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Abstract 

Background:  Differences in sexual development (DSD) are rare diseases, which affect the chromosomal, anatomical 
or gonadal sex differentiation. Although patient education is recommended as essential in a holistic care approach, 
standardised programmes are still lacking. The present protocol describes the aims, study design and methods of the 
Empower-DSD project, which developed an age-adapted multidisciplinary education programme to improve the 
diagnosis-specific knowledge, skills and empowerment of patients and their parents.

Methods:  The new patient education programme was developed for children, adolescents and young adults with 
congenital adrenal hyperplasia, Turner syndrome, Klinefelter syndrome or XX-/or XY-DSD and their parents. The 
quantitative and qualitative evaluation methods include standardised questionnaires, semi-structured interviews, and 
participatory observation. The main outcomes (assessed three and six months after the end of the programme) are 
health-related quality of life, disease burden, coping, and diagnosis-specific knowledge. The qualitative evaluation 
examines individual expectations and perceptions of the programme. The results of the quantitative and qualitative 
evaluation will be triangulated.

Discussion:  The study Empower-DSD was designed to reduce knowledge gaps regarding the feasibility, accept‑
ance and effects of standardised patient education programmes for children and youth with DSD and their parents. A 
modular structured patient education programme with four generic and three diagnosis-specific modules based on 
the ModuS concept previously established for other chronic diseases was developed. The topics, learning objectives 
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Background
Differences of sexual development (DSD) are rare con-
ditions with atypical development of chromosomal, 
gonadal, or anatomic sex [1, 2]. The diagnoses are clas-
sified into sex chromosome DSD (e.g. Turner syndrome, 
Klinefelter syndrome or 46,XX/46,XY chimerism), 46,XY 
DSD (e.g. disorders of gonadal development or disorders 
of androgen synthesis or action) and 46,XX DSD (e.g. 
disorders of gonadal development or androgen excess) 
[3]. Sexual development begins during fetal life and 
continues in childhood and adolescence. It is one of the 
most personal and private areas of life and discussing 
sexual themes is often combined with shame and anxiety 
[4]. It was the hard work and experiences of individuals 
with DSD, which has changed the medical care over the 
last decades. Open communication with the individuals 
with DSD and their families is the basis of care and par-
ticipation in decision making is encouraged [2, 4]. With 
this approach, the decisional regret is minimised due to 
satisfaction with the decision making process [5]. To fol-
low that process, individuals with DSD and their families 
have to be comprehensively informed. Therefore, the care 
providers should decrease the complexity of their com-
munication [6], which is challenging in some variances 
of sexual development. The carers should also include all 
topics which are important for the individuals and fami-
lies. Every stage of life has its own challenges. While at 
birth, for example, questions about gender assignment, 
naming or the communication with family members are 
important. Later in childhood or adolescence, there are 
questions about dealing with the close social environ-
ment, day care and school as well as questions about 
fertility. At any age, worries about the child’s social adap-
tation and adjustment are of concern combined with the 
fear of insensitive reactions and social stigmatisation [7].

Initial studies have demonstrated that adults with DSD 
and their parents present a reduced quality of life (QoL) 
[8–10]. Learning coping skills and communication strat-
egies can improve parents´ psychosocial adaptation [11, 
12]. Even in childhood and adolescence, psychologi-
cal disorders, decreased QoL, self-esteem, and school 

abilities have been described [13, 14]. In recent years, 
various international DSD experts have recommended 
the need for psychosocial care from childhood to adult-
hood [7, 15, 16]. One important aspect within the care 
and education of children with DSD is the parent–child 
sexual communication to convey knowledge as well as to 
have discussion regarding anatomy, sex, values, beliefs, 
and expectations [4, 17, 18].

However, standardised approaches for training and psy-
chosocial support of DSD patients are missing so far. Pre-
vious research has demonstrated that patient education 
programmes do increase the health- and disease-related 
knowledge, quality of life and thus reduce disease-spe-
cific burden [19]. It was shown in MRKH syndrome that 
group psychological interventions can improve well-
being [20]. Patient education programmes are stand-
ardised, manualised, interactive group programmes for 
patients with chronic diseases [21]. In recent years, the 
importance of patient education programmes for chronic 
diseases has been recognised and training programmes 
have been developed for numerous conditions [22–25]. 
They focus on self-management, empowerment, psycho-
social support and disease-specific knowledge and skills 
[26].

An already existing structured and established train-
ing programmes is ModuS, a modular group patient 
education approach. It addresses children and adoles-
cents with a chronic condition and their families. This 
approach consists of a standardised modular structure 
that includes four generic modules and three diagnosis-
specific modules [27]. The generic modules are applied 
in all education programmes on the assumption that all 
chronic conditions in childhood have similar psycho-
social issues. The diagnosis-specific modules cover the 
medical topics relevant to the specific diagnosis [19, 27].

So far, no interdisciplinary structured patient education 
programme exists for children and youth with DSD and 
their parents. For this reason, the Empower-DSD project 
was initiated to develop, conduct and evaluate a modular 
group education programme for children and youth with 
congenital adrenal hyperplasia (CAH), Turner syndrome, 

and recommended teaching methods are summarised in the structured curricula, one for each diagnosis and age 
group. At five study centres, 56 trainers were qualified for the implementation of the training programmes. A total of 
336 subjects have been already enrolled in the study. The recruitment will go on until August 2022, the last follow-up 
survey is scheduled for February 2023. The results will help improve multidisciplinary and integrated care for children 
and youth with DSD and their families.

Trial registration:  German Clinical Trials Register, DRKS0​00230​96. Registered 8 October 2020 – Retrospectively 
registered.

Keywords:  Empowerment, Patient education, DSD, Differences of sexual development, Modular education, Children, 
Adolescents, Parents, Training
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Klinefelter syndrome, and XX-/or XY-DSD including the 
Mayer-Rokitansky-Küster-Hauser syndrome (MRKH), 
and their parents to improve the quality of life, the diag-
nosis-specific knowledge, and empowerment of patients 
and their parents. The present protocol describes the 
aims, study design and methods of the newly developed 
age-adapted multidisciplinary education programme.

Methods/Design
Study design
Empower-DSD is a prospective longitudinal, mixed 
methods, non-controlled multicentre study. The project 
is funded by the innovation fund by the German Federal 
Joint Committee (01VSF18022), which was established 
to improve Health Services Research and to develop new 
health care models in order to integrate them after posi-
tive evaluation into routine care. One of the objectives of 
the study is to develop, implement and evaluate an age-
adapted education programme for children and youth 
with DSD. A second aim of the Empower-DSD study is to 
develop and evaluate an information management con-
cept for families newly diagnosed with DSD. The meth-
ods and results of this project part are outside the scope 
of the current description.

The primary outcome is the health-related quality of 
life of participants of the education programme. As sec-
ondary outcomes, the diagnosis-specific knowledge, cop-
ing, disease burden, and shame about the condition will 
be observed. Overall, satisfaction with the education pro-
gramme will be qualitatively evaluated. The qualitative 
study parts examine individual expectations and percep-
tions of the programme.

Partners
The Empower-DSD study group consists of five univer-
sity hospitals across Germany (Lübeck, Berlin, Münster, 
Bochum, and Ulm) with specialised departments for the 
care of children and young adults with DSD. An addi-
tional partner, the University of Würzburg (Institute of 
Clinical Epidemiology and Biometry) is responsible for 
the central data management and data quality assurance 
as well as the development of web-based questionnaires 
using REDCap (Fig. 1).

In order to address the patient’s perspective in the 
development of the training programme and the evalu-
ation approach, the study group works in close coop-
eration with German patient support groups for CAH 
(AGS-Eltern- und Patienteninitiative e.V.), XX-/XY-DSD 
(Intergeschlechtliche Menschen e.V. (IMeV) and SHG 
Interfamilien), Klinefelter syndrome (47xxy klinefelter 
syndrom e.V.), and Turner syndrome (Turner-Syndrom-
Vereinigung Deutschland e.V.).

Development of the patient education programme
In a first step, the DSD study group developed a curricu-
lar framework based on the ModuS concept, which was 
previously established by Ernst and colleagues for chil-
dren with chronic diseases and their parents [27]. The 
standardised modular structure was adapted to the DSD 
diagnoses with four generic and three diagnosis-specific 
modules. A diagnosis-specific module that covers behav-
iour in acute illness was included in the CAH curriculum 
only, since diagnosis-related medical emergencies do 
not occur in the other DSD groups (Fig.  2). The modu-
lar approach allows adding or omitting topics that are 
relevant to the target group. A generic transition module 
which was developed by ModuS was not included [28], 
but relevant topics and learning objectives were inte-
grated in the curriculum for adolescents.

In the next step, diagnosis-specific working groups 
consisting of medical and psychological staff members of 
the study centres and representatives of the patient sup-
port groups were formed (Fig. 3). Those working groups 
collected relevant topics and arranged them into the 
modular structure. Based on the aims of the project and 
the module topics, learning objectives were developed 
separately for children, youth and parents or relatives. In 
a circular, participative, and communicative process, the 
learning objectives were discussed and approved by all 
members of the working group. In a meeting of the entire 
study group, the topics and related learning objectives of 
all diagnosis-specific curricula were presented, discussed 
and consented.

Further, the working groups developed ideas for the 
teaching methods and materials used to achieve the 
learning objectives (e.g. worksheets, models, pictures). 
The study group aimed for an inclusive language in all 
documents. A working group therefore prepared a list 
of terms to use and terms to avoid in the curricula and 
teaching materials (Tab. 1). As an example, there is still 
an ongoing discussion about the term DSD; as it could 
be read as differences of sexual development or disorders 
of sexual development. We agreed in the Empower-DSD 
study group to use the term differences of sexual develop-
ment. Additionally, the questionnaires of the quantitative 
analysis and the interview guide for the qualitative analy-
sis were explicitly adapted to the agreements on an inclu-
sive language for DSD.

Training academy
To ensure the quality and reproducibility of the educa-
tion programme, all professionals have to complete a 
training academy of a basic training and an advanced 
diagnosis-specific training that is an integral part of 
the ModuS concept. The basic training academy was 
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developed by the “Kompetenznetz Patientenschu-
lung e.V.” and was provided for participants of differ-
ent specialties by the “Förderkreis Schulung chronisch 
kranker Kinder und Jugendlicher e.V.”. It includes gen-
eral information on the organisation of a patient edu-
cation programme, the role and tasks of the trainer, 
and general information on the implementation of the 
ModuS concept. The advanced DSD-specific training 
academy is based on the developed DSD education 
programme and provides knowledge about medical 
content of the programme, as well as specific teaching 

methods and the use of an inclusive language for the 
DSD education programme.

Sample and recruitment
The modular education programme is conducted for 
children and young adults aged 6–24 years with DSD and 
their parents, as well as for families with a child newly 
diagnosed with DSD within the last two years. The poten-
tial study participants will be contacted by the study cen-
tres and their cooperating institutions, such as regional 
endocrinologists, patient support groups or other 

Fig. 1  Empower-DSD consortium ( source: https://d-​maps.​com/​carte.​php?​num_​car=​4692&​lang=​de).  Central data management.  University 
hospitals with DSD study centres

https://d-maps.com/carte.php?num_car=4692&lang=de
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Fig. 2  Modules of ModuS education programme for DSD diagnoses, according to Ernst et al. [27].  generic modules.  diagnosis-specific 
modules

Fig. 3  Working groups for diagnosis-specific modules
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hospitals. The recruitment includes e-mail or phone 
contact after initial information by the physician dur-
ing the consultation, information by a project flyer dis-
tributed by one of the partners or information from the 
Empower-DSD website (https://​empow​er-​dsd.​chari​te.​
de). Additionally, professionals and peers who work with 
or consult patients with DSD and their families and who 
are involved in the development of the Empower-DSD 
concepts are recruited for the qualitative evaluation of 
the study. The inclusion criteria are presented in Table 2. 
Subjects are excluded if informed consent is missing, if 
they are participating in another study addressing patient 
education related to DSD or if a language barrier disables 
participants from taking part in the programme.

Sample size
The study follows an explorative approach and aims to 
include as many cases as possible in all five centres during 
the field phase. A sample size of 300 participants provides 
a power of over 95% with moderate effects of the educa-
tion programme (standardised difference of paired means 
of 0.4) with an exploratory significance level of 0.05 (two-
sided). Due to an expected drop-out of less than 15%, 
the aim is to recruit 350 children and 350 adolescents/
young adults for the study. This lost-to-follow-up is con-
sidered realistic from previous paediatric research pro-
jects, because the subjects in the current study will have 
frequent consultations with the team of the department 
of endocrinology due to their diagnosis. Approximately 
160 newly diagnosed cases are expected to occur in all 

centres together during the observation period based on 
previous year’s occurrence. Therefore, a participation of 
100 families with newly diagnosed children in the study 
seems realistic. To ensure the participation of the families 
until the last follow-up, a strict reminder management is 
carried out and gift cards are awarded among all partici-
pants who have completed all questionnaires.

Regarding the qualitative evaluation, we plan to con-
duct approximately 50 semi-structured interviews with 
patients, parents, professionals, and peers taking part 
or working in the education programme. Based on the 
explorative assumptions of qualitative research, the num-
ber or content of the interviews can be adjusted until the-
oretical saturation is reached.

Evaluation
The education programme will be quantitatively and 
qualitatively evaluated by means of standardised ques-
tionnaires, interviews and participating observations. 
For the quantitative evaluation, patients and their rela-
tives who participate in the education programme are 
requested to fulfil online questionnaires at four time 
points: at baseline before participation in the education 
programme (t0), immediately after participation in the 
education programme (t1), and at a follow-up 3 months 
(t2) and 6 months (t3) after participation. Table 3 shows 
the questionnaires used at the different time points in the 
evaluation.

For the qualitative evaluation of the education pro-
gramme, semi-structured interviews and participa-
tory observation are conducted continuously during the 
implementation process with patients and their families, 
professionals and peers. The key themes covered through 
the interviews are expectations and wishes regarding the 
education programme, experiences and satisfaction with 
the education programme, impact of the education pro-
gramme on life satisfaction and dealing with the diag-
nosis, and for professionals and peers the impact of the 
programme on their work and work satisfaction.

Table 1  Exemplary examples for an inclusive language in 
Empower-DSD

Terms to use Terms to avoid

variation of genital development ambiguous/ atypical genitalia

child/ person with DSD affected child/ person

differences of sexual development disorders of sexual development

Table 2  Inclusion criteria

Inclusion criteria

Patients with congenital adrenal hyperplasia (CAH), Klinefelter syndrome, Turner syndrome, XX-/XY-DSD including MRKH

Confirmation of diagnosis by chromosomal analysis, genetic test result, laboratory test or clinical examination

Children between 8–13 years (according to their cognitive development from the age of 6 years)

adolescents/young adults between 14–24 years

Parents/ caregivers of children or adolescents with DSD newly diagnosed in the last two years

Professionals who provide the patient education programme or have been involved in its development

Peers who participate in the patient education programme as peer counsellors or were involved in its development process

Written informed consent is available from patients (6 years and older), parents/ caregivers, peers, and professionals

https://empower-dsd.charite.de
https://empower-dsd.charite.de
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Interviews with children and adolescents provide lim-
ited information about their experiences, thoughts and 
perspectives [29], especially within telephone interviews 
due to the current pandemic situation [30]. Participating 
observations can underline and enhance the statements 
made in the interviews or replace interviews and are 
therefore added to the qualitative study design.

Finally, to extend and deepen the findings, the quanti-
tative and qualitative results will be related to each other 
(triangulation).

Instruments
The online assessment contains standardised ques-
tionnaires and self-constructed questions, which are 
described in the following.

Sociodemographic data
Sociodemographic data such as age, nationality, educa-
tion, and general questions about the diagnosis are asked.

Health‑related quality of life
The health-related quality of life (HRQoL) is the primary 
outcome of this study and is assessed by the KINDL-R. 
This is a generic instrument to assess HRQoL in chil-
dren between the ages of 4 and 17 years [31]. The instru-
ment includes the domains of physical and psychological 
well-being, social relationships with family and friends, 

self-esteem and everyday life activities. Moreover, the 
assessment consists of age-specific questionnaires for 
children and adolescents as well as questionnaires for 
parents about their child. In the present study, the ver-
sions for children aged 7–13  years and 14–17  years are 
used, as well as the corresponding questionnaires for 
parents. Studies revealed a sufficient reliability (Cron-
bach’s alpha up to 0.80) and validity (r > 0.60) in samples 
of healthy or chronically ill children [31]. The tool was 
already used in a study population of children with dif-
ferences of sexual development [14] and normative data 
exist for the population of children and adolescents in 
Germany in general [32].

Life satisfaction and well‑being
To assess general life satisfaction and well-being, the 
Cantril ladder and the WHO-5 are used. The Cantril lad-
der is a visual scale on which subjective life satisfaction is 
marked on ladder levels between 0 and 10 [33]. The high-
est level represents the best possible life and the lowest 
level the worst possible life. The respondent should mark 
the personal life satisfaction of the present moment. The 
original version of the Cantril ladder was developed for 
the use in adult populations [34, 35]. The reliability and 
reproducibility have been confirmed for several life satis-
faction scales. They reflect different living conditions and 
make a valid statement regarding future behaviour [36]. 

Table 3  Questionnaires of the quantitative evaluation of the study

T0 before participation in the patient education programme, T1 immediately after participation in the education programme, T2 3 month after participation, T3 
6 month after participation

Subgroup of sample Time point Standardised questionnaires Self-constructed items

Parents of children under 6 years 
(includes parents of newly diagnosed 
children under 6 years)

T0, T2, T3 Cantril ladder, WHO-5 Sociodemographic data, diagnosis-specific 
items, social support, gender, maleness and 
femaleness, shame, self-esteem, disease burden 
and general coping, knowledge

Parents of children older than 6 years 
(includes parents of newly diagnosed 
children older than 6 years)

T0, T2, T3 Cantril ladder, KINDL-R parents, WHO-5 Sociodemographic data, diagnosis-specific 
items, social support, gender, maleness and 
femaleness, shame, self-esteem, disease burden 
and general coping, knowledge

Children 6–13 years T0, T2, T3 Cantril ladder, KINDL-R (version 7–13 years), 
CODI (for children older than 7 years), BIS (for 
children older than 12 years)

Sociodemographic data, diagnosis-specific 
items, social support, gender, maleness and 
femaleness, shame, self-esteem, disease burden 
and general coping, knowledge

Adolescents 14–17 years T0, T2, T3 Cantril ladder, KINDL-R (version 14–17 years), 
CODI, BIS

Sociodemographic data, diagnosis-specific 
items, social support, gender, maleness and 
femaleness, shame, self-esteem, disease burden 
and general coping, knowledge

Young adults 18–14 years T0, T2, T3 Cantril ladder, WHO-5, BIS Sociodemographic data, diagnosis-specific 
items, social support, gender, maleness and 
femaleness, shame, self-esteem, disease burden 
and general coping, knowledge

Children and adolescents 6–17 years T1 satisfaction with programme, short version

Young adults 18–14 years T1 Adapted ZUF-8 satisfaction with education

Parents of all children and adolescents T1 Adapted ZUF-8 satisfaction with education
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For samples with children and adolescents, an adapted 
version without an initial imagination of the best and 
worst life has been developed for the Health Behaviour in 
School-aged Children (HBSC) studies [37]. Good valid-
ity and reliability for this adapted version has been con-
firmed by several studies [33, 34]. In the present study, 
the adapted version for children, adolescents, young 
adults as well as for parents is used to reflect on one’s 
own life satisfaction.

The WHO-5 instrument is a generic assessment of 
psychological well-being, which is widely used all over 
the world and translated into 31 languages. Psychologi-
cal well-being is an essential dimension of HRQoL [38]. 
The WHO-5 has a good psychological and clinical valid-
ity across different settings and samples. In the context of 
chronic diseases and diagnostic screening, it is even able 
to reveal depression [39]. In this study, the instrument is 
used for the adult sample, including parents and patients 
older than 18 years as a main outcome measure.

Disease burden and coping
Disease burden and coping are assessed by the CODI 
(coping with a disease) questionnaire and self-con-
structed questions. The CODI is a 28-items questionnaire 
that focusses on coping strategies of children and adoles-
cents between 8 and 18  years in the context of chronic 
diseases [40]. The items cover the coping strategies 
acceptance, avoidance, cognition, distance, emotional 
reaction, wishful thinking, and general coping. Due to the 
focus on disease-specific coping strategies and the use of 
pathology-oriented language, the items were modified 
with regard to an inclusive language. In all items contain-
ing the word "disease", the word was replaced by "diag-
nosis" to reflect the understanding and attitude towards 
DSD as a variation rather than a pathology of genital 
development. This instrument has been already used in 
a sample of young patients with DSD, where the word 
“disease” was replaced by a blank gap to fill in a personal 
word describing one’s diagnosis [41]. Reference data are 
available from the German Health Survey for Children 
and Adolescents (KiGGS) [42] and other studies using 
the instrument [43, 44]. The reliability of the question-
naire has a Cronbach’s alpha between 0.72 and 0.88 [42].

In addition, the questionnaire contains self-constructed 
questions about the social support, disease burden and 
general coping. The items to assess the rate of burden are 
orientated at the assessment of Mueller-Godeffroy et al. 
[45]. Two questions out of the 4-item-assessment are 
used to evaluate the general burden of the parents and 
their perceptions of their own child. Two other questions 
evaluate the supportive and social network and the use of 
patient support groups.

Body satisfaction and self‑perception
To assess attitudes and perceptions of gender and body 
among individuals with DSD, no published standardised 
instrument was appropriate for our research questions. 
Thus, twelve items were developed to evaluate the own 
satisfaction or perceived satisfaction of the child’s body, 
gender, and maleness and femaleness, respectively. The 
responses can be chosen between very satisfied and very 
dissatisfied and ‘no answer possible’. For the questions 
about maleness and femaleness, the respondents can 
classify on a 5-point Likert scale between very male and 
very female, ‘sometimes like this, sometimes like that’ or 
‘I don’t know’. Self-esteem and shame are asked in three 
questions about the persons and the feelings associated 
with talking about the diagnosis and the body.

The Body Image Scale (BIS) is used to evaluate the sat-
isfaction with body parts like primary gender, secondary 
gender, and hormonally unresponsive attributes [46]. It 
comprises 30 body features that the respondent is asked 
to rate on a 5-point Likert scale between very satisfied 
and very dissatisfied. In the original version, the respond-
ent was asked about the desire to change a body part by 
surgery, but this was beyond the scope of the present 
study and has therefore been omitted [46]. The instru-
ment showed a consistent reproducibility of the scores 
[46]. The outcome measure is used in a German transla-
tion, that was already applied to a German sample of ado-
lescents with DSD [41]. In the present study, the BIS is 
used for all participants between 12 and 24 years.

Diagnosis‑specific knowledge
To evaluate the improvement of diagnosis-specific 
knowledge, self-constructed multiple-choice items were 
developed. The questionnaire comprises six items for 
each diagnosis, for both children and parents, but with 
different perspectives and levels of difficulty. The same 
questions are asked before and then at follow-up after 
three and six month after the education programme. For 
statistical evaluation, the individual items are added up to 
an overall score.

Satisfaction with programme
The questionnaire for the evaluation of the satisfaction 
with the education programme is based on an instru-
ment, which was originally developed for the assessment 
of patient satisfaction with inpatient care [47]. Psycho-
metric properties were evaluated as high, with a Cron-
bach’s alpha between 0.88 and 0.92 [48]. For programme 
evaluation, the items were adapted and further ques-
tions were added. A similar adapted version was already 
used in the evaluation of an asthma-specific ModuS 
programme [27]. Basic quality requirements of patient 
education programmes were discussed and transformed 
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into items of the questionnaire [49]. Finally, ten questions 
with a 4-point Likert scale and two open-ended ques-
tions are set for the survey immediately after the training 
for parents and adults. To evaluate children’s and ado-
lescents’ satisfaction, a shorter version with one item on 
general satisfaction, two open-ended questions, and four 
items with a 5-point smiley scale is used.

Data management
For the online-based data assessment we use the remote 
data capture system REDCap. Separate questionnaires 
were programmed for the target groups based on age 
and diagnostic groups. Before the study centres started 
the field work, they were trained in using REDCap by the 
central data management following a standardised train-
ing scheme.

The participant information form contains all the rel-
evant information used to assign the diagnosis- and tar-
get group-specific questionnaires in the surveys. Family 
relationships are also assigned via this form, so that the 
responses of the parents can be linked to those of the 
associated children. The study included the following 4 
groups: (i) children aged 6 to 13  years, (ii) adolescents 
aged 14 to 17 years, (iii) young adults aged 18 to 24 years 
(all groups with links to the corresponding parental ques-
tionnaires), (iv) parents of children newly diagnosed 
within the last two years. Baseline and follow-up assess-
ments were separately programmed for each age group. 
Access codes for baseline and 3 follow-up assessments 
were generated for each participant and included the 
individual participant information.

Complex alpha-numeric pseudonyms are used as links 
between diagnosis- and age group-specific question-
naires. The pseudonyms were generated at the central 
data management. A list with a sufficient number of 
pseudonyms together with guidelines for documenting 
the use of them was sent to each study centre before the 
recruitment started.

The following quality assurance tasks are impor-
tant in this project phase on the part of the central data 
management:

(i) Checking the family assignments for correctness, 
if necessary submit queries to the study centre. This 
ensures the correct assignment of questionnaires to the 
different assessment time points, but it is also essential 
for future evaluations in terms of linking questionnaire 
responses of parents with those of their children.

(ii) Verifying that questionnaires have been completed. 
A message regarding the completeness of the question-
naires is also included in the participant information. 
This was subsequently added by the central data manage-
ment to help the local study nurses keeping track.

During the course of the project, it is important to keep 
a close communication between the central data manage-
ment and the study centres to identify sources of error 
early and to correct them quickly, if possible.

Personal data from the qualitative interviews (e.g. 
audios) are only stored digitally with special access 
authorisation. Audios, complete transcripts or other per-
son-identifying data are only transport encrypted, e.g., 
with a VeraCrypt container. Only pseudonymised data 
will be analysed.

Statistical methods
Descriptive statistics will be presented for the subsamples 
children (6–13  years), adolescents (14–17  years), young 
adults (18–24 years), and parents separately. Categorical 
variables will be reported as absolute and relative fre-
quencies (with 95% confidence interval), normal distrib-
uted metric variables as mean and standard deviation, 
and skewed variables as median with interquartile range.

Pre-post comparisons (before vs. after training) will be 
conducted with statistical tests for paired samples (sin-
gle-factor ANOVA with repeated measures, one-sample 
t-test, McNemar test) separately for children, adoles-
cents, young adults, and parents. All tests are two-sided 
with a significance level of 0.05. However, p-values are 
considered exploratory, without adjustment for multi-
ple testing. Missing data will not be imputed. No interim 
analyses are planned. A statistical analysis plan will be 
prepared prior to data analysis.

Qualitative evaluation
For the qualitative evaluation, two experienced research-
ers will perform semi-structured interviews and partici-
patory observation. Preferably, interviews are conducted 
in a face-to-face situation, but can also be carried out 
as a telephone or video interview if required. All inter-
views will be recorded digitally, pseudonymised, and 
transcribed verbatim. Further data material contains the 
written memos and logbooks of the research process, 
interview protocols and observational protocols. These 
can add further information on the setting or nonverbal 
expressions of the interviewed or observed subjects. For 
the analysis, the transcripts are imported into the com-
puter programme MAXQDA®. Data analysis is carried 
out by developing categories inductively from the mate-
rial and deductively from the key themes of the interview 
guide. The analytic process will be circular, meaning that 
new insights from the interviews and initial data analy-
sis will be included into possible revision of the interview 
guide and subsequent data interpretation. The analysis 
will be discussed in regular interdisciplinary team meet-
ings to enhance intersubjectivity and multiperspectivity.
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Triangulation
In a further analysis step, the quantitative and qualita-
tive study results will be triangulated, i.e., related to 
each other. This will allow to supplement, extend, and 
deepen the findings of the study, and will generate fur-
ther hypotheses about the possible effects and experi-
ences. The mixed-methods approach of this study follows 
a parallel design (quantitative and qualitative data are 
collected in parallel). The integration of quantitative and 
qualitative data is data- and outcome-based [50].

Ethics
The study design follows the principles of the Declara-
tion of Helsinki. The local ethics committee at the lead-
ing study centre Charité—Universitätsmedizin Berlin 
approved the study protocol, procedures, and consent 
forms (EA2/238/19). All participating study centres 
obtained ethical approval by their institutions.

Discussion
Empower-DSD is a multicentre study to develop and 
evaluate an education programme for children, ado-
lescents and young adults with DSD and their parents. 
This comprehensive education programme based on the 
ModuS concept [27] contains medical information as 
well as psychological issues arising from the diagnosis 
and is taught in an age-appropriate manner. From May 
2020 to August 2022, the age- and diagnosis-specific edu-
cation programme for CAH, Turner syndrome, Klinefel-
ter syndrome and XX- or XY-DSD are provided at five 
study centres in Germany and will be evaluated quanti-
tatively and qualitatively. This paper reports on the cur-
riculum development process, the study design, and the 
evaluation concept.

As a first result of the Empower-DSD study, a specific 
DSD patient education programme is developed. For 
each diagnosis and for each age group (children, ado-
lescents and young adults, parents/carers), a separate 
curriculum specifies learning objectives, content, and 
learning methods. Each manual includes an exemplary 
schedule for the implementation of the education pro-
gramme. According to the manuals, the advanced DSD 
training academy was established and a total of 56 profes-
sionals, e.g., medical doctors, psychologists, social work-
ers or medical assistants, were qualified to conduct the 
educational programme in the different study centres. 
The education programme is offered in groups separated 
by age and diagnosis. Usually, an education course takes 
two days with a total of 12–14 lessons of 45  min each. 
The courses of the children/adolescents take place simul-
taneously with the training of parents/carers. The groups 
are limited to 4–8 families. Furthermore, peer counsel-
lors are an integral part of the educational programme. 

At each date, a peer from the cooperating patient support 
group is available to talk about the peer’s own experi-
ence in daily life with the diagnosis and to answer ques-
tions. Up to this day, a total of 336 subjects have been 
enrolled in the study and took part in the educational 
programme. Meanwhile, there have already been educa-
tional events provided for each diagnosis at least once. 
After each event, a feedback discussion takes place and 
the trainers of a centre fulfil a structured feedback form 
including information on organisation, methods, positive 
and negative training experiences to improve the quality 
of the educational programme. In order to benefit from 
the experiences of the other study centres, regular online 
meetings are held between the trainers.

The modular patient education approach (ModuS) was 
developed for rare chronic diseases in childhood. It was 
shown that this programme has positive effects on qual-
ity of life, knowledge and disease burden [19, 27]. For that 
reason, this ModuS concept served as a base for the cur-
riculum of the DSD education programme. The modular 
structure allowed an adaptation to the needs of the dif-
ferent diagnoses CAH, Turner syndrome, Klinefelter syn-
drome, and XX- or XY-DSD including MRKH. Although 
there is a manual for every diagnosis, there are different 
themes which were developed once and could be used 
across all diagnoses, e.g., the explanations of chromo-
somes, hormones, pubertal development and others. 
On the other hand there are specific themes which are 
important for only one diagnose, e.g., the whole module 
4 including competencies for the prevention and man-
agement of acute crises which was only included in the 
CAH programme. Next to the medical information, the 
psychosocial aspects are a main part of the programme 
under the assumption that psychosocial issues are at least 
equally as important as medical issues [19]. In the care of 
people with DSD, psychosocial care is obviously needed 
and should be an integral part of management [51, 52]. 
The psychological learning objectives were developed 
across all diagnoses, but have to be modulated to special 
needs for every single diagnosis.

All modules have been adapted for the inclusive lan-
guage and for special issues comprising the DSD diagno-
ses. Finding a common language was a major challenge. 
Thus, modifications had to be made in terms of the 
inclusive language used, e.g., the word “diagnosis” is 
used instead of “disease” or the word “difference” instead 
of “disorder”. Here, the involvement of the patient sup-
port groups in the development of the trainings was a 
very valuable process [53, 54]. Some of the patient sup-
port groups had difficulties with embedding the edu-
cation programme in a medical system, while others 
did not. The pathologising of their difference of sexual 
development as a “disease” was seen critically by many 
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people with DSD. Since they do not consider themselves 
as being ill, they feel that they have no need for training 
in a hospital setting. Due to the rarity of the diagnoses, 
this is also a challenge in terms of recruitment. In a con-
structive and discursive process with the patient support 
groups, an attempt was to integrate all these perspectives 
in order to develop the best possible programme for the 
participants. These discussions can also be found in cre-
ating the evaluation contents. The development of the 
interview guides for the qualitative study part were cir-
culated in the whole study team including the support 
groups and discussed intensively. The same process took 
place in the development of quantitative questions, e.g., 
about diagnosis-specific knowledge. This approach was 
intended to ensure an education programme with com-
prehensive, age-appropriate information and also infor-
mation relevant for everyday life for the participants. The 
training of children, young people and parents in differ-
ent groups addresses the different needs in knowledge 
transfer. Particularly for adolescents and young adults, 
special emphasis was placed on the examinations that 
will also be necessary later in life in order to improve the 
transition to adult medicine. In case of a necessary hor-
mone replacement therapy, adherence can be improved 
by providing good and comprehensive information on 
the effects and side-effects of medical treatments [55].

In addition, in terms of learning methods, the needs of 
the different age groups had to be considered. Children 
and juveniles need a more playful approach to the con-
tent, while parents benefit from informative presenta-
tions and the group discussions with other families and 
experts [27]. For youth, learning objectives related to 
transition are an important element in increasing transi-
tion skills, self-efficacy, and satisfaction with school [56]. 
In general, the social contact and informal exchange are 
at least as important as the lessons on medical and psy-
chological topics. The educational programme offers a 
protected setting to address individual concerns with 
psychological experts and peers with the aim to reduce 
diagnosis-specific burden and to improve the HRQoL 
[19]. Empowerment and self-management as main objec-
tives of the ModuS concept are also taken into account 
in the DSD curriculum [27]. Due to the Sars-CoV-2-pan-
demic, we had to continuously reflect on whether these 
educations are also possible as online events, because 
the restrictions did not allow educations to be held in 
person for several months. However, the strength of the 
education programme is the interactive and communi-
cative approach, which allows the participants to share 
their very sensitive and personal issues, which is probably 
not possible in an online course. So, we are looking for-
ward to conducting further trainings in presence at our 

five study centres. In addition to the scientific evaluation, 
there is continuous reflection on the trainings, and at the 
end of the study the results will be incorporated into the 
revision of the curriculum.

The present protocol describes the aims, study 
design and methods of a newly developed age-spe-
cific multidisciplinary DSD education programme 
to improve the diagnosis-specific knowledge, skills 
and empowerment of children, youth and young 
adults with DSD and their parents. Empower-DSD 
will reduce knowledge gaps regarding the feasibility, 
acceptance and effects of standardised patient educa-
tion programmes and will help to develop better mul-
tidisciplinary and integrated treatment strategies of 
high quality for children and young adults with DSD 
and their families.
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