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infants? A systematic review and meta-
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Abstract

Background: The aim of this study was to review the effects of developmental care in neonatal intensive care unit
(NICU) setting on mental and motor development of preterm infants.

Method: We searched PubMed, EMBASE, CINAHL, Scopus, Web of Science and Cochrane library until October 8th
2017, and included randomized controlled trials that assessed effects of developmental care in NICU on mental and
motor development of preterm infants at 12 and 24 months of age, using the Bayley scale of infant development in
this systematic review. In addition, data were pooled by random effects model and Standardized Mean Difference
(SMD) with 95% confidence intervals (CI), calculated for meta-analysis.

Results: Twenty one studies were eligible to be included in this systematic review; however, only thirteen studies
had data suitable for meta-analysis. According to statistical analysis, developmental care in NICU improved mental
developmental index (MDI) (standardized mean difference [SMD] 0.55, 95% confidence interval [CI] 0.23–0.87; p <
0.05), and psychomotor developmental index (PDI) (SMD 0.33, [CI] 95% CI 0.08–0.57; p < 0.05) of BSID at 12 months
of age and PDI at 24 months of age (SMD 0.15, 95% CI -0.02–0.32; p < 0.1) of preterm infants. However, the benefit
was not detected at 24 months of age on MDI (SMD 0.15, 95% CI -0.05–0.35; p = 0.15).

Conclusion: Current evidence suggests that developmental care in only NICU setting could have significant effect
on mental and motor development of preterm infants, especially at 12 months of age. However, because of clinical
heterogeneity, more studies are needed to evaluate the effects of developmental NICU care in the development of
preterm infants.

Keywords: Preterm infants, Developmental care, NICU, Interventions, Bayley scales of infant development, Meta-
analysis, Systematic review

Background
Every year, an estimated 15 million infants are born pre-
term [1]. The highest rate of preterm births is in sub-
Saharan Africa and South Asia (over 60%) [1]. The
preterm birth rate in developing countries varies widely
and has a different pattern than developed countries [2].
In recent years, the mortality rate in preterm infants

were reduced by advanced perinatal care, but the

developmental morbidity is remarkably high [3, 4]. In
preterm infants, in addition to cerebral palsy, hearing
loss, visual impairment, and growth retardation, long-
term follow-up studies have identified important devel-
opmental disorders [5]. A recent study showed that
more than 25% of neonates born between 28 and 32
weeks of gestation have developmental disorders at the
age of 2 years old, and this ratio reaches 40% at the age
of 10 [6].
Each sensory experience, proportionate or dispropor-

tionate, in the infant’s brain causes a behavioral response,
which itself results in another sensory experience. When
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the preterm infant has sensory experiences that are dis-
proportionate to its developmental stage, its neurodeve-
lopment will be different from when it is in the protective
environment of the uterus. Therefore, it is not surprising
to see different neurodevelopmental outcomes in preterm
infants compared with term ones [7]. In addition, fetal
nervous system is in a very active stage of development
during the third trimester. Therefore, the nervous system
is vulnerable due to the immature and rapid growth in
preterm infants [8].
Neurological care includes strategies that can prevent

the neuronal death [9]. These strategies are interventions
that protect the evolving brain or help the brain to re-
duce the death of neurons after trauma and improve
their performance by creating new communication path-
ways. The more immature is the infant, the more vulner-
able is its brain, and the more necessary is neurological
care for it [10]. In order to prevent these complications,
various methods have been proposed and implemented
by researchers over the past few decades. Most of these
methods are developmental interventions or cares in
infants admitted to the NICU (Neonatal Intensive Care
Unit). Developmental cares are methods that are
intended to adjust the NICU environment to diminish
the stress, support the behavioral organization, im-
prove physiological stability, keep sleep rhythms, and
promote neural growth and maturation of infant [7,
11]. In this type of care, the training and participation
of parents or caregivers are critical for the social,
emotional and physical health of the infant, and are
important factors in the family-based care process
[12]. The goals of developmental care for the family
are to encourage and support parents in the primary
caregiver role, and enhance family emotional and so-
cietal well-being [11, 13].
It appears that intense sensory impacts of NICU have

devastating effects on neurodevelopmental outcomes in
preterm infants. However, according to research, it is
unclear which of the severe [8] or mild stimuli or in-
appropriate stimuli [14] can be most harmful to neonatal
development.
The effectiveness of developmental care in preterm

infants has been investigated in a number of previous
systematic reviews [13, 15–21]. Symington et al. in-
vestigated the effects of five core measures on pre-
term infants during NICU admission, emphasizing the
short-term medical and neurobehavioral development
outcomes. Symington et al. concluded that there is
limited evidence to support the benefits of develop-
mental care in improving the cognitive, motor and
behavioral development in infants at the time of dis-
charge, but negative effects have not been reported in
this regard and improved neurodevelopmental out-
comes to 24 months corrected age [13, 21].

Lavallée et al. examined the Developmental Care Inter-
ventions (DCI) outcomes by presenting a comprehensive
narrative review of recent findings on the effectiveness
of DCI on stress relief, sleep promotion, and neurodeve-
lopmental outcomes. The main limitation of this study
was the lack of a systematic method of review. There-
fore, the quality of the papers examined has not been
evaluated with clear criteria or standard tools and there
might be bias in their report [17].
Orton, Spittle, and their colleagues investigated the ef-

fects of interventions after discharge on the cognitive and
motor development of premature infants in three age
groups; infancy (0 to < 3 years old), pre-school (3–5 years
old), and school (5–13 and 13–18 years old) and con-
cluded that early developmental interventions improved
cognitive outcomes at infant age, and at pre-school age.
However, the benefit was not sustained at school age. In
addition, developmental interventions had little effect on
motor outcome at infancy or school age [15, 16].
Jacobs et al. studied the long-term developmental effects

during school and short-term medical and developmental
effects of NIDCAP in comparison with routine care in pre-
term and low-birth-weight infants. The study concluded
that there is insufficient evidence to support NIDCAP in
improving short-term medical results and neurodevelop-
mental enhancement of preterm infants at school [18].
In the case of family-centered interventions, Vanderveen

et al. have recently conducted a systematic review of early
intervention programs in preterm infants focusing on
training the parents. The review identified studies that
used various interventions, including training the parents,
infant’s stimulation by parents, home visits, and individual
developmental care. The meta-analysis of the studies
showed that early interventions had improved cognitive
and motor performance of preterm infants at 12 and
24 months of age, but their effects are not sustainable
until the school age [19].
Among these reviews, only Symington et al. examined

effects of developmental interventions during NICU set-
ting; however, they only searched for interventions such
as control of external stimuli (vestibular, auditory, visual,
tactile), clustering of nursery care activities, positioning
or swaddling of the preterm infant and individual strat-
egies such as the ‘Newborn Individualized Developmen-
tal Care and Assessment Program’ (NIDCAP), and did
not use an extensive search method [13, 21].
The results of the two reviews by Symington et al. in-

dicate that there is very limited evidence that NIDCAP
have positive long-term effects on the behavior and
movement of preterm children at 5 years corrected age,
but there is no effect on their cognition at 5 years
corrected age. Also, other individualized developmental
care interventions have demonstrated some effects in
enhancing neuro-developmental outcome [13].
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In addition, in other systematic reviews, the develop-
mental outcomes of post-NICU discharge interventions
have been addressed [15–20].
Various assessment tools are used to assess the effective-

ness of developmental outcomes in infants and children.
These tools have different accuracy and validity, and there
is concept that these tools may not have enough sensitivity
to identify or monitor the improvement of minor problems
as long-term neuro-developmental outcomes [15, 22].
The Bayley Scales of Infant Development (BSID) [23–25]

is the best measure for the assessment of infants and the
most widely used measure to assess developmental im-
provement. BSID is frequently viewed as the end point of
follow-up in high-risk infants [26]. The BSID-I/II includes
two scales, including the Mental Developmental Index
(MDI) and Psychomotor Developmental Index (PDI), The
Bayley-III comprises three scales, including a cognitive,
language, and motor Composite.
When an intervention begins for infants at risk of de-

velopmental disorders, the intervention has a preventive
focus and has strategies to minimize developmental
complications. Thus, it is important for the care provider
to assess the effectiveness of these programs in at risk
infants. Before being able to support this developmental
care as one of the care goals in patients we need evi-
dence to show that the developmental care has proper
effects on short- and long-term developmental out-
comes. However, the effectiveness of these developmen-
tal care programs in preterm infants in the NICU has
not been fully approved.
Considering the importance of developmental care on

reduction of neuro-developmental disorders in preterm
infants, and various and more precise clinical trials con-
ducted in this field in recent years, we decided to investi-
gate the effect of developmental care in NICU setting on
first 2 years of mental and motor development of pre-
term children by a systematic review, with an analysis of
the risk of bias and an extensive search method.
In this review, developmental care was considered as a

program that begins in the NICU with the aim of sup-
port and promoting development, and we analyzed pa-
pers that tracked the intervention effects of various types
of developmental care on the neonatal development,
examining them with different editions of the BSID.

Methods
Search strategy and selection criteria
We searched PubMed, EMBASE (through OVID),
CINAHL (through EBSCO), Scopus, Web of Science and
Cochrane library up to October 8th, 2017 for relevant
articles. The search strategy consisted of text words,
such as premature, preterm, low birth weight and Bayley;
and relevant medical subject headings (MESH). The
complete search strategy is shown in Additional file 1:

Table S1. The reference lists of included studies were
searched in person for relevant articles. There was no
language restriction in search. However, we only screened
articles that their abstracts were in English.
Randomized controlled trials (RCTs) that assessed the

effects of developmental care in NICU setting on devel-
opment of preterm neonates (< 37 weeks) were included
in this systematic review. The developmental care were
consisted of environmental stress controls; individualized
approaches, such as NIDCAP; integration of parents, such
as mother training for understanding behavioral cues of
their infants; and behavioral techniques on neonates [11].
The BSID was the developmental assessment tool used in
included studies. Studies that included neonates with
major brain abnormalities or any other health situation
influencing neurodevelopment, such as intra-ventricular
hemorrhage greater than II, broncho-pulmonary dysplasia
(BPD) or brain malformation were excluded. Furthermore,
studies that used developmental assessment tools other
than BSID or published before 1970 were also excluded.
The primary outcomes of interest in this systematic review
were mental and motor development of preterm infants
that were assessed by BSID. The protocol of this review
will be published in Iranian Journal of Child Neurology.

Data extraction
This study employed Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [27]
to identify relevant articles and report the screening
process. The records of search were exported to End-
note and were screened by two reviewers. The eligible
studies were read in full and relevant studies were in-
cluded for assessment in this systematic review. Any
disagreement about selecting an article was resolved
through discussion. The data of included studies were
extracted in pre-designed forms by two authors. These
data included the author, publication year, intervention
date, country, design, sample size, intervention type,
intervention duration, intervention intensity, assess-
ment tool, assessment times and results. Any discrep-
ancies between the extracted data were discussed to
reach a consensus.
The risk of bias of included studies was evaluated by

“Cochrane collaboration risk of bias tool” [28, 29]. The
domains of risk of bias tool are “random sequence gen-
eration,” “allocation concealment,” “blinding of partici-
pants and personnel,” “blinding of outcome assessment,”
“incomplete outcome data” and “selective reporting.”
The risk of bias was classified as “low,” “unclear” and
“high” risk in each domain for an outcome in the in-
cluded studies. Review Manager 5.3 was used to illus-
trate the risk of bias graphs. Risks of bias of studies were
evaluated by two authors and disagreements were re-
solved through discussion.
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Data synthesis and statistical analysis
Qualitative Synthesis was done using data from all in-
cluded studies to draws the findings from individual
studies together however quantitative analyses included
studies that had numerical data. The meta-analysis as
quantitative analyses was performed with studies that
their data were documented or were obtained through
contact with the author. We performed a random effects
model meta-analysis for estimating the Standardized
Mean Differences (SMD) in STATA.
Subgroup analyses were based on risk of bias level,

gestational age (≤ and > than 28 weeks of gestational
age), birth weight (≤ and > than 1250 g), method of inter-
vention delivery (nurse, mother/nurse, environmental),
intervention type (NIDCAP, environmental and others,
such as massage therapy, handling and mother training),
intervention date (before and after year 2000) and as-
sessment time (12 or 24 months of age). These subgroup
analyses were used to find both clinical and statistical
heterogeneity between studies.
Assessment times (12 or 24 months of age) were con-

sidered to find the long-term effect of developmental
care in NICU. If a study didn’t assess the development at
12 or 24months of age, their data were used in the near-
est time point to 12 or 24months of age. Studies that
evaluated the development in less than 6months of age
were excluded from the meta-analysis, because of clin-
ical heterogeneity. Meta-analysis was limited in this re-
view due to the limited number of randomized trials
that were included in each subgroup.
In addition, for the interpretation of meta-analysis re-

sults, SMDs: 0.2, 0.5 and 0.8; were considered as small,
medium, and large intervention effect size respectively
[30]. The Publication bias was evaluated with funnel
plots and checked with Egger’s test.

Quality of the evidence
We used Grading quality of evidence and strength of
recommendations (GRADE) criteria to assess the quality
of evidence [31]. The RCTs are high quality evidence.
However, we downgraded the outcomes by one level for
serious concerns about inconsistency, indirectness, im-
precision, and publication bias criteria. The quality of
each outcome is described as high, moderate, low, and
very low based on GRADE criteria. We only used low
risk studies for the quality assessments.
The risk of bias of each outcome in a study was de-

duced by defining three main domains in risk of bias
tool. These domains were “random sequence generation,
” “allocation concealment,” and “blinding of outcome
assessment” that were key domains for our systematic
review. If all three of these domains were low risk in a
trial, the outcome of interest in that trial was considered
low risk. If one domain was unclear or high risk, the

outcome of interest in that study was considered unclear
or high risk respectively.
For determining the heterogeneity, the I2 was assessed.

If I2 was more than 75%, the quality of evidence was
downgraded by one level.

Results
Study selection
In this review, 7854 records were identified via the elec-
tronic search, after duplication screening, 4000 records
remained. Based on the inclusion criteria, 3966 studies
were excluded by reading titles and abstracts and 34 ar-
ticles assessed. Full-texts of 34 articles were read and 13
articles were excluded because of not having RCT design
[32–38], intervention in both NICU and post-NICU set-
tings [39–43], and intervention only in post-NICU set-
ting [44]. Finally, 21 studies with 1528 participants were
included in this systematic review. The PRISMA flow
diagram is presented in Fig. 1.

Study characteristics
The study characteristics are presented in Table 1. Fif-
teen studies were in the USA, two in Canada, one in
Switzerland, two in Netherlands and one in Brazil. All
articles were in English.
With regards to the review inclusion criteria, all included

studies used BSID (I, II or III) as developmental assessment
tool. Five studies used BSID-I [46, 52, 53, 57, 63], thirteen
studies used BSID-II [45, 47–49, 51, 56, 58–62, 64, 65], and
two studies used BSID-III [55, 66]. One study used both I
and II versions for 12 and 24months assessment respect-
ively [50]. All studies delivered the intervention in NICU
setting. However, in just one study, one session was in
post-NICU setting [55]. NIDCAP were used in eight trials
[46–50, 59, 60, 62]. Three studies used environmental de-
velopmental care, such as noise reduction and cycled light-
ing [45, 51, 56]. Three studies only trained mothers to
understand the behavioral cues of their infants [55, 61, 65]
and the rest of studies used other developmental care, such
as handling and massage [52, 54, 57, 58, 63, 64, 66].

Risk of Bias assessment
The risks of bias of included studies were assessed with
“Cochrane collaboration risk of bias tool” [28]. The risks
of bias of each domain in all studies are summarized in
Figs. 2 and 3. With regard to the overall risk of bias of
an outcome in a study, nine studies had low risk of bias
[45, 47, 48, 55, 58, 59, 62, 64, 66], eight studies had un-
clear risk of bias [46, 49–52, 57, 60, 65], and four studies
had high risk of bias [53, 56, 61, 63].

Meta-analysis findings
We performed meta-analysis on 13 included studies
[46–51, 56, 58–62, 64]. The considered time points for
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analyzing the results were 12 and 24months. Develop-
mental assessments of four studies were before 6 months
old; because of clinical heterogeneity, their data were not
entered in meta-analysis [55, 57, 63, 65]. Three studies’
data were not available or were not reported by means
and SD to pool with other studies [45, 52, 54]. In
addition, one study used Bayley III for developmental as-
sessment and because of Bayley III uses different scales
from BSID I and II, this study’s data were also not
pooled with other studies [66].
The meta-analysis’ primary and subgroup analyses

findings are summarized in Table 2. In assessing the
causes of heterogeneity for MDI at 12 months of age,
variables such as risk of bias, intervention date and type,
method of delivery, birth weight, gestational age, and as-
sessment time were evaluated by subgroup analyses.
Only subgroup analyses with the date of intervention
(studies ≤2000), and assessment time (9 months); de-
creased the heterogeneity of MDI at 12 months of age.
The rest of the outcomes had low heterogeneity in their
primary analysis. The forest plots of the risk of bias sub-
group analyses are shown in Figs. 4, 5, 6 and 7.
For publication bias assessment, we used funnel plot

and Egger’s test. Funnel plots of analyses are presented
in Additional file1: Figure S1. In MDI at 12 months of
age, there was publication bias with t = 2.30 and p
value = 0.047. However, there were no publication bias
in PDI at 12 months of age (t = 0.41, p value = 0.69),
MDI at 24 months of age (t = 1.29, p value = 0.267) and
PDI at 24 months of age (t = − 0.88, p value = 0.426).
Eight studies data were not in meta-analysis and their

results are summarized in Table 1. Abou Turk et al. con-
cluded that MDI was better in intervention group com-
pared with control one in preterm infants at 18–22
months of age however PDI were not different between
groups. Brown et al. showed that I preterm infants, MDI
and PDI were not different between intervention and
control groups at 12 months corrected age. In Fajardo
and colleagues study, PDI were better at 12 and 24
months of age. However, MDI had no difference be-
tween groups.
Welch et al. used Bayley III to assess the developmen-

tal care in NICU and showed that cognitive and lan-
guage domains were better in intervention group at 18
months corrected age.

Quality of the evidence with GRADE
The Quality of the evidence table with GRADE is illus-
trated in Additional file 1: Table S2.
a) 12 months of age quality of the evidence: Eleven

studies (n = 650 infants) were analyzed in 12months old.
However, only four studies (n = 346) had low risk of bias
that they were considered for the quality assessments.
There is moderate quality of the evidence that MDI at

Fig. 1 Flow diagram of the study
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12months of age were improved in intervention group
(SMD: 0.62, 95% CI: − 0.07 to 1.30, p value: 0.06). The
reason for downgrading the level of evidence for this
outcome was high heterogeneity. In addition, there is
high quality of evidence that PDI at 12 months of age
were also improved in intervention group (SMD: 0.33,
95% CI: 0.07 to 0.58, p value: 0.04).
b) 24 months of age quality of the evidence: six trials

were analyzed in 24 months old analysis with 516 partic-
ipants. Four studies (n = 453) had low risk of bias and
were considered for the quality assessments. There is
high quality of evidence that MDI (SMD: 0.14, 95% CI:
− 0.08 to 0.37, P value: 0.25) and PDI were better in
intervention group (SMD: 0.20, 95% CI: 0.01 to 0.38, P
value: 0.04).

Discussion
The aim of this systematic review was to assess the ef-
fects of developmental care in NICU setting on mental
and motor development of preterm neonates at 6–12
and 13–24 months of age. The interventions in this re-
view included a wide range of interventions and were
also very different from one another, so the results could
not be combined for an estimate of overall effectiveness.
To our knowledge, this is the first meta-analysis of

NICU developmental care interventions for premature
infants with a rigorous search strategy, review method-
ology, inclusion of Randomized controlled trials and a
broad range of developmental care and the unique
methods of measurement outcomes. Using GRADE with
low risk of bias studies, we evaluated the certainty of the
evidence to be high-to-moderate for described outcomes
in meta-analysis.
MDI and PDI of preterm infants at 12 months of age

were significantly better in developmental care group
with moderate effect size. Furthermore, MDI at 24
months of age were better with minimal effect size and
no statistically significant result. PDI at 24 months of age
were also significantly better with minimal effect size.
The span of this review is 46 years, with tremendous

changes in the management and care of preterm neonates
in the NICU and changes in survival rate of them. There-
fore, we used subgroup analysis by intervention date prior
and after 2000 year to decrease the clinical heterogeneity.
Furthermore, developmental interventions were highly

variable. Therefore, we performed a subgroup analysis
by intervention type to minimize this effect. However
because of the small number of studies, we could not
have divided them in more similar interventions. In
addition, we chose only studies that did the developmen-
tal care in NICU setting and excluded studies that im-
plemented the developmental care in NICU and Post
NICU setting to compare more similar interventions
with regard to duration of the interventions.

Fig. 2 Summary of risk of bias of included studies

Fig. 3 Risk of bias of included studies graph
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Table 2 Meta-analysis main results and sub-group analyses

Analysis Type Number of trials SMD (95% CI) P value I square

MDI on 12months of age (intervention versus control)

Primary analysis 11 0.55 (0.23 to 0.87) 0.001a 71.61%

Subgroup analysis by risk of bias

low risk studies 4 0.62 (− 0.07 to 1.30) 1 = 0.06b 1 = 86.72%

high risk studies 7 0.56 (0.22 to 0.90) 2 = 0.004a 2 = 50.40%

Subgroup analysis by intervention date (year)

≤ 2000 5 0.91 (0.63 to 1.19) 1 = 0a 1 = 0

> 2000 6 0.26 (− 0.10 to 0.63) 2 = 0.161 2 = 65.2%

Subgroup analysis with intervention type

NIDCAP 7 0.83 (0.33 to 1.32) 1 = 0.001a 1 = 77.5%

Environmental 2 −0.03 (− 0.47 to 0.40) 2 = 0.884 2 = 0

Others 2 0.29 (−0.26 to 0.84) 3 = 0.303 3 = 58.5%

Subgroup analysis with method of intervention delivery

Nurse 2 0.58 (− 0.51 to 1.67) 1 = 0.295 1 = 87%

Nurse/ Mother 7 0.74 (0.28 to 1.20) 2 = 0.002a 2 = 74.7%

Environmental 2 - 0.03 (− 0.47 to 0.40) 3 = 0.884 3 = 0

Subgroup analysis by Birth weight

≤ 1250 g 3 0.68(− 0.06 to 1.42) 1 = 0.071b 1 = 78.9

> 1250 g 3 0.74 (− 0.16 to 1.64) 2 = 0.17 2 = 77.6

Subgroup analysis by Gestational age

≤ 28 w 4 0.64 (0.06 to 1.22) 1 = 0.031* 1 = 71.5%

> 28 w 7 0.49 (0.09 to 0.89) 2 = 0.016a 2 = 71.5%

Subgroup analysis by assessment time

9m 7 0.85 (0.45 to 1.25) 1 = 0a 1 = 60.1%

12m 4 0.05 (− 0.15 to 0.26) 2 = 0.607 2 = 0

PDI on12 months of age (intervention versus control)

Primary analysis 11 0.33 (0.08 to 0.57) 0.013* I = 52.41%

Subgroup analysis by risk of bias

low risk 4 0.33 (0.07 to 0.58) 1 = 0.039a 1 = 19.41%

high risk 7 0.26 (− 0.09 to 0.61) 2 = 0.192 2 = 52.96%

Subgroup analysis by intervention date

≤ 2000 5 0.47 (0.07 to 0.87) 1 = 0.021a 1 = 48.3%

> 2000 6 0.22(−0.10 to 0.55) 2 = 0.178 2 = 56.1%

Subgroup analysis by intervention type

NIDCAP 7 0.52 (0.14 to 0.90) 1 = 0.007a 1 = 62.9%

Environmental 2 −0.19 (−0.63 to 0.24) 2 = 0.384 2 = 0

Others 2 0.29 (− 0.01 to 0.58) 3 = 0.055b 3 = 0

Subgroup analysis by method of delivery

Nurse 2 0.52 (0.01 to 1.04) 1 = 0.047a 1 = 50.4%

Nurse/Mother 7 0.41 (0.05 to 0.77) 2 = 0.025a 2 = 60.1%

Environmental 2 −0.19(−0.63 to 0.24) 3 = 0.384 3 = 0

Subgroup analysis by Birth weight

≤ 1250 g 3 0.39(−0.24 to 1.02) 1 = 0.228 1 = 72.6%

> 1250 g 3 0.38 (−0.47 to 1.23) 2 = 0.383 2 = 76.2%
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Table 2 Meta-analysis main results and sub-group analyses (Continued)

Analysis Type Number of trials SMD (95% CI) P value I square

Subgroup analysis by Gestational age

≤ 28 w 4 0.36(−0.24 to 0.95) 1 = 0.243 1 = 73.8%

> 28 w 7 0.28 (0.01 to 0.55) 2 = 0.043a 2 = 40.9%

Subgroup analysis by assessment time

9m 7 0.53 (0.15 to 0.90) 1 = 0.006a 1 = 56.6%

12m 4 0.13(−0.10 to 0.35) 2 = 0.276 2 = 9.5%

MDI on 24months of age (Intervention versus control)

Primary analysis 6 0.15(−0.05 to 0.35) 0.15 I = 18.09%

Subgroup analysis by risk of bias

low risk 4 0.14(−0.08 to 0.37) 1 = 0.248 1 = 29.11%

high risk 2 0.21(− 0.29 to 0.70) 2 = 0.431 2 = 0

Subgroup analysis by intervention date

≤ 2000 2 0.53 (0.12 to 0.93) 1 = 0.011a 1 = 0

> 2000 4 0.05 (−0.14 to 0.24) 2 = 0.612 2 = 0

Subgroup analysis by intervention type

NIDCAP 3 0.19(−0.09 to 0.48) 1 = 0.187 1 = 20.1

Environmental 1 0.01(−0.62 to 0.63) 2 = 0.986 2 = −---

Others 2 0.19(−0.40 to 0.78) 3 = 0.531 3 = 76.6

Subgroup analysis by method of delivery

Nurse 1 −0.09(− 0.42 to 0.24) 1 = 0.595 1 = −---

Nurse/ Mother 4 0.27 (0.01 to 0.54) 2 = 0.042a 2 = 26.7%

Environmental 1 0.01 (−0.62 to 0.63) 3 = 0.986 3 = −---

Subgroup analysis by Birth weight

≤ 1250 g 3 0.33 (0.06 to 0.60) 1 = 0.016a 1 = 0

> 1250 g 3 0(−0.23 to 0.23) 2 = 0.997 2 = 1.6%

Subgroup analysis by Gestational age

≤ 28 w 3 0.28 (−0.03 to 0.59) 1 = 0.072a 1 = 0

> 28 w 3 0.10 (−0.22 to 0.43) 2 = 0.529 2 = 56%

Subgroup analysis by assessment time

18m 2 0.24(−0.09 to 0.57) 1 = 0.158 1 = 0

24m 4 0.15(−0.15 to 0.46) 2 = 0.529 2 = 48.4%

PDI on 24months of age (Intervention versus Control)

Primary analysis 6 0.15 (−0.02 to 0.32) 0.089b 0

Subgroup analysis by risk of bias

low risk 4 0.20 (0.01 to 0.38) 1 = 0.037a 1 = 0

high risk 2 −0.19(−0.68 to 0.31) 2 = 0.460 2 = 0

Subgroup analysis by intervention date

≤ 2000 2 0.19(−0.41 to 0.79) 1 = 0.535 1 = 44%

> 2000 4 0.12(−0.07 to 0.32) 2 = 0.203 2 = 0

Subgroup analysis by intervention type

NIDCAP 3 0.08(−0.16 to 0.32) 1 = 0.516 1 = 0

Environmental 1 −0.17(− 0.79 to 0.46) 2 = 0.602 2 = −---

Others 2 0.30 (0.03 to 0.57) 3 = 0.032a 3 = 0
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In subgroup analysis of MDI at 12 months of age, het-
erogeneity decreased with intervention date, environ-
mental intervention type, and delivery and assessment
time. Furthermore, MDI at 12 months of age were better
in subgroup analyses with regard to the difference in ef-
fect size, intervention dates prior to 2000 year, NIDCAP
intervention type, 9 month assessment time with large
effect size, and MDI at 12 months of age were better in

subgroup analyses by nurse/mother delivery method,
birth weight ≤ 1250 g, gestational age ≤ 28 w, with
medium effect size in intervention groups.
In subgroup analyses of PDI at 12months of age, het-

erogeneity decreased with environmental and other inter-
vention type, and environmental intervention delivery.
In subgroup analyses of PDI at 12months of age, with re-

gard to the difference in effect size, PDI of studies with low

Table 2 Meta-analysis main results and sub-group analyses (Continued)

Analysis Type Number of trials SMD (95% CI) P value I square

Subgroup analysis by method of delivery

Nurse 1 0.23 (− 0.10 to 0.57) 1 = 0.169 1 = −--

Nurse / Mother 4 0.15(− 0.07 to 0.38) 2 = 0.175 2 = 5.3%

Environmental 1 - 0.17(−0.79 to 0.46) 3 = 0.602 3 = −--

Subgroup analysis by birth weight

≤ 1250 g 3 0.23(− 0.06 to 0.52) 1 = 0.115 1 = 9.5%

> 1250 g 0 – 2 = −-- 2 = −--

Subgroup analysis by Gestational age

≤ 28 w 3 0.09(−0.22 to 0.40) 1 = 0.571 1 = 0

> 28 w 3 0.18(−0.04 to 0.41) 2 = 0.110 2 = 10.6%

Subgroup analysis by assessment time

18m 2 0.12(−0.27 to 0.51) 1 = 0.553 1 = 22.4

24m 4 0.15(−0.05 to 0.36) 2 = 0.110 2 = 3.3%

Significance level at 0.05a

Significance level at 0.1b

Fig. 4 Forest plot of MDI at 12 months of age with risk of bias subgroup analysis
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risk of bias, intervention dates prior to 2000 year, NIDCAP,
nurse and nurse/mother delivery method and 9months as-
sessment time were better with medium effect size in inter-
vention groups. In addition, PDI of studies with gestational
age > 28 weeks and other intervention types were better
with small effect size in intervention groups.
In intervention type, the NIDCAP at 12 months of age,

MDI (SMD 0.83, [CI] 0.39–1.32) and PDI (SMD 0.52,

[CI] 0.14–0.90) have large and medium effect size re-
spectively on developmental outcomes, which was differ-
ent with Symington and Pinelli, who concluded that the
neuro-developmental outcome results (up to 12months
corrected age) of the NIDCAP trials were conflicting
with respect to benefit [13].
In subgroup analyses of MDI at 24 months of age, with

regard to the difference in effect size, intervention dates

Fig. 5 Forest plot of PDI at 12 months of age with risk of bias subgroup analysis

Fig. 6 Forest plot of MDI at 24 months of age with risk of bias subgroup analysis
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prior to 2000 year, with medium effect size have differ-
ence in intervention group. MDI at 24 months of age
were also better in subgroup analyses by Birth weight ≤
1250 g, gestational age ≤ 28 w with small effect size in
intervention groups.
In subgroup analyses of PDI at 24 months of age, PDI

were better in low risk and other intervention type’s
method with small effect size.
With regard to the magnitude and precision of rela-

tion, the intervention date and assessment time may be
an important factor in assessing intervention effective-
ness. The results of studies that occurred before 2000, at
12 months of age, [MDI (SMD 0.91, [CI] 0.63–1.19) and
PDI (SMD 0.47, [CI] 0.07–0.87)]; and at 24 months of
age, [MDI (SMD 0.53, [CI] 0.12 to 0.93)] were signifi-
cantly better. The better outcome may be due to the
lower survival rate of very premature and VLBWs, and
healthier preterm neonates who survived before 2000;
therefore, the developmental care in NICU could have
more effect on those healthier preterm neonates com-
pared to more fragile preterm neonates after 2000 [15].
Furthermore, routine cares in NICUs are better in recent
years and they obviously differ across studies; therefore,
pooling results across periods may result in comparing
different groups of infants with respect to outcomes. As
more recent studies are published it may be possible to
group studies according to their time of perinatal care.
Also MDI (SMD 0.85, [CI] 0.45–1.25) and PDI (SMD
0.53, [CI] 0.15–0.90) decreased after 9 months of age.
This may be due to the increased effects of social and
environmental variables with increasing age on develop-
ment, or perhaps the effect of intervention is more
apparent at 9 months of age. Subgroup analyses at 18

and 24months of age on MDI and PDI were not differ-
ent according to the effect size.
Previous systematic reviews that investigated the effects

of developmental care during NICU admission [13, 24]
concluded that there is limited evidence of the long-term
positive effect of NIDCAP on behavior and movement of
preterm children at 5 years corrected age, but there is no
effect on their cognition. Other individualized develop-
mental care interventions have also demonstrated some
effect in enhancing neurodevelopmental outcome [13].
On the other hand, for detection of secondary out-

come, we have 9 included trials with a marker of illness
severity, such as days in the NICU that have weak mag-
nitude and precision of relation (SMD −.168, [CI]
-0.471, 0.0135) and no statistically significant effect (P
value 0.276) between intervention versus control groups.
Consistent with our study, Symington et al. also detected
an increase in the length of stay, which were demon-
strated in infants receiving developmental care com-
pared to control ones.
For publication bias assessment, Egger’s test showed that

there was publication bias in MDI at 12months of age. The
publication bias may be due to small number of studies.
Meta-analysis was limited in this review due to the

large variation in interventions and limited number of
randomized trials that were included in each interven-
tion category. A limitation with developmental care trials
was that it is not possible to mask the recipient of the
intervention (in this case the mother and infant) or the
person applying the intervention, unless the study in-
cludes a comparison group getting another intervention
rather than no treatment or by cluster RCTs, that we
have no cluster RCTs in this study .

Fig. 7 Forest plot of PDI at 24 months of age with risk of bias subgroup analysis
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Also, there are limitations to meta-analysis, particularly
if there is evidence of publication bias, if the outcomes are
too dissimilar, or if the studies are at risk of bias. We have
tried to minimize these difficulties by representing that
there was little evidence of publication bias, by matching
comparable outcomes within narrow age ranges and
unique assessment tool, and by evaluating the quality of
the studies and highlighting the higher-quality studies.
In this review, BSID were considered for developmen-

tal assessment. BSID is a comprehensive developmental
measure with high sensitivity to identify or monitor the
major improvement of long-term neurodevelopmental
outcomes and do not exactly assess minor problems
[16]. Use BSID could decrease the heterogeneity of stud-
ies, but it may limit the number of studies reviewed.
Our primary outcome was the long-term outcome of

developmental care in NICU setting. However, the defi-
ciency of available data above 24months old limits the
capacity to compare results between the studies. Diver-
sity and difficulty in identifying the most effective inter-
ventions in this review have been emphasized. It is
important to aspects of the programs that are mostly
useful, and neonates and families who benefit from such
programs, more effectively targeting interventions. Long-
term benefits for the child and family should also be
considered during the intervention. Future studies may
include assessments that evaluate functional outcomes,
such as educational, behavioral and social problems.

Conclusion
In this review, we highlighted that NICU developmental
care could have a significant effect on mental and motor
development of preterm neonates, especially at 9–12
months of age.
The strengths of this systematic review were a rigorous

search strategy, review methodology, inclusion of a
broad range of developmental care interventions, and
the unique methods of measurement outcomes.
Because of high cost, many low and middle income

countries (LMIC) cannot implement post NICU interven-
tions; thus, more research is needed for understanding the
actual benefit of the administration of developmental care
in NICU setting in LMIC for prevention of developmental
morbidity in preterm newborns.
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