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Risk factors for cognitive impairment
in school-age children born preterm —
application of a hierarchical model

Fatores de risco para alteracao cognitiva em escolares nascidos pré-termo -
aplicacao de modelo hierarquizado

Maura Calixto Cecherelli de Rodrigues’, Rosane Reis de Mello?, Katia Silveira da Silva®, Marcia Lazaro de Carvalho®

ABSTRACT

The purpose was to analyze factors associated with cognitive impairment in very low birth weight (VLBW) children born preterm. A prospec-
tive cohort of 65 VLBW children was assessed at the age of eight years using the Wechsler Intelligence Scale for Children. A model for the re-
lationship of variables with the cognitive impairment outcome attributed hierarchical levels: distal (socioeconomic variables), intermediate
l'and Il (perinatal and neonatal variables, post-neonatal variables) and proximal (child health and psychosocial stimulation). A multivariate
logistic regression was performed. In the multivariate hierarchical logistic regression, the maternal education (OR=0.77,95%CI 0.63-0.94)
and number of prenatal visits (OR=0.73, 95%Cl 0.54-0.99) showed a protective association, but the male (OR=7.3, 95%Cl 1.54-35.3) was
associated with worse results. The VLBW children cognitive performance in the age of eight years benefits from more educated mothers,
better prenatal care, and the baby gender as female.
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RESUMO

O objetivo foi analisar fatores associados a alteragao cognitiva na idade escolar de criangas nascidas prematuras de muito baixo peso
(PMBP). Uma coorte prospectiva de 65 criancas PMBP foi avaliada aos oito anos através da Escala de Inteligéncia Wechsler para Criancas.
Um modelo para relacdo das variaveis com o desfecho alteracao cognitiva reconheceu niveis hierarquicos: distal (variaveis socioeconémi-
cas), intermediario | e Il (variaveis perinatais e neonatais; variaveis poés-neonatais) e proximal (satde da crianca e estimulo psicossocial). Foi
realizada analise de regressao logistica multivariada. Na regresséo logistica hierarquizada multivariada, a escolaridade materna (OR=0,77;
IC95% 0,63-0,94) e o nimero de consultas no pré-natal (OR=0,73; 1C95% 0,54-0,99) mostraram uma associacao protetora; porém o sexo
masculino (OR=7,3;1C95% 1,54-35,3) foi associado a piores resultados. O desempenho cognitivo dos PMBP na idade de oito anos é benefi-
ciado pela maior escolaridade das maes, melhor assisténcia pré-natal e pelo bebé ser do sexo feminino.

Palavras-Chave: cognicao, desenvolvimento infantil, fatores de risco.

The rise in the survival of newborns with lower gestation- Neuroanatomical structures would change in preterm
al age and lower birth weight has drawn great interest on the  infants, but the factors involved in these changes are not
future development of this population. Their cognitive out-  yet clarified®. Studies held on the possible determinants of
comes at school age have been researched in literature, and  cognitive function in the childhood of children born at dif-
the cognitive shortfall is the most prevalent sequel in preterm  ferent gestational ages imply unfavorable socioeconomic
infants of very low birth weight (VLBW)".
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conditions and low birth weight as factors negatively as-
sociated with cognitive performance in preschool children®.

The singularity of the preterm newborn population does
not allow generalizing the research results on the evolution
of cognitive functioning in the general pediatric population
for schoolchildren born prematurely”.

The purpose of this study was to identify the factors as-
sociated with cognitive impairment at school age in a VLBW
premature newborn population.

METHODS

This study was held in the city of Rio de Janeiro, Brazil,
in a federal tertiary hospital, with school age children (av-
erage — 8 years old) born in this hospital and prospectively
monitored at the outpatient follow-up of newborns at risk.
The criteria for the inclusion of newborns included: very low
birth weight (less than 1,500 g), gestational age lower than 34
weeks and that were hospitalized in the Neonatal Unit of this
hospital between January 1% 1998 and August 31 2000. The
study excluded patients with genetic syndromes, congenital
infections, congenital malformation and small for the gesta-
tional age, according to the criteria by Lubchenco et al.”. This
population was part of a study on risk factors for respiratory
disease in the first year of life of VLBW preterm newborns®.

The cognitive assessment applied — the Wechsler Intelligence
Scale for Children, (WISC-III)’ — was performed by two qualified
psychologists. The WISC-III is the most used test for intelligence
quotient (IQ) applied to children and adolescents aged 6 to 17
years. It consists of 13 sub-tests subjectively stratified into two
groups: verbal scale and performance scale’.

The outcome (dependent variable) considered was the
cognitive performance obtained using the WISC-III total
score classified as normal (=80) or impaired (<79). The bor-
derline scores were between 70 and 79, and the score equal
or less 69 corresponded to intellectual disability.

The independent variables were classified in four levels
of determination: distal, intermediate I, intermediate II and
proximal. Theoretical references obtained from literature
review and biological plausibility were accountable for the
placement of these variables in the model®. The distal vari-
ables refer to the socioeconomic level; the intermediate in-
clude perinatal characteristics and interventions, neonatal
pathologies and post-neonatal characteristics; the proximal
assess the influence of the child health condition and psycho-
social stimulation factors®.

The gestational age was assessed by order of preference
by the last menstrual period, by the estimate of early preg-
nancy ultrasound, and by the New Ballard method®. The de-
gree of cerebral hemorrhage was assessed by transfontanellar
ultrasound (TFUS) shown in the neonatal period, according
to the classification by Papile et al.’. The study considered the
TFUS with higher degree of hemorrhage. For the diagnosis
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of bronchopulmonary dysplasia and its severity, the criterion
used was the use of oxygen therapy for or more than 28 days
and at 36 weeks of corrected age (moderate and severe)". For
sepsis, the study considered the presence of clinical signs,
laboratory alterations and/or positive hemoculture.

Transient changes in tone were described if present up to
18 months corrected age, and physical and speech therapy
interventions before 6 years of age.

The following were considered for health condition (proxi-
mal level): respiratory morbidity in the last 12 months (recur-
rent wheezing, pneumonia or hospitalization)®; Z-scores of body
mass index (BMI)/age, weight/height and height/age rates to
express nutritional status. The BMI/age and weight/height mea-
sured acute malnutrition and height/age assessed chronic mal-
nutrition, associated with unfavorable socioeconomic condi-
tions and repeated exposures to adverse events'’.

'The proximal variables were neurological status assed by
the evolutionary neurological examination (ENE)" motor
physical therapy and speech therapy intervention.

The study used the bronchopulmonary dysplasia
(BPD) risk factor (exposure) to calculate the sample size.
Considering a 95% confidence, 80% power, 70% incidence of
cognitive impairment in the VLBW population with BPD and
25% in VLBW children without BPD, the required sample size
would be 56 children (42 without BPD and 14 with BPD). The
calculation and statistical analysis were performed using the
application Epi-Info version 3.5

A univariate analysis was performed among the indepen-
dent variables of each level of determination and cognitive
impairment. For most of the qualitative variables, the refer-
ence category considered was the one referring to the ab-
sence of the feature. For the gender variable, the female was
the reference category. For quantitative variables, the lowest
value observed was considered as reference.

The variables with statistical significance at the 20% level
in the univariate analysis were selected. The distal level vari-
ables were included in a logistic regression model to adjust
to each other. Thus, at each level of the hierarchical model,
the variables were controlled for the others at the same level
and for the higher level ones. In the final model, only the ones
with 5% level statistic significant were used.

The results were expressed as odds ratio (OR) and 95%
confidence intervals.

The study was approved by the Ethics Committee of the
Fernandes Figueira Institute, Oswaldo Cruz Foundation, and
the children's guardians or parents signed an informed consent
term to participate in the research and related assessments.

RESULTS

The Department of Neonatology received 179 pre-
term infants with gestational age below 34 weeks and
weighing less than 1,500 g. During the hospitalization



period, 20 children died, four mothers refused to partici-
pate in the research and 58 were excluded. The inclusion
criteria included 97 children, and out of these, 72 showed

between the study group with the loss group did not
show significant differences for socio-demographic, peri-
natal, and neonatal features.

Out of the 72 children consulted, 65 were able to under-
go cognitive assessment. Seven children did not complete

up for cognitive assessment in the proposed age: 6 to 8
years. The percentage of loss was 25.7% due to address

change without previous or later notice. The comparison  the entire protocol of the cognitive assessment (five did

Table 1. Socio-economic features (distal level) and unadjusted odds ratios for cognitive impairment in children born prematurely
with very low birth weight in school age-Rio de Janeiro, Brazil.

Variables n (%) Mean [SD] OR 95%Cl p-value
65 (100)

Distal Level

Maternal Education (number of total 8.9[3.7] 0.77 0.65-0.91 0.0025

years studied)

Paternal Education (number of total 9.0[3.4] 0.86 0.73-1.01 0.07

years studied)

Mother’s Age 27.9[7.9] 0.94 0.89-1.01 012

Family Income (Reais) 1164.5[1040.33] 0.99 0.99-1.00 0.04

Number of people per room 1.52[1.3] 1.26 0.85-1.88 0.25

Number of children < 5 years old 1110.76] 0.54 0.18-1.62 0.27

Paternal presence 41 (63.1) 0.92 0.34-2.55 0.88

SD: standard deviation; OR: Odds Ratio; Cl: confidence interval.

Table 2. Variables of intermediate level 1 and 2 concerning frequency, means, and unadjusted odds ratios concerning the cognitive
impairment outcome.

Variables n (%) Mean [SD] OR 95%Cl p-value

Intermediate Level 1
Number of Prenatal visits 4.7 [2.5] 0.79 0.62-0.99 0.04
Maternal hypertension 21(32.3) 0.67 0.23-1.94 0.47
Maternal hemorrhage 7(10.8) 0.92 0.19-4.50 0.92
Fetus distress 21(32.3) 212 0.74-6.09 0.16
Gestational age (weeks) 28[2.2] 0.99 0.96-1.02 0.38
Birth weight (g) 1089.7 [233.6] 0.99 0.99-1.00 0.23
5th minute Apgar (median) 8 0.72 0.46-1.14 0.16
Cephalic perimeter at birth (cm) 25.7[1.8] 1.00 0.76-1.32 0.98
Male sex 35(53.8) 2.43 0.79-7.48 012
Female sex 30 (46.2)
Antenatal corticoid 44.(67.7) 0.63 0.22-1.79 0.38
Neonatal corticoid 8(12.3) 4.43 0.82-23.91 0.083
Surfactant 21(32.3) 212 0.73-6.09 0.16
Hospitalization time (days) 59 (26.8) 1.01 0.99-1.03 0.23
Tracheal intubation 16 (24.6) 2.63 0.82-8.43 0.10
Mechanical ventilation 28 (43.1) 3.22 1.16-8.97 0.02
Intracranial hemorrhage 19(29.2) 1.58 0.54-4.62 0.40
HIC grades lll and IV 4(21.0) 1.88 0.98-3.63 0.059
Bronchopulmonary dysplasia 15(23.1) 3.26 0.97-11.00 0.056
Sepsis 41 (63.1) 1.59 0.57-4.44 0.37

Intermediate Level 2
Breast feeding 36 (55.4) 0.59 0.22-1.60 0.30
Breast feeding time 2.54(3.5) 0.76 0.61-0.95 0.01
Cephalic perimeter (cm) at one year old 45.9(1.95) 0.88 0.68-1.14 0.35
Rehospitalization 16 (24.6) 0.68 0.21-2.16 0.51
Transient change of tone 45(69.2) 0.54 0.19-1.58 0.26
Previous physical therapy* 36 (65.4) 0.76 0.28-2.0 0.59
Previous speech Therapy* 31 (47.7) 1.34 0.50-3.6 0.56

SD: standard deviation; Cl: confidence interval; OR: Odds Ratio; HIC: intracranial hemorrhage; *before 6 years old.
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Table 3. Characteristics of health, physical therapy and speech therapy, and education (proximal level), and unadjusted odds

ratios for cognitive impairment.

Variables n (%) Mean (SD) OR 95%Cl p-value
Proximal Level

Current cephalic perimeter (cm) 51.4(1.8) 0.9 0.7-1.2 0.49
Respiratory morbidity 23(35.4) 1.22 0.44-3.4 0.70
Hospitalization in the last 12 months 4(6.2) 4.03 0.4-41.0 0.23
z score < -2 height/age 4(6.2) 0.8 0.1-6.0 0.82
Z score < -2 weight/age 6(9.2) 0.8 0.14-4.2 0.78
Z score < -2 BMl/age 6(9.2) 0.78 015-4.2 0.78
Current physical therapy treatment 5(7.7) 0.28 0.03-2.70 0.27
Current speech therapy treatment 31(47.7) 1.34 0.50-3.57 0.56
Attended preschool 52 (80) 0.63 019-2.13 0.45
Attends public school 47 (72.3) 3.98 113-13.9 0.030

SD: standard deviation; OR: Odds Ratio; Cl: confidence interval; BMI: body mass index.

Table 4. Hierarchical logistic regression of the determinants factors of cognitive impairment at school age of very low birth weight

preterm infants — Rio de Janeiro, Brazil.

Ajusted OR 95%ClI p-value
Distal level model
Maternal education 0.76 0.59-0.97 0.028
Paternal education 1.07 0.84-1.37 0.58
Mother’s age 0.94 0.87-1.02 016
Family income (Reais) 0.99 0.99-1.00 011
Intermediate level T model
Maternal education 0.71 0.56-0.88 0.002
5th minute Apgar 0.96 0.45-2.09 0.93
Number of prenatal visits 0.69 0.49-0.98 0.04
Neonatal corticoid 15.94 0.36-708.51 015
Bronchopulmonary dysplasia 1.33 0.12-15.21 0.82
Tracheal intubation 0.24 0.02-8.26 0.28
Intracranial hemorrhage-grade 1.90 0.71-5.07 0.20
Mechanical ventilation 3.95 0.28-55.42 0.31
Male gender 8.42 1.23-57.40 0.038
Fetus distress 1.40 0.27-715 0.70
Surfactant 0.43 0.03-5.35 0.51
Intermediate level 2 model
Maternal education 0.76 0.62-0.93 0.007
Number of prenatal visits 0.74 0.55-0.99 0.004
Male gender 8.00 1.74-36.87 0.008
Breastfeeding time (months) 0.71 0.561-0.99 0.04
Proximal level model
Maternal education 0.77 0.63-0.94 0.01
Number of prenatal visits 0.73 0.54-0.99 0.04
Male gender 7.37 1.564-356.28 0.01
Breastfeeding time 0.72 0.52-1.00 0.05
Attends public school 1.41 0.28-714 0.68

OR: 0dds Ratio; Cl: confidence interval.

not return to complete the assessment and two had spastic
quadriplegia, hindering the application of the WISC scale).

The children were evaluated with an eight years age mean. In
the day of the evaluation, the average of body weight was 26 kg
(SD=6.7), of height 127 cm (SD=82) and of cephalic perimeter
51 ¢cm (SD=1.8).1n 6 children (9.2%), the BMI Z-score < -2, 4 (6.2%)
had low height for the age, and 6 (9.2%) showed low weight for the
age, 4 were obese (Z-scores > 2), and 55 were normal.
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Fifteen children (23%) showed WISC total score below
70 and fifteen (23%) had a borderline total score, configuring
46% of abnormal results. There were two children with cere-
bral palsy (diplegia). The percentage of change in appendicu-
lar coordination, static and dynamic balance verified was 23,
27.7 and 13.8%, respectively.

Data from Table 1 suggest that most of these children be-
long to a less privileged economic class. The family income



median was R$ 900.00, ranging from R$ 95 to R$ 7,000. The
maternal and paternal schooling, maternal age and family in-
come variables were associated with the outcome.

The Table 2 characterizes the framework of severity for
this population. Approximately 30% (n=20) of newborns
weighed less than 1,000g at birth, 15.4% (n=10) had gestation-
al age lower than 26 weeks, and 13.8% (n=9) developed with
moderate and severe BPD levels.

A higher number of prenatal medical appointments
showed to be protective for change in cognitive develop-
ment. Fetal distress, 5" minute Apgar, and male gender were
also significantly associated with the outcome. The use of
corticoids by the newborn, despite the high OR, was not as-
sociated with impairment in cognition. Among the neonatal
pathologies, the degree of intracranial hemorrhage and BPD
were associated with the outcome. Regarding the post-neo-
natal intermediate risk factors, only the time spent on breast-
feeding was associated with cognitive development.

The Table 3 points out that one third of children showed
respiratory morbidity in the last 12 months and 9.2% were
undernourished. Only the variable “attends public school”
showed an association (positive) with cognitive impairment.

The Table 4 shows the results of the hierarchical multi-
variate analysis. The protective effect of maternal education
in relation to cognitive impairment remained at all levels,
demonstrating a direct effect of maternal education on in-
fant cognition. The time spent on breastfeeding showed an
OR=0.72 (95%CI 0.52-1.00) with borderline p-value (p=0.05)
in the proximal level model. The increased number of prena-
tal visits and male gender kept their statistical significance
up to the proximal level model, respectively demonstrating
protective and deleterious effect on cognitive development.

DISCUSSION

These results confirm how important is maternal educa-
tion for the cognitive development of preterm infants'. More
education can increase the chances of employment and, con-
sequently, improve family income. Moreover, a higher level of
formal education influences the practice of child care®.

Other possible consequences from the maternal educa-
tion influence on cognitive development undergo contro-
versial issues such as maternal responsiveness (contingent
maternal behaviors and immediately related to child be-
havior)'. The cognitive development in children born with
VLBW, particularly those with less severe complications,
would be positively influenced by consistent responsive-
ness during first childhood".

Perhaps keeping the association between maternal edu-
cation and cognitive impairment in the final model pervade
through mechanisms related to intermediate and proximal
factors not considered in this model, such as stimulation
of the child by the parents or guardians, supply of toys and
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games, organization of a favorable environment and parental
practices and styles®.

Unlike other studies on cognition in children?®, family in-
come was not significantly associated with cognitive im-
pairment. Perhaps the homogeneity of the income partially
explains this result. Either way, the effect of poverty on cog-
nitive development of children and adolescents is not direct,
but mediated by several factors®.

The association between the number of prenatal visits
and cognitive development is in the original finding of this
research. A higher number of prenatal consultations would
probably provide, indirectly, beneficial interventions to the
baby, such as the use of antenatal steroids and tocolysis in
the mother, identified as protective factors for brain anom-
alies in the newborn®. The best care provided by the preg-
nant woman would imply in a longer gestational period to
the birth and favorable clinical conditions at birth for both,
mother and baby, and early neonatal period, such as lower
incidence of hypothermia and BPD*.

Furthermore, a stronger bond between mother and pre-
natal care service shows greater propensity to join an out-
patient follow-up service for newborns at high risk. This is
particularly important for VLBW infants, once it facilitates
early detection and intervention of neurodevelopment
abnormalities.

The gender of the newborn is a predictor of development,
once there is an association between males with worse cog-
nitive and neurodevelopmental results in school children
born prematurely®.

In the final model of hierarchical multivariate regression, the
time spent on breastfeeding and cognitive development showed
borderline statistical association (p=0.05). The meta-analysis
held with children of different birth weights and gestational ages
found conflicting results. One of them, comparing breast milk
feeding after hospital discharge with feeding with formulas®,
the first group showed higher rates of cognitive development up
to school age. The other, held more recently, found no associa-
tion between breast milk feeding and child “s intelligence, point-
ing out the maternal intelligence as responsible for the effect of
breast milk feeding on the childs intelligence®.

In premature infants, breast milk feeding in the neonatal
period increases the levels of docosahexaenoic acid, which
may influence on brain development in the nursing period
and in preschool years®.

Amongtheproximalfactors, ‘attendspublicschool resulted
inanearlyfourtimesgreater chance of cognitiveimpairmentin
the univariate analysis. Its association lost significance in
the multivariate model of logistic regression probably as
it reflects the effect of maternal education and access to
healthcare services (number of prenatal visits) in cognitive
development.

The lack of association between nutritional status and
cognitive impairment observed in this study had previously
been observed in the Brazilian preschoolers’ population®.
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Studies on the cognitive development of Brazilian co-
horts of VLBW preterm infants are scarce. A cohort of pre-
term infants discharged from the neonatal unit showed
lower IQ in preschool age than those found in internation-
al literature, though the most affected areas coincide®. The
Victorian Infant Collaborative Study Group, an Australian
study, applied the WISC-III in 8 years old children born be-
tween 23 and 25 weeks, and achieved an average I1Q of 93,
significantly lower than the group of infants born at regular
term®. In Sdo Paulo, Brazil, the WISC was applied in 20 chil-
dren aged 9 years that were VLBW premature infants, and
showed that 63% of the group presented normal results and
23% were classified as mentally handicapped®. In this study,
the mean IQ obtained from the WISC-III was 80, and 23%
showed IQ <70 and 23% between 70 and 79.

These differences may be a result from implementation
of programs, such as the Infant Health and Development
Program (USA), with home visits, full-time educational cen-
ters, and regular meetings with healthcare teams and edu-
cation with parents, as well as assistance and guidance pro-
vided by professionals qualified to improve the prognosis of
children with motor and/or mental disabilities”.

Results from recent studies suggest that socioeconomic
factors were more associated with cognitive development in
preschool age than biological factors*'. Hence, the impor-
tance of implementing public policies for qualified assistance
to this population to reduce the impact of social inequalities
in the neurodevelopment.

Although the access to professionals such as speech ther-
apists, physiotherapists and psychologists was limited at pro-
viding follow-up for this study cohort, the later can be con-
sidered “privileged” as this type of specialized outpatient care
is scarce in the public network. In the general population of
preterm infants in our country, the magnitude of the associa-
tions may be higher, once they are not reduced by the follow
up of qualified professionals.

Moreover, there is no government guarantee of universal
access to preschool. At this stage of life, it is already possible
to detect cognitive impairments, which if treated early, may
improve school academic performance®. In school stage,
special academic assistance provided by trained profession-
als such as psychopedagogy professionals and speech thera-
pists would lead to an actual literacy and school inclusion®.
In preschool and school ages, the psychometric assessment
on development can be a useful tool in the propaedeutic and
treatment, but it depends on training and qualification.
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