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ABSTRACT

Autism Spectrum Disorder (ASD) includes a range
of conditions classified as neurodevelopmental
disorders that have an onset from infancy. Multiple
factors have been identified as causes for the autism
spectrum disorder; however, the cascade of the disease
is still not clearly defined. An increasing number
of cases have been reported globally, for instance
in US, UK, Canada and Australia. Environmental
factors were suspected to be one of the causes.
Bisphenol A (BPA) is an Endocrine Disruptor
Compound (EDC) and used primarily as a
monomer for the production of polycarbonate and
epoxy resins, especially in feeding bottles for infants.
Ongoing discussions are currently in progress on
the reported low-dose effects of BPA, particularly
its neurodevelopmental and behavioural effects.
Many countries have banned the usage of BPA
due to its harmful effects on children. This review
aims at presenting an overview of the association
between exposure to BPA and the neurobehavioural
changes it triggers in children. Articles were obtained
from the Science Direct and ProQuest search engines.
The keywords used in the search were ‘BPA’ or
‘bisphenol A’ and ‘autism’. Fourty-seven articles
were shortlisted, of which only five that fulfilled
the requisite criteria were selected for review. All
of them were cohort studies. Overall, an association
has been established between prenatal and childhood
exposure to BPA and neurobehavioural changes.
The exposure during pregnancy was observed to
have a greater impact on children. Earlier exposure
during the prenatal period resulted in stronger
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associations. However, no association was found
between BPA concentration of the child and
neurobehavioural outcomes.

KEYWORDS: autism spectrum disorder (ASD),
bisphenol A (BPA), children, neurobehaviour

INTRODUCTION

Autism Spectrum Disorder (ASD) involves a range
of conditions classified as neurodevelopmental
disorders that have an onset from infancy. Its
clinical presentation is characterised by impairment
in the reciprocal social interaction and communication
with others, and by a preference for repetitive,
stereotyped behaviours. ASD is diagnosed according
to the guidelines listed in the Diagnostic and
Statistical Manual of Mental Disorders, Fourth
Edition - Text Revision (DSM-IV-TR). The manual
currently defines five disorders, also termed Pervasive
Developmental Disorders (PDDs), as ASD: Autistic
Disorder (classic autism), Asperger’s disorder
(Asperger syndrome), Pervasive Developmental
Disorder Not Otherwise Specified (PDD-NOS),
Rett’s disorder (Rett syndrome) and Childhood
Disintegrative Disorder (CDD) [1].

According to the most recent report by the Autism
and Developmental Disabilities Monitoring (ADDM)
Network (2008), the overall estimated prevalence
of ASDs among the 14 ADDM sites in the US is
11.3 per 1,000 (one in 88). This shows an increasing
trend compared with the earlier surveillance done
in 2006 and 2002, which revealed a prevalence of
9.0 and 6.4 per 1,000 children, respectively. Therefore,
there has been a 23% increment in prevalence
compared to the data reported in 2006 [2].
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Autism is a neuropsychiatric disorder. Multiple
factors have been identified as the cause for the
Autism Spectrum Disorder, although the cascade
of the disease is still not clearly defined [3]. One
of the most frequently identified causes for this
condition is the genetic factor as reported by
Folstein and Rutter in 1977 in their twin study [4],
and the gene region identified was 15q11-13 [5].
Recent studies have implied that Autism Spectrum
Disorder is due to four major causes, namely
immune dysregulation or inflammation, oxidative
stress, environmental toxicant exposures and
mitochondrial dysfunction [6].

Bisphenol A (BPA)

Bisphenol A (BPA) is an Endocrine Disruptor
Compound (EDC) used primarily as a monomer
for the production of polycarbonate and epoxy
resins. BPA is one of the highest production-volume
chemicals worldwide, and is also known as a plastic
monomer. Current estimates indicate that more than
8 billion pounds of BPA are produced annually to
meet consumer demand, and approximately 100
tons are released into the atmosphere each year as
a result of the production [7].

In humans, orally administered BPA is well-absorbed
and undergoes a complete first-pass metabolism in
the liver to BPA-glucuronide as the major metabolite,
which is rapidly excreted in the urine, with a half-
life of less than 6 hours. Bisphenol A-sulphate has
been reported as a minor urinary metabolite of
BPA in humans. As this first-pass metabolism is
highly effective, there is an extremely low systemic
availability of free BPA in humans after oral
exposure. BPA-glucuronide and the minor urinary
metabolite BPA-sulphate do not interfere with the
hormonal regulation of reproduction. Therefore, these
conjugation reactions represent the detoxification
pathways [8].

However, in human neonates, some metabolic
pathways, e.g. glucuronidation (2-5 fold lower in
premature neonates) and some excretory functions, e.g.
glomerular filtration (1.7 fold lower), have a lower
efficiency compared with that of adults; these
functions reach their full capacities only within
one and seven months after birth, respectively [8].
Therefore, infants and children are more susceptible
to BPA exposure and the effect on their health is
greater since their detoxifying mechanism is still

immature. From the data on the Expert Meeting
of WHO [9], the mean exposure of exclusively
breastfed babies (0 to 6 months) to BPA is estimated
to be 0.3 pg/kg body weight per day, and exposure
at the 95™ percentile is estimated to be 1.3 pg/kg
body weight per day. However, the exposure to
BPA decreased relative to body weight. There are
also many studies relating to the exposure of the
foetuses resulting from the mother’s consumption
during the perinatal period [8].

A study done by Mustafa Ali in the general population
of seven Asian countries, namely China, India, Japan,
Korea, Kuwait, Malaysia and Vietnam, revealed
that BPA was detected in 94.3% of the samples
analysed, with concentrations ranging from < 0.1
to 30.1 ng/mL. The geometric mean concentration
of BPA for the entire sample set from seven
countries was 1.20 ng/mL. The highest median
concentration of BPA was found in the urine samples
from the age group of less than 19 years [10].

Exposure to BPA has been connected with negative
health effects. Concern regarding the effects of BPA
is greatest for infants and young children due to
their immature systems for detoxifying chemicals.
Many animal and human studies were conducted,
relating BPA with neurobehavioural changes [11,
12, 13, 14, 15]. Discussions are ongoing regarding
the effects of BPA, in particular, the neurodevelopmental
and behavioural effects in laboratory animals and
on the immaturity of the foetal and neonatal metabolic
pathways.

On considering the effects, a ban on import,
manufacture, advertisement and sale of feeding
bottles containing the organic compound Bisphenol
A or BPA was implemented in many countries
including Malaysia. The ban was in line with
Regulation 27A (1) of the Food Regulations 1985
[16]. This review aims at presenting an overview
of the association between the exposure to BPA
and the neurobehavioural changes in children.

METHODOLOGY

Articles were obtained from the Science Direct and
ProQuest search engines. The keywords used in the
search were ‘BPA’ or ‘bisphenol A’ and ‘autism’. The
use of other search terms such as ‘Autism Spectrum
Disorder’ and ‘neurobehavioural’ did provide
additional papers. From the Science Direct search
engine, a total of 2,225 articles were found while
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from ProQuest, another 140 articles were listed.
Overlapping of articles was noted in both search
engines. After screening the title, articles appropriate
for the review were selected and a final total of 47
articles were extracted. The abstracts were subsequently
reviewed to identify their aptness for the review.
From the final total of articles, only five were
ultimately selected for the review, excluding animal
studies.

RESULTS

From a total of 47 articles, only five articles fulfilled
the criteria for review. All of them were cohort studies.
This was because the studies associated the outcome
of child behaviour with BPA exposure during the
antenatal periods. A summary of the five studies
is given in Table 1.

DISCUSSION

Two of the five studies [17, 18] were from the same
population, from the Health Outcomes and Measures
of the Environment Study, Cincinnati, Ohio (USA).
Published by the same author, it was an extension
of his earlier study, involving additional assessments
for behaviour via different sets of validated
questionnaires (BRIEF-P). The other three studies
were derived from the Health Outcomes and
Measures of the Environment (HOME) Study
cohort, The Mount Sinai Children’s Environmental
Health Study cohort and Center for the Health
Assessment of Mothers and Children of Salinas
study cohort.

The duration of the studies varied, depending on
the time at which the neurobehaviour of the children
had been assessed. The earliest assessment was done
by Yolton et al. [19] which was approximately at
five weeks after delivery. Others were done when
the children were 2 years old, 3 years old, between
4 to 9 years old and the latest at 9 years of age as
summarized in Table 1 [17, 18, 20, 21]. From this
review, we can assess the time duration between
the time of exposure and the time when the
neurobehavioural symptoms started to become evident.

The questionnaires used were also different in all
the studies. All the questionnaires were already
validated and could assess different aspects of
the neurobehavioural signs. Social Responsiveness
Scale (SRS) is a rating scale of social behaviour
characteristics of the autism spectrum and related

disorders. This scale was used in the study by
Miodovnik et al. [20]. This scale was further divided
into subscales that included Social Awareness,
Social Cognition, Social Communication, Social
Motivation and Autistic Mannerisms. The Social
Communication subdomain captures the deficits
in pragmatic and expressive communication, which
are the primary deficits seen in high-functioning
children with ASDs. The cumulative deficits in these
subdomains may reflect a higher level of socialisation
difficulties and impairments in engaging in as well as
interpreting fast-paced social interactions. By contrast,
the more classically autistic behaviours captured by
the Social Motivation (e.g. avoiding social interactions)
and Autistic Mannerisms (e.g. highly restricted
interests, stereotypical motor activity) subdomains
reflect the more severe ASD symptoms. However,
they are not diagnostic tools for ASD. Braun et al.
[17, 18] and Harley et al. [21] used Behaviour
Assessment System for Children 2 (BASC-2) in their
studies. The BASC-2 is a parent-report assessment
regarding the problem behaviour of the child in the
community and home settings. The subscales analysed
include aggression, attention, hyperactivity, depression,
anxiety and somatisation.

The Behaviour Rating Inventory of Executive
Function-Preschool (BRIEF-P) was used by Braun
et al. [18] in which the analyses focused on five
clinical scales, viz.:

(i) emotional control scores assess the ability to
modulate emotions

(i1) inhibit scores reflect the capacity to control
behavioural responses

(iii)) plan/organise scores assess the ability to
anticipate and to plan for future events, set
goals and grasp the main idea

(iv) shift scores measure the capacity to transition
to and from events, and

(v) working memory scores measure the ability
to retain information in the mind for completing
a task

NICU Network Neurobehavioural Scale (NNNS) was
used by Yolton et al. [19] to assess neurobehaviour
in early infancy. The NNNS is a comprehensive
neurobehavioural assessment that evaluates neurological
functioning, provides a behavioural profile and
measures signs of stress in young infants. It is appropriate
for infants at 30 to 40 weeks of gestational age.



Zaleha Md. Nor et al.

66

plo
Aoueubaid Burinp sieak € olyo
soUEL d-43149|  uoissaidap [eulsrey YuIgIe | 1B $3I00S ;E:..%Eu
Aq anfeA |jnu ayp apnjoul 1YBIW 8y} uo uoniqgiyut Xas plIyd |  uoneisab |d4-43149 ® Apnmis
S)INSa. 12U} POOUIAYI] AL Psealoul pue [0U0D [RUONOWS aWooUl | JOSY9aM 9Z o]  Z-OSVd| 1uswuoIIAUg
LOIIAM 'SUONRIODSSE SLIOKING Jaljood pue z-OSvg P|OYasnoy [enuue « uolelsab pue ayl Jo
: s ay1 uo InolAeyaq SNJE1S [e1JBW | JO SY09M QT «|  8InS0dXa sainses|n
-ainsodxa Auew 003 paulwex3 .
passaidap pue snoixue uonBINPa «| 112 Pa139]103| Wdg PIIYd| pue SBWoANQ
uolnealyipow Japuah 3I0W Y1IM paje1dosse aoel «| sajdwes sun| ‘ainsodxa yyeaH
10J 1581 0] Jamod [eansiels paonpal SEM SUOIIRJIUJU0D abe |eulsrew . 10ds 2ai) vdg ul pajjoJus
ya1ym ‘1sepoul sem azis ajdwes vdg |euoneisab|  sio1oe) a1ydesbowap papinoid [ereuaid| uaipjiyo Jisyr [81]
:suolnelwi] ul asealoul pjoJ-0T PIIYd pue [eulsreiy SIaU10IN Aie3| pue siayloN| Loyo) | e UNRIg| 2
uaipiya ul
sinolAeyaq wajqoud pue sandepe Jo
2INSkall 3|qeIjaJ puR pIfeA & pasn
‘ainsodxa
[euonelsab arewnsa 01 Aoueubaid
JO SPJIYI-0M] JYIe| By} Ul P|O SIBBA C o
s)usWalnsesW dg bm.c:: 9alyL safeLl I LB safewway ul PlO SIBaA Z o
‘syibuans Jabuo.ais sem uoleId0Sse PIO 1e3A T «
SIY) pue _.co.E_Eo ‘e sajdues
Alannoadsal B - auun jods
‘ssad0.d Buiyuig pue 18] m__m UOLUE 531095 s.uaipliyo
UIZI[euI81Xa YIIM
9oUuR.9|01 3s02n|B ay1 Ag pasuanjjul DalRIo0SSE ABUO.S Aoueubaid Burinp olyo
aq AewW U1q 1e pue SysaMm 9Z 18 510U S19M oM 9T uolssaidap [eulareiy YuIg e « ‘IeuuIduI)
UaXe) Sluswalnseal \ydg [eulalein DUNOJE Pa1a5]100 X85 Iy « uorelsab ‘Apms
SUOITeID0SSe PaAIaSTO INO JO SUOITeJIUBU0I Vd9 SLUOOUL 1 JO $493M 9¢ » sieak z| JuaLIuoIAUT
el : P|OYasnoy [enuue « uolelsab 1e $8100S ayl Jo
[[e Jo awos 10 ajqisuodsal aq Aewl 6 P i
510192} BUIPUNOJUOD PAINSEALLUN wm_m_Eﬁ uowre Ajuo 1ng SNJe1S [e1ewW « uS. S9aM 9T «|  2-DSVY sainses|n
$3103s Bulzieulanxa UOIRINPa «| 1B P31J9]|02 pue| pue sawo2NQ
“JUBLLUSSAsSe UM pale1oosse 90el «| Sojdwes auun|  ainsodxa yiesH
[ednoiAeysg 40 awi) 8y} Je abe Jo 3J3M SUOIIBJIUSJUO0D abe |euarew . 10ds saiy) vdg u1 pajjoJua
sIeak z a1am ajdwes ayy ul uaIp[iyd vdg [ereuasd ueaw|  s101oe) olydesbowap papinoid [ereuaid| uaipjiyod J1isyr [21]
:suonelwi] pawofsuen-otho PIIYD pue [eulsreiy SIaUI0N AlJe3| pue sisyloy| Loyod | rewuneig| T
papnjaul 1UBLUISSasSe uonejndod | ubisep
sy1bualls 7 suolelwi sy|nsay s10198) Sl 18410 ainsodx3 |uosuedwo)| sjdwes Apms | souaJiajey | ON

"S91PNIS 140Y02 SA1J JO Alewwing T a|gel




67

Does Bisphenol A contribute to autism spectrum disorder?

SHolyap
[eJoiABYSqOINBU
10y 351 ybiy

1e aq Ajjenuajod
PIN03 OYM SjuBjUI-
SH99M BAILY

01 YyuIqg wouy
yuow Jad abueyd
1B1am JueyUI-
Aoueubaid

Bunnp auiunod
winJas [eulsyew-
Aoueubaid Bunp
asn euen(irew-

Aoueubaid Apms
Burnp asn joyooye- (3NOH)
Aoueubaid 1uswuolIAUg
Buiinp [ans) ay1 jJo
uoneissh pes] poo|q [euldleW-|  S}39M 9Z «| AJSAIop Jaye SaINSEaIN
Jouiod ay Bululwalep S|99M GT-ET| S99M 9T o SY99M BAI}| PUB SBW02INQ
Ul |00 JUBWIAINSESLU JoeXaul InoiAeyagoinau 1e |INgG [eutslew- e 12 (SNNN) yesH
uUe aq ued pue abe Jeuoiielsab JUejUI pue ainsodxa| ‘uoissaldap |euJarew-| USWOM WO} |INOIABYSQOINaU| 8yl Ul Pajjolus
8]eW11sa 01 pasn sem poliad| dg [ereusid usamiaq SNJels |ellJew-| Palds||0d Sem|juejul AjJes pue 3JBM OYM
[ennisusw UOIIRIJOSSE Ue JO|  8WOodul Pjoyssnoy-|  wdgd auun| ainsodxs vdg sired juejul [67]
1Se| S, JaYIoW JO 81ep 8y | 82UBPIAS OU SeM 813y L d0el |euJareW- S JBUYION | [ereussd Ajre3 pUe JaYIoA | MOYO0D | '[e 18 UOHOA
sAoq
Buowe annebau Jo nu
alam sabueyd Ing ‘s|nb
Buowre suiod ZT 01 6
Aijigenrea| wod) Buibues pasealoul
aInsodxa aonpaJ 0} ‘pooyp|yd Io $8103S d-43149 PlO SIeaA €
uoneisab Buunp suonesUBIU0I|  pue Z-OSvg ‘apusab PJO SIe3A Z
vdg Areunin z pabelane pI1ya 01 Buipiodoe PO JBRA T
pUB U3JP|IY2 J18Y] pUe SIBYI0W|  palayIp SUOIeIo0sse ;e sa|dwies
w04y sajdwres aulin jods 9 Vd9g |euoleisab aulin jods
:y1buanis| ey Jo spnuubew ayl s ualpjyo

“panunuod T a|qeL




Zaleha Md. Nor et al.

68

slanlasgo
ajdnnw Aq passasse Jnoineyag

3Insodxa vdg all| Ajrea

J abe 1e sjib

pue sAoq ul sinoiAeyaq
AanoeladAy

pue uonuayeUIl

pue SINOIARY3Q
Buizijeulsiul pasealoul
pue ; abe 1e s|1b

u1 ‘swiajgoad 1onpuod
Buipnjoul ‘sinoineyaq
Buizifeulaixa pasealoul
YlIM paleIdosse

8J8M SUOIJRJIUSIUOD
vdg Areunn
pooyp|1yQ sp1b

Ul SINOIARYA( pue
SUOITRJIUBIU0D W dd

awoy e
uole|nwins Jo |9As]-
uolssaldap jeularew-
awoaul Ajiwrey-
sburjqis Jo Jaquinu-
(dva)

areydsoyd |Axe1p
JO suoljellusduod

SSaSSe 0} SIayJewolq Jo asn ay L [ereuald yum usas AJeuun [eulsyew- sieah 6| (SODVINVHD)
:yabusaiS|  alom SUOIRIJ0SSE ON Aoueubaid pue sieak ; abe seuljes
Burinp Bunjows- 12 IN0IABY( JO UaJIp|IyYD
ainsodxa| pjo steak / e uolssaidap S)eIS palun ayl pHYyo pue SIaylo
vdg bBurob-uo ussaidai| pue Alaixue Buipnjoul| ul 8duUapISal JO SIeak- yum abe Jo| JO JUBWISSASSY
10U AeA *G abe 1e pa12a||0d ‘sAog u1 swajqoid yuiq Jo Anunos- abe| sieak G 1e vdg yijesH
sajdwes aunn pue Aoueubaid| Buizijeussiul paseasoul snyels [elew-| JosieaA g lel  auln S.plYd| 8yl oy Jsus)
Burinp pa1os)|09 sajdwes YIIM pale1oosse [8A8] UOITRINPS-| UBIP]IYd pue pue vdg| 8y ul pajjolus
aULIN OM] Ul palnsesw Sem dd 813M SUOI1BJIUSIUO0D Aoluyla/poel-|  wdg suun| suin [eulsiew uaIp|Iyo [t2]
suoneywi|  wdg AJeuun jereusid abe Jeusarew- [eulare usamiag pue SIay1o | MoyoD | e e AsjeH
auluneald Areuln- ‘(abe Jo
uoljeulwexa Je abe- sieak g pue /
Ol p1yo- usamiaq pue
s1apJosip Xo5- abe Jo sieak
3yl 01 uowwod swoydwAs adel plIyo- uoneisab| pue  usamiaq)
uo Ajuo Ing sy jo sisoubeip punoj| uOIBINPS [eUISIRW-| SHBAM Q7 pue 9100s SYS|  Apnis yiesH
[ea1ulo ayr uo Ajaa 10U pid|  Sem dg YlM al1o3s dn-mo|[o} JO awIl| Gz UsaMIBQ| PJIYd JIBYl puR| [BIUBWIUOIIAUT
9]eas ssauanlsuodsay| a8yl 1e sniels [eiew-| sejdwes wvdd sa|dures S,uaIpjiyd
seiq Buniodal elualed|  [BIDOS JO UOILIJOSSE Ol [eulajew-| Joj auuin jods vdg auun leuls [oz] ‘1e1e
:uoneywi Jued1ubIs oN abe |eusarew- [eulsre|| 1ods eussrey N0 8y | MoYyoD | YIUAOPOIN

“panunuod T a|qeL




Does Bisphenol A contribute to autism spectrum disorder? 69

Different sets of questionnaires were used to
assess the outcome of the child which raised the
difficulty of comparing the results between the
studies. If ASD was the main concern, then SRS
might be the appropriate tool to be used. However,
it is not applicable for use in early childhood
assessment, for example in neonates.

There are two studies that measured the urine BPA
level in children (done at 1, 2 and 3 years of age by
Braun et al. [18] and at 5 years of age by Harley
et al. [21]). The urine BPA level was assessed at
different times of pregnancy in all the studies. In
two of the studies, the childhood BPA level was
assessed at 5 years of age [21] and at 3 years of age
[18]. Most of the studies were interested in the
outcome from gestational exposure rather than
from recent exposure. Experimental studies with
animals also indicated that gestational BPA exposure
disrupted normal neurodevelopment, affecting sexually
dimorphic behaviours such as aggression, anxiety,
exploration and spatial memory [22, 23].

The confounder variables were adequately addressed
in all the studies, in terms of choosing the associating
variables and via data analysis. Mother and child
surrounding factors were also considered during
the selection of the covariates.

The results from three studies which used the same
scale (BASC-2) showed positive associations between
BPA exposure and neurobehavioural changes. Braun
et al. [17] revealed that log;o-transformed mean
prenatal BPA concentrations were associated with
the externalising scores, but only among females
[B = 6.0; 95% confidence interval (CI), 0.1-12.0].
However, in the study performed in 2011, the
analysis was done in greater detail, in which the
gestational BPA concentrations were positively
associated with BASC-2 anxiety, hyperactivity
and depression scale, with the association being
greater in girls. However, in the study by Harley
et al. [21] the results showed no association
between the prenatal BPA concentrations and any
behaviour in girls. In boys, the higher maternal
urinary BPA concentrations during pregnancy were
associated with increased internalising problems at
7 years of age. The study reported increased symptoms
of depression and anxiety in boys with higher
prenatal BPA concentrations. No association was
observed between childhood BPA concentrations
and neurobehaviour, in the study by Braun et al. [18]

although an association between childhood BPA
concentrations and increased internalising scores
were seen in S-year-old children [21]. The development
of sex-specific behaviour is mediated largely by
the sex hormones in the foetal brain. Exposure to
endocrine-disrupting compounds such as BPA during
the earliest stages of development can impact behaviour,
including aggression and anxiety in both males
and females [24].

Exposure during pregnancy was noted to have a
greater impact on the child. Braun et al. [17]in their
study found that the BPA concentrations collected
around 16 weeks of gestation were more strongly
associated with the externalising scores among all
the children compared with the concentration at
26 weeks and at birth. The other two studies, by
Miodovnik et al. [20] and Yolton et al. [19] found
no association at all between prenatal BPA
exposure and the child responsiveness scale score.
The early assessment age could have been the
reason for the absence of association because
neurobehaviour can be accurately measured after
a particular time period in children.

CONCLUSION

Overall, an association was established between
prenatal and childhood exposure to BPA and
neurobehavioural changes. The influence of gender
varied among the studies. The earlier exposure during
the prenatal period resulted in stronger associations.
Thus, preventive measures during the prenatal period
definitely need to be considered. More studies are
warranted using standardised tools to enable the
results to be comparable.
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ABBREVIATIONS

ADDM Autism and Developmental
Disabilities Monitoring

ASD Autism Spectrum Disorder

BASC-2 Behaviour Assessment System
for Children 2

BRIEF-P Behaviour Rating Inventory of
Executive Function-Preschool

BPA Bisphenol A

CDC Communicable Disease Control

COD Childhood Disintegrative Disorders
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DSM-IV-TR : Diagnostic and Statistical Manual
of Mental Disorders, Fourth
Edition - Text Revision

EDC Endocrine Disruptor Compound

ESFA European Food Safety Authority

HOME Health Outcomes and Measures

of the Environment

NNNS NICU Network Neurobehavioural

Scale

ODD Oppositional Defiant Disorders

PC Polycarbonate

PDD Pervasive Developmental Disorder

PDD-NOS Pervasive Developmental Disorder

Not Otherwise Specified

WHO World Health Organization
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