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Noonan syndrome (NS) is a multiple malformation syndrome

characterized by pulmonic stenosis, cardiomyopathy, short stat-

ure, lymphatic dysplasia, craniofacial anomalies, cryptorchidism,

clotting disorders, and learning disabilities. Eight genes in the

RAS/MAPKsignalingpathwayare implicated inNS.Chronicpain

is an uncommon feature. To investigate the prevalence of pain in

NS,wedistributeda two-partquestionnaireaboutpainamongNS

individuals at the Third International Meeting on Genetic Syn-

dromes of the Ras/MAPKPathway. The first part of the question-

naire queried demographic information among all NS

participants. The second part was completed by individuals

with chronic pain.Questions includedmusculoskeletal problems

and clinical features of pain. Forty-five questionnaires were

analyzed; 53% of subjects were female. Mean age was 17 (2–48)

years; 47% had a PTPN11mutation. Sixty-two percent (28/45) of

individuals with NS experienced chronic pain. There was a

significant relationship between prevalence of pain and residing

in a cold climate (P¼ 0.004). Pain occurred commonly in extrem-

ities/joints and head/trunk, but more commonly in extremities/

joints (P¼ 0.066). Subjects with hypermobile joints were more

likely to have pain (P¼ 0.052). Human growth hormone treat-

ment was not statistically significant among subjects without

chronic pain (P¼ 0.607).We conclude that pain is a frequent and

under-recognized clinical feature of NS. Chronic pain may be

associated with joint hypermobility and aggravated by colder

climate.Our study is a preliminary investigation that should raise

awareness about pain as a common symptom in children and

adults with NS. � 2015 Wiley Periodicals, Inc.
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INTRODUCTION

Noonan syndrome (NS), first described in 1968 by Jacqueline

Noonan, is an autosomal dominant, multiple malformation syn-

drome [Noonan, 1968]. It is characterized by congenital heart

disease in the form of pulmonic stenosis and hypertrophic cardio-

myopathy, occasional ventricular septal defect or atrial septal

defect, short stature, lymphatic dysplasia with neck webbing,

distinct craniofacial features, cryptorchidism, various clotting

factor deficiencies, and learning disabilities [Noonan, 2005a; van

der Burgt, 2007]. As one of the most common malformation

syndromes with an incidence of 1 in 1,000–2,500 births, its
phenotype is considerably variable [Sharland et al., 1992]. Eight

different genes in the Ras/MAPK signaling pathway have been

implicated in NS [Sarkozy et al., 2009; Cirstea et al., 2010; Verloes

et al., 2014]. The most common mutations are in PTPN11, which

cause 50% of cases [Tartaglia et al., 2001].

Chronic pain is not a cardinal feature of NS and medical geneti-

cistsdonot typicallymonitorpainduring routinegeneticevaluations

of patients with NS. We surveyed the published reviews of NS, and
pain was not listed as a symptom. We identified only three studies,

which noted pain as a feature of NS. In a study on 56 adults withNS,

Noonan [2005b] reported that subjects frequently endorsed clinical

conditions of depression, lymphedema, arthritis, and back pain.

Smpokou et al. [2012] described clinical features of NS among a

populationof 35 adolescents and adults. Chronic joint painoccurred

in 54%, chronic back pain in 40%, and chronic muscle pain in 34%.

Joint hypermobility and scoliosis each occurred at a frequency of
49%. Reinker et al. [2011] studied orthopedic complications

in individuals with Ras/MAPK-related disorders and found that
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chronic pain in all body areas (back, hand, neck/shoulder) occurred
more frequently in those with NS (N¼ 26, P¼ 0.001) than in those

with cardiofaciocutaneous syndrome (N¼ 32) or Costello syn-

drome (N¼ 2). Sixty-two percent of NS subjects had scoliosis,

serious cervical spine disorders, including cervical stenosis,

Arnold–Chiari malformation, or syringomyelia that may have

been associated with pain.

Some features of RASopathies are putative causes of chronic

pain including autoimmune diseases and Noonan-like/multiple
giant cell lesion syndrome (NS/MGCLS). Quaio et al.

[2012] reported that among 42 patients ages 4–57 years with

RASopathies, 14% had autoimmune diseases and 52% had auto-

antibodies in their serum. Eight case reports have been published

on systemic lupus erythematosus in patients with RASopathies

[Bader-Meunier et al., 2013]. The majority of these patients

experienced polyarthritis.

NS/MGCLS is a feature ofmanyRASopathies includingPTPN11
and SOS1 mutations [Jafarov et al., 2005; Wolvius et al., 2006;

Beneteau et al., 2009; Neumann et al., 2009]. Multiple giant cell

lesions are non-neoplastic granulomas ofmultinucleated Langhans

giant cells embedded in a fibrous stroma. Osteoclast-rich jaw

lesions are most common, but there may be no jaw involvement

[Beneteau et al., 2009; Bufalino et al., 2010]. These lesions can cause

pain.

We report a patient who presented to genetics clinic for the
evaluation of chronic pain of unknown etiology; we subsequently

diagnosed her with NS. Her pain diminished significantly with

human growth hormone (GH) treatment initiated for short

stature and slow growth velocity. Following her diagnosis, we

became aware of 18 additional self-reported cases of chronic pain

in individuals with NS on a NS social media group. These

findings prompted us to carry out a survey of pain in NS at

the annual RASopathies conference in 2013. Our primary objec-
tive was to better understand the nature of the pain and alleviat-

ing and aggravating factors. Considering our patient, we were

particularly interested in exploring the relationship between

climate and pain as well as pain relief with GH therapy in NS

individuals.

CASE REPORT

Our patient was a 14-year-old girl referred to genetics clinic for

chronic, severe hand and foot pain since the age of 2 years (Fig. 1).

Her pain worsened with time and was most severe in the morning.

It responded briefly to the application of heat and deep pressure,
heated mattress topper, ibuprofen, gabapentin, and acupuncture.

She had no erythema, swelling, or Raynaud phenomenon. She was

unable to attend school due to unpredictable pain flares and easy

fatigability. Pain in her hands made writing difficult. Pain in her

knees increasingly limited her ability to exercise.While living in the

Midwest, her pain awakened her five to seven nights every week.

Her family relocated to the southwest United States (US) from the

upper Midwest as her pain was significantly reduced in warmer
weather. Following the move, she experienced pain once or twice

per week in the winter and less often in the summer.

Our patient’s birth weight was eight pounds and six ounces.

Birth length was 21 inches. Her past medical history was significant

for mitral valve prolapse, hyperopia, chronic abdominal pain due

to multiple food allergies, and intermittent dermatitis that coin-

cided with her episodes of pain. She had several past minor

fractures, all related to normal childhood trauma, and an Achilles

tendon injury from running and dancing. A formal rheumatologic

evaluation revealed no evidence of a rheumatologic disorder. There

was no family history of NS and no associated clinical features in
either parent.

On physical exam, her height was 135 cm (10–25th centile),

weight was 28.9 kg (5–10th centile), and head circumference was

44 cm (98th centile). She had thick coarse hair, hypertelorism

with posteriorly angulated ears, a rounded nasal tip; and full, lax

cheeks. She had a slight pectus carinatum with widely spaced

nipples, velvety skin with several caf�e au lait spots, and scattered

erythematous circular lesions. Her joints showed full range of
motion without swelling or erythema. She did not have hyper-

mobile joints. Extensive metabolic testing, including DNA for

Fabry disease, was negative. Chromosomal microarray revealed a

370 kb microduplication on Xp22.33 and microdeletions of

378 kb on Xq28 and 88 kb on 1 p36.22. Her mother also carried

both X chromosome variants. The 1p36.22 microdeletion includ-

ed only one gene: short-chain dehydrogenase/reductase family

member 3 (DHRS3). Electromyogram, nerve conduction studies,
and spine MRI were negative. MRI of her feet revealed a focal

signal abnormality in the distal shaft of the left fourth metatarsal

and a small segmental left flexor hallucis longus tenosynovial

effusion. She did not undergo evaluation for osteoporosis with

DEXA (dual-energy X-ray absorptiometry). Multiple plain films

of the thoracic and lumbar spine and hand did not reveal

osteopenia, except for a right ankle radiograph that showed

evidence of demineralization. A biopsy of her skin rash at the

FIG. 1. Photograph of our patient at age 11. Note facial features

of Noonan syndrome: borderline macrocephaly, thick coarse,

wavy hair; hypertelorism, a wide nasal bridge/tip and full, lax

cheeks. [Color figure can be seen in the online version of this

article, available at http://wileyonlinelibrary.com/journal/ajmga].
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Mayo Clinic was nondiagnostic. Although, her history of chronic
pain was not typical, her physical exam was consistent with NS.

This diagnosis was confirmed via DNA testing that revealed the

previously reported p.R552S mutation in SOS1.

She was evaluated by an endocrinologist for borderline short

stature and NS. Insulin-like growth factor 1 was 89 ng/ml (133–

416 ng/ml). She started daily treatment with GH injections 0.3mg/

kg/day. Her growth velocity improved appropriately with GH. In

the first month of treatment, she experienced amoderate improve-
ment in her pain level. After 2 months of treatment, she had

dramatic improvement in her pain symptoms. Her joints, however,

have become progressively hypermobile. She is now able to sleep

well, and awakens from pain only once every month.

MATERIALS AND METHODS

Wedesigned a two-part questionnaire to collect information about

pain among NS individuals. The questionnaire was exempted by

the Phoenix Children’s Hospital IRB; the research did not involve

individual identifiers. The questionnaire was distributed in Au-

gust 2013 at the Third International Meeting on Genetic Syn-
dromes of the Ras/MAPK Pathway: Towards a Therapeutic

Approach. This meeting was concurrent with four family support

organizations: Cardio-Facio-Cutaneous Syndrome International,

Costello Syndrome Family Network with support from Interna-

tional Costello Syndrome Support Group, Noonan Syndrome

Foundation, and Neurofibromatosis Network.

The questionnaire was made available to both adult and child

volunteer participants with a self-claimed diagnosis of NS. Subjects
remained anonymous and received no compensation. The ques-

tionnaire was not introduced or titled as a pain questionnaire to

avoid biasing the participants. We included 31 open- and closed-

ended questions. The first part of the questionnaire queried

demographic information, first three digits of zip code, confirmed

genetic mutations, use of GH therapy, and common clinical

features of NS (i.e., hypotonia, heart malformations, hair texture,

etc.). The second part of the questionnaire was to be completed by
individuals who experienced concurrent chronic pain in the last

three months. It included questions regarding musculoskeletal

problems, prior surgeries, prior fractures, positive findings on

imaging, clinical features of pain including alleviating and aggra-

vating factors, Wong–Baker Faces Pain Rating Scale, and evalua-

tion by specialists.We used the Brief Pain Inventory (BPI) tomodel

most questions regarding severity, location on a body map, and

pain interference with daily life [Cleeland and Ryan, 1994; Cook
et al., 2013; Furler, 2013]. The BPI is a self-report measure and

standard assessment of chronic pain and the impact of pain on daily

functioning. Patients rate the interference of pain with mood,

walking ability, relationships, etc. Each category is rated on a scale

of 1–10, where 1 is the least interference and 10 is the greatest

interference. Location of pain was inferred from the areas subjects

circled on a picture of the human body printed in the questionnaire

asmodeled by the BPI [Cleeland and Ryan,1994; Furler, 2013]. The
two-part questionnaire allowed us to compare the signs and

symptoms of NS and demographics of those who experience

chronic pain with those who do not. Physical exams were not

conducted as part of the survey.

Statistical Methods
Statistical software PASW Statistics 18 (SPSS, Inc., Quarry Bay,

Hong Kong) was used for data analysis. Descriptive statistics for all
subjects were obtained. Two-sided Fisher exact and Chi-square

tests were performed to determine statistical significance of cate-

gorical variables including gender, gene mutation, age of onset,

pain severity, climate distributions, surgery, location of pain, short

stature, GH treatment, and hypermobile joints.

RESULTS

Forty-five questionnaires were submitted at the conference and

used in the data analysis. Fifty-three percent of subjects were

female. Mean age of subjects was 17 (2–48) years. Forty-seven

percent had a PTPN11mutation, which is representative of the NS
population. Frequencies of genetic mutations, cardiac and neuro-

logic signs and symptoms, locations of pain, and pain interference

survey results are presented in Tables I–V. Sixty-two percent (28/

45) experienced chronic pain within the last 3 months. We found

no significant relationship between gender and pain (P¼ 0.233) or

prevalence of gene mutation and pain (P¼ 0.595).

Among pain subjects, 50% (14/28) were<16 years old. Average

age of pain onset was 8 (2–14) years (N¼ 15). Pain and no pain
groups had no significant difference in the average age of subjects at

time of survey (P¼ 0.207, Table IV). The average severity of pain

was 4� 1 (N¼ 24). Among these subjects, we found no significant

relationship between age of onset of pain and pain status (i.e.,

worsening, improving, or unchanged; P¼ 0.157). Eighty-nine

percent (24/27) answered that their pain has been either unchanged

or worsening.

We compared the number of patients who experience pain in
different body parts. Pain was more common in extremities and

joints compared to head, neck, trunk, and back (P¼ 0.066; see

Table III). Patients with hypermobile joints were more likely to

TABLE I. Gene Mutations of Study Population (N¼ 45)

Gene

mutation

Number of

subjects

Frequency in

study (%)

Frequency in

general NS

population

PTPN11 21 47 50%

SOS1 11 24 10–13%

No DNA

testing

6 13 NA

KRAS 4 9 <5%

RAF1 1 2 3–17%

SHOC2 1 2 NA

BRAF 1 2 <2%

MAP2K1 0 0 <2%

NRAS 0 0 Four individuals

to date

RIT1a NA NA 3–5%

NS, Noonan syndrome; NA, not available.
aRIT1, Mutation was published after completion of our data collection.
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have pain (P¼ 0.052). Both values approached, but did not reach

significance. Headache was prevalent among chronic pain individ-

uals. Forty-eight percent (13/27) had chronic headache. Of these,

15% (2/13) reported Arnold–Chiarimalformation. Two other pain
individuals had Arnold–Chiari malformation but no chronic

headache. We did not confirm this condition with head imaging.

We asked subjects about other symptoms and diagnoses that

may relate to pain such as rheumatologic disease, NS/MGCLS,

prior surgeries, and osteoporosis. Forty-three percent of chronic

pain subjects (12/28) had swelling in the tops of their feet and backs

of their hands, and 39% (11/28) had swelling in other areas.

Subjects with swelling in hands and feet did not have pain in their
extremities (P¼ 0.028). Two subjects with swelling and pain

sought care from a rheumatologist. One listed that he/she also

experienced periodic fever syndrome, an autoimmune disorder,

and joint pain in knees and fingers. Four percent (2/45) had NS/

MGCLS and jaw cysts; however, they only experienced pain in

their extremities and joints. Eighty-nine percent (25/28) had at

least one prior surgery; however, only 21% (6/28) had surgeries

related to the location of their pain. There was no significant

relationship between a prior surgery related to the site of pain

and prevalence of pain (P¼ 0.135). We did not specifically query

patients about history of or evaluation for osteoporosis. One

patient reported a diagnosis of osteoporosis with DEXA scan

and hip fracture. Overall, the prevalence of fractures was low.

Pain interference survey results (Table V) showed that pain

affected subjects’ daily life regarding general activity, mood, walk-

ing ability, normal work, relations with others, and sleep. Patients
reported that pain interferedwith dailymood at an average of 5 � 3

(N¼ 26).

We compared the prevalence of pain by climate zone. Forty-four

percent (4/9) of subjects from hot climates experienced pain.

Eighty-three percent (15/18) of subjects from cold climates expe-

rienced pain. Forty percent (18/45) of subjects were from mixed

climates, which have both cold and hotweather at different times of

the year. Subjects frommixed climates were excluded from climate
zone analysis. There was a significant relationship between the

prevalence of pain and residing in a cold climate (P¼ 0.004). There

was no significant relationship between the prevalence of pain and

residing in a hot climate.

Eighty-six percent (24/28) sought medical attention for pain.

Sixty-seven percent (16/24) sought care from primary care pro-

viders, 46% (11/24) from medical geneticists, 38% (9/24) from

physical therapists, 33% (8/24) from orthopedic surgeons, 24% (7/

TABLE II. Cardiac Status: Prevalence in Study Population (N¼ 45)

Sign/symptom

Number of

subjects

Frequency in study

(%)

Pulmonary valve stenosis 24 53

HCM 11 24

ASD 11 24

VSD 5 11

Pulmonary artery

stenosis

2 4

Coarctation of aorta 2 4

Tetralogy of Fallot 0 0

Pulmonary artery

aneurysm

0 0

Other congenital heart

defects

8 18

Abnormal EKG 10 22

HCM, hypertrophic cardiomyopathy; ASD, atrial septal defect; VSD, ventricular septal defect.

TABLE III. Location of Pain (N¼ 28)

Location of pain Number of subjectsa

Head and face 7

Trunk: chest, abdomen, and buttocks 7

Neck and back 10

Arm 4

Hand 5

Leg 16

Foot 11

Joints: wrist, knee, and ankle 18

aSubjects may have had more than one pain location.

TABLE IV. Comparison of Study Parameters (N¼ 28)

Study parameters P-value

Gender versus pain 0.233

Any specific gene mutation versus pain 0.595

Age of onset of pain versus pain severity 0.157

Average age of subjects in pain group versus no pain group 0.207

Prior surgery at site of pain versus pain 0.135

Pain in extremities and joints versus pain in head, neck,

trunk, and back

0.066

Hypermobile joints versus pain 0.052

Growth hormone therapy versus no pain 0.607

Cold climate versus pain 0.004

TABLE V. Severity of Pain Interference With Daily Life by

Category (N¼ 28)

Pain interference category Average scorea

General activity (N¼ 28) 5� 3

Mood (N¼ 26) 5� 3

Walking ability (N¼ 27) 5� 4

Normal work (N¼ 24) 4� 3

Relations with others (N¼ 26) 3� 3

Sleep (N¼ 27) 6� 4

aScale of 1–10, lowest interference of 1 and maximum interference of 10.
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24) from neurologists, and 8% (2/24) from a pain clinic (Table VI).

Only 8% (2/24) were formally evaluated by a rheumatologist.

We compared GH treatment with prevalence of no pain. Twen-

ty-two percent (10/45) had a short adolescent growth spurt. Fifteen

patients received GH therapy at some time, but only five had a

“short adolescent growth spurt.” GH treatment was not statistically
significant among subjects without chronic pain (P¼ 0.607).

DISCUSSION

Chronic pain has not been studied as a cardinal feature of NS, and

there is little published information on this topic. The majority of

patients in our study (62%) experienced chronic pain.

We foundno significant relationship between prevalence of gene

mutation and pain (P¼ 0.595). As our patient had a SOS1 muta-

tion, we reviewed seven studies on SOS1 genotype–phenotype

correlations. Only one study by Smpokou et al. [2012] evaluated

the prevalence of chronic pain by genotype. Twenty-three percent
(8/35) of the study population had SOS1mutations. Among these

subjects, 75% (6/8) had chronic joint pain, 50% (4/8) had chronic

back pain, and 50% (4/8) had chronic muscle pain. In the remain-

ing studies, chronic pain was not evaluated or reported [Roberts

et al., 2007; Tartaglia et al., 2007 Ko et al., 2008; Narumi et al., 2008;

Pierpont et al., 2009; Lepri et al., 2011]. In our study, 64% (7/11)

subjects with SOS1 mutations had pain. Consistent with the

Smpokou et al. [2012] article, 71% (5/7) had joint pain and
43% (3/7) had back pain.

The results of our study confirm that pain is present among both

the adult and pediatric populations alike. Fifty percent of subjects

with chronic pain were children, specifically<16 years old. Smpo-

kou et al. [2012] reported that chronic joint and back pains

commonly originated in adulthood (age of onset 5–41 years for

joints and 16–48 years for back); whereas, chronic muscle pain

originated in childhood (age of onset 3–13 years). The authors did
not comment on what percent of their subjects had pain onset in

childhood.

In our study, location of pain was more common in extremities

and joints compared to head, neck, trunk, and back (P¼ 0.066).

Subjects with hypermobile joints were more likely to have pain
(P¼ 0.052). Smpokou et al. [2012] reported high prevalence of

joint hypermobility (49%) in their survey of NS subjects, a portion

had chronic pain. These findings suggest that a common cause of

chronic pain in NS is ligamentous laxity causing joint hypermo-

bility, which parallels chronic pain etiology among heritable con-

nective tissue disorders such as joint hypermobility syndrome

(JHS) and Ehlers–Danlos syndrome, hypermobility type (EDS-

HT).Nearly 30%of childrenwith JHS/EDS-HT experience arthral-
gias, back pain, and myalgias; that rate increases to >80% among

those over 40 years [Castori et al., 2011]. Individuals with these

genetic disorders commonly have congenital capsuloligamentous

laxity. Toddlers and children especially experience excessive mo-

tion of articular surfaces along non-physiologic directions [Hud-

son et al., 1998; Voermans et al., 2010]. Consequently, articular

pain is caused by acute and recurrent, subclinical damage to joints,

which results in dislocations and soft tissue injury. Castori et al.
[2013] state that abnormal range of motion at a hypermobile joint

can increase stress on adjacent muscles and tendons and activate

nociceptive pain fibers. Nelson et al. [2014] surveyed 993 Marfan

individuals and found that 67% suffered from chronic pain. The

authors propose an etiology of pain similar to that of JHS/EDS-HT.

Among JHS individuals, cervical hypermobility andArnold–Chiari

malformation are a cause of daily headache [Hall et al., 2008]. Our

study populationmay have had a similar etiologies of headache and
neck and back pain.

A rare feature of the NS spectrum is NS/MGCLS. Lesions

frequently affect the jaws but can occur in other bones or soft

tissues [Beneteau et al., 2009]. In our study, 4% (2/45) of subjects

had NS/MGCLS. Both subjects had chronic pain and jaw cysts.

They specifically experienced pain in their extremities and joints

but not in their heads or jaws. Their pain may have been related to

giant cell lesions in the extremities, and therefore, it may be a
confounding factor in our analysis

We found that autoimmune diseases can be concomitant with

RASpathies [Quaio et al., 2012]. In our study, swelling in extremi-

ties was not significantly associated with pain in joints or extremi-

ties. Two chronic pain subjects were evaluated by a rheumatologist

and only one was formally diagnosed with autoimmune disease.

This subject’s joint and extremity pain may have been directly

caused by an autoimmune process and inflammation. The low
prevalence of confirmed rheumatologic disease may not accurately

reflect our patient sample, as not all patients with pain were

evaluated by a rheumatologist. The majority (86%) did, however,

see a medical specialist who may have assessed them for rheuma-

tologic disease.

Chronic widespread pain (CWP) is another possible cause of

pain among our subjects. CWP is defined by the American College

of Rheumatology as pain present in at least two contralateral
quadrants in the axial skeleton, which persisted for at least three

months [Croft et al., 1993;Hunt et al., 1999]. This pain syndrome is

reported in 10% of the general population [Croft et al., 1993].

Eighty-six percent (24/28) of our subjects experienced pain in

contralateral quadrants of the axial skeleton, and could by defini-

tion merit the diagnosis of CWP.

One patient reported osteoporosis and associated hip fracture;

we did not specifically survey a diagnosis of osteoporosis. In our

TABLE VI. Evaluation of Pain by Specialists (N¼ 24)

Specialist Number of subjectsa Frequencya (%)

Primary care 16 67

Medical genetics 11 46

Physical therapy 9 38

Orthopedic surgery 8 33

Neurology 7 29

Rheumatology 2 8

Psychiatry 2 8

Chiropractor 2 8

Otherb 8 33

aSubjects may have had more than one pain location.
bOther includes but is not limited to neurosurgery, physiatry, naturopathy, endocrinology,
massage therapy, hypnotherapy, and “all specialties.”
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remaining subjects with pain, previous trauma and fractures were
unrelated to chronic pain. In 79% of pain subjects who had had

surgery, the site of pain was unrelated to previous surgeries.

Smpokou et al. [2012] reported that 14% of their NS subjects

had osteopenia and osteoporosis starting as young as 17 years.

Stevenson et al. [2011] concluded that osteoporosis and bone

demineralization is more prevalent among Costello syndrome

and neurofibromatosis type 1 and occurs at low rates among

patients with NS. Thus, the majority of our study subjects likely
had a different etiology of pain.

Our pain interference survey results indicated that pain inter-

fered with subject mood at an average of 5� 3 on a scale of 1–10

(Table V). In 35NS subjects, Smpokou et al. [2012] reported a 49%

frequency of diagnosis and treatment for depression and/or anxiety

including psychiatric counseling. Noonan [2005b] reported a 29%

frequency of depression among 56 adults. Although, both studies

had small sample sizes, these rates are higher than in the general
population. The prevalence of major depression among the US

adults is 6.7% and that of anxiety disorders is 18.1% [Kessler et al.,

2005]. Mood may also be affected by seasonal weather patterns.

More pain may be perceived when rainy and cloudy weather

conditions cause depressed mood [Sulman, 1984]. We did not

query subjects on concomitant psychological disease. Subject

mood may have exacerbated their pain or the pain may have

exacerbated their mood symptoms.
Chronic pain is a cause of fatigue by several mechanisms [Castor

et al., 2013]. In our study pain interference survey results revealed

that pain-affected subject sleep at an average of 6� 4. Tinkle et al.

[2010] and Voermans et al. [2010] suggest that joint pain, periodic

limbmovements, and restless leg syndrome can interfere with sleep

and can cause fatigue among EDS individuals. Another cause of

fatigue is increased exertion required to chronically overcome joint

instability in daily movements. EDS individuals have poor postural
control due to hypotonia and lack of proprioception [Mallik et al.,

1994]. Our NS study population may experience similar conse-

quences of their chronic pain and joint hypermobility. Recipro-

cally, chronic fatigue caused by hypermobile joints, may contribute

to depressedmood, which thereby increases the perception of pain.

We studied the alleviating and aggravating aspects of chronic

pain such as climate zone of residence. For our patient, pain was

temporarily alleviated by moving from a colder climate (northern
Midwest) to a warmer climate (Southwest). Subjects anecdotally

reported similar relationships between pain and climate. Eighty-

three percent (15/18) of patients from cold climates experienced

pain (P¼ 0.004).

Previous studies suggest, that weather changes cause contrac-

tion and expansion of tendons, muscles, bones, and scar tissue in

different ways. Changes in barometric pressure and temperature

increase joint stiffness and the sensitivity of nociceptive response,
especially in inflammatory joints [Rasker et al., 1986; Besson and

Chaouch,1987]. Severity of inflammatory chronic pain often

fluctuates with weather. Rheumatoid arthritis patients experience

worse pain under conditions of low temperatures and high

humidity [Patberg et al., 1985]. Jamison et al. [1995] studied

the effect of climate on severity of chronic pain in children and

adults living in the four major US cities with various climates.

Thirty-nine percent of the population had a diagnosis of arthritis.

They found that individuals living in colder climates did not
report higher pain scores, higher pain frequencies, or a greater

influence of the weather on their pain. Rather, changes in

weather, regardless of overall climate, were pain triggers. In

our study, some patients anecdotally reported increased pain

with changes in weather. We found a significant relationship

between cold climate and pain. It is unclear whether the mecha-

nism of pain of rheumatoid arthritis or the subjects in the

Jamison et al. [1995] study is the same or different from the
mechanism of pain among our study subjects.

We attempted to determine the prevalence of GH analgesia

among NS individuals with chronic pain. One typical treatment

for short stature in NS is GH. NS individuals may have either

impaired GH release or GH resistance [Binder et al., 2005]. GH is

not approved by the Food and Drug Administration for analge-

sia, but it has been shown to improve pain in fibromyalgia and

Turner syndrome individuals and anecdotally in NS individuals
[Amundson et al., 2010; Cuatrecasas et al., 2012]. The mecha-

nism of pain relief is not well understood; it may be related to the

analgesic effect of GH on the hippocampus and limbic cortex

where pain is modulated and processed [Lathe, 2001; Cuatrecasas

et al., 2012]. In our study, only 33% (15/45) of subjects reported

treatment with GH. Among subjects without chronic pain, the

prevalence of GH treatment was not significant (P¼ 0.607).

However, this investigation was limited by the small sample
size and collection of patient data at a single time point. Other

than the patient in our case report, we did follow-up with

subjects to assess if they had improvement over time with GH

treatment.

CONCLUSIONS

Pain is a frequent and under-recognized clinical feature of NS.

We found that it is a prevalent symptom in adults and

children among a random sampling of NS individuals. In our

population pain was significantly more prevalent in the extremities

and joints and was associated with hypermobile joints. We found
that chronic pain subjects experienced pain inference with their

daily mood and activities. Chronic pain may be aggravated by

colder climate, but further studies should be performed to confirm

this. Although, 86% of subjects reported their pain to a specialist

and 46% reported it to a medical geneticist, an etiology for their

pain was rarely found. We did not find a relationship between GH

treatment and a lack of pain; this analysis was limited by a small

sample size. Our study was a preliminary investigation with the
purpose of describing chronic pain in NS.Our study was limited by

the sample; individuals attending the RASopathies conference may

not be representative of theNSpopulation. Amore comprehensive,

controlled prospective study should be done to evaluate the

precipitating factors, presentations, age of onset, aggravating fac-

tors, alleviating factors, etiologies, and natural history of pain, as

well as physical findings and treatments, including GH. This study

should raise awareness about pain as a chronic symptom of NS
among pediatric and adult populations. Geneticists and other

physicians should inquire about symptoms of pain and treat it

appropriately as part of routine health supervision for their patients

with NS.
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