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Abstract

Background Hematopoietic stem cell transplant (HSCT) is well established as a corrective treatment for many inborn errors
of immunity (IEIs) presenting in childhood. Due to improved techniques, more transplants are undertaken and patients are
living longer. However, long-term complications can significantly affect future health and quality of life. Previous research
has focused on short-term medical outcomes and little is known about health or psychosocial outcomes in adulthood.
Objective This project aimed to ascertain the long-term social and psychological outcomes for adults who underwent HSCT
for IEI during childhood.

Methods Adult patients, who had all undergone HSCT for IEI during childhood at two specialist immunology services at
least 5 years previously, were invited to participate in the study. Questionnaires and practical tasks assessed their current
functioning and circumstances. Information was also gathered from medical notes. Data was compared with population
norms and a control group of participant-nominated siblings or friends.

Results Eighty-three patients and 46 matched controls participated in the study. Patients reported significantly better physical
health-related quality of life than the general population norm, but significantly worse than matched controls. Patient’s self-
reported physical health status and the perceived impact of their physical health on everyday life were worse than matched
controls and patients reported higher levels of anxiety and lower mood than the general population. For those where their
IEI diagnosis was not associated with a learning disability, cognitive function was generally within the normal range.
Conclusions Patients who have had a HSCT in childhood report mixed psychosocial outcomes in adulthood. More research
is needed to establish screening protocols and targeted interventions to maximize holistic outcomes.

Clinical Implications Screening for holistic needs and common mental health difficulties should be part of routine follow-
up. Information should be provided to patients and families in order to support decision-making regarding progression to
transplant and the early identification of any difficulties.
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Introduction

Hematopoietic Stem Cell Transplantation for Inborn
Errors of Immunity (IEI)

Inborn errors of immunity (IEI) are rare disorders of the
immune system [1] with an estimated prevalence of at least
1 in 15-20,000 [2]. Whilst some IEIs have specific features,
including manifestations outside the immune system, an
increased susceptibility to infection is their hallmark. Over
400 genes have now been identified to cause specific IEIs,
with variability in clinical phenotype and severity [3]. Most
IEIs presenting in childhood are of severe phenotype and
associated with life-threatening infections. Hematopoietic
stem cell transplantation (HSCT) is the treatment of choice
and offers the hope of “cure” for severe IEI in childhood.
IEI accounts for approximately 20% of the total pediat-
ric HSCT performed in the UK [4] and is limited to three
super-specialized centers. An increasing number of children
with IEI undergo HSCT each year [5], with more than 75
procedures performed annually in the UK. Due to improve-
ments in donor selection, conditioning regimens and peri-
transplant supportive care, over 80% of patients now survive
long-term, creating an expanding cohort of adult survivors
of HSCT for IEIL

Medical Outcomes Following HSCT

HSCT for IEI is a high-risk procedure and associated with
long-term medical complications, both as a consequence
of the underlying IEI and as late effects of the transplant
procedure [6]. Factors known to influence medical outcome
include genetic IEI diagnosis, donor type, conditioning
and engraftment, clinical condition prior to transplant and
GVHD [7-11]. In medium-term follow-up studies (around 5
years post HSCT), a number of medical problems have been
described, including growth, fertility, hearing, respiratory,
gastroenterological and dermatological problems [12-16].
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Analysis of later effects specific to IEI is limited but infor-
mation from studies analyzing HSCT outcomes in other
conditions indicates that chronic GVHD, organ dysfunction
and secondary malignancies are significant contributors to
longer term effects, including late mortality up to 15 years
post-HSCT [17, 18].

Psychosocial Outcomes Following HSCT

Most of the research investigating outcomes following
HSCT for IEI has focused on physical outcomes and there
has been little assessment of psychosocial measures. Whilst
quality of life is referred to [14-16, 19-22], specific stand-
ardized measures were generally not used and there was a
low threshold for “good” quality of life (e.g., being alive
and/or attending school). Seven studies examined psychoso-
cial outcomes and/or quality of life for patients who under-
went HSCT for IEI [7, 23-28]. Four of these looked at short-
term follow-up in children and only three were limited to
patients with IEI. The results indicated some emotional and
social difficulties and a long-term impact on quality of life,
with variation according to original diagnosis [23, 24, 26,
27]. A fifth study [25] examined late outcome in adult survi-
vors of childhood HSCT, but less than 25% of their sample
were patients with IEI (specific number and diagnoses not
provided). The final two studies [7, 28] indicate that quality
of life is within the normal range for patients who are no
longer on immunoglobulin therapy; however, whilst some
of their participants were adults, the median age at follow-
up was 15 years and the studies used a predominantly child
measure to assess quality of life. The pediatric literature
shows that there are outcome differences between patients
transplanted for IEI and other diagnoses [29] and between
patients with different IEIs [27]. We have not identified any
studies examining quality of life solely in adult survivors
of HSCT for IEI. Within the HSCT population as whole,
problems with sleep, energy levels or fatigue, sexual func-
tioning, memory and psychological functioning are reported
following transplant [30-34]. It is known, for other popula-
tions, that medical late effects and chronic physical health
problems can impact quality of life and/or psychosocial out-
comes [35-39]. There is also growing evidence to suggest
that having a genetic condition in the family also confers an
emotional burden [40]. The degree to which these factors
impact on outcomes in IEI patients is unknown.

Aim

The overall aim of the project was to understand the long-
term psychosocial outcomes of surviving adults who under-
went HSCT for IEI during childhood.
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Methods
Research Design

The study employed a retrospective cross-sectional stage
and a prospective cohort design stage, examining the cur-
rent functioning of adult patients who underwent HSCT
during childhood and comparing it with healthy controls
and population norms. Based on earlier data of 22 patients,
we observed a mean difference in IQ scores between patient
and their sibling controls of 18 units, with sd = 28 [27]. This
is equivalent to an effect size of 0.65. However, we antici-
pate that the effect size is likely to be somewhat smaller for
the outcome measures in this study, and an effect size of
0.4 would be the minimum effect size that we would con-
sider clinically meaningful in this group. Ninety-seven pairs
would be needed in order to detect an effect size of 0.4 as
statistically significant at the 1% level with 90% power; this
allows for the assessment of multiple outcomes.

Participants

All patients aged 16 and over who had undergone an HSCT
at Great Ormond Street Hospital (GOSH) or University Col-
lege London Hospital (UCLH) 5 years or more previously.
There were no exclusion criteria.

Control Group The control group was recruited by asking
patients to nominate a close friend or sibling. Where mul-
tiple matching options were available, patients were first
matched for gender, then age. This control group was cho-
sen to control for social factors known to be different in this
population compared to other chronic illness groups (e.g.,
higher rates of Black and minority ethnic individuals).

Measures

For the patients who had undergone HSCT during child-
hood, data was collected from current and historical medical
notes, through the completion of questionnaires, telephone
assessments and a face-to-face psychological assessment.
Data was collected in the following areas:

1. Demographic data. Information on age, sex, ethnicity
and English as second language was collected from
medical notes. Socio-economic status was classified
using the simplified National Statistics Socio-economic
Classification (NS-SEC; [41]).

2. Psychological and cognitive functioning: The 36-item
Short Form Survey (SF-36; [42]) was used as an overall
measure of quality of life. Anxiety was measured using
the General Anxiety Disorder Assessment (GAD-7; [43])

and depression using the Patient Health Questionnaire
(PHQ-9; [44]). Memory, processing speed and attention
were assessed using four subtests (digit span, letter-num-
ber sequencing, symbol search and information) from the
Weschler Adult Intelligence scale — version 4 (WAIS; [45]).

3. Historical and current medical data. Information on
diagnosis, age at transplant, conditioning regimen, donor
type, and ongoing medical complications (e.g., hearing,
skin, fertility, GVHD) and height were gathered from
medical notes. The Inventory of Health Status (IHS;
[46]) was also used as a measure of general health.

4. Social circumstances. Information on the functional
impairment of the patient’s health (including impact
on education or employment, leisure activities) was
gathered using the Work and Social Adjustment Scale
(WSAS; [47)).

For the control group participants, data was collected for
overall quality of life, anxiety, depression, cognitive func-
tioning, WSAS, general health, demographic information
and social circumstances through completion of the same
questionnaires or psychological assessment.

Procedure

Ethical approval for this study was granted from WALES
Research Ethics Committee 6 (Ref: 16/WA/0147). All
patients who underwent HSCT at GOSH or UCLH five or
more years previously were approached to participate in the
research via post, during routine follow-up clinic appoint-
ments or through telephone discussion. Control group partic-
ipants were invited following discussion with the post-HSCT
patient. Following provision of consent participants com-
pleted questionnaires and underwent a face-to-face psycho-
logical assessment. Medical data were collated from medical
notes. Patients with learning difficulties, who had low levels
of literacy or limited verbal communications skills, were
supported by family members or carers to complete as much
of the assessments as possible.

Data Analysis

Patient characteristics were summarized using mean, stand-
ard deviation for continuous data or median, interquartile
range for skewed data. For categorical data, frequency and
proportions are presented. Both patient and control groups
were compared with population norms using a one sample
t test. Comparisons between matched patients and controls
were analyzed using a paired 7 test or Wilcoxon matched pairs
test as appropriate. Not all patients had a matched control
and we compared those with and without a control using a
2-sample test or Mann-Whitney test. Chi-squared tests were
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used to compare proportions between groups as appropriate.
The Kruskal-Wallis and Mann-Whitney tests were used to
explore the relationship between levels of anxiety and depres-
sion with psychological and physical health factors.

Results
Recruitment

Two hundred and thirty-four patients were identified who
met eligibility criteria, 81 were found to be deceased and 153
were approached to participate in the study. Eighty-seven of
these consented to participate in the study, although four
withdrew over the course of the study. Seventy-four patients
nominated a healthy control and 48 of these consented to
participate in the study, with two later withdrawing. Of the
controls, 24 (52%) were siblings (5 (11%) stem cell donors)
and 22 (48%) were friends or significant others. None of the
siblings was affected by the same IEI.

Demographics (Appendix 1)

Patients and controls were similar in age. The post-HSCT
patients had a median age of 23 years (range 16-37).
The control group had a median age of 22 years (range
16—41). Less men were recruited into the control group:
57 (69%) of the patients and only 20 (43%) of the controls
were male. Patients and controls reported similar eth-
nicities. Fifty-eight of the patients defined their ethnicity
as White British, six as Pakistani, five as other White
background, four as Indian, three as Bangladeshi, three
as mixed White and Asian, and one as other Asian back-
ground and three chose not to provide this data. Thirty
of the controls defined their ethnicity as White British,
three as Pakistani, three as other White background,
three as Indian, one as Bangladeshi, one as mixed White
and Asian, and one as other Asian background and four
chose not to provide this data. Seventy-two (87%) of the
patients and 42 (91%) of controls reported English to be
their first language. Using the simplified NS-SEC [41]
to categorize social class, more controls reported being
in the higher managerial, administrative and professional
occupations and less in the intermediate occupations than
the patients. Eleven patients (13%) were classified as
higher managerial, administrative and professional occu-
pations; 18 (22%) intermediate occupations; 15 (18%)
routine and manual; 2 (2%) never worked/long-term
unemployed; and 36 (43%) full-time student and one
(1%) did not provide data. For the controls, 13 (28%)
were classified as higher managerial, administrative and
professional occupations; two (4%) intermediate occupa-
tions; 11 (24%) routine and manual; no never worked/
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long-term unemployed; and 19 (41%) full-time student
and one (2%) did not provide data. Further breakdown of
demographic data of patients with and without matched
controls can be found in Appendix 1.

Patient Demographics

The median age at transplant was 3 years, with a range
from birth (O months) to 17.8 years. The median time
since transplant was 17.1 years, with a range from 5.7 to
37.2 years. Underlying diagnoses were categorized into
3 groups: severe combined immunodeficiency (SCID)
(n=37); combined immunodeficiency (CID) (n=33) and
phagocyte disorders (n=13). The SCID group included
X-linked SCID (n=15), adenosine deaminase deficiency
(ADA SCID) (n=6), purine nucleoside phosphorylase
deficiency (PNP SCID) (n=1), and all other genetic
causes of SCID (n=15); the combined immune defi-
ciency (CID) group included Wiskott-Aldrich syndrome
(WAS) (n=8), CD40 ligand deficiency (n=4), X-linked
lymphoproliferative disease (XLP) (n=3), DOCKS defi-
ciency (n=2), X-linked thrombocytopenia (n=1), carti-
lage hair hypoplasia (CHH) (n=1), activated PI3K delta
syndrome (APDS2) (n=1), CTPS1 (n=1), CID secondary
to homozygous Rag2 (n=1), CARD11 (n=1) and geneti-
cally undefined CID (n=10); and the phagocyte disorder
group included CGD (X-linked n=5 and autosomal reces-
sive n=2), Chediak-Higashi syndrome (n=2), leukocyte
adhesion deficiency type 1 (LADI deficiency) (n=2) and
undefined neutrophil disorders (n=2).

Patients with Matched Controls

Demographic details of the patients with and without
matched controls can be found in Appendix 1. With the
exception of a slightly higher proportion of Black and minor-
ity ethnic patients in the group of patients with matched con-
trols and a higher number of students in the group of patients
without matched controls, participant demographics were
similar across the groups. There was a trend throughout the
data for patients with matched controls to report more posi-
tive outcomes than for patients without matched controls.

Psychosocial Outcomes (Table 1 in ESM)
Quality of Life (SF-36)

Neither the whole patient cohort nor the control group’s
scores on the mental component of the SF-36 were sig-
nificantly different from the general population norm
[48] (p = 0.32 and p = 0.47, respectively) nor was there
any significant difference between patients and matched
controls (p = 0.60). Both patients and matched controls
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reported significantly better physical health-related
quality of life than the general population norm [48]
(patients: p = 0.046, controls: p < 0.01). Patients had
significantly worse physical health-related quality of life
than matched controls (p = 0.02).

Anxiety (GAD-7)

Patients reported significantly higher levels of anxiety than
the general population norm [49] (p < 0.01). There was
no significant difference between controls scores and the
general population norms (p = 0.14). There was no signifi-
cant difference between patients and matched controls on
reported levels of anxiety (p = 0.37). Twenty-one patients
(25%) had a level of anxiety that would meet IAPT criteria
for a clinical diagnosis of anxiety [50].

Depression/Low Mood (PHQ-9)

Patients reported significantly lower mood than the general
population norm [51] (p < 0.01). There was no significant
difference between controls and the general population
norms (p = 0.11), nor between patients and matched con-
trols (p = 0.94). Eleven patients (13%) had a level of low
mood that would meet IAPT criteria for a clinical diagnosis
of depression [49].

Cognitive Ability (WAIS-IV; Table 2 in ESM)

Both patients and matched controls group mean scores
for all subtests were within the average range (i.e., a
scaled score from 8—12). As a number of the conditions
are associated with a learning difficulty (e.g., ADA
SCID, Chediak-Higashi syndrome and PNP-SCID), fur-
ther analyses were conducted splitting the patient group
into those with a diagnosis in which a learning disabil-
ity would be expected (LDE, N = 9) and those where it
would not (no LDE, N = 73). Patients with LDE scored
significantly worse than the general population on all
subscales, except information (digit span p = 0.001;
letter-number sequencing p < 0.01; matrix reasoning p
< 0.01; symbol search p = 0.02; information p = 0.67).
Patients with no LDE scored significantly worse than the
general population on the digit span subscale, but there
were no significant differences on the rest of the sub-
scales (digit span p < 0.01; letter-number sequencing p =
0.12; matrix reasoning p = 0.05; symbol search p = 0.19;
information p = 0.54). There were no significant differ-
ences between patients with no LDE and the matched
controls on any of the subscales (digit span p = 0.83;
letter-number sequencing p = 0.91; matrix reasoning p
= 0.06; symbol search p = 0.13; information p = 0.19).

General Functioning (WSAS)

Patients reported significantly worse impact of their health
on everyday functioning (e.g., work, home and social life)
than matched controls (#(45) = —2.290, p = 0.27).

Self-reported Health Status (IHS)

There was no significant difference on self-reported health
status between patients and matched controls. However,
after excluding one extreme outlier from the data, patients
reported significantly worse health status that matched con-
trols (#(44) = —2.563, p = 0.01).

Medical Outcomes

Full details of the medical outcomes of this cohort are
described in Day et al. [52].

Relationship between Psychological Health
and Physical Health (Table 3 in ESM)

There were no significant relationships found between
rates of anxiety and age at transplant, the presence of skin
complications, having a short stature, being on IG replace-
ment and current GVHD (p = 0.45; p =0.97; p = 0.33, p
= 0.45, p = 0.19 respectively). However, there was a trend
towards patients who reported having three or more infec-
tions in the last year scoring higher on measures of anxiety
(p = 0.07). Surprisingly, patients who had retained fertility
despite transplant conditioning chemotherapy scored higher
on measures of anxiety (p = 0.06) compared to those diag-
nosed with infertility. There were no significant relationships
in rates of depression and any of the physical health domains
exampled (age at transplant p = 0.69; 3+ infections p = 0.16;
skin complications p = 0.43; short stature p = 0.77; infertil-
ity p = 0.14; on IG replacement p = 0.41; current GVHD p
= 0.19) as shown in Table 3 in ESM.

Discussion

Summary of Findings

The aim of this study was to evaluate the long-term holistic
health outcomes of adult patients who underwent HSCT for
IEI during childhood. Whilst patients reported significantly

better physical health-related quality of life than the general
population, they reported significantly worse physical health
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status and significantly lower physical health-related quality
of life than matched controls. Patients also reported signifi-
cantly more impairment on their work, home and social life
due to health reasons than matched controls. The quality of
life findings are in line with those of Hamid and colleagues
[7, 28] who report that patients, who do not require immuno-
globulin replacement therapy, report scores of quality of life
comparable to the population norms. A potential explanation
for the difference between quality of life ratings and mental
health ratings is that expectations of health may impact on
quality of life ratings. Individuals, who have experienced
very poor health, albeit in childhood, may have different
expectations of their health than those who have lead a gen-
erally healthy life independent of the degree of impairment
their health may have on their daily life.

There were no significant differences between patients
and healthy controls or the general population on the men-
tal component of the SF-36. However, patients reported
significantly higher levels of anxiety than the general
population, and more patients reached criteria indicating
clinically significant levels of anxiety than identified in
population figures [53] (25% vs 15%) or the untransplanted
IEI population [54] (17%). Patients also reported signifi-
cantly higher levels of depression than the general popu-
lation. Within the post-HSCT IEI population over double
the number of patients scored above criteria indicating
clinically significant levels of depression compared to the
general population [51] (13% vs 5.6%, respectively). Inter-
estingly, however, this is lower than patients with IEI who
have not received a transplant [54] (23.7%).

Patient mean scores for memory, processing speed and
attention were within the average range for the population.
Patients with LDE scored significantly worse than the gen-
eral population on all subscales, except information. Patients
with no LDE scored significantly worse than the general
population on the digit span subscale, but there were no sig-
nificant differences on the rest of the subscales. The differ-
ences in cognitive outcomes are consistent with previous
research [27]. Whilst the patients in this cohort are generally
performing well there are some differences with the general
population that could indicate some slight deficits. Patients
performed worse on the digit span test, an assessment of
working memory, than controls, but so did the matched con-
trol group. This could be indicative of an impact of anxiety
on performance, particularly as this was the first test under-
taken for both groups. In addition, scores on letter-number
sequencing, which also requires memory skills plus the addi-
tion of other tasks, were better, again, suggesting that the
digit span results may be due to a performance issue.

There did not appear to be any relationship between
rates of depression and anxiety and physical health factors
known to impact on mental health in other areas, such as the
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presence of skin complaints or short stature. However, there
was a trend in the data for patients who reported having three
or more infections in the last year and those who were known
not to be experiencing infertility to report higher rates of
anxiety. Whilst it is important to interpret the results with
caution as the numbers are small in each group, the relation-
ship between anxiety and infertility noted here is surprising
given the generally recognized relationship between infertil-
ity and higher rates of mental health disorders [55] and the
role uncertainty is known to play in increasing anxiety. How-
ever, it may also be important to consider how the possibility
of passing on a genetic condition and/or having a child with a
genetic condition can impact on mental health. More research
is needed to look at this further. The results may also be a
factor of the age and life stage of the cohort with many of the
patients being students, not yet in stable relationships and/or
possibly not yet contemplating starting a family.

Whilst Day et al. [52] report that younger age at trans-
plant was related to better long-term medical outcomes,
age at transplant did not appear to impact on mental health
outcomes in adulthood. There is limited literature on the
relationship between mental health outcomes and age at
transplant; however, in contrast to our results, Nathan and
colleagues [56] reported that patients diagnosed with child-
hood cancer prior to the age of 4 years were a third more
likely to experience a severe psychiatric event later in life
than children diagnosed after the age of 4. In our study,
patients with recurrent infections in the last year of follow-up
reported higher rates of anxiety. It may be that patients have
learnt to live alongside some of the chronic health conditions
they experience, whereas repeated acute infections disrupt
life and coping strategies. Further research is required to
investigate this so that targeted interventions can be devel-
oped to support resilience under different circumstances.

Clinical Implications

These results suggest that whilst most patients report good
quality of life, there are some specific areas of need for
adult patients who have undergone HSCT for IEI during
childhood. Going forward, whilst it is important to consider
medical outcomes and quality of life, difficulties could be
missed if routine follow-up does not incorporate psycho-
logical screening that includes the specific areas of difficulty
identified. Depression and anxiety can impact negatively
on psychological, social and employment outcomes which
in turn may be costly to the patients themselves, the NHS
and wider society [45]. Whilst there are no interventions
that have been developed to directly improve quality of life,
anxiety and depression could be amenable to change through
evidence-based treatments provided by mental health profes-
sionals [37, 57].
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Further research is needed to investigate outcomes of under-
taking regular screening, providing access to timely psycholog-
ical support if indicated and the impact of providing targeted
interventions to those at highest risk of morbidity is important
in this cohort. Pediatric and adult services offering HSCT and
long-term follow-up could develop resilience-building pro-
grams to protect against common difficulties. A good transi-
tion process that can pick up on difficulties will be important
as transition remains a period of enhanced uncertainty.

It is also important that future policy highlights the need
for routine assessment of psychosocial functioning rather than
general assessment of patient quality of life. Further research
is needed to identify the most important time points for assess-
ment and to identify specific areas of focus. Routine collection
of psychosocial data alongside medical data would support this.

There is a trend throughout the data that patients without
a nominated matched control participating in the study have
poorer scores than those with, suggesting that there may be
a correlation between general functioning and peer relation-
ships. Research shows that social isolation is associated with
an increased risk for early mortality [58], increased morbid-
ity [59] and poorer mental health [60]. Having a friendship
network that provides a good level of support and/or that
patients can talk about their concerns with could be a protec-
tive factor for patients. Alternatively, the results may be an
indication that functioning affects the ability to make such
social relationships. This requires further investigation but it
may be important to consider interventions that support social
integration and lower social isolation.

The results of this study can be used to provide more
detailed patient and family information as soon as transplant
is discussed. Knowledge of the potential difficulties patients
may experience, particularly in relation to their mental
health, can allow for earlier identification and intervention.

Limitations and Strengths

A limitation of this study is the sample was self-selecting
and may not be representative of the whole post HSCT
population. The cohort is also different from Titman et al.
[27] where there were more patients with ADA SCID who
showed poorer outcomes and functioning. It may be that the
most unwell were not recruited due to poor health and com-
peting demands on time, and the results paint a more posi-
tive picture of outcome than is true for all IEI patients post
HSCT. Conversely, it is possible the most well were also not
recruited, as they no longer attend clinic or have been lost to
follow-up, providing more balance to the results.

In addition, not all participants nominated a matched con-
trol, and given the trend that patients without matched con-
trols had poorer outcome scores, the generalisability of the
comparisons may be affected. In addition, some of the nomi-
nated matched controls were siblings. The control group was

chosen to control for social factors known to be different
in this population compared to other chronic illness groups
(e.g., higher rates of black and minority ethnic individu-
als) and any potential mediating family factors. However,
research has suggested that siblings and particularly donor
siblings have been shown to report psychosocial difficul-
ties, although some do report positive growth through the
experience [61]. Further research is required to investigate
any potential differences in outcomes of this group as the
numbers in this study are too small to generalize.

Due to the relatively small size of the sample, the study
was also unable to control for participant age and/or time
since transplant, both of which may affect psychosocial
outcomes and should be taken into account going forward.
Future research should include a larger, multi-site, interna-
tional study that can investigate the impact of participant
age and time since transplant on holistic long-term outcome
for patients who underwent HSCT for IEI during childhood.

Social economic status data (e.g., employment and ben-
efits) was only collected at one time-point (baseline) to
avoid complications. This may have affected overall picture
of SES, as many were in full-time education at baseline and
status may have changed over time.

Conclusion

Patients who have had a HSCT in childhood for inborn
errors of immunity report mixed results in adulthood, with
increased impairments in physical health that can impact
daily life and higher prevalence of anxiety and depression
than the general population. However, patients report good
quality of life, and for those where their diagnosis is not
associated with a learning disability, cognitive function was
generally within the normal range. More research is needed
to establish screening protocols and targeted interventions
to maximize holistic outcomes.
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