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Randomized Clinical Trial of Standard- Versus
High-Calorie Formula for Methadone-Exposed
Infants: A Feasibility Study
Debra L. Bogen, MD,a Barbara H. Hanusa, PhD,a Robyn Baker, CRNP,b,c Barbara Medoff-Cooper, PhD,d Barbara Cohlan, MDb,c

A B S T R A C T BACKGROUND: Newborns who are prenatally exposed to methadone are at risk for neonatal
abstinence syndrome and the associated excess weight loss and poor weight gain. This pilot
feasibility study aimed to evaluate early caloric enhancement on weight patterns among infants
born to women receiving methadone maintenance therapy while pregnant.

METHODS: In this double-blind pilot feasibility study, we randomly assigned infants with fetal
methadone exposure to 24 or 20 kcal/oz formula from days 3 to 21. Randomization was stratified by
any breastfeeding, sex of the infant, and gestational age. Eligible infants were $35 weeks’ gestation
and weighed $2200 g. Outcomes were days to weight nadir, maximum percent weight loss, days to
birth weight, percentage weight change per day, and feasibility.

RESULTS: A total of 49 infants were randomly assigned (22 to standard- and 27 to high-calorie
formula); groups had comparable demographic characteristics. Main outcomes comparing standard-
to high-calorie formula groups were not significant (days to weight nadir, 5.0 vs 4.4 days; P 5 .20;
maximum percent weight loss, 29.4% vs 28.6%; P 5 .15; days to birth weight, 14.7 vs 13.6 days;
P 5 .07); however, in longitudinal analyses (days 4 to 21), the high-calorie group had a higher
percent weight gained per day compared with the standard-calorie group (P,.001). There were high
levels of protocol adherence, and no adverse effects were observed.

CONCLUSIONS: Study findings suggest that early initiation of high-calorie formula for infants with
prenatal methadone exposure may be beneficial for weight gain; evaluation in a larger study is
warranted.
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Opioid use during pregnancy has tripled
during the last decade, and as a result,
increasing numbers of newborns
experience neonatal abstinence syndrome
(NAS).1,2 Among infants exposed to long-
acting opioids, such as methadone, 50% to
75% will develop symptoms requiring
pharmacologic treatment.3–6 NAS signs and
symptoms interfere with infant feeding
in a variety of ways and thus impair an
infant’s nutritional status. High muscle tone,
jitteriness, sweating, excessive crying,
vomiting, and diarrhea increase the caloric
needs of infants. Weak and uncoordinated
suckling associated with opioid withdrawal
can impair infants’ abilities to consume
adequate calories.7,8 Thus, experts in the
field of neonatology have suggested that
infants who are withdrawing from opioids
may require additional calories.9–11

Because of a lack of prospective studies to
support nutritional management, currently,
infants who are being observed or treated
for NAS are fed a wide variety of diets.12

Findings from a recent national survey on
the management of NAS reported that in
one-third of nurseries, opioid-exposed
infants are fed caloric-enhanced formula or
breast milk.12 Three retrospective studies in
which researchers evaluated weight
patterns in opioid-exposed infants support
this need.11,13–15 They found that methadone-
exposed infants lost excessive weight,
returned to their birth weight later than
unexposed infants, and many experience
hyperphagia. These studies suggest
increased caloric needs of methadone-
exposed infants. In a medical record review
at our own institution for weight patterns
among 202 infants with fetal opioid
exposure, we found weight loss to be more
problematic in infants who are exposed to
methadone than to in those exposed to
other opioids. Therefore, we focused our
work on methadone-exposed infants only.

Early caloric enhancement for infants who
are exposed to methadone is conceptually
appealing, readily available, easy to
implement, and could result in improved
weight management. Therefore, in this
randomized clinical study, we aimed to
explore the feasibility of using of high-
calorie formula among methadone-exposed

newborns to prevent excessive weight loss
and late return to birth weight. We
hypothesized that infants who were fed
high-calorie formula from early infancy
would have earlier weight nadir, a lower
maximum percent weight loss, and a faster
return to birth weight than those who were
fed standard-calorie formula.

METHODS

We conducted a randomized, double-blind
intervention study of standard- (20 kcal/oz)
versus high-calorie (24 kcal/oz) formula on
weight trajectory among infants whose
mothers were prescribed methadone
during pregnancy. This feasibility study was
not powered to demonstrate a statistically
significant impact on outcomes but rather
to assess method feasibility, safety, and
outcome trends. Infants received study
formula from days 3 to 21, the peak time of
NAS symptoms, and had follow-up visits at
months 1 and 3.

Study Population

Mothers were eligible if they were 18 to
45 years of age, received methadone from a
licensed treatment program during
pregnancy, and delivered at a large, urban
hospital. We recruited women both during
pregnancy with intention to deliver at the
hospital and within 48 hours of birth.
Women who intended to place their infants
for adoption were excluded. Infants were
randomly assigned before 72 hours of life if
their birth weight was at least 2200 g,
gestational age was at least 35 weeks, no
major congenital malformations that could
interfere with feeding or weight gain were
identified, and the infants were not admitted
to the NICU for more than 24 hours for
medical conditions other than NAS
treatment before 3 days of life. Premixed
24 kcal/oz soy formula was not available;
therefore, mothers planning to use soy
formula were also excluded.

Randomization

Eligible infants were randomly assigned
within strata defined by gestational age
groups (35–36, 37–38, and $39 weeks), sex
(male or female), and feeding method (any
breast milk or all formula). Assignment
sequences, generated in blocks of 6 for each
stratum by using SPSS (IBM SPSS Statistics,

IBM Corporation, Armonk, NY), were provided
by the statistician directly to the pharmacist.
Parents, nurses, pediatric providers, and
study staff were blinded to formula
assignment. Only the hospital pharmacist
who prepared labels covering the original
labels, the statistician, and the medical
monitor had access to randomization lists
before the study’s completion.

Treatment

Infants received study formula (Enfamil
20 or 24 kcal/oz ready-to-feed formula with
randomization labels covering the original
labels) beginning at 72 hours of life on
demand every 3 to 4 hours (hospital
routine). At study initiation, Enfamil was the
only cow milk–based, term infant formula
sold in ready-to-feed bottles in both 20 and
24 kcal/oz concentrations. Infants remained
on study formula through 21 days of life.
Infants discharged from the hospital before
age 21 days were provided with study
formula for the remaining protocol days.

Breastfeeding is associated with better NAS
outcomes; therefore, per hospital routine,
women were counseled on the benefits of
breastfeeding and were offered breastfeeding
support. Women were included in the study
regardless of their breastfeeding plans. To
account for feeding method, randomization
was stratified by feeding method in the first
48 hours (any breast milk versus all formula).
Infants were fed on the basis of the following
priority and availability: breastfeeding at the
breast, expressed breast milk, and then study
formula.

Nurses were instructed to record each feeding
(type and volume) on flowsheets (hospital
routine). At discharge, parents were given
instruction on how to maintain daily feeding
logs (volume and type). For breastfeeding,
feeding was recorded without a volume.
A portable scale (seca model 334; seca, Chino,
CA) was provided for daily weights at home.
Research staff contacted mothers daily to
review weights and feeding and reminded
mothers to stop study formula at day 21. When
a mother could not be reached by telephone,
staff visited mothers at home or at their
methadone treatment programs.

Opioid-exposed infants born at the hospital
were cared for by using a standard protocol,16
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which included assessing NAS with the
modified Finnegan Scale and treating them
with morphine as first-line pharmacologic
management.

Safety Measures

Guidelines for stopping study formula were
established before study initiation, including
changing to open-label, high-calorie formula if
the infant was still losing weight at 10 days,
lost .15% of his or her birth weight, or was
not gaining at least 15 g per day by 14 days,
and changing to open-label, standard-calorie
formula if the infant was gaining an average
of 75 g per day over a 2-week interval.
An infant with cow milk–based formula
intolerance, as determined clinically by the
infant’s doctor, would be taken off study
formula but remain in the study under
intention-to-treat analysis. An infant’s doctor
could request that the assigned formula be
stopped at his or her discretion. Finally,
infants with $10 stools per day and who
were still losing weight after day 10 would
have electrolytes obtained.

Primary Outcomes

Primary outcome measures were days to
weight nadir, maximum percent weight loss,
days to return to birth weight, and
percentage weight change per day from
days 4 to 21. Infants were weighed at birth,
24 hours of life, and then daily by using a
scale accurate to62 g. Starting at 48 hours
of life, study infants were weighed twice
each day by nursing staff. If the 2 weights
differed by more than 10 g, nurses weighed
infants a third time, and the 2 closest
weights were averaged to determine that
day’s weight. Parents of infants who were
discharged before 21 days of age and were
not back to their birth weight for
2 consecutive days were loaned a portable
infant scale. Parents received scale training
and were provided written instructions on
triple weighing procedures until the infants
were 21 days old or had 2 consecutive days
at greater than their birth weight. Infants
were triple weighed and measured at their
1- and 3-month visits by study staff.

Feasibility

Feasibility was assessed by the ability to
obtain daily weights after discharge, return

of loaned infant scales, follow-up rates, and
adherence to weighing protocols.

Data Analysis

Baseline demographic and clinical
characteristics for mothers and infants were
compared by using x2 tests and Fisher exact
tests for categorical variables and t tests for
continuous variables. All statistical tests were
performed by using a 2-tailed a level of .05.

Outcomes for infants who were randomly
assigned to standard- versus high-calorie
formula were compared with the following
statistical methods: days to weight nadir and
return to birth weight with log-rank tests;
maximum percent weight loss with t tests;
and daily percent weight loss (or gain) from
days 4 to 21 with mixed-effects linear
regression, inclusion of a day-squared term,
and an interaction between days-squared and
treatment to allow for nonlinearity in the
effect of high-calorie formula on percent
weight gain. The primary analysis was
intention-to-treat with infants retained in the
assigned groups for the study duration.

We also conducted a post hoc analysis of
percent weight gain with pattern of formula
received (rather than intention to treat) as
the independent variable. There were
4 patterns of formula given: always
standard-calorie, always high-calorie,
standard- changed to high-calorie (either by
protocol rules or an infant’s doctor), and
high- changed to standard-calorie soy
formula. This 4-category variable was used
as a covariate in the post hoc analyses.

Human subject approval was obtained from
our university. Women in the study signed
written, informed consent forms and releases
of information for themselves and their infants.

RESULTS
Randomization

Among 85 mother-infant dyads who consented
from July 2010 through August 2012, 10 were
lost to follow-up before randomization, 26 did
not meet eligibility for randomization (primarily
because their NICU stays were longer than
24 hours and birth weights were ,2200 g),
and 49 were randomly assigned (Fig 1).

FIGURE 1 Consort diagram. MWH, Magee-Womens Hospital.
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Demographics

Mother-infant dyad groups were
comparable in nearly all characteristics
(Table 1). Infants in the high-calorie group
were marginally smaller than infants in the
standard-calorie group (P 5 .07 for birth
weight and P 5 .08 for birth length). The
majority of mothers were white, Medicaid
insured, smoked during pregnancy, and
began methadone therapy before their
second trimester. The mean and median
daily methadone dose was 112 mg (SD:
64.9 mg) and 100 mg (range: 10 to 225 mg)
for women whose infants were in the
standard-calorie compared with 95 mg (SD:
37.5 mg) and 95 mg (range: 20 to 160 mg)
for those in the high-calorie group (P 5
.24). There were no significant differences
between groups in the percentage of infants
treated for NAS and the number of days
treated for NAS. Fewer than half of infants
were ever fed breast milk, and none were
exclusively breastfed. Among infants who
received any breast milk, the proportion of
breast milk feeding at days 1 to 14 were
comparable.

Primary Outcomes (Intent to Treat)

Before starting with the study formula, the
groups had comparable percentages of
weight loss at day 3. There were no
statistically significant differences in
primary outcomes between the high- and
standard-calorie formula groups, but trends
favored the high-calorie group (Table 2). The
longitudinal model (Fig 2) of percentage
weight change per day with assigned
formula demonstrates that infants in both
groups gained increasingly more weight
over time, but this increase was larger for
infants in the high-calorie group compared
with infants in the standard-calorie group
(P ,.001).

There were no significant differences
between groups in the mean daily volume of
feeding, 182 vs 188 mL/kg per day (P 5 .9),
from days 3 to 14. Infants in the 2 groups
had comparable weights, lengths, and head
circumferences at their 1- and 3-month
follow-up visits.

Post Hoc Analyses

Because this was a feasibility study
designed to inform a larger study, we also

TABLE 1 Comparison of Demographic Characteristics by Formula Randomization Group

Characteristics Standard-Calorie
Group, N 5 22

High-Calorie
Group, N 5 27

P a

n % n %

Mother

White race 20 91 26 96 .19

Age, y

18–24 7 33 8 30 .15

25229 6 29 15 56

$30 8 38 4 15

Primiparous 5 23 7 26 1.00

Public insurance 20 90 24 93 1.00

Cesarean delivery 4 18 7 26 .73

Prepregnancy BMIb

Underweight (,18.5) 1 5 3 12 .10

Normal weight (18.5–24.9) 11 52 10 40

Overweight (25.0–29.9) 4 19 11 44

Obese ($30.00) 5 24 1 4

Smoked during pregnancyc 20 91 21 78 .27

,1 pack per d 9 47 11 55 .87

$1 pack per d 10 53 9 45

Hepatitis C–positive 12 60 17 63 .57

Methadone dose at delivery

,100 mg per d 11 50 10 40 .49

$100 mg per d 11 50 15 60

Methadone treatment started

Before pregnancy 12 55 12 44 .64

First trimester 4 18 8 30

Second to third trimester 6 28 7 26

Urine drug screen at delivery
positive for illicit drug

3 14 8 30 .30

Infant

Female sex 12 54 15 56 .94

Race

White 18 82 24 89 .67

African American 1 5 0 0

Biracial 3 14 3 11

Gestational age, wk

35–36 3 14 1 4 .42

37–38 6 27 10 37

$39 13 59 16 59

Ever treated for NAS 16 73 18 67 .76

Ever fed breast milk 8 36 13 48 .56

.50% breast milk feeds on day 3 1 5 2 7 1.00

Any breast milk at discharge 4 15 6 22 .73

Infant screen at delivery positive
for drug other than methadone

0 0 6 22 .03

10 BOGEN et al



conducted post hoc longitudinal
analyses based on actual feeding
patterns in addition to the intention-to-
treat analysis. We grouped infants into
4 groups: always standard-calorie (n 5 16),
changed from standard- to high-calorie
(n 5 6), changed from high- to standard-
calorie (n 5 3), and always high-calorie soy
formula (n 5 24). The always high-calorie
group had a significantly higher percent
gain per day than the always standard-
calorie group (0.005) whereas infants who
changed from the standard- to high-calorie
formula had a significantly lower percent
weight gain than the always standard-
calorie infants (P ,.0001). The 6 infants in
the standard-calorie changed to high-calorie
group compared with the 16 in the
standard-calorie not changed to high-
calorie group were more likely to be

treated for NAS (67% vs 37%), and their
mothers were older (31 vs 27 years; P 5
.05) and more likely to be prescribed higher
doses of methadone during pregnancy
(0.05). Care must be taken to interpret
these finding because this is a small group,
and decisions to move infants to high-
calorie formula were made by nonstudy
physicians (n 5 4) as well as according
to the study protocol (n 5 2). It is likely
that the significant covariates are
confounded.

Feasibility and Safety

Ten infants stopped taking the study
formula before day 21 (Table 3). Three
infants from the high-calorie group were
changed to soy formula on the basis of a
pediatrician’s (n5 1) or the mother’s (n5 2)
decision. One infant in the high-calorie

(4%) and 6 in the standard-calorie group
(27%) were changed to open-label, high-
calorie formula because of concern for slow
weight gain. Despite these formula changes,
outcomes were analyzed by using an
intention-to-treat model.

The mean number of stools per day from
days 3 to 14 was not different between
groups (mean for both was 3.75 per day;
P5 .45), and no infants met protocol criteria
for electrolyte analysis. Hyperphagia
(.190 mL/kg per day) was common, with
66% of infants demonstrating hyperphagia
between days 7 and 14. There was no
difference in the proportion of infants who
experienced hyperphagia by group. Infants
in both groups had a significantly greater
maximum percent weight loss compared
with published literature on healthy newborn
weight changes.17

Although the infants were hospitalized,
adherence to study protocol was excellent;
nearly all infants had repeated daily weights
by nursing staff, and the repeated daily
weights were within 10 g of each other for
.95% of the measurements. Weights were
available for all infants at day 7, and
weights for 46 (94%) infants were available
at day 14 (29 infants were hospitalized, and
17 were home). Only 7 of the 49 (14%)
mothers did not report weights for their
infants after discharge.

DISCUSSION

This is the first double-blind randomized
trial in which researchers compare high-
calorie to standard-calorie formula for
infants with prenatal methadone exposure.
In this feasibility study, we found that
introducing high-calorie formula
preventively resulted in a nonsignificant
trend toward an earlier return to birth
weight and significantly larger daily
weight gains. High levels of adherence to
protocols were observed, and no adverse
effects were observed.

Currently, there is significant variation in
the nutritional management of infants with
NAS.12 Some hospitals introduce high-calorie
formula to opioid-exposed infants
preventively whereas others wait and start
only after infants demonstrate excessive or
persistent weight loss.12

TABLE 1 Continued

Characteristics Standard-Calorie
Group, N 5 22

High-Calorie
Group, N 5 27

P a

n % n %

Mean (SD) Median (Range) Mean (SD) Median (Range) P d

Birth wt, kg 3.05 (0.50) 3.09 (2.32 to 3.88) 2.82 (0.36) 2.89 (2.29 to 3.45) .07

Birth length, cm 47.4 (2.1) 48 (42.5 to 50) 46.4 (2.0) 47 (43 to 50.8) .08

Birth head circumference, cm 33.2 (1.9) 33.5 (29.5 to 37.5) 32.6 (1.3) 32.2 (30.5 to 34.8) .23

Days treated for NASe 14.4 (7.0) 13 (4 to 29) 17.1 (9.0) 15 (7 to 46) .34

a Based on Fisher’s exact test when the frequency in any cell was ,8, and chi square if all cell sizes 8 or
more.

b Three subjects had missing maternal BMI data.
c Two subjects had a missing quantity of cigarette use.
d Based on t tests of comparison for independent means.
e Only infants treated for NAS.

TABLE 2 Primary Outcome Measures by Randomized Feeding Group (Intention to Treat)

Outcome Measures Standard-Calorie Formula High-Calorie Formula P a

Mean
(SD)

Median (Range) Mean (SD) Median (Range)

Days to weight nadir N 5 22 N 5 27
5.0 5 (2 to 8) 4.4 4 (2 to 8) .20

Days to return to birth wt N 5 20b N 5 26b

14.7 14.5 (9 to 21) 13.6 14 (8 to 20) .08

Maximum weight loss, %c 29.4 (2.6) 29.7 (213.8 to25.1) 28.6 (2.3) 29.2 (213.6 to23.6) .15

Average daily weight gain
after return to birth wt, %d

0.67 (0.69) 0.43 (0.01 to 3.7) 0.81 (0.65) 0.70 (0.01 to 3.3) .11

a Time to event data statistics is based on log-rank statistics.
b Two infants from the standard-calorie group and 1 infant from the high-calorie group were lost to follow-
up before returning to birth weight and were excluded from that analysis.

c Based on longitudinal estimates excluding day of life.
d Maximum percent weight loss (or gain) statistics are based on t tests with assumed equal variances.
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This variation is not surprising given the
limited previous data to support evidence-
based nutritional interventions.
Weinberger11 reported that among
101 methadone-exposed newborns, those
treated for NAS compared with those not
treated lost more weight, reached weight
nadir later, and returned to birth weight
later. Dryden et al15 reported that among
354 methadone-exposed infants, the
median maximal weight losses were 10.2%
and 8.5% for breast- and formula-fed
infants, respectively, which are significantly
more than for unexposed infants. Martinez
et al14 found that among 44 methadone-
exposed infants, 56% had hyperphagia
(.190 mL/kg per day) by 2 weeks of age.
Like Weinberger et al13 and Dryden et al,15

we found that methadone-exposed infants
experience a higher percent weight loss,
later weight nadir, and later return to birth
weight than what’s described for healthy

infants.17,18 Like Martinez et al,14 we found
that 66% of infants were hyperphagic
between 7 and 14 days and similarly
conclude that hyperphagia likely
represents the need for additional
calories for infants who are withdrawing
from methadone compared with healthy
infants.

We established a priori criteria for stopping
randomized formula but also allowed the
infants’ doctors to stop study formula
without breaking blind. Six infants in the
standard-calorie group (27%) experienced
excessive weight loss requiring a change to
open-label, high-calorie formula. In our
intention-to-treat analysis, this change
would have biased our results to the null.
Three infants from the high-calorie group
were changed to soy formula at either their
pediatricians’ or mothers’ request. It is
possible that this perceived formula
intolerance was due to the higher caloric

content. Again, this change would bias
our intention-to-treat analysis for our
main outcome measures to the null. We did
not observe a difference in the number of
stools per day among infants in the
2 groups.

It is important to consider breastfeeding in
studies of NAS because findings consistently
demonstrate that infants who are fed breast
milk compared with formula experience
less severe NAS and are less likely to need
pharmacologic treatment for NAS.19–23 In our
study, we stratified randomization by feeding
method (any breast milk or all formula).
Women in this study were counseled on the
benefits of breastfeeding and were offered
hands-on support from medical and research
staff. The breastfeeding rate we report is
better than what has been reported by
others. Wachman et al24 reported that among
a similar population, only one-quarter of
women who were delivering at their
Baby-Friendly–designated hospital and
deemed eligible to breastfeed (based on
predetermined criteria) did so, and most
breastfed for a short duration and not
exclusively. Women in our study also
breastfed at low rates; fewer than half ever
breastfed, and most stopped after just a few
days. The national rate of any breastfeeding
at the time of this study exceeded 75%.25

Given the small number of infants
receiving significant quantities of breast milk,
we are not able to draw conclusions from
this study about breast milk feeding on
weight gain and loss. However, Dryden et al15

reported that methadone-exposed infants
who were exclusively breastfed had earlier
weight nadir compared with those who
were fed formula or a combination of formula
and breast milk. As explained by Jansson
et al,10 despite the specific benefits of
breastfeeding, breastfeeding for this
population is challenging and usually of
limited duration.

There are a number of limitations to this
feasibility study. It was a small sample, and
the formula exposure was of limited
duration; infants received study formula
only from days 3 to 21, which is the time of
maximum NAS symptoms. Of infants, ∼35%
(26 of 75; mostly infants enrolled during
pregnancy) did not meet randomization

FIGURE 2 Results of the longitudinal analyses of weight change over time for infants in
the 2 treatment groups. The lines represent the mean percent weight gain, and the
shaded areas are the 95% confidence intervals of the lines. The differences in the
2 lines are a function of days; the lines diverge more as the days increase, which
necessitates a day-squared term. The increase in percent weight gain between days
4 and 21 was estimated by 212% 1 0.62% 3 day 1 0.02% 3 day2 for the standard-
calorie group and by 29% 1 0.01% 3 day 1 0.06 3 day2 for the high-calorie group.
Overall, the model with treatment, day and day2, and the interactions of treatment
by day and treatment by day2 has a x2 (degrees of freedom 5 5) of 4316.67 and a
P value ,.001. All individual terms and interactions had a P value ,.08.
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criteria largely because of admission to
the NICU for issues other than NAS and
low birth weight. The high rate of low
birth weight, prematurity, or NICU care for
conditions other than NAS underscores
the high-risk status of this population.
Furthermore, we only enrolled infants
who were exposed to methadone and not
to buprenorphine or other opioids.
These selection criteria limit the
generalizability of the study but are
crucial for informing larger follow-up
studies.

The study findings suggest that
early initiation of high-calorie formula
may improve weight gain patterns for
infants with prenatal methadone
exposure. Starting high-calorie formula
was not associated with increased stool
output. If confirmed in a larger study,
consideration should be given to
proactively starting high-calorie formula
when breast milk is not available rather

than waiting until infants with NAS
experience excessive weight loss or
inadequate weight gain.
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