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Behavioural and cognitive outcomes following an early stress-
reduction intervention for very preterm and extremely preterm
infants
Jeannette Milgrom1,2, Paul R. Martin3, Carol Newnham1, Christopher J. Holt1,4, Peter J. Anderson5,6, Rod W. Hunt6,7,8, John Reece4,
Carmel Ferretti1, Thomas Achenbach9 and Alan W. Gemmill1

BACKGROUND: The landmark findings of the Mother–Infant Transaction Program (MITP) showing improved neurodevelopment of
preterm infants following parent-sensitivity training delivered in the neonatal intensive care unit have not been consistently
replicated. This study evaluated an MITP-type intervention in terms of neurobehavioural development to preschool age.
METHODS: A randomised controlled trial involved 123 very preterm and extremely preterm infants allocated to either a parent-
sensitivity intervention (PremieStart, n= 60) or to standard care (n= 63). When children were 2 and 4.5 years corrected age, parents
completed the Child Behavior Checklist (CBCL). General development was assessed at 2 years with the Bayley Scales of Infant
Development (Bayley-III). At 4.5 years, cognitive functioning was assessed with the Wechsler Preschool and Primary Scale of
Intelligence (WPPSI-III) and executive functioning with the NEPSY-II.
RESULTS: There were no significant between-group differences in behaviour problems at 2 or 4.5 years, general development at
2 years, or cognitive and executive functioning at 4.5 years.
CONCLUSION: Advances in the quality of neonatal intensive care may mean that MITP-type interventions now have limited
additional impact on preterm infants’ long-term neurobehavioural outcomes. The gestational age of infants and the exact timing of
intervention may also affect its efficacy.

Pediatric Research (2019) 86:92–99; https://doi.org/10.1038/s41390-019-0385-9

INTRODUCTION
Preterm birth (11% of live births worldwide) is a leading cause of
neurodevelopmental disability in middle and high-income coun-
tries.1 Preterm infants (born at <37 weeks gestational age: GA) are
at elevated risk of long-term developmental difficulties across
various functional domains.2 Whilst individual outcomes range
across a spectrum from normal, healthy development to profound
disability, meta-analyses confirm moderate-to-large deficits in
several neurodevelopmental domains including cognitive and
executive functioning, attentional and behavioural problems and
academic achievement.3

Early stressful experiences may play a role in the long-term
outcomes of children born preterm.4–6 Stressors may include, but
are not limited to, necessary medical interventions in early life, as
well as over-stimulation.4–6 For example, preterm infants are
exposed to the noisy, often light-filled and busy environment of
the Neonatal Intensive Care Unit (NICU) and may experience acute
and chronic stress from sensory over-stimulation, as well as from
painful but necessary medical and nursing procedures (e.g.
various skin punctures including heel pricks or intravenous
medication, intubation, extubation, eye examination, changes to

airway management).4,7 Such stressors may be further com-
pounded by a lack of opportunity for sustained nurturance
through physical closeness and touch due to separation of
preterm infants from their mothers, as well as caregiver
interactions that are inappropriate for a preterm infant’s develop-
mental stage.8

This situation has stimulated research investigating the benefits
of actively intervening to reduce preterm infants’ stress exposure
while still in the NICU as an approach distinct from post-discharge
early intervention programs that extend into early childhood.9

Previous studies of early stress-reduction interventions commen-
cing in the NICU have combined various elements including:
control of visual, auditory and tactile stimuli; ‘clustering’ of NICU
care practices; providing infants with appropriate swaddling,
nesting or positioning; ensuring regular periods of uninterrupted
rest, and reducing sources of stress in caregiver-infant interac-
tions.10 Broadly, stress-reduction interventions that commence
while preterm infants are in the NICU focus either on individua-
lised ‘developmental care’ plans implemented by clinical staff11 or
on training parents (usually mothers) to recognise and minimise
stress in care-giving interactions with infants. Various promising
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results have been reported from individual studies of this
kind aimed at reducing the sources of environmental stress
outlined above.11–14 However, systematic reviews suggest that
evidence for improved long-term developmental outcomes is
inconclusive.9,10,14

Several parent-focused NICU-based interventions in this field
have been variations on the Mother–Infant Transaction Program
(MITP) based on the work of Rauh and colleagues15 in Vermont,
USA in the 1980s (the Vermont Intervention Program for Low Birth
Weight Infants). The MITP builds parents’ skills in adapting to the
bidirectional dynamics of their interactions with infants in a
manner that is sensitive and responsive to the developmental
stage, physiological state, and regulatory capacities of the
immature preterm infant.15–18 In the first MITP study,15 the
intervention began during hospitalisation in NICU and was
extended by four home visits spaced out until 90 days after
discharge. Children’s development was followed for several years
but intervention effects appeared to emerge only gradually,
increasing through childhood, culminating in a difference of 10.6
IQ points favouring intervention children by 9 years of age, a
substantial and clinically important difference.18 The apparent
longer-term efficacy of the original MITP study stimulated
subsequent research including three further MITP-based rando-
mised controlled trials (RCTs)19–24 which, to date, have produced
mixed results.
One of these, the PremieStart trial reported here, was a

randomised controlled trial involving 123 very preterm
(29–32 weeks GA), and extremely preterm (<28 weeks GA) infants
allocated to either an MITP-type intervention or to standard care
in two NICUs in Melbourne, Australia.19 Our primary hypothesis
was that at 2 and 4.5 years corrected age, on measures of
cognitive, executive and behavioural functioning, the perfor-
mance of the preterm children who received the early stress-
reduction intervention would be superior to the children in the
control condition receiving standard clinical care. We have
previously published some positive early findings at 6 months
corrected age in this cohort showing that the intervention
enhanced maternal sensitivity in early mother–infant interactions
as intended and was associated with improved early communica-
tion abilities in infants.19

METHODS
Design and sample
The study design, sample characteristics and early results are
described more fully elsewhere.19 Briefly, the study was a parallel,
two-group randomised controlled trial (RCT) comparing the
PremieStart parent-sensitivity training program to standard clinical
care (Trial Registration Number: ACTRN12606000412538),
designed to be conducted and reported in compliance with the
CONSORT statement.25 The trial was approved by the human
research ethics committees of the Royal Women’s Hospital and
the Mercy Hospital for Women, both located in Melbourne,
Australia. The study was powered to detect a minimum clinically
important difference (MCID) of half a standard deviation in the
main outcomes with 80% power at α= .05.19 Women who
delivered at <30 weeks gestation at the NICUs of both
participating hospitals were approached when infants were
30–32 weeks postmenstrual age. Exclusion criteria were as follows:
(i) insufficient spoken and written English, (ii) triplets or higher
multiples, (iii) infants with congenital abnormalities, (iv) infants or
mothers judged to be too severely medically ill to participate by
their attending physicians, (v) maternal drug and alcohol abuse or
dependence, or (vi) residing >100 km from Melbourne. Of 732
women assessed for eligibility, 378 met exclusion criteria (>100 km
from Melbourne, n= 185; infant/mother too severely ill/medically
unstable, n= 76; non-English speaking, n= 32; drug and alcohol
issues, n= 27; other, n= 43; multiple criteria, n= 15). A further

162 declined participation, and 83 did not respond to contact
from the researchers, giving a final sample of n= 109 women who
provided informed consent. Once informed consent was obtained,
women were allocated randomly to treatment conditions in a 1-
to-1 ratio using a pre-generated, permuted blocks schedule
stratified by study site, operated by an independent adminis-
trator.19 Fifty-four women were allocated to the intervention and
55 women to the control group. Together, these 109 women had a
total of 123 infants (including 6 pairs of twins in the intervention
group and 8 pairs of twins in the control group).

Intervention group. The content of the PremieStart parent-
sensitivity training program is described in more detail else-
where12,19 and was commenced while preterm infants were in
NICU. Adhering to a structured, manualised protocol, nine sessions
were delivered in NICU (one per week), followed by a home-
booster session 1 month after discharge. Standard clinical
procedures for the care of preterm infants at both hospitals also
occurred for infants in this group. Components of PremieStart
include: intensive training of parents to recognise signs of infant
stress such as ‘shut-down’ mechanisms, alert-available behaviour,
facial expressions, quality of motor behaviours, posture and
muscle tone, how to provide graded stimulation, how to avoid
overwhelming infants, touch, movement, massage, ‘kangaroo
care’ (skin-to-skin nesting of infants), and multi-sensory stimula-
tion. Also, the intervention includes elements aimed at normal-
ising parental feelings, challenging dysfunctional thoughts, and
encouragement of parental diary keeping (as an opportunity to
diarise the unique experiences of holding, feeding, reading,
bathing, singing etc as mother of a preterm baby). The program
was specifically designed to support mothers by enhancing the
mother’s knowledge, skills and ability in understanding her
preterm infant’s behaviour. The aim is to help parents develop
skills in understanding and relating to their infant and to promote
sensitive interactions by providing modelling, verbal instruction,
direct demonstration, practical experience in handling infants, and
offering emotional support to the parents to deal with the
challenges of parenting a preterm infant. Two psychologists with
extensive experience in preterm populations (CN, a neuro-
psychologist and CF, a clinical psychologist) provided the training.
The psychologists did not discuss the intervention with nursing
and medical staff and had limited contact with them. Mothers in
the intervention group were explicitly asked not to discuss details
of the study with staff or other mothers in the NICU. Before the
trial, one psychologist (C.N.), an author of the PremieStart
program, trained the other psychologist (C.F.) in delivery of the
program. Furthermore, delivery of the program followed a
manualised protocol outlining the content to be covered in each
of the nine sessions. This enabled the delivery of the intervention
in a standardised format by the two psychologists administering
the program. Weekly meetings were held between the two
psychologists to ensure standardisation and to address any issues.
As a check on treatment fidelity and treatment adherence, both
psychologists completed session-by-session compliance checklists
for each participant in the intervention group to ensure full
adherence to the manual content.

Standard care control group. As in the intervention group,
standard developmental care procedures for preterm infants were
in place at both NICUs. At the time of this work these included
individualised care plans for the infants and parent attendance at
group educational classes covering topics such as massage,
recognising signs of infant distress and kangaroo care. In addition,
mothers in the control group received a single psychoeducation
session which included an introduction to stress and anxiety
management techniques within a cognitive behavioural frame-
work. Cognitive strategies covered cognitive distortions and
applying adaptive coping strategies, and behavioural strategies
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included relaxation and breathing techniques. This was followed
by a non-therapeutic, 10-min contact with one of the study
psychologists every week for the remainder of the period
equivalent to the scheduling of parent-sensitivity training sessions
in the intervention group.

Measures
Behavioural outcomes at 2 and 4.5 years. The Total Problems
score as well as the Internalising and Externalising syndrome
subscales of the Child Behavior Checklist (CBCL) were the primary
measures of child behaviour problems.26 The CBCL is one of the
most widely used standardised measures for evaluating maladap-
tive behavioural and emotional problems in children 18 months
and older. Many studies have demonstrated high rates of
concordance between the CBCL and actual psychiatric diag-
noses.27 Completed by a parent or other caregiver, the CBCL
contains 99 items, scored 0= not true, 1= sometimes true, and
2= very true or often true, based on the preceding 2 months, to
yield empirically based syndrome scores. The CBCL assesses
internalising (emotional reactivity, anxious/depressive, somatic
complaints, withdrawal) and externalising (attention problems,
aggression) behaviours. Last, Deficient Emotional Self-Regulation
(DESR) is a well validated and widely used measure, calculable
from aggression/anxiety-depression/attention scores on the CBCL,
for assessing emotion regulation problems.28

General development at 2 years. At 2 years corrected age, the
Bayley Scales of Infant & Toddler Development 3rd Edition
(Bayley-III)29 was administered by psychologists blinded to
treatment allocation to assess cognitive, language, and motor
development. Higher scores on the Bayley-III indicate better
performance on cognitive, language and motor tasks.

Cognitive outcomes at 4.5 years. At 4.5 years corrected age, the
Wechsler Preschool and Primary Scale of Intelligence 3rd Edition
(WPPSI-III)30 was administered to assess general cognitive
functioning. The WPPSI-III is an individually administered clinical
instrument for assessing the intelligence of young children
2 years+ 6 months to 7 years+ 3 months of age. The tests
provide composite scores in Verbal IQ (acquired knowledge,
verbal reasoning and comprehension, and attention to verbal
stimuli), Performance IQ (fluid reasoning, spatial processing,
attention to detail, and visual-motor integration), and a composite
measure that represents general intellectual ability – Full Scale IQ.
Processing Speed (visual-motor processing speed and accuracy) is
also reported.
At the 4.5-year follow-up, children also completed subtests from

the NEPSY-II.31 The NEPSY-II is a neuropsychological assessment
that assesses executive functioning, attention, language, memory
and learning, sensorimotor functioning, social perception and
visuospatial processing in children between 3 and 16 years.
The NEPSY-II has good reliability for subtests. Full testing time is
~1 ½ −2 h. The relevant subtests used in the present study were
those that could be reliably administered to 4-year olds, drawn
from three of the NEPSY-II’s six domains in which developmental
problems are commonly reported in preterm children: Attention
and Executive Functioning domain – Statue; Language domain -
Speeded Naming; Memory and Learning domain - Narrative
Memory.
Both the WPPSI-III and NEPSY-II were administered by

psychologists blinded to treatment allocation.

Statistical analysis
All analyses followed intention-to-treat (ITT) principles with
subjects analysed in the group to which they were originally
randomised. The ITT approach was implemented through the use
of linear-mixed modelling (LMM) and, as a further sensitivity
analysis, we investigated whether there had been any differential

attrition between the two groups in respect of key baseline
characteristics. LMM accommodates repeated measurements, and
takes into account all available data so that cases with missing
data are not fully excluded. Multiple imputation (MI) of missing
data was considered; however, the pattern of missing data meant
that assumptions for the use of MI were not adequately met.
Further, some provisional analyses using MI resulted in near
identical outcomes to what is reported here. In all cases, results
remained qualitatively unchanged. Mean group scores are
reported as cross-sectional descriptive statistics. Effect sizes are
given as Cohen’s d or ηp

2 with associated 95% confidence
intervals (CIs).
All comparisons were tests of the null hypothesis of no

difference between the groups and were evaluated against α
(critical p-value) of .01 in order to account for multiple testing. All
assumptions were adequately met for the reported analyses.
The primary behavioural outcome measure was appropriate for

use at both the 2-year and 4.5-year time points and this was
analysed using LMM around a mixed factorial design with
intervention vs. control as the between-subjects factor and time
point (2 vs. 4.5 years) as the within-subjects factor. Compound
symmetry provided the covariance structure with the best model
fit for this analysis. All of the other outcomes were analysed at a
single time point via a direct comparison of the covariate adjusted
means between the two groups. The following baseline variables,
collected when infants were still hospitalised, were entered as
covariates: maternal age; gestational age (GA); birth weight; sex;
length of stay in hospital (as a proxy for severity of medical illness);
twin status (twin vs. singleton), and a 5-point scale measuring the
presence and severity of intraventricular haemorrhage.19 Choice of
covariates was guided by established principles taking into
account a number of factors, including: the theoretical importance
of the covariates, relationships among covariates, psychometric
properties of the covariates, and the impact of the number of
covariates on the statistical power of the main analyses.
Computations were executed in IBM SPSS Statistics, version 25.

RESULTS
Table 1 shows the baseline characteristics of the 123 preterm
infants and their mothers. Participant retention at both follow-ups
was relatively high with data returned for 107 children (87%) at
2 years and 96 children (78%) at 4.5 years. Figure 1 shows the flow
of participants through the trial from baseline to 4.5 years. To
check that attrition of the sample over time had not introduced
systematic bias in the baseline characteristics of the two groups by
follow-up, we conducted comparisons of responders vs. non-
responders via t-tests and χ2 tests. These confirmed that the two
groups remained comparable on key baseline variables at the
2-year and 4.5-year time points. The mean age (corrected for
prematurity) at 2-year follow-up was 2.05 years in the intervention
group (SD= 0.08) and was also 2.05 years in the control group
(SD= 0.08). At 4.5-year follow-up, the mean age was 4.64 years in
the intervention group (SD= 0.18) and 4.67 years in the control
group (SD= 0.19). For one child in the control group, impairment
due to cerebral palsy and an intellectual disability meant that
Bayley-III, WPPSI-III and NEPSY-II testing were neither possible nor
valid.

Treatment adherence
Session checklists showed that, among the 54 women in the
intervention group, compliance was 100% with all sessions
attended by all participants and all content items delivered by
the psychologists.

Behavioural outcomes at 2 and 4.5 years
Results on the CBCL are summarised in Table 2. After controlling
for key baseline covariates in the ITT analysis, the factorial analyses
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on each of the CBCL subscales revealed only one significant result;
there was a significant main effect of time for Internalising
Problems such that scores in both groups rose across time,
F(1, 75.98)= 18.20, p < .001, η2p= .19 (95% CIs, .06 to .34). There
was some descriptive evidence that intervention group CBCL Total
Problems scores and DESR scores increased more steeply between
2 and 4.5 years than in the control group; however, this was not
statistically significant (p= .08 in each case). Also, comparisons
between the two groups for each subscale at both ages failed to
reveal any significant differences. Despite the lack of significance,
it is interesting to note that there was a change in the pattern of
effect sizes at 2 and 4.5 years. Even though the average
magnitude of effect across the subscales did not alter appreciably
across the two time points, at 2 years, three of the four measured
effects showed a direction in favour of the intervention group,
whereas at 4.5 years, all of the effects were in a direction that
favoured of the control group.

General development at 2 Years
At 2 years of age (Table 3), after controlling for key baseline
covariates in the ITT analysis, no significant between-group
differences were detected on the Bayley-III Cognitive, Language,
or Motor composites. One of the three observed effects (Cognitive
composite) was in the direction of more positive outcomes for the
intervention group and two were in the opposite direction
(Table 3).

Cognitive functioning at 4.5 years
At 4.5 years of age (Table 4), analysis revealed no significant
between-group differences on the WPPSI-III Full Scale IQ, Verbal
IQ, Performance IQ or Processing Speed. The intervention and
control groups did not differ significantly on the NEPSY-II Narrative
Memory Contrast Score, the Statue Total Scaled Score or the
Speeded Naming Scaled Combined Score. The pattern of effect
sizes in terms of direction of effect and average magnitude of
effect was similar for both outcome measures (Table 4).

Table 1. Participant characteristics at baseline

Intervention Control

Mothers n= 54 n= 55

Mean age in years (SD) 34.2 (4.7) 33.3 (5.5)

Born in Australia, n (%) 34 (62.9) 38 (69.1)

Completed high school, n (%) 13 (24.1) 14 (24.5)

Higher diploma or degree, n (%) 27 (50) 29 (52.7)

Annual family income in $Australian

Up to $60,000 9 9

$60,000–80,000 6 6

>$80,0000 27 28

Not disclosed 12 12

Infants n= 60 n= 63

Singletons, n (%) 48 (80) 47 (75)

Twins, n (%) 12 (20) 16 (25)

Female, n (%) 30 (50) 33 (52.4)

Mean birth weight in grams (SD) 966.8 (240.5) 1046.1 (332.2)

Mean gestational age in weeks (SD) 27.4 (1.5) 27.8 (1.7)

Antenatal maternal corticosteroids,
n (%)

54 (90) 52 (82.5)

Unplanned caesarean extractions,
n (%)

9 (15) 11 (17.5)

Intraventricular haemorrhage

Grades 1–4 (n) 1 (3) 1 (5)

2 (3) 2 (7)

3 (2) 3 (1)

4 (2) 4 (3)

Length of stay in hospital, days (SD) 89.98 (38.12) 85.02 (37.16)

Died before reaching term-age, n 2 0

Enrollment
Assessed for eligibility
n = 732 (852 infants)

Excluded n = 623
Not meeting inclusion criteria
n = 378
Declined to participate n = 162
Not contactable n = 83

Randomised

Allocated to intervention, *n = 54 (60 infants) Allocated to control, *n = 55 (63 infants)

Children assessed† at 2 years, n = 55 Children assessed† at 2 years, n = 52

Children assessed† at 4.5 years, n = 50Children assessed† at 4.5 years, n = 46

*n = 109 (123 infants)

Fig. 1 Participant Flow through the Study. * n=mothers randomised; (n) in parenthesis= number of infants (there were 14 pairs of twins).
† Not all assessed infants had data on all subscales of outcome measures, see Tables 2–4
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DISCUSSION
Despite promising findings in infancy in this same RCT cohort,19

the results of the present study yielded no evidence that an MITP-
type intervention led to sustained behavioural or cognitive
benefits for preterm children at later ages. At 2 years there were
no significant group differences in child behaviour (as measured
by the major domains of the CBCL). In both groups, the average
behavioural scores reported here were not within a range that
would be considered of clinical concern26 Likewise, there were no
differences at 2 years in language, cognitive and motor
development (as measured by the Bayley-III). Similarly, at 4.5
years there were no significant group differences in either
behavioural problems or in cognitive performance (WPPSI-III)
and executive function (NEPSY-II). Furthermore, the observed
effect sizes in these domains, even if they had been detectable as
statistically significant in a larger sample, would have failed to
meet the threshold of the pre-specified minimum clinically
important difference (0.5 SD difference in primary outcomes) on
which this RCT was originally powered.19

These findings are in agreement with some results from other
MITP-based studies but in apparent conflict with others. The
PremieStart trial is one of three RCTs that have tried to replicate

the positive results of the original MITP program (one in Australia,
one in Norway, and one in Sweden). All three have used similar
methodologies, similar sample sizes and directly comparable
primary outcome measures. In one of these cohorts (the Tromsø
Intervention Study on Preterms conducted in Sweden), treatment
effects in the primary behavioural and cognitive domains were
absent up to 2 years of age, some effects in cognitive performance
had apparently emerged by 5 years,32 but none were sustained at
7 and 9 years.24 In the second of these RCTs (based at Oslo
University Hospital in Norway), no significant treatment effects on
primary outcomes were reported by the time of the last published
follow-up when children were 3 years of age.20

In the present study cohort, we previously reported improved
early weight gain at term-equivalent age and superior commu-
nication abilities at 6 months corrected age in infants in the
intervention group.19 This seemed compatible with brain imaging
results from our previous pilot RCT, with this same intervention
program, which found improved frontal white matter microstruc-
ture and connectivity at term-equivalent age.12 These very early
effects on brain maturation appeared to be potentially important
biomarkers of future trajectory since some deficits in the later
neurodevelopmental outcomes of preterm infants are highly

Table 2. Behavioural problems (CBCL) at 2 and 4.5 years

Intervention Control

Scorea n Mean (SD) n Mean (SD) Adjusted mean differenceb

(95% CIs)
Effect sizec (95% CIs) p valued

2 Years

Internalising problems 50 5.46 (4.93) 51 6.16 (6.13) 0.01 (−2.45 to 2.48) 0.00 (−0.09 to 0.09) .99

Externalising problems 50 9.14 (5.76) 51 10.94 (8.32) −2.01 (−4.95 to 0.93) 0.27 (−0.12 to 0.66) .18

Total problems 50 23.00 (13.41) 51 26.57 (18.27) −1.94 (−4.54 to 0.65) 0.18 (−0.21 to 0.57) .14

DESR 50 10.48 (6.31) 51 12.53 (9.50) −2.09 (−5.41 to 1.23) 0.25 (−0.14 to 0.64) .22

4.5 Years

Internalising problems 45 8.76 (7.17) 39 7.13 (6.14) 1.89 (−0.76 to 4.53) −0.31 (−0.11 to 0.74) .16

Externalising problems 45 10.31 (7.25) 40 10.60 (6.63) 0.84 (−2.35 to 4.03) −0.11 (−0.30 to 0.55) .60

Total problems 42 27.68 (17.22) 40 26.13 (15.22) 3.80 (−3.39 to 10.98) −0.23 (−0.18 to 0.68) .30

DESR 45 12.62 (8.34) 40 12.20 (7.68) 1.60 (−1.99 to 5.20) −0.12 (−0.29 to 0.56) .38

DESR deficient emotional self-regulation
aObserved values before adjustment for key covariates described in Methods
bMean between-group difference from LMM after controlling for GA, birth weight, length of hospital stay, presence/grade of intraventricular haemorrhage, sex
and twin pairs
cReported effect sizes are Cohen’s d based on the adjusted mean difference. To aid interpretation, the value of d has been signed such that a positive value
favours the intervention group
dTabled p-values are uncorrected for multiple testing

Table 3. Bayley scales at 2 years

Intervention Control

Scorea n Mean (SD) n Mean (SD) Adjusted mean differenceb

(95% CIs)
Effect sizec (95% CIs) p valued

Cognitive composite 55 107.00 (16.52) 52 105.87 (17.98) 1.46 (−5.56 to 8.48) 0.08 (−0.31 to 0.45) .68

Language composite 52 96.90 (18.74) 50 101.26 (17.85) −4.00 (−11.70 to 3.69) −0.20 (−0.19 to 0.57) .30

Motor composite 52 103.25 (17.16) 52 106.08 (20.13) −4.03 (−11.89 to 3.82) −0.20 (−0.19 to 0.57) .31

aObserved values before adjustment for key covariates described in Methods.
bMean between-group difference from LMM after controlling for GA, birth weight, length of hospital stay, presence/grade of intraventricular haemorrhage, sex
and twin pairs
cReported effect sizes are Cohen’s d based on the adjusted mean difference. To aid interpretation, the value of d has been signed such that a positive value
favours the intervention group
dTabled p-values are uncorrected for multiple testing
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correlated with abnormalities in early brain morphology and
microstructure.33,34 However, given the results of the current study
and the two other MITP-based trials discussed above, evidence for
a positive effect of MITP-type early interventions on subsequent
behavioural and cognitive development remains mixed. Notably,
since the 9-year outcomes of the original MITP study were
published,18 no subsequent controlled trial based on the MITP has
found the same enduring effect on children’s later cognitive
development.
A number of factors may have led to these variable findings

across time and between studies. First, it is possible that the
efficacy of MITP-type interventions may be conditional on GA at
birth. Degree of prematurity is a key indicator of child outcomes,
with a steep increase in the prevalence and severity of
developmental problems as GA decreases. Even late preterm
infants (those born between 34 and 37 weeks gestation) have an
elevated risk of problems compared with children born after a full-
term pregnancy.14 The GA inclusion range of our sample was
<30 weeks with no lower limit, resulting in an average of around
27 weeks GA and including infants born as early as 23 weeks GA.
This compares with an average GA of 32 weeks in the original
MITP trial in Vermont18 and ranges of ≥30 to <36 weeks in the
Oslo sample21 and ≤36 weeks in the Tromsø study.35 Conse-
quently, the average birth weight of our sample (around 1000 g)
was 200–300 g lower than in these other cohorts. Whilst the
current study was not powered for a secondary analysis of a
possible GA by treatment interaction, it seems biologically
plausible that any modest benefit of parent-sensitivity training
may ultimately have a negligible impact in relation to the more
severe developmental vulnerabilities faced by very preterm and
extremely preterm infants.
Second, the format of the original MITP was designed to deliver

the bulk of intervention sessions on consecutive days, in the week
immediately prior to infants’ discharge from the NICU. This format
was broadly retained in the two MITP-type studies conducted in
Scandinavia. However, our MITP-type intervention, PremieStart,
was deliberately modified to be delivered once weekly rather than
daily, allowing the training to take place over a more extended
timeframe throughout NICU hospitalisation, beginning around

32 weeks postmenstrual age. These variations in timing may have
had an impact on the variability of findings between studies.
Third, the standard medical and nursing care available to

preterm infants has advanced considerably in recent decades and
continues to do so, as evidenced by ongoing improvements in
survival rates.36 Standard care practice in NICUs now routinely
includes various elements shared in common with an MITP-type
approach. For example, the clinical care delivered in both
hospitals in the present study included not only individualised
care plans for each of the infants, but also parental invitation to
hospital-arranged educational classes covering topics such as
infant massage, recognising signs of infant distress and kangaroo
care. Control group mothers also received a 10-min weekly
contact with the study psychologists. Thus the background
‘standard’ care received by children in later MITP-type RCTs,
including the one reported here, is likely to have been of relatively
high quality across both intervention and control groups
compared to that available in Vermont in the 1980s.
Fourth, failure over time to replicate positive findings from an

initially ground-breaking research study, the so-called ‘decline
effect’, is a recognised phenomenon across biomedical and other
scientific research.37,38 Many factors can potentially contribute to
such effects38 including publication bias, outcome reporting bias,
regression to the mean, broader advances in the quality of
medical care and population health, and even the effects of early
enthusiasm for, and meticulous adherence to, a novel medical
innovation among pioneering researchers, study clinicians and
study participants (analogous to some elements of the Hawthorne
effect).39 For example, it remains possible that the originators of
the MITP delivered their parent-sensitivity training intervention in
a more effective manner than subsequent trials have been able to
replicate.

Strengths and limitations
The present study had some limitations including the use of a
parental report instrument as the main behavioural outcome
measure. Also, parents could not be kept blinded to treatment
beyond the point of randomised allocation. This knowledge could
have led to changed parental expectations in one or both groups

Table 4. Cognitive development and executive functioning at 4.5 years

Intervention Control

Scorea n Mean (SD) n Mean (SD) Adjusted mean differenceb

(95% CIs)
Effect sizec (95% CIs) p valued

WPPSI-III

Verbal IQ 42 103.64 (17.15) 48 110.46 (11.99) −5.09 (−11.64 to 1.47) −0.32 (−0.09 to 0.72) .13

Performance IQ 46 107.43 (15.66) 50 106.52 (15.72) 2.46 (−3.88 to 8.78) 0.16 (−0.25 to 0.55) .44

Processing speed 40 97.75 (14.65) 47 101.89 (12.34) −3.94 (−10.25 to 2.37) −0.25 (−0.15 to 0.66) .22

Full Scale IQ 41 106.51 (15.37) 47 108.57 (12.99) −0.34 (−6.40 to 5.72) −0.02 (−0.38 to 0.42) .91

NEPSI-II

Narrative memorye 43 8.86 (3.17) 46 8.54 (93.76) 0.22 (−1.46 to 1.90) 0.05 (−0.36 to 0.47) .80

Speeded namingf 45 9.07 (2.75) 43 10.37 (3.34) −1.25 (−2.65 to 0.13) −0.38 (−0.80 to 0.03) .08

Statueg 41 9.88 (3.07) 42 10.60 (2.76) −0.39 (−1.92 to 1.14) −0.11 (−0.32 to 0.54) .62

aObserved values before adjustment for key covariates described in Methods
bMean between-group difference from LMM after controlling for GA, birth weight, length of hospital stay, presence/grade of intraventricular haemorrhage, sex
and twin pairs
cReported effect sizes are Cohen’s d based on the adjusted mean difference. To aid interpretation, the value of d has been signed such that a positive value
favours the intervention group
dTabled p-values are uncorrected for multiple testing
eScaled contrast score
fScaled combined score
gTotal scaled score
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which, potentially, could exert an influence on outcomes. These
are limitations common to all existing MITP-based RCTs. However,
the present study showed good participant retention and
the analytical strategy adhered to ITT principles, such that the
chance of type-2 error due to systematic attrition bias or
inadequate statistical power was minimised. The use of blinded,
standardised measures of child cognitive and executive function-
ing, at both 2 and 4.5 years, further strengthens our confidence in
the reliability of these latest null findings. Nonetheless, while we
believe that these results are likely to be generalisable to other
Australian NICUs, it remains possible that greater treatment effects
may have been observed had the study been conducted in
another hospital or country, with less well-developed standards of
NICU care. It is also possible that children may have received a
variety of supports and therapies in the years following the RCT,
and we collected no systematic inventory of these.

CONCLUSIONS
In summary, in a sufficiently powered RCT, we found no evidence
that an early stress-reduction intervention led to sustained
benefits in behavioural or cognitive outcomes for children born
very preterm and extremely preterm. Compared to the results of
some similar studies, this may suggest that infants born at later
gestational ages may be a specific sub-population who could
benefit most from continued research into early interventions of
this kind. The precise timing of such interventions may also be a
worthwhile focus of future research. The results of the present
study add to a small, but methodologically good-quality body of
research in this field. On balance, this evidence base currently
suggests that, despite substantial positive findings in the earliest
research, randomised trials of MITP-type interventions most often
produce null or mixed results in terms of longer-term child
neurobehavioral outcomes. The utility of some specific develop-
mental care components pioneered by MITP-type programs may
be growing increasingly redundant as a distinct form of early
intervention, as they become progressively absorbed into
standard practices for the developmental care of preterm infants.
Nonetheless, the foundations of the MITP approach retain
considerable theoretical validity40 as well as empirical support
from our broader understanding of the critical factors that help to
shape the neurodevelopment of all human infants.41 A focus on
sensitivity and stress-reduction in mother-infant transactions
therefore seems likely to remain a significant consideration in
research and practice seeking to optimise the wellbeing and
developmental prospects of preterm children into the foreseeable
future.
Finally, it is important that researchers continue to make

available the full, long-term outcomes of MITP-type trials in the
published evidence base or in open access repositories, in order
that their utility can be collectively assessed without bias. Further
follow-up reports of the behavioural, cognitive and academic
trajectories of the children involved in the PremieStart trial are
planned at 6 years and 9 years of age.
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