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Summary eClinicalMedicine
Background People with complex symptomatology but unclear diagnosis presenting to a centre for rare diseases 2023;65: 102260
(CRD) may present with mental (co-)morbidity. We hypothesised that combining an expert in somatic medicine with ~ Published Online xxx

a mental health specialist working in tandem will improve the diagnostic outcome. https;( / do_"orgl 10.
1016/j.eclinm.2023.
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Methods Patients aged 12 years and older who presented to one of the 11 participating German CRDs with an
unknown diagnosis were recruited into this prospective cohort trial with a two-phase cohort design. From October 1,
2018 to September 30, 2019, participants were allocated to standard care (SC, N = 684), and from October 1, 2019 to
January 31, 2021 to innovative care (IC, N = 695). The cohorts consisted mainly of adult participants with only a
minority of children included (N = 67). IC included the involvement of a mental health specialist in all aspects of
care (e.g., assessing medical records, clinic visits, telehealth care, and case conferences). Clinicaltrials.gov
identifier: NCT03563677.

Findings The proportion of patients with diagnoses established within 12 months after the first visit to the CRD
explaining the entire symptomatology (primary outcome) was 19% (N = 131 of 672) in the SC and 42% (N = 286 of
686) in the IC cohort (OR adjusted for centre effects 3.45 [95% CrI: 1.99-5.65]). The difference was mainly due to a
higher prevalence of mental disorders and non-rare somatic diseases in the IC cohort. The median time to explaining
diagnoses was one month shorter with IC (95% Crl: 1-2), and significantly more patients could be referred to local
regular care in the IC (27.5%; N = 181 of 659) compared to the SC (12.3%; N = 81 of 658) cohort (OR adjusted for
centre effects 2.70 [95% Crl: 2.02-3.60]). At 12-month follow-up, patient satisfaction with care was significantly
higher in the IC compared to the SC cohort, while quality of life was not different between cohorts.

Interpretation Our findings suggested that including a mental health specialist in the entire evaluation process of
CRDs for undiagnosed adolescents and adults should become an integral part of the assessment of individuals with a

suspected rare disease.

Funding The study was funded by the Global Innovation Fund from the Joint Federal Committee in Germany
(Innovationsfonds des Gemeinsamen Bundesausschusses), grant number 01NVF17031.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Rare diseases; Diagnostic services; Mental health; Patient care team; Medically unexplained symptoms

Research in context

Evidence before this study

A search on PubMed conducted on March 21, 2018, with no
restrictions to language or article type, using the terms “rare
disease” AND [(“undiagnosed” AND “multidisciplinary or
interdisciplinary”) OR (“multidisciplinary_diagnosis” or
interdisciplinary_diagnosis”)] yielded 30 articles with no
relevant information on diagnostic success of interdisciplinary
undiagnosed disease programs. A repeated analysis on March
8, 2023 retrieved 95 publications with some providing such
information. These studies have highlighted that projects
aiming to improve the diagnostic process in rare diseases
using reviews of medical records, examination of patients as
well as next generation sequencing have been able to
clinically and genetically establish diagnoses in about 18-35%
of people investigated for a complex symptomatology.

Added value of this study

This multi-centre cohort study shows that a mental health
specialist working hand-in-hand with an experienced
physician during the entire diagnostic process from chart
review through clinical and diagnostic evaluation improves
diagnostic outcome in adolescents and adults with an unclear
diagnosis examined at a centre for rare diseases. The
proportion of patients with a conclusive diagnosis or a

combination of diagnoses explaining the entire symptomatic
spectrum presented was more than twice as high in the
innovative approach (42%) compared to standard care (19%),
with mental disorders contributing in almost 30% of cases. In
our study, the innovative approach resulted in an exclusion of
a rare disease with high confidence in about 30% of the
people evaluated. Time to diagnosis was reduced by one
month, and the number of people successfully referred to
regular care was doubled. Patient satisfaction with care was
significantly higher with innovative care.

Implications of all the available evidence

Our results underline the importance of a combination of an
expert in somatic medicine and a mental health specialist
working in tandem for the diagnostic workup of all
adolescents and adults presenting to a centre for rare diseases
with an unclear diagnosis. The institutions and health
insurances involved in the study will continue this novel and
unique care. Inclusion of the innovative care into regular care
will be promoted in Germany with the support of the German
umbrella organisation Alliance for Chronic Rare Diseases
Germany (ACHSE) e.V., representing more than 120 individual
patient organisations.
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Introduction

About 3-6% of the population or an estimated 300
million people worldwide are affected by one of the
approximately 7000-10,000 rare diseases (RDs)."* These
conditions often manifest with non-specific symptoms
and involve several organ systems.' The time span from
the first symptoms to the conclusive diagnosis often
extends over several years.’®

To improve the diagnostic process and outcome for
people with persistent symptoms of unclear origin and a
suspected RD, several undiagnosed disease pro-
grammes offering expert clinical evaluation, in-depth
phenotyping, and whole exome or genome sequencing
with innovative analyses were established. In a recent
report from the National Institute of Health Undiag-
nosed Disease Network on 791 mainly paediatric par-
ticipants, definitive diagnoses could be established in
231 (29%) individuals.® In a German study involving ten
centres for RDs (CRD), definitive diagnoses were made
in 30% of 5652 patients, 3619 of whom were children
and adolescents.”

The complex symptomatology of individuals pre-
senting to a CRD for diagnostic work-up frequently in-
cludes psychopathological symptoms or even mental
disorders.”* In fact, psychopathological symptoms are
part of the clinical presentation of some RDs,” may
develop in the frequently long and tedious course of
searching for a diagnosis,'® may independently co-occur
with a (rare) disease or may even mimic a RD. Finally, a
RD may be misdiagnosed as mental disorder, delaying
diagnosis as well as appropriate treatment.

We hypothesised that involving a mental health
specialist in the entire evaluation process of people with
a suspected RD would increase the proportion of people
with one or more diagnoses explaining the entire
symptomatology (primary outcome). Secondary out-
comes included the time to explaining diagnoses, the
proportion of participants successfully transitioning to
regular care, health-related quality of life (HRQoL), and
patient satisfaction with care.

Methods

Study design

ZSE-DUO is a prospective, controlled trial with a two-
phase cohort design conducted in 11 CRDs in Ger-
many (clinicaltrials.gov identifier: NCT03563677). A
detailed description of the methodology is available in
the online Supplementary Material and the published
study protocol."” The original study protocol is available
at https://www.ukw.de/fileadmin/uk/zese/ZSE-DUO_
Studienprotokoll_V1.3_04SEP2020.pdf.

Ethics committee approval

All ethics committees of the participating CRDs located
at the university hospitals in Aachen, Bochum, Frank-
furt, Hannover, Magdeburg/Halle, Mainz, Miinster,

www.thelancet.com Vol 65 November, 2023

Regensburg, Tiibingen, Ulm and Wiirzburg, and of the
institutions involved in data analysis (University Medi-
cal Center Hamburg-Eppendorf, Hannover Medical
School, and University of Wiirzburg) approved the
project. Written informed consent was obtained from all
participants and guardians, where applicable; all minors
gave assent.

Patient and public involvement

The German umbrella patient organisation Alliance for
Chronic Rare Diseases (ACHSE) e.V., representing more
than 120 individual patient organisations, was deeply
involved in the planning and conduct of the trial, and is
represented by Christine Mundlos among the authors.
Inclusion of the innovative care into regular care will be
promoted in Germany with the support of ACHSE e.V.

Participants

Individuals aged 12 years or older who were referred by
their treating physician for further diagnostic evaluation
of a suspected RD to one of the participating CRDs were
invited to participate in the trial. Referring physicians
were required to provide a medical summary, including
reasons for suspecting a RD. Additional inclusion
criteria were: 1) first contact with any of the participating
CRDs, 2) attending the CRD’s outpatient clinic for un-
diagnosed cases, and 3) providing written informed
consent for study participation. Referrals were excluded
from participation if medical records available to the
CRD were incomplete or one or more disease(s) had
previously been diagnosed, explaining the entire symp-
tomatic spectrum presented. Furthermore, only patients
insured by statutory health insurances covering about
90% of the German population were included.

Standard care (SC) and innovative care (1C)
The standard care (SC) cohort was recruited between
October 1, 2018 and September 30, 2019. Once all
required medical documents were available, a summary
document of the medical information was produced,
and a multidisciplinary team discussed the case. If the
team concluded that no diagnoses covering the symp-
tomatic spectrum were evident, the patient was invited
to participate in the trial and to attend the CRD outpa-
tient clinic for undiagnosed cases. There, participants
were seen by a physician with expertise in RDs and a
specialisation in a ‘somatic’ medical discipline who was
guiding the diagnostic process. Diagnoses were gener-
ally made with the input and advice of experts from
other disciplines located at the same university hospital
(e.g., geneticists, neurologists, rheumatologists, etc.)
who participated in regular case conferences or bilateral
consultations. The referring physician and the partici-
pant received a letter summarising the findings and
proposing future care.

The innovative care (IC) cohort, recruited between
October 1, 2019 and January 31, 2021, received the same
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care as the SC group augmented by additional compo-
nents. The major innovation was the inclusion of a
mental health specialist (physician with specialisation in
psychiatry or psychosomatic medicine) in all aspects of
the care process. For children and adolescents, a child
psychiatrist was part of the expert pair. The mental
health specialist reviewed the participant’s medical in-
formation upon admission to the CRD, evaluated the
participant in the outpatient clinic in addition to the
‘somatic’ specialist, and was involved in all decisions
and actions taken. Mental disorders were diagnosed
through extensive clinical evaluation using the diag-
nostic interview for mental disorders — the Mini-DIPS
Open Access."* Depending on their findings, the mental
health specialist could offer up to ten face-to-face or
teleconsultation sessions with the participant for further
evaluation or to bridge the time to local mental health
care. Nationwide case conferences among participating
CRDs were conducted as additional component.

Procedures

We assessed socio-demographic data, signs, and symp-
toms according to the human phenotype ontology
(HPO)™ and the past medical history, including all prior
confirmed diagnoses. Sex was reported by participants
and physicians, with no differences between assess-
ments. At baseline and 12-month follow-up, patients
indicated their HRQoL on the visual analogue scale of
the EQ-5D-5L," which ranges from 0 (worst imaginable
health state) to 100 (best imaginable health state).
Additionally, at 12-month follow-up, patients completed
an established German questionnaire assessing satis-
faction with care (ZUF-8)."° The questionnaire com-
prises eight questions, each rated from 1 to 4 (total score
8-32). Of note, at 12-month follow-up the visual
analogue scale was available in 1005 (73.5%) partici-
pants and the ZUF-8 in 947 (69.3%) participants.

Outcomes

Primary outcome

The primary outcome of the study was the proportion of
patients with one or more diagnoses explaining their
entire symptomatic spectrum. This outcome was
assessed 12 months after the first visit to the CRD.
Physicians were asked to give their best judgment on
whether all the previous and new diagnoses made dur-
ing the intervention period fully explained the entire
symptomatology (referred to as explaining diagnoses in
this publication). In addition, they recorded each new
diagnosis made during the intervention period and
indicated whether it was a RD, a mental disorder, or a
non-rare somatic disease.

Secondary outcomes
1) Time to diagnosis. Time to diagnosis was defined as
the period between the initial visit to the CRD and

the time the explaining diagnoses was made (in
months).

2) Transition to regular care. The success of the tran-
sition to regular care was defined as having attended
a treatment appointment in a regular care setting
following CRD recommendations after at least one
new diagnosis had been established. The number of
patients successfully transferred was related to the
total number of participants in the respective
cohort.

3) Change in HRQoL from baseline to 12-month
follow-up and satisfaction with care at 12-month
follow-up.

Sample size calculation

We hypothesised that the IC would increase the pro-
portion of patients with one or more diagnoses estab-
lished during the work-up in the CRD, explaining the
entire symptomatic spectrum of the patient (explaining
diagnoses) from 30% with SC to 40% with IC.
Assuming a 20% dropout rate, a sample size of 682
patients in each group, was calculated to detect the
above difference with a probability of a type 1 error
<0.05 and a power of >0.8.

Statistical analysis

Descriptive data are presented as numbers/proportions
for nominal or ordinal variables and median/inter-
quartile range (IQR) for continuous variables. For the
primary outcome “explaining diagnoses”, a mixed lo-
gistic regression model including a fixed study group
effect along with random centre effects and random
period effects nested within centres was employed. In
further steps, the basic model was extended by adding
demographic characteristics (e.g., sex, age, education),
and interaction terms between these characteristics and
the cohorts. The interaction effect for SC/IC*age was
excluded due to multicollinearity with SC/IC. Main ef-
fects are provided as odds ratios (OR) with 95% credi-
bility intervals (95% CrI).

For baseline data and secondary outcomes, differ-
ences between groups were tested using the y2 test
(with Yates’ continuity correction for 2 x 2 tables),
Fisher’s exact tests, or Mann-Whitney U-tests, and
Hodges-Lehman median difference according to the
distribution of the variables. For the secondary outcome
“transition to regular care”, a logistic regression was
calculated. Participants with missing data were excluded
from the respective analyses. Statistical significance was
assumed at p < 0.05 (two-sided test).

The statistical analyses were performed in SAS, Stata
15.1, and SPSS 27. Detailed information is available in
the online supplement.

Role of the funding source

The Innovation Fund of the Joint Federal Committee of
the Federal Republic of Germany funded the study,

www.thelancet.com Vol 65 November, 2023
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grant number 0INVF17031. The Committee did not
have any role in design and conduct of the study, anal-
ysis and interpretation of the data, preparation, review,
or approval of the manuscript and decision to submit
the manuscript for publication.

All authors had full access to all the data in the study
and accept responsibility for the decision to submit for
publication.

Results

Participants

Fig. 1 depicts the flow of patients through the study. We
enrolled 1379 patients, of whom only 21 did not reach
the 12-month follow-up. Thus, the sample size esti-
mated to address the primary outcome of the study was
reached.

Patients who declined to participate (N = 182) did not
differ from patients who were enrolled with regards to
age, sex distribution, and duration of symptoms
(Table S1).

Participants’ characteristics at baseline are summar-
ised in Tables S1, S2 and S5. Participants were pre-
dominantly female (N = 827, 60.5%), the median age
was 46 years (IQR 32-57), and only 67 (4.9%) children
and adolescents participated. The SC and IC cohorts
differed in the number of children and adolescents and
in post-secondary education (Table 1). Tables S3 and S4
in the online supplement provide participants’ charac-
teristics separately for female and male participants and

Standard care
Recruitment period 10/2018 — 09/2019

Patient referrals — assessed for eligibility
(N= 1080)

<

Invited for ZSE-DUO (N= 764)

=

Excluded
— Not meeting inclusion criteria (n=316)

Excluded
— Declined to participate (N=80)

Enrollment

children/adolescents and adults. There were no signifi-
cant differences in baseline characteristics between the
SC and the IC cohorts within these subgroups, except
for HQoL in the paediatric group (Table S4). There were
subtle differences in HPO-coded symptoms between the
SC and IC cohorts (Table S5). The high burden of dis-
ease was exemplified by a low HRQoL (median 50, IQR
30-70, on a VAS from 0 to 100) and a high proportion of
participants with a formally acknowledged disability
(N =504, 36.9%). In total, 500 (36.6%) participants had
been evaluated by a mental health specialist during the
12 months prior to the first visit to the CRD, with no
differences between SC and IC, neither in the entire
cohorts nor in the female, male, child/adolescent, or
adult subsamples (Tables S2-S4).

Genetic testing was performed in 180/672 (26.8%)
patients in the SC cohort and 228/686 (33.2%) patients
in the IC cohort. In total, 291 new diagnoses could be
established in the SC cohort and 1158 in the IC cohort
(Table S6). Figure S3 and Tables S19-S22 provide in-
formation on patients with at least one confirmed newly
established diagnosis. A RD diagnosis was made
(explanatory or not) in 67/672 patients (10.0%) of the SC
and 94 of 686 participants (13.7%) of the IC cohort
(Figure S1). The percentage of participants with at least
one newly established mental disorder was 4.2%
(N = 28) in the CG and 50.4% (N = 346) in the IG
(Figure S3). The most common mental disorders diag-
nosed were from the spectrum of anxiety disorders (total
of 404 diagnoses) followed by affective disorders (total of

Innovative care
Recruitment period 10/2019 — 01/2021

Patient referrals — assessed for eligibility
(N=1222)

Excluded
— Not meeting inclusion criteria (n=425)

Invited for ZSE-DUO (N= 797)

Excluded
— Declined to participate (n=102)

Allocated to standard care (N= 684)
— Received allocated intervention (N= 682)
— Incorrect inclusion (N=2)

|

Withdrew consent (N=11)
Lost to follow-up (deceased, N=4)

Allocated to innovative care (N= 695)
— Received allocated intervention (N= 693)
— Incorrect inclusion (N=2)

|

Withdrew consent (N=9)
Lost to follow-up (deceased, N= 3)

l 12 mo Follow-Up l

Baseline data (N=678)

For analysis physician reported outcomes (N= 672)
For analysis patient reported outcomes (N=511)
For analysis complete cases (N=511)

Baseline data (N=689)

For analysis physician reported outcomes (N= 686)
For analysis patient reported outcomes (N=527)
For analysis complete cases (N=527)

Ie

)
Analysis

Fig. 1: Flow diagram for the ZSE-DUO trial based on the reporting of observational studies in epidemiology (STROBE) checklist for

cohort studies.

www.thelancet.com Vol 65 November, 2023


www.thelancet.com/digital-health

Articles

Standard care cohort (N = 678) Innovative care cohort (N = 689) p value®
Age (years) [median, IQR] 46 (32-56) 46 (32-57) 0.86
Children/adolescents (>12 to <18 years) [n, %] 42 (6.2%) 25 (3.6%) 0.038
Female sex [n, %] 404 (59.6%) 423 (61.4%) 0.61
Migratory background 0.61
No migratory background [n, %] 474 (69.9%) 495 (71.8%)
Migratory background [n, %] 185 (27.3%) 180 (26.1%)
Declined to answer [n, %] 12 (1.8%) 10 (1.5%)
Missing [n, %] 7 (1.0%) 4 (0.6%)
Highest school education 0.14
No graduation [n, %] 55 (8.1%) 38 (5.5%)
Lower secondary (ISCED 2)b [n, %] 362 (53.4%) 364 (52.8%)
Upper secondary (ISCED 3)° [n, %] 246 (36.3%) 267 (38.8%)
Other educational degree [n, %] 3 (0.4%) 5 (0.7%)
Missing [n, %] 12 (1.8%) 15 (2.2%)
Highest post-secondary education 0.026
Currently enrolled in secondary/tertiary/vocational education® [n, %] 2 (13.6%) 7 (9.7%)
No tertiary/vocational education, not currently enrolled [n, %] 8 (7.1%) 0 (7.3%)
Vocational qualification (ISCED 4)° [n, %] 329 (48 5%) 315 (45.7%)
Bachelor's/postgraduate degree (ISCED 5-8)>° [n, %] 188 (27.7%) 234 (34.0%)
Other tertiary/vocational degree [n, %] 1 (0.1%) 3 (0.4%)
Declined to answer [n, %] 20 (2.9%) 20 (2.9%)
Missing [n, %] 0 (0.0%) 0 (0.0%)
Employment status 0.070
Full-time [n, %] 205 (30.2%) 231 (33.5%)
Part-time or less [n, %] 9 (13.1%) 109 (15.8%)
Unemployed [n, %] 73 (10.8%) 60 (8.7%)
Retired due to disability [n, %] 91 (13.4%) 67 (9.7%)
Outside of the labour force for other Reasons [n, %] 171 (25.2%) 163 (23.7%)
Declined to answer [n, %] 9 (7.2%) 59 (8.6%)
Missing [n, %] 0 (0.0%) 0 (0.0%)
Duration of main symptom (years) [median. IQR] 6 (3-15) 6 (3-15) 0.61
Missing [n, %] 2 (0.3%) 7 (1.0%)
Number of HPO codes per patient [median, IQR] 6 (3-9) 5 (3-8) 0.61
Missing [n. %] 6 (0.9%) 4 (0.6%)
Disability formally acknowledged [n. %] 249 (36.7%) 255 (37.0%) 1.00
Information not provided [n. %] 19 (2.8%) 17 (2.5%)
HRQoL: EQ-5D-5L VAS [median. IQR] 50 (30-70) 50 (30-66) 0.90
Missing [n, %] 0 (0.0%) 1 (0.1%)
Abbreviations: HPO = human phenotype ontology, HRQoL = health-related quality of life, VAS = visual analogue scale (0-100). *Chi-square test for categorical variables with Yates' continuity correction for
2 x 2 tables or non-parametric test (Mann-Whitney U-test) for numerical variables. "ISCED = International Standard Classification of Education 2011. “Reported by patients. %p = 0.033. °p = 0.015 when
comparing SC and IC cohorts using bivariate Chi-square test with Yates’ continuity correction for 2 x 2 tables.
Table 1: Participants’ characteristics at baseline.

144 diagnoses) (Table S6). The percentage of partici-
pants with at least one newly established non-rare dis-
eases was 18.9% (N = 127) in the CG and 30.5%
(N =209) in the IC (Figure S3). In both groups the most
common non-rare diseases were ‘disorders of the ner-
vous system’ followed by ‘diseases of the musculoskel-
etal system and connective tissue’, and ‘endocrine,
nutritional and metabolic diseases’ (Table S6).

Primary outcome

The analysis of the primary outcome included 1358
participants, N = 672 in the SC cohort and N = 686 in
the IC cohort (Fig. 1). Compared to SC, IC resulted in a
higher proportion of participants with one or more
explaining diagnoses (Fig. 2A). A Bayesian mixed lo-
gistic regression controlling for the variance between
the 11 CRDs resulted in an odds ratio (OR) of 3.45 (95%

www.thelancet.com Vol 65 November, 2023


www.thelancet.com/digital-health

Articles

A B
60 1 Odds Ratio: |:| Standard Care, N=672 [ g0
5 3-62 (2:05-6-02) [ Innovative Care, N=686 50
@ N:22026 Odds Ratio: Odds Ratio: Odds Ratio:
_5 40 1 1-39 (0-77-2:30)  17:06 (9-12-29-74)  2:30(1-51-3.36) | 49
‘ES' N=197
0 30 - 29% L 30
Y
(@) N=131 N=129
O\O 20 1 19% 19% L 20
N=62 '}‘?Zf l;l;oe/s
10 9% N=20 ‘ - 10
ul B W
0 - 0
Any Combination RD MD non-RD
of Diagnoses Diagnosis by Category
C
RD & MD & non-RD oo
MD & non-RD 10-5%
RD & non-RD 120
RD & MD S0
non-RD 9;;22
N=94 13.7%
MD 1.6%
5.7%
RD | 39 71%
0 2 4 6 8 10 12 14 16 18

% of Patients

Fig. 2: Proportion of patients in the standard care and the innovative care cohorts for whom one or more diagnoses were confirmed
during the evaluation process that explained the entire symptomatic spectrum presented by the patient (explaining diagnoses). A)
Patients with any combination of newly established diagnoses (primary outcome). B) Patients clustered by diagnostic category. Please note,

some participant received diagnoses from more than one diagnostic categ

ory and are included in each applicable category. C) Combinations of

diagnostic categories explaining the full symptomatic spectrum RD = rare disease, MD = mental disorder, non-RD = non-rare somatic disease

Main effects are presented as odds ratios with 95% credibility intervals b

CrlI: 1.99-5.65), favouring IC. The effect was confirmed
in two further models with additional adjustments for
sex, age, and education (OR = 3.62, 95% Crl: 2.05-6.02)
and with additional interaction terms (OR = 4.11, 95%
Crl: 2.16-7.22) (Table S7). The model with adjustments
for sex, age, and education showed the best fit.

Fig. 2B shows the proportion of participants with
explaining diagnoses in the SC and IC cohorts sepa-
rately for each of the three diagnostic categories. Fig. 2C
depicts all possible combinations of diagnostic cate-
gories explaining the entire symptomatology. There was
no difference in the proportion of participants
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ased on basic statistical models.

diagnosed with a RD between cohorts (OR 1.31, 95%
Crl: 0.73-2.13). However, significantly more partici-
pants were diagnosed with mental disorders (OR 16.98,
95% Crl: 9.14-29.78) and non-rare, somatic conditions
(OR 2.26, 95% Crl: 1.50-3.27) in the IC cohort
compared to the SC cohort (Tables S8-S10). Of note, in
67 of 672 participants (10.0%) of the SC cohort and 208
of 686 participants (30.3%) of the IC cohort, explaining
diagnoses were established which did not include a RD
diagnosis.

The above differences between the SC and IC co-
horts were also evident when analysing the female and
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male participants, and the adult participants separately
(Table S11, S12 and S14). The logistic regression model
revealed a significant interaction effect between sex and
care group with respect to mental disorders only
(Table S9) with a larger difference between SC and IC in
(partially) explaining mental disorders in female (SC:
N =8, 2.0% vs. IC: N = 125, 29.9%) compared to male
participants (SC: N = 11, 4.1% vs. IC: N = 71, 26.5%;
Tables S11 and S12). No differences were found in the
proportion of explaining diagnoses between SC and IC
in children/adolescents (Table S13). However, compa-
rable to the adults, there were significantly more mental
disorders in the IC than the SC paediatric group
contributing to explaining the entire symptomatology
(Table S13).

Secondary outcomes

Time to explaining diagnoses was significantly shorter
in the IC compared to the SC cohort (median difference
one month [95% confidence interval (95% CI): 1-2])
(Fig. 3A, Tables S15 and S16). While no significant
difference between SC and IC was observed between
participants diagnosed with a RD, participants diag-
nosed with a mental disorder and/or a non-rare health
condition received explaining diagnoses faster with IC
than with SC (both median difference one month [95%
CI: 1-2]) (Fig. 3B, Table S15).

The proportion of participants with at least one newly
diagnosed condition who were successfully referred to
(local) standard care was significantly higher in the IC
cohort (181 of 659 participants with valid information,
27.5%) than in the SC cohort (81 of 658 participants,
12.3%, p < 0.001; OR 2.70 [95% CI: 2.02-3.60])

2, [[Istandard Care [Einnovative Care| 1,
S p<0-0001 p=0-45 p=0:012 p=0-0023
s 10 10
o 8 8
[
e 6 6
S)
@
a8 4 4
2, 2
o
E of . : 0
[= N=126 285 N=59 77 19 19 66 129

Any Combination RD MD non-RD

of Diagnoses Diagnosis by Category

Fig. 3: Time between first visit to the CRD and newly established
explaining diagnoses in the standard care and innovative care
cohorts. A) Patients with any combination of newly established
and explaining diagnoses. B) Patients clustered by diagnostic
category. Please note, some participants received diagnoses from
more than one diagnostic category and are included in each
applicable category. RD = rare disease, MD = mental disorder, non-
RD = non-rare somatic disease. Boxplots show 10th, 25th, 50th,
75th, and 90th centiles. Differences between groups were tested
using Mann-Whitney U-tests.

(Tables S25 and S26). However, there was no difference
between IC and SC when the number of successfully
referred participants was related to the number of par-
ticipants with any newly established diagnoses (IC: 126/
374 = 33.7%, SC: 56/152 = 36.8%, p = 0.93) (Table S27).
More detailed analyses are available in the online sup-
plement (Tables S17, S18, S25, and S27).

HRQoL was not different between groups at baseline
(Table 1) and did not change over time from baseline to
12-month follow-up in either cohort (Fig. 44), irre-
spective of whether explaining diagnoses could be
established or not (Fig. 4B).

Satisfaction with care assessed at 12-month follow-up
was significantly higher in the IC compared to the SC
cohort (median difference: one [95% CI: 1-2]) (Fig. 4C).
Participants without explaining diagnoses were more
satisfied with care in the IC than in the SC cohort
(median difference: two [95% CI: 1-3]) (Fig. 4D).
Detailed additional information is available in the online
supplement (Figures S1, S2, S5, and S6; Tables S28 and
$29).

Discussion

Our study suggested that in people with symptoms of
unclear origin seen at a CRD, the involvement of a
mental health expert in all parts of the evaluation pro-
cess considerably increased the probability of estab-
lishing diagnoses explaining their entire symptomatic
spectrum. While IC did not result in more RD di-
agnoses contributing to explaining diagnoses compared
to SC, there was a higher proportion of mental disorders
and non-RDs in the IC cohort. This was true for female
and male participants alike. In the small paediatric
sample (N = 67, 4.9%), differences between SC and IC
were only evident with respect to mental disorders
favouring IC. Compared with SC, IC accelerated the
time to diagnosis and allowed the transition of more
patients to local regular care. Additionally, patient
satisfaction with care was significantly higher in the IC
cohort compared to the SC cohort.

In evaluating selected patients with an undiagnosed
condition despite thorough prior evaluation, next-
generation sequencing has been a focus in other pro-
jects.””'® Extensive genetic testing may establish a
diagnosis in about 25% of cases.””'* Clinical diagnoses
are less frequently established, leaving about 65% of
patients evaluated by the US Undiagnosed Disease
Network without a diagnosis.”

In the predominantly adult population of the current
project, a RD was diagnosed in 10% and 14% of the SC
and IC cohort, respectively. In other programmes for
undiagnosed diseases, higher proportions have been
reported.”” However, these programmes focused pre-
dominantly on children. In a recent study most inheri-
ted RDs were diagnosed in children, whereas a more
diverse picture appeared in adults, with non-RDs and
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Fig. 4: Patient-reported outcomes. A and B) Change in health-
related quality of life as indicated on the EQ-5D visual analogue
scale at baseline and 12-month follow-up in the standard care and
the innovative care cohorts (A: entire sample; B: separately for pa-
tients with and without explaining diagnoses). C and D) Patient
satisfaction with care at 12-month follow-up in the standard care
and the innovative care cohorts (C: entire sample; D: separately for
participants with and without explaining diagnoses). Boxplots show
10th, 25th, 50th, 75th, and 90th centiles. Differences between
groups were tested using Mann-Whitney U-tests.

mental health conditions representing about 40% of all
established diagnoses.’

Because mental disorders and non-RDs explained
the entire symptomatology in about 30% of patients in
the IC cohort, a RD could be excluded with high confi-
dence in these cases. Thus, the innovative approach in
our project is an important addition to current clinical
and genomic concepts for people with undiagnosed
conditions. To our knowledge, our approach with a so-
matic expert and a mental health specialist working
hand-in-hand during the entire diagnostic process in
people with symptoms of unclear origin is novel.

Current mental disorders were more frequently
diagnosed in the IC (50%) than in the SC cohort (4%).
In 13.7% of the IC cohort a mental disorder was the sole
explanation for the entire symptomatology. In an
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additional 14.9%, a mental disorder contributed to the
explaining diagnoses. In contrast, the point prevalence
in the SC cohort who only had access to a mental health
specialist via referral was exceptionally low but compa-
rable to that observed by Rillig et al.,” who reported that
4.3% (N = 88) of 2033 adults presenting to CRDs in
Germany met the criteria for a mental disorder. In a
meta-analysis of 37 studies comprising 24 different
RDs, the pooled prevalence estimates for current affec-
tive disorders were 21.2% and for current anxiety dis-
orders 39.6%.” However, this is the first study
systematically assessing current mental disorders using
a state-of-the-art approach in an unselected sample of
patients referred to a CRD. Thus, we are confident that
the frequency and type of mental diagnoses are reliable
and valid. Unfortunately, due to the cross-sectional na-
ture of the study, we cannot discern if mental disorders
were separate and entirely independent diagnoses or, in
some way, causally linked to RDs or non-RDs.

The point prevalence of mental disorders of 50% in
the IC cohort is markedly higher compared to general
population samples. The most recent study using an
interview-based approach in a nationally representative
sample of the German population reported a 12-month
prevalence rate of mental disorders of 27.8% in the 5303
participants aged 18-79 years.” Similarly, results from
the 2019 National Survey on Drug Use and Health in
the US found that 24.5% of 50,731 individuals aged 18
years or older met the criteria for a mental disorder.”

Interestingly, with IC also significantly more
explaining non-rare somatic diseases were diagnosed.
Possibly, the interactions and interdisciplinary case
discussions between the two experienced physicians
working in tandem during the entire diagnostic process
stimulated a more intense evaluation of all medical as-
pects. The added diagnostic value of interdisciplinary
collaboration has previously been shown for various
health conditions.”*

In a German multi-centre study time to diagnoses
was reported to be 76 days.* In our study time to
explaining diagnosis was shorter in the IC than the SC
cohort (medians zero and 2.5 months, respectively),
even though the process was more complex requiring
repeated internal discussion and despite the COVID
pandemic reducing the availability of examinations.
This might have been due to 1) the high prevalence of
mental disorders that can be diagnosed clinically and 2)
a close cooperation between the somatic and mental
health experts reducing referral times.

HRQoL at baseline was much lower in the partici-
pants of the ZSE-DUO study compared with general
European population samples and did not change dur-
ing the follow-up period.>** The poor HRQoL in both
the SC and the IC cohorts is in line with other reports
on people with chronic health conditions and multi-
morbidity.” At first, the lack of improvements in
HRQoL over 12 months seems surprising as many new
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diagnoses could be established during the study, espe-
cially in the IC cohort. However, mental disorders are
associated with a reduced HRQoL, adequate treatment
is not readily available (e.g., psychotherapy), and
frequently does not have an immediate effect. Further-
more, RDs are typically affecting multiple organ systems
and require complex treatment with often limited
effectiveness. Thus, a diagnosis may result in anxiety,
worries, and resistance.” Furthermore, in population
samples HRQoL decreased during COVID-19 lock-
down.” A stable HRQoL might thus be seen as success.

HRQoL and satisfaction with care are not synony-
mous concepts. Even though HRQoL did not differ be-
tween cohorts and did not change over time, the median
values of the satisfaction with care score at the 12-month
follow-up were significantly higher in the IC compared
to the SC cohort. It is tempting to speculate that the
evaluation by a mental health expert increased patient
satisfaction with care, specifically in participants who
did not receive explaining diagnoses. Additionally,
satisfaction with care was higher in the IC cohort
despite more mental disorders being diagnosed.

When planning ZSE-DUO, a cohort design was
chosen instead of a randomised controlled design,
which is considered the gold standard for therapeutic
clinical trials.”” However, with a randomised controlled
study, the risk of contamination of the SC cohort by
components of the intervention was considered too
high, given the high psychological strain and distress of
people with unclear diagnoses.® In other words,
including a mental health specialist in the team while
performing standard care would have likely lead to
involving this expert also in the care of SC participants.
The physicians who were involved in guiding the diag-
nostic process were also responsible for the assessment
of the main outcome “diagnoses explaining the entire
symptomatic spectrum”. This outcome is prone to some
degree of subjectivity which introduces a risk for bias.
Additionally, the Hawthorne effect of awareness of the
study being conducted by the physicians guiding the
diagnostic process might have introduced detection and
performance bias. To reduce bias we developed SOPs at
the start of the project to harmonize and standardize
diagnostic procedures within and across centres during
the entire conduct of the study. Blinding of CRD team
members, who were responsible for the assessment of
the primary outcome, would have been ideal, but was
impossible due to the nature of the intervention. Like-
wise, a cluster-randomised design was not feasible due
to the low number of CRDs in our study. Results from
unblinded trials should always be interpreted with
caution since they tend to overestimate treatment
effects.

The sequential study design of the current study
might have allowed for a higher diagnostic yield in the
second cohort due to a ‘learning curve’ in CRD staff.
However, all CRDs involved in the project had several

years of experience in evaluating people with unclear
diagnoses long before study initiation, and collaboration
with experts from different disciplines was well estab-
lished. Nevertheless, as there was a change in staff over
the study period in some centres, we cannot fully
exclude a relevant acquisition of skills and knowledge in
the CRDs over time. It might even be argued that the
increase in diagnoses of non-RD observed with IC was
based on such a learning effect. However, there was no
such increase in the rate of RD diagnoses. The benefit
observed with IC in diagnosing more non-RD, in our
opinion, was mainly based on the introduction of an
additional specialist who not only made diagnoses of
mental disorders but also added medical expertise in
general and stimulated case discussions.

The prevalence of (non) RD and mental disorders
will likely depend on the characteristics of the investi-
gated cohort (e.g., age, pre-selection of participants). It
might be argued that sample recruitment differed be-
tween SC and IC cohorts. However, in ZSE-DUO, only
people who were 1) referred by their physician and 2)
selected by a multidisciplinary team in the CRD for
further evaluation were invited to participate. The co-
horts were well matched in most characteristics, and
statistical analyses included adjusted models to account
for the small but significant differences between co-
horts. The reported effects of IC were also visible in
these adjusted models.

The COVID-19 pandemic led to lockdowns during
the IC period of ZSE-DUO in 2020 and 2021 and, thus,
interfered with recruitment, study conduct, and diag-
nostic procedures. Nevertheless, there were significantly
more cases with a newly diagnosed somatic disease and
no decline in cases with a RD diagnosis in the IC cohort
compared to the SC cohort recruited in 2018 and 2019.
In France, a nearly 50% decrease in newly diagnosed
cases with a RD was reported in 2020 compared to
2019.*

This study is the first to introduce diagnoses that
explain the entire symptomatology of participants. Other
studies report definitive diagnoses but do not state if the
diagnoses are explaining the entire symptomatic spec-
trum, thereby leaving open whether additional di-
agnoses are possible or even likely. Additionally, we
employed wide inclusion criteria to improve the external
validity (generalizability to the affected population) of
our results. The large sample size and multi-centre
design further strengthen the findings of the study.

The results suggest that people referred to a CRD
may have a high (co)morbidity with mental disorders
that strongly contribute to explaining their symptom-
atology, either alone or in conjunction with a (non) RD.
Thus, a mental health specialist should be an integral
part of the interdisciplinary team in CRDs evaluating
patients with complex symptomatology of unclear
origin. Future inclusion of the IC into regular care will
be promoted with the support of the German umbrella
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organisation Alliance for Chronic Rare Diseases Ger-
many (ACHSE) e.V.
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