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The existing knowledge about morbidity in adults with Rubinstein-Taybi syndrome (RTS) is limited and detailed data on
their natural history and response to management are needed for optimal care in later life. We formed an international,
multidisciplinary working group that developed an accessible questionnaire including key issues about adults with RTS and
disseminated this to all known RTS support groups via social media. We report the observations from a cohort of 87 adult
individuals of whom 43 had a molecularly confirmed diagnosis. The adult natural history of RTS is defined by prevalent
behavioural/psychiatric problems (83%), gastrointestinal problems (73%) that are represented mainly by constipation; and
sleep problems (62%) that manifest in a consistent pattern of sleep apnoea, difficulty staying asleep and an increased need for
sleep. Furthermore, over than half of the RTS individuals (65%) had skin and adnexa-related problems. Half of the individuals
receive multidisciplinary follow-up and required surgery at least once, and most frequently more than once, during adulthood.
Our data confirm that adults with RTS enjoy both social and occupational possibilities, show a variegated experience of
everyday life but experience a significant morbidity and ongoing medical issues which do not appear to be as coordinated and
multidisciplinary managed as in paediatric patients. We highlight the need for optimal care in a multidisciplinary setting

including the pivotal role of specialists for adult care.
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INTRODUCTION

In the present times progress in diagnostics, knowledge and
management abilities allows us with increasing frequency to care
for older individuals with genomic developmental disorders. One
of the archetypical developmental disorders is Rubinstein-Taybi
syndrome (RTS) [1], which is most characterised by intellectual
disability, growth disturbances, abnormalities of the distal limbs
and a typical face [2].

The literature on morbidity in adults with RTS is limited which
highlights the need for more data on their natural history and
management in later life. Hennekam et al. [3] report on the limited
knowledge about the adult clinical presentation based on the lack
of ascertainment of older individuals, and mention, for the first
time, obstipation, upper and lower respiratory infections, mild
allergic disorders, recurrent cystitis and sleep problems as specific
problems of the RTS adulthood.

Stevens et al. [4] report that 17% of families experience
difficulties in transitioning from paediatric to adult medical care.
The changes over time in various organ systems during and after
transition into adulthood that has been suggested in several
publications [5-9] stress the importance of this information for
optimal care.

Typically, gathering information on adults with developmental
disorders is difficult as care is more fragmented and less coordinated
among medical specialties, and controls are more irregular
compared to care of children with these disorders by paediatricians.
There may also be the perception by adult specialists that
management of medical problems has already been offered in
paediatric age and if not solved by adolescence, then there is little
that can be done in adulthood. In addition, adult specialists are not
as familiar with syndromic developmental disorders as paediatricians
are. We reasoned that there are national support groups for families
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A. Everyday life
3 Socilly actve
S works
o] sexually active [N
2 Takes transportation independently -
o Grocery shopping independently -
0% 20% 40% 60% 80% 100%
C. Residence
2%
5%
= 60 At home, with their main caregiver full-time (for example family)
20 In supported living services: a living arrangement with support from carers for everyday tasks
5 Other
2 On their own/Independently
Fig. 1

with RTS on social media and these represent a virtual meeting
point to share experiences and information, also on adults.
Therefore, we developed an accessible questionnaire about adults
with RTS which was disseminated on relevant social media. We
present here the analysis of the information collected this way and
compare this to the pertinent literature.

METHODS

We formed an international, multidisciplinary working group constituting
eight participants in seven countries from Europe and North America. The
group consisted of five clinicians, one scientist and two patient-group
representatives. Discussions occurred via video conference calls, e-mail
communications and file exchanges. We performed a systematic literature
review using as MeSH term “Rubinstein-Taybi syndrome”, selected all
publications with molecularly confirmed individuals, and evaluated
publications for data on adult individuals with RTS. To identify key issues
that should be included in the questionnaire we contacted all known
support groups on RTS via e-mail and social media. In this way consensus
was obtained about the content of the questionnaire.

Questionnaire

The questionnaire consisted of 61 questions structured across nine
thematic areas: general information, gastrointestinal, skin, sleep, beha-
vioural or psychiatric, other medical problems, surgery, everyday life, and
medical follow-up. The type of question was tailored to the type of
information requested and included demographic, multiple choice (with
single or multiple options according to the context), ranking and open-
ended questions (see Supplementary Information). The English question-
naire was translated by machine-translation (Deep-L°) and proofed by
native language speakers in Dutch, French, German, Italian and Spanish.
The questionnaire was disseminated in social media platforms (Facebook®
and Twitter®) and as part of the UK RTS group regular newsletter with the
specification that it was meant for families or individuals with RTS older
than 16 years of age. Reminders for contribution were sent 1 month after
dissemination. Answers were analysed using Excel® and simple frequency
or percentage analysis. Free text comments which contributed additional
information are presented in Supplementary Table 1.
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B. Type of social activities

S Sports
x Specialist day care centres |G

0 Arts [

3 Traveling/sleep away camp 1l

© Church activities 1l

w»n Café/Friday night club for people with... Il

[} Social media and on-line activities Il

o Cooking/going to restaurants Il

0% 20% 40% 60% 80% 100%

D. Type of work

14%

14%

36%

2 Horticultural
3 Restoration

= 6 Administration/service
8 Manual
3 ESAT (France)

Adult RTS reported everyday life. Adult RTS reported A Everyday life, B Type of social activities, C Residence and D Type of work.

RESULTS

Demographic data

Completed questionnaires were returned from 87 responders
living in 12 countries: the Netherlands, Belgium, USA, England,
Canada, Northern Ireland, Spain, Puerto Rico, Venezuela, France,
Italy, and Germany. All responders were first-degree family
members of a reportedly affected individual. The gender
distribution of the affected individuals was 40 women/47 men.
The age distribution is shown in Supplementary Fig. STA (median
26, average 37; the oldest, living, RTS individual was 54 years old
whilst the oldest, molecularly confirmed one, was 50 years old).
Further demographic data about diagnosis achieved by age and
by genetic confirmation is illustrated in Supplementary Fig. S1A, B,
respectively. The level of independence achieved in adulthood is
explored in Fig. 1A while a description of their social activities and
occupations are shown in Fig. 1B, D, respectively. Residential
arrangements are illustrated in Fig. 1C.

Clinical presentation and medical management

The responders contributed those medical problems which
impacted the quality of life in adulthood for 74 individuals
(85%): on thirteen occasions these affected one body system
(17%) while for the rest (61/74, 82%) this involved multiple body
systems. These were distributed in: 83% (72/87) behavioural/
psychiatric problems, 73% (64/87) gastrointestinal, 65% (57/87)
skin and 62% (54/87) sleep. The reported distribution of the major
signs and symptoms for each of these systems is shown in Fig. 2.
The patterns of the most frequent symptoms by body system
(constipation, keloids and increased need for sleeping) are
delineated in Table 1. In Fig. 3 responders classify the onset of
the behavioural/psychiatric symptoms (Fig. 3A) but also the most
helpful management (Fig. 3B) and those problems that are most
important in influencing everyday life (Fig. 3C). Seventy-four (85%)
responders contributed a pattern of further problems which are
included in the comparison with previous attempts to delineate
an adult RTS natural history (Table 2). Rare other problems
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A. Gastrointestinal
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Constipation
Reflux
Other
Irritable bowel disease

Chronic diarrhea
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Blood in stool
o Irritable bowel disease
~ Abdominal migraine
~ Malrotation
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Recurrent/cyclic vomiting

100%

C. Behavioral/Psychiatric

Limited, repetitive interests

Anxiety

Mood disorder

Autism Spectrum Disorder

Obsessive Compulsive Disorder (OCD)
Aggressivity

Increased frustration

Attention Deficit Hyperactivity Disorder (ADHD)
Self-harm
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Depression
Loss of interest in things

Loss of skills

2 56

Sudden onset of reduced activity

0% 20% 40% 60% 80% 100%

Fig. 2

reported once, are listed in Supplementary Table 2. Details about
the medical follow-up are illustrated in Fig. 4 regarding types of
professional (Fig. 4A) and of specialties involved (Fig. 4B).
The frequency of health checks ranged from once a year (35/87,
40%) to once every 2 or 3 years (3/87, 3%); one-third of individuals
(27/87, 31%) are followed-up only if there are specific concerns,
17% (15/87) twice a year and on four occasions (4%) the
individuals required follow-up multiple times a year. Almost half
(42/87, 48%) of RTS individuals had surgery at least once in
adulthood and more than half of those (24) had surgery more
than once (11 twice, 6 thrice and 7 multiple times). For those
individuals who had surgery, the responders classify the outcome
in Fig. 4C. The type of problems for which surgery was required
are detailed in Fig. 4D.

DISCUSSION
This is the first international attempt at collecting and analysing
relevant information about the adult RTS morbidity and its
experience. We report the observations from the largest,
molecularly (n=43) or clinically (n=87) confirmed cohort of
adult individuals with RTS to date. The adult natural history of RTS
is defined by prevalent (83%) behavioural/psychiatric problems
that are variable but include frequently anxiety, aggressivity,
frustration and/or a mood disorder; gastrointestinal problems
(73%) that are represented mainly by constipation and several
other problems in much lower frequency; many, variable
problems that affect skin and adnexa in over than half (65%) of
the RTS individuals and sleep problems (62%) that manifest in a
consistent pattern of sleep apnoea, difficulty staying asleep and an
increased need for sleep. This rich morbidity is further compli-
cated by further concerns identified in approximately half of the
replies as a pattern of high pain threshold, decreased mobility,
hypersensitivity to noise and crowded places, and vision
difficulties (Table 2). Half of the individuals require multidisciplin-
ary follow-up and required surgery at least once, and most
frequently more than once, during adulthood (Fig. 4).
Ascertainment and assessment approaches and methods are
different when compared to previous systematic attempts and,
thus, a formal statistical analysis could not be performed
[4, 5, 8, 9]. Still, a number of conclusions can be drawn (Table 2).
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B. Skin
Keloids
Abnormal scarring of other type
Ingrowing/infections of finger-or toenails
Very dry skin
Eczema
Pilomatricoma
Other
Poor wound healing
Hemangioma
Increased skin infections
Sweling of hands and feet
0 20 40% 60 80" 100%
D. Sleep
Sleep Apnea

Increased need for sleep

~ Difficulty staying asleep/awaking frequently during
]

11

the night
Difficulty falling asleep

Restless Legs Syndrome or increased movements

during sleep

‘Only sleeps with antipsychotic medication
Narcolepsy

0% 20% 40% 60% 80% 100%

Summary of adult RTS morbidity by body system. A Gastrointestinal, B skin, C behavioural/psychiatric and D sleep.

A few observations show considerable consistency, arguing for a
true correlation with the adult natural history of RTS: eosino-
philic esophagitis, aggression towards others, requirement of
medication for the behavioural problems, keloids, sleep apnoea,
hypertension, and diabetes mellitus. The observations in our
cohort evidence a decreased incidence in adulthood regarding
spinal curvature, joint problems, visual and hearing difficulties,
dental problems, genitourinary problems, and overweight. This
could represent a positive effect of improving general health-
care management of these issues in the wider population,
independently from an RTS diagnosis. The decrease of the
reported incidence of tumours could be secondary to an
ascertainment bias of the previous publications that reported
a high incidence. A few previous consistent observations were
not confirmed in our cohort: hypohidrosis, hypothyroidism,
hypoglycaemia, and anaesthesia complications [4]. Also, pre-
vious individual reports of cervical spine anomalies [10], myositis
ossificans traumatica [11], and chronic renal failure of unknown
cause [12] were not confirmed in our cohort.

Hennekam et al. [13] first document, in 1992, variable
behavioural and psychiatric problems in RTS adults. Levitas and
Reid [14] report, in 1998, 13 adult RTS individuals with psychiatric
diagnoses (Tourette; mood disorder, OCD, chronic tic, trichotillo-
mania, bipolar, major depressive disorder, psychotic features,
hallucinosis, delusions). They also document side effects of anti-
DOPA drugs whilst Hellings et al. [15] report that patients
responded well to the GABAergic drug DVP, showing a lasting
response of a year. What Stevens et al. [4] describe as a
consistent report of worsening in behaviours (37%), is described
by the present families as an evolution of the behavioural
phenotype over time. Anxiety begins in childhood and persists
into adulthood. Around puberty and/or transition to adulthood
there is more aggressivity, frustration and sudden mood
changes. In later adulthood this pattern changes again to a loss
in interests and sometimes depression (Fig. 3 and Supplementary
Table 1). Our observations agree with previous ones [7, 16, 17]
and highlight the need to follow up patients with RTS and, if
necessary, refer to psychiatry. Moreover, our observations are
similar to behavioural findings in other developmental disorders
caused by disruptions of epigenetic regulator genes both
regarding the high incidence of a specific pattern of rigid,
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Table 1. Patterns of major medical problems.

CONSTIPATION (n = 54)

A. Frequency of stools Number (percentage of

total replies)

Every other day/3-4 times per week 19 (35%)

Almost everyday 10 (19%)

Twice/day 9 (14%)

Once/day 4 (7%)

Variable 3 (5%)

B. Management (multiple options
possible)

Medications 29 (43%)
Dulcolax, Forlax, Exlax, Miralax, 13 (24%)
Sodium picosulphate
Movicol, Macrogol, Metamucil 4 (7%)

A specific diet 19 (35%)
17 Diet based on foods with lots 17 (31%)
of fibres
2 fibres in supplements 2 (4%)

Other 13 (24%)
Regular exercise 2 (4%)
Regular meals 1 (2%)
Colonic irrigation 1 (2%)

A combination of 2 options 13 (24%)

C. Most helpful management/treatment

Exlax®, Dulcolax®, Forlax®, Miralax®, 10 (19%)

Sodium picosulphate

Diet based on foods with lots of fibres 7 (13%)

or fibre supplements

Movicol®, Macrogol® 6 (11%)

None 5 (9%)

Colonic irrigation 1 (2%)

Meal/toilet routine 1 (2%)

KELOIDS (n = 35)
Itching 20 (57%)
Which influence daily life 11 (30%)
Management/treatment

Steroids 9 (23%) (in 3 most helpful)

Non-steroid creams 4 (11%)

Surgery 1 (3%)

Menthol powder 1 (3%)

INCREASED NEED FOR SLEEPING (n = 22)

Mood change if not allowed to sleep 3 (14%)

Daytime 1 (4%)

Need to sleep immediately after lunch 1 (4%)

“Often gets up at night and sleeps 1 (4%)

sitting up on sofa”

Daily requirement 10-14h

repetitive, and inflexible behaviours and emotional dysregulation
[18] but also age-dependent progression [19]. The use of
medication (Diazepam®©, Risperdal©, Methylphenidate©, sleep
tablets) is the second most frequent management amongst our
responders following a combination with psychotherapy and/or
a change of environment. It is also classified as the second
most helpful management whilst the first is family therapy and
home guidance (Fig. 3B). This may represent a difference in the
approach regarding treatment and management but also
residential choices (inclusion in the original household) over
the years towards individuals with developmental disorders that
predispose to psychiatric disturbances.
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A. Onset
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C. Most important problem/
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Anxiety
Aggressivity

Frustration

Limited, repetitive interests

Obsessive Compulsive Disorder (OCD)
Autism Spectrum Disorder

Attention and concentration difficulties

Self-harm

333 456 7 9 910

I
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Other
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X

Fig. 3 Pattern of RTS behavioural or psychiatric problems. A
Onset, B most helpful management and € most important problem/
mostly influencing life.

Ours is the first systematic report of skin and adnexa-related
problems in adult RTS individuals (Fig. 2B). These are mainly
progressive manifestations: keloids, abnormal scarring of other
type, ingrowing/infections of finger-or toenails and poor wound
healing.

Boot et al. [9], based on both a nationwide, Dutch population-
based study and a literature review, conclude that RTS
individuals are at increased risk to develop meningiomas and
pilomatrixomas, but not for other types of tumours, and do not
find a genotype-phenotype correlation. They conclude that
tumour surveillance below 40 years old is not indicated but
miss sufficient data to draw conclusions for older patients. Our
questionnaire offered a clear distinction between pilomatrix-
omas and other tumours. Amongst our responders there were 13
individuals with pilomatrixomas (15%) but only on one occasion
a (non-further-detailed) “cancer” was mentioned as a health
concern, whilst one further patient had surgery for a sphenoid-
orbital meningioma (Table 2). Our data confirms that pilomatrix-
omas and meningiomas are the most frequent tumours in RTS
individuals throughout their lives. However, the number of older
patients (above 40 years of age) is small (n =19, Supplementary
Fig. S1) in our study as well, so cannot contribute further data
about tumour surveillance.
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Table 2.

Gastrointestinal problems
Feeding difficulties
Eosinophilic esophagitis
Binge eating

Comparison with literature data.

Stevens
et al. [4]

53%
2/61, 3%
52%

Behavioural or psychiatric problems (also [13-15])

Aggression towards others
Anxiety
Autism Spectrum Disorder

Attention Deficit Hyperactivity
Disorder (ADHD)

Self-harm/Aggression towards
themselves

Intolerance of noise
and crowds

Worsening or progression of
behaviour

Medication because of
behavioural problem

Musculoskeletal (also [22])
Spinal curvature

Joint problems including
dislocated patellae and
hypermobility

Sensory organs
Visual difficulties
Hearing loss

Skin and adnexa
Keloids (also [23])

Infections/ingrowing nails that
require treatment (also [24])

Hypohidrosis

Dental problems

Sleep difficulties
Sleep apnoea

Cardiac problems (also [25])
Hypertension

Genitourinary problems (also
[12])

Endocrine problems
Hypothyroidism
Diabetes mellitus
Hypoglycaemia
Menopause
Osteoporosis

Other
Frequent infections
Seizures
Anaesthesia complications
High pain threshold
Decreased mobility/any

difficulties with moving around

(also ref [8])

22%
33%
60%
~70%

32%
62%
37%

15/61, 24.5%

30/62, 48%
Up to 46%

79%
18/61, 30%

57%
19/62, 30%

38%
Up to 80%
28%
15/61, 25%
11/62, 18%
10%
35%

11%

5%

5%

2 individuals

17%
5%
14%
na
32%
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This cohort

14%
5%
36%

26%
49%
28%
17%

14%
44%
The majority

26%

3%
5%

44%
15%

61%
50%

18%
42%
26%
12%
9%
4%

4%

10%°*
8%

1 individual

57%
50%

Table 2. continued
Stevens This cohort
et al. [4]

Issues related to learning na 11%

disability incl. the requirement

of constant supervision or very

low level of independence for

daily activities

Immunology-related problems 3 individuals -

(refs. [26-28])

Overweight 25% 1 individual
Tumour/cancer (refs. [9, 29-31]) 6/61,10% 1 individual

Pilomatrixomas 17% 23%
Multidisciplinary medical The majority 50%
follow-up
Surgery (all types) na 50%

Spinal surgery 10/61, 16% 2%

Surgery for dislocated patellae/ 10/61, 16% 4/85%

other joint instability

Adenotonsillectomy 11/61, 18% 1 individual

Surgery for congenital heart
defects

9/61, 15% =

na not available.
20f women.

There has been significant progress both in the clinical manage-
ment of adult individuals with syndromic developmental disorders
and in the general acceptance of their social roles since Stevens
et al. [20] first discussed fertility and occupation in RTS adult
individuals. Wiley et al. [6] brought up developmentally appropriate
sexual education strategies which should be encouraged through-
out the lifespan and as part of a universal programme of transition
to adulthood. Our data confirm that RTS adults enjoy both social and
occupational possibilities and show a variegated experience of
everyday life (Fig. 1). Nevertheless, the results of the survey show
significant morbidity and ongoing medical issues in adult RTS
patients that do not appear to be as coordinated and multi-
disciplinary managed as in paediatric patients (Fig. 4).

When compared with global health data estimates from the World
Health Organization [21], the global top 10 causes of mortality in
high-income countries (ischaemic heart disease, dementias, stroke,
trachea, bronchus and lung cancers, chronic obstructive pulmonary
disease, colon and rectum cancers, kidney diseases, hypertensive
heart disease and diabetes mellitus) are underrepresented in the
reported observations from this cohort. Despite the relatively small
number of our cohort, our data do not evidence an increased risk for
the general major diseases of adulthood in someone with RTS and
we believe that this is useful information for counselling families.

An important limitation of our approach is that, in a significant
proportion of cases, our responders do not declare a molecularly
confirmed RTS diagnosis. The likely explanation is that these now
adult patients may have missed the opportunity for genetic
testing during childhood and the diagnosis was made on clinical
grounds. Still, this is most probably the correct diagnosis, taking
into consideration that RTS has a well recognisable phenotype
and that the reported medical history fits with our knowledge
about the condition. Moreover, this survey also offered the
opportunity to address this issue and offer genetic testing to
interested families within the framework of ERN-ITHACA. Other
limitations are selection or ascertainment bias (data were reported
mostly by a first-degree family member). Our cohort was not large
and data were aggregated and not stratified by country, and was
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49%

36%

9%

2%

A. Type of professional

30 The general practitioner
8 A specialist in the hospital

2 Areference center where I/he/she are seen by many specialists
41 A combination of the rest

3 No one. I/he/she has not seen any doctor in adult life

1 Accident and Emergency services upon demand

C. Did the surgery resolve the problem

Yes

Partly

Yes but temporarily

Improved/useful but not resolved

Yes but scar keloid

No

Ophthalmology
Cardiorespiratory
Neurology
Orthopedics
Endocrinology
Psychiatry
Gastroenterology
General surgery/traumatology
Neurosurgery
Pediatrics
Rheumatology
Urology

Dentist

Medical Genetics
Gynecology
Internal Medicine
Maxillofacial
Nephrology
Rehabilitation

111111122222345617289

Dental problems
Accident/fracture

Ingrown toenail

Joint instability/dislocations

Chiari malformation/Tethered spinal cord
Eye surgery (coloboma, ulcer)

Hernia

Cryptorchidism

Deviated nasal septum

Hypertrophic adenoids/tonsils
Kyphosis/scoliosis

Lacrimal duct occlusion

Pilomatricomas

Skin lumps/moles

Hip (prosthesis)

Intestinal perforation related to lymphoma
Bleeding due to Merkel's diverticula
Permanent esophagogastric reflux

B. Follow-up specialty

20%

D. Type of surgery

40%

60%

100%

0% 20% 40% 60% 80% 100%

1111111112222222333440916

Colitis ulcerosa
Lung sarcoidosis

Sepsis following pedal wound
Spheno-orbital meningioma

Heart issues

0% 20% 40% 60% 80% 100%

Fig.4 Maedical follow-up and surgery details. A Type of professional, B follow-up specialty, C did the surgery resolve the problem and D type
of surgery.

organisational regarding type of work and activities and medical
care. The genotype-related distribution of individuals in this study

(7

EP300 individuals and 36 CREBBP ones) does not allow for

statistical comparison that would hint towards a genotype-natural
history correlation. Yet this is an important issue to address in
future studies of larger cohorts of individuals with molecularly
confirmed RTS. We believe that our survey generated a wealth of
useful messages for families with RTS individuals. We highlight the
need for optimal care in a multidisciplinary setting including the
pivotal role of specialists for adult care. Finally, we create a
standard for future data collections with the hope to increase the
number of adult observations within the RTS community.
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