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Perinatal Rrsk Factors in Children with 
Serious Motor and Mental Handicaps 

Karin B. Nelson, M D ,  and Sarah H. Broman, P h D  

Fifty children with tnarked neurological abnormality manifested by moderate or  severe motor disability and severe 
mental retardation were compared with a large control population with respect to prospectively ascertained 
perinatal characteristics. None of 60 prenatal factors distinguished the affected group from controls. In  labor and 
delivery, lowest fetal heart rate in the second stage of labor, arrested progress of labor, and use of midforceps 
discriminated between the two groups. Neonatal characteristics of children who were later severely handicapped 
differed from controls, particularly with rcspect to difficulty in initiating and maintaining respiration, intracranial 
hemorrhage, neonatal seizures, low birth weight and small head circumference, lowest hemoglobin or hematocrit, 
and overall neurological status. 

Multivariate analysis, including factors from all epochs, indicated that intracranial hemorrhage and neonatal 
seizures were the strongest independent discriminators between the neurologically impaired children and controls. 

Nelson KB, Bronian SH: Perinatal risk factors in children with serious motor 
and mental handicaps. Ann Neurol 2:371-377, 1977 

Physicians are taught that an appropriate medical his- 
tory for a neurologically impaired child begins with 
inquiry concerning characteristics of pregnancy, labor 
and delivery, and the neonatal period. I t  is less clear 
what to infer when the history relates some perinatal 
abnormality. Does a history of vaginal bleeding early 
in pregnancy, for instance, help in understanding the 
neurological problem of the child patient? With what 
confidence can one  postulate a reiationship between 
perinatal event and neurological outcome? 

Although characteristics of the mother, pregnancy, 
and infant that constitute important risk factors have 
been enumerated [2, 10, 111, even thosc which rclatc 
to maternal o r  fetal death are not fully agreed upon or 
quantified [ 161. Risk factors relating to subsequent 
neurological disabilities in children are even less well 
delineated. British experience with risk re&' mrers 
suggests that factors considered a priori to be as- 
sociated with increased neurological morbidity, in 
fact, are not necessarily related to the incidence of 
handicap in children [171. 

T h e  present report examines relationships between 
prospectively ascertained characteristics of the 
perinatalperiod and [he occurrence in childhood of an 
uncommon and severe disability: motor handicap of 
moderate or  high degree accompanied by severe men- 
tal retardation. I t  was postulated that biological an- 
tecedents might be more readily identified in this 
doubly disabled group than in  singly o r  mildly hand- 
icapped children, since confounding effects of en- 

vironmental factors would be minimized. I n  addition, 
although such severe handicap is uncommon, the 
enormous social cost gives this group an importance 
disproportionate to its numbers. Even in very shel- 
tered circumstances, children with both these hand- 
icaps are unlikely to achieve independence; each 
represents a family tragedy and a substantial societal 
burden. 

Materials and Methods  
Pregnant women entered the National Institute of 
Neurological and Communicative Disorders and Stroke 
(;(llkik)C)rdtiVe Perinatal Project (NCPP) between 1059 
and 1966 on the basis of random (and in many institu- 
tions, consecutive) selection of women registering for pre- 
natal care at twelve urban teaching hospitals. The sam- 
pling frame has been described elsewhere [ 3 ,  151. In eleven 
hospitals the women were clinic patients; in  one they were 
private patients. The hospitals were scattered over the 
United States but concentrated in the  East. The sample was 
47':; black and 45':; white, with women of Puerto Rican 
extraction accounting for most of the rest. Socioeconomic 
status of the study group was somewhat lower than for the 
total population of the IJnitetl States as assessed by Bureau 
ofthe Census figures. but the  disparities differed by race and 
geographic region; these factors are detailed by Myrian- 
thopoulos and French [141. 

On examination at the age of 7 years, 64 of the 38,260 
study children were found to havc measured or estimated 
IQs under 5 0  and moderate or severe motor deficits not due 
to recognized progressive disease. An additional 26 children 
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with motor handicaps at 1 year and evidence of very sub- 
normal mental functioning, who had died prior to age 7, 
were also identified. Approximately 1 of every 5 7 5  live- 
born children who survived to 1 year met the criteria for 
inclusion in this study. Forty-five of the 90 children had been 
institutionalized by the age of 7 years. 

Of the 90 children in the original sample, there were 40 
for whom the proximate cause of their disabilities could be 
identified with some confidence. Thirteen of these children 
had apparently been normal at nursery discharge and suf- 
fered neurological catastrophes, most frequently meningitis 
or trauma, after the first month of life. Thirteen others had 
gross malformations of the central nervous system. Perinatal 
infection as well as metabolic, chromosomal, and other 
specific disorders were present in the remainder of the 40. 
Although this “accounted-for” group is of considerable 
interest, the sample of the present study is restricted to the 
50 children without clear-cut explanation for their motor 
and mental handicaps. 

Motor diagnoses in the handicapped children were varied; 
the most frequent was spastic quadriplegia (Table 1). Mean 
IQ in the sample was estimated to be approximately 2 5 .  
Mental level was evaluated at age 7 for the 39 survivors, at 
age 4 for 6 of the 1 I nonsurvivors, and at 8 to 12 months for 
the remaining 5 cases. Twenty-six 152%) of the children 
were nonwhites, 24 (48%) were male, and all were products 
of single births. 

The severely handicapped group was compared with a 
control population consisting of the 34,423 NCPP children 
whose records were o n  tape and who had also been exam- 
ined at age 7 (99%) or who had died between the ages of 1 
and 7. The control population did not differ significantly 
from the study sample in ethnic group composition, sex 
ratio, or institution of birth. 

A total of 133 antecedent variables were examined, in- 
cluding 27  maternal and familial characteristics, 33 condi- 
tions in pregnancy, 26 labor and delivery variables, and 47 
neonatal characteristics. Definitions and details of clinical 
and laboratory observations have been published elsewhere 
[3, 9, 151. Differences between the severely handicapped 
sample and the control population on individual variables 
were evaluated by t- and chi-square tests. Additionally, a 
linear discriminant analysis was performed to identify inde- 
pendent discriminators. A significance level of 0.01 was 
adopted. 

Tuble 1 .  Motor Diugnoses iiz 50 Children with 
Cerebral PalJ 1 and Severe Mental Retardation 

Alive at Dead by 
Diagnosis 7 Years 7 Years Total 

Spastic 
Diplegia 8 1 9 
Quadriplegia 15 6 21 
Hemiplegia 3 1 4 

Atonic diplegia 3 0 3 
Dyskinesia or ataxia 2 0 2 
Mixed 8 3 11 

Total 39 11 50 

Results 
Prenatal Factors 
There  were no  differences between severely hand- 
icapped children and controls in prenatal socio- 
economic index o r  its components (education and 
occupation of parents o r  family income) or in related 
factors such as housing density or mothers’ marital 
status. There  were also no  differences in maternal 
nonverbal intelligence test scores o r  in mothers’ re- 
ports of retardation in family members. Mothers of 
the two groups did not differ in age, height o r  weight, 
smoking habits, o r  past reproductive history, although 
the lower birth weight of prior siblings of the hand- 
icapped children differed from controls at the 0.05 
significance level. 

During pregnancy there were n o  differences be- 
tween groups in the 33 conditions examined, although 
the greater proportion of women in the study sample 
who gained less than 2.2 5 kg was significant at the 0.05 
level. Mothers of the severely handicapped did not 
differ from mothers of controls in weeks of gestation 
at registration for prenatal care, number of prenatal 
visits, or number of hypertensive blood pressures re- 
corded. T h e  incidence of  proteinuria was 6% (3 
women) in mothers of handicapped children, 3% in 
controls. This difference was not significant, nor were 
differences in frequencies of vaginal bleeding during 
pregnancy (41%, o r  18 women, versus 39%), anemia 
with hemoglobin below 10 gmidl o r  hematocrit less 
than 30% (24% in both groups), diabetes (0.0 versus 
0.6%), or edema offace o r  hands (30%, or 14  women, 
versus 32%): The  high frequency of several of these 
conditions in the control population is worthy of note. 

T h e  mean lowest fetal heart rate recorded in the 
second stage of labor was significantly lower in the 
handicapped group than in controls (1 17.9 2 23.0 
versus 128.6 k 17.7;p < 0.01). Deliveries employing 
midforceps were much more  frequent among the se- 
verely handicapped (23%, loneonates ,  versus 8 s p  < 
0.01), as was arrested progress of labor (18%>, 9 neo- 
nates, versus 6 . 6 % ; ~  < 0.01). A lower mean placental 
weight in the affected group approached significance 
(p < 0.05). Other  adverse obstetrical conditions, in- 
cluding breech and other abnormal presentations and 
placental complications, tended to be more frequent 
among the .severely handicapped. No differences 
were found for cord complications, type of anesthesia, 
o r  mean duration of first or second stage of  labor. 

Neonatal Characteristics 
Extensive differences between groups emerged in the 
neonatal period. Mean Apgar scores were significantly 
lower at both one  and five minutes (Table 2). Thirty- 

‘Because of unknown vaiues, the number of subjects in the hand- 
icapped group is sometimes less than 50. 
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three percent ( 16) of the severely handicapped had 
one-minute Apgar scores of 3 or  less, compared with 
5% of the controls; at five minutes, 22% (10) of the 
handicapped still had Apgar scores less than 4,  com- 
pared with only 1% of controls (Table 3). 

Other indices of asphyxia were found much more 
frequently in the severely handicapped group (Fig 1). 
Meconium staining of the amniotic fluid was more 
common, occurring in 41% (20 patients) compared 
with 19% of controls; 34% (l?), required resuscita- 
tion in the first five minutes of life, and 269% (13) 

needed it  after the first five minutes. Fourteen percent 
(7) had primary apnea, 8% (4)  had a single apneic 
episode, and an additional 8% had multiple apneic 
episodes. Twenty percent of the handicapped group 
(10 patients) were judged to have moderate or  severe 
respiratory difficulty of various causes. As shown in 
Figure 1, all these events occurred much less fre- 
quently among the controls. 

Affected neonates were smaller, as reflected in a 
lower mean birth weight and head circumference (see 
Table 2). The correlation between these two measures 

Table 2. Meuns for Neonatal Churacteristics of Secerely Hundicupped Children und Cuntro-ols 

Variable 

Scvcrely Handicapped Controls 

N Meaii SD N iMean SD t 

Apgar score at 1 min 49 5.76 3.39 31,64j 7.79 1.93 7.37a  
Apgar score at 5 min 46 6.96 3.05 32,205 8.99 1.16 11.82a 
Gescational age 49 38.80 4.84 34,060 39.36 2.98 1.33(NSj 
Birthweight (gm) 5 0 2,904.12 682.52 34,365 3,158.84 544.40 3.39h 
Head Circumference icm) 50 32.94 2.44 33,876 33.65 1.62 3.09" 
Lowest hematocrit 45 54.13 12.50 30,122 57.35 8.31 2.59' 
Lowest hemoglobin 29 15.14 4.96 16,578 17.58 3.15 4.17" 

ap CI 0.0001. 
hP < 0.001. 
"p < 0.01. 
SD = standard deviation; NS = not significant 

Table 3 .  Extverne V a h e i  of Neoiiutal Charuiterzctrs 

Percent of 
Severely Percent of 
Handicapped Controls X 2  P 

Factor (N = 46-50) ( N  = 31.643-34,365) Value Value 

Birth weight (gm) 
c 2,000 
2,001-2,500 
32,501 

Gestational age (wk) 
s 3 6  
37-42 
2 4 3  

S 2 9  
30-37 
3 3 8  

0-3 

Head circumfercnce (cm) 

Apgar, I-min 

4-6 
7-10 

0-3 
4-6 
7-10 

Apgar, 5-min 

12.0 
6.0 

82.0 

24.5 
61.2 
14.3 

10.0 
90.0 

0.0 

32.7 
16.3 
51.0 

21.7 
10.9 
67.4 

2.6 
7.9 

83.5 

13.2 
77.7 

9.1 

1.5 
98.1 

0.4 

5.2 
14.1 
80.7 

1.0 
3.0 

96.0 

17.8 

7.83 

24.3 

76.0 

<0.001 

<0.05 

<0.001 

<0.001 

209 <0.001 
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was 0.84 in the handicapped group, suggesting that 
head size tended to parallel birth weight; the correla- 
tion for controls was 0.76. Birth weights of 2,000 gm 
or less were five times more common among neonates 
later to become handicapped than among controls, 
while these groups did not differ in the proportion 
born weighing 2,001 to 2,500 gm (see Table 3 ) .  

Gestational age was defined by duration of preg- 
nancy since last menstrual period, which was reported 
by the mother at registration for prenatal care. Mean 
gestational age did not differ significantly between 
subjects and controls; however, the larger proportion 
of severely handicapped with gestational ages less than 
37 weeks was significant at the 0.05 level. 

Birth weight was examined in relation to gestational 
age using Yerushalmy’s categories [20]. As shown in 
Table 4,  children of birth weight below 2,501 gm but 
gestational age of 37 weeks or more-the group 
small-for-dates at term-were not overrepresented 
among severely handicapped children compared with 
the control population: 4.1% (2 neonates) versus 
5.6%, (p > 0.70). Immature small infants, of birth 
weight below 2,501 gm and gestational age below 37 
weeks, were overrepresented: 12.2% (6 neonates) 
versus 5.0% ( p  < 0.05). Most of the handicapped 

pe.001 
26.0% 
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Fzg 1 Relatcte jreqzenrzet of neoiiatalcbaraiteri(tzi~ of 
rewrell hapidiiapped i hildren and controls. 

children (34, or  6 9 p )  were of term weight and term 
gestational age. 

When the severcly handicapped infants were com- 
pared with norms of birth weight for week of gesta- 
tional age derived from the whole population of sin- 
gleton live-born children in the NCPP, only 1 child was 
found to be more than two standard deviations below 
the mean of birth weight for gestational age. Ten 
infants were between one and two standard deviations 
below the mean, and 32 (65%)  of the severely hand- 
icapped infants had normal birth weight for gesta- 
tional age. Thus, while mild smallness-for-dates was 
more frequent in the study group, the frequency of 
marked growth retardation did not exceed expecta- 
tion. 

Intracranial hemorrhage occurred in 3 (6%) of the 
50 handicapped children compared with 1 in the con- 
trol population of 34,423 ( 0 . 0 0 2 7 ~ ~ ) ,  as shown in 
Figure 2. Unlike the majority of children in the NCPP 
diagnosed to have intracranial hemorrhage [71, the 4 
who survived to enter this study were all of term 
gestational age. The clinical diagnosis of intracranial 

Table 4. Birth Weight by Gestutional Age Categovie.r f o r  Severely Havzdiiapped Children and Controls 

Severely Handicapped ( N  = 49) 

Gestational Age Gestational Age 

Controls (N = 34,004) 

Birth Weight s 3 6  Wk 2 3 7  Wk Total s 3 6  Wk 2 3 ?  Wk Total 

<2,500 gm 12.276 4.1% 16.3% 5.0% 5.6% 10 .63  
22,501 gm 14.3(? 69 4% 83.7% 8.2% 8 1 . 2 2  89.42  

Total 26.5% 73.5% 13.2% 86.8Cr, 
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hemorrhage was based upon the following: 1 hand- 
icapped child and the single surviving control showed 
clinical deterioration after birth, neonatal seizures, 
hypothermia or hyperthermia (1 child had both), fall- 
ing hematocrit, full fontanelle, bloody spinal fluid with 
xanthochromic supernatant, and bloody fluid in the 
subdural space. The other 2 handicapped children also 
had neonatal seizures and thermal instability; both 
were depressed from birth, with one- and two-minute 
Apgar scores of zero. One  had a full fontanelle, drop- 
ping hematocrit, and opisthotonus but no recorded 
spinal fluid examination; the other had bloody spinal 
fluid. 

One  of the 3 handicapped children with intracranial 
hemorrhage was the single growth-retarded infant. 
The 3 non-growth-retarded infants with intracranial 
hemorrhage all experienced marked difficulty in the 
process of delivery, 1 handicapped child having ar- 
rested progress of labor with difficult forceps extrac- 
tion, the other a frank breech presentation with cord 
compression; the control experienced transverse ar- 
rest with difficult forceps extraction. (This child was 
later poorly coordinated but without frank cerebral 
palsy. Born of an upper middle class family, he had an 
IQ of 78 at 7 years.) 

Neonatal seizures occurred in 30% (1 5) of the se- 
verely handicapped group in the first month of life, 
while only 0.3% of the control population (who had 
survived the first year of life) had neonatal seizures 
(see Fig 2). Neither of the 2 infants of birth weight 
below 1,501 gm had neonatal seizures or diagnosed 
intracranial hemorrhage. Blood sugar and calcium 
levels were not routinely evaluated. 

Peripheral o r  cranial nerve abnormalities, consist- 

28 
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ing chiefly of facial and brachial plexus palsies, oc- 
curred more frequently in the handicapped group (see 
Fig 2). A judgment of the presence of definite “brain 
abnormality” was made by the senior pediatrician at 
the time of nursery discharge for 26% (13) of the 
handicapped children and 0.4% of controls. This clin- 
ical impression was based on evidence of abnormal 
neurological function such as hypertonia or abnor- 
malities of suck, cry, or reflexes observed during the 
nursery stay. 

The mean value for the lowest hematocrit recorded 
in the newborn nursery in the handicapped group was 
significantly below that of the controls (see Table a), as 
was mean lowest recorded hemoglobin. Lowest 
hematocrit values of less than 40% were recorded for 
13% (6 )  of the severely handicapped group and 2% of 
the controls; lowest hemoglobin values of 10 mg/dl or 
below were noted for 24% (7)  of the handicapped 
and 2% of controls. Mean peak bilirubin values did 
not differ significantly, but 17%) (8) of the affected 
children and 353 of controls had peak serum bilirubin 
readings greater than 15 mgidl. Only 1 of the hand- 
icapped children had a positive Coombs test. 

Among 2 1 congenital deformities (other than major 
central nervous system malformations, excluded by 
definition from this sample), 5 occurred with signif- 
icantly higher frequency in the severely handicapped 
group. These were: vertebral abnormalities, 6.0% (3 
children) versus 0.04%’ (p < 0.001); major eye ab- 
normalities other than cataract, 4.0% (2 children) ver- 
sus 0.12% ( p  < 0.001); micrognathia, 2.0% (1 child) 
versus O.OGY( ( p  < 0.05); minor musculoskeletal ab- 
normalities other than syndactyly or polydactyly, 
4.0% (2 children) versus 0.31$% (p < 0.001); and 
among males, unilateral undescended testis, 12.5% ( 3  
children) versus 0.85C;; (p < 0.001). 

Independent Discriminators Betuteen the 
Sewrely Handicapped and Control Groups 
Since the predictor variables studied were often corre- 
lated, a linear discriminant function analysis was per- 
formed to identify independent discriminators be- 
tween the severely handicapped and control groups 
and to determine their relative importance. Thirty- 
eighr maternal, familial, obstetrical, and neonatal vari- 
ables were analyzed in a stepwise procedure. 

Eight of the 38 antecedent variables entered were 
retained in the analysis (F to enter = 6 . 6 4 ; ~  < 0.01). 
In order of entry, the variables retained were intracra- 
nial hemorrhage, neonatal seizures, brain abnormal- 
ity, five-minute Apgar score, single apneic episode, 
resuscitation after five minutes, respiratory difficulty, 
and midforceps delivery (Fig 3 ) .  With the excep- 
tion of midforceps delivery, all variables retained in 
the analysis were ascertained in the neonatal period. 
Intracranial hemorrhage and neonatal seizures were 
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F i g  3 .  Perinutal furton disirimizminating between .ie?rere& 
handicapped childwn arid i.onlrol.c. 

by far the most important discriminators. The  eight- 
variable linear discriminant function correctly 
classified 30g3 (1 5) of the severely handicapped group 
and 99.72, of the control group. 

Discussion 
Previous studies on perinatal characteristics of chil- 
dren with later neurological disabilities have usually 
focused on factors related to asphyxia. Conclusions 
reached by such studies have varied with the samples 
and methods employed [8, 181. Prospective studies 
that considered as outcomes the full spectrum of intel- 
lectual and behavioral abnormality have usually found 
little permanent effect of perinatal complications, 
especially of asphyxia [3, 13, 161. However, reports 
concerning children with uncommon but severe hand- 
icaps, particularly multiple ones, have usually iden- 
tified biological factors surrounding the birth process 
as causal agents [ 1,4 ,6 ,  12, 131. The limitation of such 
studies has been their retrospective nature and, in 
some cases, absence of a control group. 

The  study reported here concerns a large popula- 
tion for whom data on the perinatal period were 
gathered before the outcome was known. Perinatal 
complications, particularly those thought to be as- 
sociated with asphyxia, were considerably more com- 
mon in children who eventually showed severe motor 
and mental disabilities than in children who did not 
later suffer this combination of handicaps. 

There were highly significant differences in birth 
weight and head circumference between subjects and 
controls despite the absence of a significant difference 
in mean duration ofpregnancy. Mean placental weight 
was also lower in the affected group. 

In this study, mild but not marked growth retarda- 
tion was more frequent among children who. were 
later handicapped. The risk of severe motor and men- 
tal disability was clearly increased in low-birth-weight 

preterm infants, both in this series and in a recently 
reported retrospective study [6].  However, very im- 
mature infants constitute only a small proportion of 
births. More than 80% of the handicapped children in 
the present study weighed more than 2,500 gm at 
birth, and 69% were mature in terms of both weight 
and gestational age; the majority of blighted infants 
who survived the newborn period had been carried 
full term. Many of these children were asphyxiated at 
birth, and some had experienced mechanical difficul- 
ties during delivery. While the prognosis for low- 
birth-weight newborns has improved over the past 
decade, it is less well established that the outlook is 
now better for large infants who are asphyxiated. 

Intracranial hemorrhage and neonatal seizures 
emerged as the most potent predictors of severe 
neurological handicap to be recognized in the 
perinatal period. Fitzhardinge et a1 [7] have reported 
that these same factors were strongly associated with 
subsequent major neurological handicap in children 
who weighed less than 1,501 gm at birth. The present 
study clearly indicates that intracranial hemorrhage 
and neonatal seizures, although differing in patho- 
genesis in the very small and in the large infant, also 
are predictors of unfavorable outcome in infants who 
are not of low birth weight. 

A number of potential risk factors (e.g., prior re- 
productive loss, placenta previa, or breech delivery) 
did not differ in severely handicapped and control 
children in the present study. A larger sample might 
have demonstrated a statistically significant relation- 
ship between these factors and the outcome exam- 
ined; however, it appears reasonable to conclude that 
such factors do  not account for a major proportion of 
cases of this double handicap. 

It is impressive that in the present study so few 
maternal risk factors could be identified for so grave 
an outcome. If these women had been enrolled in 
programs of triage for perinatal care, few could have 
been sorted from the general population on the basis 
of prenatal evaluations. Only when they reached the 
delivery suite were some of these women identifiable 
as at special risk, and dramatic differences between 
infants who were later handicapped and control in- 
fants became apparent in this series only after birth. 

The children reported here were born between 
1759 and 1766. Very possibly, the determination of 
maternal estriol levels, study of amniotic fluid con- 
stituents, and performance of fetal monitoring-none 
of which was in use at the time of this study-would 
have helped to identify more of this group as being in 
jeopardy. How different the frequency or severity of 
disability might have been, given the best of current 
practices in the management of delivery and of 
neonatal intensive care, cannot be stated. As 
suggested in an earlier report [ 5 ] ,  data from the NCPP 
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population may provide a base against which results of 
current procedures can be evaluated. 

The relationship of perinatal factors to preschool 
IQ scores, including those in the retarded range, has 
been reported [31. Current investigations in the Col- 
laborative Perinatal Project are concerned with 
perinatal risk factors as related to a spectrum of neuro- 
logical, cognitive, and behavioral deficits by early 
school age. 

We thank D r  Paul L Nichols for his valuable assistance with analysis 
of these data. 
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