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Abstract
Sotos syndrome is an overgrowth-intellectual disability (OGID) syndrome caused by
NSD1 pathogenic variants and characterized by a distinctive facial appearance, an
intellectual disability, tall stature and/or macrocephaly. Other associated clinical features include scoliosis, seizures, renal anomalies, and cardiac anomalies. However,

502

© 2019 Wiley Periodicals, Inc.

wileyonlinelibrary.com/journal/ajmgc

Am J Med Genet. 2019;181C:502–508.

FOSTER ET AL.

Funding information
Child Growth Foundation, Grant/Award
Number: GR01/13; National Institute for
Health Research; Wellcome Trust, Grant/
Award Number: 100210

503

many of the published Sotos syndrome clinical descriptions are based on studies of
children; the phenotype in adults with Sotos syndrome is not yet well described.
Given that it is now 17 years since disruption of NSD1 was shown to cause Sotos
syndrome, many of the children first reported are now adults. It is therefore timely to
investigate the phenotype of 44 adults with Sotos syndrome and NSD1 pathogenic
variants. We have shown that adults with Sotos syndrome display a wide spectrum of
intellectual ability with functioning ranging from fully independent to fully dependent.
Reproductive rates are low. In our cohort, median height in adult women is +1.9 SD
and men +0.5 SD. There is a distinctive facial appearance in adults with a tall, square,
prominent chin. Reassuringly, adults with Sotos syndrome are generally healthy with
few new medical issues; however, lymphedema, poor dentition, hearing loss, contractures and tremor have developed in a small number of individuals.
KEYWORDS

adult phenotype, overgrowth-intellectual disability syndrome, Sotos syndrome

1 | I N T R O D U C TI O N

and concerns about reproductive outcomes, new or progressive
health problems in adulthood and experiences of day-to-day living. As

Sotos syndrome (OMIM #117550) was first described in 1964 by

it is 17 years since NSD1 haploinsufficiency was shown to cause Sotos

Dr Juan Sotos (Sotos, Dodge, Muirhead, Crawford, & Talbot, 1964) and

syndrome, many children diagnosed through genetic testing have now

has an estimated incidence of 1 in 14,000 live births (Tatton-Brown,

reached adulthood. It is therefore timely to undertake a study on

Cole, & Rahman, 2004). The cardinal clinical features of Sotos

44 adults to clarify the adult presentation and optimize individual care

syndrome include a characteristic facial appearance, an intellectual

for Sotos syndrome.

disability and overgrowth (defined as height and/or head circumference
at least two standard deviations above the mean, ≥ +2.0 SD; Cole &
Hughes, 1994; Tatton-Brown et al., 2005). Most easily recognized in
early childhood, the classical facial appearance consists of a tall forehead, frontal-temporal balding, downslanting palpebral fissures, malar

2 | METHODS
2.1 | Editorial policies and ethical considerations

flushing, long and narrow face, narrow jaw and a tall, broad chin

The study was approved by the London Multicenter Ethics Committee

(Allanson & Cole, 1996). Other major clinical associations, reported in

(MREC01/02/44 and 05/MRE02/17). Informed consent for partici-

at least 15% of individuals, include scoliosis, seizures, renal anomalies,

pating in the study was obtained for all participants.

and cardiac anomalies (Tatton-Brown et al., 2005). The majority of individuals have advanced bone age (Cole & Hughes, 1994). Abnormalities
on brain MRI scan, most frequently ventriculomegaly, are common
(Schaefer, Bodensteiner, Buehler, Lin, & Cole, 1997).

2.2 | Case series
Forty-four adults with Sotos syndrome and a confirmed NSD1 patho-

Sotos syndrome is caused by NSD1 heterozygous pathogenic vari-

genic variant were recruited including 17 males and 27 females. The

ants (Kurotaki et al., 2002). NSD1 is located at chromosome region

age range of study participants was 18–48 years with a mean age of

5q35 and encodes a histone methyltransferase that catalyzes the

30 years (Table S1).

transfer of methyl groups to lysine residues of histone tails: more spe-

Twenty-six of the 44 individuals had previously been included, as

cifically lysine residue 36 of histone H3 (H3K36) and less frequently

children, in a study to clarify genotype–phenotype relationships in Sotos

lysine reside 20 of histone H4 (H4K20) (Rayasam et al., 2003). These

syndrome (Tatton-Brown et al., 2005). These individuals, now older than

methylation marks are most frequently associated with transcriptional

18 years, were re-contacted to ask for their continued participation in

activation but can be associated with repression depending on the

the adult Sotos study. Eighteen individuals were identified through test-

cellular context (Cao et al., 2002; Huang et al., 1998).

ing in the diagnostic laboratories within and outside of the UK.

Although Sotos syndrome is a well-characterized overgrowth-

Phenotype data were obtained through a clinic meeting (23 individ-

intellectual disability (OGID) syndrome, the vast majority of studies

uals) or a standardized clinical proforma-completed either by their Clini-

have focused on the childhood clinical presentation and there are lim-

cal Geneticist or individual/family member respectively (21 individuals).

ited data on the evolution of the phenotype into adulthood (Fickie

Clinical photographs with accompanying consent for publication were

et al., 2011). In particular, there is debate around the final adult height

requested from all individuals and received from 17 families.
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3 | RESULTS

area of difficulty mentioned by 24% (4/17). Most (14/17, 82%) individuals with a mild intellectual disability were employed or engaged in voca-

The majority of study participants enjoyed good health. However,

tional training in diverse fields including retail, painting/decorating,

notable themes in adulthood included a variable intellectual disability;

waitressing, health and social care, air stewarding and cleaning.

specific behavioral issues; differences in male and female growth pat-

Only five (5/12, 42%) individuals with a moderate intellectual dis-

terns; puberty and reproduction and new and evolving medical prob-

ability were independent in self-caring (Figure 1) and two were in

lems. The full range of adult and childhood-onset clinical issues,

supported employment (shop assistant and office assistant). None of

growth, and spectrum of intellectual disability is detailed in supple-

the adults with severe intellectual disability were self-caring or in

mentary Table S1.

employment; seven attended special educational needs colleges or
day care and one was receiving 24 hr care.

3.1 | Intellectual disability
The degree of intellectual disability was variable within the cohort, with

3.2 | Behavior

eight individuals (18%) reported to have normal learning while 17 (39%)

Nine adults (20%), all with a moderate or severe intellectual disability,

had a mild intellectual disability, 12 (27%) a moderate intellectual disabil-

had a diagnosis of autistic spectrum disorder. Other adult-onset

ity and seven (16%) a severe intellectual disability (Table 1, Figure 1).

behavioral/psychiatric issues included anger/aggression (seven indi-

All individuals reported to have normal learning were employed in

viduals) and anxiety (manifesting as panic attacks and/or social avoid-

a range of jobs including as a carer, barber, and sales clerk or in voca-

ance [six individuals]). One adult with anxiety had co-existing

tional training courses including information technology, nursing and

depression and continued to take anti-psychotic medication com-

business studies (Figure 1).

menced for an episode of psychosis at the age of 13.

Nearly all (15/17, 88%) individuals with a mild intellectual disability
were completely independent in self-caring (washing, brushing teeth and

3.3 | Growth

dressing, Figure 1). 59% (10/17) felt unable or did not want to live away
from the support of their families. Managing money and finances was an

3.3.1 | Female adult growth

T A B L E 1 Learning, behavior, new medical issues, and
complications of known Sotos syndrome clinical associations
described in at least two adults with Sotos syndrome

+1.9 SD; weight ranged from −1.4 to +3.8 SD with a median of +1.7

Clinical feature

Number of
affected
patients

Percentage
of affected
patients

Intellectual disability

Female adult height ranged from −0.1 to +6.0 SD, with a median of
SD and BMI ranged from −1.1 to +3.8 SD with a median of +1.2 SD.
The head circumference ranged from +0.8 to +6.1 SD with a median
of +2.7 SD (Figure 2).

3.3.2 | Male adult growth

None

8

18%

Mild

17

39%

Male adult height ranged from −1.5 to +3.2 SD, with a median + 0.5

Moderate

12

27%

SD; weight ranged from −1.3 to +3.1 SD with a median +1.0 SD and

7

16%

BMI ranged from −1.0 to +2.6 SD with a median of +1.2 SD (height

Severe

and BMI data excluded one adult male with severe progressive scolio-

Behavior
Autistic spectrum disorder

9

20%

Anger/aggression

7

16%

Anxiety

6

14%

Aortic dilatation

4

9%

Contractures

4

9%

Tremor

3

7%

Lymphedema

3

7%

Dental issues

7

16%

Chronic pain following
scoliosis surgery

3

7%

Long-term complications
of congenital renal anomalies

3

7%

sis awaiting surgery [height −3.0 SD]). The head circumference ranged
from +0.7 to +3.9 SD with a median of +2.4 SD (Figure 2).

New medical issues

New complications of
known medical associations

F I G U R E 1 The range of intellectual disability related to ability to
self-care in adults with Sotos syndrome

FOSTER ET AL.

3.4 | Facial appearance
The facial appearance in adults with Sotos syndrome remained distinctive with downslanting palpebral fissures, high hairline and tall,
broad chin (Figure 3b). However, characteristic facial features of children with Sotos syndrome such as malar flushing and narrow jaw line
were not evident in adulthood (Figure 3a).
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population (Whincup, Gilg, Odoki, Taylor, & Cook, 2001). One girl
required hormonal treatment to initiate puberty at the age of 14 years.
Given that the onset of male puberty is harder to define, we used the
age at which the voice broke as a proxy: this ranged from 11 to 17 years
with a median age of 14 years. This is similar to the UK population, with
the change in male voice in puberty occurring between Tanner Stage
3 at a mean age of 12.9 years and Tanner Stage 4 at mean age of
13.8 years (Harries, Walker, Williams, Hawkins, & Hughes, 1997;

3.5 | Puberty and reproductive issues

Marshall & Tanner, 1970).
Four women in our cohort had children. The first had two children,

Menarche ranged from 7 to 16 years with a median age of 13 years,

neither of whom had Sotos syndrome. The second was diagnosed with

comparable to the median age of 12.9 years in girls in the general UK

Sotos syndrome in adulthood following the diagnosis in her monozygotic
twins. She also had an unaffected child. The third conceived an affected
child through in vitro fertilization for prolonged infertility and the fourth
had four children, one of whom had inherited the NSD1 alteration.
One man was known to have a low sperm count and did not have
children. No other individuals reported planning to have children or
infertility issues.

3.6 | Associated medical problems
3.6.1 | New medical problems
In general, adults with Sotos syndrome were healthy with few new
medical issues. New medical problems reported in at least two adults
F I G U R E 2 The range of height and head circumference in
standard deviation (SD) in women and men with Sotos syndrome

F I G U R E 3 (a) The evolving facial
appearance from childhood to adulthood
and (B) the adult facial appearance in
Sotos syndrome

included dental problems, hearing loss, aortic dilatation, contractures,
lymphedema and tremor.
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Dental problems

Tremor

Dental problems were reported in seven adults (7/44, 16%): soft,

Two of the individuals described with camptodactyly (COG0045 and

worn or crumbling teeth (three individuals); absent and/or abnormal

COG0254) also developed progressive essential tremor (Table 1). This

secondary dentition (four individuals) (Table 1).

impacted their ability to undertake everyday tasks such as eating,
drinking, and dressing. One of these individuals was receiving symp-

Hearing loss
Seven adults (7/44, 16%) had hearing loss, two of whom had recurrent ear infections, one with a cholesteatoma diagnosed age 25, one

tomatic treatment with propranolol and clonidine. A third individual
(COG2057) developed a progressive tremor in her early 30s with no
current impact on function.

with degenerative changes of the eardrum and three with hearing loss
of unspecified cause. Four individuals wore hearing aids.

3.6.2 | New complications of known Sotos syndrome
medical associations

Aortic dilatation

Scoliosis

Four individuals had dilatation of the aortic root or ascending aorta

Scoliosis is one of the most common Sotos syndrome medical prob-

(Table 1). However, in two of these individuals (COG1878 and

lems, previously reported in one third of individuals (Tatton-Brown

COG1918) the dilatation had resolved by their 30s/40s and the third

et al., 2005). Over half the adults (24/44, 55%) had scoliosis and/or

individual (COG0622, previously reported by Robertson and Bankier

kyphosis. All except one individual were diagnosed before age 16.

1999 and Hood et al., 2016) had a mild diffuse non-progressive dilata-

Eleven individuals with scoliosis (11/24, 46%) required surgery. Three

tion of the ascending aorta for which he was treated with prophylactic

adults with surgically treated scoliosis developed severe chronic pain:

beta blocker therapy (Hood et al., 2016). The fourth individual

the first needed a wheelchair to walk more than 100 m and was being

(COG2057) was diagnosed with borderline enlargement of the aortic

managed by orthopedics with joint injections; the second was receiv-

sinus at the age of 47 that was not present on transthoracic echocar-

ing treatment with amitriptyline and the third adult had chronic leg

diogram at the age of 39. A repeat echocardiogram is planned in

pain, paresthesia, and breathlessness and was being managed by the

5 years' time to assess for progression.

neurosurgeons and pain team (Table 1). All three had normal intellect
or a mild intellectual disability and had left employment or training

Contractures
Contractures affected four adults: one individual developed mild contractures of both elbows in adulthood, with no prior history of hypermobility (COG0030); a second developed hip and ankle contractures
(with tight tendo-Achilles and hamstrings, COG0588) and two individuals developed bilateral camptodactyly (COG0045 and COG0254,
Table 1).

due to chronic pain.

Renal anomalies
A minority of individuals (8/44, 18%) had congenital renal anomalies,
including combinations of hydronephrosis, pelvi-ureteric junction
obstruction, hydroureters, renal agenesis, duplicated ureter, and/or posterior urethral valves. Two individuals with congenital renal anomalies
developed hypertension: one in his early 20s with an absent right kidney and left sided hydronephrosis and hydroureter, and the other in

Lymphedema

her late 40s with a duplicated left ureter (surgically repaired) and recur-

Three individuals developed lower limb lymphedema in adulthood.

rent urinary tract infections). In addition, one individual with posterior

One individual (COG2026) initially developed right leg swelling at the

urethral valves required a long-term indwelling catheter (Table 1). No

age of 32, shortly followed by swelling in the left. On examination,

individuals in the current study had chronic renal impairment.

both legs were Stemmers positive and bilateral lymphedema was confirmed by lymphoscintogram. Testing of FLT4 did not identify a gene

4 | DISCUSSION

variant causative of the lymphedema. The second patient (COG2057)
developed bilateral lower limb lymphedema at the age of 21. This was

The results of this study describe important outcomes for adults with Sotos

treated with compression stockings and a lymphedema pump 3 hr per

syndrome with regards to features of adult life including employment,

day. Whole exome sequencing did not identify a gene variant causa-

independent living, and reproductive status as well as growth parameters,

tive of the lymphedema. The third patient (COG) developed bilateral

long-term medical problems, and any evolving medical issues.

lymphoedema of the feet age 16. Of note, two of the individuals with

There was a wide spectrum of independence, ability to self-care

lymphoedema (COG2057 and COG0721) also developed pericarditis:

and employment status in our series. Of particular note, eight individ-

COG2057 developed pericarditis complicated by pericardial effusion

uals were reported to have normal intellect, broadening our percep-

at the age of 21. No specific cause was identified. She required admis-

tion of the potential achievements of a small proportion of individuals

sion to critical care for 5 days and subsequently developed lymph-

with Sotos syndrome. Two of these individuals, including one adult

edema. COG0721 had myopericarditis at the age of 20, 4 years after

who lived abroad for 2 years to attend a business course in a second

the onset of lymphedema.

language, had struggled academically in mainstream school. Autistic
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spectrum disorder was present in over 20% of adults with Sotos syn-

condition in adulthood. Another individual in our study, and another

drome and may represent an area where additional support would be

adult with Sotos in the literature (McClelland et al., 2016) developed a

of benefit. Anxiety was also a key issue for some adults and increased

tremor without camptodactyly, suggesting that tremor may be an

recognition and support in this area may improve quality of life and

independent association of Sotos syndrome in adulthood.

independence for these individuals.

Scoliosis remained an issue for a small number of individuals who

In contrast to childhood data but consistent with another study on

had chronic pain. The development of a cholesteatoma in one individ-

adult Sotos syndrome (Fickie et al., 2011), our study identified a dif-

ual and degenerative changes of the ear drum in another suggests that

ference in the final height attained by men and women, with women

specific enquiry should be made about new onset hearing loss when

frequently remaining tall (median height + 1.9 SD) in adulthood while

reviewing adults with Sotos syndrome in the clinic. Attendance at rou-

men are more likely to have a height within the normal range (median

tine dental check-ups is advised, as is regular blood pressure measure-

height + 0.5 SD). One explanation for this male/female discrepancy

ment to monitor for hypertension, particularly if an individual has had

would be if puberty were delayed in girls and/or early in boys. There

a congenital renal anomaly.

was no evidence for this in the current series where puberty occurred

Of note and given previous suggestions that Sotos syndrome may

within the normal range in both sexes. We also did not identify a dif-

be associated with an increased tumor susceptibility (Lapunzina,

ference in the incidence of untreated scoliosis between men and

2005), none of the individuals developed tumors in adulthood. Taken

women, which might explain the discrepancy in excess height. How-

together with the now widely reported very low absolute risk of

ever, we must consider that data on parental heights are not available

tumors in childhood, we conclude that there is little evidence to sup-

which would enable a more accurate assessment of excessive height

port increased tumor surveillance in Sotos syndrome.

for each individual. It is possible that by chance female individuals had

The current study has helped to clarify the clinical presentation of

taller than average parents and/or male individuals had shorter than

Sotos syndrome in adulthood. However, there remain unanswered

average parents, influencing their target height.

questions. For instance, it is still not clear whether there are infertility/

Reproductive rates in our study were low. However, as this was a

reproductive issues in Sotos syndrome that may account for so few

cohort of young adults with an average age of 30, it is possible that

families familial cases. In addition, there are limited data on the natural

other individuals will go on to have children in the future. Fertility

history of the aortic dilatation. Finally, while this is a study into adult-

issues were reported in two individuals.

hood, only 19 individuals were >30 years old and only seven were

Reassuringly, this study did not highlight many new or evolving

>40 years old. We therefore still do not know whether additional clini-

Sotos syndrome medical problems. Primary bilateral lower limb lymph-

cal problems develop in late adulthood. We will continue to follow the

edema developed in three individuals in our study, two of whom inter-

current cohort of individuals as they grow older to address these

estingly also developed pericarditis (chylous pericardial effusion is a

queries and provide information for individual and families as well as

known association of lymphedema). An additional adult with primary

the health care professionals who are involved in transition care of indi-

lymphedema has been reported in the literature (McClelland, Burgess,

viduals with Sotos syndrome.

Crock, & Goel, 2016). In two of our cases and the case in the literature, sequencing of primary lymphedema genes did not identify causative gene alterations. It has been postulated that dysregulation of the
MAPK/ERK signaling cascade is responsible for both Sotos syndrome
and primary lymphedema (McClelland et al., 2016). However, until further functional studies and/or individuals with both diagnoses are
identified, we will remain uncertain whether lymphedema is rare association of Sotos syndrome or a coincidental finding.
Of note, four study participants were reported to have a non-
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