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Mental health and neurodevelopmental disorders are highly heritable and can affect morbidity and mortality. A
large, growing body of evidence has implicated both common and rare variation in the risk of these disorders.
Testing for rare variants, such as copy number variants, has been available in clinical practice for some time in
the context of developmental disorders. However, until recently, individuals with mental health and neuro-

developmental disorders in the UK have not tended to access genetic counselling and testing. Here, we describe
the development of the All Wales Psychiatric Genomics Service, a collaborative effort between psychiatric and
clinical genetics services and the first of its kind in the UK. We provide an overview of the structure and function
of the service, our referral criteria, a summary of the 40 referrals we have received to date and our future plans.

1. Introduction

Mental health and neurodevelopmental disorders, such as schizo-
phrenia, are highly heritable with complex genetic architecture (Hilker
et al., 2018; McGuffin et al., 2003; Sullivan et al., 2000; Gratten et al.,
2014). Genetic risk for these disorders is conferred by common variation
of small effect, namely single nucleotide polymorphisms, and rare
variation of large effect, including copy number variants (CNV) and rare
coding variants (Gratten et al., 2014). Our knowledge of genetic risk
factors for mental health and neurodevelopmental disorders is
increasing rapidly due to the work of large international consortia
(Trubetskoy et al., 2022; Singh et al., 2022; Levey et al., 2021; Rees
et al., 2014).

In the UK, genetic counselling and testing for individuals with
physical health problems have been available within the National
Health Service (NHS) for some time - for example, for cancer and car-
diovascular risk factors like hypercholesterolaemia. Testing for rare
CNVs has been available for individuals with intellectual disability and
syndromic presentations for a considerable period. Yet, despite a
growing body of research findings, individuals with mental health and
neurodevelopmental disorders in the UK have not routinely accessed the
same levels of healthcare. Many of these CNVs have potentially treatable
physical health implications. For example, deletions at the 22q11.2
locus increase the risk of schizophrenia and physical health problems,
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including congenital cardiac malformations, immune deficiency, and
hypocalcaemia (Bassett et al., 2023). Our desire to improve healthcare
and genetic counselling and testing for individuals with mental health
and neurodevelopmental disorders and their families led us to set up the
All Wales Psychiatric Genomics Service (AWPGS), the first service of its
kind in the UK.

2. Aims and objectives of the All Wales Psychiatric Genomics
Service

Our core aim is to provide comprehensive, multidisciplinary advice,
genetic information and, where appropriate, genetic testing for in-
dividuals with concerns about a genetic predisposition to mental health
and neurodevelopmental disorders.

Our objectives are to provide input for individuals and families with
questions about i) the contribution of genomic variants to mental health
or neurodevelopmental disorders, ii) genetic risk in the context of a
family history of a mental health disorder, including preconception and
perinatal genetic risk advice, and iii) risk of developing a mental health
disorder associated with a known neuropsychiatric genetic risk variant
(s) ascertained via NHS genetic testing or from specific research studies.
We also provide consultations to healthcare professionals seeking advice
on patients from our multidisciplinary expert team and provide training
for clinicians interested in learning more about the use of psychiatric
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genetic findings in clinical care.

3. Structure and function of the All Wales Psychiatric Genomics
Service

The AWPGS was officially launched in June 2022 with initial funding
from Genomics Partnership Wales. The service is a collaboration be-
tween four organisations from Cardiff University and the NHS - the
Centre for Neuropsychiatric Genetics and Genomics (CNGG), National
Centre for Mental Health (NCMH), All Wales Medical Genomics Service
(AWMGS) and Cardiff and Vale University Health Board.

Our core team comprises two adult psychiatrists, a consultant clin-
ical geneticist, a principal genetic counsellor and a consultant child and
adolescent psychiatrist. We run a clinic fortnightly, offering remote and
in-person appointments at our clinical facility at Cardiff University. All
patients referred to the service are offered an appointment run jointly
between mental health and clinical genetics team members, with further
appointments arranged as required. A monthly multidisciplinary team
meeting attended by psychiatrists, clinical and laboratory geneticists,
genetic counsellors, social scientists, and other researchers from
throughout Wales underpins our work. At these meetings, there is a
discussion of patients’ clinical presentation, family history, psychosocial
factors and laboratory results. Central to these discussions is a focus on
the patient’s interests and questions or, where appropriate, the family’s
questions on the patient’s behalf. Healthcare professionals attend to
request advice for their patients and to learn more broadly about ge-
netics in psychiatric healthcare.

The AWPGS accepts referrals from healthcare professionals. Our
referral criteria are:

1. A diagnosis or family history of a neuropsychiatric CNV, or
2. A diagnosis of a psychotic disorder, plus
a) Treatment resistance, or
b) A personal history of a neurodevelopmental disorder (such as
intellectual disability, autism spectrum disorder or epilepsy), or
c) A personal history of congenital anomaly (such as cleft lip/palate
or a congenital heart defect), or
d) A family history of a psychotic disorder (first and second-degree
relatives), or
e) A family history of a neurodevelopmental disorder (first and
second-degree relatives), or
f) A family history of a congenital anomaly.

4. Rare copy number variants and their phenotypic associations

Our first line genetic test is SNP array testing for rare CNVs. Further
testing, including sequencing, is also available based on clinical need.
Rare CNVs are associated with the risk of intellectual disability, autism
spectrum disorder, attention deficit hyperactivity disorder, schizo-
phrenia, schizoaffective disorder and major depressive disorder (Rees
etal., 2014; Coe et al., 2014; Girirajan et al., 2011; Williams et al., 2012;
Charney et al., 2019; Kendall et al., 2019). Rare CNVs often have large
effects on disorder risk - for example, the twelve individual CNVs
associated with the risk of schizophrenia have odds ratios of around
3-60 (Rees et al., 2014; Rees et al., 2016). However, lower risks were
reported in a population study (Calle Sanchez et al., 2022). Most in-
dividuals attending the AWPGS have mental health or neuro-
developmental disorders, so discussions concerning disorder risk tend to
focus on their family members.

Importantly, rare CNVs are associated with physical health problems
which may be treatable or preventable. In some instances, this allows us
to suggest investigations based on genetic findings, and on this, we are
directed by the All Wales Medical Genomics Service. For example, in-
dividuals carrying duplications at 16p13.11 have an increased risk of
thoracic aortic aneurysm, so they may be advised to consider an echo-
cardiogram. In addition, some CNVs, such as the 22q11.2 deletion, have
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been studied sufficiently for consortia to develop detailed recommen-
dations for clinical care (Fung et al., 2015).

5. Our work to date

Since the inception of the AWPGS, we have received 40 referrals - 28
from the NHS and 12 from NCMH research studies. NHS referrals have
been received from i) adult psychiatric services, including community
mental health teams, inpatient psychiatric services, early intervention in
psychosis services, rehabilitation psychiatry and integrated autism ser-
vices, ii) child and adolescent psychiatric services, iii) medical genetics,
and iv) general practice. We have also provided input directly to
healthcare professionals for several patients on whom they sought our
advice. Individuals referred from NHS services have had a range of
mental health diagnoses, as shown in Table 1. To date, seven individuals
referred by the NHS have proceeded with genetic testing with three
negative results, three results awaited and a positive result of a deletion
at 22q11.2.

Twelve individuals were referred by the National Centre for Mental
Health (NCMH). NCMH is a cohort of individuals recruited from com-
munity, inpatient and voluntary sector mental health services in the UK.
During the consent process, individuals recruited to NCMH were asked if
they wished to be informed about genetic findings with potential im-
plications for their health or that of their family. Individuals who wished
to learn more about their genetic results were required to participate in
genetic counselling and confirmatory genetic testing, all of which fall
under the remit of the AWPGS. Ten confirmatory tests in individuals
referred by NCMH found copy number variant losses at NRXNI,
15q13.3, 16p13.11 and 22q11.2 and gains at 16p13.11, 17q12 and
22q11.2 (Table 1).

All individuals with genetic results were provided with a follow-up
appointment so that the result and its potential implications could be

Table 1
Characteristics of the 40 individuals referred to the AWPGS. n - number.

NCMH referrals
n=12

NHS referrals
n=28

Age, mean (range) 39 (13-75) 51 (26-80)
Sex, % female (n) 29 (8) 58 (7)
Mental health or neurodevelopmental

disorder diagnoses”

Psychosis 14 1
Bipolar disorder 4 3
Major depressive disorder 1 3
Anxiety disorder 1 2
Obsessive compulsive disorder 2 0
Post-traumatic stress disorder 0 2
Emotionally unstable personality 1 1
disorder
Substance misuse 1 2
Intellectual disability 3 1
Autism spectrum disorder 5 1
Attention deficit hyperactivity disorder 3 1
No diagnosis 4 1
Genetic tests conducted 7 10
Negative results 3 0
Results awaited 3 0
Positive result (n) 22ql1.2 NRXN1 deletion (1)
deletion (1) 15q13.3 deletion
@
16p13.11 deletion
2)
16p13.11

duplication (2)
17q12 duplication
m

22q11.2 deletion
m

22q11.2
duplication (2)

# Diagnoses are not mutually exclusive.
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explained in more detail, including signposting to relevant third-sector
organisations such as the charity Unique. In the case of several CNVs,
we could refer the individual to a specialist service (e.g. specialist
22q11.2 clinic) or to recommend appropriate physical health in-
vestigations (e.g. echocardiogram for individuals with 16p13.11
duplication).

All individuals seen by the service are asked to complete a Genetic
Counselling Outcome Scale before their first appointment and at their
follow-up appointment (McAllister et al., 2011). As complete data are
available for only seven individuals, we cannot perform a formal sta-
tistical analysis of the results. A feedback survey revealed several
themes, including that individuals i) felt supported, ii) appreciated in-
formation provided about their mental and physical health, iii) found it
helpful to understand how genetic factors have contributed to their
difficulties, and iv) felt more informed and reassured about future
reproductive choices.

6. Discussion and plans

The All Wales Psychiatric Genomics Service is a clear example of how
psychiatric genetic research findings may be brought to the clinic via
collaborative and multidisciplinary working. Patient evaluation surveys
have revealed that patients seen in our service have valued the oppor-
tunity to discuss the aetiology of their disorders, something in keeping
with the literature (Austin, 2020). Several have received genetic results,
which have provided valuable information to improve their under-
standing of the aetiology of their illness. In some cases, this has provided
the information needed to tailor their physical health care. We are in the
process of seeking long-term funding for the running of the service by
presenting a business case to the Welsh Government. We plan to
continue our work with clinicians in Wales and to expand our work with
young people with mental health disorders.

Further information on our service can be found at https://medicalg
enomicswales.co.uk/index.php/health-professional-information/all
-wales-psychiatric-genomics-service.
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