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Neonatal opioid withdrawal syndrome (NOWS) has risen in prevalence from
1.2 per 1000 births in 2000 to 5.8 per 1000 births in 2012. Symptoms in
neonates may include high-pitched cry, tremors, feeding difficulty, hypertonia,
watery stools, and breathing problems. However, little is known about the
neurodevelopmental consequences of prenatal opioid exposure in infancy,
early childhood, and middle childhood. Even less is known about the
cognitive, behavioral, and academic outcomes of children who develop
NOWS. We review the state of the literature on the neurodevelopmental
consequences of prenatal opioid exposure with a particular focus on studies
in which NOWS outcomes were examined. Aiming to reduce the incidence of
prenatal opioid exposure in the near future, we highlight the need for large

studies with prospectively recruited participants and longitudinal designs,
taking into account confounding factors such as socioeconomic status,
institutional variations in care, and maternal use of other substances, to
independently assess the full impact of NOWS. As a more immediate solution,
we provide an agenda for future research that leverages the National
Institutes of Health Environmental Influences on Child Health Outcomes
program to address many of the serious methodologic gaps in the literature,
and we answer key questions regarding the short- and long-term
neurodevelopmental health of children with prenatal opioid exposure.

From 1999 to 2014 the number of
infants exposed to opioids in utero
increased by 333%, and in 2014 alone
~25908 infants in the United States
were born with identified prenatal
opioid exposure.! Upwards of 50% to
80% of newborns exposed to opioids
develop neonatal opioid withdrawal
syndrome (NOWS),%* also known as
neonatal abstinence syndrome (NAS),
a constellation of symptoms that may
include inconsolability and high-
pitched cry, tremors, feeding difficulty,
hypertonia, watery stools, and
respiratory problems.s'6 Little is known
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about the short- and long-term
neurodevelopmental consequences of
prenatal opioid exposure in general,
and NOWS in particular. Clear data on
these associations are critical for policy
makers to implement informed clinical
and social policy decisions.

In this article, we critically review the
research on short- and long-term
neurodevelopmental outcomes of
children with prenatal opioid exposure.
We focus only on the human literature
to describe how these outcomes may
vary as a function of (1) the type of
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opioid to which the child is exposed,
(2) whether the child was diagnosed
with NOWS, and (3) whether adverse
neurodevelopmental outcomes are
present after controlling for
confounding variables. In doing so,
we leverage what we have learned
from related literatures and provide
an agenda for future research in this
area. Specifically, we focus on how

a concrete and existing opportunity
(the National Institutes of Health
[NIH] Environmental Influences on
Child Health Outcomes [ECHO]
program, which includes longitudinal
data from ~50 000 children from
>350 sites across the United States)
might facilitate new, immediate
discoveries.

We included literature in which both
prenatal opioid exposure and at least
1 neurodevelopmental outcome at
birth or later in development were
examined. We define
neurodevelopment as the unfolding
of cognitive, neurologic, behavioral, or
emotional functioning from infancy to
school-aged years that can be
measured behaviorally in a reliable,
valid, and standardized manner.
Although the number of studies
published on prenatal opioid
exposure and neurodevelopmental
outcomes has increased significantly
in recent years, only 18 of the 52
studies were published in the last

5 years, the focus of this state-of-the-
art review (since 2013; Fig 1).
Figure 2 provides information about
the range of neurodevelopmental
outcomes included in our review.

We excluded nonhuman studies,
reviews, and qualitative studies

(Fig 3). Our search was performed on
PubMed and PsycINFO and did not
include any publication date
restrictions. Search terms were
“prenatal opioid exposure,” “prenatal
substance exposure,” “development,”
“neurodevelopment,” and “cognitive
development.” In Table 1, we report
the study design, sample size, type of
prenatal drug exposure, control group
characteristics, sex differences, NOWS
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FIGURE 1

Number of publications on the neurodevelopmental outcome of children with prenatal opioid ex-

posure by year (1975-2018; N = 52).

outcomes, confounding factors

(eg, maternal socioeconomic status;
Fig 4), estimates of effect size,

and overall findings from the 52
articles reviewed. We highlight in
our narrative review research
published in the last 5 years

(since 2013). However, we include
in Table 1 all relevant publications
given the small number of studies on
neurodevelopmental outcomes
published since 2013. We provide
a review of the key findings below,
separated by developmental

period: newborn, infancy, and
=3 years.

PRENATAL OPIOID EXPOSURE AND
NEURODEVELOPMENTAL OUTCOMES AT
BIRTH

Initial investigations of newborns
with prenatal opioid exposure
revealed few effects. In 4 studies,
newborns exposed to methadone or
heroin were more hypertonic, jerky,
tremulous, hyperactive; showed
poorer attention; and were more
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FIGURE 2

Number and type of neurodevelopmental outcomes examined in studies of children with prenatal

opioid exposure.
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FIGURE 3
PRISMA flowchart revealing selection of articles

irritable but also better able to self
soothe compared with

a demographically matched control
group.”*® Three studies revealed no
differences in neurodevelopmental
outcome.'*™*® These early studies
were limited by low sample sizes and
a lack of consideration for
confounding factors. In 2002,
buprenorphine was approved to treat
opioid addiction in pregnant women.
Researchers then began comparing

included in the review.

the effects of buprenorphine
exposure to the standard of care at
the time, which was typically
methadone. Initial findings revealed
that newborns with prenatal
buprenorphine exposure had mild
symptoms of NOWS composed of
tremors, a hyperactive Moro

reflex, and shortened sleep after
feeding,'* but these symptoms
were not as severe as prenatal

exposure to high-dose methadone.®
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FIGURE 4

Covariates examined in the neurodevelopmental literature of children with prenatal opioid exposure.

Other studies revealed no significant
differences in neurobehavioral
outcome between newborns exposed
to buprenorphine and those exposed
to methadone.?

Among newborns exposed to
buprenorphine, a higher dose at
delivery predicted lower quality of
movement, lower self-regulation, and
more stress abstinence signs.16 In

a randomized controlled trial (RCT),
newborns exposed to buprenorphine,
relative to methadone, had fewer
stress abstinence signs, were less
excitable and aroused, were less
hypertonic, required less handling,
and were better able to self-
regulate.’” Another RCT revealed
neurobehavioral differences between
newborns exposed to buprenorphine
and newborns exposed to methadone,
depending on the day on which the
neurobehavioral examination was
conducted. For example, newborns
exposed to buprenorphine showed
higher arousal scores on postnatal
days 5 and 7 and higher excitability
scores on day 7 but lower scores on
day 14 compared with newborns
exposed to methadone.'?

A key question is whether a diagnosis
of NOWS portends problematic
neurobehavioral outcome in
newborns. Newborns exposed to
methadone and later diagnosed with
NOWS had poorer regulation and
quality of movement and higher
levels of arousal compared with

a demographically similar group of
newborns who were not exposed to
methadone prenatally’® or who were
exposed to opioids but not treated for
NOWS.'? Treatment of NOWS by
using methadone or buprenorphine
seemed to improve quality of
movement, with resulting decreases
in excitability over time.'? One study
revealed no differences in
neurobehavioral outcome at postnatal
day 3 between newborns who needed
pharmacotherapy for NOWS and
newborns exposed to opioids who did
not require treatment.'®

Downloaded from www.aappublications.org/news at Raffaella Galli on September 18, 2019

PEDIATRICS Volume 144, number 3, September 2019



san|eA 7) auopeylew

03} pasodxa sjuejul

yum padedwod uonengad
-J|9s Je J49Naq ddam

pue ‘pasnoJe pue 9|geoxa
$89| 94om ‘Guljpuey

$89| padinbad ‘eluojuadAy
pue sugis aouaulsqe
$S0U]S JOMB) PAMOYS
0Jain ui sulydaousddng

as0p

aulyddouaudng auopeylow
J0 auopeyPw J0 aulydaouaudng
9AI13084 0} |0y U Ul 9A19034 0}

03} pasodxa sjueju| aulyddow Ajiep adedany SOA ON VIN yuig uoledionJed |eudalepy  paudisse Ajwopued sjueju| 1043U09 Ou ‘pasodxa gg 104 PLRERIUCH]
“(69°0 03 0Z'0 Wody aunsodxa weugoud
pagued p suayo)) pjo ow gnup |euoiyppe douBULUIRW
-g1 uaJp|iyo ur Juawaredw spioido Jo aunodIu 0 90UBPIAS OU auopeypw e
|euawdojanap J0jowoyoksd uey} Jayjo s8nup YHM WJa} Je udoq ur uonedonded
pliw 0} paje|ad sem 0] adnsodxa pue ‘s3s 2J9M OUM 9UI0DIU |euJaleW uloJay Jeuipnuiguo|
0Jain ul spioido 03 aunsodx3 |euJaIRW ‘BB [BUJAIBI ON ON 0] pasodxa sjueju| Rouejuj J0 1Jodau [puUJBlBN J0 ‘3uIj091U ‘dUOPBYIBIN 1043U09 Zp ‘pasodxa y¢ ‘aA1309dS04d 22|B 10 DIsMoyIung
(620 = p suayoy) ow ¥
18 puUnoj aJam Juawidojanaq
ueju| Jo sajeoag Kajheg ayy
Buisn Aq sowW09IN0 9AINUZ0D
Ul $90UBJAYIP JUBIYIUSIS
ON "(S1°0 0} GO0 W)
pagdued &) aujyddouaudnq Koueu8aud 8urunp
0 3UOPEY1BW 3SOP-MO| uaye] suoleIPaW sulydaousudng
03 aJnsodxa [ejeudud ypum o1J1e1yoAsd |eudajew 03} pasodxa
paJedwiod d0UaIAJWINOIID ON ‘a8.Jeyosip GG ‘auopeypw
peay Jaj[ewsS 0} Paje|ad Sem J0 awi} e age 9s0p-ygiy 0} pasodxs
(p/8w 001 =) suopeylew |euoIjeISag S JuBjUIl Rouejur auopeyew 18 ‘duopey1aW asop MIIA
950p-yg1y 01 8unsodxa [eleuUald  ‘Uollezieydsoy Jo Yyigual Y ON VIN pue yuig U908 £30[09IX0] ‘auiyddouaudng  -mo| 0] pasodxe SJUBJUI ¥§  1JRYD A10ads0UIeY o /B 10 JdoIg
(670 03
GO0 WOJ) pagued p s,uayon)
Kjuo spioido Jo Ajuo auiesod (a4nsodxa
0} pasodxa Sjuejul Yum 3nup |ejeuaud
paJedwod suoieulwexa NOYIM SjuejUI)
J0JOWOJNaU [BULIOUGe dABY 90UAJaJUNOUID peaY ajonJe paysignd ulogmou
03 Aj9y1] adow adam spioido pue aJnsodxa |oyooe Kjsnoinaud e wody pue Jayjow ui (suopeyiaw Jo 10J3u09 |euipnuguo|
pue aules09 0} pasodxe sjuejul pue 099eq0} |B}RUDI] ON SO\ U9y} $aJ09s Auewwing Koueyu) u9a40s A30]001X0} duln ul04ay) spioido ‘auieooy) |e21d0ISIY ‘pasodxa /G| ‘9N1309dS0dd 1218 19 Jaydjag
(621 03 pu02ad
1£°0 WoJy pagued p suayog) [BOIPAW Ul punoj se
pl0 p GG ‘a8edaAe U0 SMON a|dwes aAlzRWJIOU ‘U9aJds £30J091x0} 00/1
‘UBYM S3J09S UOIIUZ0D pue 10} Pajeau} aJam Juawdojanaq Juejul JUBJUI JO [RUJRIRW = U) |04)U0D [BIIIOISIY
adendue| Jamo| pey SMON dnoug8 pasodxa J0 sajeas fajfeg sy} BIA PaWJYU0D ploido ‘SMON JO Juswieady MIINDI
J0/pUB GYN UNM pajead} sjuejul oN Ul SJUBJUI [[B ‘SBA S9A WOy Sjuejul pasodxaun yg SjuBjuI Pasodxa ||y JAYI0 ‘QUOPBYIBW ‘UIOJBH  BUIAIBDA pUB Pasodxe gz JJBYd aAI30adsou1aYy 02MNG pue yimyoag
"SMON dojarap
10U pIp oym pasodxa
89S0y} yum paJedwod
(L¥°0 = p su8y0Y)
Jolneyaq anijdepe pue awl} 8y} o %0/
(Z¥'0 = p SUdY0Y) $J00S Suidulugdn spjiyo
01 Jamo| aney o3 Ajaxi| 3y} Joj Juasaud sem
240W 3Jam SMON padojanap UBW B JAYJOYM pue
OYM UaJp|Iya pasodxd “(Gy0 Buiyojew ‘s3S “Anoiuyie Jo weddoud
=P Suayo9) d9uadijjelu! Aq Joy pajunoogoe /PUB 80BJ [BUJBIEW 90uBUAIUIBW
UO 594095 JaMO| pey 3q 03 y3noyy uo dnoug pasodxa auopeyaw /04300 paydleW 0/
aUOpeYIaW 0} Pasodxd uaup]! 40398} SUIPUNOJUOY SOA ON 0} paydjew ‘pasodxaun f+¢ ur Juawijodul QUOPBYIBN  PUB UaJP|Iyo pasodxa 0L |BUOI109S-8S049 ,0UI8T puE Uewneg
FRERIVENEI]
sajewsy 8403084 £89W09INQ XS dnoJg 043u09 uoljeulwexj 2.nsodx3 oueisqng
9215-109)43 pue sguipul4 8UIpUNOJUO) PaUIWEXF SMON Paulwex3 10 uorjeulwexj J0 sans1IajoRIRY) e a8y 10 JUBISSISSY aansodx3 gnuq Jo adA| 97/ 9|dweg ugisaq Apnig uoieal|gngd

MBIASY Ul Papn|ou| $91ewIIST 821G 19913 pue ‘sguipul4 A3y ‘saipnig 10 sonsidaloedey) | 319Vl

CONRADT et al

September 18, 2019

ion

g/news at Raffaella Gall

10Nns.or

Downloaded from www.aappubli



YUM UBJP|IY) "S3OIAJSS
Jo Adedayy uoleanpa
|e199ds 9A19084 0} pue
‘RH[IGeSIp [BUOIEINPS UE JOj
B1J91140 193W 0] AY|IqesIp
|BUOIIBONPA UE JO UOIEN|EAD
0} [BJ9Jad PIPU0IAI B dABY
0} Ajoyj1| aJow a4am SMON
Jo/pue gyN Jo sisougelp
PapJ09ad B YIM UaJp

SN

100)40 JO S91BWISA ApIAoId
0} UOIjeW.IOjUl YSnoua

J0U SEM BJaY] ISIPORYY
Jdoineyag pliyg syl Aq
passasse se ‘s||is guidos
paysIuIWIp SE |jam se

N0 Y| BUI[93) JO SUISIUOD
Jaydiy pey pue fiaixue
pue ‘Ued} ‘uoisuayaudde
‘uoISsaJgge Jo S[aAd|
J4ay31y pey auopeylpw

0] pasodxa uaJp|iy)
pasodxaun pue pasodxa
9J9M OUM UJP|IYD Udamlaq
01 Ul S30UBJ3JJIP OU BJBM B
(991 03

82'0 WO PagUeJ p SUSY0D)
s)deduaunog pasodxaun
J13Y1 yum pauedwod
$9|e0g Buley Joireyag
$3Ng Y} UO JOIARYSQ
wa|qoud Jo swoydwAs
Jaygiy Appueaylugis
pajdodad odain ul spioido 03
pasodxa uaJp|iyg (180 03
01°0 WOy pagued p suayog)
155 SuIUBaUIg 9130j0uNaN
YoInQ) 8y} Jo siselans

3WOS U0 $J09S 9130j0JNaU
JaMO| pue (£2°0 03 00 WOd}
98ued D SUSYOD) UAJIP[IYD
pasodxaun yum padedwod
$1501qNS Y-0SIM dWoS

UO S8J09S BAINUS0D JOMO|
Ajueoyiudis pey odan

ul spioido 0} pasodxe usup
(85°0 03 /80

Wod) Pagued SIURIOYIR09
UO13e[9J4.400) eluoldadAy
MO| pue ‘A}i|Igenoxa

89| ‘UoIleINgau-}as Jaydiy
PBU SMON 0 jusuijead}
PaAIRad Aay) usym

J3p[0 BUOM OUM SIUBJU]
‘(6T 03 Y00 WoJy pagued

auL

uoissiwpe SN1els JUaW|[0Jud
NOIN pue ‘yiiq pleapay
waaladd M yig pue ‘yiq e wre
Mmo| ‘Koueugaud Fulanp 90U3PISa JO UOIZad 9ouBJNSUl PIROIPON 10J3U09 | ¥¥G
9sn 000B(0] [BUJBIBW ‘a0BJ ‘X3S JO SIseq ur SMON 4o ‘SMON/SVN 10 AJoisiy e

‘U0I}RONPS [BUIAIRIN SOA oN aU} U0 ¢:| payolen £ +¢ /pue yN Jo sisougelq payioads JoN UHM UBJp|Iyd G181

Suo13edl|dwod
|ejeutdad pue
‘dsn uUIj00IU pue
|0yooe ‘uoieonpa
|euJalew ‘sjusued
‘ON ‘$3S “Auoruyze
‘xos ‘9ge uo
PaydIBW UM OYM
spioido asn jou pip
SO\ OUM UBWIOM JO UBJP|IY)

weJdgoud

90uBUAIUIBW

auopeyW Ul
uorjedioued |eudalepy

EILEmEN]

ON ON A +¢ ‘s91194e310 |0Y09|yY 1043U09 (Z ‘pasodxa 0z

Koueugaud jo awiy

3y} Je seoueISqNs

0} pajlppe

UBW B YIMm

PaAI| sdaylow Ing

‘0J9)N Ul $30UB)ISANS
0} pasodxa JoN

weugoud
90UBUAUIBW
auopeyjaw e ul

age pJyy ON ON £k +¢ uonedionJed |eudalepy auopeylaW ‘uloJsHy |0J1u09 gz ‘pasodxa gz

MBIAD
1JBYD 9AIJ09dS0.10Y

|BUO01399S-SS04)

|eu01399s-8S0J9)

oI® 19 14

,2P1o1 pue seany ap

loldwa] pue sineq

sajewisy
9218-109)43 pue s3ulpuly

$S00UBIBYIQ
£89W00INQ Xag
SMON Paulwex3 0 uorjeulwexy

8403084
Suipunojuo) paulwexy

dnouy joJjuo)
10 S911S1I9}9BIRY)

uofjeulwexj
1e 83y

2nsodx3 9oueIsqng

J0 JUBWISSASSY adnsodx3 gnuq jo adA| 0zIg a|dweg

ugisaq Apnig

uoneal|gnd

panuijuoy | 374Vl

September 18, 2019

1on

g/news at Raffaella Gall

10Nns.or

Downloaded from www.aappublicati

PEDIATRICS Volume 144, number 3, September 2019



padojeaap oym spioido 03 M Y1dIg Juejul ‘091N Ul $30UBISANS auopeyaW Ul leuipnyguol
Ajlejeuaud pasodxa SUJOGMAN  Pue asn 0208GO} [BUJBIBIN SOA SOA 0} pasodxaun yuig uoijedionJed [eudalepy 00080} ‘9UOPRYIIN 1043U09 |Z ‘pasodxa g ‘aA1309dS04d o181 JolloH
“(82°0 03 GI'0 Wouy pagued
sanjea W) juswdojansq nsad
Jueyu| Jo sa|eag Aajkeg udaJ9s £30|001X0}
ay} guisn Aq juawdo|anap auldn aniyisod
[BIUBW UO SANOJF UdMIAQ pue ‘malnlaul
$90UBJBYIP JuedYIUSIS spioido |eudolew ‘weddoud uimie] Jo
0U aJam auay] K g Je $34008 suoneol|dwod yiiq 0} pasodxa Jou 90uBUAIUIBW /PUe ‘WnijeA ‘auleaod
Xapul J0JowoyoAsd Jamo| pue foueudaud pue Q| sjuejul a|qesedwod auopeypw ul ‘uloday ‘euenfiuew |euipnyguoj|
pey pasodxa a4am OYm sjueju| |eudalew ‘g3s [euJdIRl ON SOA Kjjearydedgowaq Koueyu| uoljedionded |eudalepy loyoo|e ‘duopeylaiy |0J43U09 $¥ ‘pasodxa g ‘9AI1309dS04d a2SUBH
9218 109)40
0 sajewrsa apinoad 0}
UOIBWIOJUI YSNOUS JOU SeM
aJay] “dnougd pasodxeun
Y} yum padedwod
9A9] AjiAi3oe Juaydly pue
UOIJBUIPJ00D JOJOW JIMO]
Ajueoyiudis pey spioido
0} pasodxa sjueju| ‘sdnoug
9y} usaMIaq ‘uawdolanag
JUBJU| JO S3|EOS
Ka|keg ay) eIA passasse se spioido wedgoud
‘quawdo|anap Jojowoyohsd 03 pasodxa jou QouRUSIUIRW auIe09
JO [BIUBW Ul SOUBUBYIP sjuejul 9|qededwod auopeyW Ul pue ‘euenfiuew |euipnyguo|
JUBOYIUBIS OU BJAM BJBY| ON ON ON Kjleoydeagowaq Koueyu) uonjedionued |eudalepyy |oyo9|e ‘auopeylon 104309 ¢Z ‘pasodxa 9| ‘9N1309dS0dd 0/ SNOJBN pue suey
gL
01 (0 WOJj pagued sanjea
) 0} PAJUN0OYE AUIM
sysiu 91ydedowapooos 1Insad
99U0 pasodxeun pue U90u9s £30]001X0}
pasodxa aJam OUM Sjuejul auln aAysod
U9IMIa] ‘uaLIdojara( M ynIg pue ‘malAlaul
ueyu| Jo sajeoag Aajfeg ay1 ‘SYSIJ [BIUBLUUOJIAUD spioido Jeudalew ‘weddoud
BIA PISSASSE SE ‘SAWO09IN0 -[B120S 9AI}RINWIND 0] pasodxa J0u 90UBUAUIBW
J0JoW J0 9AIHUS0D ‘sploido ueyy sjuejul 9|qesedwod auopeylaw ul auloozejuad Jo |leuipnuguo|
Ul SBOUBJBYIP OU 9JaM BJdY ] Jay1o souelsgns Jo asn ON ON Ajleaiydeagowaq Rouejuj uoijedion.ded [eUJSIR)y  /PUE ‘BUOPERYISW ‘UIOJIBH |0J3U09 Gy ‘pasodxa ¢¢ ‘3A1309dS04d JoAwaJer pue suey
pasodxaun
aJom oym skoq
(#Lv = 4) dnodd |043u00 eaJe uejjododjow ¢] ‘(eansodxa |ereuaud
ayj ul shog ueyj $aJ09s uojduIysem ou) spioido 8uisn
Auowsw Jamo| pey sdnoud -aJownjeqg sy} JayowW B yum pani|
aunsodxa yjoq ur shog (L0 ul sjuswasilueApe oym y| ‘spioido 8uisn
=4) sdnoJd ¢ 8y} usamiaq Jadedsmau weddodd Juawieady auopeypw Jayjow e yyum paal|
9WI} UOIORAJ Ul S9OUBJBYIP asn euen(ldew y8nody} paynJoad -8nJp e ul suayjow pue ‘euenfluew pue oJain ul spioido
JUBOYIUBIS OU BJaM BJAY ] puB 2UI0DIU [BUJAIBI ON ON SUOS PUB USWIOM k+¢ Wodj 140daJ-J|8S  ‘UI0JBY ‘S2}}aJeBI0 [0Y0dy 0} PAsOdxa dJoM OUM 9| |BUOI109G-55049 oz 30 09
('L 01 9771
WoJy pagued SOIed Sppo)
$991A3s AdeJay} yosads
9A1903J 0} A|9X1| aJow
0S[E d4Mm pue juswidiedul
agengdue| Jo yosads
pue Aejap |ejuswido|anap
90udluadxa 03 A1 adow
Kjpueaylugis adam SMON
Jo/pue gyN Jo sisougelp e
FRELITENEII]
sajewisy 8403084 £88W09INQ XS dnoJy 043u09 uoljeulwexj 2nsodx3 9oueIsqng
9218100)43 pue sguipuiy 8uIpunojuoy paulexj SMON Paulwex3 10 uoljeUILEX] 10 s013S1I8]0BIRY) 1e 98y 10 JUBWISSASSY ansodx3 nuq Jo adA| 9213 ajdweg ugisag Apnig uoneol|gng

panuijuoy | 374Vl

CONRADT et al

September 18, 2019

ion

g/news at Raffaella Gall

10Nns.or

Downloaded from www.aappubli



2J0W dJoM 94nsodxd
pioido [ejeuadd yyum sjuejul
‘wnydedisod Ym G¢ 1y
'8G'9¢ 03 $G'G Wodj pagued
san|eA 4 "SYgN BIA passasse
SE ‘9AIJ0B pUB ‘dsud)
‘Snojnwad} MJal auam
aJnsodxa ploido |ejeusud

W unig

sploido
0} pasodxa jou
Sjuejul a|qededwon

wedgoud
ddueuajulew
auopeylaW Ul

uimiel Jo
/pue ‘wnijeA ‘aulesoo
‘uloday ‘euen(isew

feutpnyguol

UIIM SUJOGMAU ‘YLdIG Iy ‘Su0ijeoljdwod [ejeuldad ON S9A Ajleaiydeagowaq yuig uonedionJed |eudalepy Joyod|e ‘auopeyla 1043U09 /¢ ‘pasodxa gz ‘aA1199dS0ud ,SueH pue Awadap
(170 03 €0
Wodj Pagued SIURIOYR09 Jnsad
UOI3e[3J4400) Juawdojarsq u9aJos A80]001x0}
JUBJU JO S9|EOS auln aArysod
fa)feg ayy eIn passasse pue ‘malAlaul
Se ‘s9409s juawdojanap sploido |eudolew ‘weddoud uimie] Jo
Jojowoyohsd pue [euaw 0} pasodxa jou douBULUIRW /PUB ‘WnijeA ‘9uIed09
JaMO| ey BuopeylaW sjuejul 9|gededwoo auopeylaw Ul ‘uloday ‘euen(isew Jeuipnyiguol
03 Ajjejeuaud pasodxa sjueju) ON ON ON Kjjeaiydeagowaq yuig uonedionJed |eudalepy |oyooje ‘auopeylsiy 1043u090 7| ‘pasodxe g ‘aAI108ds0.d |e 18 uojdununy
"(¥8°0 01 91°0 WO pagued p
S,Uayog) uaJpliyo page
-looyosadd pasodxaun yym
paJedwod s8409s a8engue|
pue JolAeyaq aAndepe
Jamo| Ajjueoyiugis pey
spioido 0} pasodxa UaJp|Iyo
page-|00yasadd "uaJp|Iyd
pagde-jooyosadd pue sjuejul Kaoisiy
pasodxaun yum paseduwiod 014391800 Snoinaad
$9WO09IN0 U0jowoyahsd pue ‘punoJgxoeq u9aJds £30J091x0}
10U Inq ‘9AIIUB0D 21uy3 ‘Yd1aY auln [euJalRW
JaJood pey odJain ul ‘a8e |eudJalew ‘wedgoud Juswieady
spioido 03 pasodxa UaJp|Iyd Joj payolew A auopeyaw Jeuipnyguo|
page-|00yosaud pue sjuejul ON ON ON Sjuejul pasodxaun  +¢ pue Aoueju| [RUETTITINE] QUOpBYIN  [0J1u0d Q| ‘pasodxa ¢¢| ‘aA1199d504d ocl® 38 JUny
91’} 03
10°0 WoJj pagued p s,usayon)
$]0J3U09 pasodxaun yym
paJedwod 9|qIoeJISIp 40w (euenfizew
aJam sploido 03 Ajjejeulsod J0 ‘009eq0}
pue spioido 03 Ajjejeuaad ‘loyooje ueyy
pasodxa shog Joineysq Jayjo) Aoueuaud 10J3u09
wa|qodd Jo ‘S||1|S J0jow Burnp Jo 71 ‘(ednsodxa |ejeuaud
lensia ‘Ajaixue ‘Kyaisindwi S[|%$ J0J0W-|BNSIA pue awiayl| J1ayl Ut asn weJgoJd juswieady euenfilew ou) spioido duisn
‘O1 Ul $39UBJBYIP ‘funisindwi ‘Kyaixue ‘P 8nup ou pajlodad -8nJp e ul sdayjow pue ‘auljodiu ‘|oyode Jayjow e ypm SuiAll
JUBOYIUBIS OU BJAM BJBY] ‘98e plIyd ‘g3S |eudaley ON ON OYM SJayjow JO suog Kk +¢ Wwodj 140daJ-J|ag  ‘@uopeylaw J0/pue uloJday 21 ‘0Jain ul pasodxa gl |Bu01109S-55049) &2 1 KoMoIH
(b2 03 0 wody
pagued p SUayo)) $8.09s
90UBUINSQE §SaIS JaySIY
0] paje|ad Sem (sisougelp
SMON J0/pue SyN J0
$S9|pJedad) adnsodxa pioido
|ejeuadd “dnoud pasodxaun
9y} yum pauedwiod
Juawanow Jo Ayenb 93e 40} payolew
pue uoije|ngad Jadood pue Jejiwis wedgoud
pey SMON Jo/pue SyN Kjjeoydeagowap 9ouRULUIRW
FRELITENEII]
sajewisy 8403084 £88W09INQ XS dnoJy 043u09 uoljeulwexj 2nsodx3 9oueIsqng
97/5-190}43 pue suipuly 8ulpunojuo) paulwexl SMON paulwex3 10 uoneuIwex3 10 S911S1I9}9BIRY) 1e a8y 10 JUBISSASSY aansodx3 8naq Jo adAL 97/ 9|dweg ugisag Apms uoesl|gngd

panuijuoy | 374Vl

September 18, 2019

1on

g/news at Raffaella Gall

10Nns.or

Downloaded from www.aappublicati

PEDIATRICS Volume 144, number 3, September 2019



Ul S90UBJAYIP OU dJom
943y '|0J1u0d pasodxaun
ue yym padedwod
1S Jojow auy Jadood
pey pue sjuawarouw 9k
po10auIp-|e0d Jamay apew
spioido 0} pasodxa uap
(€ro

01 00 WoJj pagued )
JuaWIea] aJinbad jou pip
Oym sjuejul yum padeduiod
oW 9 18 UolRJISNI)

9J0W PIMOYS SMON
J0/pue SyN J0j pajead}
Sjueju| JUBdYIUSIS SBM |
10U pIp OYM 8S0Y3 03 SMON
Jo/pue QyN padojarsp
OUM SUBJUI JO SBIOOINO
a4edwo9 0} pasn s3s8} /¢ Jo
NQ "auopeylawW 03 pasodxa
Sjuejul YyuMm padedwod

ow ¢ e SJoInRYaq
yoeoudde ssa| pue ow g| 1e
$8400s 98engue| aA1ldaoad
Jamo| pey aulyddouaddng
0} pasodxa sjueju|
‘JueOYIUIS BJam g ‘sdnoud
U9aM]aq Sa0URIBYIP
|euawdo|aAapoINaU

auedwoo 0} pasn s3sa} /¢ J0 INQ

(98¢

0] 0 WO} Pagued p suayog)
SIS yum padedwiod
UOIIENJIGRY UO $3J09S
ueaw J4aygiy pey skog

941 JO MM g 1SJY. Y] SS0J0R
Ay11geIoXs paseadsap

PUB $3.00S JUBWAAOW

10 Ayenb 8uiseauoul

PEY SMON Jo/pue QyN Jo}
Pa1eaJ} SUJOGMAN “Jeills
949M BUOPERYIOW SNSUIA
aulyddaousudnq o3 pasodxa

SJUBJUI JO JOIABYBGOINAU DY |

0718

100)40 JO S9EWISA ApIAoId
0} UoljewJojul ysnoua

10U SBM BJay] “BuIpaa)
Jaye daa|s paualIoys

pue ‘040N dAI30BJIAdAY
‘sdowad} Jo pasoduwiod
SMON Jo/pue SyN pliw 0}
palejod sem aulyddousudng

0} 94nsodxa |ejeudd

68°¢ 03 0 WoJy
padued sanjeA 4 91uo}JdadAy

B INCENIENET
oym Roueugadd
Buianp sgnup Jayjo
Aue Jo ‘spioido 1Jodad-J|8s
‘saneJedio 01 |eudalew ‘Adedayy aunooIu
pasodxaun uaJp|iyo 90uBURIUIEW ploido pue ‘auopeyipw
ON page-|00yosald Ak +¢ ul JUBWI|0JUd [euJddle ‘auiyddouaddng

udaJ9s £30|001X0}
‘wedgoud JuswIeas]} auopeypw
| Judwi|jodul ‘auiyduouadudng

ON Y/N foueyu|

ud849s £30|001X0}
‘wedgoud Juswiead} auopeylaw
S\ VIN yaig Ul JuaW|joduy pue auydiousudng

ewse|d pJod
pue ‘wniuodawW
ulogmau
‘uaaJos A801001x0}
aulIN [euJBlEW
‘Weugoud JuawIea.}
ON YIN yuig ur Juawijodul aulydaouaddng

2o 1OPUIIN
1043u09 G| ‘pasodxa G| |BUO1}09S-8S049) pue 8J4aquaufiuoy

aulyddaouaudng
Jo auopeylaw
0} pasodxa sjuejul 96 104 1¢l® 39 yoequayey

aulyddousudng
0] pasodxa (| Jeurpnuduo|
‘9UOpRYIW 0] Pasodxa || ‘aA1309dS04d 2118 18 sauop

JeuipnyIguo|
pasodxa ¢ ‘9N1308dS04d 4,18 39 uosuyop

sajewisy
9218-109)43 pue s3ulpuly

Suipunojuo) paulwexy

(S90UBJBYIQ
PEIY dnouy joJjuo) uofjeulwexj aJnsodx3 souesqng
40 uoljeulwexy 10 S913S1J930RIRYD 1e a8y J0 JUBWISSASSY adnsodx3 gnuq jo adA|

0zIg a|dweg udisaq Apnig uoiealgnd

panuijuoy | 374Vl

CONRADT et al

September 18, 2019

ion

g/news at Raffaella Gall

10Nns.or

Downloaded from www.aappubli



ON S9A f4+¢ 1043U09 ¢7 ‘pasodxa 9z |BUO1109S-85047 g5/8 30 Jopullaly
SMON J0/pue SyN 40
JusWIead} JO UoljedNp
‘Sjuswadnseawl
YlJIg puB Xas sjuejul
‘594008 Jegdy ‘sgul|qis
ON 81y [ejusued
‘uor3ednogo pue
uoieonpa |ejuaded
(080 = P SUayog) $|0Jju0d ‘asn aouelsqns
pasodxaun payojew ‘BUBOWS S3J00S NS MAIAD PJ0D3U $|04JU0D | pue
pue spioido 03 pasodxa -y81y wniededjul pue |BOIPOW ‘MBIAJBIUI ‘Adeday} auopeylaw
uaJp|iyo page-jooyosaad Koueuaud Roueugoud $3S pue |eudalew ‘weddoud SUIAIB08J SJBYIOW JO
U9IM]BQ SBWI0OINO Buinp ueg m |e30} ‘a0BJ ‘988 |euJslew 90UBUAIUIBW uaJp|Iyo 9z ‘uonoippe
9AIJIUS00 JO YIMOJF Uledq ‘Snjels [euolINU uo payoglew auopeylaW Ul pioido pajeadiun yum |eulpnyguol
Ul SBOUBJBYIP OU BJOM BJAY]  [BUJIIRW ‘BOBJ [BUJIIBI SOA SOA Sjuejul pasodxaun k+¢ uoijedionJed [eudalepy aUOpEYIBW ‘UI0JBH SJBYIOW JO UAJP|IYD GZ ‘9A1309dS04d PALRERATI
(0£°0 03 ¥1°0 wody
pagdued p susyo)) sdnoag asn auidazeipozuaq
2 9U} UBaMIa( BPBW SJ0JID |ejeuaud pue ‘uoipJInu winiuooaw
EINENEY N E T RVEERIVENEITT) |euJalRW ‘UOISSAUdap JUBJUI ‘)nsau
JUBDYIUSIS OU BJoM 40 swoldwAs |eudajew uaaJos A80]091x0}
aJay] asn auidazelpozuaq ‘uopeylaw ueyy autn anysod
|e1eUSId pUB UOIIRINPD Jay3o saoueIsqgns Jo pue MaIAIBIUI
[BUJAIRW U0} SUI[|0JIU0D asn [eUJdlRW ‘SNJeIS Jeudajew ‘wedgoud
Jaye sdnodg g ay} juaued-3|3uls ‘g3 ydiq 1e sieydsoy Q0ouBUdUIBW
U9am}aq 04309 AJONqIyul Ajiwey ‘03e |eudajew WoJj paynJoad auopeyjaw ul |euipnyguo|
Ul SBOUBJBYIP OU BJaM BJdY ] ‘U0I1BINPa [BUJIBIBIN ON SOA Sjuejul pasodxaun Rouejuj uoijedion.ed [eudalepy auopeylen |043u09 gg ‘pasodxa g9 ‘9A1J08dS0Ud o PIBMPOOM PUE BUIAST
"821S 108)48 JO SalBWIISa
apiaoud 03 uoljew.Jojul
ySnoud 10U SEM BUdY|
SHJEP 8y} Ul UBYM U9}jo
$89| $109[qO JO} payoead $8nup 140daJ [euddleW
pasodxa adam oym Sjueju| ON ON ON 0] pasodxaun sjueju| Koueyuy pue Aesse wniuovapy spioido ‘auleso) 1043u09 (| ‘pasodxa g |BUOI109S-55047 oolB 10 dssene]
dnoug aunsodxa
(510 03 200 8y} ul sajep anp
wody pagued NE uaJp|iyo payolew Jo siseq £80j001x0}
page-jooyosaud pasodxaun 9y} uo pajoajes winiuooaw
Yum padedwod Auowaw pue s4ajuad JUBJUI ‘SUBAIOS
WJ91-140YS pUe ‘uonenw! a.ed yljeay [eoo) Adeurn eudarew
Jojow ‘|0J3u09 AONQIyul uo Y8noJy} paynJoal ‘Jodad-jjas 3UI1091U ‘SIGRUURD
$9J09S Jamo| pey spioido adam oym spioido 03 |eudalew ‘Adedayy ‘auidazelpozuaq
0} pasodxa Ajjeyeusud pasodxaun uaJp|iyo K 9oueUSIUIRW ploIdO ‘auopeylaw |eurpnjguo|
UaJp|Iyo page-|0oyasadd M g SO ON page-|00yasadd -+ pue KOUBJU| Ul JUBLUJ|OJUD [BUJIBIBI ‘auryddousudng |043U00 Z¢ ‘pasodxa Go ‘aA1309dS04d 4oI® 30 Buoquaufiuoy
$40JUBD BUBD
yieay [eoo] ygnody}
(880 03 £0°0 WOJ) pagued S TINCENIENET
NE S|apow [eoNsIeIs oym foueudaud spioido
Ul Papn|aul Jam SpPUNOU0d Surnp sgnup Jayio Jayjo ‘auidazelpozuag
91ydeJgowapoloos Aue Jo ‘spioido JJodad-4|as ‘uiwelaydwe
90U0 sdnoJ3 usamiaq ‘8913048819 0} |eudalew ‘Adedayy ‘euen(lJew ‘099eqo}
01 40 Bulu01oUN) BAINAXD Juawhodwa pasodxaun uaJp|iyo 9oueUSUlRW ploIdO ‘loyo9|e ‘suopeyiow 2o 4OPUIIN
S90UBUIMIP OU 8J9M 8J3YL  PUB UOI1RINP3 [BUJBIBIN Y S9A pade-|j00yasadd £ +¢ Ul JUSW|0JUD [BUJIIBIN ‘auiydaouaadng 1043u09 |¢ ‘pasodxa G |BUO1}99S-S504) pue 8Jaquauliuoy
(7910 03 GO0 Wody
pagued p suayo)) sdnoasd
3y} Usam1aq pulw Jo Aoay $49JUBD BUBD
J0 S3W09IN0 AU y1leay (90| ydnouyy
FRELITENEII]
sajewisy 8403084 £88W09INQ XS dnoJy 043u09 uoljeulwexj 2nsodx3 9oueIsqng
97/5-190}43 pue suipuly 8ulpunojuo) paulwexl SMON paulwex3 10 uoneuIwex3 10 S911S1I9}9BIRY) 1e a8y 10 JUBISSASSY aansodx3 8naq Jo adAL 97/ 9|dweg ugisag Apms uoesl|gngd

panuijuoy | 374Vl

September 18, 2019

1on

g/news at Raffaella Gall

10Nns.or

Downloaded from www.aappublicati

PEDIATRICS Volume 144, number 3, September 2019



JOMO] pey adnsodxe

§38

aoue)sqgns [ejeusdd

40 SUJBIUOD

pue ‘901049 Jo 8nJp

[eupnyguo|

pioido [ejeuaud yum uadpjlyy  |eluaded ‘a8e [euonelsan ON SOA OU YNIM UaJp|Iy9 £ +¢ ‘J40daJ [BUJRIRI  BY] SB UIoJAY paldodad |1y 1043U09 ZG ‘pasodxa ¥9 ‘aA1309dS04d 290N
(80°1 03 120 WOy pagued p
s,uayo9) Auanjewsaad
Joj ul]|0JIU0D JdYe
juawdoanap JojowoydAsd
Ul $99UBJAYIP JUBDYIUBIS OU 59580
9Jam 248y "$3S JoAIBaIRD auWos Ul d|qe|iene
pue Ayunjewaud Joy SBM UJOgMAU pue
BUI1|0J1U0D JAE PaUIRWAY JaY10W 9y} Wodj
$100)40 9S9Y] ‘OW 9¢ 8UIU98UIS POO|q
pue ‘pz ‘gl 18 uawdojarag $J49JUBD y}jeay JO QUIIN ‘M3IAU
JUBJU JO $9|BOS pIlyo pue |eudslew pJ09aJ [ealpaw
fokeg ayy Aq passasse Wodj paynuoal ‘Jje1s [B190S IO
se ‘saJ09s Juawdo(anap MSIJ [BOIPAWIOIG [e2IpaW Wodj asn |0yod|e ‘020eq0}
|_JUAW JaMO| peY Jo aansodxa 90UBISqNS [BUJBIBW ‘sajeldo ‘siqeuued
adnsodxa aouejsqnshjod snjeis aouelsgns |ejeusdd JO SUJBIUOD ‘sauidazelpozuaq |euipnuguo|
yum ‘sja1g jou Ing ‘skog Ayunjewsud pue g3g ON S9A Ou YHM uaJp(iyy Koueyu) J0daJ |RUJBIBN ‘saujweloydwy ]0J3U09 8g ‘pasodxa g/ ‘aAI309dS04d guluulg pue a0
‘(20 03 200 Wouy pagued p age
S,UaY0Y) S9IRIIBAOD |euoieIsed m yuiq
JUBAS|J 40} 8UI||0JJU0D 130j0yofsd
Jaye ‘Juawdojaraq |euJaleW
JUBJU| JO S9|BOS ‘fUBINGROOA [BUJBIEW
Kojfeg ay) Aq passasse ‘JUBWUUOJIAUS BUI0Y JuaWIssasse spioido 4o
SB ‘SaW09IN0 J0IARYaq ay3 jo Ayjenb ‘g3 sploido J0 auleo09 Adoosoujoads ssew auleo09 03 pasodxaun
pue ‘Jojow ‘9AIUS09 ‘uoI3RONPA |euJdalew 0} pasodxa Jou aJam /Aydedgojewodyo 669 pue ‘spioido pue
uo aJnsodxa pioido ‘spioido pue auies09 oym age |euoieised seg euen(idew 9uIB909 0} pasodxa gy
|ejeuaJd ul saoudJalIp UBY} JBYJO S90UB)SqNS pue ‘xas ‘fyoiuyle WNIU023W UJogMmau pue ‘020eq0} ‘spioido 03 pasodxa 0g Jeuipnyguol
JUBOUIUBIS OU BJaM BJay] 10 8SN [PUJBIBIN ON ON U0 payolew sueju| Koueyuj ‘Jodad [euJalepy  ‘joyodje ‘spioido ‘Buieo0)  ‘auleo0d 03 pasodxa .y ‘aA1199dS0ud 0318 10 JOBUISSON
'$3|BOSQNS U0JOW J0U INg
‘agengue| pue aAINUS0D Yy}
Uo SMON JO/puB SYN Uim
skog ueyy Jaygly paJods
SMON J0/pue SYN yim si!
‘(P70 03 220 WOy pagued p
§,uayo9) a|dwes aAIewWIOU proido Jayjo
Juawdojanaq Jueju| u9aJos A80]001x0} J0 ‘saulwelaydwe
40 sa|eag Aajfeg ayl yum pdod [ealjiqun ‘auiyduousudng
poJedwod $aW09IN0 J0J0W J0 ‘WNIu02aW ‘auopeylow
pue ‘a3engue| ‘9AIIUB0D ‘duldn juejul ‘euenfiyew
Jomo| Ajueosyiudis J0 U93J0s A30]091x0} ‘sauidazelpozuaq SMON JO/pue SYN Uim Apnis
PEY SMON -0} paleaJ; sjueyu| oN SOA S9A YIN Rouejuj auln [euUJBlB ‘3UIBD0D ‘UIOJIH PasouSelp UaJp|Iyo /g  1J0Yod 8AI399ds0ulRY ool® 39 JeyJon
(050 03 0 wodj pagued
|e1jJed) sjodu09 pasodxaun
yim padedwos swajqodd
uoljuaye paydodad
“Juaded aJow pey spioido
0} pasodxa uaup|iy) ‘sdnoud
3y) UaaM1aq UoIHUS00
J0 9ouewJoyJad uonuaye
Ul SBOUBJBYIP OU BJaMm
943y "SJ40}9B} SuIpuNOjU0d a8e pue xas
40} 3Ul]0JIU0D UBYM sdnodd pIYyo Ag payolew wedugoud
ay) UdaMIaq $199q0 Suinow M ylg pue au11091U Jo spioido 90UBUAIUIBW
<158} 10 MOJS JO Bupjoed} afa ‘U0I3LONPA [eUJAIRW 0} pasodxaun auopeyW Ul 3UI1091U ‘BUOpEYIPW
Ul S9UBJAYIP OU dJIM BJay | ‘JuawAoldwa [euJdle uaJp|Iyo pjo-A-y uonjedionJed |eudalepyy ‘auiyduouaddng
FRELITENEII]
sajewisy 8403084 £88W09INQ XS dnoJy 043u09 uoljeulwexj 2nsodx3 9oueIsqng
97/5-190}43 pue suipuly 8ulpunojuo) paulwexl SMON paulwex3 10 uoneuIwex3 10 S911S1I9}9BIRY) 1e a8y 10 JUBISSASSY aansodx3 8naq Jo adAL 97/ 9|dweg ugisag Apms uoesl|gngd

panuijuoy | 374Vl

September 18, 2019

ion

g/news at Raffaella Gall

10Nns.or

Downloaded from www.aappubli

CONRADT et al

10



Apueoyiudis pey 109|8ou
paoualIadxa Oym UaJp|iyd
pue uloJay 03 pasodxa
uaJpjiy) “pajdope Jole|
349M OYM UI0J3Y 0} pasodxa
UaJp[1Yd pUe §]0JJu09
pasodxaun yum paJedwod
$9.008 01}9WY}IIE puB
3uipead Jamo| Ajjueayiudis
pey 109|3au paoualdadxa
OYM UaJP|Iyd pue uloday o}
pasodxa uaJdp|iyg "uaJp|iyo
1043U02 pasodxaun yum
paJedwod $8J09S ()| JaMO|
Kpueoyiudis pey 109|8ou
Buloualuadxa uaJp|iyo
pue ul0Jay 0} pasodxa uadp|
'S3WO09IN0 dIWdPeI.
Jadood aAey 031 Ajy1| adow
8Jam 100yds yg1y o39|dwod
10U pIp sjuaJded asoym pue
‘9]eW 9J49M OYM ‘Snousdipul
949M OUM 3S0U} ‘SMON
J0/pue QYN Ulm uaup|iyd
Buowy "(§'¢ 03 g Woy
pagued soljed SPpo) G apeds
yum pasedwod / apedg je
Jogue| sem sdnoud usamiaq
$8409S 189} Ul ded ay} pue
'/ PUB ‘G ‘¢ S9PBJJ Ul $300S
189} Jamo| Ajueoyiudis
pey SMON J0/pue
SYN UM pasouselp uaup!
“(BY1 03 110 wody
pagued p SUdY0Y) $|0JJU0D
pasodxaun yum padedwod
K ¢'g 18 O] Jamo| pey osje
spiotdo 01 pasodxa s|uIg pue
shog "s|0J1u09 pasodxaun
yum pauedwod A gy
18 $9.008 BAINUB0D JOaMO|
pey spioido 03 pasodxa shog
(€20
01 /10 wouy padued )
$9]B1JBAOD 40} BUIIUNODOE
Jaye sdnoJg g ay} usamiaq
$BWO00IN0 BAIIUS0D
Ul S80UBJBYIP OU 3dam
9Jay] sysId [e100soydAsd
M3} paoualladxe
pue pasodxe Jou aJam Oym
USJp[IYo yum pauedwod
S311I|IqY S,UaJp|Iy) Jo
$9|e9g AydeQON 8yl Suisn
Aq K gy 98e je SaWo09IN0
9ouewJoyuad [enjdsodad

oN

[9A3]
uojeonpa [ejuaded
puE ‘SS8UBJOLIBS
100Y2S ‘Snyels

snouaipul ‘Aynjewadd

M ypIg pue ‘a8e
|euonesas ‘g3g |ejusded

"SJUBLIUOJIAUD 3
ygiy 0} ajedapow
Ul paJead uaJp|iyo
pue 109|3au
paoualiadxa oym
uaJp|Iyo :sdnoug
1043U0D 7 9Jam aJay]

"SYN Jo sisougelp e

INOYNM UBJP|IYD

40 dnoJg payojewun

ue sapnjoul dnoJg

|043U0D PU02ds

8y] 'xas pue ‘§3g

‘age |euoneised

Jdoj payojew

SMON J0/pue SyN Jo

sisougelp e Jnoypm

uaJpiyo sapnjoul
dnoJg 1043u09 384y BYy|

$49JUBD yljeay

pIlyo pue |eudslew

wody paynugal

YSiJ [ealpawolq

Jo aunsodxa

aouesqns [ejeuadd
OU YNIM UBJP|IY)

$J481Udd Y1jeay
pIlyd pue |euJalew
Wodj paynuoal
YSIJ [BaIpawolq

Jo aunsodxa

wedugoud
90UBUAIUIBW
auopeypw e

ur 8unjedioyded
sdayow

‘JJodad |eudajew
1U19 JUBWISSASSE
|eUBWdO|aABD B 0}
PaUIB)ad BIIM OYM
uI0JaY Pasn oym
SJday1e) JO SJaYIoW
0} pasodxa Bulaq

K +¢ 40 pajoadsns uadp|iy)
£ +¢ MBIA3J PJ0D3U [BOIPBIN
MIIA

pJo9aJ [ealpaw
‘JJe1S [B190S IO
|e2IpaW Wodj asn
90UBISONS [BUJBIBW
K JO SUJBIUOD
+¢ pue Koueyu| J0daJ |eUJBIBN

MBIADU
U098 [e2IPaW
‘JJe1s 1208 4O

|e0IpaW WoJy asn
90UEISQNS [EUJSIBW

EDGUIT
‘uopeylow ‘sgnup
9AI30e0YDASd ‘UI04aH

3|qe|ieAe JON
“U01EOIPAW
a1joyaksdijue
pue ‘aurjoolu ‘joyod|e
‘saulwelaydwe
‘sploido
Jay10 ‘sauidazelpozuaq
‘siqeuued pasn Auew
pue ‘9210y2 j0 gnup
Y1 se uloJay pajdodad ||y

‘uorjeaIpaw
a1j0yoAsdijue

pue ‘auijoolu ‘joyodje
‘saulwelaydwe
‘sploido

Jayjo ‘sauldazelpozuaq
‘sigeuued pasn Auew

SJUBWIUOJIAU SIS YIy
0] 91249POW Ul PaJeal
uaJpliyo g ‘19|8au
paouslsadxa oym
UBJP|IY0 g¢ ‘uloday 0}
pajIppe sJayie) yum
uaJp|yo ¢¢ ‘padope
349M OUM UI0JBY
0] PajoIppe SJayIoW
UM UBJP|IY0 ¢ ‘Dwioy
18 SUIAI| 9JaM OYM
utoJay 03 paippe
SJBUIOW YNM UBIPJIYD |¢

uolje|ndod
G9Z 866 ‘|043u0d
08¢y ‘pasodxe yezg

|043U09 g ‘pasodxa g/

[euipnyguo|
‘9N1309dS0dd

|BUOI}09S-5S047)

[euIpn)Iguo|
‘aAI309dS04d

o8 30 foud

I8 19 180

ol pJee8AN

sajewisy
9218-109)43 pue s3ulpuly

8403084
Suipunojuo) paulwexy

dnouy joJjuo)
10 S911S1I9}9BIRY)

uorjeurwexj aunsodx3 souelsgng
1e 83y 10 JUBWISSASSY

aJnsodx3 8nuq Jo adA|

0zIg a|dweg

ugisaq Apnig

uoneal|gnd

panuijuoy | 374Vl

September 18, 2019

1on

g/news at Raffaella Gall

10Nns.or

Downloaded from www.aappublicati

PEDIATRICS Volume 144, number 3, September 2019



ow g| pue g| 1e sadipul
|euaWdO|aABP J0jOW puB
|eUSW Juswido[anaq Jueju]
0 sajeag Aajfeg ayy uo
$9400S Jomo| Ajjueayiugis
pue ‘sguipuy aks [ewJouqe
2JOW ‘UOI}BUIPJ00D

J0jow auy Jadood ‘Buo}
Jojow JaJood pey ouain ul
auopey1aW 01 Pasodxa uaJp|
(L5 0}

2°0 WOoJ) pagued p s,uayon)
$]0J3u09 pasodxaun

9y} ypm padedwod sadods
ANINUS0D Jamo| A[Jueoyiudis
pey uloday 03 pajlppe
Jayie; e 0] pasodxa
uaJp(iyg sdnodg |oJjuoo
3U} pUe ul0Jay 0} pajoippe
Jay1e) 40 JAYIoW B YUM
uaJp|Iyo yum pasedwod
$9J09S BAIJUZ0D JOMO|
Ajpueayiudis pey 109|3su
paoualdadxe OYm uadp
'$]043u00 pasodxaun

yHm paJedwod qHQY

J0 swoldwAs pajerals arey
01 Ajayj1| aaow Kjpueoyiugis
9JoM UI0JaY UO Juapuadap
SJ9YIOW JO SJdYIe)

Kq pasied uadpliyg (9¢°| 0}
81°0 WO PAUBJ p SUIY0Y)
$]043U00 pasodxaun se
$9400S 8AIIU0D Je|IWIS pey
poldope aJam oym Ul04ay
uo juapuadap Jayjow e

0] UJOG UBJP|IYY "S|0JIU0D
pasodxaun yum paseduwiod
$9J00S OILUAPRIE pue
ANNUS09 Jamo| Ajjueoyiudis
pey uloJay uo juspuadap
Jayley Jo Jayjow e

0] pasodxa uaJp|iy)
'sdnoJg 1043u09 8y} pue
UI0JaY 0} PAJOIPPE Jayley JO
JOUIOW B UYIIM USJPIIYO YlIM
paJedwod $3J09S 9IWAPLRIE
pue aAINUS0D Jamo|
Apueoyiudis pey 109|8ou
paousluadxa OYM UdJp|
(89} 03 0 Wody

pagued p suayoy) uaJpliyo
pasodxaun yum paseduwiod
Joieyaq (8uizijeudaiul

10U Inq) Buizieudaxa pue
@HQy Jo swoydwAs aaow

a8e |euoielsed pue
‘WM YnIg xes Jueyul
‘S3S ‘90BJ [BUJSIEW
uo payogjew

949M OUM ‘BUIN0DIU
0} pasodxa adam

WOYM JO SWOS ‘Spuejul

wajesnJap

ul uajJegaapuny
Wodj UaJpjiyo

pUB ‘SJUSWUOUIAUD
$38 Uy 0}
9124OPOW Ul paJead
uaJp|Iyo ‘199|3au
PaoudlJadxa oym
uaJp|iyo :sdnodg

|0JJU0D ¢ BUOM DAY |

‘wajesnJap

ul uajJegaapuny
Wodj UaJpjiyo
pue ‘8 10g1>
M UG Yum
uaJp|1yo ‘sajeqelp
|BUOIIRISAS YUM
sJayjow 0} udoq
uaJp|1yo 199|3au
paoualuadxs oym
uaJp|Iyo :sdnoug

1043U0D  9JaM dJay]

u9aJos 8nup
Kdeuwn |eudajew
pue ‘malAlaul
|eudajew ‘wedgodd
90uBUAUIBW

fouey suopeylew e

pue yig Ul JUBW||0JUD [eUJBIE

140daJ |eudalew
01U1]0 JUBWISSASSE
|euswdo|anap B 0}
PoJJB)ad BUOM OYM
UI0JaY Pasn oym
SJday1e) JO SJayIoW
0} pasodxa guleq

K +¢ 0 pajoadsns uaup|iyy

1J0dad [eudalew
“01UI|D JUBLUSSASSE
|ejuawdo|andp e 0}
paJJajod aJom OYm
uloJay pasn oym
SJAYIE) JO SUYIOUW
0} pasodxe 8ulaq

K +¢ 40 pajoadsns uadp|iy)

1091U pue ‘joyoole
‘saulwelaydwe
‘ullfydiayiwe
‘sajednyiqueq
‘au1e009 ‘splordo
Jay1o ‘sauidazelp

‘uI0JaY ‘DUOPBYIBN

auopeyjew ‘sgnup

aA1j0e0YdASd ‘uloday

auopeyjaw ‘sgnup

9AI30e0YASd ‘UI04aH

$[04JU00 | ‘Pasodxa /g

wajesndap
ul usjJesJapury
[VINTRVENTIIVR

08 ‘SIUBWUOIAUD

$38 YB1Y 03 9jedOpOW
Ul padead UaJp|iyo g
RUETEETVIERITEINET e
OyM UaJp|Iyd

08 ‘uloday 03 pajoippe
SJBYIRY UM UJp|Iyd
9/ ‘uloday 03 paloippe

SJUBUIOW UNM UBIP|IYD ¢8

8 1081> M yniq
UHM uBJpliyo oG pue
'$919qeIp [BUOIIRISAT

YUM SJayow 0} uJoq
USJp[IYo /G ‘wiajesndap
Ul uajJeduapury

W0} UaJplyo /8
109|80u paoualuadxe
Oym UuaJpIyd

0G ‘uloJay 03 palolppe
SJayle) UIM UaJp|iyo
G8 ‘ul0J4ay 03 pajIppe

SJBUIOW UHM UBUPIIYO $6

CONRADT et al

September 18, 2019

ion

g/news at Raffaella Gall

10Nns.or

Downloaded from www.aappubli

$S00UBIBYIQ
sajewnisy ésJ0joeq £89W00INQ Xag dnouy [043u0) uorjeurwexj aunsodx3 souelsgng
921519943 pue sguIpuly 8uIpuUNOJUOY paulex3 SMON pauiwex3 10 uorjeUIWEX] J0 soNsIIaloRIRYY 1e 98y 10 JUBUISSSSY aunsodx3 8nug Jo adA| o213 9jdweg ugisaq Apmig uoneal|gnd

panuijuoy | 374Vl



Juawdo|anap daAIHUS0D

Ul S9OUBJBYIP OU dJaM
aJay] sjuejur pasodxaun
yum pauedwos ow 9

puE ¢ UsaM}aq JuaWdo|anap
Jojowoydhsd ul auloap
Jaddeys e pamoys sploido
0] pasodxa SjuejU| "SIOWAI}
9J0W PUB UOIUBNJE JOMO)
0] Paje|ad SBM [BMBJDUIM
ploido Jo A}Janag

SUINOW J1dY} 03 SPUBY J1BY}
aoe|d 0} A|9Y1] 9Jow dJom
pue ‘Jaje s8] aJam W3I|
0] BAI}ISUBS BJOUW BJIM
‘AIppNo $S3| 9J4aM ‘SSauJal
9JOW PAMOYS ‘SnojnuIa.}
pue 9|qe}Jdl 9JOW BIdM

Joqe|

uianp eisagjeue
pue eisayjsaue

0] aJnsodxa

pue ‘saJ09s Jeddy
‘a8e |eu0ILISad M
YIq Joj payojew

wedJgoud juawieady

Rouejur auopeyew

|euipnyguo|

spioido 03 pasodxa SUJOGMAN oN SO0 ON SJUBJUI PISOdXaU  PUB UJOGMON Ul JUSWI[0JUD [UJSIR)N auopeylap |043U09 G ‘pasodxa 09 ‘9A1309dS04d 1cle 10 ssneuig
udaJ9s £30|091X0}
aulIN [EUJBIEW
(82°0 = p suayo)) sploido ‘J4odad |eUJSIRW 8ulB00d pue
Keyd 8a4y ulunp punoy auem Joyoale pue 0} pasodxa jou ‘wedgoud Juswiead} ‘wnijep ‘euenfluew
sdnodd aunsodxa usamiaq ‘au1joaiu ‘euenfiyew sjueyul a|qesedwod auopeylaw ‘loyooje ‘uimfe]
UOIJUBYIE Ul S0UBJALIP ON 0] 24nsodxa [eleUAld S9A Ajleaiydeagowaq Rouejuj ul Juawijodul ‘Ul0JaY ‘duUOpeYIaN 1043U09 ¥ ‘pasodxa Og |BUO1109S-85049) 26SUEH PUE Japlouyag
140daJ |eudalew
IMBIABS PU09AL
[eatpaw ‘yiq
12 SMON Jo/pue
SYN Pajuawnoop 1o
(620 0} weagoud Juswiead)
80°0 WoJj pagued ¢) wsnne 90uBURIUIRW ploido
40 swoldwAs Jo AyAisindwi UB Ul JUBW||0JUd
Jo/pue Ayaioesadiy Xas pue |eudalew ‘aunsodxa
10U Inq swoydwAs a8e uo payogjew ploido |ejeuaud Joy
UoIjUdYIeUl dJow pajoIpadd $IX0JU00 §38 91UI[D JUAUISSSSE
sisougelp SMON J0/pue SyN e 13180} J0 dAdope Y81y 03 3|ppIW WO |ejuawidojanap e $90UB)ISONS
UE ‘S9]1BIIBAOD J0J JUI[|04JU0D ur Juawaoeld pjiyg SoA S9A uaJp|iyo pasodxaun f+¢ 0] padJdajad Uadp|iyg 1001|1 Jayjo pue spioidg 1043u09 | /] ‘pasodxa /G |BUO1109S-55047 a/B 30 AoIpUBS
(620 03 80°0 Loy pagued
¢J) S21BIMBA0D JUBAS|BU JO) Y1d1g 18 plIyo 8y} $]043u00 pasodxaun
BUI1]043U09 J8)Je $BW02IN0 SJ0IABYAQ BUIAIZDRD ul aulyduouadadng |oyoole pue ¢| ‘0ded Ja1so)
|euoIjOWS pue [e120S |BUJSIRUW ‘UOIRINPD J0j }nsau ‘000B(0} ‘S90UBISANS ur auiyddouaudng
Jo ‘agen3ue| ‘9A11IUS0D |eudalew ‘age Y1dig 9ouls Jaylow EVIVELNGEEIVING] Jaylo ‘seulwelayduwe 0} pasodxa y|
03 J0adsad yyum sdnodd |eudajew ‘syuawaoe|d [e0180[01q YUM anysod ‘wedgodd ‘siqeuued ‘Jayjow [eo180[01q YIM
9y} UBIM]BQ S9oUBJBYIP 94D J93S0) 'ON W18y guinll pue aunsodxa juawiead}-gnup e ‘auidazeipozuaq guinll suiydaouaudng
JUBOYIUBIS OU BJAM BJBY] ‘M YlJig ‘98e |euOIleIsay ON  9ouejsgns [ejeuadd oN Kk +¢ Ul JUSW|[0JUd [BUJBIBN ‘auiyduouaddng 0} pasodxa uaJp|lyo / |BUO1109S-55049) a2 19 0leg
ow
8| 1@ 53008 Juawdojanaq
JuejU| Jo sa|eag Aajkeg
UM paleIoosse JoU Sem
9|eos uedauul ay} uisn
Kq Apdanss [emedpyiim
(L6003 G20 Wody
pagued p SUaY0Y) $|0JJU0d
payolew pasodxaun yum
padedwos (ow g Jou Ing)
FRELITENEII]
sajewisy 8403084 £88W09INQ XS dnoJy 043u09 uoljeulwexj 2nsodx3 9oueIsqng
97/5-190}43 pue suipuly 8ulpunojuo) paulwexl SMON paulwex3 10 uoneuIwex3 10 S911S1I9}9BIRY) 1e a8y 10 JUBISSASSY aansodx3 8naq Jo adAL 97/ 9|dweg ugisag Apms uoesl|gngd

panuijuoy | 374Vl

13

September 18, 2019

1on

g/news at Raffaella Gall

10Nns.or

Downloaded from www.aappublicati

PEDIATRICS Volume 144, number 3, September 2019



Jo18343 pue uonengad
-J|3S pue JualdAoW

40 Ajjenb Jamo| yum
paje1oosse sem A4anljap

1e asop aulyddousudng
|euJalRW J9)e

921S 109)J0 JO SAJEWISD
1Jodad 0} uorjRWLIOUI
ySnoud 10U SEM BUaYy|
'$9W09IN0 [ejuawdolanap
pue £1149Ads SMON Udam1aq
SUOIR[84J0D JuedyIugIS

ou a4am aJay] K g'g pue
Gy sage 1e $8409s agengue|
pue aAIIUS09 Jamo| pey
sploido 03 pasodxa uaJp|iyo
ey} pajJodad sdoyine

ayl A g’ a8e 01 ylig
WO} SBWODINO J0JOW Ul
S90USJALIP OU BJaM 8JaYL
$9400S UOIJBJUBIIO JAMO]
pamoys spioido 0} pasodxa
SUJOGMBU MM ¢ 3y '9]BOS
JUAWISSaSSY [eJOInRYDg
|e1RUOBN UO}[azZBUg

3} U0 YJIq 1B S30UIBHIP
ou pajodad sdoyine
(LL°0 03 110 Wouy

pagued p suayo)) ow 0g
pue g 18 9409 9AINUS0D
Jamo| Ajjueayiugis pey
spioido 0} pasodxa sjueju|
‘Juawdolanap Jojowoyohsd
pue juawdo|arap
[BQUAAUOU Ul SIUBJUI
10J3U09 yuM djqededwod
9Jam 04ain ul spioido

945

aul

0} pasodxa oM OUM SJuBjU|

(82T

0} $¢°0 WOdJy pagued soljed
SPPO) SJaP.OSIP [BIOIABYAQ
Joj pazijendsoy aq

01 Aj9¥1] aJow d4am SMON
Jo/pue gyN Jo sisougelp
PapJ09aJ B YIM UBJP
(G20 03 0 woJy

pagued p SUaY0)) S|0JJU0I
pasodxaun pue 0J4an

ur auopeyaw 03 pasodxa
uaJp|Iyd usamiaq A g

J0 oW Z| Je souew.ojuad
|enidaodad Jo aAIIUS0D

Ul S90UBJAYIP OU dJoM
(820 03

10°0 WoJj pagued p s,uayon)
sdnod8 z 8y} usamiaq

dYL

aJnsodxe
90UEISQNS UBYJ0
‘adnsodxa auopeylew
|eUJalEW ‘BSN

8nup jo AJoisIy |eudalepy

Aydnjewaud

Ayunjewsadd

snjejs snouagipul
|eUJSIRW pUE ‘SN]Els
|Bdnd ‘g3g ‘Buious
|eudajew ‘age
|eudalew ‘Ayaniewadd

oN

SOA ON VIN yuuig

$30UBISANS
0} pasodxaun
SJUBJUI W3]

SaA oN f+¢

$90UB)SANS

0} pasodxaun

ON ON SJUBJUI W3] foueyu|
SMON Jo/pue
SYN Jo sisougelp e
aney jou pip
oyMm Sajep yinog
MaN ul Auysidou

YnIQ B Ul SJueju|

S9\ SoA f+¢

gulanp
pue eisayisaue
0] aunsodxa
pue ‘saJ09s Jeddy
‘98e |euoILISad M
Y1ig Joj payolew
sjuejul pasodxaun

oN S9A f+¢

UdaJ9s £30|091X0}
aulIN [BUJSIEW
‘Juodad |euJSIRW
‘wedgoud JuswIead}
paisisse-uoleolpaw
Ul JUBWI|0JUR [BUJBIBIN

sulogmou
pue sdayow
[ITNTRNVEENLN
£30]001x03 BuLIN
‘Jodad |eudalew
‘weddoud Juawiead)
auopeyjpw

Ul JUBWI|0JUS [BUIBIBIN

wedgoud juawieady
auopeyjaw
Ul JUBWI|0JUR [BUJBIBIN

MBIABJ PI0DRU [BIIPO

weJdgodd Juswieady
auopeyaw
Ul JUBWI|0JUR [BUJBIBIN

‘|loulgeuURI0JPAYRIIe)
‘3uIe909
‘auidezeipozuaq
‘sejedniiqueq
‘auiwelayduwe ‘s|yss
‘auljoaiu ‘auiyddouaddng

saulwelaydwe pue
‘sJazl|inbued} ‘Bu1R209
‘UI0JaY ‘BUOpRYIIN

saulwelaydwe pue
‘s49zi|Inbue.} ‘auIe909
‘Ul0JaY ‘aUOpeYIaN

a|qe|iene JoN

EOLEMEN

|0J3U00 OU ‘pasodxd |4 |BUOI}09S-5S0U7) LEERTEN

Jeutpnyguo|

[043U09 G¢ ‘pasodxa Go ‘9A1309dS04d o I8 30 Jeeg uen

|euipnyguo|

|043u09 /¢ ‘pasodxa Gg ‘9A1309ds0.d Jeleeg uen

SMON Jo/pue
SYN Inouum 1zy 810 L

‘SMON J0/pue
SYN Uum pasoudelp zyge

MBINY

14eyd 9A39ads0d1aY «cl® 10 12G9N

feutpnyguol

|043u09 /g ‘pasodxa |¢ ‘9A1309ds0.d 2oI® 10 ssneaig

sajewisy
9218-109)43 pue s3ulpuly

8403084
Suipunojuo) paulwexy

$S00UBIBYIQ
£89W00INQ Xag
SMON Paulwex3 0 uorjeulwexy

uofjeulwexj
1e 83y

dnouy joJjuo)
10 S911S1I9}9BIRY)

aunsodx3 souelsgng
10 JUBWISSASSY

aJnsodx3 8nuq Jo adA|

0zIg a|dweg udisaq Apnig uoiealgnd

panuijuoy | 374Vl

CONRADT et al

September 18, 2019

1on

g/news at Raffaella Gall

10Nns.or

Downloaded from www.aappubli

14



Asoypne pue sanijiqe
a11sINguljoyoAsd 4o 1591 & UO
$0409S JoMO| Ajjueoyiudis
pey uioday o3 Ajjereuaad
pasodxa (kK g—¢ 98e) uaup
(650 03 100 wody
pagued p SUdY0Y) $|0JJU0D
pasodxaun yum paJedwod
spioido 03 pasodxa sjuejul
Suowe Jamo| Ajuesyludis
sem Aynoe |ensip ‘sdnoug
uosiJedwod pue pasodxa
9Y} UBAMIAY $00S
()] Ul S9OUBJILIP OU BIBM BJBY ]|
‘uoije|ndod
[edouad 3y} Ul QHAY
UM pasoudelp usdp|iyo
pue auiydaousddnq
03 Ajjejeuaud pasodxa
uaJp[Iyo UdaM3aq swoydwAs
QHQY Ul S89UBJBYIP
JUBDYIUSIS OU BJoM
aJay] 'sisougelp SMON
Jo/pue QYN Ue Jnoypm pue
YUM UBJP|IYo Usamiag Q| ul
S9OUSJIYIP OU BJIM BJaY |
‘(281 03 810 Wody pagued p
s,uayo) uoneindod
|edaua8 oy} oy ueaw
3y} MoJaq (S | a8eJane uo
$3409S J0J0W pue Adowaw
pue ()| souewdJojdad
pey aulyddousudng
0} pasodxa uadp|iyg
uolje|ndod |edauad ay}
0} $3409S UBAW BY} YHM
padedwod auiyddouasdng
03 Ajjejeuaud pasodxa
UQJP|IY9 JO $8409S ()] [BGUOA
Ul SBOUBJBYIP OU BJaM BJdY ]
'S6'0 0} 80 WoJy pagued
SJUBIOYJD09 UOIIR[III0)
KyoluoydadAy pue sudis
90UQUISQR $SAIS YIM
paje|aJu09 Alpaisod pue
$SaujJsle pue uollengad
-J|9S JaMO| 0} paje|ad
9JoM $8J09S UBSBUUI4
ueaW Jay3IH 10U PIp oYM
950U} pue SMON Jo/pue
SYN Joj Adedsyjooew.eyd
padinbaJ oym sjuejul
U2aMIaQ JOIABYDGOJNAU Ul
S90USJILIP OU BJIM 8JaYL
SUSIS 20UBUIISqR SSBUIS
walshs SNOAJBU [BJIUSD

LH]

wedagoud

$S9UIpeaJ-|00Yds B Ul
Ewaw awi] Jo junowe
pue ‘g3S ‘xes ‘a8e ‘aoeYy

ON

oN

ON

ON

SOA

ON

S9A

SOA

40 1Jodau [eudajew

03JN Ul OU :|0JU0D

Joyoale uisn pue

so)ja4edI0 Sunjows

19
OYM UBWOM Jueudadd K +¢

YHm SuIAl| sajednyiqdeq
‘QUIAP0D ‘SAAIIEPAS
‘sdazi|inbuedy
‘auiyddow

‘9UOPBYIOW ‘UI0JBH

ng ‘aunsodxa

JUBWIUOJIAUS §NnuQ £k +¢ M3IABJ PU0JBU [RIIPBIN
Jajsawli}
184y 8y} dunp
1J0dad |eudalew
‘Uo1jeoyIxolep
gul03aapun |loyoaje
wedgoud juawieady ‘auIj091U ‘Siqeuued
-8nJp |enuapIsad e ‘auiwelaydwe
Ul JUBW|0JUS [BUIBIBI ‘SOAIJEPAS ‘UI0JOH

palJodad awos
‘asn aoueIsqns
ou pajdodad

@ouapuadap

pioido jo A |

pPajUBWNI0P dABY

0} pey sJayjow

‘wedgoud Juswieas}

Pa3SISSE-UDIIEIIPaU
Ul JUSW||0JUd [BUJBIEN

VN f+e auij0o1u ‘auiydaouaudng

3UOPOIAX0 PUE ‘UI0JBY
‘auiyddow ‘suopeyipow
‘duiwelaydweyiow

104300 GG ‘Pasodxd gz

104309 g| ‘pasodxa gl

10Jju09 ou ‘pasodxa Gg

|BUOI}09S-5S047)

|Bu013998-SS0J9)

|BUOI}09S-5S047)

,le 10 uosiim

418 30 proyjEM

RTINS
pue udIS|YBM ulfepuUNg

sajewisy
9218-109)43 pue s3ulpuly

8403084
Suipunojuo) paulwexy

£88W09INQ
SMON Paulwex3

FRELITENEII]
XS
10 uoljeUILEX]

dnouy [043u0) uorjeurwexj
10 s013S1I8]0BIRY) 1e 98y

2nsodx3 9oueIsqng

J0 JUBWISSASSY adnsodx3 gnuq jo adA| 0zIg a|dweg

ugisaq Apnig

uoneal|gnd

panuijuoy | 374Vl

15

September 18, 2019

1on

g/news at Raffaella Gall

10Nns.or

Downloaded from www.aappublicati

PEDIATRICS Volume 144, number 3, September 2019



'PASIAGY ‘UBJP[IY) JOf

9]BOG 80UBSI||91U| JBISYODM “H-DSIM ONGIYUI 8¥e1dNad UIU0JOUSS BAI08|3S ‘[YSS ‘SNIBIS DIWOU00I00S ‘SIS ‘UapJosIp asn ploido ‘N ©]29s JUBWISSASSE [BJOIABYSY [BIRUOBU ‘SYaN ©|qedl|dde Jou /N ‘Japuosip AuAnoetadAy/noyap-uoiusie ‘qHaY

(290 03 0 Wouy pagued p
sU8yo9) sdnodd usemiaq
Juawdojanap [ejuswW

Ul S80UBJBYIP OU 3dam
849y §|043u09 pasodxaun
YIM pauedwod $a409s
Jojow auy pue juswdo|anap
J0jo0woyofsd Jamoj
Kjpueayiugis pey auopeyiow
UIIM paleaJ] aJam SJaylow
9SOUM SJUBJU] 'S|0JJU0D
pasodxaun pue auopeypw
UlM pajead} suayjow

0 SUJOGMAU Y}M padeduiod
AyoiuoydadAy adow

98e |euoljeisad pue
‘Snjels [eIJEW ‘SIS
‘g0eJ ‘98e |eudalew

[VEENLN
£30]001x0} BULIN
|eudalew ‘dodad
JeUJSIRW ‘M3IABI
pJ09ad [ealpaw

‘weugodd juauiead)

an|g
pue ‘ap1Jojyo0JpAy $]0J3u00 pasodxaun
auaydAxodoud /G pue ‘wedgodd
‘wedazelp Juawieadi-gnap e
‘sjuessaddapiue ul uonedionued
Joyooje |eudajew Jo Jed se

‘SJUBINWIIS ‘OUIj0oIU
‘euenfidew ‘sorj0oJeu
Jay10 ‘saAjepas

auopeyjaw 0} pasodxa
Sjuejul B¢ ‘ANO ue
0} Palea.) Jou aJom

PeY QNQ Ue Joj paleaJs jou Joj payojew pasisse-UuoleoIpaw ‘sJazl|inbued) SJAYIOW ISOYM UI0JDY Jeuipnyiguol
949M SJIYIOW BSOYM SUJOGMAN ON ON ON Sjuejul pasodxaun Ul JUBWI|0JUS [BUIBIBIN ‘BUOPRYIAW ‘UI0JBH 0] pasodxa Sjuejul g ‘3A1309dS04d
'(98°0 03 800 WoOJ} pagued p an|d
s,uayog) spioido 03 pasodxa pue ‘ap1JojysoJphy $]043U02 pasodxaun
usJp|iyo page-jooyosadd auaydAxodouad /G pue ‘wesgoud
$9WO09IN0 9AI}IUS0D U99Jos ‘wedazelp Juawiead}-gnap e
Ul S99UBJaYIP JURIYIUBIS £301091x03 duln ‘sjuessaddapijue ul uonedionued
OU 3JaM BJaY] "SJ3|PPOl Jeudalew ‘Jdodad loyooje Jeudalew jo jied se
pasodxaun ynm paJedwod a3e |euoiiesas pue |eUJRIBW ‘MBIABU ‘SJUBINWIS ‘BUI09IU auopeylew 0} pasodxa
59008 Juswdo|anap ‘Snjels [eIJEW ‘SIS pJo9aJ [ealpaw ‘eUeN(lJew ‘so1j00JeU Sjuejul B¢ ‘N0 Ue
[_JUAW JaMO| peY ‘90BJ ‘98e |BuJslew ‘weugoud Juaulead)} JaY10 ‘saAlepas J0J Pajeaud] 10U ddam
uloJay 03 pasodxa UaJp|Iyo Joj payojew pasisse-UuoieoIpaw ‘suazi|inbued) SJUOUIOW ISOYM UI0JDY Jeuipnyiguoj
‘OW g J0 18 J0U Ing ‘0w 8| Iy ON Y ON sjuejul pasodxaun k+¢ Ul JUBWI|0JUD [BUJBIBIN ‘QUOPRYIW ‘UIoJaH 0] pasodxa SIuUBjuI 67 ‘aA1199dS0ud 3UOSIIM
‘9718
100)40 JO S91BWISA dpiAoad
0} UOIJeWJO)Ul Y3Nnoua Jou
Sem aJay] ‘sdnoJd usamiaq
gouewdojlad agengue|
pue yoaads ul 4o ()| ueaw
Ul $80UBJBYIP JUBOYIUIS
0U 8J49M aJay] 'sdnoud
1043U02 8y} Yum padeduwiod
9ouewdJoyad Alowsw pue
‘douewdoyuad anlzeyuenb $3S 9|qededwod
‘gourwdJoyJdad [enydaodad pue foueudadd
Jamo| pamoys pue |njjusAaun
Xapul 8AIIU0D [BJSUBS B UO 041U00 §3§ ‘YlIg
$9400S Jamo| Ajjueayiudis 1e sJ03oe} |edIpaw
pey uloday 0} pasodxa 10 SISEQ AY] UO YSId
uaJp|iyg “dnoJdg 043u09 Hsid ugy se paynuap!
-y81y ay3 4o dnodg |043u0d 10J3U0D ¥SId
JUBWUOJIAUD §Nup By} -UBIY “ypaig spliyo
Ul UaJp|Iyd ypm padedwod 0] Juanbasqns
10U INQ SJUBUUOJIAUD spioido Buieijul
SIS MO| Ul BUIAI] UBJPIYD Jo spioido 0}
yum pasedwod Auowaw pajoippe Jaujded e
FRELITENEII]
sajewisy 8403084 £88W09INQ XS dnoJy 043u09 uoljeulwexj 2nsodx3 9oueIsqng
97/5-190}43 pue suipuly 8ulpunojuo) paulwexl SMON paulwex3 10 uoneuIwex3 10 S911S1I9}9BIRY) 1e a8y 10 JUBISSASSY aansodx3 8naq Jo adAL 97/ 9|dweg ugisag Apms uoesl|gngd

panuijuoy | 374Vl

CONRADT et al

September 18, 2019

ion

g/news at Raffaella Gall

10Nns.or

Downloaded from www.aappubli



In summary, authors of 5 of 11
studies examine neurobehavioral
outcomes in newborns as

a consequence of prenatal opioid
exposure at birth compared with an
unexposed comparison group.
Authors of only approximately half of
these studies attempted to control for
confounding factors such as poverty
(Table 1). Published results are
inconsistent with respect to whether
prenatal opioid exposure results in
neurodevelopmental impairments at
birth, perhaps reflecting in part the
different forms of opioids that were
considered as well as the measures
used to assess newborn
neurobehavior. In the most recent
work, researchers examine whether
a diagnosis of NOWS predicts
impaired neurodevelopmental
outcomes (above and beyond
exposure to opioids). This limited
literature reveals some increased
neurodevelopmental risk for
newborns who develop NOWS with
respect to state regulation, arousal,
and quality of movement.

PRENATAL OPIOID EXPOSURE AND
NEURODEVELOPMENTAL OUTCOMES IN
INFANCY

Of the 21 articles in which
neurodevelopmental outcome in
infancy was examined, only 6 were
published in the last 5 years. In most
of these studies, the authors
examined the effects of prenatal
exposure to opioids (usually heroin,
methadone, or buprenorphine) on
neurodevelopment in infants
compared with unexposed controls
(sometimes matched on relevant
confounding variables such as
maternal age). Early research
revealed that prenatal exposure to
opioids, such as methadone and
heroin, was associated with impaired
mental and language development as
well as neuromotor and psychomotor
developmentB—l1,21,22,28,30,41,51,54—
before 24 months, although 6 of 11 of
these studies failed to account for
important confounders or include

a control group of unexposed
children.®~11213%51 Other studies in
which relevant confounders were
examined, such as socioeconomic
status, revealed no significant
differences in cognitive outcomes
between infants exposed to opioids in
utero compared with their unexposed
peers-27,28,4—0,50

There were likewise discrepant
findings with respect to
neurodevelopmental outcomes in
more recent studies. The majority of
studies in which confounders were
controlled for, such as poverty and
disruptions in maternal care, revealed
no differences in cognitive or
executive functioning between infants
with and without prenatal opioid
exposure.27'36'40 One exception is

a study that revealed that boys, but
not girls, exposed to opioids and
amphetamines, benzodiazepines,
cannabis, and tobacco had
significantly lower mental
development scores by using the
Bayley Scales of Infant Development,
Second Edition for ages 12 to

36 months compared with unexposed
infants matched on age and after
controlling for caregiver
socioeconomic status.*! Other
research revealed that infants
exposed to cocaine and opioids
reached for objects less often when in
the dark compared with unexposed
matched controls, indicating poorer
motor development.®

The authors of 2 studies attempted to
clarify whether exposure to
buprenorphine resulted in different
neurodevelopmental consequences
compared with exposure to
methadone. There appears to be
little®! to no'® neurodevelopmental
differences in exposure to either
buprenorphine or methadone at 4
months.’ In an RCT, differences in
neurodevelopmental outcome among
infants exposed prenatally to
methadone compared with
buprenorphine (N = 96) were
examined at 5 ages: 3, 6, 12, 24, and
36 months.®! Only 2 of 37 outcomes

significantly differed between
exposure groups. First, infants
exposed to buprenorphine had
significantly lower expressive and
receptive language scores compared
with those exposed to methadone at
12 months. Second, infants exposed
to buprenorphine were less likely to
show positive excitement and
approach toward pleasurable
activities compared with infants
exposed to methadone at 3 months.

The few existing studies in which the
authors examine neurodevelopmental
differences among infants exposed to
opioids who develop NOWS
compared with infants exposed to
opioids who do not develop NOWS
reveal inconsistent findings. In an
RCT, only 1 significant difference out
of 37 tested revealed that infants
treated for NOWS were rated higher
by their caregivers on a distress to
limitations scale (a component of
temperament) at 6 months.** On the
other hand, in a retrospective chart
review, infants treated for NOWS with
methadone, morphine, or
buprenorphine had significantly
lower Bayley Scales of Infant
Development scores at age 2 years
compared with the general
population, but on average, they were
within 1 SD of the mean for the
Bayley Scales of Infant
Development.*®

Few studies revealed effects of
prenatal opioid exposure on
neurodevelopmental outcomes in
infancy (above and beyond the effects
of confounding variables such as
socioeconomic status). Studies were
limited by small sample sizes, and
effects, when found, were small
(Table 1). One recently published
article with a large (N = 131) sample
size of children with prenatal opioid
exposure revealed few effects of
prenatal opioid exposure, and infants
developed within normal limits.3!
Comparatively more studies in which
authors documented long-term
outcomes of prenatal opioid exposure
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(measured past 2 years of age) were
available and are reviewed below.

PRENATAL OPIOID EXPOSURE:
LONG-TERM NEURODEVELOPMENTAL
CONSEQUENCES

Of the 27 studies of prenatal opioid
exposure and outcomes past age

2 years, 8 were published in the last
5 years. In some studies, no
differences in cognitive outcomes
were
documente
On the other hand, differences in IQ,
neurologic performance,'>%***>>7 and
language performance®® were found,
although not always when controlling
for covariates. Other research
revealed that boys (but not girls)
exposed to opioids in utero had lower
1Q scores, which did not change over
time, compared with their unexposed
counterparts at 8.5 years of age
(above and beyond the effects of
adoption, parental socioeconomic
status, and earlier cognitive
functioning).** One other study
revealed that children exposed to
buprenorphine in utero had,

on average, performance 1Q scores 1
SD below the mean at ages 5 to

6 years as well as memory and motor
scores 1 SD below the mean on the
basis of national data, although no
unexposed control group was
examined.®

d 24,32-34,37,42,46-48,52,56,58

Although the research on the long-
term cognitive outcome of children
with prenatal opioid exposure is
equivocal, there is more consistency
with respect to differences in
behavioral outcomes. Children
exposed to methadone prenatally had
elevated levels of aggression, fear, and
anxiety.”* Researchers have found
elevated symptoms of attention-
deficit/hyperactivity disorder*>*¢4°
in children who were exposed to
opioids in utero compared with
children who were not exposed to
opioids in utero after controlling for
sociodemographic factors and
medical history.49 In addition,

a diagnosis of NOWS predicted lower

attention in children exposed to
opioids compared with unexposed
controls who were matched on sex
and age.*®

With respect to executive functioning,
children exposed to opioids and other
substances (such as alcohol,
marijuana, and nicotine) had
difficulties with information
processing compared with unexposed
children, after controlling for
demographic factors,*® and boys
exposed to methadone or heroin
prenatally, and boys who reported
only caregiver opioid use during the
postnatal period had poorer
performance on a vigilance task
compared with unexposed controls.*’
Four-year-old children exposed to
methadone or buprenorphine in
utero had lower executive-functioning
scores compared with their
unexposed peers.>* On the other
hand, no differences were found in
performance of short-term memory
tasks or in inhibition in 4 to 5 year
old children exposed to
buprenorphine or methadone
compared with unexposed children
after controlling for maternal
education and employment.33

Three studies were focused on visual
or visual-motor differences in
children exposed to opioids
prenatally compared with unexposed
children. Children age 4.5 years
exposed to opioids prenatally had
significantly lower visual-motor and
perceptual performance scores
compared with unexposed preschool-
aged children, after adjustment for
the effects of socioeconomic status,*?
and poorer lower left eye visual
acuity.>® One other study revealed no
differences in tests of visual
perception, but 4-year-old children
exposed to methadone made fewer
goal-directed eye movements
compared with the mean, controlling
for maternal education.*

Children exposed to opioids and
diagnosed with NOWS may have
poorer neurodevelopmental

outcomes compared with their
exposed counterparts who were not
diagnosed with NOWS. Children with
NOWS were more likely to have
developmental delays and lower 1Q,*°
were 2.3 times more likely to be
admitted to the hospital for

a neuropsychiatric disorder,”® and
were more likely to show poorer
performance on educational testing,44
meet criteria for a disability, require
classroom therapies and services,?®
and have lower attention®™ compared
with children who did not develop
NOWS'® and unexposed
controls.?>***%53 On the other hand,
no association was found between

a diagnosis of NOWS and visual-
motor tasks, attention problems, or
general cognitive function among 4-
year-old children exposed prenatally
to buprenorphine or methadone and
nicotine.’®?® The majority of these
studies, however, were based on

a retrospective chart review.
Retrospective chart reviews and
medical record evaluations offer the
most promise for addressing
immediate questions concerning the
long-term consequences of prenatal
opioid exposure. However, chart
reviews have known limitations,
including variability in diagnosis and
treatment of NAS and insufficient
attention paid to confounding
variables.>

In summary, there were only 2
prospective studies of the long-term
neurodevelopmental consequences of
prenatal opioid exposure that were
published in the last 5 years. One
study revealed that boys exposed to
opioids had lower 1Q scores at

8.5 years compared with unexposed
boys.*® Children with prenatal opioid
exposure in the second study had
average scores on cognitive measures,
but their scores were significantly
lower than those of an unexposed
comparison group.>* It is therefore
too preliminary to draw firm
conclusions regarding the long-term
neurodevelopmental consequences of
prenatal opioid exposure.
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Retrospective chart reviews revealed
that children diagnosed with NOWS
are at an increased risk for behavioral
and academic problems, although
effect sizes in these reviews are
variable. These academic challenges
may appear as the child reaches
school age because of the
complexities of cognitive processing
that are brought to bear in the
classroom, as has been demonstrated
in children with prenatal cocaine®®
and nicotine®® exposure. The data on
long-term cognitive outcomes are
unclear, in large part because of

a number of methodologic limitations
in the literature, which are

described below.

KEY METHODOLOGIC SHORTCOMINGS

The conclusions that can be drawn
regarding the neurodevelopmental
outcomes of prenatal opioid exposure
are limited because of a number of
key methodologic shortcomings in the
literature.? One methodologic
shortcoming is that the research is
plagued with small sample sizes,
which makes it difficult to adjust for
confounding variables, another
limitation of the literature. Important
potential confounding variables
include prenatal exposure to
substances other than opioids,
nutrition during pregnancy,
inadequate prenatal care, medical
complications, socioeconomic status,
the quality of the child-rearing
environment, maternal mental health,
maternal trauma exposure, and
partner use of substances, all known
to be related to opioid use and known
to impact child development. It is also
possible that there is confounding by
indication (ie, that mothers are using
opioids to treat underlying
psychiatric illness). Failing to assess
for psychotropic medication use, or
characterizing opioid exposure as

a binary outcome (eg, yes or no), may
not capture the true impact of opioid
use, which can vary by the type of
opioid used, frequency, and trimester.

Another limitation is related to the
assessment of NOWS. We have
attempted to provide a concise
review of whether infants exposed to
opioids who develop NOWS are at an
increased risk for
neurodevelopmental impairments
compared with their unexposed
peers. However, in the vast majority
of research, how a NOWS diagnosis
may impact neurodevelopmental
outcome among children who were
exposed to opioids prenatally was not
examined. This assessment would
require comprehensive identification
of infants who were prenatally
exposed, independent of whether
NOWS was present, which is often not
feasible. One difficulty in examining
how NOWS affects
neurodevelopmental outcomes may
be a lack of consensus about the
method used to assess and diagnose
NOWS. In half of the studies (6 of 12;
Fig 5) in which NOWS was examined,
the authors relied on whether the
child was diagnosed with NOWS on
the basis of clinician decision to treat
the child without using a screening
instrument (n = 2) or on whether

a diagnosis was recorded in the
medical record (n = 4). The Finnegan
Neonatal Abstinence Score Sheet is
considered the gold standard
measurement of NOWS, but a number
of researchers and clinicians have

raised concerns about its subjectivity,
length, and lack of interrater
reliability and validity.®® A related
limitation is the lack of widespread
use of a neurodevelopmental risk-
monitoring marker at birth that can
be used to identify newborns at risk
for NOWS and track their long-term
neurodevelopmental outcomes. The
lack of evidence-based assessments in
this field makes it difficult for
clinicians to improve the
management of NOWS.

In no studies have authors examined
how the timing of the opioid exposure
during pregnancy can impact
neurodevelopmental outcomes, nor
have they accounted for potential
confounding by maternal genetic or
epigenetic factors or addiction
liability. Thus, it is unclear if exposure
in the first trimester only has
differential neurodevelopmental
effects from exposure throughout the
pregnancy.

A SOLUTION-ORIENTED RESEARCH
AGENDA

In our view, a solution-oriented
research agenda starts by addressing
the existing limitations in the
literature, which would lead to more
rigorous tests of how prenatal
opioid exposure could impact
neurodevelopmental outcomes across
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Number of publications on children with prenatal opioid exposure in which NOWS was examined as

an outcome.
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infancy, childhood, and adolescence.
First, large prospective studies that
account for confounding variables are
needed to improve the diagnosis and
management of NOWS. To develop
these evidence-based assessments,
researchers should examine every
child with prenatal opioid exposure
for NOWS. Researchers should
include a short-term
neurodevelopmental outcome as

a marker of risk for
neurodevelopmental impairment in
infancy, toddlerhood, or childhood.
For example, the NICU Network
Neurobehavioral Scale®* can be used
to measure neurodevelopment at
birth and is predictive of low 1Q,
adaptive behavior, and problem
behavior in 4.5-year-old children.®*
Authors of these studies should
examine not only neurodevelopment,
NOWS, and length-of-stay as
outcomes but also length of
treatment, length of treatment due to
NOWS, and newborn neurobehavior.
Outcomes should be assessed beyond
early childhood, given that some
effects of prenatal opioid exposure
may be latent, and not emerge until
adolescence when children’s
cognitive and executive functioning
skills may be challenged in school
settings.

These studies should incorporate
maternal reports of substance and
psychopharmacology use, ideally
beginning prenatally, as well as
collection of biospecimens so that
toxicology screens can be performed
on (1) maternal hair, (2) cord blood,
and/or (3) meconium. Characteristics
of specific populations of women who
use opioids while pregnant are
needed. For example, researchers
could compare street heroin users
with women on medically assisted
treatment and women on
prescription pain medications.
Women who use opioids today are
different from the population of
women who have used opioids in the
past because of the emergence of
prescription opioids. In short-term

follow-up studies, researchers could
then test whether a particular kind of
opioid exposure is more likely to lead
to NOWS. It is also recommended that
researchers manage children yearly
and, at minimum, include
developmental assessments with
cognitive, motor, social and
emotional, language, and adaptive
behavior components. It would also
be advantageous to include outcome
measures that have received less
attention in the literature but that are
strong predictors of academic skills,
such as executive functioning. There
is, however, a disproportionate focus
in the literature on adverse outcomes
as a consequence of prenatal opioid
exposure, such as low 1Q or behavior
problems. Studies of adaptive
outcomes and protective and
resilience factors are also needed to
inform preventive intervention.

There is a strong heritable risk
component to neurodevelopmental
disorders, and genetic risk factors
continue to emerge through the
Psychiatric Genetics Consortium. It
will be critical to assess the effects of
prenatal opioid exposures in the
context of the child’s underlying
genetic and epigenetic risk for
neurodevelopmental outcomes. An
additional promising biomarker is
heart rate variability (HRV). HRV
provides an index of parasympathetic
nervous system functioning and may
provide clues about how the NOWS
symptom of autonomic instability
may develop. Authors of two studies
have investigated the HRV of fetuses
exposed to opioids in utero.®>®¢
Fetuses exposed to buprenorphine
showed higher HRV compared with
fetuses exposed to methadone. To our
knowledge, in no studies have
researchers examined whether
individual differences in fetal HRV
predict NOWS onset or severity.

A solution-oriented research agenda,
one that is integral to developing
methodologically sound tools for
monitoring risk for impaired
neurodevelopmental outcome, will

need to tailor effective treatments to
support the healthy development of
children with prenatal opioid
exposure. Genetic and epigenetic data
could be used to inform diagnostic
and intervention strategies and
personalized medicine approaches to
treatment.®”°® In addition to
pharmacologic treatment of NOWS,
such as buprenorphine, there is
growing support for
nonpharmacologic treatment
:approzlches.69'70 Rooming-in,
breastfeeding, kangaroo care, and
swaddling are just some of the
hypothesized active ingredients of
nonpharmacologic interventions.

HOW CAN THE ECHO PROGRAM
ADDRESS THESE METHODOLOGIC
SHORTCOMINGS?

This future research agenda is
ambitious and will require large
sample sizes from diverse
populations to address the key
unanswered research questions in the
field. The ECHO program was
initiated in September 2016 to
examine how environmental
exposures early in life can impact
health across the life course.”* It is
a 7-year initiative that is designed to
identify the mechanisms and
intervention targets to address 5
pediatric health outcomes: prenatal,
perinatal, and early postnatal
outcomes; childhood obesity;
airways; neurodevelopment; and
positive health outcomes.”? A key
component of the ECHO program
includes a person-reported outcomes
core to assess how physical, mental,
and social health interact within
families across the life span to
promote or hinder child health
outcomes.”® Existing data are shared
across the 71 cohorts, and new data
and biospecimens are also collected
across sites to generate solution-
oriented research that could result in
immediate benefits to the health of
children.”*”* The strengths of the
ECHO program include innovative
measures of the postnatal
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environment, with attention paid to
the postnatal rearing environment,
that will provide invaluable data
about social and emotional, cognitive,
motor, and language development.
The ECHO program instituted

a number of procedures to ensure
proper harmonization of data that
have already been collected across
sites. Scientists at a data analysis
center are responsible for identifying
common measures across sites

and creating data dictionaries so that
data can be easily abstracted for
cross-cohort data analysis.”® The
ECHO program then identified
measures to collect as part of the
ECHO-wide data collection protocol
to address how prenatal exposures
can impact the 5 broad outcomes
reviewed earlier. The use of an ECHO-
wide data collection protocol will
reduce variability in the data. The
ECHO program has a “train the
trainer” model that includes
resources for training study staff on
the common protocol. The trainers
then train their local study staff on
the protocol. Regular validity checks,
which are managed by the ECHO
Coordinating Center, are in place to
ensure that consistent data collection
procedures occur.”?

An advantage of the ECHO program is
that ECHO researchers, in
collaboration with biostatisticians,
are well powered to analyze data
from ECHO-wide cohorts to test
questions that may not have been
feasible with single cohorts. For
example, a key concern of ECHO
researchers related to NOWS is what
the long-term neurodevelopmental
outcomes may be for children with
prenatal opioid exposure. The goal is
for these observational studies to
inform clinical trials more broadly as
well as clinical trials in the
Institutional Development Award
States Pediatric Clinical Trials
Network.”® This is a network of
clinical sites in 17 states that have
historically received low rates of NIH
funding. The goal is to engage these

communities and provide access to
clinical trials for children and families
in rural and underserved areas.”!

There are a number of critical
postnatal variables that have been
underexamined in the prenatal opioid
exposure literature. These include
assessment of the quality of the
caregiver-child relationship, detailed
data about the socioeconomic
environment (such as neighborhood
quality), and executive functioning.
Furthermore, confounding factors,
such as maternal prenatal use of
substances in addition to opioids,
psychopathology, and prenatal care
(which also have adverse effects on
neurodevelopmental outcomes in
children77) can all be considered,
which is an advantage given that in
most of the studies reviewed,
researchers were only able to
examine a smaller number of
potential confounders. Furthermore,
the ECHO program has committed to
genotyping all 50 000 children on

a common genome-wide association
studies platform, which provides

a unique opportunity to couple the
rich environmental data being
collected with genome-wide

genetic data.

Another innovative feature of the
ECHO program is its focus on
understanding positive outcomes.”®
Positive health is thought of as
biological, functional, behavioral, and
experiential assets that strengthen
the health of the child.”® As is the case
in a risky environment, positive
health promoters can have a genetic
basis, and they can also be
dynamically shaped over time via
transactions between the
environment and the child.

Attrition is a concern for research
with participants who are stressed
and using substances. The ECHO
program requires that cohorts are
only eligible for funding if they can
retain 75% of participants. The ECHO
program also has regular meetings to
discuss best practices for recruitment

and retention. For example, the ECHO
program conducted a study to
examine the factors that motivate
individuals to participate in research
and to remain in research studies.
This information, which includes
highlighting how the participants
contribute to science, is used to
improve recruitment and retention
strategies.

Our query of the extant ECHO data
includes information from 30
different cohorts across the country
with data on prenatal opioid exposure
and exposure to substances other
than opioids, including 10 cohorts
with access to information about
NOWS. Figure 6 reveals the number
of cohorts from whom there is
prenatal opioid exposure data in the
ECHO program. This figure includes
information from a subsample of
cohorts in the ECHO program. The
number of cohorts in the ECHO
program is much larger. There are
>50000 caregiver-child pairs
enrolled from 180 sites. In all sites,
new data on prenatal opioid exposure
will be collected. Figure 6 only
includes the existing cohort-level data
that are available. Longitudinal
follow-up with these infants is
ongoing and includes assessments of
prenatal opioid exposure and
exposure to other substances such as
tobacco and psychotropic
medications; longitudinal follow-up
also includes whether
nonpharmacological interventions are
being used. Another component of the
ECHO program is the Institutional
Development Award States Pediatric
Clinical Trials Network. The cohort
and clinical trial components of the
ECHO program can collaborate on
translational protocols to evaluate
research, treatment, and best
practices for treating infants

with NOWS.

CONCLUSIONS

Prenatal opioid exposure is
a vexing public health problem
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FIGURE 6

Number of cohorts in the ECHO program with data on prenatal opioid exposure, NOWS diagnoses,
neurodevelopmental outcomes in infancy and childhood, and sociodemographic confounders.

that is on the rise. To date, there
have been few rigorously designed
studies conducted to document

the short- and long-term
neurodevelopmental consequences
of prenatal opioid exposure. The
literature on prenatal opioid exposure
and short-term impact seems to
support no effect.”” Findings from
studies in which longer-term
neurodevelopmental outcomes

are examined, although mixed,
provide more support for an
association, although the size of the
effect varies depending on the
outcome studied. Retrospective chart
reviews indicate that as children with
a previous NOWS diagnosis enter

formal schooling, they are at an
increased risk for problems with
attention, lower 1Q, and poorer
performance on academic testing
compared with children who were
exposed to opioids but did not develop
NOWS and unexposed controls.
Children with prenatal opioid
exposure are also more likely to be
raised in poverty, and in many studies,
exposure to poverty appeared to drive
many of the neurodevelopmental
outcomes observed. However, the state
of the field has serious methodologic
shortcomings, and pediatricians and
psychologists have scant evidence
with which to answer a parent’s
question, “How does opioid exposure

affect my child?” We provide an
agenda for future research in this area
that highlights the need for
prospective longitudinal data and
that takes into account relevant
potential confounding factors. We
describe how the ECHO initiative,
funded by the NIH, can address
these shortcomings. The ultimate
goal is to document these effects

so that we can identify the

children most at risk for
impairments in neurodevelopmental
outcomes.
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