
Sherry D et al / Int. J. of Res. in Pharmacology & Pharmacotherapeutics Vol-6(2) 2017 [242-246] 

www.ijrpp.com 

~ 242~ 

    

ISSN Print:    2278-2648     IJRPP |Vol.6 | Issue 2 | Apr - Jun - 2017 

ISSN Online: 2278-2656             Journal Home page: www.ijrpp.com  
 

Research article                                                                                                      Open Access 

 

Longitudinal effects of in utero methadone exposure on development using 

revised norms on the Bayley Scales of Infant Development (BSID) 

Sherry Dingman, Maria E. Melilli Otte, William VanOrnum, and Rachel Trainque 

Marist College, Psychology Department, Marist College, Poughkeepsie, NY, USA 12601 

*Corresponding author: Sherry Dingman 

Email: sherry.dingman@marist.edu 

 

ABSTRACT 

Much of the scientific justification for using methadone to treat women with heroin use disorders relies on one 

heavily cited early review of five studies. The review concluded there were no long-term developmental effects 

directly associated with prenatal methadone exposure because scores for exposed infants on the Psychomotor 

Development Index (PDI) of the Bayley Scales of Infant Development fell “well within the normal range of 

development.”  However, three of the studies reviewed reported significant differences between exposed and control 

infants on the PDI.  The other two did not report scores on the PDI.  The PDI is a subscale of the Bayley Scales of 

Infant Development, which was released with a much more extensive normative sample in 1993. Extrapolating PDI 

scores from the earlier version to the better 1993 version reveals that methadone-exposed infants were not well 

within the normal range of development. Given the increasingly higher doses of methadone used to treat pregnant 

opioid-dependent women, we are concerned about the potential for greater adverse effects in the present era.  

Beginning with the seminal review, this paper examines subsequent studies for longitudinal outcomes for prenatally 

exposed infants. We hypothesize that revised BSID-II PDI scores will reveal motor effects for infants born to 

women with heroin use disorders treated with methadone.  
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INTRODUCTION 

Since the 1960s, methadone maintenance has 

been used as a treatment for heroin dependency in 

women with heroin use disorders. Maternal 

methadone treatment is thought to provide an 

intrauterine environment for the fetus that is free 

from repeated cycles of withdrawal due to 

fluctuations in heroin levels. During methadone 

treatment, the mother’s nutritional status is likely to 

improve and she may experience fewer obstetrical 

complications than if she continued to use heroin.  

Additionally, mothers in methadone treatment may 

be better able to care for their infants after delivery 

[1, 2]
. 
 Although methadone exposed infants endure 

neonatal opioid abstinence syndrome at birth, this is 

considered a medically manageable condition [3].  It 

is now widely accepted that administering methadone 
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to pregnant women poses little risk to infants from 

prenatal exposure.   

Apart from literature on neonatal abstinence 

syndrome, the seminal study on the effects of 

prenatal methadone exposure was the first review of 

five longitudinal studies by Kaltenbach and Finnegan 

[4]. According to that review, 

“The results of these studies suggest that no long 

term developmental sequelae are directly associated 

with methadone exposure in utero. Although 

differences were often found between methadone 

exposed infants and comparison infants on the 

Bayley Scales of Infant Development, scores for the 

methadone exposed infants were well within the 

normal range of development (p.271).” 

We revisited the studies included in the review by 

Kaltenbach and Finnegan and found the suggestion 

there were no adverse effects from prenatal 

methadone exposure to be unwarranted. One of the 

studies reviewed lacked a control group and another 

did not report Psychomotor Development Index 

(PDI) scores for the Bayley Scales of Infant 

Development. Three of the studies on which the 

seminal review was based reported statistically 

significant differences between exposed and control 

infants on the PDI. This difference does not justify 

the reviewers conclusion that, “during the first two 

years of life, children exposed to methadone in utero 

do not exhibit any demonstrable developmental 

sequelae” (p. 271).  Kaltenbach and Finnegan 

apparently dismissed the importance of the motor 

differences because exposed infants appeared to 

score within the normal range of development on the 

PDI, although the exposed infants scored 

significantly lower than carefully matched controls.  

The Bayley, first published in 1969, was the 

instrument used to assess the infants in the three 

earliest longitudinal studies.  The instrument itself 

was revised in 1993 and published with more 

extensive and adequate norms.   

We present here a summary of the three original 

longitudinal studies of methadone-exposed infants 

that served as the basis for the seminal and influential 

1984 review.  Additionally, with the help of the 

statisticians at Pearson, we provide scores 

extrapolated from the 1969 Bayley to the 1993 

Bayley Scales of Infant Development (BSID).  Item 

directions and scoring criteria changed on the 1993 

edition, improving the instrument by reducing 

ambiguity and increasing scoring accuracy. The floor 

and ceiling of the 1993 version were greater to 

provide children with more opportunity to display 

variability in performance. The average difference 

between the 1969 and 1993 version was about 10 

points for the PDI in the middle of the distribution, it 

can be as much as 13 points at the extremes of the 

distribution.  

 

MATERIALS AND METHODS 

Kaltenbach and Finnegan [4] reviewed all the 

longitudinal studies for outcomes of prenatal 

methadone exposure that were available at the time 

they wrote.  We obtained copies of these five papers 

and describe the three that administered the 

Psychomotor Development (PDI) scale of the 1969 

Bayley and included a control group.  These studies 

provide the scientific foundation for the use of 

methadone in pregnant women.  

Strauss et al. 1976 

Strauss and collaborators [5] investigated 

outcomes on the Mental Development Index (MDI) 

and Psychomotor Development Index (PDI) at 3, 6, 

and 12 months of age.  Exposed infants in this study 

were n=60 offspring born to mothers enrolled in a 

prenatal methadone treatment program in the inner 

city area of Detroit. Exposed infants were compared 

to control infants at birth for weight, gestational age, 

Apgar scores at one and five minutes, obstetric 

analgesics, obstetrical anesthetics, and prenatal visits. 

Although attrition was higher for the pregnant 

mothers with opioid-use disorders than for the 

controls, this did not appear to systematically bias the 

sample.  Over the course of the study, these authors 

reported a decline of 16.6 points for psychomotor 

performance of infants born to women on methadone 

maintenance.   

The decline in psychomotor performance was 

highly significant [Age x Scale Interaction, F (df = 2, 

48), 12.9, p < .001].  These authors also reported a 

significant difference between scale, age, and group, 

F (df = 2, 98) 3.3, p < .05.  Methadone doses over the 

six weeks prior to delivery for women in this study 

rarely exceeded 40mg/day (M = 16.4).  In this study, 

infants were reported to experience only mild degrees 

of withdrawal.  This study was supported by a grant 

from NIDA, 00696-01.   
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Wilson et al., 1981 

Wilson and collaborators [6] compared outcomes 

for infants of methadone treated and untreated drug 

dependent mothers at Houston’s public maternity 

hospital between August 1974 and July 1977.  Their 

study included 68 narcotic dependent women 

matched to a drug free control group for age, race, 

socioeconomic status, marital status, and gestation 

age at the time prenatal care was initiated. Qualitative 

urine screening was used to monitor drug use during 

pregnancy.  The psychologist who administered the 

Bayley was blind to the infant’s drug exposure 

condition.  In this study, most of the women in 

methadone treatment were white, while most of the 

women who were using heroin were black.  Hispanic 

women comprised about 30 percent of each group.  

Only three women in the methadone treatment group 

used no other drugs during the study.  The majority 

of the women in the methadone treatment group 

continued consuming a variety of both illicit and licit 

drugs.  Seventy percent of women in methadone 

treatment used heroin during the study, while only 

ten percent of the heroin group used methadone.  In 

the methadone group, the incidence and severity of 

neonatal abstinence syndrome required the longest 

course of treatment (t = 2.76, p < .01).  The mean 

PDI for the methadone group at 9 months was lower 

than for the untreated opioid dependent group and 

significantly lower than that for the drug free controls 

(F= 4.16, p < .018).  The daily methadone dose for 

women in this study ranged from 20 to 60mg for 32 

of the women in the study, while the dose was less 

than 20mg for six women, and only one woman 

received a dose of 90mg/day.  The study was 

supported by a grant from NIDA, 00696-01. 

Rosen and Johnson, 1982 

Rosen and Johnson [7] began their longitudinal 

study of infants born to women in methadone 

maintenance programs in New York in 1977.  Their 

study included 57 infants of mothers in treatment 

programs.  Infants of 31 drug free mothers served as 

a control group. These infants were enrolled in the 

study within 24 hours of delivery and matched for 

race, socioeconomic class, neonatal sex, birth weight, 

and gestational age to exposed infants.  Infants were 

seen at a follow up clinic at 2, 4, 6, 8, 10, 12, 15, and 

18 months of age. Exposed and control groups 

consisted of mostly black infants.  After attrition over 

the course of the study, groups consisted of 45 

methadone exposed infants and 25 controls.  Tone 

discrepancies were noted in the methadone group, 

both hypertonic and hypotonic, for infants between 6 

to 12 months of age, along with delays in motor 

development.  Methadone exposed infants scored 

significantly lower than controls on the PDI by 12 

months of age (p < .03).  In this study, the average 

daily dose of methadone was 42.9mg per day.  In the 

methadone treatment group, 56% of women 

continued to use other drugs during their pregnancies.  

This study was supported by a grant from NIDA 

01663. 

The method for extrapolating scores was provided 

by Zhu [8], statistician at Pearson who had access to 

the Bayley normative data. To extrapolate scores 

based on the 1993 BSID norms for groups of infants 

in these earlier longitudinal studies, it was necessary 

to make assumptions about when data was collected.  

Unless otherwise specified by the authors, it was 

assumed data was collected two years before the date 

of the publication.  Revised scores were computed by 

subtracting a correction factor of 0.45 points per year 

between 1993 and the date the data was collected.  

Scores for the PDI as given in the publications are 

shown in Table I. An additional study from the same 

era, not included in the review, found that methadone 

exposed infants scored significantly below non-

exposed controls at the last point of data collection, 

or at two years of age in this study [9, 10]. 

  

RESULTS 

In three studies included in the seminal review by 

Kaltenbach and Finnegan methadone exposed infants 

scored significantly lower than carefully matched 

controls on the Psychomotor Development Index 

(PDI) of the Bayley. Two studies included in their 

review did not report on motor skills. Methadone 

exposed infants did not score significantly better than 

heroin-exposed infants did in the only study that 

explicitly included a heroin-exposed group.  The 

extrapolated mean PDI score for the combined 

groups of methadone exposed infants is 87.48 (n = 

105) compared to an extrapolated mean of 96.5 (n = 

106) for unexposed controls was significant t (df = 

209) =  - 16.17, p = .0001.  Methadone exposed 

infants (M= 87.48) scored significantly below the 

1993 PDI mean which was 100.4, t (df  = 1 04) = - 

32.76, p = 0.0001.   
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Table 1: PDI Scores for methadone 

 Age months Methadone 

Mean/SD 

Heroin  

Mean/SD 

Control 

Mean/SD 

PDI Significance 

Strauss et al., 1976 12  102.8 (11) 

N = 25 

 110.4(9.8) 

N = 26 

 p < .01 

Wilson et al., 1981 9 89.9 (12.6) 

N = 35 

92.2(19.2) 

N = 35 

99.0(14.5) 

N = 55 

99.0 

14.5 

p < .01 

Methadone vs 

Controls 

Rosen and Johnson, 1982 18  92.6(2.38) 

N = 45 

 105.3(2.21)  

N = 25 

105.3 

2.21 

p < .05 

 

DISCUSSION 

During pregnancy, the primary goal is to stabilize 

the mother, prevent the fetus from repeated episodes 

of withdrawal, provide prenatal care, and provide 

addiction treatment [11]. It follows from this that the 

fundamental rationale for exposing unborn infants to 

methadone is a belief that mothers will be able to 

resist using illicit drugs during pregnancy.  Given the 

very influential role these first longitudinal studies 

had on public policy, it is remarkable that most of 

these infants were born to women who continued 

using other drugs while in methadone treatment 

programs.  In one study, 70 percent of the women 

were still using heroin
6
 and in another study, 56 

percent of the women in methadone maintenance 

continued using drugs [7].  

Women in these studies were on very low doses 

of methadone compared to today’s standards, which 

may explain their continued use of heroin.  Pregnant 

women today routinely receive methadone doses that 

are four times higher than reported for mothers of 

infants in the early longitudinal studies of 

developmental outcomes for prenatal exposure. If 

methadone adversely affects motor development at 

lower doses, higher doses may produce more severe 

adverse effects.  Recent studies are now challenging 

the idea that children prenatally exposed to 

methadone develop normally. [12, 13]
 

We are not the first to call for additional research 

on this problem.  Others have brought attention to the 

fact that methodological flaws and inconsistencies 

confound interpretation of today’s literature [14].
 
 

The empirical evidence that exists does not support 

the conclusion that prenatal methadone exposure has 

no developmental consequences for children. 

Prenatal exposure to methadone leads to motor delays 

for children, at least during the first two years of life, 

compared to controls. Long-term consequences of 

exposure are unknown, but a body of literature 

suggests that children may not outgrow their early 

motor delays.  At least one study of the perceptual 

motor, educational, and social outcomes for children 

with documented motor delay at age 5 predicted 

problems in these domains in adolescents at ages 17-

18, including the shortest academic careers of groups 

studied [15].  

Infants from one of the early longitudinal studies 

were followed to seven years of age. They differed 

from controls in school behavior, displaying poorer 

academic achievement, more disruptive behavior, and 

increased aggression [16]. 

Progress in neuroscience reveals possible 

mechanisms by which heroin and methadone may 

influence the developing brain [17]. When another μ-

opioid receptor agonist, buprenorphine, is prenatally 

administered, rat pups display anomalies in axons 

and myelin.  Myelinated axons in the corpus 

callosum of the pups are significantly larger in 

diameter than controls and are surrounded by a 

proportionately thinner myelin sheath than controls 

[18]. Altered myelin suggests a neural substrate that 

could be the mechanism that accounts for the PDI 

results in the early longitudinal studies.  Long-term 

outcomes for prenatal exposure may not be evident 

for years following methadone exposure, until the 

brain completes development late in adolescence.  

While it is possible that methadone exposure in 

the prenatal period has no lasting effects on brain 

development, or that the effects from methadone are 

less severe than those from parental heroin exposure, 

this conclusion cannot be legitimately drawn from the 

existing literature. A 2008 recent review by Farid 

[18]
 
still relies on the earliest studies [16,19, 20]  

Existing literature does not contain truly longitudinal 

studies of the effects of prenatal methadone exposure, 

studies which follow children through adolescence 

until after the brain has finished its development.   
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