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Abstract

Objective:Tocompare theneurobehaviorof small (SGA)andadequate (AGA) forgestational age full-termneonates

born to adolescent mothers.

Methods: This prospective cross-sectional study included full-term newborn infants aged 24-72 hours, free from

central nervous systemmalformationsandborn toadolescentmothersat a single center inBrazil. Infantswereassessed

with the Neonatal Intensive Care Unit Network Neurobehavioral Scale (NNNS) for: habituation, attention, arousal,

regulation, handling, quality of movement, excitability, lethargy, nonoptimal reflexes, asymmetry, hypertonia,

hypotonia, and stress/abstinence signals. The chi-square test and analysis of variance were used to compare SGA and

AGA infants. Multivariate regression was used to analyze factors associated with the score of each NNNS variable.

Results: Of 3,685 infants born in the study hospital, 928 (25%) had adolescent mothers. Of these, 477 infants met

the inclusion criteria: 419 (88%) were AGA and 58 (12%) were SGA. Univariate analysis did not show any differences

between AGA and SGA neonates in terms of NNNS variables. Multivariate analysis showed that SGA neonates born by

vaginal delivery had lower scores for quality of movements than those born by caesarean section. The SGA neonates

born with local or without anesthesia had higher scores for excitability than those born with spinal anesthesia.

Additionally, female SGA neonates had lower scores for stress/abstinence signals than males.

Conclusion: SGA neonates born to adolescent mothers showed poorer quality of movements, more excitability

and more signals of stress in association with sex of infant and variables related to delivery.
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Introduction

Small for gestational age (SGA) newborns are the result
of intrauterine growth restriction, which can be triggered by a
series of factors inherent to thehealth of themother and fetus,
in addition to those related to the family’s socioeconomic con-
ditions. Pregnancy during adolescence, the absence of a fixed
partner, low educational level, insufficient prenatal care, the
use of both legal and illegal drugs, exposure to sexually trans-
mitted diseases, violence and psychological disorders can, in

combinationor in isolation, lead to inadequate fetal growth.1,2

Regarding teenager pregnancies, they are associated to vio-
lenceexposure and tomental disorders. Violenceduringpreg-

nancy is reported to be associated with the birth of SGA

infants, while mental diseases are associated with prematu-

rity.3 On the other hand, pregnancy during adolescence is not

alone a risk factor for low birth weight when the influence of

unfavorable clinical, gestational and psychosocial factors is

subtracted.4

1. Doutora, Universidade Federal de São Paulo - Escola Paulista de Medicina (UNIFESP-EPM), São Paulo, SP, Brazil.
2. Professora titular, Departamento de Pediatria, UNIFESP-EPM, São Paulo, SP, Brazil.
3. Doutor, UNIFESP-EPM, São Paulo, SP, Brazil.
4. Psicóloga pesquisadora, Unidade de Pesquisa em Álcool e Drogas, UNIFESP-EPM, São Paulo, SP, Brazil.
5. Professor livre-docente, Departamento de Psiquiatria, UNIFESP-EPM, São Paulo, SP, Brazil. Chefe, Unidade de Pesquisa em Álcool e Drogas, UNIFESP-EPM,

São Paulo, SP, Brazil.

Financial support: FAPESP, project no. 00/10.293-5.

No conflicts of interest declared concerning the publication of this article.

Suggested citation: Barros MC, Guinsburg R, Mitsuhiro SS, Chalem E, Laranjeira RR. Neurobehavior of full-term small for gestational age newborn infants of
adolescent mothers. J Pediatr (Rio J). 2008;84(3):217-223.

Manuscript received Dec 13 2007, accepted for publication Feb 27 2008.

doi:10.2223/JPED.1796

217



It is known that intrauterine malnutrition may alter the

anatomic and functional maturation of the central nervous

system. Chronic placental insufficiency, which results in fetal

growth restriction, leads to deficits in neural connections and

myelination and alters the function of auditory and visual sys-

tems during the postnatal period.5 Volumetric studies using

magnetic resonance have indicated reduced grey matter in

full-term SGA neonates, with the hippocampus being espe-

cially vulnerable to the effects of placental insufficiency.6 Fur-

thermore, cortical growth is compromised in fetuses with

severely restricted intrauterine growth, with reduced num-

bers of cells in the cerebral cortex.7 These changes in the

growth and development of the central nervous system can

trigger neurobehavioral alterations that are already detect-

able in the first days of life.8

The classic description of the SGA newborn includes

increasedmotor ability, exaggerated responses to reflex tests,

prolonged periods in a state of arousal and more appetite than

newborns of the same weight but younger gestational ages.9

However, studies of specific aspects of the neurological per-

formance of SGA infants, such as muscle tone assessment by

objective methods, indicate the presence of reduced muscle

tone.10 Assessment of the global neurobehavioral perfor-

mance of infants born at full term with intrauterine growth

restriction, compared with appropriate for gestational age

(AGA) neonates, demonstrates worse performance in items

related toorientation to stimuli,motor responsesand reflexes,

in addition to reduced muscle tone, during the first days of

life. SGA infants spend less time awake and need more com-

forting maneuvers, and they have problems with

self-quieting.11-14Nevertheless, these alterations are not

observed in a uniform manner and some authors have

observed better orientation in response to external stimuli

among SGA newborn infants.15-16

The neurobehavior of SGA newborn infants, in addition to

having been little studied, is also complicated by a lack of

homogeneity in terms of the definition of “small for gesta-

tional age” and of neurobehavioral assessment methods. In

this context, this study goal was to compare the neurobehav-

ioral of SGA and AGA full-term infants born to adolescent

mothers with the Neonatal Intensive Care Unit Neurobehav-

ioral Network Scale (NNNS).

Methods

This was a single-center cross-sectional study, with pro-

spective data collection, carried out at a tertiary hospital in

the city of São Paulo, Brazil, during the period between July

2001 and November 2002. The study was approved by the

Research Ethics Committees at the hospital where data col-

lection was carried out and at the educational institution to

which the researchers are affiliated and was financed by the

Fundação de Apoio à Pesquisa do Estado de São Paulo.

The patient sample was selected based on the following

inclusion criteria: signature of a free and informed consent

form by the mother, newborn infant with adolescent mother

(age 10-19 years), born full term (gestational age 37-416,7

weeks), based on gestational age calculated from the last

menstrual date or, when this information was not available,

by the New Ballard method.17

Neonates were excluded if they exhibited one or more of

the following conditions that could interfere with neurobehav-

ioral responses: mothers with positive serology for congeni-

tal infections either during pregnancy or at delivery; mothers

who were given opiates, sedatives and/or anticonvulsants

during the 24 hours before delivery or general anesthetic dur-

ing delivery; newborn infants who had been exposed to

tobacco, alcohol, marijuana, cocaine or other drugs during

gestation; products of multiple gestations; 1 minute Apgar

score < 3 or 5 minute Apgar < 7; newborn infants with major

congenital malformations; and presence of clinical problems

on the day of data collection. Jaundiced neonates were

included if not in phototherapy at the time of the test, as were

infants who had exhibited adaptive respiratory distress, but

did not need oxygen therapy and were in normal nursery at

time of the test.

The study included interviews with the mothers and physi-

cal examination and neurobehavioral assessment of the new-

born infants. The adolescents were interviewed soon after

delivery regarding demographic, clinical, antenatal, labor and

delivery data data.

The neurobehavioral assessments of the neonates were

carried out by neonatologists using the NNNS.18 The NNNS is

a scale that assesses neurological integrity, behavioral func-

tion and the presence of signals of stress and abstinence in

newborns.19 The test was applied after 24 hours of life, when

the stress response to delivery has subsided, and before 72

hours of life, in a calm, dimly lit, heated room by one of four

neonatologists. One of the investigators (MMCB) was certi-

fied to apply the NNNS at the Women and Infants Hospital,

Brown University (Rhode Island, USA) and trained the other

three neonatologists. Reliability of the NNNS was verified by

simultaneous weekly applications by the lead researcher and

each of the three neonatologists, throughout the study, in

order to detect and correct possible discrepancies. After the

assessment, the items analyzed were grouped into the 13

variable categories described by Boukydis et al.19 as follows:

habituation, attention, arousal, control, handling, quality of

movement, excitability, lethargy, nonoptimal reflexes, asym-

metry, hypertonia, hypotonia, and stress/abstinence signals.

The information on the adolescent mothers’ consumption

of legal and illegal drugs during pregnancy was obtained by

interviewandby toxicological analysis of samples of themoth-

ers’ hair and newborns’ meconium. The mothers were inter-

viewed by psychologists soon after delivery. Three centimeter

samples of the mothers’ hair were taken from close to the

scalp to be assayed for marijuana and cocaine metabolites by
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semi-quantitative enzymatic immunoassay, with confirma-

tion by gas chromatography and/or mass spectrometry. The

sample was considered positive when both results, screening

and confirmation, were positive. Intrauterine marijuana

and/or cocaine exposure was detected by toxicological analy-

sis of a meconium sample collected during the first 2 days of

life and processed by semi-quantitative homogenous enzy-

matic immunoassay.With relation to tobacco, newborn infants

were excluded if their mothers had smoked any number of

cigarettes during pregnancy. With relation to alcohol, neo-

nates were only included in the sample if their mothers stated

that they had not drunk during pregnancy or just once, on a

special occasion. All newborn infants exposed to illegal drugs

were excluded, irrespective of the frequency or quantity of

maternal consumption.

Thenewborn infantsweredivided into twogroupsdepend-

ing on the appropriateness of their birth weight to their ges-

tational age, according to the curve described by Alexander

et al.20 Birth weights between percentiles 10 and 90 for ges-

tational age where defined as AGA and weights below the 5th

percentile as SGA. Newborn infants with birth weights

between the 5th and 10th percentiles were excluded from the

study. AGA and SGA neonates were compared using the

chi-square test for categorical variables and Student’s t test

for numerical variables.

Analysis of variance (ANOVA) and multivariate linear

regression were applied to identify whether intrauterine

growth restriction influenced the scores for NNNS variables,

controlling for other factors that could affect the newborns'

behavior. Each of the 11 numerical variables from the NNNS

(habituation, attention, arousal, control, handling, quality of

movement, excitability, lethargy, nonoptimal reflexes, asym-

metry and signals of stress and abstinence) were taken as

dependent variables and the following as independent

variables: appropriateness of weight to gestational age (AGA

vs. SGA), anesthesia during delivery (none/local vs. regional

block), type of delivery (vaginal vs. caesarean), sex, gesta-

tional age, birth weight, 1st and 5th minute Apgar scores and

age of the newborn at neurobehavioral assessment. Two of

the 13 NNNS variables were analyzed as qualitative

categories: hypertonia and hypotonia. For both, the effect of

intrauterine growth restriction was determined by logistic

regression, with the independent variables being the same

used for the multivariate linear regression and ANOVA.

The sample size was determined based on the need to

study 15 to 20 newborn infants per independent variable to

be assessed in the multivariate linear regression or logistic

regression. Since all of the 13 variables on the NNNS were

considered dependent variables and each of them was tested

for associations with nine independent variables, the mini-

mum sample size was 135 to 180 newborn infants. Statistical

procedures were carried out using SPSS 10.0 and signifi-

cance was set at p < 0.05 for all tests.

Results

A total of 792 infants were born at full term during the

study period and 264 of these were excluded due to one or

moreof the conditionsdefined in theexclusion criteria. Intrau-

terine growth restriction was detected in 109 of the remain-

ing 528 neonates, 51 of whom had weights between the fifth

and 10th percentiles for gestational age. Therefore, the final

study sample comprised 477 patients: 419 AGA and 58 SGA

infants.

Both groups were similar in terms of maternal character-

istics, with the exception of prenatal care and anesthesia for

delivery. The mothers of the SGA infants attended fewer pre-

natal care visits and more frequently received regional anes-

thesia (Table 1).

Table 1 - Characteristics of the mothers of AGA and SGA infants

AGA

(n = 419)

SGA

(n = 58) p

Mother’s age (years) 16.9±1.5 16.8±1.7 0.650

White race 209 (50%) 25 (43%) 0.401

Fixed partner 270 (64%) 39 (67%) 0.397

Years in education 7.1±2.2 6.8±2.3 0.295

Number of pregnancies 1.2±0.5 1.2±0.6 0.659

Prenatal care present 404 (96%) 55 (95%) 0.378

Prenatal consultations 7.0±2.7 5.7±2.4 0.001

Vaginal delivery 306 (73%) 43 (74%) 0.499

Regional anesthesia 313 (75%) 34 (59%) 0.009

AGA = appropriate for gestational age; SGA = small for gestational age.
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In relation to neonatal characteristics, there were fewer
males and mean gestational age, birth weight and head cir-
cumference were lower in the SGA group (Table 2).

The neurobehavioral assessment was applied by four pre-
viously trained neonatologist, with the number of assess-
ments carried out by each being 106 (22.2%), 114 (23.9%),
123 (25.8%) and 134 (28.1%). There were no differences
between the AGA and SGA groups regarding the age at which
the newborn infants were examined, duration of assessment
or time elapsed between the last feed and starting the assess-
ment (Table 2).

In the univariate analysis, the two groups exhibited simi-

lar scores for all NNNS variables: habituation, attention,

arousal, control, handling, quality of movement, excitability,

lethargy, nonoptimal reflexes, asymmetry, hypertonia, hypo-

tonia and signals of stress and abstinence (Table 3).

In the multivariate analysis there was no effect from being

born SGA on the following items of the neurobehavioral

assessment: habituation, attention, arousal, control, han-

dling, lethargy, nonoptimal reflexes, asymmetry, hypertonia

or hypotonia. However, being SGA did have an impact on the

Table 2 - Characteristics of the AGA and SGA infants

AGA

(n = 419)

SGA

(n = 58) p

Male sex 221 (53%) 18 (31%) 0.001

1st minute Apgar score 8.2±1.3 8.1±1.3 0.534

5th minute Apgar score 9.6±0.6 9.5±0.7 0.215

Gestational age (weeks) 39.4±1.1 39.1±1.1 0.049

Birth weight (g) 3,205±299 2,473±191 < 0.001

Head circumference (cm) 34.3±1.1 32.7±0.98 < 0.001

Age of infant when assessed

(hours)

33.2±6.9 32.4±6.5 0.386

Assessment duration (minutes) 22.5±5.4 21.6±4.2 0.148

Time between feed and

assessment (minutes)

48.7±54.2 57.9±55.0 0.242

AGA = appropriate for gestational age; SGA = small for gestational age.

Table 3 - Mean (± standard deviation) scores for the 13 NNNS variables for AGA and SGA infants

AGA

(n = 419)

SGA

(n = 58) p

Habituation 6.86±1.49 6.54±1.65 0.255

Attention 5.73±1.32 5.56±1.18 0.335

Arousal 3.70±0.70 3.60±0.66 0.245

Control 6.06±0.74 5.98±0.66 0.394

Handling 0.36±0.26 0.42±0.27 0.109

Quality of movement 5.11±0.49 5.09±0.43 0.776

Excitability 2.48±1.68 2.55±1.69 0.777

Lethargy 4.04±1.82 3.86±1.65 0.460

Nonoptimal reflexes 3.67±1.35 3.79±1.18 0.453

Asymmetry 0.71±0.94 0.71±0.90 0.973

Hypertonia 0.18±0.39 0.16±0.37 0.679

Hypotonia 0.13±0.37 0.12±0.33 0.901

Signals of stress/abstinence 0.07±0.05 0.07±0.05 0.747

AGA = appropriate for gestational age; NNNS = Neonatal Intensive Care Unit Network Neurobehavioral Scale; SGA = small for gestational age.
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following variables: quality of movement, excitability and sig-

nals of stress and abstinence.

For “quality of movement”, there was an interaction

between type of delivery and appropriateness of weight to

gestational age (p = 0.057). Those SGA neonates who were

delivered vaginally had lower scores than the caesarean-born

infants (5.01±0.74 vs. 5.34±0.13), controlling for type of

anesthesia and sex. This difference was not observed among

the AGA.

With relation to “excitability”, there was an interaction

between type of anesthesia and appropriateness of weight to

gestational age (p = 0.038). SGA neonates born with local

anesthesia or without anesthesia scored higher on this vari-

able than SGA born under regional anesthesia (3.18±0.35 vs.

2.09±0.29), controlling for type of delivery and sex. This dif-

ference was not observed among the AGA.

Finally, with relation to “signs of stress/abstinence”, an

interaction was detected between sex of infant and appropri-

ateness of weight to gestational age (p = 0.039). Female SGA

patients exhibited less signals of stress and/or abstinence

than their male counterparts (0.059±0.008 vs.

0.093±0.012), controlling for type of anesthesia and deliv-

ery. This difference was not observed among the AGA.

Discussion

Approximately 900,000 adolescents get pregnant every

year in United States21 and, in 2004, 22% of the 3,026,548

livebirths inBrazil ocurredamongadolescentmothers.22 Ado-

lescent pregnancy is associated with low socioeconomic sta-

tus, absence of a fixed partner, a lack of access to education

in general and health education in particular and risk behav-

iors such as the use of tobacco, alcohol and drugs, among oth-

ers. Many of these factors, in isolation or together, can lead to

intrauterine growth restriction.1,2

The 14% (109/792) frequency of SGA newborn infants

observed in this sampleof full-termnewborn infants, although

elevated, has also been observed in other Brazilian stud-

ies.23,24 This high proportion of SGA is observed in our coun-

trywhenNorth-American intrauterinegrowthcurvesareused.

It is controversial whether it reflects an elevated prevalence

of intrauterine malnutrition or simply a different constitu-

tional pattern among the Brazilian population.20 In order to

avoid including in the sample newborn infants with weights

below the North American standard for gestational age who

did not suffer intrauterine growth restriction, it was decided

to study just those SGA infants below the fifth percentile of

the reference scale, excluding those whose birth weights were

between the 5th and the 10th percentiles.

With relation to the neurobehavior of SGA neonates, Als

et al. assessed 10 vaginally-delivered full-term neonates with

low weights on their first, third, fifth and 10th days of life.

Compared with heavier babies, patients exhibited worse per-

formance in interactivebehavior,with less capacity to respond

to stimuli.11 Lester et al. studied 37 healthy full-term neo-

nates on their 2nd-3rd day of life. Those with weight, length

or weight below the 10th percentile performed worse on items

related toorientation to stimuli,motor responsesand reflexes,

in addition to being less alert.25 Costas i Moragas et al.

assessed 41 SGA infants born at full term at 3 days of life,

comparing them with full-term babies with birth weights

between the 25th and 75th percentiles for gestational age.

The SGA infants exhibited lower capacity to respond to exter-

nal stimuli, less motor activity and muscle tone and they

needed greater number of quieting maneuvers, presenting

difficulties self-quieting.13 Abrol et al. also analyzed the

behavior of 25 SGA babies born by vaginal delivery at 1, 5, 10

and 30 days of life. Compared with AGA infants, the SGA

exhibited poorer performance in all items that assessed their

interaction with the environment and in their motor perfor-

mance.14 The authors attributed these findings to changes to

nervous system development and cerebral organization in

newborn infants subjected to nutritional restriction during

gestation.14,25 In this study, using a scale validated for neu-

robehavioral assessment during the first days of life and with

established reference values,26,27 the findings differed from

those described above, since, in the univariate comparisons

similar performance was observed in the 13 neurobehavioral

variables examined for both SGA and AGA infants. However,

being born SGA influenced the neonatal neurobehavioral per-

formance in association with other factors that stress the

mother-baby pair (anesthesia and type of delivery) or with

characteristics of the infants themselves (sex).

Those SGA newborn infants who were delivered under

local anesthesia or without anesthesia were more excitable,

with greater irritability, lability of skin color and state of

arousal, tremors and startles than those delivered with

regional anesthesia. In the same way, babies with birth

weights below the 5th percentile for gestational age who were

delivered vaginally exhibited poorer quality of movements

compared with those delivered by C-section. Studies with ani-

mal models have demonstrated that the concentrations of

growth factors, particularly brain-derived neurotrophic fac-

tor, and cytokines are significantly altered in the hippocam-

pus of fetuses with intrauterine growth restriction and that

these changes to the mediators are amplified by acute events

and may mediate neuronal and white matter lesions.5,28

Therefore, it is possible that modifications to the organization

of the nervous system associated with intrauterine growth

restriction may be enhanced by the release of stress hor-

monesduring labor anddelivery, interferingwith theneurobe-

havior of SGA newborn infants.

It is intriguing that male SGA newborn infants exhibited a

greater number of stress/abstinence signals compared to

females. The influence of sex on the neurobehavior of new-

born infants during the first week of life has not been system-

atically assessed. However, Brown et al. analyzed
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neurobehavioral changes inextremepreterm infantsusing the

NNNS and reported that female babies exhibited better per-

formance than males for “quality of movement”.29 It is known

that higher levels of stress hormones are found in male new-

born infants when they are subjected to stressful proce-

dures.30 It is possible that intrauterine growth restriction

causesdifferent cortical growthandorganization changesdur-

ing intrauterine life for male and female fetuses, depending

on the predominant hormonal influence, which would explain

the neurobehavioral differences observed in male and female

SGA newborn infants during their first days of life.

This study is subject to limitations related to its

cross-sectional design, providing no data on the progression

of neurological and behavioral performance over time, as the

SGA and AGA infants develop. Nevertheless, the research

aimed to detect alterations during the first days of life in neo-

nates by means of a scale validated to assess the neurobe-

havior of babies exposed to risk situations. Assessing this

group of SGA children using the Neonatal Intensive Care Unit

Network Neurobehavioral Scale adds objective results to the

literature regarding analysis of predefined areas of neurologi-

cal performance and behavior soon after birth. This period is

crucial for establishing healthy family emotional bonds, par-

ticularly between the mother and her baby.

Acknowledgements

To the neonatologists Cristiane Balut, Samira J. Cardo and

Silvana P. M. Amaral for their help with the data collection. To

theHospitalMunicipalMaternidadeEscolaDr.Mário deMoraes

Altenfelder Silva for making it possible to conduct the study.

To Fapesp for the resources needed to carry out this research.

References

1. Kramer MS.Socioeconomicdeterminants of intrauterinegrowth
retardation. Eur J Clin Nutr. 1998;52:S29-32.

2. Fraser AM, Brockert JE, Ward RH. Association of young maternal
age with adverse reproductive outcomes. N Engl J Med. 1995;
332:1113-7.

3. Ferri CP, Mitsuhiro SS, Barros MC, Chalem E, Guinsburg R,
Patel V, et al. The impact of maternal experience of violence and
common mental disorders on neonatal outcomes: a survey of
adolescent mothers in Sao Paulo, Brazil. BMC Public Health.
2007;7:209.

4. Mariotoni GG,BarrosFilho AA.Agravideznaadolescênciaé fator
de risco para o baixo peso ao nascer? J Pediatr (Rio J). 1998;74:
107-13.

5. Rees S, Harding R, Walker D. An adverse intrauterine
environment: implications for injury and altered development of
the brain. Int J Dev Neurosci. 2008;26:3-11.

6. van Wassenaer A. Neurodevelopmental consequences of being
born SGA. Pediatr Endocrinol Rev. 2005;2:372-7.

7. Samuelsen GB, Pakkenberg B, Bogdanovic N, Gundersen HJ,
Larsen JF,GraemN,et al. Severe cell reduction in the futurebrain
cortex in human growth-restricted fetuses and infants. Am J
Obstet Gynecol. 2007;197:56.e1-7.

8. Tolsa CB,Zimine S,Warfield SK, Freschi M,SanchoRossignol A,
Lazeyras F, et al. Early alteration of structural and functional
brain development in premature infants born with intrauterine
growth restriction. Pediatr Res. 2004;56:132-8.

9. Söderling B. Pseudoprematurity. Acta Paediatr. 1953;42:
520-5.

10. da Silva ES, Nunes ML. The influence of gestational age and birth
weight in the clinical assessment of the muscle tone of healthy
term and preterm newborns. Arq Neuropsiquiatr. 2005;63:
956-62.

11. Als H, Tronick E, Adamson L, Brazelton TB. The behavior of the
full-termbutunderweightnewborn infant.DevMedChildNeurol.
1976;18:590-602.

12. Lester BM, Emory EK, Hoffman SL. A multivariate study of the
effects of high-risk factors on performance on the Brazelton
Neonatal Assessment Scale. Child Dev. 1976;47:515-7.

13. Costas i Moragas C, Botet i Mussons F, Ortola i Castells ME.
Behavior of full-term low-birth weight infants based on the
Brazelton scale. An Esp Pediatr. 1989;30:37-40.

14. Abrol P, Kapoor R, Gathwala G, Tiwari S, Tiwari AD. Neonatal
behavior in full-term small for date. Indian Pediatr. 1994;31:
785-9.

15. Iyer RS, Chetan R, Venkatesh A. Neonatal behavior of small for
gestational age infants. Indian Pediatr. 1989;26:987-91.

16. Padidela RN,Bhat V.Neurobehavioral assessmentofappropriate
for gestational and small for gestational age babies. Indian
Pediatr. 2003;40:1063-8.

17. Ballard JL,Novak KK,Driver M.Asimplifiedscore forassessment
of fetal maturation of newly born infants. J Pediatr. 1979;95:
769-74.

18. LesterBM,TronickEZ,BrazeltonTB.TheNeonatal IntensiveCare
Unit Network Neurobehavioral Scale procedures. Pediatrics.
2004;113:641-67.

19. Boukydis CF, Bigsby R, Lester BM. Clinical use of the Neonatal
Intensive Care Unit Network Neurobehavioral Scale. Pediatrics.
2004;113:679-89.

20. Alexander GR, Himes JH, Kaufman RB, Mor J, Kogan M. A United
Statesnational reference for fetal growth.ObstetGynecol. 1996;
87:163-8.

21. Ebrahim SH, Gfroerer J. Pregnancy-related substance use in the
United States during 1996-1998. Obstet Gynecol. 2003;101:
374-9.

22. Ministério da Saúde. Fundação Nacional de Saúde [Internet
homepage]. Nascidos vivos - Brasil [cited 2007 Aug 23]. http//
datasus.gov.br

23. de Farias Aragao VM, Barbieri MA, Moura Da Silva AA, Bettiol H,
Ribeiro VS. Risk factors for intrauterine growth restriction: a
comparison between two Brazilian cities. Pediatr Res. 2005;57:
674-9.

24. Silva AA, Bettiol H, Barbieri MA, Brito LG, Pereira MM, de
Aragao VM,et al.Which factors couldexplain the lowbirthweight
paradox? Rev Saude Publica. 2006;40:648-55.

25. Lester BM,Garcia-Coll C, Valcarcel M,Hoffman J, Brazelton TB.
Effects of atypical patterns of fetal growth on newborn (NBAS)
behavior. Child Dev. 1986;57:11-9.

222 Jornal de Pediatria - Vol. 84, No. 3, 2008 Neurobehavior of SGA newborn infants - Barros MC et al.222

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9511017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9511017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=7700283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=7700283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17705835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17705835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17705835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14685345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14685345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17981423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17981423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17981423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16429113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16429113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17618757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17618757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15128927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15128927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15128927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=13113931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16400412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16400412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16400412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=976613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=976613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=1269317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=1269317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=1269317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=2930081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=2930081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=7890340
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=7890340
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=2630462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=2630462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14660837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14660837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=490248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=490248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14993524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14993524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14993527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14993527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=8559516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=8559516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12576263
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12576263
http//datasus.gov.br
http//datasus.gov.br
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15718360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=15718360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17063241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17063241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=3948588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=3948588


26. Lester BM, Tronick EZ, LaGasse L, Seifer R, Bauer CR,

Shankaran S,etal.Summarystatisticsofneonatal intensivecare

unit network neurobehavioral scale scores from the maternal

lifestyle study: a quasinormative sample. Pediatrics. 2004;113:

668-75.

27. de Moraes Barros MC, Guinsburg R, Mitsuhiro S, Chalem E,

Laranjeira RR. Neurobehavioral profile of healthy full-term

newborn infants of adolescent mothers. Early Hum Dev. 2008;

84:281-7.

28. Briscoe TA, Tolcos M, Dieni S, Loeliger M, Rees SM. Prenatally
compromised neurons respond to brain-derived neurotrophic
factor treatment in vitro. Neuroreport. 2006;17:1385-9.

29. Brown NC, Doyle LW, Bear MJ, Inder TE. Alterations in
neurobehavior at term reflect differing perinatal exposures in
very preterm infants. Pediatrics. 2006;118:2461-71.

30. Davis M, Emory E. Sex differences in neonatal stress reactivity.
Child Dev. 1995;66:14-27.

Correspondence:
Ruth Guinsburg
Rua Vicente Felix, 77/09
CEP 01410-020 – São Paulo, SP – Brazil
Tel.: +55 (11) 5579.4982
Fax: +55 (11) 5579.4982
E-mail: ruthgbr@netpoint.com.br

Neurobehavior of SGA newborn infants - Barros MC et al. Jornal de Pediatria - Vol. 84, No. 3, 2008 223223

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14993525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14993525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=14993525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17766063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17766063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16932144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16932144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16932144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17142532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17142532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17142532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=7497822


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


