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Cognitive abilities associated with the
Silver-Russell syndrome

Kelly Y C Lai, David Skuse, Richard Stanhope, Peter Hindmarsh

Abstract
There is no consensus opinion on whether
or not cognitive impairments are found in
the Silver-Russell syndrome. An investi-
gation of a substantial sample was under-
taken, using standardised assessments, in
20 boys and five girls aged 6*0 years to 11-8
years. Mean (SD) birth weights were
-2*65 (0.95) SD scores, corrected for
gestation. At evaluation the children had a
mean (SD) age of 8-8 (1-8) years and a
mean height of -2*26 (1.5) SD scores.
Tests of cognitive abilities included
assessments of general intelligence,
reading and arithmetic attainments, and a
cognitive processing task. Most had some
degree of developmental delay: mean
(SD) full scale IQ was 86 (24); 32% scored
within the learning disability range (that
is, IQ <70); 40% were reading at least 24
months below their chronological age.
Current head circumference correlated
highly with full scale IQ. Assessments of
special educational needs had been
completed on 36%; 48% were receiving
speech therapy. Approximately half of
children with the Silver-Russell syndrome
have significant impairment of their
cognitive abilities.
(Arch Dis Child 1994; 71: 490-496)
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In 1953, Silver described two children with
body asymmetry, short stature, low birth
weight, and abnormal sexual development.' A
year later, Russell reported five children who
presented similarly with low birth weight and
short stature, but only two had asymmetry.2
In addition, he noted the presence of charac-
teristic craniofacial features and a shortened
incurved fifth finger. In Silver's subsequent
review of 29 similar cases reported in the litera-
ture, he found that these and other clinical
features were often associated, but none was

invariably present in any one case.3 Features
that were more often reported included
low birth weight (93%), short stature (93%),
asymmetry (780/o), clinodactyly (76%), and a

craniofacial appearance similar to that
described by Russell (50-62%).2
The current view is that the Silver-Russell

syndrome is a single entity,4 although no

consistent criteria have been established for its
diagnosis. Low birth weight and short stature

are almost always present. Tanner et al have
argued that it is probably a distinct condition
from non-specific intrauterine growth retarda-
tion.5 It is characterised in particular by the
presence of distinctive craniofacial features
(small triangularly shaped face with relatively
large forehead and small chin, downturned
corner of the mouth sometimes known as a
'shark's mouth' appearance, and low set ears).
Limb asymmetry, clinodactyly, and excessive
sweating lend support to the diagnosis. There
is no catch-up posmatal growth, so that
affected children remain short and very lean
through to middle childhood. Growth
hormone deficiency may coexist. There are no
sex or race differences in prevalence. The
aetiology of the intrauterine growth impair-
ment and the dysmorphic features is unknown.
While the physical development of affected

children has been studied in detail,5-7 their
cognitive development has received much less
attention. Reports in the literature are incon-
sistent, and most are based upon clinical
impressions. There do not appear to be any
published reports of cognitive abilities based
on formal measurements. Silver concluded in
his review of 29 cases that 'significant mental
retardation' occurred more often than would
be expected by chance.3 In the series ofTanner
et al, the intellectual abilities of 11 children
were found to be within the normal range.5 In
a sample of 15 children described by Saal et al,
six of them were found to have either specific
developmental delays (especially in the area of
language) or frank mental retardation.6 Yet
Patton has expressed the opinion that 'normal
IQ is the rule'.4 Impairment of motor develop-
ment has also been reported, and is usually
attributed to an age inappropriate lack of
muscle bulk and power.
We hypothesised that, similar to reported

samples of low birthweight children, the cogni-
tive abilities of children with Silver-Russell
syndrome were likely to be impaired. Were this
to be the case parents could be advised about
the possibility of learning difficulties, and
hence the potential need for extra educational
provisions.

Subjects and methods
The Child Growth Foundation (a charitable
organisation for families with children with
growth problems) and the growth clinics of
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two university teaching hospitals were
approached for the names of children who had
been diagnosed as having the Silver-Russell
syndrome. A total of 30 families were con-
tacted of whom 25 agreed to take part.
Eighteen were recruited from the former
source and seven from the latter. Those who
did not agree did not differ from the remainder
in terms of demographic indices, on the basis
of available information. The inclusion criteria
for the recruitment of subjects were as
follows. Firstly, the diagnosis of Silver-Russell
syndrome was made when three out of the fol-
lowing five diagnostic features were present: (i)
low birth weight (at least 2 SDs below the pop-
ulation mean, adjusting for maternal stature,
gestation, ordinal position of the child (first or
other born), and gender according to the
method of Tanner and Thomson8); (ii) short
stature at the time of the original diagnosis
(height for age at least 2 SDs below the popu-
lation mean9); (iii) a characteristic craniofacial
appearance as described by Russell2; (iv) limb
or body or facial asymmetry; and (v) clino-
dactyly. Secondly, the age range was restricted
to those between their sixth and 12th birth-
days, in order to achieve sufficient homo-
geneity to allow the assessment of all subjects
with the same instruments.

CLINICAL AND GROWTH DATA
Relevant clinical information about the
children was obtained from their hospital case
notes and, where appropriate, supplemented
by parental accounts. This included: (i) diag-
nostic features, which were additionally ascer-
tained by clinical examination of the children;
(ii) weight and height at the time of diagnosis;
(iii) the presence of other clinical features,
including a history of major feeding problems
in infancy and early childhood, hypoglycaemic
episodes, and excessive sweatiness; and (iv)
coexisting significant medical illnesses. In
addition, the children's general practitioners
were approached to provide information on the
pregnancy, birth, and the children's anthropo-
metric data at birth (weight, length, and head
circumference).
The children's current weight and height

were measured at the time of assessment using,
respectively, a SECA electronic weighing
scale (model 770; Vogel and Halke GmbH)
and a Raven Magnimetre stadiometer
(Raven Equipment; Castlemead Publications).
Their occipitofrontal head circumference was
measured using a tape made ofnon-stretchable
material according to the method described by
Cameron. 10

Because anthropometric measurements
were obtained at different ages for each child,
the data have been standardised for age and
gender, and are expressed in SD scores.
Computation of the SD scores was undertaken
by the Centers for Disease Control anthropo-
metric analysis system. "I Weight for height
ratios were similarly calculated. Occipito-
frontal circumferences were also standardised
for age and gender'2 and are expressed as SD
scores.

MEASUREMENT OF COGNITIVE ABILITIES
The following instruments were administered:
(1) the Wechsler intelligence scale for children
(WISC), 3rd edition UK.13 Eight out of 13
possible subtests were administered. Pilot
studies had shown that child cooperation for
the full assessment was compromised by the
full version. The choice of subtests was deter-
mined by the factorial structure of the
instrument (p 79) and the guidelines for
prorating scores (p 54).13 (2) The Neale
analysis of reading ability, revised British
edition. 14 The child is asked to read short
stories of increasing difficulty until 16 or more
errors are made in passages 1-5, or 20 errors in
passage 6. A set of comprehension questions is
provided after each passage to assess the
child's understanding of the story. Separate
reading ages can be computed for rate,
accuracy, and comprehension. (3) The match-
ing familiar figures test (MFF20).15 This aims
to assess an aspect of cognitive processing
which is believed to be closely linked to the
child's ability to attend to task, on a dimension
ranging from reflectivity to impulsivity. It
involves asking the child to match a sample
picture, choosing from six simultaneously
presented options. The time between the
presentation of the pictures and the child's first
response is recorded (the 'reaction' time). If
the child fails to supply the correct response
the first time, s/he is asked to continue until the
correct answer is given. The total number of
erroneous responses is also recorded.

STATISTICAL ANALYSIS
Most measurements were made on ordinal
or interval scales. Summary statistics are
presented, where appropriate, as mean values
and 1 SD. Comparison of means and correla-
tions employed standard parametric methods
of analysis where scale properties permitted.
Where the data for the sample were compared
with a hypothetical population mean (for
example, for IQ) a one sample t test was used
with n- 1 degrees of freedom.

Results
DEMOGRAPHIC FACTORS
The sample consisted of 20 boys and five girls.
Their mean (SD) age was 8-75 (1.7) years. All
were white except one (case 11) who was of
West Indian parentage. Twenty two (88%) of
the children were living with both biological
parents. The remaining three were living with,
respectively, a widowed mother (case 5), adop-
tive parents (case 11), mother and stepfather
(case 14). Assessment of social class, based on
father's occupation'6 gave the following distri-
bution: eight (32%) were in managerial or pro-
fessional occupations, three (12%) in assistant
professional/clerical occupations, nine (36%)
in craft/personal/sales related occupations, two
(8%) worked as plant operatives, and two (8%)
were unemployed. Eighteen (72%) of the
families had purchased their own properties,
seven (28%) were in rented municipal
housing.
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Table 1 Anthropomeric measurements

At birth At diagnosis Current
Growth

Case Weight Length OFC* Age Weight Height WrIh hormone Age Weight Height Wt/hr4 OFC*
No Sex (SD) (SD) (SD) (years) (SD) (SD) (SD) treatment (years) (SD) (SD) (SD) (SD)

1 M -0-63 -1-43 N/A 2-5 -2-54 -2-91 -1-02 - 7-8 -2-06 -2-71 -0-34 0-20
2 M -3-28 -0-19 -1-00 3-5 -2-08 -1-90 -1-34 + 10-2 -1-2 -0-62 -1-22 -1-3
3 M -3-25 N/A N/A 2-8 -3-22 -2-45 -2-44 + 9-0 -1-57 -1-05 -1-31 N/A
4 M -2-84 N/A 1-25 2-9 -3-72 -3-38 -2-59 + 7-3 -2-32 -1-83 -1-63 1-00
5 M -3-66 -4-89 N/A 2-5 -4-45 -9-59 N/A + 8-4 -4-29 -7-32 -0-92 N/A
6 M -2-80 -9-78 N/A 4-0 N/A N/A N/A + 7-5 -2-23 -1-95 -1-39 -2-20
7 M -3-03 -3-95 -1-88 2-0 -3-30 -2-75 -2-83 + 7-6 -1-44 -0-52 -1-57 0-10
8 M -3-22 N/A N/A 9-2 -2-29 -2-42 -1-23 - 9-8 -2-12 -2-41 -0-90 -2-90
9 F -3-15 N/A N/A 3-2 -4-25 -4-76 -2-28 + 11-8 -1-79 -1-44 N/A -2-54
10 M -1-77 -1-41 -0-85 7-6 -3-18 -4-08 -1-11 + 9-7 -2-09 -2-76 -0-40 -0-3
11 M -2-19 -3-95 -0 34 4-5 -2-08 -2-04 -1-21 - 6-6 -2-62 -2-30 -1-69 N/A
12 F -4-10 -9-17 -3-85 0-7 -4-96 -5-31 -1-44 - 7-6 -4-13 -4-42 -3-36 -5 70
13 M -1-58 N/A N/A 1-6 -3-63 -2-99 -2-94 + 8-8 -2-36 -2-65 -1-05 -0 35
14 M -3 03 -3-01 -2-73 1 9 -3-75 -3 04 -3-30 - 9 0 -2-94 -2-41 -2-58 -2-10
15 M -0-88 -0-63 N/A 4 0 -3-68 -3 93 -2-44 + 10-0 -1-32 -0-76 -1-26 -1-80
16 F -3-94 N/A N/A 2-7 -4-13 -2-98 -3 09 - 6-0 -2-75 -2-31 -2-05 -1-35
17 M -3-88 N/A -4-27 6-4 -3-21 -3-13 -1-97 + 9-0 -1-50 -0-89 -0-67 -3-95
18 M -3-47 -4-11 N/A 3-0 N/A -3-46 N/A + 9.1 0-07 -0-06 -1-39 -3-00
19 M -2-40 0-85 -0-85 3-5 -2-19 -2-71 -0-89 + 11-6 -1-15 -1-25 N/A 0-80
20 F -3-08 -1-65 -2-56 5-2 -3-43 -3-21 -2-37 + 10-3 -1-99 -2-32 N/A -2-15
21 M -1-33 -0-63 1-20 4-5 -2-13 -2-83 -0-66 - 6-3 -1-85 -3-04 0-21 0-25
22 M -1-85 -2-70 0-00 0-8 -2-86 -2-91 -0-67 - 6-6 -2-90 -3-27 -1-54 -1-60
23 F -1-64 N/A N/A 8-5 -2-28 -2-41 -1-11 - 9-6 -2-24 -2-33 -1-29 0-90
24 M -2-94 -3-86 -0-85 1-3 -4-15 -4-54 -1-67 - 7-5 -2-97 -3-00 -1-68 -0-60
25 M -2-32 N/A N/A 5-7 -3-28 -3-68 -1-72 + 11-8 -0-84 -1-00 N/A 0-63

*OFC=occipitofrontal circumference; wtht=weight for height ratio. N/A=data not available.

CLINICAL DATA
The clinical features of the sample are pre-

sented in tables 1 and 2. The mean (SD) age at
diagnosis was 3-72 (2-32) years. Fifteen
children (60%) were subsequently started
on growth hormone treatment. Their mean

duration of treatment at the time of the assess-

ment of their cognitive abilities was 3-6 (1-7)
years.

AUXOLOGY
The mean (SD) birth weight of the sample was

2000 (610) g and the mean standardised8 birth
weight score was -2-65 (0-95) SD scores.

Eighteen (72%) of the children had a birth
weight more than -2 SD scores. Five (20%)
were between -1 and -2 SD scores, and the

remaining two (8%) were between 0 and -1

SD scores. Seventeen (68%) were born
between 38 and 42 weeks' gestation, five
(20%) between 36 and 38 weeks, and three

(12%) at below 36 weeks. Three (12%) of the
children were one of twins (cases 9, 17, 18).
The pregnancy and neonatal period were

uncomplicated in 21 of the cases. The remain-
ing four had either mild asphyxia (case 19),
hypothermia (cases 12 and 16), or neonatal
sepsis (case 9).
The mean (SD) standardised height of the

sample at the time of their initial diagnosis
(n=24) was -3-45 (1-53) SD scores, ofwhom
23 (92%) were more than 2 SD scores below
the 50th centile; the mean age of the children
at this time was 3-74 (2-3) years. The mean

(SD) standardised weight at diagnosis (n=23)
was -3-24 (0-83) SD scores and the corres-

ponding figure for weight for height was -1-83
(1-2) SD scores. At the time of their cognitive
testing the mean (SD) age of the sample was

8-8 (1-8) years, their mean height was -2-19
(1-48) SD scores, their mean weight was -2-1
(0-95) SD scores, and their mean weight for
height (n=21) was -1-33 (0-77) SD scores.

Table 2 Clinicalfeatures and IQ scores

Case Craniofacial Feeding Hypoglycaemia Full scale Verbal Performance
No features Asymmetry Clinodactyly problems episodes IQ IQ IQ

1 + + - + N/K 102 91 115
2 + + + + - 105 111 96
3 + + + + - 96 95 99
4 + + + - + 126 119 127
5 + + + + N/K 68 92 50
6 + - + + - 94 92 96
7 + + + + + 107 111 101
8 + - + - - 57 65 55
9 + + + + - 85 83 91
10 + + + - 62 58 71
11 - + + + + 103 100 107
12 + - - + - 61 59 69
13 + - + + - 58 66 55
14 + - + - + 72 74 76
15 + + + + - 71 81 68
16 + + + + + 81 89 77
17 + + + + N/K 81 107 60
18 + + + + - 63 63 68
19 + + + + + 126 122 123
20 - + + + - 46 52 47
21 + + + + + 77 87 71
22 + + + + + 68 70 71
23 + + + + - 106 100 113
24 + + + + 130 141 104
25 + + + 102 104 97
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All the fathers and 22 (88%) of the mothers
were of average height (between the 3rd and
97th centile).9 The remaining three mothers
were either at or below the 3rd population
centile. There was a considerable range in the
children's head circumferences, which were on
average in the lower range of population
norms; mean (SD) -1-27 (1.73) SD scores.

CHARACTERISTIC FEATURES
Twenty three (92%) of the children had the
distinctive facies, with a small triangularly
shaped face, relatively large forehead, a small
chin, downturned corners of the mouth, and
low set ears. Body asymmetry was present in
19 (76%) and incurving of the fifth finger was
found in 23 (92%) of the sample.

HISTORY OF MAJOR FEEDING PROBLEMS AND
HYPOGLYCAEMIC EPISODES
Major feeding problems leading to poor weight
gain in infancy and early childhood were
reported in 20 (80%) of the cases. Physical
causes for the feeding problems were not found
in any of the cases. Hypoglycaemic episodes
after a short period of fasting were documented
in four (16%) of the children. In another five
(20%), episodes resembling hypoglycaemia
that manifested as drowsiness, lethargy,
excessive sweatiness, or irritability, which were
reversed by giving them food, were reported
by the parents, but had not been medically
investigated. Such episodes were thought to be
more common during early childhood, but
all were reported to have persisted until the
present investigation.

CONCURRENT MEDICAL DIAGNOSIS
The results of investigations of growth
hormone status was available for 18 of the
children, four of whom were found to have
concomitant growth hormone deficiency. Of
these four children, one also had cutaneous
neurofibromatosis (case 13), one had con-
genital heart disease and one had an orl-anti-
trypsin deficiency (case 17). The children who
were subsequently treated with growth
hormone (n= 15) and those who were not
(n= 10) were similar in age when their diag-
nosis was made, and had similar standardised

Table 3 Results of WISC intelligence test

Silver-Russell syndrome

95% Confidence Mean (SD)
Test Mean (SD) intervals population t p Value

Full scale IQ 85-9 (23 7) 76-6 to 95-2 100 (15) 3-0 <0-01
Verbal IQ 89-3 (22-6) 80-4 to 98-2 100 (15) 2-4 <0 05
Performance IQ 84-3 (23-5) 75-1 to 93 5 100 (15) 3-3 <0-01
Verbal subtests
Comprehension 8-7 (41) 7 1 to 10-3 10 (3) 1-6 NS
Information 8-5 (4 0) 6-9 to 10-1 10 (3) 1-8 NS
Similarities 7-6 (4-5) 5-8 to 9-4 10 (3) 2-7 <0-01
Vocabulary 7-8 (4-1) 6-2 to 9 4 10 (3) 2-7 <0-01

Performance subtests
Block design 8-2 (5-0) 6-1 to 10-1 10 (3) 1-8 NS
Object assembly 6-9 (3-8) 5-4 to 8-4 10 (3) 4-0 <0-001
Picture arrangement 7-6 (4 0) 6-0 to 9-2 10 (3) 2-9 <0-01
Picture completion 7-2 (3-6) 5-8 to 8-7 10 (3) 3-8 <0-001

Other subtests
Arithmetic 7-7 (3-9) 6-1 to 9-3 10 (3) 2-9 <0-01

weight, height, and weight for height SD scores
at that time. When seen in the course of this
investigation those who were receiving growth
hormone were significantly older (mean (SD)
9-47 (1-5) years) than the remainder (mean
7-67 (1-4) years; t=3-1, df 23, p=0 006). They
were not, however, significantly taller: mean
(SD) -1-84 (1.8) and -2-82 (0 7) SD scores
respectively, and their weights for height were
similar: treated group mean -1-16 (0 4) and
untreated group -1I52 (1 0).

INTELLECTUAL ABILITY
A wide range of abilities was found (table 3).
The mean (SD) full scale IQ (85-9 (23.7)) of
the sample was, however, nearly 1 SD below
that of the general population (mean 100
(15)). Nine (36%) of the children scored
within the average range of abilities (full scale
IQ 85-115) and three (12%) had above aver-
age abilities (IQ 116-130). In contrast, five
(20%) had scores in the borderline range of
mental retardation (IQ 70-84) and eight
(32%) were in the range associated with
mild/moderate learning disability (IQ <70).
The three children with the highest scores were
distinguished by having normal head circum-
ferences at birth (mean -0 15 SD scores) and
at follow up (mean 0-4 SD scores). The scores
of the group as a whole on all eight verbal and
non-verbal performance subtests of the WISC
were for the most part significantly below the
population mean (table 3). The children did
relatively better on verbal skills.
The small number of girls in the sample

limited the confidence of findings comparing
the performance of boys and girls on cognitive
testing. However, girls (n=5) did have lower
full scale IQs (mean (SD) 68-2 (15.7)) than
boys (n=20) (mean 90 3 (23.5)). This differ-
ence did not quite reach statistical significance
(p=0 06), nor did that for the difference in
mean (SD) performance IQ (girls 71 (15-9);
boys 87-6 (SD 24)). Girls did have significantly
lower verbal IQ scores (mean 70 6 (1 5 6)) than
boys (mean 94 0 (21-8); t=2-2; df 23,
p=0 03). When the various anthropometric
measurements were correlated with IQ scores
using Pearson's correlation test, current head
circumference measured in standardised
scores was found to be significantly correlated
with full scale IQ (r=0.6, p=0 004), perfor-
mance IQ (r=0-62, p=0 002), and verbal IQ
(r=0-49, p=0 02). Correlations between
standardised head circumference at birth, and
between growth of head circumference from birth,
and the current IQ scores failed to reach
statistical significance. In both cases examina-
tion of the scatter plot of those variables and
IQ suggested there probably was a relation-
ship, but there were insufficient data (52% of
sample) to be confident about it.

READING AND ARITHMETIC
On average the children's reading competence
was well below their chronological age (table
4). Their mean (SD) reading comprehension
was 15-4 (23-8) months delayed, their
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Table 4 Arithmetic and reading assessments, with indication of significant degrees of
reading retardation

Arithmetic Reading Reading Reading
Case Age scaled score accuracy age comprehension rate age
No (months) (maximum 19) (months) age (months) (months)

1 94 9 67* 63* 63*
2 122 14 157 136 109
3 108 9 128 110 90
4 88 11 94 98 113
5 101 6 98 95 153
6 90 13 69 81 74
7 91 11 93 95 130
8 118 6 59* 61* 59*
9 142 6 94* 98* 107*
10 116 2 75* 76* 76*
11 80 10 68 66 77
12 91 5 59* 59* 59*
13 104 1 70* 73* 73*
14 108 7 83* 86 87*
15 120 9 92* 81* 87*
16 72 4 59 59 59
17 108 11 87 98 87
18 109 1 87 89 107
19 139 9 152 157 147
20 124 1 59* 59* 59*
21 76 7 69 76 65
22 78 6 78 68 81
23 115 12 106 110 83*
24 90 13 157* 126* 121*
25 142 10 106* 119 113*

*Indicates a value ¢24 months behind chronological age.

accuracy was lower by a mean of 14-4 (29.1)
months, and their rate of reading by a mean of
13-8 (28-9) months. We did not have an

appropriate regression equation that would
allow us to compute values for 'specific reading
retardation', allowing for the children's IQs.
However, the proportion falling more than 24
months behind their chronological age in
respect of reading accuracy or comprehension
is shown in table 4. The wide SDs indicate the
fact that a minority were reading competently:
24% had a higher level of comprehension, 20%
a greater reading accuracy, and 24% a reading
rate above that expected for their chronological
age. Arithmetic competence was not so

severely affected, with a mean delay in relation
to chronological age of 7 (24) months, and
32% of children performing at or above the
expected level. Those children with above
average reading and arithmetic abilities across

the four areas of attainment also had above
average IQs, a mean difference from the
remainder of the sample of 21 points higher.

COGNITIVE PROCESSING
When tested with the matching familiar figures
task the mean (SD) reaction time scores were

11i0 (4-12) for boys and 8-69 (3 25) seconds
for girls. Two boys and one girl were excluded
from the analysis on account ofextreme values.
The mean (SD) error score was 24 95 (11-71)
for boys and 33-60 (16-80) for girls. The
differences in mean reaction time and error

scores between the boys and the girls in our

sample were not statistically significant. These
results are very similar to those obtained from
a sample of 7-8 year old normal controls in a

study by Taylor et al (E Taylor, personal com-

munication) where the mean (SD) reaction
time for boys (n=42) was 13 (8-7) seconds,
and for girls (n=48) was 11-9 (9 2) seconds.
The corresponding mean error scores were 30
(12) and 30-1 (13) respectively.

EDUCATION
Nine (36%) of the children had been formally
statemented as having special educational
needs: two of them had been transferred to
special schools, the other seven were receiving
remedial help in mainstream schools. Their
main areas of difficulty tended to be in the area
of reading and language skills. Another three
children were being given remedial help with-
out having been formally statemented. Twelve
children (48%) had received speech therapy
because of articulation or other developmental
speech problems.

Discussion
The results of our study reveal that children
with the Silver-Russell syndrome have cogni-
tive abilities that are, on average, 1 SD below
the general population mean in terms of both
verbal and non-verbal skills. One third of them
have scores within the learning disability range.
Underachievement in reading and arithmetic
was present in the majority of children. It was
not possible with such a small sample to under-
take analyses that would make allowance for
the children's overall IQ but it is notable that
those children with above expected perfor-
mance in relation to their age were also
children with significantly higher IQs than the
remainder. Nearly half of the group required
remedial education, and a similar proportion
had received speech therapy. In a test of
cognitive processing, these children did not
appear to have poorer attention, in terms of
impulsivity/reflectiveness, than a normal age
equivalent sample drawn from the general
population. Although we did not have direct
measures of their parents' intellectual func-
tioning, it is notable that the majority of
parents were from the upper end of the social
class spectrum, and the ascertainment bias of
the sample would, if anything, be expected to
have identified children with above average
abilities.
Knowledge of the cognitive functioning of

children with the Silver-Russell syndrome is of
both theoretical and clinical significance.
Measures of the global intelligence of children
with low birth weight are usually reported to be
05-1 SD below those of normal controls.'7-19
Specific cognitive deficits may also be
present, including poor perceptual motor
skills,20 expressive and receptive language
problems,2'-24 and features suggestive of
attention deficit disorder (such as distractibil-
ity, inattention, and high levels of activity).25 26

However, most reports do not distinguish
between those whose birth weights were con-
sonant for their gestational age and those who
were light for dates.27 It is thought that when
intrauterine growth retardation commences
relatively early in pregnancy, resulting in a
reduction in both birth weight and length
('symmetrical' intrauterine growth retarda-
tion), in utero brain development is more likely
to be affected than when the onset is relatively
late ('asymmetrical' intrauterine growth retar-
dation).28 Lower scores on various measures of
mental development have been found in the
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Cognitive abilities associated with the Silver-Russell syndrome

'symmetrical' intrauterine growth retardation
group than the 'asymmetrical' group.29-3l The
intrauterine growth retardation of the Silver-
Russell syndrome is believed to begin early in
pregnancy.2 5 32 Other factors that have been
shown to play a part in modifying the cognitive
development of children with low birth weight
include the sex of the child and socioeconomic
factors, which may overshadow perinatal
complications such as asphyxiation, neonatal
hypoglycaemia, and prematurity.26 28 33-36
Boys, and children from lower socioeconomic
classes are more at risk. The finding that girls
in this sample had poorer cognitive abilities
than boys is contrary to expectation.
The short stature of children with the Silver-

Russell syndrome is unlikely to make any

significant independent contribution to the
presence of cognitive impairments, if any.37
Where short stature syndromes are associated
with specific cognitive deficits, as in some
cases of hypopituitarism,38 or the Turner's
syndrome,39 40 this is usually due to the under-
lying pathology rather than the growth disorder
itself. On the other hand, studies have found
that in general individuals who are relatively
small in size for their age may be perceived by
others to be younger than they really are.41 42
Accordingly, children who are short may elicit
a pattern of care from adults that hampers their
emotional and psychological development, and
this may in turn affect other aspects of their
functioning.37
These findings suggest that the general

cognitive abilities of children with the Silver-
Russell syndrome are at the lower end of the
range reported for representative samples of
low birthweight children.2' 43 44 However, low
birth weight is a heterogenous condition, and
their performance may be similar to other
children whose intrauterine growth retardation
commences early in pregnancy.29-31 Other
factors known to influence the cognitive devel-
opment of children with intrauterine growth
retardation probably played less significant a

part in our study sample. Complications
during pregnancy and birth were seldom
reported and most came from relatively advan-
taged socioeconomic backgrounds. However,
many of the children had persistent hypo-
glycaemia, and this may well have been an

aetiological factor for impaired neuronal devel-
opment. Given their social backgrounds the
children's relatively poor performance was,

therefore, all the more significant; it would
have been interesting to compare it with that of
their siblings but we were unable to undertake
those assessments. There was no indication
that parents who agreed to take part in the
study, or the paediatricians whose cases were

recruited, agreed to cooperate with the
research because of concern about the child-
ren's psychosocial or intellectual development.
The finding of a correlation between the

children's IQ scores and current (as well as

possibly birth) occipitofrontal circumference
echoes similar observations from other studies
of children with intrauterine growth retarda-
tion.343545 Children with a small head
circumference at birth due to intrauterine

growth retardation tend to continue to have
smaller than average heads in later childhood
and adolescence.18 31 3435 Any catch-up
head growth that occurs should have done so
within the first postnatal year or two,3' 46 SO
measuring and monitoring these children's
head circumference from birth might allow the
early identification of those who are at
increased risk of impaired cognitive develop-
ment. Were that feasible, intellectual assess-
ment and special educational provisions could
be arranged without delay.

This study highlights important deficits in
the cognitive abilities of children with the
Silver-Russell syndrome, whose IQ scores are
positively correlated with their growth in
head circumference. A substantial proportion
require remedial educational provisions.
We would like to thank the families who assisted in this study,
and in particular the Child Growth Foundation from whom a
proportion were recruited. Dr Les Cox provided advice on
anthropometric measurements; Jennifer Smith provided
administrative assistance. Kelly Lai was supported by a
Commonwealth Universities Medical Fellowship.
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