Prenatal Exposure to Buprenorphine or
Methadone: Effects on Physical Growth,
Neurological Development and Temperament in

Early Childhood

Volume One

Justine N Whitham BA (Hons), MPsych (Clin)

Submitted for the award of Doctor of Philosophy
in the School of Paediatrics and Reproductive Health

University of Adelaide

January 2012



Table of Contents

FiY o1 1 T O TP P PRSP UPRPPRRPRR vi
[D=Tol o 1 4T o F O PP PO PR PP PPPRPPRPPR viii
ACKNOWIBAGEMENTS.......eiiiiicieee ettt e e et e e e e e te e e e e eabae e e seabeeeeenabaeeeennseeeeennseeeeensens ix
Statement Of AUTNOISNID c.oeeiiieee e e e s e e e et e e e et e e e e erabaee e enrees Xi
List of Abbreviations and SYMDBOIS ........cccuiii e rae e s Xiv
(€] (o T3 Y- oV PR Xvii
CHAPTER L.ttt ettt ettt e b e s bt e s he e st e e bt et e bt e s bt e she e sat e et e e bt e ebeesaeesatesabeenbeenbeennees 1
LIterature REVIEW ......eiiiiiiiii ittt 1
1.1 A brief history of opioid USe and MISUSE........ccccuiiiiiiiiii et 1

B2 0] o1 o1 1o IF-To u To] o L3RRt 4

1.3 SUDSTANCE AEPENUENCE ...ttt e et e e e e bte e e e e bte e e e ebteeeeebteeeeeaseaeaeaans 5

1.4 Opioid dependence iN AUSTIalia........cueieeeciiie it e e e e e ebre e e e ebreeeeeaes 6

1.5 Associated harms of substance use and dependence .........ccccecveeeeeciieececieee e 8

1.6 Treatment of 0pioid dEPENUENCE .......ueii e e e aree s 10
1.6.1 Methadone Maintenance TreatMent ........coceeiieieeiienie e 12

1.6.2 Buprenorphine Maintenance TreatmMeNnt.......ccceieeiieeieeiiee et 13

1.7 lllicit opioid USE iN PreENANCY......uiiieeciiieeectieeeeectee e e eetteeeeete e e e e ebaeeeesraeeessaraeeesessseeeesasreeans 14

1.8 Treatment of opioid dependence in PregNaNnCy ......ocueeeeecieeeeecieee et e e 17
1.8.1 MEthadOne. ... .eeieeiieiee et s ne e s re e e nee s 17

30 A = T o] =T g Yo T ] a1 1= SRR 19

1.9.1 Physical development after prenatal exposure to methadone and/or heroin........... 25

1.9.2 Physical development after prenatal exposure to buprenorphine ............ccueeenneee. 32

1.10 Neurodevelopment after prenatal exposure to Opioids......cccccueeeeeiiiieeeciiiee e, 34
1.10.1 Visual Evoked Potentials after prenatal exposure to methadone............ccuee.......e. 35

1.10.2 Cognitive Development after prenatal exposure to methadone and/or heroin....... 37



1.10.3 Neurodevelopment after prenatal exposure to buprenorphine ........ccccccceevveennnee. 47

1.11 Temperament after prenatal exposure to OpPioids ......ccccccveeeeiiieieiiiieeeeiree e 49
1.11.1 Temperament after prenatal exposure to methadone and/or heroin..................... 50
1.11.2 Temperament after prenatal exposure to buprenorphine........cccccceevvcieviviceeneenen. 58

1.12 The contribution of maternal and environmental factors to child developmental

(0101 o{0] o o 1= PP P PP PP PP PPPOPPPPPPPPPPPPIRN 58

1.13 Thesis rationale and stUdy @iMS......cuuiiiiciiiiiiiiee e seeee s 65
CHAPTER 2. e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeeens 71
Study Design and MethodolOgy .......coccuuiiiiiiiiiicie e e saaee e s 71
2.1 SEUAY OVEIVIBW ...t ecitee ettt ettt e e ettt e e et e e e et e e e e asae e e esasbaeeesssaaeessnssaneeansseeessnnsees 71

2.2 RECTUITIMEBNT L.ttt et s e e et e e st e e s anr e e e s e nnreeesenreeesennreeesenrees 72

P I o o[ oF- | I AY o oo 1V | PP 75

P O oY Aol o X- 1 o | OO PP PPPPOPPPPPPTON 76

2.5 PrOCEAUI ..ottt ettt ettt e st e s be e s bt e e abe e s bt e e sabeesabeeebbeesbeeenareenas 80

2.6 IMIBASUIES .....eiiiiiiiiiiic ittt s ar s 82

2.7 StAtiStiCal ANAIYSES cooi e e e aa e e e earees 100
CHAPTER 3.ttt et et ettt sttt et e b e s b e s et st e e b e e s b e e s bt e sanesanesareeneennees 104
Y001 o] (O o T [t €= T o ok PSP 104
3.1 Maternal characteristics at @nrolment .........cccocieiinineniee e 104

3.2 Maternal substance use reported at enrolment and during pregnancy .........ccccecveeeenns 106

3.3 Infant characteristics @t Birth .........cooeeiiirie e 112

3.4 Finnegan scores and Treatment of Neonatal Abstinence Syndrome ........c.cccceeeeeciieeeenns 113

3.5 Characteristics of participating infants and families at four month follow-up assessment

................................................................................................................................................ 114

3.6 Maternal psychosocial characteristics at four month follow-up assessment.................. 115

3.7 Additional psychosocial factors at 12 and 24 month follow-up assessments................. 121
CHAPTER ...ttt et e h e a e st st et e bt e bt e s he e eab e et e e beeebeesaeesabeeabeebeebeanneas 123
Infant Physical DEVEIOPMENT ......oooeviiieceee ettt et e et e e e are e e e e ab e e e e srteeaeeans 123
4.1 Growth of infants at four months of age .........uevvviiiii e 124



4.1.1 Relationship between four month growth measurements and potential confounding
VAT o] L= PP 126

4.1.2 Four month growth measurements adjusting for potential confounding variables 127
4.1.3 Summary of infant growth at four months of age.......cccccovvveiiviii i, 128
4.2 Growth of infants at 12 months 0f @ge.......eeivciiiiiiciiii e 129

4.2.1 Relationship between 12-month growth measures and potential confounding
VT =] o 1= PSSP 130

4.2.2 Twelve month growth measurements adjusting for potential confounding variables

............................................................................................................................................ 131
4.2.3 Summary of infant growth at 12 months of age.....cccceceviivieiieccn e, 132
4.3 Growth of infants at 24 Months 0f age.......evivciiiiii 133
4.3.1 Relationship between 24-month growth measures and potential confounding
VAMTADIES .. bbbt nab e s b e e e areesanes 134
4.3.2 Twenty four month growth measurements adjusting for potential confounding
VAETADIES .. b e sttt et e b e sheesaee e 135
4.3.3 Summary of infant growth at 24 months of age.......ccccveeiiiiiieciee e, 136
4.4 Longitudinal analyses of growth measurements .........cccccuveeeciieeeeciee e 137
4.4.1 Summary of growth longitudinal analyses.........ccoceeeeeiiiiiicciie e 138
4.5 DiISCUSSION ..eeiiiittiee ittt ettt ettt s st e s st e e e smr et e e s mr e e e e s n b et e e samnaeeesanraeeesannaneeas 139
CHAPTER 5.ttt ettt ettt et e e e e ettt et e e e e e e e bt e et eee e e e e s nnrebeeeeeeesaannraneeeaesseaannne 149
Infant Visual EVOKed POTENtIAlS.......coiiiiiiiieeeee et 149
5.1 Latency of Visual Evoked Potentials at four months of age........ccoceveeeciieeecciieecciees 150
5.2 Four month VEP latencies adjusting for potential confounding variables....................... 154
5.3 Summary of VEP latencies at four months of age.........ccccceeeciieiiiciiei e 156
5.4 DISCUSSION .. iteeee ittt sttt e st e e st e e s e e s sre e e e s sr e e e e s saneeeeseneeeesaareneeseneneesanne 156
CHAPTER Bttt ettt ettt et e e e e ettt e e e e e e bttt e e e e e e e bbb eeeeeeeaa e nnbebeeeeeeeeaannrebaeeaeeseanannne 162
Bayley Scales of Infant DevelOpmMENT..........ooooiiii ittt e e e e et e e e e rree e e 162
6.1 Bayley Scales of Infant Development at 12 months of age ........cccoeveeeciieiecciiee e, 163
6.1.1 Relationship between 12-month Bayley Scale scores and potential confounding
VAFTADIES e st b e e s 165

6.1.2 Twelve month Bayley Scale scores adjusting for potential confounding variables.. 166



6.1.3 Summary of Bayley Scale scores at 12 months of age.......ccccceeeeviieeecciee e, 168
6.2 Bayley Scales of Infant Development at 24 months of age .....ccovvcviviivciieiiicie e 169

6.2.1 Relationship between 24-month Bayley Scale scores and potential confounding
VAT o] L= PP 171

6.2.2 Twenty four month Bayley Scale scores adjusting for potential confounding variables

............................................................................................................................................ 172

6.2.3 Summary of Bayley Scale scores at 24 months of age.......ccocceeeeeiieeecciiee e, 175

6.3 Longitudinal analyses of Bayley Scale INdeX SCOIes........cccevvciieeieciiee e 176

6.3.1 Summary of Bayley Scale longitudinal analyses.........ccccceeeeciieeeeciiee e 178

6.4 DISCUSSION ..ceieiiiiiiitiie ittt e e s ere e e s et e e s sbe e e e s sbae e e s sbaeeeseraeeesanne 178

CHAPTER 7ttt ettt et e h e st st sttt et e b e e s bt e sae e et e e beeebeesaeesatesmbeeabeebeenneas 196

Lo} =T o =T g oY=l =T o =T oL PRt 196

7.1 Infant Temperament at four months of age .......cccvviiieciiii i 197
7.1.1 Relationship between four month Easy/Difficult Scale scores and potential

CONTOUNING VAriabIES ...uviiieiiiie e e e e e s aree e e e ares 198

7.1.2 Four month Easy/Difficult Scale scores adjusting for potential confounding variables

............................................................................................................................................ 198
7.1.3 Summary of Infant Temperament at four months of age......cccccccvveviviieeeccieenennee. 199
7.2 Infant Temperament at 12 months of age.......ccooviiiiicciiii e 199
7.2.1 Relationship between 12-month Easy/Difficult Scale Scores and potential
(oo10) (oYU aTo [T =Y YA T=1 o] [=Ty PSSR 200
7.2.2 Twelve month Easy/Difficult Scale scores adjusting for potential confounding
VANTADIES .. bbbt nar e s be e e sabeesanes 201
7.2.3 Summary of Infant Temperament at 12 months of age .....ccccceevevveeecciee e, 201
7.3 Temperament at 24 Months Of @€ ...cccuvvii i 202
7.3.1 Relationship between 24-month Easy/Difficult Scale scores and potential
(oo] 0} (oYU aTo [T T= Y YA T=1 o] [=T OO PRRSTP 202

7.3.2 Twenty Four month Easy/Difficult Scale scores adjusting for potential confounding

VANTADIES .. e s sans 203
7.3.3 Summary of Infant Temperament at 24 months of age ......ccccceeevieeeeciee e, 204
7.4 Longitudinal analyses of Easy/Difficult Scale SCOres.......coovvevvieeeereeceeeceeeeree e 204
7.4.1 Summary of temperament longitudinal analyses.......ccccceeeciiiiieee e, 205



S T D11 olU 1Y o] o TSP 205

CHAPTER 8. eeeeeite ettt ettt ettt ettt e s e sttt e s bt e e sttt e bte e s ab e e sabe e e sabeesabeeebeeesabeeenneeesaseesabeeesareesanes 213
Conclusion and RecoOMMENatioNs.........coiuuiiiiiieiiieiiee ettt 213
8.1 Study strengths and lIMITations .......coovviiiii i e 216

8.2 Implications and recoMmMENdAtiONS .....c.ueviiviiiieiiiieee e e srre e e 222



Abstract

Pharmaceutical maintenance with methadone is the current gold standard for pregnant women
with opioid-dependence. While there are many benefits of methadone, its use during pregnancy
is associated with high rates of neonatal abstinence syndrome, and long term developmental and
behavioural deficits in exposed infants and children. Buprenorphine is increasingly being
prescribed as pharmaceutical treatment for opioid dependence due to its milder withdrawal
effects, longer duration of action, and improved safety profile, compared with methadone.
Although there is a growing body of research supporting the safety and efficacy of buprenorphine
during pregnancy and the early neonatal period, studies of the longer term development of

children exposed to buprenorphine are scarce.

This is the first study to provide comprehensive, longitudinal information about the physical
growth, neurological and psychological development of Australian children prenatally exposed to
buprenorphine or methadone. Participants were 30 women maintained on buprenorphine, 24
women maintained on methadone, and 33 women who were not opioid-dependent, and their
children. Women were enrolled during pregnancy as part of an open-label non-randomised
flexible-dosing longitudinal study, and children were assessed at four, 12 and 24 months post
partum. Physical development was monitored in terms of weight, length and head circumference
(HC) at each follow-up assessment. Neurological development was assessed by measuring latency
of Visual Evoked Potentials (VEP) at four months of age and the Bayley Scales of Infant
Development (2nd ed.) at 12 and 24 months. Care-giver ratings of child temperament were used
as a measure of psychological development, and were collected at each follow-up assessment.

Assessment of social, environmental and family risk factors was also undertaken.

Vi



Results showed that children prenatally exposed to buprenorphine did not differ from a non-
exposed control group in their physical growth, neurological development, or temperament over
the first two years of life. However, results indicated that prenatal exposure to methadone may
have a pervasive influence on weight in early childhood, with children prenatally exposed to
methadone continuing to have significantly lower weight, compared with non-exposed children,
until two years of age. Additionally, it appears that prenatal exposure to methadone may result in
significant delays to visual maturation in infancy. At four months of age, VEP latencies of infants
prenatally exposed to methadone were found to be prolonged compared with those of both
infants prenatally exposed to buprenorphine, and those of non-exposed infants. Scores on the
Bayley Scales at 12 and 24 months of age, and caregiver-rated infant temperament at 4-, 12- and
24-months, did not differ between children prenatally exposed to methadone, buprenorphine, or
non-exposed controls. Finally, regardless of substance-exposure, the quality of a child’s care-
giving environment was shown to have a strong influence over infant cognitive, motor and
behavioural development, while maternal-infant attachment was found to be an important

predictor of child temperament.

Overall, the findings of this study suggest that maternal use of buprenorphine in pregnancy
appears to be as safe as methadone in terms of early child developmental outcomes. The benefits
of buprenorphine, in terms of early neurodevelopment and healthy weight gain, suggest that it
should be considered as a first line treatment for opioid dependence in pregnant women.
Moreover, results from this study highlight the importance of a child’s care-giving environment,
and of early maternal mental health, over and above prenatal substance exposure, in shaping

future developmental outcomes.
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