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Abstract

Background: Due to the increased survival rates of patients with congenital heart defects (CHD), associated disorders are an
increasing focus of research. Existing studies figured out an association between CHD and its treatment, and neurodevel opmental
outcomesincluding motor competence impairments. All these studies, however, compared their test resultswith reference values
or results of healthy control groups. This comparison isinfluenced by socioeconomic and genetic aspects, which do have aknown
impact on neurodevel opmental outcomes.

Objective: Thisstudy protocol describesasetting that aimsto find out therole of CHD and its treatments on neurodevel opmental
outcomes, excluding socioeconomic and genetic aspects. Only a twin comparison provides the possibility to exclude these
confounding factors.

Methods: InaGerman-wide prospective cohort study, 129 twin siblings registered in the National Register for Congenital Heart
Defects will undergo testing on cognitive function (Wechder Intelligence Tests age-dependent: Wechsler Adult Intelligence
Scale, fourth edition; Wechdler Intelligence Scale for Children, fifth edition; and Wechdler Preschool and Primary Scale of
Intelligence, fourth edition) and motor competence (M ovement Assessment Battery for Children, second edition). Additionally,
the self-reported health-related quality of life (KINDL-R for children, Short Form 36 for adults) and the parent-reported strength
and difficulties of the children (Strength and Difficulties Questionnaire, German version) will be assessed by standardized
guestionnaires. CHD data on the specific diagnosis, surgeries, transcatheter procedures, and additional medical information will
be received from patient records.

Results: The approval of the Medical Ethics Committee Charité Mitte was obtained in June 2018. After getting funded in April
2019, thefirst enrollment was in August 2019. The study is still ongoing until June 2022. Final results are expected in 2022.

Conclusions: This study protocol provides an overview of the study design’s technical details, offering an option to exclude
confounding factors on neurodevelopmental outcomes in patients with CHD. This will enable a specific analysis focusing on
CHD and clinical treatments to differentiate in terms of neurodevelopmental outcomes of patients with CHD compared to twin
siblings with healthy hearts. Finally, we aim to clearly define what is important to prevent patients with CHD in terms of
neurodevelopmental impairments to be able to devel op targeted prevention strategies for patients with CHD.
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Introduction

Congenital heart defects (CHD) arethe most common congenital
malformation and are associated with increased morbidity and
mortality [1,2]. Based on the medical progress made in recent
decades in the fields of prenatal diagnostics, pediatric
cardiology, and heart surgery, mortality has been substantially
reduced, and life expectancy hasincreased significantly [1,3,4].
Therefore, currently, more than 90% of children with CHD
reach adulthood [1,5-7]. Thus, amajor scientific focus lies on
the clinical outcome and especially on neurologic concomitant
diseases or sequela Newborns with a CHD are aready
considered to be at risk of often starting with acidosis and low
Apgar levels after delivery. After birth, acute initial oxygen
deficiency, low cardiac output, and cyanosis are risk factors as
are medical interventions such as surgery, transcatheter
interventions, or other invasive medical procedures that may
influence the devel oping brain [8-10].

Severd studies on patientswith CHD after surgery have shown
that neurodevelopment, including motor competence, is
significantly impaired compared to healthy controls[9,11-14].
Although it seems obvious to consider the heart defect and its
treatment consequences as the main cause of this difference,
the patient’s genetic predisposition, individual support, and
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socioeconomic factors play a centra role in cognitive
development aswell [15,16]; it is, however, not known to what
extent. How would the same child have devel oped without the
CHD? Theoretically, these influences could be differentiated,
comparing patientswith CHD with healthy volunteerswho have
the same genetic predisposition and the same socioeconomic
environment. In a practical approximation, our study on twins
of whom only one sibling has CHD tries to differentiate the
influence of heart defects and medical treatment on one hand
from genetic predisposition and environmental factors on the
other hand, focusing on neurodevelopmental outcome.

Methods

Study

This study isanational, German-wide prospective cohort study
investigating twin siblingswith at |east one havingaCHD. They
are registered in the National Register for Congenital Heart
Defects (NRCHD), the largest register for patients with CHD
in Europe[17]. Theinclusion takes place by written information
sheets and an invitation to participate (see Figure 1).
Participation in the study isvoluntary and only takes place after
the participants or, in the case of minors, their parents have
given their written consent.
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Figure 1. Flowchart of recruitment and implementation. |PAQ: International Physical Activity Questionnaire; M-ABC: Movement Assessment Battery
for Children; SDQ: Strength and Difficulties Questionnaire, German version; SF-36: Short Form 36; WAIS-1V: Wechsler Adult Intelligence Scale,
fourth edition; WISC V: Wechsler Intelligence Scale for Children, fifth edition; WPPSI-1V: Wechsler Preschool and Primary Scale of Intelligence,

fourth edition.
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Participants

The study population consists of patients with CHD and their
twin siblings as well as both twins having CHD. To enable the
participation of as many twins as possible, to keep the effort
for the participants as low as possible, and to offer optimal test
conditionswith short travel distances and the sametest settings,
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the tests are carried out at regional test facilities performed by
one single investigator for all the tests throughout Germany.

Inclusion Criteria

Theinclusion criteriawerethe following: all kindsof CHD (this
includes all cardiac diagnoses defined by the International
Paediatric and Congenital Cardiac Code [18]), age between
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3-99 years, and both twins or their parents agreeing to
participate.

Exclusion Criteria

The exclusion criteria were the following: surgery or
interventional treatmentswithin thelast 6 month, massive mental
retardation (to avoid a selection bias, all patients who wish to
participate are admitted; if testing is not possible due to massive
mental retardation, the twin siblings are excluded from the
analysis but recorded as “drop-outs’), other medical
examinations on the test day, or insufficient language skills
(German).

Procedure
Primary Outcome

Wechdler Intelligence Test

TheWechsler Intelligence Test isdesigned for three age groups
to assess cognitive function. The current version of the Wechdler
Preschool and Primary Scale of Intelligence, fourth edition [19]
is used for children aged 3-7 years, and the Wechsler
Intelligence Scale for Children, fifth edition [20] is intended
for children and young people aged 6-16 years. Finaly, the
Wechdler Adult Intelligence Scale, fourth edition [21] is an
intelligence test for adolescents and adults within an age range
of 16-99 years.

These tests consist of 10 subtest groups, which resultsin 1Qs
for the four competence areas (working memory 1Q, verbal
comprehension 1Q, processing speed | Q, and perceptual logical
thinking 1Q) and afull-scale |Q calculated using the results of
all subtest groups.

Motor Competence

For the evaluation of motor competence, the Movement
Assessment Battery for Children, second edition (M-ABC 2)
[22] is used. It is a standardized test for assessing the motor
competence of children aged 3-16.9 years. The M-ABC 2 is
divided into three competence groups according to age (first:
3-6 years; second: 7-10 years; third: 11-16 years) and thus
adequately records the three competence categories. manual
dexterity (consisting of 3 tests), ball skill (consisting of 2 tests),
and balance (consisting of 3 tests).

The total test value, consisting of al three areas, represents
motor competence [23].

International Physical Activity Questionnaire

To measure adult participants physical activities in everyday
life, the International Physical Activity Questionnaire (IPAQ)
[24] for adult patients will be used, due to there being no
international standardized motor assessment battery for adults.
The test results are categorized into three activity levels:

1. Health-promoting active (vigorous intensity activity on at
least 3 days achieving aminimum of at least 1500 metabolic
equivalent task [MET] minutes per week or 7 days of any
combination of walking, moderate intensity, or vigorous
intensity activities achieving a minimum of at least 3000
MET minutes per week)
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2. Minimally active (3 or more days of vigorous activity of at
least 20 minutes per day; 5 or more days of moderate
intensity activity or walking of at least 30 minutes per day;
or 5 or moredays of any combination of walking, moderate
intensity, or vigorous intensity activities achieving a
minimum of at least 600 MET minutes per week)

3. Inactive (no activity reported or some activity reported but
not enough to meet health-enhancing physical active or
minimally active) [25]

The IPAQ is closely correlated with the results of
spiroergometry [25].

Secondary Outcome

KINDL-R Questionnaireto Assessthe Health-Related
Quality of Life

To assessthe hedlth-related qudity of life, parents (for preschool
age children) and children receive the KINDL-R questionnaire
[26], which they fill inindependently. Thisisamultidimensiona
generic instrument for recording health-related quality of life.
Therearethree versionsfor the corresponding age groups (first:
3-6 years, second: 7-12 years,; third: 13-17 years); these
comprise 24 questions, and validation has already been carried
out [26].

Short Form 36 Questionnairefor M easuring Health-Related
Quality of Lifein Adults

The Short Form 36 (SF-36) consists of 36 questions and is a
general health questionnaire that allows statements about the
patient’s health status using means of 8 different dimensions
[27]. It makes statements about genera health perception (5
guestions), physical health (10 questions), limited physical role
function (4 questions), physical pain (2 questions), vitality (4
guestions), mental health (5 questions), limited emotional role
function (3 questions), and social functioning (2 questions).

The possible score ranges from 0 to 100 points. Zero points
represent theworst quality of life valuein terms of health, while
100 points describe the best possible state of health. Bullinger
and Kirchberger [27] validated the German version, and the
SF-36 is used to evaluate individual patients’ health status and
monitor and compare disease burden with an acceptableinternal
consistency [28]. Therefore, it is used worldwide and is a
well-established questionnaire, which is used in various fields
of medicine, with great clinica relevance and is available in
over 170 languages.

Strength and Difficulties Questionnaire

The Strength and Difficulties Questionnaire, German version
(SDQ-D) [29] assesses behavioral problems and strengths in
children and young people aged 4-17 years, and it is available
in over 75 languages. The two-page parent-reported
guestionnaire contains atotal of 25 characteristics, 10 of which
are positive, 14 negative, and 1 neutral, and asks about
problematic experiences of the child.

The SDQ-D measures the scales emotional problems, conduct
problems, hyperactivity, behavioral problems with peers, and
prosocial behavior.
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From these scale scores, a total problem score is calculated,
ranging in value from O to 40. Validation and updating of
age-specific German reference values by Robert-Kaoch I nstitute
published in 2020 [30].

Data Handling

Since the study participants come from the NRCHD and the
data processing takes place under the umbrella of the NRCHD,
the study is subject to the data protection concept established
inthe NRCHD. All study participants aready have apseudonym
and a randomly generated number as a result of their
participation in the NRCHD. The latter is used to identify the
guestionnaires. The data obtained are stored separately from
the persona identifying data under the aforementioned
pseudonym. All information and data remain within the
jurisdiction of the NRCHD. People outside this area, except for
the study directors, have no accessto thedata. The study director
conducts the tests personally.

The collection and storage of al data are carried out following
the NRCHD’s data protection concept, which isregistered with
the Berlin Commissioner for Data Protection and Freedom of
Information (No. 531.390). The study directorsreceivethe data
for stetistical evaluation for a limited time and without direct
referenceto the participating persons. In addition, only NRCHD
employees who are bound to secrecy have access to the data.
The data collected via German Heart Center Munich are stored
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on hospital serversand only the research team has access. Data
transfer between NRCHD and German Heart Center Munich
takes place in person or a password-protected version. The
written consent and collected datawill be stored separately for
10 years after the end of the study. At the end of the study, both
the participants and the funding agency will be informed about
the results.

Statistical Analysis

Power Analysis and Sample Size

Due to the explorative character of the study and the, so far,
unknown prevalence of CHD in twin siblingsin Germany or in
any other country, this makes adequate case number planning
difficult. Using G* Power analysisfor “apriori required sample
size” for student t test with paired sampleswith amedium effect
size (0.5), a power set to 0.95, and an alpha error probability
set to .05, we ended up with a total number of 54 twins.
However, this study aimsfor atotal survey of twinswith CHD
living in Germany. Based on previous experience, aconservative
estimate of at least 50% inclusion can be expected, that is, 129
pairs of twins from 259 twins recorded in the NRCHD
throughout Germany (as of February 2018).

Primary and Secondary Analysis

The planned primary and secondary analysis are displayed in
Figure 2.
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Figure 2. Planned statistical analysis. CHD: congenital heart defects; SDQ-D: Strength and Difficulties Questionnaire, German version.
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Results

The approval of the Medical Ethics Committee Charité Mitte
was obtained on June 26, 2018 (EA2/086/18). After getting
funded in April 2019, first enrollment began in August 2019.
The study is still ongoing until June 2022. Final results are
expected in 2022.

Discussion

This study protocol provides an overview of technical details
of the study design, offering an option to exclude confounding

Acknowledgments

factors on neurodevel opmental outcomesin patientswith CHD.
This will enable a specific analysis focusing on CHD and
clinica treatments to differentiate in terms of
neurodevel opmental outcomes of patientswith CHD compared
to twin siblingswith healthy hearts. In theend, weaimto clearly
define what isimportant to prevent patients with CHD in terms
of neurodevelopmental impairments and to define targeted
prevention strategies for patients with CHD.

This study is funded by kinder herzen, Fordergemeinschaft Deutsche Kinderherzzentren e.V, Germany.

https://www.researchprotocol s.org/2021/5/€26404

RenderX

JMIR Res Protoc 2021 | vol. 10 | iss. 5| €26404 | p. 6
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Remmele et a

This study was supported by the Competence Network for Congenital Heart Defects, which hasreceived funding from the Federal
Ministry of Education and Research, grant number 01GI0601 (until 2014), and the German Centre for Cardiovascular Research
(as of 2015).

Wewould liketo thank all the cooperating centersin Germany who support the study and provide uswith the premisesfor testing.

Authors Contributions

JR and OT came up with the study; PE supported and supervised it. UMMB and TP supported bringing it to the national level.
JR and PCH contributed toward statistical analyses and the first draft with PE. PE, ROF, UMMB, and TP critically reviewed the
protocol and made amendments. All authors critically reviewed and approved the final version.

Conflictsof I nterest
None declared.

References

1. KatmanJR, BurnsKM, Pearson GD. Perspective on congenital heart disease research. Circ Res2017 Mar 17;120(6):898-900.
[doi: 10.1161/CIRCRESAHA.116.310334] [Medline: 28302736]

2. Hinton RB, Ware SM. Heart failurein pediatric patientswith congenital heart disease. Circ Res 2017 Mar 17;120(6):978-994
[FREE Full text] [doi: 10.1161/CIRCRESAHA.116.308996] [Medline: 28302743]

3. BoumaBJ, Mulder BJ. Changing landscape of congenital heart disease. Circ Res 2017 Mar 17;120(6):908-922. [doi:
10.1161/CIRCRESAHA.116.309302] [Medline: 28302739]

4.  Voss C, Duncombe SL, Dean PH, de Souza AM, Harris KC. Physical activity and sedentary behavior in children with
congenital heart disease. JAm Heart Assoc 2017 Mar 06;6(3):e004665 [FREE Full text] [doi: 10.1161/JAHA.116.004665]
[Medline: 28264859]

5. Marian AJ. Congenital heart disease: the remarkable journey from the " Post-Mortem Room™ to adult clinics. Circ Res 2017
Mar 17;120(6):895-897 [FREE Full text] [doi: 10.1161/CIRCRESAHA.117.310830] [Medline: 28302735]

6. Dulfer K, Helbing WA, Duppen N, Utens EM. Associations between exercise capacity, physical activity, and psychosocial
functioning in children with congenital heart disease: a systematic review. Eur J Prev Cardiol 2014 Oct;21(10):1200-1215.
[doi: 10.1177/2047487313494030] [Medline: 23787793]

7. Holst KA, Said SM, Nelson TJ, Cannon BC, Dearani JA. Current interventional and surgical management of congenital
heart disease; specific focus on valvular disease and cardiac arrhythmias. Circ Res 2017 Mar 17;120(6):1027-1044. [doi:
10.1161/CIRCRESAHA.117.309186] [Medline: 28302746]

8.  Andersen SL. Trajectories of brain development: point of vulnerability or window of opportunity? Neurosci Biobehav Rev
2003;27(1-2):3-18. [doi: 10.1016/s0149-7634(03)00005-8] [Medline: 12732219]

9. ReichB, HeyeK, TuuraR, Beck |, Wetterling K, Hahn A, et al. Neurodevel opmental outcome and health-related quality
of lifein children with single-ventricle heart disease before fontan procedure. Semin Thorac Cardiovasc Surg 2017 Dec
05:5S1043-0679(17)30288-5. [doi: 10.1053/j.semtcvs.2017.09.014] [Medline: 29104017]

10. Claessens NH, Moeskops P, Buchmann A, Latal B, Knirsch W, Scheer |, et al. Delayed cortical gray matter development
in neonates with severe congenita heart disease. Pediatr Res 2016 Nov;80(5):668-674. [doi: 10.1038/pr.2016.145] [Medline:
2743412Q]

11. Gaynor JW, Stopp C, Wypij D, Andropoulos DB, Atallah J, Atz AM, International Cardiac Collaborative on
Neurodevelopment (ICCON) Investigators. Neurodevel opmental outcomes after cardiac surgery ininfancy. Pediatrics 2015
May;135(5):816-825 [ FREE Full text] [doi: 10.1542/peds.2014-3825] [Medline: 25917996]

12. Naef N, Liamlahi R, Beck |, Bernet V, Dave H, Knirsch W, et al. Neurodevelopmental profiles of children with congenital
heart disease at school age. J Pediatr 2017 Sep;188:75-81. [doi: 10.1016/j.jpeds.2017.05.073] [Medline: 28709631]

13. Marino BS, Lipkin PH, Newburger JW, Peacock G, Gerdes M, Gaynor JW, Council on Cardiovascular Disease in the
Young, Council on Cardiovascular Nursing, and Stroke Council. Neurodevelopmental outcomesin children with congenital
heart disease; evaluation and management: a scientific statement from the American Heart Association. Circulation 2012
Aug 28;126(9):1143-1172. [doi: 10.1161/CIR.0b013e318265ee8a] [Medline: 22851541]

14. Cassidy AR, White M T, DeMaso DR, Newburger JW, Bellinger DC. Executive function in children and adolescents with
critical cyanotic congenital heart disease. J Int Neuropsychol Soc 2015 Jan;21(1):34-49 [FREE Full text] [doi:
10.1017/S1355617714001027] [Medline: 25487044]

15. Jackson AC, Frydenberg E, Liang RP, Higgins RO, Murphy BM. Familial impact and coping with child heart disease: a
systematic review. Pediatr Cardiol 2015 Apr;36(4):695-712. [doi: 10.1007/s00246-015-1121-9] [Medline: 25618163]

16. Eriksson M, Lindstrém B. Antonovsky's sense of coherence scale and its relation with quality of life: a systematic review.
J Epidemiol Community Health 2007 Nov;61(11):938-944 [FREE Full text] [doi: 10.1136/jech.2006.056028] [Medline:
17933950]

https://www.researchprotocols.org/2021/5/e26404 JMIR Res Protoc 2021 | vol. 10 | iss. 5| €26404 | p. 7
(page number not for citation purposes)


http://dx.doi.org/10.1161/CIRCRESAHA.116.310334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28302736&dopt=Abstract
http://europepmc.org/abstract/MED/28302743
http://dx.doi.org/10.1161/CIRCRESAHA.116.308996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28302743&dopt=Abstract
http://dx.doi.org/10.1161/CIRCRESAHA.116.309302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28302739&dopt=Abstract
https://www.ahajournals.org/doi/10.1161/JAHA.116.004665?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1161/JAHA.116.004665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28264859&dopt=Abstract
http://europepmc.org/abstract/MED/28302735
http://dx.doi.org/10.1161/CIRCRESAHA.117.310830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28302735&dopt=Abstract
http://dx.doi.org/10.1177/2047487313494030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23787793&dopt=Abstract
http://dx.doi.org/10.1161/CIRCRESAHA.117.309186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28302746&dopt=Abstract
http://dx.doi.org/10.1016/s0149-7634(03)00005-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12732219&dopt=Abstract
http://dx.doi.org/10.1053/j.semtcvs.2017.09.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29104017&dopt=Abstract
http://dx.doi.org/10.1038/pr.2016.145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27434120&dopt=Abstract
http://europepmc.org/abstract/MED/25917996
http://dx.doi.org/10.1542/peds.2014-3825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25917996&dopt=Abstract
http://dx.doi.org/10.1016/j.jpeds.2017.05.073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28709631&dopt=Abstract
http://dx.doi.org/10.1161/CIR.0b013e318265ee8a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22851541&dopt=Abstract
http://europepmc.org/abstract/MED/25487044
http://dx.doi.org/10.1017/S1355617714001027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25487044&dopt=Abstract
http://dx.doi.org/10.1007/s00246-015-1121-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25618163&dopt=Abstract
http://europepmc.org/abstract/MED/17933950
http://dx.doi.org/10.1136/jech.2006.056028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17933950&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Remmele et a

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

Helm PC, Koerten M, Abdul-Khaliq H, Baumgartner H, Kececioglu D, Bauer UMM. Representativeness of the German
National Register for Congenital Heart Defects: aclinically oriented analysis. Cardiol Young 2016 Jun;26(5):921-926.
[doi: 10.1017/S1047951115001547] [Medline: 26443325]

Franklin RC, Jacobs JP, Krogmann ON, Béland MJ, Aiello VD, Colan SD, et al. Nomenclature for congenital and paediatric
cardiac disease: historical perspectives and The International Pediatric and Congenital Cardiac Code. Cardiol Young 2008
Dec; 18 Suppl 2:70-80. [doi: 10.1017/S1047951108002795] [Medline: 19063777]

Petermann F, Daseking M. WPPSI-1V. Wechsler Preschool Primary Scale of Intelligence - Fourth Edition. Deutschsprachige
Adaption nach D. Wechsler (4. berarbeitete und erweiterte Aufl.). Frankfurt a Main: Pearson Assessment; 2018.

Renner G, Schroeder A. Testinformation zur Wechsler Intelligence Scale - Fifth Edition (WISC-V). (Dia-Inform
Verfahrensinformation 003-01), Ludwigsburg: Padagogische Hochschule Ludwigsburg 2018:003-001. [doi:
10.1093/gmo/9781561592630.article.17139]

Petermann F. WAIS-IV. Wechdler Adult Intelligence Scale - Fourth Edition. Deutschsprachige Adaptation der WAIS-1V
von D. Wechdler. Frankfurt a Main: Pearson Assessment; 2012.

Petermann F. Movement Assessment Battery for Children - Second Edition (Movement ABC-2). Deutschsprachige
Adaptation nach SE Henderson, DA Sudgen und AL Barnett. Deutsche Bearbeitung hg. unter Mitarbeit von K Bésund J
Kastner. 2., Uberarbeitete und erweiterte Auflage. Frankfurt aMain: Pearson Assessment; 2009.

Wagner MO, Kastner J, Petermann F, Bs K. Factorial validity of the Movement Assessment Battery for Children-2 (age
band 2). Res Dev Disabil 2011;32(2):674-680. [doi: 10.1016/j.ridd.2010.11.016] [Medline: 21146955]

Lee PH, Macfarlane DJ, Lam TH, Stewart SM. Validity of the International Physical Activity Questionnaire Short Form
(IPAQ-SF): asystematic review. Int J Behav Nutr Phys Act 2011 Oct 21;8:115 [FREE Full text] [doi:
10.1186/1479-5868-8-115] [Medline: 22018588]

Miiller J, Amberger T, Berg A, Goeder D, Remmele J, Oberhoffer R, et al. Physical activity in adults with congenital heart
disease and associationswith functional outcomes. Heart 2017 Jul;103(14):1117-1121. [doi: 10.1136/heartjnl-2016-310828]
[Medline: 28274955]

Ravens-Sieberer U, Bullinger M. Assessing health-related quality of lifein chronically ill children with the German KINDL:
first psychometric and content analytical results. Qual Life Res 1998 Jul;7(5):399-407. [doi: 10.1023/a:1008853819715]
[Medline: 9691720]

Bullinger M, Kirchberger 1. SF-36 Fragebogen zum Gesundheitszustand. Gottingen: Hogefre; 1998.

Bullinger M. [Assessment of health related quality of life with the SF-36 Health Survey]. Rehabilitation (Stuttg) 1996
Aug;35(3):XVII-XXVII; quiz XXVII. [Medline: 8975342]

Essau CA, Olaya B, Anastassiou-Hadjicharalambous X, Pauli G, Gilvarry C, Bray D, et al. Psychometric properties of the
Strength and Difficulties Questionnaire from five European countries. Int JMethods Psychiatr Res 2012 Sep;21(3):232-245
[FREE Full text] [doi: 10.1002/mypr.1364] [Medline: 22890628]

Janitza S, Klipker K, Holling H. Age-specific normsand validation of the German SDQ parent version based on anationally
representative sample (KiGGS). Eur Child Adolesc Psychiatry 2020 Feb;29(2):123-136. [doi: 10.1007/s00787-019-01337-1]
[Medline: 31016398]

Abbreviations

CHD: congenital heart defects

IPAQ: International Physical Activity Questionnaire

MET: metabolic equivalent task

M-ABC 2: Movement Assessment Battery for Children, second edition
NRCHD: National Register for Congenital Heart Defects

SDQ-D: Strength and Difficulties Questionnaire, German version
SF-36: Short Form 36

Edited by G Eysenbach; submitted 11.12.20; peer-reviewed by A O'Sullivan, P Sarajlic; commentsto author 05.04.21; revised version
received 13.04.21; accepted 16.04.21; published 13.05.21

Please cite as.

Remmele J, Helm PC, Ober hoffer-Fritz R, Bauer UMM, Pickardt T, Ewert P, Tutarel O

A National Comparative I nvestigation of Twins With Congenital Heart Defects for Neurodevel opmental Outcomes and Quality of Life
(Same Same, but Different?): Protocol for a Prospective Observational Sudy

JMIR Res Protoc 2021;10(5): 26404

URL.: https://www.researchprotocols.org/2021/5/e26404

doi: 10.2196/26404

PMID:

https://www.researchprotocols.org/2021/5/e26404 JMIR Res Protoc 2021 | vol. 10 | iss. 5| €26404 | p. 8

(page number not for citation purposes)


http://dx.doi.org/10.1017/S1047951115001547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26443325&dopt=Abstract
http://dx.doi.org/10.1017/S1047951108002795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19063777&dopt=Abstract
http://dx.doi.org/10.1093/gmo/9781561592630.article.17139
http://dx.doi.org/10.1016/j.ridd.2010.11.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21146955&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-8-115
http://dx.doi.org/10.1186/1479-5868-8-115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22018588&dopt=Abstract
http://dx.doi.org/10.1136/heartjnl-2016-310828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28274955&dopt=Abstract
http://dx.doi.org/10.1023/a:1008853819715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9691720&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8975342&dopt=Abstract
http://europepmc.org/abstract/MED/22890628
http://dx.doi.org/10.1002/mpr.1364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22890628&dopt=Abstract
http://dx.doi.org/10.1007/s00787-019-01337-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31016398&dopt=Abstract
https://www.researchprotocols.org/2021/5/e26404
http://dx.doi.org/10.2196/26404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Remmele et a

©JuliaRemmele, Paul Christian Helm, Renate Oberhoffer-Fritz, Ulrike MM Bauer, Thomas Pickardt, Peter Ewert, Oktay Tutarel.
Originally published in IMIR Research Protocol s (https://www.researchprotocols.org), 13.05.2021. Thisisan open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR
Research Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
https://www.researchprotocols.org, as well as this copyright and license information must be included.

https://www.researchprotocols.org/2021/5/e26404 JMIR Res Protoc 2021 | vol. 10 | iss. 5| €26404 | p. 9
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

