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A B S T R A C T   

Genetic research has identified a large number of genetic variants, both rare and common, underlying neuro
developmental disorders (NDD) and major psychiatric disorders. Currently, these findings are being translated 
into clinical practice. However, there is a lack of knowledge and guidelines for psychiatric genetic testing 
(PsychGT) and genetic counseling (PsychGC). The European Union-funded COST action EnGagE (CA17130) 
network was started to investigate the current implementation status of PsychGT and PsychGC across 35 
participating European countries. Here, we present the results of a pan-European online survey in which we 
gathered the opinions, knowledge, and practices of a self-selected sample of professionals involved/interested in 
the field. 

We received answers from 181 respondents. The three main occupational categories were genetic counselor 
(21.0%), clinical geneticist (24.9%), and researcher (25.4%). Of all 181 respondents, 106 provide GC for any 
psychiatric disorder or NDD, corresponding to 58.6% of the whole group ranging from 43.2% in Central Eastern 
Europe to 66.1% in Western Europe. Overall, 65.2% of the respondents reported that genetic testing is offered to 
individuals with NDD, and 26.5% indicated the same for individuals with major psychiatric disorders. Only 
22.1% of the respondents indicated that they have guidelines for PsychGT. Pharmacogenetic testing actionable 
for psychiatric disorders was offered by 15%. Interestingly, when genetic tests are fully covered by national 
health insurance, more genetic testing is provided for individuals with NDD but not those with major psychiatric 
disorders. 

Our qualitative analyses of responses highlight the lack of guidelines and knowledge on utilizing and using 
genetic tests and education and training as the major obstacles to implementation. Indeed, the existence of 
psychiatric genetic training courses was confirmed by only 11.6% of respondents. The question on the relevance 
of up-to-date education and training in psychiatric genetics on everyday related practice was highly relevant. 

We provide evidence that PsychGC and PsychGT are already in use across European countries, but there is a 
lack of guidelines and education. Harmonization of practice and development of guidelines for genetic coun
seling, testing, and training professionals would improve equality and access to quality care for individuals with 
psychiatric disorders within Europe.   

1. Introduction 

Conditions of the brain, including major psychiatric disorders and 
neurodevelopmental disorders (NDD), have a strong genetic component, 
and they arise due to complex and heterogeneous combinations of ge
netic and environmental factors (Anttila et al., 2018; Jacquemont et al., 
2022). Genome-wide association studies (GWAS) for these conditions 
have identified a range of associated single nucleotide polymorphisms 
(SNPs), e.g., for attention-deficit hyperactivity disorder (ADHD) (Ditte 
et al., 2022), autism spectrum disorder (ASD) (Grove et al., 2019), 
schizophrenia (Trubetskoy et al., 2022), mood disorders (including 
major depressive disorder (MDD) and bipolar disorder (BD)) (Coleman 
et al., 2020). However, due to the small effect sizes, individually, these 
SNPs do not have any clinical utility yet. Calculating the cumulative 
burden of these associated SNPs alleles weighted by the magnitude of 
the effect sizes into a polygenic risk score (PRS) gives a single estimate of 
the common polygenic burden for one individual. However, the current 
consensus in the field is that PRS within psychiatry does not have suf
ficient predictive power for diagnosis or to communicate individual risks 
in the context of genetic counseling (International Society of Psychiatric 
Genetics 2019). PRSs have been proven useful in research on the genetic 
relatedness of different psychiatric and medical disorders, and they 
might be of future value for studying the effectiveness of preventive 
measures and the selection of treatments (Lewis and Vassos 2022). 

In contrast to common SNP discoveries, the identification of rare 
copy number variants (CNVs) and rare damaging gene-disrupting vari
ants with large effect sizes can directly impact the affected individuals 
and is worth being identified in clinical practice (Finucane et al. 2021). 
Especially for individuals with NDDs and schizophrenia, many recurrent 
rare CNVs associated with genomic disorders have been identified 
(Vorstman and Scherer 2021). Furthermore, whole exome and genome 
sequencing (WES and WGS, respectively) studies have also pinpointed a 
large number of genes affected by rare gene-disrupting variants in these 
conditions; again, many of the genes indicated risk across the disorders, 
e.g., for ASD and ADHD (Satterstrom et al., 2019); ASD (Trost et al., 
2022); BD (Palmer et al., 2022); schizophrenia (Singh et al., 2022). The 
International Society of Psychiatric Genetics consensus statement on 

genetic testing (GT) (International Society of Psychiatric Genetics 2019) 
concludes that for NDDs, chromosomal microarray (CMA) testing should 
be performed to detect high-risk CNVs. If none is found, WES should be 
used to search for pathogenic variants in known risk genes. The state
ment notes that experts have not reached a consensus about routine GT 
in schizophrenia; some experts advocate CNV testing for those with 
histories of developmental delay and other NDD features (Foley et al., 
2020) or with early onset (Brownstein et al., 2022). Sequencing study of 
extreme phenotype demonstrates a significant burden of rare variants in 
severe, treatment-resistant schizophrenia and suggests a future role for 
clinical sequencing in this condition (Zoghbi et al., 2021). All in all, the 
clinical translation of rare genetic findings remains still challenging 
(Vorstman and Scherer 2021). 

Genetic counseling (GC) should always be offered before and after 
clinical GT to help people understand the implications and ethical 
considerations around GT and results. A major aim of pre-test GC is 
facilitating the patient’s informed choice regarding GT. By definition, 
GC is a process of helping people understand and adapt to the medical, 
psychological, and familial implications of genetic conditions and ab
normalities (Resta et al., 2006). Recent studies have shown that offering 
GC can benefit individuals affected by major psychiatric disorders by 
increasing the patient’s empowerment and self-efficacy even when no 
GT is available (Semaka and Austin 2019; Austin 2020). 

There is limited information and guidelines on how GT and GC are 
implemented in the health care of individuals affected by NDDs and 
major psychiatric disorders in Europe. Furthermore, how the current 
education streams facilitate implementing these practices in the future is 
unknown. Therefore, a network financed by the European Union COST 
Action, EnGagE (Enhancing Psychiatric Genetic Counseling, Testing, 
and Training in Europe, CA17130), was initiated in 2018. The overall 
goal of EnGagE was to provide a platform to discuss and facilitate the 
implementation of the translation from psychiatric genetics research 
into patient care. In a pan-European multidisciplinary context, re
searchers, psychiatrists, geneticists, and genetic counselors work 
together to extend knowledge about opportunities and pitfalls regarding 
GT and GC for psychiatric disorders and provide information about 
clinical translation (Chaumette et al., 2021). The EnGagE consortium 

K. Koido et al.                                                                                                                                                                                                                                   



European Journal of Medical Genetics 66 (2023) 104805

3

has members from 35 European countries. One of the objectives of the 
action was to survey the current clinical implementation of psychiatric 
genetic counseling (PsychGC) and psychiatric genetic testing (PsychGT) 
across the participating countries. 

Here, we present the results from this survey in which we gathered 
the opinions, knowledge, and practices of a self-selected sample of 
professionals involved or interested in PsychGC and PsychGT. Addi
tionally, we analyzed factors that facilitate or prevent the implementa
tion of GT and GC for the conditions and provided information for 
training and education needs. 

2. Materials and methods 

2.1. Survey design 

Members of the EnGagE network designed the survey with 43 
questions grouped into four sections - (1) general information about the 
respondent person/institution, (2) GC, (3) GT, and (4) training for GC 
and GT (Supplementary Table 1). The survey was piloted among the 
network members for two weeks, followed by minor linguistic and se
mantic modifications before distribution outside the network. The 
validated survey questionnaire was accessible online between February 
2021 and June 2021. The survey and data collection were done using 
Survey & Report, version 4.3.10.5. Information regarding the purpose of 
the study and how the data would be used and stored was given at the 
beginning of the survey, and all respondents provided informed consent 
to start the survey. The estimated time to complete the survey was 
approximately 20 min. The study and the survey were reviewed and 
approved by the Swedish Ethical Review Authority (dnr 2020–03291). 
Groups less than 5 respondents are not shown in the tables. 

2.2. Recruitment of respondents 

The recruitment of the respondents was done in several steps. First, 
email recruitment was sent out to all EnGagE members (n = 105 from 35 
European countries), followed by email recruitment to all individuals 
who have been part of the earlier EnGagE activities. EnGagE members 
were asked to send the information and distribute the questionnaire to 
their countries, relevant networks, and stakeholders in the third round. 
The targeted networks are briefly described in Supplementary Table 2. 

2.3. Data cleaning and analysis 

Survey response data was downloaded from the Survey & Report 
system and processed using Microsoft Excel and R program version 
4.2.1. The demographic information is presented using descriptive sta
tistics. Countries were mapped to their corresponding European regions 
based on the EuroVoc classification of Northern Europe: Denmark, 
Estonia, Finland, Latvia, Lithuania, Norway, Sweden; Western Europe: 
Austria, Belgium, France, Germany, Ireland, Netherlands, Switzerland, 
United Kingdom; Central and Eastern Europe: Albania, Bosnia and 
Herzegovina, Bulgaria, Croatia, Czech Republic, Hungary, Montenegro, 
North Macedonia, Poland, Romania, Serbia, Slovenia; and Southern 
Europe: Cyprus, Greece, Italy, Malta, Portugal, Spain, Turkey. Addi
tionally, we included Israel in the Southern European region (Fig. 1A). 

The respondent rates per region and total were presented in count 
and percentages. We also tested differences between the regions using χ2 

or Fisher exact tests. Additionally, the Kruskal-Wallis test was used to 
analyze differences in years of experience between the regions or based 
on the reported answers. We used two samples as a reference for as
sessments of the category frequency depending on the relevance of the 
question: the total number of respondents (n = 181) and the total 
number of those who reported providing GC for any psychiatric disorder 
or NDD (n = 106). We also compared three professional groups focusing 
on (1) genetic counselors, (2) clinical geneticists, and (3) psychiatrists 
and psychologists as one professional psychiatry group. 

Qualitative data from open questions for the major obstacles in 
implementing GC and GT for psychiatric disorders (Supplementary 
Table 1) were analyzed using thematic analysis (Braun and Clarke 
2006). A group of 10 authors having experience from the different dis
ciplines of GT, GC, and training evaluated the open-ended answers, 
generated initial codes, and finalized the consensus themes for the ob
stacles reported. 

3. Results 

3.1. Demographic information of the respondents 

We received answers from 184 respondents, of which 181 were from 
a European country. Three responses outside Europe or EnGage 
participating countries were removed from the analysis. The main de
mographic characteristics of the respondents per European region are 
summarised in Table 1, and the response numbers per country are shown 
in Fig. 1A. Between 19 and 57% of respondents were already part of the 
EnGagE network, with significant differences across the four European 
regions (p < 0.001), with the highest percentage from Central and 
Eastern Europe (Table 1). We received more answers from females 

Fig. 1. General information on the status of psychiatric genetic counseling 
(PsychGC) and genetic testing (PsychGT) within Europe. (A) Distribution and 
the number of respondents across Europe, (B) Percentage of respondents indi
cating that themselves or within their institutions/clinic, GC and GT are offered 
to individuals with neurodevelopmental disorders (NDD), major psychiatric 
disorders (Major Psych Dis), neurological disorders, and inborn errors of 
metabolism (Inborn errors of Met) within each of the four regions and in total, 
(C) Percentage of respondents reporting whether guidelines for PsychGC and 
PsychGT exist as shown per region and in total. 
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(71.3%). The majority of the respondents had either a Ph.D. (56.9%) 
and/or an MD degree (54.1%). The average years of work experience in 
GC and/or GT in clinical and research settings was 13 yrs. The three 
main occupational categories were genetic counselor (21.0%), clinical 
geneticist (24.9%), and researcher (25.4%). We had significantly more 
answers from clinical geneticists from Northern Europe and fewer ge
netic counselors from Central and Eastern Europe and Northern Europe. 

3.2. Access and facilities for genetic counseling and testing within the 
European countries 

First, we assessed the access and facilities for GT and GC within the 
countries and institutions of the respondents. In total, 61.3% of the re
spondents themselves offered GC, with no significant differences across 
the regions (Table 2). Different practices and healthcare structures exist 
across Europe; therefore, we also asked who is responsible for and 
allowed to order GC services. The majority reported that clinical ge
neticists (71.3%), clinical specialists (63.5%), or primary care physi
cians (63.0%) order GC for the patient (Supplementary Fig. 1A). The 
largest difference among the regions was in the differences in whether 
genetic counselors were responsible for or allowed to refer the patient to 
GC (p < 0.001). GC is covered mainly by a national healthcare system, 
with the highest coverage in Northern Europe (81.4%) and Western 

Europe (71%) (Supplementary Fig. 1B). 
Genetic testing, in general, was offered in approximately 50% of the 

respondents’ clinics, hospitals, or institutions (Table 2). Also, many re
ported that GT was outsourced to other hospitals or companies; thus, 
most respondents (85%) have access to GT. There were significant dif
ferences between the regions in the percentage of respondents stating if 
GT was available within their clinic or institution (Table 2), with the 
lowest rate within the Southern European respondents and the highest 
within Northern Europe. The majority reported that clinical geneticists 
(74.0%) or clinical specialists (72.4%) are responsible for and allowed to 
order GT (Supplementary Fig. 1A). The largest difference among the 
regions was in the differences in whether genetic counselors were 
responsible for or entitled to order GT, with almost 60% within Western 
Europe. Most respondents indicated that in their country, GT is fully 
covered by the national health care system (70.2%); however, with 
significant differences between the regions (Supplementary Fig. 1B). 

3.3. Genetic counseling for brain-related conditions 

Next, we focused on how many respondents provided PsychGC. Of all 
181 respondents, 106 provide GC for any psychiatric disorder or NDD, 
corresponding to 58.6% of the whole group ranging from 43.2% in 
Central Eastern Europe to 66.1% in Western Europe. No significant 

Table 1 
Demographic information of the respondents. Categories with less than five respondents are shown by < 5 if not 0.   

Central and Eastern 
Europe (n = 37) 

Northern Europe (n 
= 59) 

Southern Europe (n 
= 23) 

Western Europe (n 
= 62) 

Total (n = 181) p-value 

No of respondents from the EnGagE network 
(%) 

21 (56.8) 11 (18.6) 9 (39.1) 13 (21.0) 54 (29.8) <0.001 

Gender      0.641 
Female 29 (78.4) 42 (71.2) 14 (60.9) 44 (71.0) 129 (71.3)  
Male 8 (21.6) 16 (27.1) 9 (39.1) 18 (29.0) 51 (28.2)  
Other 0 (0.0) <5 0 (0.0) 0 (0.0) <5  

Level of education 
Bachelor 0 (0.0) <5 0 (0.0) 10 (16.1) 13 (7.2) 0.006 
Master <5 7 (11.9) 7 (30.4) 26 (41.9) 43 (23.8) <0.001 
Ph.D. 29 (78.4) 42 (71.2) 13 (56.5) 19 (30.6) 103 (56.9) <0.001 
Medical Doctor 17 (45.9) 38 (64.4) 8 (34.8) 35 (56.5) 98 (54.1) 0.068 

Years of work experience in GC and/or GT in 
clinical settings 

n = 27 n = 49 n = 16 n = 53 n = 145 0.75 

Mean years (SD, range) 15.22 (10.92, 1–40) 13.20 (9.35, 1–42) 14.47 (11.59, 3–44) 12.49 (9.27, 1–32) 13.5 (9.83, 
1–44)  

Years of work experience in GC and/or GT in 
research settings 

n = 28 n = 43 n = 13 n = 43 n = 127 0.27 

Mean years (SD, range) 15.91 (10.53, 1–43) 14.16 (10.97, 2–52) 11.54 (11.86, 2–40) 11.92 (8.84, 
0.5–33) 

13.52 (10.30, 
0.5–52)  

Occupation (several answers possible) 
Physician 6 (16.2) 16 (27.1) 1 (4.3) 11 (17.7) 34 (18.8) 0.110 
Nurse 0 (0.0) <5 0 (0.0) <5 5 (2.8) 0.165 
Clinical Geneticist 8 (21.6) 25 (42.4) 4 (17.4) 8 (12.9) 45 (24.9) 0.002 
Adult Psychiatrist 8 (21.6) 6 (10.2) 4 (17.4) 16 (25.8) 34 (18.8) 0.165 
Child Psychiatrist 2 (5.4) 5 (8.5) 0 (0.0) 5 (8.1) 12 (6.6) 0.522 
Neurologist <5 0 (0.0) 0 (0.0) <5 <5 0.273 
Paediatrician <5 <5 0 (0.0) <5 5 (2.8) NA 
Diagnostic Laboratory Scientist 7 (18.9) 6 (10.2) <5 3 (4.8) 18 (9.9) 0.159 
Genetic Counselor <5 5 (8.5) 6 (26.1) 23 (37.1) 38 (21.0) <0.001 
Psychologist <5 <5 6 (26.1) <5 12 (6.6) <0.001 
Researcher 14 (37.8) 20 (33.9) 6 (26.1) 6 (9.7) 46 (25.4) 0.004 
Other 5 (13.5) <5 0 (0.0) 5 (8.1) 14 (7.7) 0.290 

Organization profile      0.019 
Public sector 28 (75.7) 53 (89.8) 19 (82.6) 59 (95.2) 159 (87.8)  
Private sector <5 <5 <5 <5 8 (4.4)  
Combined 5 (13.5) <5 <5 <5 11 (6.1)  
Non-profit organization 0 (0.0) 0 (0.0) <5 <5 <5  

Part of activities related to GC and GT (several answers possible) 
Research 27 (73.0) 34 (57.6) 13 (56.5) 35 (56.5) 109 (60.2) 0.365 
Education and training 19 (51.4) 29 (49.2) 9 (39.1) 32 (51.6) 89 (49.2) 0.766 
Regulatory aspects <5 8 (13.6) <5 <5 18 (9.9) 0.400 
Clinical Practice 26 (70.3) 51 (86.4) 14 (60.9) 56 (90.3) 147 (81.2) 0.004 
Patient Advocacy <5 6 (10.2) <5 5 (8.1) 18 (9.9) 0.913 
Other 2 (5.4) 3 (5.1) 3 (13.0) 3 (4.8) 11 (6.1) 0.522 

GC - genetic counseling, GT - genetic testing. 
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differences between regions were seen (p = 0.435) (Table 2). Among the 
106 counseling respondents, the most common disorders to provide GC 
for are NDDs (82.1%), followed by neurological disorders (67.9%) and 
inborn errors of metabolism and endocrine disorders (63.2%), with no 
significant differences between regions (Table 2 and Fig. 1B). 

When we analyzed differences between professions, more than three 
out of four clinical geneticists and genetic counselors provide counseling 
for NDDs (100 and 76.2%, respectively), inborn errors of metabolism 
and endocrine disorders (90.7 and 81%, respectively), and neurological 
disorders (90.7 and 85.7%, respectively) (Table 2). In contrast, less than 
half provide PsychGT (48.8 and 33.3%, respectively). Most psychiatrists 
and psychologists, coded as one psychiatry group, state that they pro
vide GC for psychiatric disorders (68.8%), followed by NDDs (56.2%) 
(Table 2). 

Of all 181 respondents, only 22.1% stated that their countries have 
existing guidelines or regulations regarding PsychGC (Fig. 1C), with 
significant differences between regions (p < 0.001). The collected 
guidelines are presented in Supplementary Table 3. Most respondents 
within Western Europe stated that there are guidelines or recommen
dations regarding PsychGC (37.1%). However, it is also the region with 
the highest rate of not knowing about the policies (43.5%). When 
analyzing specific countries reporting the guidelines, a similar trend can 
be seen; many of the respondents from the country were not sure or 
aware of the existing guidelines. For instance, in France, 40.9% (n = 9) 
indicated that there are guidelines, 22.7% (n = 5) indicated that there 

are no guidelines, and 36.4% (n = 8) were not sure or did not know 
about guidelines. In Central Eastern Europe, only 8.1% indicated that 
there are guidelines or recommendations, and almost four out of five 
(78.4%) answered that there are no guidelines in that region. 

When comparing the healthcare professional groups regarding their 
awareness of guidelines, there is a significant difference where only 
7.9% of the genetic counselors state there are national guidelines 
compared with 24.4% and 28.1% of the clinical geneticists and psy
chiatry group, respectively. As many as 50% of the genetic counselors do 
not know that there are national guidelines, compared to 17.8% and 
31.6% of the clinical geneticists and psychiatry group, respectively. 

The vast majority of respondents who provide PsychGC (n = 106) use 
family history-based risk assessment (91.5%), and 79.2% use genetic 
testing-based risk assessment and interpretation in GC. In each profes
sional group, more than 90% use family-based risk assessment as one 
model of providing GC. In addition, all clinical geneticists (100%) re
ported using a genetic test-based risk assessment as an additional model 
for risk assessment. In contrast, only 76.2% of genetic counselors use a 
genetic test-based assessment (Table 2). There was no significant dif
ference between the regions regarding which model was used. 

Of those providing GC for any psychiatric disorder, 58.5% also 
provide remote GC via telephone or video. Remote GC is provided most 
in Northern Europe (77.8%), followed by Western Europe (51.2%), 
Central Eastern Europe (50%), and Southern Europe (38.5%) (Table 2). 

About half of the respondents from Northern (41.7%) and Western 

Table 2 
Results of genetic testing, counseling, and pharmacogenetic testing questions.   

Central and 
Eastern 
Europe (n =
37) 

Northern 
Europe (n =
59) 

Southern 
Europe (n =
23) 

Western 
Europe (n =
62) 

Total (n 
= 181) 

p-value    

TESTING Availability of GT in institution (several answers possible) 
Yes, within the clinic 11 (29.7) 38 (64.4) 6 (26.1) 34 (54.8) 89 

(49.2) 
<0.001    

Yes, within the institution 20 (54.1) 21 (35.6) 9 (39.1) 39 (62.9) 89 
(49.2) 

0.016    

Yes, outsourced from the 
hospital 

12 (32.4) 15 (25.4) 7 (30.4) 16 (25.8) 50 
(27.6) 

0.858    

Yes, outsourced to a company 
abroad 

7 (18.9) 13 (22.0) 6 (26.1) <5 30 
(16.6) 

0.057    

No 7 (18.9) <5 4 (17.4) <5 18 (9.9) 0.065    
Don’t know <5 <5 <5 0 (0.0) 9 (5.0) 0.013    
No of persons (%) performing 

pharmacogenetic testing for 
psychiatric and/or NDD 

5 (13.5) 9 (15.3) 0 (0.0) 13 (21.0) 27 
(14.9) 

0.022    

No of persons (%) 
participating in laboratory 
quality assurance schemes 

13 (35.1) 25 (42.4) 7 (30.4) 17 (27.4) 62 
(34.3) 

0.071    

COUNSELING          
No of persons (%) providing 

GC for any disorder 
19 (51.4) 35 (59.3) 12 (52.2) 45 (72.6) 111 

(61.3) 
0.364    

No of persons (%) providing 
GC for any type of 
psychiatric or NDD 

16 (43.2) 36 (61.0) 13 (56.5) 41 (66.1) 106 
(58.6) 

0.435     

Central 
Eastern 
Europe (n ¼
16) 

Northern 
Europe (n ¼
36) 

Southern 
Europe (n ¼
13) 

Western 
Europe (n 
¼ 41) 

Total 
(n ¼
106) 

p- 
value 

Genetic 
counselor (n 
¼ 21) 

Clinical 
geneticist (n 
¼ 43) 

Psychiatry 
(n ¼ 32) 

Methods of GCa 

Family history based 13 (81.2) 33 (91.7) 13 (100.0) 38 (92.7) 97 
(91.5) 

0.222 20 (95.2, 
0.664) 

41 (93.5, 
0.318) 

29 (90.6, 
0.008) 

Genetic testing based 11 (68.8) 31 (86.1) 9 (69.2) 33 (80.5) 84 
(79.2) 

0.317 16 (76.2, 
0.528) 

43 (100, 
<0.001) 

15 (46.9, 
<0.001) 

No of persons providing 
remote GCa 

8 (50.0) 28 (77.8) 5 (38.5) 21 (51.2) 62 
(58.5) 

0.125 20 (95.2, 
0.002) 

33 (76.7, 
0.008) 

4 (12.5, 
<0.001) 

No of members of quality 
assurance schemea 

<5 15 (41.7) <5 21 (51.2) 41 
(38.7) 

0.066 14 (66.7, 
0.021) 

15 (34.9, 
0.291) 

7 (21.9, 
0.058) 

GT - genetic testing, GC - genetic counseling, NDD - neurodevelopmental disorder. 
a By region [number, %] and by profession [number, %, p-value (group vs two other groups combined)], n = 106 - number of persons providing genetic counseling 

for any type of psychiatric or NDD. 

K. Koido et al.                                                                                                                                                                                                                                   



European Journal of Medical Genetics 66 (2023) 104805

6

Europe (51.2%) are members of some formal or informal quality 
assurance scheme, clinical supervision, or other peer networks for their 
GC methods. In contrast, 18.8% and 15.4% of the respondents from 
Central Eastern Europe and Southern Europe are members of such a 
quality assurance scheme, respectively. By comparing the professional 
groups, it is clear that it is more common among genetic counselors to be 
part of such a scheme than for clinical geneticists and least common 
within the psychiatry group (66.7%, 34.9%, and 21.9%, respectively) 
(Table 2). 

3.4. Genetic testing for brain-related conditions 

We asked whether the respondents or their clinic/institution offered 
GT for the following four conditions also contrasted within the GC 
questions: NDDs, neurological disorders, inborn errors of metabolism 
and endocrine diseases, and major psychiatric disorders. Overall, 65.2% 
reported that GT is offered to individuals with NDDs, 55.2% that it is 
provided for individuals with inborn errors of metabolism and endocrine 
diseases, 56.4% reported that it is available for neurological disorders, 
and 26.5% reported that GT is offered for individuals affected by major 
psychiatric disorders (Fig. 1B). Significant differences were seen be
tween the regions for the other conditions but not major psychiatric 
disorders (p-values <0.001, 0.001, 0.007, and 0.649, respectively). 

The respondents from the following countries reported that GT is 
offered for individuals with major psychiatric disorders: Germany, 
Denmark, Slovenia, Malta, Poland, France, Israel, Sweden, Austria, 
France, Lithuania, the United Kingdom, Denmark, Netherlands, Estonia, 
Finland, and Portugal. There seem to be differences or discrepancies in 
information across these countries that offer PsychGT. For instance, in 
Denmark, seven respondents reported that GT is provided to individuals 
with major psychiatric disorders, while 12 reported that it was not. 
Similarly, in France, 14 reported that they or their clinic offer GT for this 
category of conditions, and eight reported that they do not. Interest
ingly, 22.1% of the respondents indicated their country has guidelines 
for offering GT for major psychiatric disorders in their countries 
(Fig. 1C). The collected guidelines are presented in Supplementary 
Table 3. Similar to GC guidelines, the answers within regions and 
countries were mixed with disagreement among the respondents. For 
instance, in Sweden, 20.8% (n = 5) reported guidelines for PsychGT, 
37.5% (n = 9) reported no guidelines, and 41.7% (n = 10) were not sure 
or unaware. 

We also examined whether offering GT for the four categories of 
conditions was associated with the testing being fully covered by na
tional health insurance. Indeed, those respondents that reported genetic 
testing is fully covered by national health insurance also more often 
offered GT for individuals with NDDs (74.8% vs. 42.6%) (p < 0.001), 
inborn errors of metabolism 63.8% vs. 35.2% (p < 0.001), neurological 
disorders 63.0% vs. 40.7% (p = 0.006). However, we did not see this 
association between full coverage from the national health insurance 
and offering GT for individuals with major psychiatric disorders 28.3% 
vs. 22.2% (p = 0.393). 

All the types of GT methods that we surveyed were offered to the four 
groups of disorders with significant differences among the regions for (a) 
targeted gene or genetic loci tests using, for instance, MLPA, FISH, and 
Sanger sequencing and (b) exome/genome sequencing (Supplementary 
Fig. 2). All the methods were offered in similar percentages for the other 
groups of conditions but less for major psychiatric disorders. We also 
asked if the respondents performed pharmacogenetic testing for NDDs 
and psychiatric disorders. However, only 15% of the respondents 
answered that they did (Table 2). Of those, 68% indicated ordering less 
than 50 genetic tests for the conditions in the last 12 months. The only 
difference between countries was that the respondents from Southern 
Europe did not offer pharmacogenetic testing. Participation in external 
laboratory quality assurance or intra-laboratory quality networks for GT 
methods was indicated by 34.3% of the respondents (Table 2). 

3.5. Major obstacles and need for guidelines for implementing PsychGC 
and PsychGT 

Thematic analyses of open question answers of all respondents for 
describing the major obstacles in implementing PsychGC and PsychGT 
resulted in seven large themes (Fig. 2A). When analyzing the frequency 
of each of the seven themes of barriers for PsychGC and PsychGT, the 
lack of guidelines and knowledge on how to utilize and use genetic tests, 
as well as education and training, were reported most often (Fig. 2B). 

We also asked whether the respondents thought pan-European pro
fessional guidelines for PsychGC and PsychGT would be relevant and 
improve their daily practice in the area. For PsychGC, 106 respondents 
replied to the question, and the majority thought it was either essential 
(21.7%) or highly relevant (48.1%) (Fig. 2C). For guidelines related to 
PsychGT, 134 respondents answered the question, and also the majority 
thought it was either essential (24.6%) or highly relevant (50.0%) 
(Fig. 2C). The years of experience in GC or GT in either clinical or 
research setting did not influence the responses to the question on 
“relevance of professional guidelines to daily practice” (p = 0.739 and p 
= 0.155, respectively). Similarly, the attitude of two categories of pro
fessionals towards “relevance of training and education on daily prac
tice” was not affected by years of experience (p = 0.128 and p = 0.421, 
respectively). 

3.6. Education and training within PsychGC and PsychGT 

As PsychGC and PsychGT are emerging fields, it is important to know 
whether specific training exists within European universities. For gen
eral GC, formal education and training programs were confirmed in 
most respondents’ institutions (53%), with no significant difference 
between European regions (Table 3). The availability of education and 
training programs in general GT was similar, with 57.5% of affirmative 
answers (Table 3). An opposite situation was found for education and 
training specifically for PsychGC and PsychGT, as only 11.6% reported 
that training courses were available (Table 3). We found no statistical 
differences in the profile of professionals responding to the survey or 
respondents’ country/region of origin. 

Not surprisingly, the majority of the respondents highlight that up- 
to-date education and training in PsychGC/GT are essential (24.9%) 
or highly relevant (45.9%) for their everyday practice within the field 
(Fig. 3A), but with significant differences between the four regions (p =
0.023) (Fig. 3A). Respondents from Northern Europe had the most 
diverse attitude towards the significance of education in improving 
everyday practice in the PsychGT/GC, with 18% unaware or not 
believing it necessary. When analyzing the need for special training 
between different professional groups, there was no statistically signif
icant difference between geneticists, counselors, and psychiatry groups 
(p = 0.824, 0.613, and 0.1888, respectively). 

Integrating PsychGC/GT into the postgraduate academic programs 
in the form of specialized curricula was regarded as beneficial across all 
respondents. The highest values of affirmation were among participants 
from Southern Europe (82.6%), followed by Western (72.6%) and 
Central-Eastern Europe (70.3%), and more than half of the respondents 
within Northern Europe (57.6%). The psychiatry group had the highest 
number of respondents (80.7%) in favor of a specialized curriculum, 
followed by genetic counselors (73.7%) and clinical geneticists (60%), 
with statistically significant differences among the professional groups 
(p = 0.048, 0.625, and 0.366, respectively) (Fig. 3B). 

4. Discussion 

Here, we present the first attempt to provide information on the 
current state of implementing PsychGC and PsychGT within European 
countries participating in the ongoing EnGagE COST action network. We 
contrast the implementation of PsychGC/GT to NDDs, neurological 
disorders, and inborn errors of metabolism, conditions for which the 
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implementation of GC and GT has been ongoing longer. However, most 
respondents indicated that there are no available guidelines for the 
clinical implementation of PsychGC/GT; 58.6% and 26.5% of the re
spondents already provide PsychGC and PsychGT, respectively, either 
themselves or within their clinics/institutions. We also show significant 
differences between the regions in our study for the implementation and 
access to the facilities. Interestingly, but not surprisingly, we show dis
crepancies if PsychGC and PsychGT are also offered within a country. 
Overall, our data shows that there is very heterogeneous knowledge and 
implementation throughout Europe of available techniques, guidelines, 
and sources of information in general for GC and GT, but also reflecting 
the early implementation of these for major psychiatric disorders. 

We aimed to capture a large variety of professions across Europe to 
gather the practices and opinions regarding the topic. Indeed, we had 
more than 11 professions among the respondents. Therefore, we could 
capture some of the heterogeneity of tools and implementation from 
different professional backgrounds. For instance, we show that 

psychiatrists and psychologists provide more GC based on family history 
than genetic testing-based risk assessments. In contrast, all clinical ge
neticists state that they provide GC with genetic testing-based risk 
assessment (mostly in addition to family history). This can further 
explain why providing PsychGC is less common among clinical geneti
cists than among the psychiatry group, as no clear risk assessment can be 
provided given the complexity of multifactorial disorders, which major 
psychiatric disorders are. The lack of PsycGC could also be explained 
because, in this study, most respondents stated that clinical geneticists 
refer to GC. They might not always be aware of the positive outcome of 
GC when no test results are available (Inglis et al., 2015; Hippman et al., 
2016). 

Many obstacles to the implementation were identified within the 
responses. Most respondents pointed towards a lack of guidelines and 
knowledge followed by a lack of appropriate training within the field. As 
different profession groups provide GC in this area, and as different 
approaches for risk assessment are used, it is of great importance to 
create clear definitions of GC and genetic counselors’ role (Skirton et al., 
2015; Ingvoldstad et al., 2016) and develop guidelines and educational 
activities to give the caregiver the skills and tools to provide PsychGC in 
a way to enhance patient safety. The good clinical practice in producing 
medically relevant genetic information and its effective communication 
within interdisciplinary medical teams is evident in many European 
healthcare centres (Middleton et al., 2017), with many substantial 
non-administrative and administrative barriers associated with its 
translation into everyday practice still ongoing (Becker et al., 2011). The 
quality of general GT services in Europe is coordinated by the European 
Society of Human Genetics (ESHG) and its integrated committee 
(Eurogentest) through the harmonization of professional requirements 
criteria and continuous education of healthcare professionals engaged 
with GT and GC (Liehr et al., 2019). 

Fig. 2. Obstacles in implementing Psychiatryc genetic counseling and testing in clinical settings and the need of guidelines. (A) Thematic themes identified from the 
open-ended questions on the opinions on the major obstacles in implementing psychiatric genetic counseling and genetic testing, (B) Quantification of the number of 
respondents indicating each thematic theme from the qualitative analyses presented in A. (C) Option percentage for the need for guidelines of GC and GT. 

Table 3 
Distribution of answers to main questions on education and training.  

Opinion on … “Yes” 
(%) 

“No” 
(%) 

“Do not 
know” (%) 

p- 
value 

Availability of general GC 
training 

53 35.9 11 0.218 

Availability of general GT 
training 

57.5 30.4 12.2 0.605 

Availability of education/ 
training on PsychGC 

11.6 68 20.4 0.175 

Availability of education/ 
training on PsychGT 

11.6 66.9 21.5 0.150 

GC - genetic counseling, GT - genetic testing, Psych - psychiatric. 
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Furthermore, the most common major hindrances identified were 
economic considerations and patient-related obstacles. Based on the 
identified themes of major obstacles, many could be resolved with clear 
and comprehensive guidelines. Therefore, we clearly show that guide
lines and recommendations on implementing PsychGC/GT are needed 
within Europe to ensure knowledge transfer from research to the clinics 

and equal access to services for individuals with psychiatric disorders. 
We acknowledge differences in legislation and regulations related to GC 
and GT and in the usage of national and international guidelines be
tween countries. However, in this relatively new area of practice, new 
common European guidelines could create more equality in the avail
ability and capacity of PsychGT and PsychGC all around Europe. 

Fig. 3. Relevance of training in psychiatric genetic counseling and testing for clinical practice. (A) Relevance of PsychGC/GT training for daily clinical practice by 
regions, (B) Benefit from the specialized curriculum on PsychGC/GT training for clinical practice by professional groups. 
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In this study, we provide information about the current state of GC 
and GT in psychiatry as an inextricably linked process in the scientifi
cally grounded and ethically justified application of genetic information 
in precision diagnostics, prognostics, and therapeutic targeting. The 
evaluated capacities in PsychGC and PsychGT share common obstacles 
that should be addressed simultaneously through harmonizing profes
sional guidelines and education programs. The role of genetic counselors 
within both clinical genetics and psychiatry should be more established 
in the health care system. 

There is a progressive trend in the validation and integration of ge
netic and genomic testing and counseling services as a part of future 
precision medicine strategies in Europe and worldwide (Horgan et al. 
2017; Pastorino et al., 2019). This fact is also reflected in our survey 
results, with formal education and training programs in (general) GC 
confirmed in most of the respondents’ institutions. 

The limitation of this current study should be considered for future 
work. As there seems to be high variability even within countries for 
access and implementation, a larger study with more specific questions 
that could separate local and national practices is needed. Furthermore, 
as PsychGC and PsychGT are still in their infancy, better explanations 
and instructions are also required to capture the actual implementation 
rate of these within clinics. We also acknowledge that the questionnaire 
was not distributed similarly in all the countries, thus leading to a po
tential sampling bias. We also had a significant number of respondents 
already from the EnGagE network with better knowledge of the topic, 
which provides good feedback from knowledgeable people. 

Despite the limitations, the results provided through this multi- 
professional pan-European survey support the aims of EnGagE action 
and provide a platform for future discussions for the clinical imple
mentation of PsychGC and PsychGT. Larger communication between 
disciplines and over the whole of Europe and potentially developing 
professional guidelines should be the top priority for the coming years. 
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