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Context: All over the the world, preterm birth is a major cause of death and important neurodevelopmental disorders. Approximately 
9.6% (12.9 million) births worldwide are preterm.
Evidence Acquisition: In this review, databases such as PubMed, EMBASE, ISI, Scopus, Google Scholar and Iranian databases including 
Iranmedex, and SID were researched to review relevant literature. A comprehensive search was performed using combinations of various 
keywords.
Results: Cerebral palsy especially spastic diplegia, intellectual disability, visual (retinopathy of prematurity) and hearing impairments are 
the main neurodevelopmental disorders associated with prematurity.
Conclusions: The increased survival of preterm infants was not associated with lower complications. There is now increasing evidence of 
sustained adverse outcomes into school age and adolescence, for preterm infants.
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Implication for health policy/practice/research/medical education:
Despite the increased survival and decreased morbidity in Low Birth Weight infants, the social and economic burden associated with poor neurodevelop-
ment prognosis are other sequels of these infants; LBW infants are at higher risk of problems such as major neuro-sensory deficits, cerebral palsy, cogni-
tive and speech delays, motor and visual deficits, psycho-social and behavioral disorders, and dysfunctioning at school. Most children with the history of 
LBW suffer from multiple disabilities, and this disability continues during school age and also beyond it. The majority of them are in need of intensive 
and continuous care. In line with the need to reduce infant mortality, the need to reduce the complications of LBW and premature infants should be 
considered by the policymakers of health system. This article aims to review the developmental outcomes of preterm and LBW infants.
Copyright © 2014, Iranian Red Crescent Medical Journal; Published by Kowsar Corp. This is an open-access article distributed under the terms of the Creative Com-
mons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Context
Preterm birth is a major cause of death around the 

world and is one of the major health problems. Approxi-
mately 9.6% (12.9 million) births worldwide are preterm. 
The prevalence of preterm and low birth weight (LBW) 
births in United States is estimated at 8.2% per year (1) 
which includes a large proportion of deaths and causes 
short and long-term complications such as neurodevel-
opmental disorders (2, 3). Nearly 19000 infant deaths 
each year in Iran occurs due to premature birth, LBW, and 
other complications (4).

Overall, from 121 million neonates born each year, 
almost 23 million have LBW and the majority of them 
are in  developing countries and cause by  premature 
birth (5). LBW prevalence in Iran, according to the lat-
est statistics have been reported as 9.6% to 11.8% (6, 7). 
The incidence of LBW also varies in other countries. It 
had a decreasing course between 1990 to 2010 in Esto-
nia and Croatia, 2000 to 2010 in Sweden and The Neth-
erlands, and 2005 to 2010 in Lithuania and Estonia. In 
the United States, the incidence showed an accelerated  
declining trend during the years 1989 to 2004 (8, 9). It 
is clearly shown that underweight infants suffer two to 

three times more than other infants from disabilities, 
health problems, and short and long-term psychologi-
cal and social problems (10, 11).

In recent years, with advances in prenatal care and start-
ing neonatal intensive care units, the survival rate of pre-
mature infants, low and very low birth weight (VLBW) has 
increased significantly (12, 13). However, the increased sur-
vival rate of premature infants was not associated with low-
er complications, and those infants who survived suffered 
more intensely from severe disabilities, intellectual disabil-
ity, cerebral palsy, and hearing and visual impairments (14). 
Other studies suggest that there is little evidence regarding 
the association of increased disabilities with increased sur-
vival, and the overall rate of moderate to severe disability 
had been significantly decreased (15, 16). In Iran, the surviv-
al rate of LBW and VLBW infants were also reported as 98.4% 
and 66.6%, respectively (6).

Premature infants are at risk of major and minor deficits, 
such as cerebral palsy, cognitive and speech delays, motor 
and visual deficits, psycho-social and behavioral disorders, 
and dysfunction at school (17-21). This article aimed to re-
view the developmental outcomes of preterm birth.
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2. Evidence Acquisition
Data of this review were collected from our previous 

studies plus various data such as PubMed, EMBASE, ISI 
Web of science, Scopus, Google Scholar and Iranian da-
tabases including Iranmedex, and SID. A comprehensive 
search was performed using the combinations of the key-
words “neurodevelopment, impairment, preterm birth, 
low birth weight” to review the relevant literature. The 
searches were performed using Boolean operators OR, 
AND between main phrase and the mentioned keywords 
were extracted from specific themes of the topic under 
study. A search strategy was built applying advanced 
search capability of the search engines. Based on this 
search strategy, only those articles were retrieved that 
had one of the first four keywords either in the title or 
the abstract. This strategy retrieved 150 articles. The in-
clusion criteria was  set out in a way that only articles 
that explicitly dealt with neurodevelopmental outcomes 
after preterm birth were included. We also looked at the 
reference list of the retrieved papers and searched other 
search engines. A total of 150 articles were found in the 
primary search but after elimination of duplicates or ir-
relevant papers, only 79 records remained to be reviewed. 
The rational for selecting these articles were their popu-
larity among researchers in the field. All published data 
from 1999 to 2013 is included in this review.

3. Results

3.1. Major Neurodevelopmental Disorders
The main disorders associated with prematurity in-

clude cerebral palsy especially spastic diplegia, intel-
lectual disability, hearing loss, and visual impairment 
associated with retinopathy of prematurity. These im-
pairments can occur together or separately during devel-
opmental periods, and they are sometimes complicated 
by progressive hydrocephalus or chronic seizures (22). 
They are usually symptomatic in the first two years of life; 
and their degree of severity may vary from mild to severe. 
A comprehensive and systematic approach for assessing 
the severity and impact of the disorder on daily function 
of children is required; implementing programs for early 
intervention and providing special education plans for 
these children is important (23).

These disabilities are 2 to 3 times more likely to occur in 
LBW infants compared to normal weight infants, and its 
prevalence increases with a more prametuarity and low-
er weight at birth birth (11, 24, 25). The rate of disabilities 
is higher in boys (16). A research showed in a study on de-
velopmental outcomes of VLBW infants with a report of 
neurosensory and neuro-functional status of them that 
compared to other infants, they have more neurological 
problems and developmental delays (26). Researchers of 
another study on 7500 infants in Iran concluded that the 
most common risk factors in developmental disorders 

for infants were prematurity, LBW, neonatal seizures, 
hyaline membrane disease, infection during pregnancy, 
and severe neonatal jaundice. In addition, it was found 
that developmental delay was also associated with fac-
tors such as parental consanguinity and abnormal fetal 
head circumference (26). Another study determined the 
factors significantly correlated with impaired motor de-
velopment as perinatal asphyxia (with evidence of neo-
natal seizures, fetal distress and Apgar score of 0-3 at 20 
minutes), LBW, preterm birth, and premature rupture of 
membranes (27).

3.1.1. Cerebral Palsy
Cerebral palsy with various intensities and types is the 

most common developmental disorder of preterm in-
fants and is associated with long-term disabilities. Early 
signs of cerebral palsy usually appear before three years 
of age. Infants with cerebral palsy compared with normal 
children often have slower developmental stages (28-30). 
Estimated prevalence of cerebral palsy in school age chil-
dren is 3-4/1000 in the United States (31). Another report 
also showed the incidence of cerebral palsy is 2 per 1000 
births in the United States (32). Although the prevalence 
of cerebral palsy due to infections during pregnancy and 
kernicterus has dropped dramatically, but the incidence 
preterm birth and LBW has increased dramatically which 
leading to emergence of a new wave of cerebral palsy es-
pecially in the developed countries. The reason is probably 
due to brain damage in preterm infants, parenchymal and 
intraventricular hemorrhage, and white matter injuries 
(33, 34) these factors do not apply to the full-terms (35).

Cerebral palsy, based on the type and nature of the mo-
tor disability and according to the neurological signs 
and symptoms, is classified into different types. The clas-
sification is also based on pyramidal or extrapyramidal 
pathways involved and lesion localization (quadriplegia, 
diplegia and hemiplegia) (36). Cerebral palsy is divided to 
different types such as spastics, athetoid, ataxic, or mixed 
paralysis (37). Spastics is the most common type of cere-
bral palsy in preterm infants or those with LBW;(37, 38) 
it includes almost two thirds of the infants born before 
37 weeks of pregnancy, while for more than a century it 
was named as preterm disease (37). Results from differ-
ent studies showed that diplegic cerebral palsy is a clini-
cal manifestation of periventricular leukomalacia, which 
is from large portion damages of white matter caused 
by hypoxic-ischemic lesions. In other words, white mat-
ter ischemic lesions in the ventrices cause cerebral palsy 
especially spastic diplegia (39). Some studies have stated 
that premature rupture of membrane and chorioamnio-
nitis are considered as the major risk factors for spastic 
cerebral palsy (37). Other studies mentioned intrauter-
ine growth retardation as a cause for spastic diplegia. 
The etiology of spastic cerebral palsy is multi-factorial 
and it is necessary that all infants with LBW in the first 
two years of life be evaluated and screened regarding the 
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neuro-motor development (19, 40). Spastic quadriplegic 
cerebral palsy is seen  in infants discharged from the 
intensive care unit with a history of asphyxia, severe in-
traventricular hemorrhage, bilateral ventriculomegaly, 
neonatal seizures, and central nervous system infection 
(such as sepsis and meningitis) (40). In diplegia, mild to 
moderate cognitive impairment is observed, but it is se-
vere in quadriplegic cerebral palsy (CP) (41). Various stud-
ies have shown that low birth weight, neonatal encepha-
lopathy, and high risk pregnancies are considered as the 
most important independent risk factors for CP (42). CP 
develops over time; so, the symptoms may be transient 
and may not be the definitive consequence of cerebral 
palsy. On the other hand, there are infants who are dis-
charged from the hospital with no symptoms and have 
had almost a normal neurological examination, especial-
ly in different kinds of diplegic or hemiplegic patients, 
but at the end of their first year, the peremanent  signs 
would manifest themselves (22). In a survey conducted 
in Karaj, Iran, it was found that neonatal and infantile 
seizure, premature birth, history of abortion, and bron-
chopulmonary dysplasia major risk factors for develop-
mental delays (38).

3.1.2. Intellectual Disability
Intellectual disability or mental retardation (MR) is of-

ten accompanied by one or more disability states espe-
cially cerebral palsy (43). Collier SA showed that in 80.3% 
of the cases mental retardation is associated with cere-
bral palsy. In 28.2% of the patients with spastic diplegia 
normal intelligence is present (45). Mental retardation 
was observed in 4% to 5% of the children with LBW who 
were followed up until their school ages. Mental retarda-
tion has also been reported in severe bronchopulmonary 
dysplasia especially in cases that had severe and pro-
longed mechanical ventilation with hyperoxia (22).

Collier studied the risk factors associated with LBW and 
their impact on CP and mental retardation and empha-
sized that unwanted pregnancy and cigarette smoking 
during pregnancy increases the incidence of LBW; and pre-
vention of these risk factors can prevent 32 cases of cerebral 
palsy and 159 cases of mental retardation per year (45).

3.1.3. Hearing Loss
Studies showed that preterm infants had 20 times high-

er risk of hearing loss than full-terms with normal weight 
(46, 47). The infants' admission to the intensive care unit 
increases the risk of both types of sensorineural and con-
ductive hearing loss. Therefore, it is recommended that 
all neonates have hearing screening before the discharge 
(48). LBW infants are at risk for partial or total hearing loss 
and approximately 2% to 3% of them suffer from this prob-
lem. Generally, all neonates, especially infants weighing 
less than 2000 grams are indicated for the hearing and 
visual evaluation  after discharge (2). Valkama et al. men-
tioned that screening for the highly sensitive auditory 

brainstem response (ABR) is considered a better method 
for assessment of VLBW infants (48). According to the re-
sults of the hearing screening of a large number of new-
borns in 2013, 17.5% of the infants who had hearing loss 
were infants with LBW, and it was found that weight is a 
dependent factor in effecting decreased hearing (49). Be-
ing exposed to ototoxic drugs, infection, injury, hypoxia 
and ischemia, and increased serum bilirubin are also im-
portant factors in decreasing hearing in LBW infants (50).

Moderate and mild sensorineural hearing loss (25 dB to 
59 dB) can lead to delayed speech and language develop-
ment with the incidence of 6% to 8% of LBW infants. The 
high prevalence of chronic otitis with middle ear effusion 
and conductive hearing loss in preterm infants with LBW 
has been reported, and it might be due to the association 
with eustachian tube dysfunction, dolichocephalic head, 
muscular hypotonia, and prolonged intubation (22). In 
VLBW infants, serum bilirubin level should be kept lower 
than 14 mg/dL, in order to prevent cerebral palsy and sen-
sor neural hearing loss. Also, evidence showed that in-
creased pulmonary arterial pressure regardless of birth 
weight, is an independent risk factor for developing hear-
ing impairment (51).

3.1.4. Visual Impairment
Retinopathy of prematurity (ROP) is one of the most 

common causes of visual loss in infants with LBW (2). ROP 
remains as one of the causes of preventable childhood 
blindness worldwide and its incidence varies among dif-
ferent countries (52). Severe retinopathy of prematurity 
requires more treatment in Asia and South America than 
in most Western countries (53).

Gestational age of less than 26 weeks is the most impor-
tant factor associated with visual impairment. It seems 
that hypoxia, arterial carbon dioxide pressure changes, 
arterial pH, oxygen consumption with high dosage, and 
being exposed to light are influential factors in  visual de-
fects in infants with LBW (22). Researchers studying the 
developmental outcomes of VLBW infants reported the 
prevalence of visual impairment as 5.21% and blindness 
in 0.5% of infants which was in one or both eyes (54). The 
importance of early detection of vision problems is no 
secret to anyone. Monitoring the eye muscle balance, vi-
sion, and visual power should be part of the premature 
infants follow-up programs especially up to the pre-
school years. Therefore, regular follow-up and care before 
and after discharge in preterm and LBW infants are nec-
essary for early detection and intervention.

3.1.5. Hydrocephalus
Intraventricular hemorrhage is the major problem 

of premature infants in neonatal intensive care units 
around the world (55). According to various studies; 
about 15% to 20% of premature infants with birth weights 
lower than 1500 grams suffer from intraventricular hem-
orrhage and need permanent cerebrospinal fluid shunt. 
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This figure in very premature infants with 550-750 grams 
of weight is approximately 45% (55-57). Prevention of intra-
ventricular hemorrhage is critical because approximately 
15% of infants after bleeding have developed hydrocepha-
lus and 10% need shunt (57). According to recent studies, 
children with advanced hydrocephalus after bleeding 
and ventrico-peritoneal shunt in some cases had poorer 
neurodevelopmental outcomes (58, 59), and they would 
suffer from symptoms such as cerebral palsy, mental re-
tardation, and sensory impairments (22, 56, 60, 61). Brain 
ultrasonography is the most reliable method for diagnos-
ing and follow-up of intraventricular hemorrhage (IVH) in 
preterm infants (58, 62). With serial brain ultrasound the 
decrease or improvement of ventriculomegaly are shown 
in some cases. Clinical symptoms in infants who develop 
progressive hydrocephalus usually appear in weeks 2-8 or 
even rarely at the end of infancy (22). Since head circumfer-
ence growth of more than 2 cm per week is a sign for pro-
gressive hydrocephalus (58) infant’s head circumference 
measurement at follow-up examinations is important; and 
if abnormal a Doppler ultrasound (if the increasing head 
circumference growth was asymmetrical with weight and 
height growth parameters) will be required (22).

3.2. Minor Impairments
Although assessment of major disabilities is easy but 

detecting minor impairments seems difficult (22). The 
rate of the presence of these defects in 6 and 24-months-
old infants who were born preterm was 13.2% (63) and 
11%, respectively (64). In various studies, cognitive, behav-
ioral impairments, and neuro-behavioral developmental 
changes was observed with a higher prevalence in LBW 
and preterm infants that had survived, Frank clinical pre-
sentation appeared until the age of six years, and some-
times it was delayed until the onset of adulthood. These 
developmental disabilities in preterm infants include 
cognitive delay [low intelligence quotient (IQ)], speech 
and language disorders, neuro-motor disorders includ-
ing problems with balance, coordination and perceptual 
problems, and their incidence increases with a  decrease 
in birth weight and male gender (22, 65). In Xiong et al. 
study, 50% of 5-years-old children with birth age of 26-33 
weeks were abnormal in more than one  area of IQ, be-
havioral questionnaires, movement, and neurological ex-
aminations (65). Recent studies on the behavior and de-
velopment of children, regardless of the type of the test 
used, indicate that premature infants have lower scores 
than full-terms (22, 63, 65). But these results can not  ex-
actly predict the prognosis for all the patients admitted 
to the intensive care units (22, 65).

3.2.1. Perceptual and Cognitive Development
As shown in the former studies, the cognitive outcome 

is inversely correlated with gestational age and birth 
weight. Other factors that have a negative impact on 
cognitive outcomes are intrauterine growth retardation, 

perinatal infection, broncho-pulmonary dysplasia, intra 
ventricular hemorrhage, cystic periventricular leuko-
malacia, ventricular dilatation after hemorrhage, and 
environmental factors such as socioeconomic status, 
and education level of the mother. It was found that the 
cognitive function in preterm children were on average 
below term babies (67). The IQ score and cognitive and 
learning abilities in infants with intraventricular hem-
orrhage of grade four were lower. In addition, children 
with retinopathy of prematurity in middle childhood 
ages may suffer cognitive and motor impairment and 
have functional limitations. Bronco-pulmonary dyspla-
sia in children with LBW and low birth age has nega-
tive impact on their IQ, mathematics and verbal ability 
scores, as well as cognitive and motor skills in childhood 
(22). Rieger study on 107 five-years-old children with birth 
weight lower than 501 grams and birth age of 22 weeks 
from three different centers in Germany showed that 
about 50% of the children had mild disabilities; about 
41% were lagging behind in cognitive development (IQ < 
70); and 80% had an IQ of 75-80 (68). Unfortunately, this 
defect appears in the first year of birth and gradually dur-
ing the preschool years; and even with the best favorable 
predictor of IQ (improving IQ with better socioeconomic 
status), it increases. In other words, perceptual and cog-
nitive problems in these children with average or above 
average social classes are more common in preterm chil-
dren compared with term peers; but educating the moth-
ers on cognitive outcomes in the second year after the 
child's birth should not be ignored (69). The growth and 
development in preterm infants via Baley scale II (BSIDII) 
was definitely lower than 12 months term infants which 
the effects of birth weight and gestational age on cogni-
tive and behavioral outcomes (22).

3.2.2. Language Development
Communication skills including auditory, visual, ver-

bal symbolic learning systems (i.e. language), and speech 
production is based on academic learning and social com-
munications (22). The prevalence of delayed or impaired 
language development in 3 to 5-years-old very preterm chil-
dren (birth age less than 30 weeks) was between 32%-48% 
and in the birth age of 31-34 weeks it was 30%-35% (70). 

According to the previous studies, VLBW children and 
very preterm infants are weaker than term children regard-
ing language performance. These language problems can 
still be seen in primary schools meaning  the time that lan-
guage development is more stable and becomes more like 
that of the adults (22). Sansavini studied 194 preterm in-
fants and term healthy children speaking Italian language 
and found that the ability of preterm children in finding 
and combining words was significantly lower and more 
pathological. In this study, gender did not affect childrens' 
cognitive and language delay (71).

Lee in a study on 65 preterm children with 9 to 16 years 
of age and history of LBW and 35 full-term children with 
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normal birth weight found that practical IQ score, verbal 
IQ, expressive and language skills, understanding syntax, 
language processing speed, verbal memory, decoding, 
reading, and comprehension in preterm children were 
significantly less advanced (72). Overall, cognitive decline 
in preterm infants decrease the child's ability in compre-
hension and receiving language, expressive language, 
and its parameters such as word finding (22). Riedy et al. 
examined 198 seven-years-old children with birth age less 
than 30 weeks and birth weight lower than 1250 grams 
and 70 full-term children with the same age. They were 
evaluated in terms of language skills with the use of stan-
dardized language tests. The results indicated that LBW 
preterm born children were  weaker  five areas of phonol-
ogy, meaning perception, grammar, dialogue, and lin-
guistics compared to  the control group (73).

3.2.3. Motor Development
Prematurity or LBW is associated with neuromotor se-

quels which will extend to the childhood period (69). 
Karimi in a case-control study on five-years-old children 
of Yazd, Iran, aimed to study the development of children 
with birth weight of 1500-2499 grams in five areas of 
gross and fine motor, problem solving, communication, 
and social and personal skills via Ages and Stages ques-
tionnaire (ASQ). He found that in this group of children, 
developmental delays in the areas of gross and fine mo-
tor, and problem solving were more than the children 
born with normal weight (74). In other studies, LBW or 
preterm birth was associated with poorer motor out-
comes in the first and second years of life (22, 69). Signifi-
cant motor impairment in very preterm and VLBW chil-
dren is expected in the first year of birth until 15 years of 
age, although  perinatal complications in children born 
very preterm with LBW, increases the degree of motor im-
pairment even further in the child's life (69).

3.2.4. Neurobehavioral Development
Preterm birth is the leading cause of neurobehavioral 

impairment and disability causing huge  economic bur-
den (75). The range of neurobehavioral impairment in 
preterm infants was 22%-55% compared with 7% in full-
terms with the same age (69). As a portion of the preterm 
infants with LBW are evaluated in older ages, several po-
tential behavioral dysfunctions are characterized in in-
fancy and childhood (22, 68).

According to the Vieira review, nine studies have been 
conducted on evaluating neurodevelopment during 
the preschool period (3-5 years). In those studies, mod-
erate or severe impairment of neurological function 
was defined as lower and upper limb motor function 
problems, inability to ambulate independently and vi-
sual and hearing defects. Approximately, 17%-23% of very 
preterm infants (birth age of less than 30 weeks) were 
noticed with this dysfunction in preschool stage, while 
it was observed in only 12% of children with birth age of 

31-34 weeks. The percentage of cerebral palsy in very pre-
term born children at preschool was about 11%-25% and 
in children with birth-age of 31 to 34 weeks was 6%-15%. 
The majority of the risk factors of neurological dysfunc-
tion of very preterm children with LBW in preschool chil-
dren were related to the neonatal period, including pro-
longed mechanical ventilation, grade 3 or 4 of IVH, ROP, 
low Apgar score, and seizure during the perinatal peri-
od. In addition to all these, low levels of maternal educa-
tion was considered as one of the factors contributing to 
the neurological dysfunction at this age. But, the factors 
affecting neurological dysfunction at ages of 6-12 years, 
in addition to prolonged mechanical ventilation in the 
neonatal period, were grade 3 or 4 of IVH, periventricular 
leukomalacia, and mother’s age of 40 years or more at 
the time of delivery (70).

Early detection can lead to early interventions (75). 
Lund, in his study on psychological problems in three 
groups of adolescents with normal weight, VLBW, and 
small gestational age (SGA), ages of 14 and 20 years, 
concluded that the above problems in adolescents and 
young adults with LBW and preterm birth were more and 
often observed; although the frequency was significantly 
higher in SGA adolescents and young adults (76).

3.2.5. School Function
With the increasing number of follow-up studies on 

preterm or LBW infants, it is noted that the range of dis-
orders and learning disabilities has also a greater range 
(22). A meta-analysis of 14 major studies in 2009 showed 
that the academic achievement of children born with 
VLBW and observed major differences in educational 
attainment and poor performance in VLBW or preterm 
babies. In fact, this study found major differences in read-
ing, mathematics, and spelling in VLBW (77).

Aamoudse-moens et al. studied the developmental sta-
tus of academic skills in four 12-years-old children with 
the history of preterm birth and VLBW compared with 
same age full-term born children. National system of 
DNP (The Dutch National Pupil monitoring system) was 
used for evaluating the numerical reasoning and early 
linguistic skills in preschool stage and reading simple 
and complex words, comprehension, spelling, math-
ematics, and calculus test in primary school stage were 
used for evaluation. In preschool stage, very preterm chil-
dren were comparable with their peer full-term in terms 
of basic linguistic; but in numerical reasoning skills, they 
were 0.7 standard deviation (SD) poorer. In the primary 
school, preterms were 0.3 of SD lower in reading difficult 
and complex words and 0.6 of SD lower in mathematics 
and calculus; but in terms of comprehension and spell-
ing, they were comparable to their full-term peers. These 
children were more likely to renew an academic year 
while their academic skills would not develop. There-
fore, trying to develop intervention methods can help 
in identifying and reducing academic weaknesses of the 
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preterm born children (78). Five to eight years-old VLBW 
children were more prone to major and minor neuro-
logical dysfunction, low intelligence, poor language test 
performance, and low academic achievement and had 
more behavioral problems than their full-term peers. In 
addition,  race, gender, and socioeconomic status did not 
contribute to these problems (70).

Litt also studied 181 teenagers with mean age of 14.8 
years and birth weight lower than 1000 grams and 
discovered that these children as compared with their 
peer full-term children with normal birth weight had 
lower IQ score, lower academic achievement, and poor-
er functional performance and higher mathematics 
learning disability (79). In another study, the number 
of children with LBW that had not graduated from high 
school at the age of 19 years were four times more than 
those with normal birth weight (22). So, it can be con-
cluded  that surviving  LBW children are at the risk of 
learning disabilities in school, and although they may 
remain in ordinary schools but they may need to repeat 
the school year and special training and retraining 
courses are required for them (68, 78, 79). Moreover, the 
quality of life of preterm children is lower than their 
peer full-term children (6-12-years-old) at school ages 
and at preschool years (3-5-years-old) (70).

4. Conclusions
The major clinical outcomes that are important for pre-

term infants and their families are survival and normal 
long term neurodevelopment. In recent years, with ad-
vances in perinatal care, the survival rate of premature 
infants has increased significantly, but this advancement 
was not associated with lower complications, and infants 
who survived suffered more intensely from multiple dis-
abilities. For infants born preterm, there is now increas-
ing evidence of sustained adverse outcomes into school 
age and adolescence, and the majority of them require 
intensive and continuous care. In line with the need to 
reduce infant mortality, the need to reduce the compli-
cations in premature infants should be considered by 
health system policymakers.

4.1. Strong Points of Our Study
One of the strengths of our study is the subject of study 

because it is a major health problem due to high mor-
tality and chronic disorder associated with it across the 
world especially in developing countries such as Iran.

We found that there is a gap between the high tech-
nology and quality of acute medical care and loss or 
no neurodevelopmental care for high risk neonates 
and infants in NICUs by specialists and caregivers. No 
awareness of specialists and nursing of long-term neu-
rodevelopmental outcome for high risk neonates.

4.2. Weak Points of Our Study
Limitation of access to journals and articles due to in-

ternational sanctions against Iran.

Acknowledgements
We are grateful for the helpful comments of anony-

mous referees.

Authors’ Contribution
Farin Soleimani: Designed and conducted the study, 

literature review, preparation the manuscript. Fatemeh 
Abdi: Management, write the paper, do search strat-
egy and literature review.Farzaneh Zaheri: Designed the 
search strategy and literature review. All of the authors 
had equal contribution in various parts of this project.

References
1.       Martin JA, Hamilton BE, Sutton PD, Ventura SJ, Mathews TJ, 

Kirmeyer S, et al. Births: final data for 2007. Natl Vital Stat Rep. 
2010;58(24):1–85.

2.       Arzani A, Kermanshahi SM, Zahedpasha Y, Mohamadzadeh Isl. 
[The role of predischarge mothers' education on follow-up ex-
amination of visual, hearing and brain problems in Preterm 
neonate]. Hormozgan Med J. 1388;13(2):115–22.

3.       Bennett FC, Scott DT. Long-term perspective on premature infant 
outcome and contemporary intervention issues. Sem Perinatol. 
1997;21(3):190–201.

4.       Bastani F, Ali Abadi T, Haghani H. [The Effectiveness of Partici-
patory Care Program in Neonatal Intensive Care Unit on State 
Anxiety of Mothers of Preterm Newborns]. Babol Univ Med Sci. 
2012;14(3):59–65.

5.       Barker DJP. Low birth weight, early growth and chronic disease 
in later life. Paediatr Basic. 2003;104:12–20.

6.       Vazirinejad R, Masoodpour N, Puyanfar A. Survival rate of low 
and very low birth weight neonates in an Iranian community. 
Iran J Public Health. 2012;41(2):87–93.

7.       Roudbari M, Yaghmaei M, Soheili M. Prevalence and risk factors 
of low-birth-weight infants in Zahedan, Islamic Republic of Iran. 
East Mediterr Health J. 2007;13(4):838–45.

8.       Chang HH, Larson J, Blencowe H, Spong CY, Howson CP, Cairns-
Smith S. Preventing preterm births: analysis of trends and poten-
tial reductions with interventions in 39 countries with very high 
human development index. Lancet. 2013;381(9862):223–34.

9.       Blencowe H, Cousens S, Oestergaard MZ, Chou D, Moller AB, Nar-
wal R. National, regional, and worldwide estimates of preterm 
birth rates in the year 2010 with time trends since 1990 for se-
lected countries: a systematic analysis and implications. Lancet. 
2012;379(9832):2162–72.

10.       Aliabadi F, Askary R, Taghizadeh S. [Effect of tactile-kinesthetic 
stimulation on weight gaining of lowbirth weight neonate]. Mod 
Rehabil. 2011;4(3,4):29–34.

11.       Torabi F, Akbari SA, Amiri S, Soleimani F, Majd HA. Correlation be-
tween high-risk pregnancy and developmental delay in children 
aged 4-60 months. Libyan J Med. 2012;7.

12.       Wilson-Costello D, Friedman H, Minich N, Fanaroff AA, Hack M. 
Improved survival rates with increased neurodevelopmental 
disability for extremely low birth weight infants in the 1990s. 
Pediatrics. 2005;115(4):997–1003.

13.       Tsou KI, Tsao PN, Taiwan Infant Development Collaborative Study 
G. The morbidity and survival of very-low-birth-weight infants in 
Taiwan. Acta Paediatr Taiwan. 2003;44(6):349–55.

14.       Marandi A. Regionalization and reduction of neonatal mortality 
and morbidity. J Med C Ir. 2003;2(21):151–64.



Soleimani F et al.

7Iran Red Crescent Med J. 2014;16(6):e17965

15.       D'Amore A, Broster S, Le Fort W, Curley A, East Anglian Very Low 
Birthweight P. Two-year outcomes from very low birthweight 
infants in a geographically defined population across 10 years, 
1993-2002: comparing 1993-1997 with 1998-2002. Arch Dis Child 
Fetal Neonatal Ed. 2011;96(3):F178–85.

16.       Claas MJ, Bruinse HW, Koopman C, van Haastert IC, Peelen LM, 
de Vries LS. Two-year neurodevelopmental outcome of preterm 
born children </= 750 g at birth. Arch Dis Child Fetal Neonatal Ed. 
2011;96(3):F169–77.

17.       Russell RB, Green NS, Steiner CA, Meikle S, Howse JL, Poschman 
K, et al. Cost of hospitalization for preterm and low birth weight 
infants in the United States. Pediatrics. 2007;120(1):e1–9.

18.       Cuevas KD, Silver DR, Brooten D, Youngblut JM, Bobo CM. The 
cost of prematurity: hospital charges at birth and frequency of 
rehospitalizations and acute care visits over the first year of life: 
a comparison by gestational age and birth weight. Am J Nurs. 
2005;105(7):56–64.

19.       Ballot DE, Potterton J, Chirwa T, Hilburn N, Cooper PA. Develop-
mental outcome of very low birth weight infants in a developing 
country. BMC Pediatr. 2012;12:11.

20.       van Baar AL, van Wassenaer AG, Briet JM, Dekker FW, Kok JH. Very 
preterm birth is associated with disabilities in multiple develop-
mental domains. J Pediatr Psychol. 2005;30(3):247–55.

21.       de Kieviet JF, Piek JP, Aarnoudse-Moens CS, Oosterlaan J. Mo-
tor development in very preterm and very low-birth-weight 
children from birth to adolescence: a meta-analysis. JAMA. 
2009;302(20):2235–42.

22.       Solimani F. [Developmental Outcome of Low-Birth-Weight Pre-
mature Infan]. Iran J Pediatr. 2007;17(1):117–25.

23.       Agarwal P, Lim SB. Long-term follow-up and outcome of extreme-
ly-low-birth-weight (ELBW) infants. Ann Acad Med Singapore. 
2003;32(3):346–53.

24.       Hack M, Taylor HG, Drotar D, Schluchter M, Cartar L, Andreias 
L, et al. Chronic conditions, functional limitations, and special 
health care needs of school-aged children born with extremely 
low-birth-weight in the 1990s. JAMA. 2005;294(3):318–25.

25.       Amir Ali Akbari S, Montazeri S, Torabi F, Amiri S, Soleimani F, 
Alavi Majd H. Correlation between anthropometric indices at 
birth and developmental delay in children aged 4-60 months in 
Isfahan, Iran. Int J Gen Med. 2012;5:683–7.

26.       Sajedi F, Vameghi R, Mohseni Bandpei MA, Alizad V, Hemmati 
Gorgani S, Shahshahani Pour S. Motor Developmental Delay In 
7500 Iranian Infants: Prevalence And Risk Factors. Iran J Child 
Neurol. 2009;3(3):43–50.

27.       Soleimani F, Vameghi R, Dadkhah A. [High risk infants referred 
to health - care centers in north and east of Tehran and risk fac-
tors of motor developmental delay]. Hakim Res J . 2009;12(2):11–8.

28.       Soleimani F, Sourtiji H. Evaluation of perinatal and neona-
tal risk factors of children with cerebral palsy referred from 
health - care centers in north and east of Tehran. Teh Uni Med J. 
2009;67(6):428–35.

29.       Soleimani F, Vameghi R, Hemmari S, Biglarian A, Surtijii H. [Sur-
vey of types and associated disorders of cerebral palsy in eastern 
and northern districts of Tehran]. J Rehabil. 2011;12(48):72–9.

30.       Akbarfahimi N, Rassafiani M, Soleimani F, Vameghi R, KazemNejad 
A, Nobakht Ze. [Validity and Reliability of Farsi Version of Cerebral 
Palsy-Quality of Life Questionnair]. J Rehabil. 2013;13(5):73–83.

31.       Yeargin-Allsopp M, Van Naarden Braun K, Doernberg NS, Bene-
dict RE, Kirby RS, Durkin MS. Prevalence of cerebral palsy in 
8-year-old children in three areas of the United States in 2002: a 
multisite collaboration. Pediatrics. 2008;121(3):547–54.

32.       Bax MC, Flodmark O, Tydeman C. Definition and classification 
of cerebral palsy. From syndrome toward disease. Dev Med Child 
Neurol Suppl. 2007;109:39–41.

33.       Babcock MA, Kostova FV, Ferriero DM, Johnston MV, Brunstrom JE, 
Hagberg H, et al. Injury to the preterm brain and cerebral palsy: 
clinical aspects, molecular mechanisms, unanswered questions, 
and future research directions. J Child Neurol. 2009;24(9):1064–84.

34.       Peralta-Carcelen M, Moses M, Adams-Chapman I, Gantz M, Vohr 
BR, Nichd Neonatal Research Network , et al. Stability of neuro-
motor outcomes at 18 and 30 months of age after extremely low 

birth weight status. Pediatrics. 2009;123(5):e887–95.
35.       Soleimani F, Vameghi R, Biglarian A. Antenatal and intrapartum 

risk factors for cerebral palsy in term and near-term newborns. 
Arch Iran Med. 2013;16(4):213–6.

36.       Soleimani F, Vameghi R, Rassafiani M, Akbarfahimi N. Cerebral 
Palsy: Motor Types, Gross Motor Function and Associated Disor-
ders. Ir Rehabil J. 2011;11(14):21–31.

37.       Rosenbaum P, Paneth N, Leviton A, Goldstein M, Bax M, Damiano 
D, et al. A report: the definition and classification of cerebral pal-
sy April 2006. Dev Med Child Neurol Suppl. 2007;109:8–14.

38.       Soleimani F, Vameghi R, Hemmati S, Hemmati S, Salman-Roghani 
R. Perinatal and neonatal risk factors for neurodevelopmental 
outcome in infants in Karaj. Arch Iran Med. 2009;12(2):135–9.

39.       Carmick J. Forefoot mobility in ankle and foot orthoses: ef-
fect on gait of children with cerebral palsy. Pediatr Phys Ther. 
2013;25(3):331–7.

40.       Kirby RS, Wingate MS, Van Naarden Braun K, Doernberg NS, Arne-
son CL, Benedict RE, et al. Prevalence and functioning of children 
with cerebral palsy in four areas of the United States in 2006: a 
report from the Autism and Developmental Disabilities Monitor-
ing Network. Res Dev Disabil. 2011;32(2):462–9.

41.       Aisen ML, Kerkovich D, Mast J, Mulroy S, Wren TAL, Kay RM, et al. 
Cerebral palsy: clinical care and neurological rehabilitation. Lan-
cet Neurol. 2011;10(9):844–52.

42.       Soleimani F, Vameghi R, Biglarian A, Daneshmandan N. Risk 
Factors Associated with Cerebral Palsy in Children Born in 
Eastern and Northern Districts of Tehran. Ir Red Crescent Med J. 
2010;12(4):428–33.

43.       Hayes C. Cerebral palsy: classification, diagnosis and challenges 
of care. Br J Nurs. 2010;19(6):368–73.

44.       Minciu I. Clinical correlations in cerebral palsy. Maedica (Buchar). 
2012;7(4):319-24.

45.       Collier SA, Hogue CJ.Modifiable risk factors for low birth weight 
and their effect on cerebral palsy and mental retardation. Matern 
Child Health J. 2007;11(1):65-71.

46.       Zamani A, Karimi A, Naseri M, Amini E. Prevalence of hearing 
loss among high risk newborns hospitalized in hospitals af-
filiated to Tehran University of Medical Sciences. Teh Uni Med J. 
2010;68(1):64–70.

47.       Daneshmandan N, Borghei P, Yazdany N, Soleimani F, Vameghi R. 
Oral communication development in severe to profound hear-
ing impaired children after receiving anural habilitatio. Acta 
Med Ir. 2009;47(5):363–7.

48.       Valkama AM, Laitakari KT, Tolonen EU, Vayrynen MR, Vain-
ionpaa LK, Koivisto ME. Prediction of permanent hearing 
loss in high-risk preterm infants at term age. Eur J Pediatr. 
2000;159(6):459–64.

49.       Liu Z, Liu L. Hearing screening and diagnosis in a large sample of 
infants in Central China. J  Med  Screen. 2013;20(1):21–6.

50.       Marchant J, McAuliffe MJ, Huckabee ML. Treatment of articulato-
ry impairment in a child with spastic dysarthria associated with 
cerebral palsy. Dev Neurorehabil. 2008;11(1):81–90.

51.       Akataki K, Mita K, Itoh K, Suzuki N, Watakabe M. Acoustic and 
electrical activities during voluntary isometric contraction of 
biceps brachii muscles in patients with spastic cerebral palsy. 
Muscle  Nerve. 1996;19(10):1252–7.

52.       Mutlu FM, Sarici SU. Treatment of retinopathy of prematurity: a 
review of conventional and promising new therapeutic options. 
Int J Ophthalmol. 2013;6(2):228–36.

53.       Wani VB, Uboweja AK, Gani M, Al-Kandari J, Kazem M, Al-Naqeeb 
N, et al. Type I retinopathy of prematurity in infants with birth 
weight less than 1251 g: incidence and risk factors for its devel-
opment in a nursery in Kuwait. Middle East Afr J Ophthalmol. 
2013;20(1):66–71.

54.       García P , San Feliciano L , Benito F , García R , Guzmán J. . [Out-
come at two years corrected age of a cohort of very low birth 
weight infants from hospitals within the neonatal SEN1500 net-
work]. An Pediatr . 2013;4033(13).

55.       Ballabh P. Intraventricular hemorrhage in premature infants: 
mechanism of disease. Pediatr Res. 2010;67(1):1–8.

56.       Robinson S. Neonatal posthemorrhagic hydrocephalus from 



Soleimani F et al.

Iran Red Crescent Med J. 2014;16(6):e179658

prematurity: pathophysiology and current treatment concepts. 
J Neurosurg Pediatr. 2012;9(3):242–58.

57.       Ramenghi LA, Fumagalli M, Groppo M, Consonni D, Gatti L, Ber-
tazzi PA, et al. Germinal matrix hemorrhage: intraventricular 
hemorrhage in very-low-birth-weight infants: the independent 
role of inherited thrombophilia. Stroke. 2011;42(7):1889–93.

58.       Lee IC, Lee HS, Su PH, Liao WJ, Hu JM, Chen JY. Posthemor-
rhagic hydrocephalus in newborns: clinical characteristics 
and role of ventriculoperitoneal shunts. Pediatr Neonatol. 
2009;50(1):26–32.

59.       Behjati S, Emami-Naeini P, Nejat F, El Khashab M. Incidence of hy-
drocephalus and the need to ventriculoperitoneal shunting in 
premature infants with intraventricular hemorrhage: risk fac-
tors and outcome. Childs Nerv Syst. 2011;27(6):985–9.

60.       Pishva N, Parsa G, Saki F, Saki M, Saki MR. Intraventricular hemor-
rhage in premature infants and its association with pneumotho-
rax. Acta Med Iran. 2012;50(7):473–6.

61.       Kelly MM. Comparison of functional status of 8- to 12-year-old 
children born prematurely: an integrative review of literature. 
J Pediatr Nurs. 2012;27(4):299–309.

62.       Sajjadian N, Fakhrai H, Jahadi R. Incidence of intraventricular 
hemorrhage and post hemorrhagic hydrocephalus in preterm 
infants. Acta Med Iran. 2010;48(4):260–2.

63.       Hsu JF, Tsai MH, Chu SM, Fu RH, Chiang MC, Hwang FM, et al. 
Early detection of minor neurodevelopmental dysfunctions 
at age 6 months in prematurely born neonates. Early Hum Dev. 
2013;89(2):87–93.

64.       Orcesi S, Olivieri I, Longo S, Perotti G, La Piana R, Tinelli C, et 
al. Neurodevelopmental outcome of preterm very low birth 
weight infants born from 2005 to 2007. Eur J Paediatr Neurol. 
2012;16(6):716–23.

65.       Moore T, Hennessy EM, Myles J, Johnson SJ, Draper ES, Costeloe 
KL, et al. Neurological and developmental outcome in extremely 
preterm children born in England in 1995 and 2006: the EPICure 
studies. Bmj. 2012;345(dec04 3):1–13.

66.       Xiong T, Gonzalez F, Mu DZ. An overview of risk factors for poor 
neurodevelopmental outcome associated with prematurity. 
World J Pediatr. 2012;8(4):293–300.

67.       Olivieri I, Bova SM, Urgesi C, Ariaudo G, Perotto E, Fazzi E, et al. 
Outcome of extremely low birth weight infants: what's new 
in the third millennium? Neuropsychological profiles at four 
years. Early Hum Dev. 2012;88(4):241–50.

68.       Rieger-Fackeldey E, Blank C, Dinger J, Steinmacher J, Bode H, 
Schulze A. Growth, neurological and cognitive development in 
infants with a birthweight <501 g at age 5 years. Acta Paediatr. 
2010;99(9):1350–5.

69.       Jorri F, Jan P, Cornelieke S, Jaap O. Motor development in very 
preterm and very low birth weight children from birth to ado-
lescence. J Am Med Assoc. 2008;302(20):2235–42.

70.       Vieira ME, Linhares MB. Developmental outcomes and quality of 
life in children born preterm at preschool- and school-age. J Pedi-
atr (Rio J). 2011;87(4):281-91.

71.       Sansavini A, Guarini A, Savini S. Linguistic and cognitive delays in 
very preterm infants at 2 years: general or specific delays? Fonia-
tria audiologia. 2011;31(3):133–47.

72.       Lee ES, Yeatman JD, Luna B, Feldman HM. Specific language and 
reading skills in school-aged children and adolescents are asso-
ciated with prematurity after controlling for IQ. Neuropsycholo-
gia. 2011;49(5):906–13.

73.       Reidy N, Morgan A, Thompson DK, Inder TE, Doyle LW, Anderson 
PJ. Impaired language abilities and white matter abnormalities 
in children born very preterm and/or very low birth weight. J Pe-
diatr. 2013;162(4):719–24.

74.       Karimi M, Fallah R, Dehghanpoor A, Mirzaei M. Developmental 
status of 5-year-old moderate low birth weight children. Brain 
Dev. 2011;33(8):651–5.

75.       El-Dib M, Massaro AN, Glass P, Aly H. Neurodevelopmental as-
sessment of the newborn: An opportunity for prediction of out-
come. Brain Dev. 2011;33(2):95–105.

76.       Lund LK, Vik T, Skranes J, Lydersen S, Brubakk AM, Indredavik 
MS. Low birth weight and psychiatric morbidity; stability and 
change between adolescence and young adulthood. Early Hum 
Dev. 2012;88(8):623–9.

77.       Ashly E, Mahoney D, Pinto-Martin J. State of the science: the asso-
ciation between perinatal brian injury and school performance 
in very-low-birth- weight infants. Newborn  infants nursing re-
views. 2012;12(1):33–8.

78.       Aarnoudse-Moens CS, Oosterlaan J, Duivenvoorden HJ, van 
Goudoever JB, Weisglas-Kuperus N. Development of preschool 
and academic skills in children born very preterm. J Pediatr. 
2011;158(1):51–6.

79.       Litt JS, Gerry Taylor H, Margevicius S, Schluchter M, Andreias L, 
Hack M. Academic achievement of adolescents born with ex-
tremely low birth weight. Acta Paediatr. 2012;101(12):1240–5.


