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Abstract

Background: As preterm infants’ neurodevelopment is shaped by NICU-related factors during their hospitalization, it is
essential to evaluate which interventions are more beneficial for their neurodevelopment at this specific time. The objective of
this systematic review and meta-analysis was to evaluate the effectiveness of interventions initiated during NICU hospitalization
on preterm infants’ early neurodevelopment during their hospitalization and up to two weeks corrected age (CA).

Methods: This systematic review referred to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
[PRISMA] guidelines and was registered in PROSPERO (CRD42017047072). We searched CINAHL, MEDLINE, PubMed,
EMBASE (OVID), Cochrane Systematic Reviews, CENTRAL, and Web of Science from 2002 to February 2020 and included
randomized controlled/clinical trials conducted with preterm infants born between 24 and 366/7 weeks of gestation. All
types of interventions instigated during NICU hospitalization were included. Two independent reviewers performed
the study selection, data extraction, assessment of risks of bias and quality of evidence.

Results: Findings of 12 studies involving 901 preterm infants were synthesized. We combined three studies in a meta-
analysis showing that compared to standard care, the NIDCAP intervention is effective in improving preterm infants’
neurobehavioral and neurological development at two weeks CA. We also combined two other studies in a meta-
analysis indicating that parental participation did not significantly improve preterm infants’ neurobehavioral
development during NICU hospitalization. For all other interventions (i.e., developmental care, sensory stimulation,
music and physical therapy), the synthesis of results shows that compared to standard care or other types of
comparators, the effectiveness was either controversial or partially effective.

Conclusions: The overall quality of evidence was rated low to very low. Future studies are needed to identify
interventions that are the most effective in promoting preterm infants’ early neurodevelopment during NICU
hospitalization or close to term age. Interventions should be appropriately designed to allow comparison with previous
studies and a combination of different instruments could provide a more global assessment of preterm infants’
neurodevelopment and thus allow for comparisons across studies.
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Background
Rationale
Over the last decades, the increasing survival rates of
preterm infants admitted in the Neonatal Intensive Care
Unit [NICU] have emphasized the importance of consid-
ering their neurodevelopmental outcomes [1]. Preterm
infants are more likely to have significant short- and
long-term neurodevelopmental impairments, since their
brains go through a critical period of development and
maturation between 24 and 40 weeks of gestation occur-
ring mainly during their NICU hospitalization [2, 3]. Sig-
nificant neurodevelopmental disabilities associated with
neurosensory, motor, behavioral and cognitive outcomes
may then arise shortly after preterm infants’ birth and
last beyond school age and adolescence [4] given that
neurocognitive impairments in infants born preterm are
still reported in adulthood [5].
Many factors in the NICU environment may be congru-

ent or incongruent with the preterm infants’ developing
brain and consequently influence their neurodevelopmen-
tal outcomes. Environmental stimulation (i.e., light, noise)
[2, 6–8], social interactions with parents [7, 9] and caregiv-
ing experience [2] are among influential environmental
NICU factors. Interventions targeting these elements dur-
ing NICU hospitalization should therefore foster preterm
infants’ early neurodevelopment.
Different interventions initiated during NICU

hospitalization targeting some of these influential NICU
factors with the objective of improving preterm infants’
neurodevelopment have been examined in previous sys-
tematic reviews. These interventions consist of develop-
mental care a wide-ranging group of interventions to
minimize preterm infants’ NICU environmental stress
[10–12], including Neonatal Individualized Developmen-
tal Care Assessment Program [NIDCAP], which is an in-
dividualized approach based on observing preterm
infants’ behaviors to guide caregiving activities provided
by professionals and infants’ family [13], noise reduction
management, [14] in addition to interventions with par-
ental involvement (i.e. NIDCAP, kangaroo care and de-
velopmental care) [15] and skin-to-skin contact [16].
The effectiveness of these interventions has been evalu-
ated on the long-term neurodevelopment of preterm in-
fants at 12 months or 24 months of age, providing
important evidence. Yet, measuring the effects of inter-
ventions implemented during hospitalization only at one
year of age and older raises concerns about confounding
factors that may have occurred between NICU discharge

and the timing of the assessments and that could have
influenced the infants’ long-term neurodevelopment
along with interventions.
Neurodevelopmental assessments of preterm infants

during NICU hospitalization are currently performed to
predict long-term neurodevelopmental outcomes and
plan early interventions [17–19]. A systematic review
confirmed that neurobehavioral assessments of infants’
general movements (GMs) referring to the most com-
mon and complex spontaneous movements patterns [20]
and infants’ posture and movements with the Test of In-
fant motor Performance (TIMP) [21] done before term
corrected age [CA] are the most significant predictors of
long-term neurodevelopment [18]. Nonetheless, to our
knowledge, no systematic review has evaluated the ef-
fectiveness of interventions on the preterm infants’
short-term neurodevelopment, that is, during NICU
hospitalization or close to term CA. As preterm infants’
neurodevelopment is shaped by NICU-related factors as
soon as they are hospitalized, it is imperative to explore
which interventions are most beneficial for their neuro-
development at this specific time encompassing a de-
cisive period for their brain development and
maturation.

Objective
The primary objective of this systematic review and
meta-analysis was to evaluate the effectiveness of inter-
ventions initiated during NICU hospitalization and deliv-
ered by healthcare professionals and/or parents on
preterm infants’ early neurodevelopment during their
NICU hospitalization and by two weeks CA.

Methods
Protocol and registration
This systematic review protocol was published [22] and
registered in the International Prospective Register of
Systematic Reviews [PROSPERO] (CRD42017047072).
The systematic review follows the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses [PRIS
MA] guidelines [23].
The published protocol [22] was modified for the

search strategy, as we did not manually search journals.
Journals focusing on neonatology, neonates and/or neu-
rodevelopment were already indexed, thus articles pub-
lished in these journals were captured by our searches in
various databases. It was initially planned to only include
studies measuring preterm infants’ neurodevelopment
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during NICU hospitalization, but we also considered
studies assessing this outcome at infants’ two weeks CA
since it was sufficiently close to NICU hospitalization.
We included as well studies where preterm infants in
study samples had an intraventricular hemorrhage [IVH]
greater than grade II [24–26] and various brain injuries
(i.e., IVH, cerebellar hemorrhage and periventricular leu-
komalacia) [27], which differed from the original proto-
col. These four studies were included as their samples
were representative of the neonatal population and the
infants’ baseline characteristics and physiologic stability
were similar to those allocated to the experimental and
control groups, suggesting that they were not signifi-
cantly different because of IVH or brain injuries. We
also included interventions with different components
when they were specifically described as being provided
together as a complete intervention.

Eligibility criteria of the selected studies
We included randomized controlled/clinical trials
[RCTs] and one pilot RCT conducted with preterm in-
fants born between 24 and 366/7 weeks of gestation. In-
terventions were instigated during NICU hospitalization
and were delivered by healthcare professionals or par-
ents, or both and all types of interventions were in-
cluded. The studies included were written in English or
French and were published in the past 18 years, from
2002 to February 2020. All types of comparator groups,
such as non-exposed control group or a group exposed
to different interventions, were included in this system-
atic review. Studies reporting preterm infants’ neurode-
velopment as an outcome evaluated with a standardized
instrument, scale or test were also considered.

Search strategy and information sources
An expert librarian was consulted to conduct the search
in the following electronic databases from 2002 to Feb-
ruary 2020: CINAHL, MEDLINE, Pubmed, EMBASE
[OVID], Cochrane Database of Systematic Reviews,
Cochrane Central Register of Controlled Trials [CENT
RAL] and Web of Science (see Additional File 1, Table
S1 for an example of a search strategy in MEDLINE).
The Scopus database was also reviewed to search for tri-
als in conference proceedings and ProQuest for theses
and dissertations. We also looked for ongoing trials at
clinicaltrials.gov, clinicaltrialsregister.eu, the World
Health Organization International Clinical Trials Regis-
try Platform (http://www.who.int/ictrp/en/), the Inter-
national Standard Randomized.
Controlled Trial Number (ISRCTN) registry and the

Australian New Zealand Clinical Trials Registry to iden-
tify trials that were underway. We also searched three
grey literature websites: http://www.opengrey.eu/, http://

opengrey.org/ and www.greylit.org. We manually
checked the references of included studies.

Study selection
All references for the studies selected for this review
were managed in EndNote© X9. After removing dupli-
cates, the screening was conducted by separate reviewers
(MA, GDF, AL). The reviewers screened the remaining
studies for eligibility by reviewing study titles and ab-
stracts, then the full-text reports (GDF, ER, MHP) to
evaluate their appropriateness to be included in the sys-
tematic review. For these steps, agreement was reached
between two reviewers and disagreement was resolved
by consensus with a third reviewer (MA).

Data extraction
Data extraction was performed independently by two au-
thors (ER, MHP) using a data extraction form and pilot
tested with two studies [28]. The extracted data were
compared for all included studies, and disagreement was
solved with a third reviewer (GDF). The extracted infor-
mation for each study was described in the protocol
[22]. All the extracted data were recorded in Review
Manager (RevMan) [computer program] (version 5.1
Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014). The data were double-
checked by two reviewers (GDF, AL) before conducting
the analysis, to avoid errors.

Data items
The primary outcome was preterm infants’ neurodeve-
lopment assessed by a standardized instrument or scale
during NICU hospitalization or at term-corrected age.
For this systematic review, we considered neurobehav-
ioral, neuromotor, neuromuscular and neurological de-
velopment evaluation measured by the following
instruments: preterm infants’ neurobehavioral develop-
ment (Assessment of Preterm Infant Behavior – APIB;
NICU Neonatal Neurobehavioral Scale – NNNS; Neo-
natal Neurobehavioral Examination – NNE), neuromo-
tor development (Infant Neurological International
Battery – INFANIB; Test of Infant Motor Performance
– TIMP), neuromuscular development (New Ballard
Score and Dubowitz examination) and neurological de-
velopment (Prechtl Neurological Examination of the
Full-term Newborn). Two of these instruments included
subscales; six in the APIB: autonomic, motor, state,
interaction-attentional, and self-regulation systems, in
addition to the assessment of the degree of examiner fa-
cilitation necessary to support the infant’s reorganization
when disorganized, and 13 in the NNNS: orientation,
habituation, hypertonicity, hypotonicity, excitability,
arousal, lethargy, nonoptimal reflexes, asymmetric re-
flexes, stress, self-regulation, quality of movement and
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handling. We considered measurements performed be-
fore NICU discharge and no later than two weeks after
term CA. For measurements performed before term age,
we considered the closest measure to discharge.

Assessment of risk of bias of individual studies
The Cochrane risk of bias [28] assessment tool was used
to determine the studies’ risk of bias, classified as low,
high, or unclear risk of bias. The Cochrane tool con-
siders sequence generation, allocation concealment,
blinding, incomplete outcome data and selective out-
come reporting. The risk of bias was assessed independ-
ently by three reviewers (GDF, ER, MHP). In the case of
disagreement, consensus was reached by consulting two
other reviewers (MA, AL).

Summary measures
Statistical analyses were conducted with the Review
Manager (RevMan) 5.1 software, using a random-effect
model with a 95% confidence interval [CI]. Different in-
struments were used to measure neurodevelopment so
to maintain homogenous data, we chose to treat each in-
strument separately. For continuous outcomes, mean
differences [MD] were calculated from extracted means
and standard deviations. For dichotomous outcomes
(frequency and percentage), relative risk [RR] was
reported.

Synthesis of results
If two or more studies reported the same outcome with
the same instrument, a meta-analysis was conducted
with RevMan 5.1 using a random-effect model and in-
verse variance, as suggested for studies with heterogen-
eity [PRISMA], with a 95% CI. Heterogeneity was
evaluated using the Chi-squared test with a significance
level of 0.1 and the I2 using the classification suggested
by PRISMA-P: 0 to 40%, not important heterogeneity;
30 to 60%, moderate heterogeneity; 50 to 90%, substan-
tial heterogeneity; and 75,100%, considerable heterogen-
eity [29]. The unit of analysis in our systematic review
consisted of preterm infants receiving an intervention or
a control comparator during NICU hospitalization.

Missing data
One author was contacted to obtain data [30]. As the
author was not able to provide the data to allow for im-
putation, the study was excluded from the meta-analysis.

Quality of evidence
The quality of evidence was assessed for each outcome
using the Grading of Recommendations Assessment, De-
velopment and Evaluation (GRADE) guidelines [31] by
three authors (MA, GDF, AL). The GRADE system rates
the quality of evidence as high, moderate, low or very

low in five areas: risk of bias, inconsistency, indirectness,
imprecision and publication bias. We downgraded each
area by one or two points based on judgment criteria.
For risk of bias, we did not downgrade if most risk of
bias judgments were rated as “low” and downgraded by
one point if the majority were rated “unclear” or “high.”
For inconsistency, we did not downgrade if heterogen-
eity was considered as not important (< 40%), and we
downgraded by one point if there was moderate or sub-
stantial heterogeneity among the studies (40 to 75%).
For indirectness of evidence, we did not downgrade for
any outcome. For imprecision, we downgraded by one
point if the total number of participants was lower than
400 for the assessed outcome and downgraded by two
points if the number of participants was lower than 150.
The summary of findings table was generated using the
GRADE profiler Guideline Development Tool software
and the GRADE criteria (2015, McMaster University
and Evidence Prime Inc.).

Results
Study selection
The study selection process is illustrated by the PRISMA
Study Flow Diagram (see Fig. 1). Of the 12,259 screened
studies, 186 were assessed for eligibility in the final se-
lection. A total of 174 full-text articles were excluded for
different reasons: a) 58 articles were not randomized
controlled trials; b) 29 articles included exclusively pre-
term infants with brain abnormalities; c) 57 articles did
not measure neurodevelopment or did not measure it with
a standardized instrument; d) 26 articles were not eligible
interventions; e) three articles were excluded for other rea-
sons (language of publications other than French and Eng-
lish or year of publication before 2002); and f) data was
not available for one article. Finally, 12 studies met the in-
clusion criteria and were included in this systematic re-
view [24–27, 32–39]. Five studies were included in meta-
analysis [24, 26, 32, 34, 38] for infants’ neurodevelopment.
All the other studies were not suitable for meta-analysis
because the nature of the intervention or the instrument
used to measure neurodevelopment was different, pre-
cluding data pooling [25, 27, 33, 35–37, 39].

Characteristics of included studies
The main characteristics of the included studies are summa-
rized in Table 1. The 12 studies published between 2002 and
February 2020 included 933 preterm infants. Five studies
were conducted in the United States [24, 27, 32, 34, 36], one
in the Netherlands [25], two in India [33, 35], one in
Thailand [26], one in Taiwan [38], and two in Iran [37, 39].
Eleven studies were RCTs [24–27, 32–35, 37–39] and one
was a pilot RCT with published results [36].
More than half the studies (n = 7) included preterm in-

fants born younger than or at 32 weeks of gestational age
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[24–27, 34, 36, 37]. Five studies included infants born at a
gestational age higher than 32weeks [32, 33, 35, 38, 39].
The 12 studies include a variety of interventions, in-

cluding NIDCAP [24, 32, 34], positioning and incubators
covers [25], alternative positioning [27], sensory stimula-
tion interventions considering tactile stimulation [36]
and multisensory stimulation [33, 35], parental participa-
tion programs [26, 38], music [39] and physical activity
and/or hydrotherapy [37].
Four studies did not specify who performed the inter-

vention [25, 33, 35, 39]. For three studies, the interven-
tion was delivered by two certified NIDCAP
professionals [24, 32, 34]. The other interventions were
either performed by a nurse [37], mothers with guidance
from nurses [26], nurses and/or parents when they were

at the bedside [27], the principal investigator (a nurse) or
a trained research team member [36], or physical thera-
pists, parents and nurses [38]. The majority of the studies
(n = 8) comprehensively described their control group (i.e.,
standard care or comparator group) [24, 25, 27, 32, 33,
35–38], and three that described their control group as
standard care did not provide specifics [26, 34, 39].
The shortest intervention duration was 14 consecutive

days [37], whereas the longest was five weeks, with the
intervention performed six days per week [36]. In some
studies, the intervention was performed at a distinctive
dose and frequency during NICU hospitalization [26, 33,
35–39] (see Table 1 for characteristics of studies). Four
interventions were carried out for short periods of time
ranging from five to 15min [33, 36, 37, 39], 30 min [35]

Fig. 1 PRISMA Flow diagram
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or one hour [38], whereas the others were almost always
regularly integrated into care, with no details about fre-
quency or dose [24, 25, 27, 32, 34].
The studies measured neurodevelopment using different

scales, such as the APIB [24, 32, 34], the Prechtl Neuro-
logical Examination of the Full-term Newborn [25, 32,
34], the INFANIB [33, 35], the NNNS [27, 36] the TIMP
[35, 37], the NNE [26, 38], the New Ballard Score [37, 39]
and items from the Dubowitz examination [37]. Four
studies used more than one scale [32, 34, 35, 37]. Eight
studies included preterm infants whose neurodevelopment
was measured during NICU hospitalization or at discharge
[25–27, 33–39] and three studies measured the primary
outcome at two weeks CA [24, 32, 34]. Three studies did
their measurements at the end of the intervention [35–
37], while one study performed their last measurement 28
days after the infants’ birth rather than at the end [26].

Risk of bias of included studies
The risk of bias assessment graph for the included stud-
ies is presented in Additional File 3 – Figure S1 (details
for each included study); a summarization figure in Fig. 2
and a summary table in Additional File 2 – Table S2 are
also presented. Six of the 12 studies reported the
random-sequence generation appropriately [25, 27, 33,
36, 38, 39], while the process used was not clearly indi-
cated in the other studies. Only two studies adequately
describe their allocation concealment method [32, 36].
The risk of bias from the blinding of personnel was high
in three studies [25, 34, 38] due to the nature of the
intervention, and it was unclear for all the other studies
because of insufficient information. Blinding of outcome
assessment was adequately performed in 10 studies ex-
cept for one rated high-risk [33] and one unclear for the
study not addressing this outcome [35]. All the studies
were judged low for incomplete outcome data except for
two: one did not provide reasons for missing data [32]
and one had an imbalance numbers in groups [34]. Se-
lective reporting was unclear in all studies and this risk
of bias was high in three studies because not all prespe-
cified outcomes were reported [33], or a difference was
noticed between the protocol registered and the publica-
tion [25, 37]. We considered six studies to be free from
other sources of bias [25, 27, 35–37, 39], whereas two
studies were judged high since an important risk of bias
was associated with threats of study validity [24, 34] and
four had unclear risk of bias for insufficient rationale or
evidence provided [26, 32, 33, 38] (see Additional File 3
– Table S2 for a detailed explanation).

Risk of bias across studies
As no more than ten studies were included in the meta-
analysis, funnel plot asymmetry was not tested, as the
power of this test would be too low to distinguish an

asymmetry indicating a publication bias [28]. However,
we performed different strategies to decrease potential
reporting bias, including a comprehensive search by an
expert librarian using nine different databases, an online
search of several trial registries to identify relevant pub-
lished trials and contacting authors by email to obtain
missing data.

Synthesis of results
Developmental care vs. Standard care

NIDCAP. Neurobehavioral development Three stud-
ies [24, 32, 34] that included a total of 229 participants

Fig. 2 Risk of bias summary: review authors’ judgements about each
risk of bias item for each included study
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(treatment: n = 117, control: n = 112) investigated the ef-
fects of NIDCAP compared to standard care using the
APIB scale. Compared to standard care, the effect of NID-
CAP was found to significantly improve preterm infants’
autonomic system (MD -0.83; 95% CI − 1.28 to − 0.37;
I2 = 45%; p = 0.0004) (see Fig. 3), motor system (MD -1.04;
95% CI − 1.58 to − 0.50; I2 = 66%; p = 0.0002) (see Fig. 4),
state system (MD -0.74; 95% CI − 1.06 to − 0.42; I2 = 0%;
p < 0.00001) (Additional File 4 – Figure S2), interaction-
attentional system (MD -0.48; 95% CI − 0.85 to − 0.11;
I2 = 0%; p = 0.01) (Additional File 5 – Figure S3), and self-
regulatory system (MD -0.84; 95% CI − 1.17 to − 0.51; I2 =
9%; p < 0.00001) (Additional File 6 – Figure S4). The effect
of NIDCAP also significantly improved the examiner fa-
cilitation subscale (MD -1.02; 95% CI − 1.44 to − 0.60;
I2 = 0%; p < 0.00001) (Additional File 7 – Figure S5).

NIDCAP. Neurological development Two studies [32,
34] totalling 137 participants (treatment: n = 72, control:
n = 65) investigated the effects of NIDCAP compared to
standard care using the Prechtl Neurological Examination
of the Full-term Newborn. The NIDCAP was found to sig-
nificantly improve preterm infants’ neurological develop-
ment (MD -15.00; 95% CI − 25.28 to − 4.73; I2 = 74%; p =
0.004) (see Fig. 5).

Alternative positioning. Neurobehavioral
development In one study [27], the effect of positioning
was evaluated using the NNNS and the preterm infants
in the treatment group showed significantly less asym-
metry than those in the control group. Only one signifi-
cant effect was reported for the asymmetry subscale
(MD 0.88; 95% CI 0.45–1.31; p < 0.0001), while no sig-
nificant effect was found for the other NNNS subscales
(i.e., attention, handling, quality of movement, regula-
tion, nonoptimal reflexes, stress abstinence, arousal,
hypotonicity, hypertonicity, excitability and lethargy).

Positioning and incubator covers. Neurological
development Only one study [25] with 148 participants
(treatment: n = 76, control: n = 72) investigated the ef-
fects of incubator covers and positioning compared to
standard care on preterm infants using the Prechtl
Neurological Examination of the Full-term Newborn

(normal vs. abnormal). No significant effect between
groups was found (RR 0.93; 95% CI 0.70 to 1.22; p = 0.58).

Parental participation intervention vs. Standard care

Neurobehavioral development Two studies [26, 38]
that included 294 participants (treatment: n = 145, con-
trol: n = 149) investigated the effects of a parental par-
ticipation program compared to standard care on
preterm infants using the NNE. Compared to standard
care, the program was not found to significantly improve
neurobehavioral development (MD 5.39; 95% CI − 3.43
to 14.20; I2 = 90%; p = 0.23) (see Fig. 6).

Sensory stimulation vs. Standard care

Tactile. Neurobehavioral development One study [36]
that included 18 participants (treatment: n = 9, control:
n = 9) investigated the effects of a tactile intervention
using the NNNS. No significant difference between groups
was found for any of the 12 subscales (i.e., attention, hand-
ling, quality of movement, regulation, nonoptimal reflexes,
asymmetric reflexes, stress abstinence, arousal, hypoton-
icity, hypertonicity, excitability and lethargy).

Multisensory. Neuromotor development Only one
study [33] that included 50 participants (treatment: n =
25, control: n = 25) investigated the effects of a multisen-
sory stimulation intervention compared to standard care,
assessed with the INFANIB. The multisensory stimula-
tion was significantly in favour of the experimental
group (MD 3.08; 95% CI 1.33–4.83; p = 0.0005).

Multisensory. Neuromuscular Development One
study [39] with 80 participants (treatment: n = 40; con-
trol: n = 40) evaluated the effects of a multisensory inter-
vention compared to standard care using the New
Ballard score. Both groups showed significant improve-
ment before and after, but infants of the experimental
group had significantly higher neuromuscular develop-
ment after the intervention compared to infants of the
comparator group (MD 5.60; 95% CI 4.65–6.55; p <
0.00001).

Fig. 3 NIDCAP vs. Standard care for the neurobehavioral development (autonomic system - APIB)

Aita et al. BMC Pediatrics          (2021) 21:210 Page 11 of 17



Music vs. Developmental care

Neuromotor and neuromotor development In one
study [35] that included 36 participants (treatment: n =
18, control: n = 18), the effect of music compared to de-
velopmental care was evaluated using the TIMPS and
the INFANIB. Significant effects of music were reported
for infants’ neuromotor development measured with the
TIMPS (MD 0.39; 95% CI 0.08–0.70; p = 0.01) and the
INFANIB (MD 1.89; 95% CI 0.42–3.36; p = 0.01) com-
pared the control group.

Physical activity and/or hydrotherapy vs. Containment

Neuromotor and neuromuscular development One
study [37] of 38 preterm infants (treatment: n = 19, con-
trol: n = 19) investigated the effects on neuromotor and
neuromuscular development of three different interven-
tions – physical activity, hydrotherapy and a combin-
ation of physical therapy and hydrotherapy – compared
to containment, using the TIMP, the New Ballard score
and items from the Dubowitz examination. For all inter-
ventions, the ANOVA effects were not significant: phys-
ical therapy (mean: 50.21) vs. containment (mean:
51.57); hydrotherapy (mean 48.05) vs. containment
(mean 51.57); or physical therapy combined with hydro-
therapy (mean: 52.00) vs. containment (mean: 51.57):
p = 0.11. For the neuromuscular development, no signifi-
cant findings were found for the New Ballard score (p >
0.05) while for the two items of the Dubowitz, ankle
dorsiflexion was not significantly different between
groups, but leg recoil was significantly better for the
physical therapy and hydrotherapy groups (p = 0.04).

Quality of evidence
The overall quality of evidence was considered low to very
low. The summary findings table is presented by outcome
(see Additional File 8 – Table S3). For the comparison be-
tween NIDCAP and standard care, the overall quality of
evidence was rated low to very low for the autonomic sys-
tem, motor system, state system, interaction-attention sys-
tem, self-regulatory systems and examiner facilitation
(neurobehavioral development), and very low for neuro-
logical development. For the comparison between parental
participation program and standard care, the quality of
evidence was rated very low. The main reasons for down-
grading scores were high risk of bias, high heterogeneity
between studies and small sample sizes. For the other
comparisons including only one study, the summary of
findings table is reported for each outcome (see Add-
itional File 8 – Table S3).

Discussion
Summary of evidence
To our knowledge, this is the first systematic review
examining the effectiveness of interventions on preterm
infants’ neurodevelopment during NICU hospitalization
or close to term CA. Our review synthesized the findings
of 12 studies that included 901 preterm infants. In our
systematic review, we combined the studies which had
the same/similar interventions. Combining studies for a
meta-analysis was only possible for NIDCAP and pro-
grams involving parents. For all other studies included,
those were not combined for analysis and results were
only described individually in a narrative form. We com-
bined three studies [24, 32, 34] in a meta-analysis show-
ing the positive effects of the NIDCAP intervention

Fig. 4 NIDCAP vs. Standard care for the neurobehavioral development (motor system - APIB)

Fig. 5 NIDCAP vs. Standard care for neurological development (Prechtl)
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compared to standard care on preterm infants’ neurobe-
havioral and neurological development at two weeks CA.
We also combined two other studies [26, 38] in a meta-
analysis indicating that, compared to standard care, par-
ental participation interventions do not improve preterm
infants’ neurobehavioral development during NICU
hospitalization.
For all other interventions, the synthesis shows that

compared to standard care or other type of comparators,
the effectiveness was either controversial or partial, as
significant findings were only reported for one or some
subscales of the instruments used to assess the preterm
infants’ neurodevelopment. Overall, multisensory stimu-
lation interventions were found to improve neuromuscu-
lar development [39] and neurological development [33].
In addition, music was reported to improve neuromotor
and neurological development [38]. Conversely, a tactile
stimulation intervention along with physical activity
and/or hydrotherapy was not found to improve neurobe-
havioral [36] or neuromotor and neuromuscular devel-
opment [37]. Developmental care interventions were not
found to improve neurobehavioral [27] or neurological
development [25]. It should be noted that these findings
are only based on single studies with distinctive differ-
ences in the nature and components of the interven-
tions, along with the instruments used to assess
neurodevelopment.

Quality of evidence
The overall quality of evidence of the studies included in
this systematic review is low to very low, which may be
attributed to many high to unclear risk of bias, hetero-
geneity and small sample sizes. For the allocation risk of
bias, all studies except two [32, 36] were judged unclear,
as insufficient details were provided. Also, the risk of
bias associated with blinding of personnel and partici-
pants was either unclear or high in all studies, whereas

the selective reporting bias was rated as unclear or high
in all studies. Among the 12 included studies, only three
included more than 100 participants [25, 34, 38], sug-
gesting that the majority of the included studies were
underpowered to detect effects.
Although the meta-analysis indicated that NIDCAP

developmental care intervention improved the neurobe-
havioral and neurological development of preterm in-
fants, these results are based on low to very low
evidence that may specifically be explained by unclear to
high risk of biases and the small sample size of the com-
bined studies (n = 229). It is also interesting to note in
the meta-analysis that only three APIB subscales (i.e.,
autonomic, motor and examiner facilitation) and the
Prechtl Neurological Examination of the Full-term New-
born had moderate to considerable statistical heterogen-
eity (I2 from 45 to 74%), which could be attributed to
methodological variability arising from potential differ-
ences among the evaluators assessing these outcomes
[28]. For the parental participation programs, even
though the meta-analysis did not support these interven-
tions as favouring the infants’ neurodevelopment, the
quality of evidence was very low and may, in this case,
be attributed to significant clinical heterogeneity (I2 =
90%), possibly resulting from differences in the compo-
nents of the interventions and the gestational age of pre-
term infants targeted in these studies [28].

Comparisons with previous studies
Previous systematic reviews and meta-analysis were con-
ducted with NIDCAP and developmental care interven-
tions to assess the effectiveness of these interventions on
the mid- and long-term neurodevelopmental outcomes
of preterm infants [10, 11, 13, 40]. For NIDCAP, the sys-
tematic review and meta-analysis concluded that signifi-
cant findings favoring the NIDCAP were only found at
9 months of age but not at 4-, 12-, 18- or 24-months

Fig. 6 Parental participation programs vs. Standard care forn eurobehavioral development (NNE)
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CA. Other recent systematic reviews reported that devel-
opmental care interventions favored long-term neurode-
velopmental outcomes in preterm infants with
significant effects for cognitive, mental, psychomotor
and language development up to 18 months of age and
IQ at the age of 5 [10, 11]. Our systematic review adds
to the efforts of these systematic reviews by bringing in
new evidence and reinforcing that the NIDCAP favors
preterm infants’ early neurodevelopment at a time that
is crucial for brain development and maturation [2, 3].

Implications for clinical practice
It is imperative to know which interventions during
NICU hospitalization promote optimal preterm infants’
early and long-term neurodevelopmental outcomes.
Based on our meta-analysis, the NIDCAP favored pre-
term infants’ neurobehavioral and neurological develop-
ment at two weeks CA, and even though the quality of
evidence was low to very low, it could be recommended
in clinical practice. As recent guidelines recommenda-
tions arising from systematic reviews suggest, the NID-
CAP is recommended as a support to neuroprotective
developmental practice care in NICUs [41]. The NID-
CAP requires extensive training and time investment to
maintain knowledge and expertise [42]. Although it may
not be readily accessible for all NICUs, principles guid-
ing developmental care, as NIDCAP, should still be en-
couraged in neonatal care as DC interventions are
recommended to promote short- and long-term neuro-
developmental outcomes in preterm infants [6].
Parental participation programs were not found to im-

prove preterm infants’ neurobehavioral development and
had very low quality of evidence, which may be ex-
plained by the different intervention components and
the gestational age of preterm infants included in the
studies. The diverse role that parents may play in the
early NICU participation programs could perhaps have
accounted for the high heterogeneity between studies.
Still, family-centered care in the NICU is a central devel-
opmental care intervention, and interventions fostering
parental participation in infant care are recommended
for clinical practice [43]. Parental presence, educational
sessions and active parental participation in preterm in-
fants’ care have been recently been reported to improve
both infant and parental outcomes [44] and should
therefore be promoted in NICUs. A summary of the
meta-analysis main findings and clinical implications is
presented in Figure S6 – see Additional file 9.

Implications for research
First, a clear conceptual definition of preterm infants’
neurodevelopment should be formulated to guide the
choice of interventions as well as the measurement tools
used in experimental studies. Future studies could test

the different interventions included in this systematic re-
view to build on evidence for those interventions. In
addition, analysis according to gender difference could
also contribute to knowledge development about the ef-
fectiveness of the interventions.
Different instruments were used in our systematic re-

view to evaluate the effectiveness of interventions on
preterm infants’ neurodevelopment during NICU
hospitalization. Although these instruments all have
standardized administration approaches and scoring
[45], they measure slightly different aspects of neurode-
velopment (i.e., the APIB assesses neurobehavioral devel-
opment, the Precthl assesses neurological development
and the TIMP assesses neuromotor development), limit-
ing comparisons between included studies. Including a
combination of different instruments [32, 35, 37, 39]
could provide a more global assessment of preterm in-
fants’ neurodevelopment and thus allow for comparisons
across studies.
One systematic review on developmental care [10] rec-

ommended combining electroencephalography (EEG) to
a measure of neurobehavioral development for assessing
the effectiveness of interventions with preterm infants.
Recent advances support the idea that brain activity and
oxygenation during the neonatal period play a crucial
role in the preservation and development of brain con-
nections, and thus in infants’ brain functioning and
growth [46, 47], and can predict their neurodevelopmen-
tal status in early childhood [48, 49]. Therefore, com-
bined with other standardized instruments, EEG as a
measure of infants’ neurodevelopment could be used in
future studies. Still, EEG as a measure of neurodevelop-
ment needs more research in order to be more objective
and therefore more comparable across studies.
For research purposes, a systematic review of neonatal

assessments supports the use of the APIB and the NNNS,
which have adequate psychometrics qualities [19]. The
choice of instruments to measure preterm infants’ neuro-
development during NICU hospitalization could also be
based on its predictive validity for long-term neurodeve-
lopment. The NNNS has predictive validity, as it corre-
lates with the Bayley cognitive scores at 12 or 24months
of age [50]. Of the instruments used in the studies in-
cluded in our systematic review, the TIMP is the neuro-
motor assessment with the best predictive validity for
long-term neurodevelopmental outcomes [18].

Limitations
Our review differed from the published protocol with re-
spect to the inclusion criteria and term age: we included
neurodevelopment measurements done soon after dis-
charge at two weeks CA. We only included French and
English literature, and missing data precluded us from
including one study in the meta-analysis for the
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NICDAP intervention. These differences were clearly re-
ported in the manuscript.
Moreover, a description of the standard of care was

provided in 8 of the 12 studies [24, 27, 32, 33, 35–38],
but the description was very different among the studies
and may reflect the evolution of care in neonatology,
since our systematic review included studies conducted
16 years apart. Likewise, the standard of care may have
differed based on the NICU design of the included stud-
ies, since in recent decades neonatal units have modified
their unit configuration to single-family rooms, as this is
the recommended NICU design [51, 52]. The ability to
operationalize interventions between the different NICU
designs could have played a role and other environmen-
tal conditions not readily evident may account for some
variability. Standard care and interventions conditions in
experimental studies should be reported as per the
guidelines. Together, these aspects limit the conclusions
of our systematic review, and future studies evaluating
the effectiveness of interventions are recommended.

Conclusions
Future studies are needed to identify the interventions
that are the most effective in promoting preterm infants’
neurodevelopment during NICU hospitalization or close
to term age. Without a clear definition of neurodevelop-
ment, interventions should be appropriately designed to
allow comparison with previous studies and instruments
should be combined to measure different aspects of in-
fants’ neurodevelopment. NICU hospitalization is a crit-
ical period for the brain development of preterm infants,
and all experiences encountered can significantly shape
their neurodevelopment, so it is imperative to identify
which interventions in the NICU optimize short-term
health outcomes in preterm infants.
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