrhea, mucus membrane ulcerations, and
pruritus[5]
Fig. 3 The clinical finding of patient with Zika virus infection. A: Lymphadenopathy; B:
Maculopapular rash; C: Periarticular swelling [9]

Incubation period:

»  2-7 days after the bite; the symptoms will resolve in 2-7 days.
Only 20~25% patients will have the symptoms mentioned above.

Diagnosis:

B First 3-5 days after symptoms: RT-PCR
B After 5 days after symptoms: Serologic detection for antibody (IgM)

Differential Diagnosis:

The transmission pathway and symptoms of Zika virus are similar to other flavivirus,
especially Dengue virus and chikungunya. However, the symptoms of Zika virus
infection may not as severe as others. Conjunctivitis maybe a characteristic of Zika virus

infection.
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Table 1.Comparison between Zika/Dengue/Chikungunya[S]

Clinical features: Zika virus compared with
dengue and chikungunya

Features Zika | Dengue | Chikungunya
Fever ++ +++ +++
Rash +++ + ++
Conjunctivitis ++ - -
Arthralgia ++ + +++
Myalgia + ++ +
Headache + ++ ++
Hemorrhage - ++ _
Shock - + -

Reproduced from: Centers for Disease Controf and Prevention. Zika
virus - What clinicians need to know? Clinician Outreach and
Communication Activity (COCA) Call, January 26, 2016, Available at:
http:femergency. cde.qov/coca/pot/2016/01 26 16 zika.pdf (Accessed
Febhruary 1, 2018),

(Possible) Complication:

»  Microcephaly:

B Definition: head circumference 1s less than expected for age and sex.

B [n Brazil, increase in case of newborn of microcephaly was reported as the
pandemic of Zika virus occurred. The association between Zika virus and
microcephaly was suspected, but there is little information about the mechanism. It
is believed that the greatest risk of microcephaly appears to be associated with
infection during the first trimester of pregnancy. However, not until the third
trimester can we diagnose microcephaly more accurately due to the timing of
intracranial calcification. [5]

»  Guillain-Barré

B An increase in Guillain-Barré syndrome (GBS) has been observed in French
Polynesia and Brazil. However, the causal relationship between GBS and Zika virus
infection is not well established.
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Between 7 October 2013 and 6 April 2014, 8 750 suspected cases of ZIKV infection
were reported by the syndromic surveillance sentinel network of French Polynesia,
with 383 confirmed cases and an estimated 32 000 cases having consulted a
healthcare facility for the condition [32,33]. During the outbreak, 74 individuals
presented with neurological symptoms or auto-immune syndrome following a
disease episode with symptoms consistent with ZIKV infection in previous days
[17,34-36]. Of these, 42 were confirmed as Guillain-Barré syndrome, with 37 cases
having presented with a previous viral syndrome. The causal link between ZIKV
infection and Guillain-Barré syndrome 1s still not established.

Treatment:

»  There is no specific treatment for Zika Virus infection.
»  Supportive treatment with antipyretics and hydration. Aspirin and other NSAID should
be avoided until Dengue fever is excluded, which may lead to severe hemorrhage. [10]

»  For a pregnant woman diagnosed as Zika virus infection, serial ultrasounds should be

arranged every 3-4 weeks to monitor the fetal growth closely. Referral to an infectious

disease specialist with expertise in pregnancy management is recommended.[10]

»  For infants affected by Zika virus, there is no specific treatment. Breast feeding by

mother in endemic area 1s still encouraged because the benefit of breastfeeding is greater
than the risk of transmission.

Prevention/Intervention:

»  Most important: reducing mosquito populations and avoiding bites

Reducing mosquitos: Avoid allowing standing water, accumulating garbage in
outdoor containers

Avoiding Bites:

€ Use screens and mosquito nets in windows, doors and bed

€ Cover exposed skin with long-sleeved shirts, trousers, and hats

€  Use repellents recommended by FDA

Suggestion for Specific Workers:

All workers should avoid mosquito bite. Try to wear long sleeves and trousers, use

repellents and mosquito nests

1. For Pregnant women with travel history to a pandemic area:

» For pregnant women without symptoms: regular ultrasound exam

» For symptomatic pregnant women: receive serological tests and receive ultrasound exam.
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It 1s believed that the critical period of microcephaly 1s at the first trimester. It could
be relative safe for women at the third trimester of pregnancy. However, regular
ultrasound exam 1s still suggested.

Figure 4. The algorithm for pregnant women with travel history to Zika virus
transmission area.

FIGURE. Interim guidance: testing algorithm*15 for a pregnant woman with history of travel to an area' with Zika virus transmission, with o
without clinical illness** consistent with Zika virus disease

Pregnant woman with history of travel
to an area with Zika virus transmission
http://wwwnc.cdc.gov/travel/notices/

Pregnant woman reports clinical illness / \ Pregnant woman does NOT report clinical illness

consistent with Zika virus disease during or consistent with Zika virus disease during or
within 2 weeks of travel within 2 weeks of travel

I

| Test for Zika virus infection | ]

Fetal ultrasound to detect microcephaly or
intracranial calcifications

Positive or inconclusive test for I Negative test{s) for Zika virus infection / \

Zika virus infection * | Either finding present | | No findings present
v Fetal ultrasound to detect microcephaly Y

Fetal ultrasound to detect or intracranial calcifications Y

microcephaly or intracranial & Test pregnant woman for | | Consider serial

calcifications - - No frl Zika virus infection ultrasounds to detect

Offer amniocentesis for Zika virus | Either finding present | I © findings present | Consider amniocentesis development of

testing for Zika virus testing microcephalyor

intracranial calcifications

Consider amniocentesis A
for Zika virus testing _ N
Either finding develops

* Availability of Zika virus testing is limited; consult your state or local health department to facilitate testing. Tests include Zika virus reverse transcription-polymerase
chain reaction (RT-PCR) and Zika virus immunoglobulin M (IgM) and neutralizing antibodies on serum specimens. Given the overlap of symptoms and endemic
areas with other viral ilinesses, evaluate for possible dengue or chikungunya virus infection.

' Laboratory evidence of maternal Zika virus infection: 1) Zika virus RNA detected by RT-PCR in any clinical specimen; or 2) positive Zika virus IgM with confirmatory
neutralizing antibody titers that are =4-fold higher than dengue virus neutralizing antibody titers in serum. Testing would be considered inconclusive if Zika virus
neutralizing antibody titers are <4-fold higher than dengue virus neutralizing antibody titers.

5 Amniocentesis is not recommended until after 15 weeks of gestation. Amniotic fluid should be tested for Zika virus RNA by RT-PCR.

1 Updates on areas with ongoing Zika virus transmission are available online (http://wwwnec.cde.gov/travel/notices/).

#* Clinical illness is consistent with Zika virus disease if two or more symptoms (acute onset of fever, maculopapular rash, arthralgia, or conjunctivitis) are present.

2. For health workers in the hospitals:

» Since it is possible that Zika can be transmitted through blood, health workers should

avoid exposure to blood, breast milk, semen or other human body fluid.
3. For people contacting with Zika viral infected patients:

» According to a study held by Gourinat et al., the RNA of Zika virus can be detected 10
days after infection. On the other hand, serum viral RNA 1s hard to detected 5 days
after the onset of symptoms, which may indicate that viremia was probably decreasing
then.[11]

» 1t s still suggested that not only the patient but also the health workers should avoid
mosquito bite, because the decrease of viremia 1s hard to predict.
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Figure. Detection of Zika virus in blood and urine specimens of 6 patients by using real-time reverse transcription PCR with primers/
probe 1086/1162c/1107-Cy5 (11) New Caledonia, 2014. A) Patient 1; B) Patient 2; C) Patient 3; D) Patient 4; E) Patient 5; F)

Patient 6. Triangles indicate urine samples and squares indicate serum samples. The cutoff cycle threshold (C) value is 38.5, as
previously reported (71) and is indicated by horizontal lines. Black symbols indicate amplifications with C,<38.5, gray symbols indicate
amplifications with C, >38.5, and white symbols indicate negative amplifications. Onset of disease (day 0) was defined retrospectively
after questioning patients about initial symptoms. Dashed lines indicate a period >2 days without a sample being obtained. Arrows
indicate onset of rash.
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Abstract
Background:
The exposure of phthalates is related to allergic diseases such as asthma. Past studies about its
effect on lung functions is limited, while it is a parameter of asthma.
Aims: To find the association between different phthalate exposure ages and children’ s lung
function.

Methods:

Taiwan Birth Panel Study (TBPS) was established during April 2004 to January 2005. Urine
samples were collected from children of TBPS cohort at the age of 2, 5, and 9. Urinary
phthalate metabolites concentrations were measured by ultrahigh-performance liquid
chromatography coupled with tandem mass spectrometry. Children were assessed with
complete questionnaires and lung function tests at the age of 9. Multiple linear regression
adjusting confounding factors were applied to explore the associations between lung functions
and urinary phthalate metabolites at different ages.

Results:
Among 203 children at the age of 9, high urinary phthalate metabolite mono-ethyl phthalate
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(MEP) concentrations was associated with decreasing FEV1 (5 =-0.03; 95% CI: -0.05 to
-0.06), FVC (8 =-0.035; 95% CI: -0.065 to -0.05) and PEF (8 =-0.085; 95% CI: -0.149 to
-0.021); elevated mono-benzyl phthalate (MBzP) was negatively associated with FEV1 (5 =
-0.019; 95% CI: -0.035 to -0.004) and FVC (8 =-0.023;95% CI: -0.042 to -0.003). Phthalate
exposure at the age of 2 and 5 has little effect on lung function.

Conclusions:
Our study suggested the concurrent phthalate exposure including MEP, MBzP, has greater

influence on children’ s lung function. Further investigation is required to confirm the effect.

Key words: Endocrine disruptor chemicals, children, lung function, phthalate,
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Introduction

In 2011, the food scandal in Taiwan drew the public attention about the food safety. It
was found that a kind of phthalate DEHP was added into food and drinks as the clouding agent.
The toxicity of phthalates was highlighted, and the long-term health effects on children was
emphasized due to their immaturity and susceptibility. Phthalates 1s ubiquitous, and can be
found 1n our daily lives, such as personal care products, medications and plastics floor [12].

Phthalate can be classified into low molecular weight (LMW) and high molecular weight
(HMW) phthalates. The LMW phthalates are used as aerosol delivery agents and emollients,
which are added in personal care products. On the other hand, the HMW phthalates are
commonly used as plasticizers to impart flexibility in hard polyvinyl chloride plastics [12].
The possible human exposure routes include ingestion, dermal absorption, inhalation, and
Intravenous exposure. After absorption, phthalates are metabolized into monoesters and
eventually excreted as glucuronides in urine (Wittassek et al., 2011). Therefore, the phthalate
monoesters in urine can be used as a biomarker.

Currently, phthalates are regarded as an endocrine disrupting compounds (EDCs), and
many studies indicated that there 1s an association between phthalates and reproductive effects.
However, several studies also indicated that phthalate may contribute to allergic diseases such
as asthma. With the data of National Health and Nutrition Examination Survey (NHANES),
Hoppins et al. found the association between MBzP and allergic symptoms among adults, but
not in children [13]. A cohort study with 244 children indicated that the increasing MEP and
MBzP concentration in urine was related to increase Feno, a pulmonary inflammation marker
[14]. Further, high-level of BBzP and DBP in environmental dust may significantly increased
the risk of developing allergy, asthma and related symptoms among children [15]. Beko et al.
also found that the non-dietary exposures to DnBP, BBzP and DEHP 1n the indoor
environment was associated with allergic diseases significantly [16].

Current evidence about the association between phthalate and children lung function 1s
still limited. We want to elaborate the effect of phthalate exposure and children pulmonary
function by conducting a cohort study.

Material and Methods
Study design and Study population
The prospective birth cohort study, Taiwan Birth Panel Study (TBPS), was built up from April
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2004 to January 2005, enrolling pregnant women from one medical center, one local hospital,
and two clinics in north Taiwan. The detail setting and design of the cohort were described in
previous studies [17]. Children were enrolled in the following up survey at the age of 2, 5 and
9. They underwent lung function and physical examinations, and urine samples were collected.
Subjects loss to follow-up or withdrawing from the cohort were excluded. From TBPS cohort,
137 children at the age of 2, 157 children at the age of 5 and 203 children at the age of 9 were
recruited. This study was approved by the Institutional Review Board of National Taiwan
University Hospital.

Uninary phthalate metabolite measurement

In brief, the measurement method of phthalate concentration 1n urine 18 similar to previous
study[18]. Urine samples collected at ages 2, 5 and 9 were stored at —20 “C until analysis.
The following four phthalate metabolites were measured by ultra-performance liquid
chromatography coupled with tandem mass spectrometry (UPLC - MS/MS) as described [19]:
monoethyl phthalate (MEP), a metabolite of DEP metabolites; monobutyl phthalate (MBP), a
metabolite of DBP; monobenzyl phthalate (MBzP), a metabolites of BBzP; and
mono-(2-ethylhexyl) phthalate (MEHP), representative as the metabolite of DEHP. The limits
of detection of MEP, MBP, MBzP, and MEHP were 0.5, 0.1, 0.1, and 0.1 u« g/L, respectively.
If the concentrations below the limitation of detection (LOD), one-half of the LOD was
assigned for the following analysis.

ISAAC Questionnaires at Age of 9

When children were 9 years old, their parents were assessed with a self-administered
questionnaire for dietary preferences, history of environmental tobacco smoke exposure, living
environment, incensing at home. Diagnosis of allergic diseases was obtained from the
International Study of Asthma and Allergies in Childhood (ISAAC) questionnaires through
following questions: “Has your child ever had asthma diagnosed by a doctor?” , “Has your
child ever had allergic rhinitis (AR) diagnosed by a doctor?” , “Has your child ever had
atopic dermatitis (AD) diagnosed by a doctor?” If any answer to questions was yes, the
subject was regarded as having allergic disease. The Chinese version of the questionnaires was
used, which was validated [20].

Lung function tests at age of 9
The lung function tests are measured by Micro Medical MicroLab Spirometer (CareFusion 232
Ltd.) complying the American Thoracic Society spirometry standards. The lung function
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assessment of the subjects was measured by the same trained technician, and the equipment
was adjusted before testing.[21] Forced expiratory volume in 1 sec (FEV)), forced vital
capacity (FVC), peak expiratory flow (PEF) and forced expiratory volume in 1 sec as a
percentage of the forced vital capacity (FEV/FVC) were recorded. Confounding factors such
as gender, age, height, weight were obtained through the questionnaires.

Statistical Analysis
The distribution of urinary phthalate concentration is not normal distribution, so geometric
mean was used to compare the mean levels and standard deviation among different age groups.
The missing values of each confounder were classified into the mode groups. Further, natural
log transformation was applied for assessment for non-normal distribution. Simple and
multiple linear regression models were applied to present the association between different
phthalate concentration and lung function test, including FEV, FVC, PEF, FEV/FVC.
Potential confounders, including children age, sex, body mass index, incensing at home or not,
environmental tobacco smoke (Y/N), family annual income, were adjusted in the models.
According to the questionnaires, subjects were divided into two groups by allergic disease
(with or without). Stratified analysis was applied to explore the relationship between urinary
phthalate exposure and lung function tests. The analyses were two-sided and the confidence
interval was 95%. All statistical analyses were accomplished by SAS software (version 9.4;
SAS Institute Inc., Cary, NC, USA).

Result

The anthropometric characteristics of the research population were showed in Table 1. At
the age of 2, 137 children were involved in the study. 84 children had allergic diseases, and 53
children were free from allergic diseases. At the age of 5, 157 children were enrolled in the
study; 98 of them were with allergic diseases, and 59 of them didn’ t not have allergic disease.
At the age of 9, 203 children were followed; 121 children had allergic diseases, while 82
children were without allergic diseases.

The geometric mean of different phthalates at different ages were showed in Figure 1.
The phthalate concentration varied at different ages. Urinary MEHP, MBzP and MBP was
highest at the age of 2 (MEHP, MBzP and MBP), while MEP remains stable among different

ages.

The regression coefficients S (s.e.) for In-urinary phthalate metabolite concentrations at
different ages according to lung function tests at the age of 9 were shown in Table 2. At the
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age of 2, there was no consistent significance between urine In-phthalate metabolites and lung
function tests. At the age of 5, elevated In-urinary monobutyl phthalate (MBP) level is
associated with declining FEV1 (8 =-0.084 per 2-SD increase in levels, CIL: -0.162 t0-0.006)
and FVC (8 =-0.106 per 2-SD increase in levels, CI: -0.209 to -0.004) in simple regression
model. However, such effect disappeared after adjusting confounding factors. At the age of 9,
in multiple regression model high urinary phthalate metabolite mono-ethyl phthalate (MEP)
concentrations was associated with decreasing FEV1( 5 =-0.084 per 2-SD increase in levels,
CI: -0.151 to0 -0.016), FVC (8 =-0.097 per 2-SD increase in levels, CI: -0.181 to -0.013) and
PEF (8 =-0.238 per 2-SD increase in levels, CI:-0.416 to -0.06); elevated mono-benzyl
phthalate (MBzP) was negatively associated with FEV1 (8 =-0.082 per 2-SD, CI: -0.149 to
-0.016) and FVC (8 =-0.095 per 2-SD, CI: -0.178 to -0.013).

The table 3. showed the regression coefficient of lung function tests on In-urinary
phthalate stratified by allergic diseases, including asthma, atopic dermatitis and allergic rhinitis.
After adjusting confounding factors, there 1s no significant association between In-urinary
phthalate metabolites and lung function tests for children without allergic disease. Among
children with allergic disease, increasing In-urinary MEP concentrations was associated with
decreasing FEV1( 3 =-0.143 per 2-SD increase in levels, CIL: -0.234 to -0.053), FVC (S8
=-0.175 per 2-SD increase in levels, CI: -0.292 to -0.057) and PEF (8 =-0.372 per 2-SD
increase 1n levels, CI: -0.610 to -0.134); elevated MBzP was negatively associated with FEV1
(B =-0.102 per 2-SD, CI: -0.193 to -0.011) and FVC (8 =-0.118 per 2-SD, CI: -0.236 to
-0.001).

Discussion

Our study indicate that the concurrent phthalate exposure 1s more influential on
children” s lung function then the exposure at younger age. We found that the urinary MEP at
the age of 9 was associated with the decease of FEV1, FVC and PEF at 9 years old, while
similar effect 1s not seen at the age of 2 and 5. Furthermore, such effect of diminished lung
function 1s more significant among children with allergic disease at the age of 9. Our finding
may explain the etiology of airway diseases related to allergy, and find the possible
aggravating factors of allergic diseases.

The phthalate concentration varied at different ages. Urinary MEHP, MBzP and MBP
was highest at the age of 2, while MEP remains stable among different ages. The inconsistency
of phthalate concentration at different age may be caused by age-related behavior. High
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molecular weight phthalates were reported to be associated with indoor dusts due to PVC
floor.[22] In addition, children at the age of 2 may ingest more house dust than adult due to
their hand-eating behavior, and it may explain the high level of phthalate exposure at age of 2.

Our study shows the potential association between concurrent phthalate exposure and the
reduction of pulmonary function. At the age of 9, the urine MEP 13 significantly associated
with the decrease of FEV1, FVC and PEF after adjusting confounding factors (Table 2). Our
result was similar to another study using the Third National Health and Nutrition Examination
Survey (NHANES III) showed significance between urine MEP and the decrease of lung
function was noted among adult make between 20 to 60 years old [23]. In previous studies, it
is believed that children’ s asthma is related to the exposure of high molecular phthalate. The
possible exposure route 1s inhalation because DEHP 1s higher 1n indoor dust.[22, 24] Although
the aim of our study 1s different, our research indicate the phthalate exposure has some effect
on children” s lung function.

We also found that among children with allergic diseases, urinary MEP and MBP may
related to the decline of FEV1 and FVC. (Table 3.) The result indicated that phthalate may
have more effect on susceptible groups. Our previous study showed that urine MBzP
associates with allergic sensitization and atopic disorders.[18] However, the effect of small
sample size and competing factors can’ t be excluded. As the result, further investigation
should be engaged to formulate the possible association.

Our research indicated that the effect phthalate 1s more significant at the age that lung
function was done. The effect of low molecular weight phthalate DEP on lung function is
more significant among children with allergic diseases at the age of 9. The half-life of
phthalate is short, so it would be excreted within 1 days. This characteristic may explain why
the concurrent exposure is more effective. However, it is hard to exclude the influence of early
life exposure. It was reported that prenatal exposure to BBzP and DnBP increased the risk of
asthma.[25] The epigenetic regulation of prenatal exposure may play an important role. To
identify the real critical exposure period, we need further studies.

There are some possible limitations about our study. First, the diagnosis of allergic
diseases was based on self-report questionnaires answered by parents, and they are not as
accurate as physician-diagnosed allergic diseases. Therefore, the information bias was
inevitable. Second, our study is limited to small sample size. The subjects enrolled in this
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study may not be representative enough to the general population in Taiwan because of the
small sample size.

Conclusions

As plasticizers, phthalates are widely used in our daily life. In our study, concurrent
phthalate exposure may be associated to the decrease of lung function, especially among
susceptible children. Therefore, it 1s important to develop a practical strategy to reduce the
exposure among young children.
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Table 1. Characteristics of children enrolled in Study

All With Allergic Without Allergic
Diseases Diseases
Response rate
Age 2 137 84 53
Age 5 157 98 59
Age 9 203 121 82
General Data
Age of Lung Function ~ 9.16 (0.46) 9.15 (0.46) 9.17 (0.47)
Tests Done
Height 135.3 (6.1) 135.6 (5.9) 135.0 (6.3)
Weight 31.8 (7.1) 32.4 (6.7) 31.0 (7.5)
BMI (kg/m’) 17.3 17.5 16.9
History of Allergic Disease
Allergic Dermatitis
Yes 37 37 0
No 165 83 82
Allergic Rhinitis
Yes 102 102 0
No 100 18 82
Asthma
Yes 32 32 0
No 170 88 82
Lung Function Test
FEVI (L) 1.7(0.2) 1.7(0.2) 1.7(0.3)
FCV(L) 1.9(0.3) 1.8 (0.3) 1.9 (0.3)
PEF (L/s) 3.9 0.7 3.8 (0.6) 3.9(0.7)
FEVI1/FVC (%) 91.7 (6.6) 92.1(6.4) 91.4 (6.7)
Environmental and Social Factors
Incensing
Yes 107 69 38
No 96 52 44
Environmental tobacco smoke
Yes 30 21 9
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No 173 100 73
Annual household income

<600,000 32 18 14
600,000-1500,000 95 58 37
>150,000 76 45 31

NTD, New Taiwanese Dollars. a. All allergic diseases referred to children with either of
allergic rhinitis, allergic dermatitis, or asthma.
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Table 2. Regression of Lung Function Tests on Urinary Phthalate at Different Ages

FEVI(L) FVCL) PEF(L/s) FEV1/FVC(%)
BY CI B8° CI B (I B¢ (I

2-year-old children
InMEHP Crude -0.065 (-0.154,0.023) -0.09 (-0.204,0.024) -0.093 (-0.311,0.125) 1.314 (-0.958,3.585)
Adjust -0.042 (-0.130,0.047) -0.028 (-0.137,0.080) -0.038 (-0.259,0.183) 0.026 (-2.238,2.290)
InMEP  Crude -0.017 (-0.106,0.072) -0.027 (-0.141,0.088) 0.057 (-0.161,0.276) 0.467 (-1.813,2.748)
Adjust ’ -0.021 (-0.109,0.066) -0.03 (-0.136,0.077) 0.053 (-0.164,0.270) 0.348 (-1.879,2.574)
InMBzP Crude -0.048 (-0.137,0.040) -0.09 (-0.204,0.024) 0.005 (-0.214,0.224) 1.304 (-0.967,3.576)
Adjust ’ -0.042 (-0.128,0.044) -0.084 (-0.188,0.021) 0.025 (-0.190,0.239) 1.323 (-0.865,3.511)
InMBP  Crude -0.054 (-0.143,0.034) -0.129 (-0.242,-0.017) -0.069 (-0.287,0.150) 2.457(0.214,4.701)
Adjust ’ -0.039 (-0.126,0.047) -0.106 (-0.210,-0.002) -0.036 (-0.252,0.179) 2.122 (-0.059,4.302)

S-year-old children
InMEHP Crude -0.026 (-0.105,0.053) -0.044 (-0.148,0.059) 0.028 (-0.186,0.243) 0.803 (-1.387,2.993)
Adjust -0.008 (-0.087,0.070) -0.026 (-0.124,0.072) 0.080 (-0.132,0.293) 0.817 (-1.320,2.955)
InMEP  Crude 0.007 (-0.072,0.086) -0.001 (-0.105,0.103) 0.087 (-0.127,0.301) 0.402 (-1.791,2.594)
Adjust 0.005 (-0.073,0.082) -0.009 (-0.106,0.088) 0.090 (-0.120,0.301) 0.586 (-1.533,2.706)
InMBzP Crude -0.071 (-0.150,0.007) -0.059 (-0.163,0.044) -0.121 (-0.335,0.093) -0.722 (-2.912,1.469)
Adjust -0.059 (-0.135,0.017) -0.039 (-0.135,0.056) -0.083 (-0.290,0.125) -0.952 (-3.040,1.136)
InMBP Crude -0.084 (-0.162,-0.006) -0.106 (-0.209,-0.004) -0.067 (-0.281,0.147) 0.296 (-1.897,2.489)
Adjust ' -0.065 (-0.141,0.012) -0.078 (-0.173,0.018) -0.011 (-0.221,0.198) -0.001 (-2.112,2.109)

9-year-old children
InMEHP Crude -0.012 (-0.081,0.056) -0.006 (-0.095,0.084) 0.052 (-0.129,0.233) -0.069 (-1.898,1.760)
Adjust” -0.01 (-0.078,0.057) -0.001 (-0.084,0.082) 0.061 (-0.117,0.238) -0.142 (-1.893,1.608)
InMEP  Crude -0.064 (-0.132,0.004) -0.064 (-0.152,0.025) -0.189 (-0.368,-0.01) -0.074 (-1.903,1.755)
Adjust ' -0.084 (-0.151,-0.016) -0.097 (-0.181,-0.013) -0.238 (-0.416,-0.06) 0.382 (-1.404,2.168)
InMBzP Crude -0.077 (-0.145,-0.009) -0.083 (-0.171,0.006) -0.058 (-0.239,0.123) 0.104 (-1.725,1.933)
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Adjust ’ -0.082 (-0.149,-0.016) -0.095 (-0.178,-0.013) -0.066 (-0.244,0.112) 0.384 (-1.372,2.139)
InMBP  Crude -0.054 (-0.122,0.014) -0.04 (-0.129,0.050) -0.116 (-0.297,0.064) -0.826 (-2.651,0.999)
Adjust ° -0.058 (-0.126,0.010) -0.047 (-0.132,0.037) -0.125 (-0.304,0.054) -0.682 (-2.457,1.092)

a. The regression coefficient ( 8) represented the 2-SD increase in In-transformed urinary phthalate exposure. b. Model adjusted for children sex, body
mass index, history of environmental tobacco smoke exposure, incensing at home., family income,
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Table 3. Regression of Lung Function Tests on Urinary Phthalate Stratified by Allergic Diseases.

FEV1 FVC PEF FEVI1/FVC
Y CI Bg° (I BY (I BY (I
With Allergic Diseases”
2-year-old children
InMEHP 0.026 (-0.117,0.169) -0.032 (-0.191,0.128) 0.131 (-0.232,0.493) 3.004 (-0.920,6.927)

InMEP -0.039 (-0.176,0.097)
InMBzP -0.009 (-0.145,0.128)
InMBP 0.017 (-0.131,0.164)

S-year-old children
InMEHP -0.049 (-0.176,0.077)

InMEP 0.038 (-0.091,0.167)
InMBzP -0.039 (-0.167,0.089)
InMBP -0.018 (-0.149,0.112)

O-year-old children
InMEHP -0.012 (-0.121,0.097)

InMEP 0.027 (-0.080,0.135)
InMBzP -0.087 (-0.195,0.021)
InMBP 0.002 (-0.113,0.116)

Having More Than One Allergic Disease °

-0.026 (-0.179,0.127)
-0.058 (-0.209,0.092)
-0.036 (-0.201,0.128)

-0.056 (-0.205,0.093)

0.06 (-0.092,0.212)
-0.019 (-0.170,0.132)
-0.001 (-0.155,0.153)

-0.012 (-0.137,0.112)
0.066 (-0.056,0.189)
-0.105 (-0.228,0.017)
0.047 (-0.082,0.177)

-0.069 (-0.417,0.280)
0.032 (-0.315,0.378)
-0.008 (-0.384,0.369)

0.104 (-0.236,0.443)
0.131 (-0.214,0.476)
0.161 (-0.180,0.501)
0.237 (-0.107,0.580)

0.116 (-0.170,0.402)
0.02 (-0.264,0.304)
-0.125 (-0.412,0.161)
-0.086 (-0.385,0.213)

-1.311 (-5.142,2.521)
1.855 (-1.929,5.638)
1.786 (-2.331,5.904)

-0.382 (-3.962,3.198)
-0.362 (-4.014,3.290)
-0.359 (-3.974,3.256)
-1.149 (-4.821,2.523)

-0.193 (-3.007,2.621)
-1.331 (-4.098,1.435)
0.617 (-2.201,3.434)
-1.966 (-4.872,0.940)



2-year-old children

InMEHP -0.077 (-0.197,0.043)
InMEP -0.029 (-0.149,0.092)
InMBzP -0.051 (-0.169,0.067)
InMBP -0.084 (-0.198,0.031)
S-year-old children
InMEHP 0.031 (-0.077,0.138)
InMEP -0.012 (-0.116,0.093)
InMBzP -0.07 (-0.172,0.032)
InMBP -0.084 (-0.186,0.018)
9-year-old children
InMEHP -0.006 (-0.098,0.085)
InMEP -0.143 (-0.234,-0.053)
InMBzP -0.082 (-0.171,0.007)
InMBP -0.102 (-0.193,-0.011)

-0.023 (-0.178,0.132)
-0.036 (-0.190,0.118)

-0.09 (-0.241,0.060)
-0.142 (-0.287,0.003)

0 (-0.138,0.138)
-0.042 (-0.175,0.091)
-0.057 (-0.189,0.074)
-0.121 (-0.251,0.009)

0.011 (-0.106,0.129)
-0.175 (-0.292,-0.057)
-0.098 (-0.213,0.018)
-0.118 (-0.236,-0.001)

-0.145 (-0.441,0.151)
0.058 (-0.238,0.354)

0.01 (-0.281,0.302)
-0.163 (-0.445,0.120)

0.067 (-0.221,0.355)
0.068 (-0.211,0.347)
-0.215 (-0.488,0.057)
-0.106 (-0.382,0.170)

0.006 (-0.234,0.246)
-0.372 (-0.610,-0.134)
-0.04 (-0.278,0.198)
-0.159 (-0.401,0.084)

-1.677 (-4.576,1.223)

0.627 (-2.278,3.532)
1.006 (-1.846,3.858)
1.541 (-1.238,4.319)

1.947 (-0.872,4.766)
1.013 (-1.744,3.769)

-1.107 (-3.828,1.615)

0.976 (-1.754,3.707)

-0.132 (-2.495,2.231)

0.916 (-1.522,3.354)
0.484 (-1.860,2.827)
0.325 (-2.078,2.727)

a. The regression coefficient ( 8 ) represented the 2-SD increase in In-transformed urinary phthalate exposure. b. Allergic diseases including

allergic dermatitis, allergic rhinitis, and asthma.
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