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Sotos syndrome: a study of the diagnostic
criteria and natural history
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Abstract
Seventy-nine patients with a provisional
diagnosis of Sotos syndrome were clinic-
ally assessed, and their photographs
between the ages of 1 and 6 years evalu-
ated. These photographs, together with
photographs of first degree relatives, also
at ages 1 to 6 years, were reviewed by four
clinical geneticists. Forty-one probands
(but no first degree relatives) were iden-
tified in whom the facial gestalt was
thought to be characteristic of Sotos syn-
drome. Comparison of anthropometric
measurements, bone age, and develop-
mental delay in these 41 probands
showed marked differences between
them and the remaining 38 probands,
and allowed the formulation of guide-
lines for the diagnosis of Sotos syndrome.
Length was identified as the most signi-
ficantly increased prenatal parameter. In
childhood occipitofrontal head circum-
ference (OFC), height, and weight were
all increased. OFC remained above the
97th centile in all but one case throughout
childhood and adulthood, whereas height
and weight had a tendency to return to-
wards the mean. This 'normalisation'
was more pronounced in females and was
probably related to their early puberty.
Early developmental delay and an ad-
vanced bone age, seen in 100% and 84%
respectively of study cases, may be in-
variable in Sotos syndrome, but selection
bias and limited data prevented con-
firmation of this supposition. The auth-
ors suggest that facial gestalt, growth
pattern, bone age, and developmental de-
lay are the major diagnostic criteria.
Using these criteria, no affected first de-
gree relatives were identified. There were
few long term medical complications in
the probands, but behavioural difficult-
ies caused considerable parental concern.

(J Med Genet 1994;31:20-32)

In 1964 Sotos et all described five children
with overgrowth and characteristic facies al-
though the present authors suspect the patient
described by Schlesinger2 in 1931 may have
been the first reported. The cases of Sotos et
all have formed the basis of a condition known
as cerebral gigantism or Sotos syndrome but,

despite the description of over 200 further
cases, there still remain fundamental unans-
wered questions about the condition.
At the centre of the problem is the obvious

lack of specificity and the unknown sensitivity
of the inferred diagnostic features typically
listed as characteristic facies, pre- and post-
natal overgrowth, advanced bone age, and de-
velopmental delay with a non-progressive
neurological disorder. On reviewing published
reports on Sotos syndrome, the problem of
specificity soon becomes apparent; there are
many large, dysmorphic children with varying
degrees of clumsiness and delay. Some of these
children appear to fit into other well recog-
nised phenotypes listed in table 1*321 However,
many cases do not seem to fit into either Sotos
syndrome or these other recognised over-
growth syndromes. Assessment of the sensit-
ivity of the clinical features requires screening
with a pathognomonic marker which is not as
yet available.

In order to address the problem of specific-
ity, the authors have identified a group of 79
patients with the provisional diagnosis of
Sotos syndrome. The facial gestalt of these
patients has been critically reviewed and a
group of 41 patients, very similar to one
another, has been identified. The growth pat-

Table I Conditions in which generalised or regional
overgrowth may be present.

Weaver-Smith syndrome34
Marshall-Smith syndrome56
Simpson-Golabi-Behmel syndrome78
Ruvalcaba-Myhre-Smith syndrome9'°
Perlman syndrome" 12
Beckwith-Wiedemann syndrome'314
SanFilippo syndrome'5
Proteus syndrome'617
Marfan syndrome'8
Klinefelter syndrome'9
Trisomy 8 mosaicism20
Fragile X syndrome2'

Table 2 Protocol for categorising patients.
First assessment: Second assessment:
facial gestalt alone facial gestalt plus data*

Group 1 Group 1
Definitely Sotos Definitely Sotos
Group 2 Group 2
Possibly Sotos Possibly Sotos
Group 3 Group 3
Definitely not Sotos Definitely not Sotos

* Data provided on height, head circumference, developmental
milestones, and bone age.
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Sotos syndrome: a study of the diagnostic criteria and natural history

Table 3 Patient categories.

Scoring on Rescored with data* to
gestalt
alone Group I Group 2 Group 3

Group 1 41 40 1
Group 2 16 - 7 9
Group 3 22 - 3 19

Total 79 40 11 28

* Data provided on height, head circumference, developmental milestones, and bone age.
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Figure JA From left to right, facial photographs of cases 1 to 12 aged 1 to 6 yea

terns and bone ages in these 41 subjects
showed a striking consistency which was not
found in the 38 excluded cases.
These findings are presented below and

their possible significance as diagnostic criteria
considered. In addition, the natural history,
recurrence risks, and possible aetiology of
Sotos syndrome are discussed.

Methods
Referrals were sought only from groups who
were most likely to be in touch with patients
affected with Sotos syndrome. These groups
included Departments of Medical Genetics
throughout the United Kingdom, the Welsh
Paediatric Association, selected paediatric
neurologists, and the Sotos syndrome parent
support group.
One hundred and one families who had a

child previously diagnosed as having Sotos
^ j syndrome were contacted by post and asked if

they would take part in a clinical study. (The
authors considered all diagnoses as provisional
until confirmed by the protocol described be-
low.) Of these only two specifically requested
not to be included and a further seven families
did not reply. Seventy-nine families were per-
sonally assessed by one of the authors (TC), 77
at home and two in hospital. The remaining 13

i subjects were either assessed by a colleague
undertaking a similar study (six cases) and
were excluded from this study or were inac-
cessible because of practical problems (seven
cases).
Each affected child was examined and a

chronological series of photographs obtained.
All available sibs and parents were assessed in
the same fashion. Subsequently, hand x rays
were obtained for bone age assessment and
metacarpophalangeal profiles (MCPP) from
probands and from some parents for MCPP
analysis only.
Each patient was 'categorised' by the auth-

ors into one of the groups listed in table 2. As
the authors' categorisation was not undertaken
before discussion in every case, a high level of

E agreement was not unexpected and therefore
these 'scores' were considered as one. In an
effort to confirm the reproducibility of our
classification, two clinical geneticists with par-
ticular experience in the field of dysmorpho-
logy (DD and ET, see acknowledgements)
were asked to review photographs provided of
78 probands (one family refused permission for
photographs) aged between 1 and 6 years. In

F addition, photographs taken between the ages
of 1 and 6 years of 22 first degree relatives were

L included in this review without differentiation
from the index cases. The geneticists were

5 asked to 'score' each person to one of the three
categories listed in table 2, on facial gestalt
alone initially, and then all photographs were
'scored' again but on this occasion additional

i data on growth, bone age, and development
r~ were provided. In order to minimise bias their

previous scores (photo alone) were not made
available for comparison.
The standards used for growth, develop-

rs. ment, and bone age are listed below.

21

TO

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.31.1.20 on 1 January 1994. D
ow

nloaded from
 

http://jmg.bmj.com/


Cole, Hughes

DEVELOPMENTAL DELAY
Developmental delay was accepted if at least
one of the following was positive. (1) The
primary referral was made because of 'identified'
developmental delay. (2) Formal develop-
mental assessment was outside the normal
range, as recorded in hospital charts. (3) Motor
and early verbal milestones, as given by the
parents and confirmed in the medical notes,
were outside the 90th centile.25

BONE AGE
All bone ages were assessed by a single experi-
enced person (JR, see acknowledgements)
using a computer assisted Tanner-Whitehouse
2 method (TW2).26 Values greater than the
90th centile were categorised as advanced.

GENERAL ADDITIONAL DATA
Hospital records were reviewed on all patients
to substantiate factual details such as past
medical and developmental histories. They
were used also as a source of longitudinal
growth data.

V.

Figure lB From left to right, facial photographs of cases 13 to 24 aged I to

GROWTH
Mean and standard deviation charts u
children after 3 months of age wer

compiled by Tanner.22 Birth length ar
circumference standards were taken fr
data of Gairdner and Pearson23 whil
weight controls were taken from the
Keen and Pearse.24 Increased height ar
circumferences (OFC) were defined as

imum of two consecutive height m

ments, > 97th centile, at least a year ap;
an OFC > 98th centile at the time of
ment by one of the authors (TC).

Results
PATIENT CATEGORIES
When the proband's 'scores' given by the three
assessors were reviewed, no subject was scored
into all three different categories by the asses-
sors, nor was any subject scored into both
groups 1 and 3. Each of the 78 probands was
'categorised' twice (that is, without and with
data) by each of the three geneticists resulting
in a total of 468 'scores' (78 x 2 x 3). Eighty-six
percent (404/468) of these scores were con-
cordant between the three. In those cases
where all three scores were not concordant the
majority view was accepted.
None of the 22 first degree relatives was

placed in group 1 by any of the assessors, when
considered either with or without clinical data.
Eighty percent of scores placed the relatives in
group 3. Details of the final numbers in each
group are summarised in table 3.
On facial gestalt alone, 41 patients were

classified as definite Sotos syndrome (group 1)
(fig 1A-F). These patients had previously been
diagnosed as having Sotos syndrome between

6 years. the ages of 3 months and 11 years (mean age
26 6 months) and were assessed for the study
by TC between 18 months and 23 years. These
41 subjects were then reviewed with respect to
the major diagnostic criteria of facial charac-
teristics, growth, bone age, and development.

ised for Patient 41 (fig 2A and B) was included for
e those assessment of these diagnostic criteria, as he
id head was selected into group 1 on facial gestalt. For
rom the later analyses he was reclassified into group 2.
Ie birth
data of
ad head FACIAL CHARACTERISTICS
a min- The frequency of commonly identified facial
Leasure- features, such as frontal bossing, antimongol-
art, and oid slant of the palpebral fissures, and promin-
assess- ent jaw, are listed in table 4. However, the

most striking feature of the face in Sotos

,.B P-
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Sotos syndrome: a study of the diagnostic criteria and natural history
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Figure 1C From left to right, facial photographs of cases 25 to 36 aged to

syndrome is the overall gestalt (fig 1A-
several additional characteristics merit
comment. Sparseness of hair, in pl,
involving the frontoparietal region,
almost constant finding and this featu

to accentuate the large bossed forehe~

nares are usually anteverted and the

frequently erythematous. This coloui

also commonly seen on the cheeks and

region. The face gradually lengthens w~
and the jaw becomes more prominent a
not necessarily prognathic (fig 1G), w'
sults in a facial shape similar to the oI

an inverted pear.

The skull is not only macrocephalic but also
dolichocephalic. An interesting result of the
shape of the skull and face is the almost univer-
sal clinical impression of hypertelorism which
is often not borne out by measurement
(table 5).

GROWTH
Height, weight, and OFC measurements at
birth and at the time of diagnosis are summar-

+ ., j; ised in tables 6, 7, and 8. At birth, length was
likely to be more increased than weight (tables
6 and 8). Birth head circumference also was
raised above the 97th centile in almost half the
.,,,children (table 6) and frequently showed a
rapid increase during the neonatal period,
probably following the resolution of moulding
caused during delivery. Within 12 months
virtually all OFC values are above the 97th
centile (fig 3).

a Throughout childhood and early adoles-
cence, the height frequently remained at or
above the 97th centile and, at least until the
time of diagnosis, was usually more signific-
antly increased than weight (figs 4A, B, and
5A, B, table 8). Thirty-seven out of 39 chil-
dren fulfilled the criteria for increased height
given above (in two cases there were insuf-
ficient data to apply these criteria). However,
final height may well be below the 97th centile,
particularly in females, in whom the growth

* pattern correlated well with the presence of
r advanced bone age and early puberty. Three

out of four postmenarchal adult females have
achieved final heights between the 50th and
90th centiles; menarche in all three was before
11 years 3 months (< 10th centile). In the

* study at present there are seven males over the
J age of 10 years and preliminary data identify

passage of pubertal markers later than the 50th
centile in four out of five cases, with one
delayed beyond the 90th centile. In only one
case out of the seven has puberty occurred
before the 10th centile. Two of the seven boys
are still too young to assess timing of puberty.

BONE AGE
Childhood x rays were available in 37 cases; of
these, 31 (84%) showed a bone age advanced to
or beyond the 90th centile (table 9). Of the
three children with bone ages between the 75th
and 90th centile (all values only just below the

6 years. 90th centile), two were over the age of 12 years
at the time of assessment. Of the three remain-

-F), but ing cases (bone age 50th to 75th centile), in one
t specific the assessment was made at the age of 11 years
articular and this patient had documentation of several
. is an earlier, but unavailable films, showing bone
Ire tends ages in excess of the 97th centile; one was still
ad. The felt to have a phenotype consistent with Sotos
nose is syndrome (case 27), but the last was 'rescored'

ration is into group 2 despite his characteristic gestalt
perioral (case 41). This latter subject was the only one
iith time of the 41 probands identified as 'typical Sotos
tlthough syndrome' (group 1) on facial gestalt alone,
'hich re- and subsequently reclassified into group 2. Of
utline of particular interest is that 10 of the patients

with a bone age > 90th centile had previously
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Cole, Hughes

Figure ID Case 37 aged 6; AP and profile aspects.
(Permission for publication of photographs of cases 38 to
40 refused.)

v st..~~

. .

Figure IE Upper row: case 6 at ages 3 months, 7 years, and 14 years. Lower row:
case 12 at ages 1 month, 18 months, and 7 years.

been reported in their hospital notes as having
a bone age < 90th centile (in seven cases
< 75th centile). These assessments were com-

monly performed before the age of 3 years.
Four of the 10 early films were available for
review and when reassessed by us using the
TW2 method, all had bone ages in excess of
the 90th centile.

DEVELOPMENTAL DELAY

Despite access to patient records, develop-
mental delay proved to be the most difficult
feature to assess reliably, partly because of the
lack of objective data and partly because of the
wide variety of assessments used. Also, it is
important to remember that many of the
patients had originally come to medical atten-
tion because of developmental delay and con-

sequently our cohort is likely to be biased for
this particular feature. For the current study,

details about each of the three following areas
were sought: (1) present or final educational
placement (table 10), (2) timing of early motor
and verbal milestones (table 11), (3) previous
developmental assessment if available.
From parental recall, significant early delays

in speech and performance skills were com-
mon, although a poor prognostic indicator of
future school placement (table 1 1). In the older
children difficulties with short term memory,
abstract ideas, and practical reasoning were
felt to cause greater problems. However, par-
ents thought that numeracy was the weakest
area in older children, even in those with
overall IQ scores well into the average range or
above.

In 23 cases, results of previous develop-
mental and educational assessments were
available. However, these assessments con-
sisted of a wide variety of tests and were
performed by different people. The range of
DQ/IQ values obtained was 40 to 129, with a
mean of 78. In 10 of the 23 cases, serial
assessments are available; of these, eight chil-
dren showed improvement of their scores with
increasing ages and one remained unchanged.
Only one showed any decline, from 71 at 12
months to 55 at 23 months; this alteration was
of a degree that might be explained by testing
inaccuracies. Of the remaining 18 probands
(without formal assessments), 10 are in a reg-
ular school class, six require special education,
and two are preschool.
A small pilot study has already confirmed a

wide range of intellectual abilities and beha-
vioural problems in Sotos syndrome.27 A larger
longitudinal study, currently under way, has
identified that behavioural problems are very
common and that intellectual abilities frequently
show an uneven pattern (Finegan et al, unpub-
lished data). This combination can easily lead
to inaccurate assessments and overall impres-
sions.

ADDITIONAL FEATURES AND MEDICAL
COMPLICATIONS
In the above section all 41 probands, selected
on facial gestalt alone, are considered in order
to allow unbiased assessment of the frequency
of the additional major diagnostic features,
growth, bone age, and developmental delay.
The results in the following section refer to the
final 40 patients diagnosed as 'definitely Sotos
syndrome' (group 1, table 3) after reassess-
ment including the three major criteria above.

OBSTETRIC AND NEONATAL
Of the 40 probands, 75% were born by normal
vaginal delivery (34/40), 7-5% (3/40) by for-
ceps assisted vaginal delivery, and 7 5% (3/40)
by caesarean section. The indications for cae-
sarean section were oblique lie, failed induc-
tion at 42 weeks, and an emergency section for
locked twins with a cord prolapse. Gestation at
delivery ranged from 28 to 43 weeks, with a
mean of 39 weeks. Thirty-three deliveries were
after 37 weeks.

In the neonatal period, features of particular
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Sotos syndrome: a study of the diagnostic criteria and natural history

Table 4 Facial characteristics.

Frontal bossing 97-5%
High hairline 97 5%
Prominent jaw 95 %
Palpebral fissures, antixnongoloid slant 90 %
Facial flushing 85 %
Dolichocephaly 80 %
High palate 70 %

/4

Figure IF Adolescent/adult photogrzphs of cases 1, 5, 10, 15, 17, 26, 33, 35, and 36.

note included poor feeding and jaundice. Al-
though absolute measurements of serum bili-
rubin were not always available, 90%/o of parents
recalled jaundice being present and in 62% of
cases either phototherapy or exchange trans-
fusion was required. In only one case was a

proven cause found, this being the presence of
anti-e antibodies. Similarly, feeding difficult-

15 year old 'Sotos: male 15 year old 'normal' male
1 = 72-5' 1 = 82.50
2 = 66° 2 = 81°
3 = 420 3 =28.5!

Figure IG Lateral cephalometric studies in a 15 year old child with Sotos syndrome
and unaffected child for comparison.

ies were unexpectedly common; 40% of chil-
dren required tube feeding including 25% of
all term babies.

Neonatal hypotonia was commonly recorded
and may account for the high frequency of
feeding problems in our series and respiratory
problems in other published reports. Unfortu-
nately, tone is not specifically documented in
all neonatal notes, but hypotonia was a feature
in 87-5% of cases during early childhood.

NEUROLOGICAL FINDINGS
Although there was a tendency for tone to
improve with age many children had a persist-
ent hypotonic posture and gait. Paradoxically
even in the presence of hypotonia, brisk ref-
lexes, particularly involving the legs, were
common (78%, 28/36), and these were often
associated with several beats of clonus. Exten-
sor plantar reflexes were documented in three
cases. These findings, although subtle, had
usually been identified by several independent
observers. Similar findings have been reported
by Ginter and Scott.28

Clumsiness and poor coordination were pre-
sent in all children. Gross movements were
more severely impaired than fine coordination
in 72% of cases. In only 14% was the reverse
true, and both were felt to be equally affected
in the remainder. Coordination also appears to
improve with time.

Seizures were documented in 50% of cases,
but these took the form of febrile convulsions
in approximately half.

CARDIAC FEATURES
Five patients had structural congenital heart
defects. One further patient had unexplained
neonatal supraventricular tachycardia which
settled on digoxin. Of the five patients with
structural anomalies, four had a patent ductus
arteriosus (three associated with prematurity
at 28, 34, and 35 weeks' gestation) of whom
two required surgical closure, one during the
neonatal period and the other at 10 years. One
child with a PDA is also known to have mild
pulmonary stenosis. The fifth child, aged 10
years, has an ASD which requires surgical
closure. One further patient developed a peri-
cardial effusion (probably of viral origin) at the
age of 10 years, but this resolved with drainage
and medical management.

GASTROINTESTINAL SYMPTOMS
Early feeding difficulties were common and
have been documented above. Subsequently,
the majority of parents described the appetite
(23/26) and fluid intake (26/33) of their child as
markedly greater than other children of com-
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Table 7 Measurements at diagnosis (mean age 2
years) as standard deviations from the mean (group
categorised on facial gestalt alone).

Range Mean Patients > + 2 SD

Group I
Weight - 0-3 to + 2-9 22/34

+6-2
Height -1 1 to +3-2 29/35

+6-7
OFC +2-0 to +3-5 33/33

+6-9

Group 2
Weight -0-8 to +1 1 4/15

+4-0
Height - 0-8 to +1-5 5/16

+3-8
OFC -0-1 to +2-7 11/15

+50

Group 3
Weight +0-1 to +28 11/19

+6-7
Height -0 9 to +1-7 7/22

+4-5
OFC + 1-5 to +3-6 20/22

+6-4

parable age. Constipation was also a common
complaint and six children needed specific
intervention or investigation (one rectal bi-
opsy, one anal stretch, and four regular
medication). Three further children had signi-
ficant symptoms (two rectal prolapse and one
overflow faecal incontinence).

INFECTIOUS ILLNESSES
Throughout infancy and childhood, frequent
upper respiratory tract infections were
reported. Otitis media was the commonest and
documented in 72% of children. Conductive
hearing loss was an associated finding and

Table 5 Comparison of clinical and absolute
hypertelorism.

Clinical impression of hypertelorism 95%
Absolute hypertelorism
> 97th centile 61%
> 75th < 97th centile 26%
<75th centile 13%

Table 6 Birth measurements as standard deviations
from the mean (group categorised on facial gestalt
alone).

Range Mean Patients > + 2 SD

Group I
Birth weight - 1-7 to + 1-0 + 6/41

+3-8
Birth length - 0-6 to + 3-2 + 23/27

+995
Birth OFC -1-2 to +1-8 +12/27

+4-6

Group 2
Birth weight -1-1 to +0-8 + 2/16

+2-8
Birth length -0-6 to +2-0 + 6/12

+6-7
Birth OFC -1-0 to +1.1 + 2/12

+4-3

Group 3
Birth weight - 1-2 to +0-6 + 3/22

+3-8
Birth length -0-3 to +2-3 + 7/13

+8-2
Birth OFC -07 to +1 1 + 3/11

+4-2

resulted in many children undergoing surgical
procedures, including tonsillectomy, aden-
oidectomy, and insertion of grommets.
Sensorineural deafness was not identified in
the present series.

Microbiologically proven urinary tract
infection was identified in eight cases (20%).
Six had radiological evidence of varying de-
grees of ureteric reflux and pelvicalyceal di-
latation and two further cases required surgical
reimplantation of the ureters. Seventy-two
percent of cases received no pertussis immun-
isation, and of these 27% developed whooping
cough on clinical grounds (bacteriological in-
vestigation was not performed in all cases).

ORTHOPAEDIC AND SKELETAL FEATURES

Twenty-three of the children had orthopaedic
related problems (table 12); pes planus was by
far the commonest and required treatment
with support or Piedro boots in most cases.

Three children were followed for kyphoscoli-
osis but none required intervention.
Not surprisingly, given their large body size,

30/37 and 31/39 children respectively, had foot
and hand lengths above the 97th centile. Fur-
thermore, when these measurements were

plotted against 'height-age', feet and hands
still were above the 50th centile in the same

proportion of subjects.
Eleven out of 26 patients had suffered frac-

tures but it is difficult to assess if these were

more frequent than expected as the children

Table 8 Comparison SD values for height and weight
at birth and at diagnosis (mean age 2 years) (group
categorised on facial gestalt alone).

Ht> Wt Wt> Ht

Group 1
At birth* 25/27 1/27
At diagnosis 21/30 9/30

Group 2
At birth 9/12 3/12
At diagnosist 9/15 4/15

Group 3
At birth 12/13 1/13
At diagnosis* 4/19 14/19
* 1 case Ht= Wt. t 2 cases Ht=Wt.

26
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Figure 3 Occipitofrontal circumferences (2nd and 98th centiles marked). (A) First 15 boys in study, (B) first 15
girls in study.
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Figure 4 Height charts (3rd and 97th centiles marked). (A) First 15 boys in study, (B) first 15 girls in study.
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Figure S Weight charts (3rd and 97th centiles marked). (A) First 15 boys in study, (B) first 15 girls in study.
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Table 9 Bone ages in 37 cases (4 cases x rays
unavailable).

Centile No %

> 90th 31 84
> 75th- < 90th 3 8
> 50th- < 75th 3 8

Table 10 School placement.

Regular class 10
Regular class with remedial help 7
Special unit at regular school 3
Special school 16
Unknown/preschool 5
Total 41

Table 11 Comparison of developmental milestones
(mean in months) with later school placement.

Regular Regular Sp unit,
class class + school

Sitting unsupported 10 8 9 3 10 4
Walking unaided 18 9 20 6 21 1
2 word sentences 30 8 32 5 47 3

Table 12 Orthopaedic problems documented in 23/39
subjects.

Pes planus 18
Genu valgus 6
Valgoid feet 3
Kyphoscoliosis 3
Genu varus 2
Congenital dislocation of hips 1

are prone to falls because of their coordination
problems. However, it should be noted that
some of these fractures occurred during later
childhood when coordination had improved
and in two cases were associated with only
minimal trauma.

ECTODERMAL FEATURES

Sparse frontoparietal hair in early childhood
was present in 97 5% of probands. The prim-
ary dentition erupted early, 54% earlier than
the 90th centile29 and these teeth showed ex-

cessive wear and discoloration (75%). The
finger nails were thin or unusually brittle in
57 5% of cases.

FAMILY STUDIES
All available first degree relatives of the pro-
bands (39 mothers, 30 fathers, 43 out of 47 full
sibs, and six out of 23 half sibs) were examined
personally by one of the authors (TC). Child-
hood photographs, where available, were

reviewed on all examined and unexamined
first degree relatives. In none of these relatives
was the diagnosis of Sotos syndrome made.
The mean paternal and maternal ages at the

time of delivery of affected subjects were 31 46
and 27 46 years respectively. These were

compared to the expected mean parental ages
corrected for birth order (28 56 for fathers

and 2617 for mothers), using the method
described by Bundey et al.30 The difference
for fathers was significant at a level of
0O02 > p > 0 01. For mothers the level of signi-
ficance was 0 5 > p > 0 01.

CYTOGENETIC ANALYSIS
Chromosome results were available for 30
patients and all were negative for fragile X. In
addition several of the remaining subjects had
previously been reported as fragile X negative
after local investigation outside the current
study. No family exhibited a segregation pat-
tern compatible with X linked inheritance.
One patient (fig 1B, case 23) had an apparently
balanced mosaic translocation, 46,XY/46,
XY,t(2;4) (2qter -*2p1 5: :4p 14-+4pter;4qter

4pl4: :2p16.2-*2pter) in two separate blood
samples.

METACARPOPHALANGEAL PATTERN PROFILES
Metacarpophalangeal pattern profiles
(MCPP)31-33 were constructed on 64/79 pro-

bands; these were assessed by a radiologist
(PD, see acknowledgements) without know-
ledge of group assignment. Many, but not all
(30/36), subjects in group 1 showed an MCPP
'typical' of Sotos syndrome.3'-33 There were

both false positive (10/28) and negative (6/36)
assessments, particularly when studying ado-
lescent and adult hand x rays using Z scores

(Dijkstra et al, unpublished data). Subsequent
analysis using Q scores is reported separately
and appears to be a more reliable discrimin-
ator.34

Differential diagnosis
Within the differential diagnosis of Sotos syn-

drome are a number of overgrowth conditions
listed in table 1, but most can be easily
excluded on clinical examination. It is interest-
ing to note that the only condition among the
well recognised differential diagnoses that was

identified in this study were two boys with
Weaver syndrome (WS). These patients had
been diagnosed as Sotos syndrome by experi-
enced clinicians at 18 and 30 months, but
review of infant photographs shows a facial
phenotype typical of WS (cases 1 and 235). The
subtlety of the differentiation of Sotos syn-
drome and WS is discussed in this report.
Other conditions recognised in group 3 are

listed in table 13 and include six subjects with
autosomal dominant macrocephaly and a dis-
tinctive phenotype. These cases have been
reported separately.36
Two patients with chromosomal rearrange-

ments and one case each of Marfan and
Prader-Willi syndrome were identified in the
'non-Sotos' group. Twenty-seven of the

Table 13 New diagnoses assigned to group 3 patients.

Autosomal dominant macrocephaly 6
Weaver-Smith syndrome 2
Chromosomal rearrangements 2
Marfan syndrome 1
Prader-Willi syndrome 1

28
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remaining subjects did not appear to match
any previously reported conditions. Within
these 27 cases are two sisters with significant
developmental delay and characteristic facies
with normal bone age and chromosome ana-
lyses. Their parents are unaffected and it is
likely that they represent a recessive disorder.

Discussion
The phenotype of developmental delay associ-
ated with accelerated growth is probably com-
mon and encompasses a number of different
disorders. As shown by this study, one of the
best known of these conditions, Sotos syn-
drome, is frequently incorrectly diagnosed.
However, there are features present which
may enable clinicians to minimise their dia-
gnostic false positive rate. We believe that
Sotos syndrome has a very characteristic facial
gestalt, especially between the ages of 1 and 6
years and can be distinguished from the facies
of subjects in groups 2 and 3.
The consistency with which the 41 patients

in group 1 were identified by the three asses-
sors on facial gestalt alone, and the subsequent
high degree of concordance when reassessed
with knowledge of 'more objective' features
(bone age, accelerated growth, and develop-
mental delay), indicate that the patients in
group 1 seem to represent a discrete entity.
The frequencies of the features used as the
major diagnostic criteria in patients categor-
ised to groups 2 and 3 differ from those in
group 1 (table 14). Further evidence of mis-
diagnosis of patients in groups 2 and 3 is
provided by the assignment of another dia-
gnosis to almost one-third of cases (table 13).
Each major diagnostic feature in Sotos syn-

drome, namely growth, bone age, and develop-
ment, will be discussed separately and their
reliability and diagnostic merits considered.

GROWTH
Prenatal overgrowth is a well recognised
feature of Sotos syndrome. The most com-
monly recorded parameter of growth at birth is
weight but, as can be seen from the above data,
weight is a poor diagnostic indicator in Sotos
syndrome. Our finding that birth length is
increased more than weight conforms to the
original description.'
As illustrated in figs 4 and 5, linear growth is

most marked during the first few years of life,
after which time the height remains above the
97th centile initially but later has a tendency to
fall towards the mean. Of the four cases who
do not have increased stature as defined above,
one is a premature twin (case 29) whose length

Table 14 Frequencies of diagnostic criteria (defined in
methods) in subjects categorised by facial gestalt alone.

Group I Group 2 Group 3
(%) (%) (%)

Height > 97th 95 25 60
OFC >97th 98 73 91
Bone age > 90th 84 33 38
Developmental delay 100 94 95
Ht + bone age +D delay
all criteria positive 77 19 18

was between the 10th and 25th centile at birth
but is on the 90th centile at the most recent
examination (aged 25 months). She is taller
than her male sib (25th to 50th centile) who
was the larger at birth. The second subject
(case 36) is a 23 year old girl whose height at 16
months and 7 years was + 2 3 and + 1 8 SD
above the mean respectively and is now on the
50th centile. There are no other intervening
measurements available for this patient, who is
case 2 in the report of Abraham and Snod-
grass.37 In the two remaining cases, there is
only a single recorded measurement (each
above the 97th centile) so they cannot be
classified as 'overgrown' by the study criteria.
Therefore, 95% (37/39) of the probands fulfil
the stated criteria for increased height. If addi-
tional data were available, however, it is likely
that the figure would approach 100%.
While it is accepted that longitudinal growth

data collected from several sources are less
reliable than data recorded by a single person
in a standardised fashion, there is nevertheless
a common growth trend apparent in the group
as a whole. The growth velocity is greater in
the prenatal and early childhood periods than
in later childhood, and relative obesity
(expressed as a ratio of height standard vari-
ants to weight standard variants) is uncommon
(table 8).
To date, growth data through to adulthood

is available on only four females in the study
(cases 5, 15, 33, and 36). The final height in
three is between the 50th and 97th centile. The
fourth girl (case 33) achieved a final height of
+ 4 3 SD but had an atypical growth pattern
and puberty, and developed a tumour at the
age of 23 years.38 Data on a further 12 adoles-
cents suggest that girls may have a tendency to
early puberty with a final height less increased
from the mean, while later puberty in boys is
associated with a final height which is likely to
be more increased from the mean.39

It seems that a birth OFC above the 97th
centile would also be a useful diagnostic
marker if obtained once perinatal moulding
has settled. In those cases where serial neo-
natal head circumferences are available, there
appears to be a dramatic rise in this measure-
ment over the first few weeks of life (fig 3),
even in the absence of hydrocephalus.
Head circumference was above the 98th

centile in all patients at the time of diagnosis,
although in one subject (case 24) it subse-
quently fell to below the 98th centile. In this
case it is interesting to note that parental head
circumferences were below the 50th centile,
(mother 52 cm= 2nd centile, father 55 6 cm=
2nd to 50th centile).

BONE AGE
Although in theory bone age assessments
should be reliable, there are many sources of
possible error. Firstly, the Greulich and Pyle
method (G+P) developed in the USA40 may
be less applicable to the British population.
Secondly, a given x ray, when assessed with
G + P standards, will tend to give a more
advanced bone age than the same x ray when
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assessed using the TW2 standards. Thirdly,
the G+P assessments may be less accurate
when performed by an inexperienced operator.
Finally, the number of patients with 'advanced
bone ages' depends on the chosen 'cut off'
centile between advanced and normal vari-
ation.

In order to provide consistency in the pres-
ent study, a computer assisted TW2 assess-
ment was performed by a single person (JR). A
previous interdepartmental study had shown
that this person and another 'blind' assessor
produced very similar values using the TW2
method (personal communication, G Roberts).
The 90th centile 'cut off' was selected by the
authors to indicate an advanced bone age, and
on our assessments 84% of patients were above
this centile.
The phenomenon of a relative alteration in

the bone ages at different chronological ages is
not unexpected and is clearly shown in several
patients in this study who have had serial bone
age assessments. Four subjects had an earlier
bone age reported as normal, but had an ad-
vanced bone age on a later x ray taken during
the study.
Timing of tooth eruption relied on parental

recall and therefore was less objective than
bone age. However, the reported frequency of
early primary tooth eruption (> 90th centile29)
was 54%.

DEVELOPMENTAL DELAY AND NEUROLOGICAL
FEATURES
Earlier reports of frequent and severe mental
handicap in Sotos syndrome41 42 are now
generally considered as overly pessimistic and
over simplified.4>45 Our initial study protocol
did not include formal developmental assess-
ments, but DQ and IQ values available for 23
patients (range 40-129, mean 78) are similar to
those quoted by Smith.46 Our study figure is
probably an underestimate of ability as 10 of
the 17 children attending regular school have
not been formally assessed and were therefore
excluded from the calculations of mean and
range above. Early developmental assessments
rely heavily on the timing of acquisition of
specific verbal and motor skills which appear
to be particularly delayed in Sotos syndrome.
The fact that eight out of 10 children with
serial recorded assessments showed improve-
ment with time would support our belief that
early childhood assessments may also be overly
pessimistic. It is likely that hypotonia in these
children retards acquisition of verbal and
motor skills, and also possibly coordination.
The tendency for tone to increase with age
may explain some of the improvement in de-
velopmental assessments. Nearly all children,
whether above or below average intelligence,
had greater difficulty with numeracy than
literacy.
The lack of correlation between the degrees

of delay of early motor and verbal milestones,
and subsequent IQ scores and school place-
ment (table 11) is further evidence of their
limited prognostic value. However, it must be
kept in mind that other factors such as beha-

vioural difficulties and local education provi-
sion may affect school placement.
For many parents the major problems relate

to behavioural difficulties. In early childhood,
temper trantrums were very common and were
difficult to manage because of the child's size
and strength. 'Overgrowth' gives the children
the appearance of being older and therefore
their behaviour is commonly perceived as
'unacceptable' by relatives and social contacts.
Parents found this judgmental attitude par-
ticularly upsetting. Temper tantrums were
frequently associated with aggressive be-
haviour, often directed against parents or sibs.
These features may well represent a response
born out of frustration because of communica-
tion difficulties or inability to compete on
intellectual terms, rather than an innate feature
of the syndrome.

Persistent immaturity in all aspects was seen
right through into adulthood. An example of
this immaturity in the area of social skills was
evident from the distress and delay seen in
achieving separation from parents.47 The im-
maturity created difficulty in socialising with
peer groups especially as the children were
perceived, by them, as different in size and
appearance. Anecdotal reports suggest that
many of these features improve in adolescence
and teenage years when greater maturity,
intellectual ability, and more 'regular' stature
develop. In fact several teenagers in the study
were described as placid but very good social-
isers. It is hoped that the continuing longit-
udinal study using questionnaires and formal
interviews will clarify and quantify these fas-
cinating, but complex, behavioural and intel-
lectual patterns.

FAMILY STUDIES
Although most cases of Sotos syndrome are
sporadic, autosomal dominant pedigrees have
been reported.4854 We are also aware of two
unreported families, outside our study, where
the probable diagnosis of Sotos syndrome is
segregating in an autosomal dominant fashion.
On reviewing published reports of familial
cases of Sotos syndrome, very few provide
sufficient data to meet the diagnostic criteria
advocated in this study, the reports by Zonana
et a?49 and Winship53 and our personal com-
munication being the exceptions. Again lack of
adequate data is a criticism of some purported
autosomal recessive cases,55 56 with the possible
exception of the two boys described by Boman
and Nilson.57 Even in this latter report the data
provided on the parents make it difficult to
exclude vertical transmission, and germinal
mosaicism cannot be ruled out. Most clinicians
accept that the family reported by Nevo et al58
represents a separate condition.
The fact that in our study 39 of the 79

patients (49%) referred with the diagnosis of
Sotos syndrome by experienced paediatricians
did not meet our criteria for group 1 provides
an indication of the frequency of false positive
diagnoses. Six families in the excluded group
(group 3) appear to have a separate syndrome
of autosomal dominant macrocephaly.36 It is
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understandable how syndromes with a similar
phenotype, as well as other autosomal domin-
ant conditions which may exhibit overgrowth
(for example, neurofibromatosis, basal cell
naevus syndrome, and the macrocephaly
haemangiomata syndromes), could lead to
confusion. We believe that with our study
protocol it is unlikely that we would have
failed to identify affected relatives, particularly
among the sibs, as the 'childhood gestalt' is so
distinctive.
A model based on a high mutation rate with

reduced reproductive fitness is compatible
with our study findings. In group 1 there
is a significant increase in paternal age
(002>p>O001) but no maternal age effect.
Previous studies have produced both confirm-
atory59 and conflicting6' data.
There are clinical features over and above

intellectual impairment and immaturity which
may reduce reproductive fitness. In particular,
endocrinological abnormalities are suggested
by the tendency for delayed puberty in males
and precocious puberty in females. The latter
has been followed by menstrual irregularities
and secondary amenorrhoea in at least two
cases within our study. Follow up on study
cases over time may provide further informa-
tion about reproductive fitness.
An alternative model could invoke unipar-

ental disomy (UPD) as one causative mechan-
ism.61 UPD has been identified in syndromes
with growth and behavioural abnormalities,
for example, Prader-Willi syndrome,62 Angel-
man syndrome,63 and also Beckwith-Wiede-
mann syndrome,T4 the latter occasionally
segregating in an autosomal dominant
fashion.65 Our data could be consistent with
some cases of Sotos syndrome being the result
of point mutations (associated with increased
paternal age) in a dominant paternally
expressed gene which has a role in growth
regulation. In this model, the maternal allele
would be imprinted, and maternal disomy
would result in loss of this regulation and
hence Sotos syndrome. This postulate is cur-
rently under investigation.

Whatever the underlying mechanism, the
absence of any affected sibs within the study
suggests a reassuringly low recurrence risk.

Conclusions
This study confirms that Sotos syndrome is a
specific disorder of growth and development
with characteristic facial changes. Although we
have not addressed the problem of heteroge-
neity, we believe that the absence during child-
hood of any one of the four features listed in
table 14 in a case of suspected Sotos syndrome
should raise questions about the validity of the
diagnosis; absence of two features makes the
diagnosis of Sotos syndrome very doubtful.
However, our comments concerning timing
and method of assessment need to be kept in
mind. Developmental delay is a poor dia-
gnostic marker and subject to considerable
ascertainment bias. Features which are

uncommon, although not excluding Sotos syn-
drome, are relative obesity, progressive or

severe mental handicap, and a clearly docu-
mented family history.
The overall outlook for growth, develop-

ment, and coordination in Sotos syndrome is
rather more encouraging than suggested by
previous reports. Behavioural problems,
which are one of the most distressing areas for
parents, may also improve with time, although
some immaturity in adulthood is common.

Finally, we suggest that this protocol of
'blind peer assessment' of cases could provide
a useful model for the study of dysmorphic
syndromes where there is no diagnostic
marker.
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