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Bronchopulmonary dysplasia 
as a predictor factor for motor 
alteration at 6 months corrected 
age in premature infants 
Priscila Silveira Martins1, Rosane Reis de Mello2, Kátia Silveira da Silva3

AbstrAct
Objective: The study aimed to assess bronchopulmonary dysplasia (BPD) as a predisposing 
factor for alteration in the psychomotor development index (PDI) in premature infants and 
verify the incidence of neuromotor alterations at 6 months corrected age. Method: This was 
a prospective cohort study that followed the neuromotor development of 152 very low birth 
weight premature infants, with psychomotor development index as the outcome. The study 
used the Bayley Scale of Infant Development at 6 months corrected age, and neurological 
examination. results: Incidence of BPD was 13.2% (n=20). Logistic regression analysis 
showed an association between BPD and altered psychomotor development index (OR 
3.98; 95%CI: 1.04-15.1) after adjusting for confounding variables. Neurological examination 
was altered in 67.1% of the 152 infants. conclusion: Bronchopulmonary dysplasia acted as 
an independent predisposing factor for alteration in the psychomotor development index 
in premature infants at 6 months corrected age.
Key words: infant, premature, child development, psychomotor performance, risk factors, 
bronchopulmonary dysplasia.

Displasia broncopulmonar como fator predisponente para alterações motoras aos 6 
meses em prematuros

resuMO 
Objetivo: Avaliar a displasia broncopulmonar (DBP) como fator predisponente para 
alteração no índice de desenvolvimento psicomotor em prematuros e verificar a incidência 
das alterações neuromotoras aos 6 meses de idade corrigida. Método: Estudo de coorte 
prospectivo que acompanhou o desenvolvimento neuromotor de 152 prematuros de muito 
baixo peso, cujo desfecho foi o desenvolvimento psicomotor. Utilizou-se a Bayley Scale of 
Infant Development aos 6 meses de idade corrigida e exame neurológico. resultados: A 
incidência de DBP foi de 13,2% (n=20). A análise de regressão logística mostrou associação 
entre a DBP e alteração no índice de desenvolvimento psicomotor (RC 3,98 IC 95%:1,04-
15,1) após ajuste para as variáveis de confundimento. O exame neurológico apresentou-
se alterado em 67,1% das 152 crianças. conclusão: A displasia broncopulmonar atuou 
como fator predisponente independente para alteração no índice de desenvolvimento 
psicomotor em prematuros aos 6 meses de idade corrigida.
Palavras-chave: lactente, prematuro, desenvolvimento infantil, desempenho psicomotor, 
fatores de risco, displasia broncopulmonar.
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In recent decades, technological de-
velopment has fostered an increase in the 
survival of newborns with progressively 

lower gestational age and birth weight, a 
trend that has been even more significant 
at the limits of viability1. This has resulted 
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in more children exposed to important risk factors for al-
tered psychomotor development. 

Systematic assessment of motor development serves 
as an instrument for early detection of neurological al-
terations whose adequate management can minimize the 
sequelae, providing better quality of life for children and 
their families. Various scales assess motor development 
in infants, with the Bayley Scale of Infant Development 
(BSID)2 as the most widely used in monitoring infants at 
risk, as well as in research in the field of child health3-5.

The BSID assesses the progressive functional develop-
ment of children from one to 42 months of age, posing 
specific tasks with increasing complexity, and is divided 
into three sub-scales (mental, psychomotor, and behav-
ioral). The psychomotor scale of the BSID assesses gross 
and fine motor development and furnishes a score called 
the psychomotor development index (PDI), with a mean 
of 100 and a standard deviation of 15.

Bronchopulmonary dysplasia (BPD), whose etiology 
involves use of prolonged mechanical ventilation and ox-
ygen therapy, is closely related to prematurity6. There is 
no consensus in the literature as to the relative contribu-
tion of this diagnosis to motor development6,7. Comorbid-
ities affecting neurological prognosis in this population 
require an adequate methodology to control confound-
ing factors and clarify the issue. 

The aim of the current study was to assess bron-
chopulmonary dysplasia as a risk factor for alteration in 
the psychomotor development index in very low birth 
weight premature infants and verify the incidence of neu-
romotor alterations at 6 months corrected age.

METHOD
This was a prospective cohort study that assessed pre-

mature infants (gestational age less than 37 weeks) with 
birth weight less than 1500g, born from January 2004 to 
June 2008. The sample excluded newborns with congen-
ital malformations, congenital infections, genetic syn-
dromes, or severe sensory deficits that could affect motor 
development, and deaths occurring before 6 months cor-
rected age. Corrected age was calculated by subtracting 
from the chronological age the number of weeks needed 
for the child to reach term (40 weeks gestational age).

According to National Institutes of Health Consen-
sus, bronchopulmonary dysplasia was defined as a clin-
ical condition of supplemental oxygen need at 36 weeks 
corrected age8. 

The infants were submitted to monthly clinical evalu-
ations9 that included motor examination using the meth-
od described by Amiel Tyson and Grenier10. This exam-
ination method includes muscle tone assessment in the 
various body segments (cervical, axial, upper and lower 
limbs, and shoulder girdle), reflexes, asymmetries, and 

observation of motor milestones. Neurological examina-
tion at 6 months was considered altered when it present-
ed any alteration in tonus of the body segments or altered 
reflexes or asymmetries. Delayed motor development was 
defined as infants that failed to acquire adequate motor 
milestones for 6 months corrected age, based on the clin-
ical and neurological assessment10-12 and the results of the 
Denver II test13. 

At 6 months corrected age, the Bayley Scale of Infant 
Development, 2nd Edition (BSID II)2 was applied by two 
skilled psychologists, previously trained, who were blind-
ed as to the perinatal and neonatal history of these pre-
mature infants. Inter-observer reliability for psychomotor 
development index (PDI), measured by the intraclass cor-
relation coefficient (ICC), was 0.91 (95% CI: 0.76-0.97). 
The infants were classified as either normal PDI (score 
≥85) or altered PDI (<85). The study’s outcome variable 
was the psychomotor development index.

Data collection was prospective, which allowed ob-
taining information on all the target variables. The out-
come was not known when the data on exposure and 
other risk factors were collected. Data on socioeconom-
ic conditions, the index pregnancy, delivery, and neonatal 
period were obtained through interviews with the moth-
ers and consultation of patient charts.

When patients failed to appear for two consecutive 
appointments, the researchers contacted the family by 
telephone to obtain information on the reason for non-
attendance and to reinforce the importance of appearing 
for the subsequent appointments.

The study was approved by the Institutional Review 
Board of the Fernandes Figueira Institute, Rio de Janeiro, 
Brazil. Informed consent was requested from at least one 
parent or guardian, both for participating in the study and 
for performing the evaluations and other procedures.

Sample size calculation was based on a hypotheti-
cal 70% incidence of altered motor development in the 
infants with BPD and 35% in the group without the 
disease7,14. Using a 95% confidence interval and power of 
80%, 21 infants would be needed in the exposed group 
(BPD) and 126 in the unexposed group.

Data analysis used EpiInfo version 3.5 (Centers for 
Disease Control and Prevention, 2008). Statistical tests 
were used for differences in means (F-statistics or Kruskal 
Wallis) and proportions (chi-square), and level of signif-
icance was set at 0.05. The incidence rates were calcu-
lated in the study population for BPD, altered PDI, and 
principal alterations in the neurological examination at 6 
months corrected age. 

The association between the exposure variable (BPD) 
and the outcome variable (PDI) was verified by the odds 
ratio (OR). The population’s neonatal and demographic 
characteristics were investigated as potential confound-
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ers, based on the association between the covariables and 
the exposure and outcome. The variation was investigated 
between the magnitude of the association between BPD 
and altered PDI when adjusted for each of these study 
variables, defined as potential confounders in the previ-
ous stage. Variables whose adjustment caused a change 
greater than 10% in the risk of the main exposure variable 
(BPD) were selected for the multivariate model (logistic 
regression). The presence of interaction between the co-
variables and exposure was also investigated.

RESULTS
From January 2004 to June 2008, 301 premature in-

fants with birth weight less than 1500g were admitted to 
the Neonatal Intensive Care unit at the Fernandes Figuei-
ra Institute. Of these, 109 were excluded (51 infants with 
malformations or congenital infections, born in different 
hospitals, 53 neonatal deaths, 4 deaths after discharge, 
and one infant with bilateral visual impairment). A total 
of 192 infants met the inclusion criteria. During the first 
6 months of follow-up there were 40 losses (20.8%) due 
to missed appointments, despite the team’s effort to track 
and retrieve this group of infants. The final sample con-
sisted of 152 infants that completed the BSID II evalua-
tion, with a mean age of 6.5 months (SD: 0.9), represent-
ing 79.2% of the population that met the inclusion crite-

ria. There was no difference in the neonatal characteris-
tics between the infants that underwent the BSID II eval-
uation and the losses to follow-up.

Table 1 shows the study population’s characteristics. As 
for neurological complications, only 1 patient (0.7%) pre-
sented periventricular leukomalacia and 33 (21.7%) pre-
sented intracranial hemorrhage (ICH), with the following 
distribution in severity: 24 patients with grade I (15.8%); 
1 grade II (0.7%), and 5 grade III (3.3%). Three patients 
(2.0%) presented parenchymal hemorrhage (grade IV).

Incidence of BPD in the study group was 13.2% (n=20), 
and these infants were classified as presenting the moder-
ate or severe forms of the disease, since they still required 
oxygen therapy at 36 weeks corrected age8.

Table 1 shows the characteristics of the infants with 
BPD, with a high incidence of patent ductus arteriosus 
(PDA).

Among the group with BPD, 19 patients (95%) re-
quired mechanical ventilation during the neonatal peri-
od, with a mean duration of 18 days (SD 19 days; medi-
an 8). Mean time on oxygen was 80 days (SD: 47.3 days; 
median: 67 days). 

Neonatal neurological complications in newborns 
with BPD were intracranial hemorrhage in 9 patients, of 
which 5 were grade I (25.0%), 1 grade II (5.0%), and 3 
grade III (15.0%). No infant presented parenchymal hem-

Table 1. Characteristics of very low birth weight premature infants born from 2004 to 2008, Fernandes Figueira 
Institute, Rio de Janeiro, Brazil.

Characteristics Total (n=152) BPD (n=20) No BPD (n=132)

Birth weight (g)

   Mean (DP) 1122 (240.2) 984 (265) 1143 (230)

   Median 1150 975 1165

Gestational age (weeks)

   Mean (DP) 29 (2) 28 (2) 30 (2)

   Median 29 28 30

Male gender-n (%) 73 (48.0) 16 (80.0) 57 (43.2)

Female gender-n (%) 79 (52.0) 4 (20.0) 75 (56.8)

Assisted ventilation-n (%) 91 (59.9) 19 (95.0) 72 (54.5)

   Time on assisted ventilation 

      Mean (days) 7.8 (12) 17.7 (19.5) 3.5 (7.3)

      Median (days) 2.0 7.8 0.79

Time on oxygentherapy (days)

   Mean 24.5 (33.0) 80.9 (47.4) 13.4 (17.5)

   Median 9.0 67.0 5.5

Neonatal pneumonia-n (%) 18 (11.8) 7 (35.0) 11 (8.3)

Patent ductus arteriosus-n (%) 66 (44.3) 15 (75.0) 51 (39.5)

Intracranial hemorrhage-n (%) 33 (21.7) 9 (45.0) 24 (18.2)

Small for gestational age-n (%) 58 (34.4) 7 (35.0) 51 (38.9)

BPD: bronchopulmonary dysplasia; SD: standard deviation; No BPD: without bronchopulmonary dysplasia.
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orrhage. There was a significant difference between the 
two groups in the incidence of ICH, which was higher in 
patients with BPD (45% vs. 18%; p: 0.007).

Incidence of altered PDI at 6 months corrected age 
(PDI<85) was 90.0% (n=18) in patients with BPD and 47.7 
% (n=63) in patients without BPD, a statistically signifi-
cant difference (p=0.0004). 

Mean psychomotor development index (PDI) for the 
entire study group was 82.3 (SD: 17.0). There was a signif-
icant difference in mean PDI between children with BPD 
(69.7; SD: 13.2) and those without (84.2; SD: 16.7).

As for neurological examination, 67.1% of the 152 in-
fants presented alterations at 6 months corrected age. 
At this age, 90% of infants with BPD and 63.6% of those 
without BPD presented alterations. The most frequent 
alterations in the whole study group were delayed ac-
quisition of motor milestones (56%), axial hypotonia in 
43.4%, lower limb hypertonia in 25.7%, and asymmetry 
in 18.4%. In children with BPD, the observed alterations 
(Table 2) were delayed acquisition of motor milestones 
(85%), axial hypotonia (60%), and lower limb hypertonia 
(45%), while the latter were non-concurrent. Hypertonia 
of upper limbs occurred in 2 infants with BPD (10%). In-
fants with BPD showed a significantly higher incidence of 
lower limb hypertonia than those without BPD (p=0.03). 
Among the children with this alteration and BPD, 3 had 
intracranial hemorrhage, 4 were less than 28 weeks ges-
tational age and 4 were small for gestational age. Table 2 
shows the means of psychomotor development index in 
children with neuromotor alteration at 6 months correct-
ed age, with and without BPD.The need for motor physi-

cal therapy was more frequent among children with BPD 
(55% vs. 36.8%; p=0.07). 

Among children with altered PDI, axial hypotonia 
and lower limb hypertonia were the most frequent neu-
rological alterations (53.1% and 33.3% of these children,  
respectively).

After adjusting for confounding variables, the follow-
ing variables were selected by the multivariate logistic 
model: bronchopulmonary dysplasia, intracranial hem-
orrhage, male gender, and patent ductus arteriosus. Af-
ter controlling for these risk factors, BPD (principal expo-
sure) remained significantly associated with altered psy-
chomotor development index (Table 3). 

No interaction was identified between these variables 
and the principal exposure.

DISCUSSION
The incidence of bronchopulmonary dysplasia in this 

study was consistent with data from the literature6. Pa-
tients with BPD showed a higher incidence of intracrani-
al hemorrhage than those without BPD. Although the lit-
erature does not show a direct relationship between these 
two clinical conditions, there is an association between 
ICH and other frequent complications in this population, 
like hypoxia, use of mechanical ventilation15, and patent 
ductus arteriosus16.

A significant percentage of the infants presented al-
tered psychomotor development index at 6 months cor-
rected age, both those with BPD (90.0%) and those with-
out (47.7%). The high percentage of altered PDI may be 
due to the cutoff point used here (85), which also aimed 

Table 2. Means of psychomotor development index in children with neuromotor alteration at 6 months corrected age 
with and without bronchopulmonary dysplasia.

Neuromotor alterations at 6 months corrected age

BPD (n=20) No BPD (n=132)

PDI PDI

n (%)** Mean (SD) n (%)*** Mean (SD)

Delayed acquisition of motor milestone* 17 (85.0) 68.3 (13.8) 68 (51.5) 76.6 (15.0)

Asymmetry 6 (30.0) 71.7 (12.6) 22 (16.7) 80.0 (15.9)

Lower limb hypertonia 9 (45.0) 70.6 (12.8) 30 (22.7) 77.4 (17.0)

Axial hypotonia* 12 (60.0) 65.3 (12.9) 54 (40.9) 78.6 (14.6)

*Statistically significant difference in PDI mean between BPD and no BPD infants - p<0.05; **n: number of children with alteration on 
neuromotor exam at 6 months corrected age and with bronchopulmonary dysplasia; ***n: number of children with alteration on neuromotor 
exam at 6 months corrected age and without bronchopulmonary dysplasia; PDI: psychomotor development index; BPD: bronchopulmonary 
dysplasia; SD: standard deviation; No BPD: without bronchopulmonary dysplasia.

Table 3. Association between bronchopulmonary dysplasia and altered psychomotor development index, adjusted for 
the selected variables.

Crude odds ratio 95% CI Adjusted odds ratio* 95% CI

BPD 6.8 1.9-24.3 3.98 1.04-15.1

*Odds ratio adjusted for intracranial hemorrhage, patent ductus arteriosus, and male gender; CI: confidence interval; BPD: bronchopulmonary 
dysplasia.
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to detect patients with mildly delayed performance. If one 
considers a PDI less than 70, 45% (9) of the patients with 
BPD and 19.7% (26) of the patients without BPD would be 
identified as having altered PDI (results not shown).

In relation to neurological examination, infants with 
BPD showed significantly more delay in achieving motor 
milestones and more lower limb hypertonia as compared 
to those without BPD. The need for physical therapy was 
significantly associated with BPD.

Part of the observed alterations may be due to so-
called transient neurological abnormalities, which can be 
detected in 40 to 80% of premature infants in the first year 
of life, disappearing in the months thereafter17. Howev-
er, despite the risk of overestimating these findings, some 
characteristics highlight the need for early diagnosis of 
neuromotor alterations. First, neuroplasticity is more pro-
nounced in the first months of life, so that the impact of 
treatment is greater in younger infants. Als et al.18 inves-
tigated the effects of early experience on cerebral function 
and structure, using electroencephalography and nucle-
ar magnetic resonance. A group of 30 premature infants 
without risk factors for neurodevelopmental alterations 
participated in a clinical trial to assess the effect of an ear-
ly neonatal stimulation approach (Newborn Individual-
ized Developmental Care and Assessment Program, NID-
CAP). The subgroup exposed to NIDCAP showed bet-
ter function and greater maturity of nerve fibers as com-
pared to the control group. Gianní et al.19 identified, at 36 
months corrected age, beneficial effects for the develop-
ment of very low birth weight premature infants submitted 
to an intervention program beginning at 3 months of age.

Caution should be used in diagnosing a neurological 
condition like cerebral palsy at very early ages, and the di-
agnosis should only be confirmed in the presence of neu-
rological signs that persist beyond 24 months of age. A 
multicenter European study entitled Surveillance of Ce-
rebral Palsy in Europe20, recommends that the definitive 
diagnosis of cerebral palsy should not be made before 3 
years of age. However, this does not rule out an early and 
more effective therapeutic approach to a motor alteration 
before the diagnosis is confirmed. 

The importance of early diagnosis of neuromotor al-
terations is also emphasized by recent findings that corre-
late these alterations with difficulties in school. Jeyaseelan 
et al.21 followed a cohort of extremely premature infants 
and found a significant association between minor mo-
tor signs at 24 months of age and difficulties with atten-
tion from 7 to 9 years of age. Although early motor alter-
ations have not been correlated with cognitive dysfunc-
tions, these findings suggest that motor and cognitive de-
velopment may be more interrelated than previously sus-
pected. The cerebellum and prefrontal cortex, which are 
important for motor and cognitive development, may be 

involved in this process. At any rate, these children need 
to continue to have their neurodevelopment monitored 
in order to identify which of them will present persistent 
neurological symptoms. 

Perlman and Volpe22, described the neonatal neuro-
logical characteristics of infants with severe BPD that 
were similar to extrapyramidal movements seen in old-
er children. These patients presented chronic hypoxemia, 
hypercapnia, bronchospasm, and malnutrition. The ab-
normal movements reported by these authors began de-
veloping in the third month of life and involved the limbs, 
cervical region, trunk, and mouth and tongue. This mo-
tor syndrome was exacerbated during episodes of respi-
ratory failure and attenuated during sleep. Neuropatho-
logical studies in one of the infants showed neuronal loss 
in structures of the basal ganglia. 

Multivariate analysis showed that BPD increased the 
incidence of altered psychomotor development index, 
independently of other risk factors. Infants with BPD 
showed four-fold odds of presenting altered PDI at 6 
months corrected age as compared to infants without BPD.

The role of BPD in the complex process of neurode-
velopment is controversial in the literature. Some au-
thors contend that this respiratory condition leads to in-
termittent episodes of hypoxia and acts on motor devel-
opment as an independent factor23. However, others af-
firm that the associated complications, like intraventric-
ular hemorrhage or leukomalacia, are the true determi-
nants of neurodevelopment24-26. In our study, in the mul-
tivariate analysis, although cerebral hemorrhage showed 
a risk of 1.7, the association was not statistically signifi-
cant (results not shown).

Burns et al.14 compared 64 children with BPD and 53 
controls and concluded that at 8 months, children with 
BPD showed significant motor delay, and that at 2 years, 
although the delay was less pronounced, relevant differ-
ences remained between the two groups in terms of mo-
tor control and balance. However, after adjusting for other 
factors (periventricular hemorrhage and ventricular dila-
tation), the difference was not significant.

Majnemer et al.7 found an association between severe 
BPD (supplementary oxygen at home) and presence of 
neurological alterations at school age. Two groups (BPD 
and controls) with 27 subjects each were followed pro-
spectively and compared at 9 years of age, showing a 
much higher incidence of neurological abnormalities in 
the BPD group (including subtle neurological signs, ce-
rebral palsy, microcephaly, and behavioral alterations). 
More than 50% of the BPD patient cohort in use of home 
oxygen displayed difficulties in gross and fine motor skills. 
In our population, only one child was using home oxygen 
at 6 months corrected age.

Short et al.27 also studied the long-term consequenc-
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es of BPD, prospectively following 2 groups of 98 and 75 
very low birth weight children (with and without BPD, 
respectively) and 99 term children at 8 years of age. The 
BPD group showed deficits in various skills, like IQ, math, 
reading, and gross motor functions. The authors conclud-
ed that BPD had adverse effects on cognitive and scholas-
tic prognosis, beyond the effect of low birth weight. 

When monitoring very low birth weight newborns, 
those with moderate to severe BPD should be subject to 
greater surveillance of their neuromotor development, 
and during birthstay hospitalization they should receive 
special care targeted to posture and handling. When al-
terations are identified, early interventions are recom-
mended to prevent future neuromotor deficits, even if 
part of these alterations may be transient.

In conclusion, bronchopulmonary dysplasia acted as 
an independent risk factor for motor development in pre-
mature infants at 6 months corrected age. Children with 
this diagnosis showed four-fold odds of altered psycho-
motor development index at this age.
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