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Transitions Measure (CTM) is used to assess the quality and safety of this transition from the patients’
perspective. A systematic and standardized assessment of quality and safety in the discharge process
from the patients’ perspective has not been possible in German-speaking countries due to the lack of a
German adaptation and validation of the CTM. This study aims to translate, adapt, and validate the
CTM for use in German-speaking countries

Patient safety Methods: The German version of the CTM was developed based on internationally accepted recommen-
Psychometric properties dations for translating and adapting questionnaires. Patients of all departments (except pediatric depart-
Measurement invariance ments) of a German university hospital who were discharged home after at least three days of inpatient
Patient-reported outcome measure treatment received the questionnaire by mail between May and August 2022. A total of 806 patients
participated in the survey. The validity of the CTM was tested by factor analyses. For this purpose, differ-
ent factor models were compared. In addition, the measurement invariance of the instrument was exam-
ined.

Results: The construct validity of the long version of the CTM (15items) with a two-factorial model struc-
ture was confirmed with good model fit indices. The two subscales had excellent internal consistency. In
addition, the one short version with four items achieved excellent model fit indices and high internal con-
sistency. For the long version of the CTM, measurement invariance was confirmed for all sociodemo-
graphic, care-related, and survey response characteristics examined. The measurement invariance of
the short version was only partially confirmed.

Discussion: The validity and reliability of the German version of the CTM were confirmed. In its long ver-
sion, the instrument is measurement invariant across various characteristics and thus allows valid inter-
pretation of group differences. The short version is partially measurement invariant and is suitable as a
screening instrument for assessing the quality and safety of discharge processes due to its high validity
and reliability.

Conclusions: With a validated and standardized German version of the CTM, an instrument is now avail-
able to assess the quality and safety of the discharge process from the patients’ perspective. Thus, this
study provides an essential tool for systematically investigating and optimizing patient safety in the dis-
charge process.

Keywords:

Abbreviations: CFA, Confirmatory Factor Analysis; CFI, comparative fit index; CP, care plan; CTM, Care Transitions Measure; CU, critical understanding; df, degrees of freedom;
EFA, Exploratory Factor Analysis; G-CTM, German Version of the Care Transitions Measure; [-CVI, item-based content validity index; ICU, intensive medical care; MP,
management preparations; PI, preferences important; PROM, patient-reported outcome measure; RMSEA, root mean square error of approximation; S-CVI, scale-based
content validity index; SRMR, standardized root mean square residual; TLI, Tucker Lewis index; WLSMV, weighted least squares means and variance adjusted
* Corresponding author. Dr. Matthias Marsall. Universitatsklinikum Bonn (UKB), Venusberg-Campus 1, Gebdude A 02, 53127 Bonn, Germany.
E-Mail: matthias.marsall@ukbonn.de (M. Marsall).

https://doi.org/10.1016/j.zefq.2023.10.002
1865-9217/© 2023 Published by Elsevier GmbH.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.zefq.2023.10.002&domain=pdf
https://doi.org/10.1016/j.zefq.2023.10.002
http://creativecommons.org/licenses/by/4.0/
mailto:matthias.marsall@ukbonn.de
https://doi.org/10.1016/j.zefq.2023.10.002
http://www.sciencedirect.com/science/journal/18659217
http://http://www.elsevier.com/locate/zefq

18

ARTIKEL INFO

Artikel-Historie:

Eingegangen: 14. August 2023

Revision eingegangen: 30. September 2023
Akzeptiert: 3. Oktober 2023

Online gestellt: 10. November 2023

Schliisselworter:

Patientensicherheit

Psychometrische Giite

Messinvarianz

Patientenberichtete Ergebnismessung

M. Marsall et al./Z. Evid. Fortbild. Qual. Gesundh. wesen (ZEFQ) 182-183 (2023) 17-25

ZUSAMMENFASSUNG

Hintergrund: Der Ubergang zwischen verschiedenen Versorgungskontexten, insbesondere bei der
Entlassung aus einer stationdren Behandlung nach Hause, ist fiir Patient*innen mit Risiken fiir die
Patientensicherheit verbunden. International etabliert wird das Care Transitions Measure (CTM) zur
Erfassung der Qualitit und Sicherheit dieses Ubergangs aus Patient*innenperspektive verwendet. Eine sy-
stematische und standardisierte Erfassung der Qualitit und Sicherheit im Entlassungsprozess aus
Patient*innenperspektive war bisher im deutschsprachigen Raum aufgrund des Fehlens einer deutsch-
sprachigen Adaptation und Validierung des CTM nicht méglich. Das Ziel dieser Studie ist die Ubersetzung,
Adaptation und Validierung des CTM fiir den Einsatz im deutschsprachigen Raum.

Methode: Die deutschsprachige Version des CTM wurde auf der Grundlage international anerkannter
Empfehlungen zur Ubersetzung und Adaptation von Fragebdgen entwickelt. Patient*innen aller
Kliniken (mit Ausnahme der pddiatrischen Bereiche) eines deutschen Universitatsklinikums, die nach
einer mindestens dreitdgigen stationdiren Behandlung nach Hause entlassen wurden, erhielten im
Zeitraum Mai bis August 2022 postalisch den Fragebogen. Insgesamt nahmen 806 Patient*innen teil.
Die Validitit des CTM wurde durch Faktorenanalysen iiberpriift. Hierzu wurden verschiedene
Faktormodelle verglichen. Zusdtzlich wurde die Messinvarianz des Instruments iiberpriift.

Ergebnisse: Die Konstruktvaliditdt einer Langversion des CTM (15 Items) mit einer zwei-faktoriellen
Modellstruktur wurde mit guten Model-Fit-Indizes bestdtigt. Die beiden Subskalen hatten exzellente in-
terne Konsistenzen. Zusatzlich erreichte die eine Kurzversion mit vier Items hervorragende Model-Fit-
Indizes und eine hohe interne Konsistenz. Fiir die Langversion des CTM konnte die Messinvarianz aller
untersuchten soziodemografischen, versorgungsbezogenen und befragungsbezogenen Charakteristika
bestdtigt werden. Die Messinvarianz der Kurzversion wurde nur teilweise bestdtigt.

Diskussion: Die Validitdt und Reliabilitdt der deutschsprachigen Version des CTM wurde bestdtigt. Das
Instrument ist in seiner Langversion iiber verschiedene Charakteristika messinvariant und erlaubt
damit die valide Interpretation von Gruppenunterschieden. Die Kurzversion ist teilweise messinvariant
und eignet sich aufgrund der hohen Validitdt und Reliabilitdt als Screeninginstrument zur Erfassung
der Qualitdt und Sicherheit des Entlassungsprozesses.

Schlussfolgerung: Mit einer validierten und standardisierten deutschsprachigen Version des CTM liegt
nun Instrument vor, um die Qualitit und Sicherheit des Entlassungsprozesses aus
Patient*innenperspektive zu erfassen. Damit liefert diese Studie ein wichtiges Instrument zur systemati-

schen Untersuchung und Optimierung der Patientensicherheit im Prozess der Entlassung.

Introduction

Transitioning patients between different care contexts is a par-
ticularly critical step, with an increased risk of experiencing harm
and negative health consequences such as adverse events [1] or
medication errors [2,3]. Particularly during discharge from
hospital-based, inpatient treatment to ‘self-directed’ care at home,
patients pass a sector boundary at which roles change, and respon-
sibility for care is transferred back to patients - with increased
risks for safety and failures [4,5]. Consequently, the World Health
Organization highlighted the relevance of ensuring safe transitions
between care contexts and strengthening patient-centeredness to
prevent avoidable harm [6]. Since then, increased attention has
been directed towards the quality of out-of-hospital transitions
and the safety of patient discharge processes.

However, incidences of hospital readmission within 30 days
after discharge ranges between 14 and 22% in Germany [7]. Deficits
in the post-discharge process and poor communication signifi-
cantly contribute to unplanned patient readmissions and safety
incidents at home [8-10]. Research has increasingly focused on
examining safety-related processes in discharge management
and identifying quality- and safety-critical aspects in this care
transition [11-14]. For this purpose, the Care Transitions Measure
(CTM) was developed, which is internationally the mainly applied
instrument for measuring the quality of care transitions from
patients’ perspective [15-17]. Translations and validations of this
original English language tool are now available in different lan-
guages [18-22]. Several studies have undermined its validity and
utility: higher CTM-scores are related to lower readmission risks,
better health outcomes, higher eHealth literacy, lower readmis-
sions of infants after neonatal intensive care as well as higher med-

ication adherence after emergency department discharge [9,18,23-
25]. Moreover, capturing patient experiences in care as well as
their active involvement in research are encouraged to achieve
patient-centered care, i.e., through utilizing patient-reported out-
comes measures (PROM) [26]. Therefore, CTM, which validly cap-
tures patient experiences in the discharge process, is an
important PROM for evaluating and improving care transitions.

Notwithstanding its wide adoption in health services research, a
German version of the CTM is still missing. This impedes compar-
ative examinations of discharge process quality and related out-
comes. As a result, the quality of care transition from patients’
perspectives in Germany has been insufficiently studied so far
[27]. Moreover, the availability of valid and robust tools is essential
for developing and evaluating interventions to ensure safe transi-
tions between care contexts. In summary, there is a relevant
research gap in the ability to assess patient-centered and safe care
in discharge management in Germany.

Objective

This study aims to translate the care transition measure (CTM)
[16], test its measurement characteristics, and introduce a version
adapted to the German-speaking healthcare context. With this, we
contribute to the impetus of investigating patient safety in transi-
tions between different care contexts in Germany and promote the
development or adaptation of interventions.

Adopting measurement tools in different cultural contexts and
national healthcare settings should be accompanied by systematic
and thorough investigations for validity and reliability [28]. We
focus mainly on examining factorial validity since different
factorial structures with three or four dimensions and different
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short versions of the CTM have been investigated so far [19,23,29].
In addition, measurement invariance of the CTM tool concerning
important sociodemographic and treatment-related characteristics
must be established. This is particularly important to highlight the
extent to which the CTM can be used to examine group differences,
which is vital for the comparability of different studies [30-32].

Method

A stepwise translation, refinement, adoption process, and an
ensuing cross-sectional survey were conducted with the German
version of the Care Transitions Measure (G-CTM) among patients
after hospital discharge. This study is part of a larger project inves-
tigating hospital discharge processes and post-discharge outcomes
in Germany. The investigation was conducted accordingly to the
declaration of Helsinki and approved by the Ethics Committee of
the Medical Faculty of the University of Bonn (Nr. 107/22). The
study protocol was registered at the German Clinical Trials Register
(Code DRKS00028947). The reporting guidelines ‘Strengthening
the Reporting of Observational Studies in Epidemiology’ (STROBE)
were applied [33].

Study design

This study was conducted across various medical specialties
and departments (except pediatric clinics) of an academic teaching
hospital in Germany that is a maximum-care hospital that treats
around 350,000 outpatients, 50,000 inpatients, and 40,000 emer-
gency patients per year. We chose a heterogeneous sample in
terms of disease entities and specialties to avoid compromising
external validity of our results by limiting them to single
diseases/clinics.

Data was collected using paper-based questionnaires sent to
patients via mail three weeks after discharge. No reminder was
sent out. Patients’ relatives might fill out the questionnaire on
patient’s behalf if incapable. By allowing relatives to fill out the
questionnaire, respective test of measurement invariance enabled
us to investigate whether the G-CTM can be used validly and com-
parably independent of the person answering the instrument. As
an alternative to the paper version, a web-based, online version
via the online survey system Unipark (Tivian XI GmbH) was pro-
vided. For this purpose, a hyperlink and a QR code were printed
on paper version of the questionnaire.

A total of 3945 questionnaires were sent out between May and
August 2022. Study participation was not compensated. No per-
sonal data were collected as part of the survey. The questionnaire
contained a comprehensive study disclosure form.

Stepwise translation, refinement, and adoption process of German
CTM

Our stepwise translation and adaptation process of the CTM
was carried out in line with international recommendations for
the development and adaptation of instruments in cross-cultural
health research [28]:

In step 1, forward translation was performed. Two of the study
authors (MM and MW) independently translated the original Eng-
lish items of the CTM into German. This step resulted in two
forward-translated versions of the CTM.

In step 2, these combined translations were synthesized
through a discussion between two translators. All ambiguities
and discrepancies in the two translations were discussed between
the two translators. Afterwards, a third researcher was involved in

discussing the translation differences and achieving consensus to
define the preliminary, initially translated G-CTM version.

In step 3, a back-translation of the preliminary initial translated
version of the instrument into English was performed. For this pur-
pose, two professional English to German-language translators
were engaged to translate all G-CTM items independently back
into English to compare them to the original CTM items. This step
resulted in two back-translated versions of the CTM.

In step 4, to determine a preliminary version of the German
translation, a multidisciplinary panel discussed the original English
version, the two (German) forward translations, and the two (Eng-
lish) backward translations in terms of conceptual, semantic, and
content equivalence. The multidisciplinary panel consisted of two
forward translators (both psychologists), one further psychologist,
two nursing scientists, and a physician. In this step, all inconsisten-
cies and ambiguities in the translation of the items were resolved,
and the preliminary version of the G-CTM was defined.

In step 5, an external expert panel was established to evaluate
each CTM item for its clarity, comprehensibility, and relevance in
assessing discharge processes’ quality and safety. Nine persons,
covering physicians, psychologists, and nurses holding academic
degrees (from post-graduated professionals to professors) took
part in this expert panel. This step used an online questionnaire
with all items from the preliminary G-CTM version. Two questions
were asked about each item: ‘Please indicate below for each item
whether it is well understood or not from your point of view’
and ‘For each item, please indicate below whether it is relevant
from your perspective to assess the quality and safety of discharge
from a hospital after inpatient treatment.’ Moreover, free-text
feedback for each item was obtained via text boxes.

All items achieved an item-based content validity index (I-CVI)
of at least 75%. The scale-based content validity index (S-CVI) was
79%. A few items were rephrased based on feedback from the
expert panel to gain greater clarity of item wording and content
relevance of individual items. This version of the items was defined
as the final version of the German version of the Care Transitions
Measure (G-CTM). The German items of the G-CTM are presented
in Table 1. The original English items of the CTM are shown in
Appendix A, A.

Patients

We sent out surveys to all patients who met the following
inclusion criteria in the period mentioned above: patients had to
be at least 18 years old, discharged to home from hospital inpatient
care, and hospital stay for at least three days or more. Patients
discharged to any other post-inpatient treatment facility or
follow-up care (e.g., nursing home, inpatient rehabilitation) were
excluded.

Measurements

Initially, the CTM was proposed with four subscales that repre-
sent different, distinct components of patient experiences during
high-quality hospital discharge processes:

- critical understanding (CU) assesses patient involvement in
their self-care responsibilities (six items),

- preferences important (PI) captures patient involvement in the
environment of care after discharge from the clinic (three
items),

- management preparations (MP) indicate patients’ understand-
ing of their health status and how to influence their health (four
items),
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Table 1
Items of the German Version of the Care Transitions Measure (G-CTM).
# German item
ctm 1 Vor der Entlassung aus der Klinik einigten sich das Klinikpersonal und ich auf Ziele fiir meine Gesundheit und wie ich diese erreichen kann.
ctm 2 Das Klinikpersonal berticksichtigte meine Vorstellungen und die meiner Angehorigen bei der Entscheidung, was meine gesundheitlichen Bediirfnisse
nach der Entlassung aus der Klinik sind.
ctm 3 Das Klinikpersonal beriicksichtigte meine Vorstellungen und die meiner Angehérigen bei der Entscheidung, wo (z.B. zu Hause, ambulante
Versorgungseinrichtung) meine gesundheitlichen Bediirfnisse nach der Entlassung aus der Klinik am besten erftillt werden.
ctm 4 Bei der Entlassung aus der Klinik hatte ich alle notwendigen Informationen, um mich selbst versorgen zu kénnen.
ctm 5 Bei der Entlassung aus der Klinik hatte ich genau verstanden, wie ich mit meiner Gesundheit umgehen muss.
ctm 6 Bei der Entlassung aus der Klinik hatte ich genau verstanden, auf welche Warnzeichen und Symptome ich achten muss, um meinen
Gesundheitszustand zu tiberwachen.
ctm 7 Bei der Entlassung aus der Klinik habe ich schriftliche und leicht verstdndliche Informationen dariiber erhalten, wie meine gesundheitliche Versorgung
sichergestellt werden kann.
ctm 8 Bei der Entlassung aus der Klinik hatte ich ein gutes Verstandnis fiir meinen Gesundheitszustand und was diesen verbessert oder verschlechtert.
ctm 9 Bei der Entlassung aus der Klinik hatte ich ein gutes Verstandnis fiir die Dinge, um die ich mich hinsichtlich meiner Gesundheitsversorgung selbst

kiimmern muss.

ctm 10 Bei der Entlassung aus der Klinik wusste ich genau, was ich fiir meine Gesundheit tun muss.

ctm 11 Bei der Entlassung aus der Klinik war ich {iberzeugt, dass ich tatsdchlich das tun kann, was ich fiir meine Gesundheit tun muss.

ctm 12 Bei der Entlassung aus der Klinik habe ich eine schriftliche und leicht verstdndliche Liste mit Terminen oder Untersuchungen fiir die nachsten Wochen
erhalten.

ctm 13 Bei der Entlassung aus der Klinik hatte ich genau verstanden, wofiir ich jedes meiner Medikamente einnehmen sollte.

ctm 14 Bei der Entlassung aus der Klinik hatte ich genau verstanden, wie ich jedes meiner Medikamente einnehmen muss (inklusive Dosierung und Zeitpunkt
der Einnahme).

ctm 15

Bei der Entlassung aus der Klinik hatte ich genau verstanden, welche mdglichen Nebenwirkungen jedes meiner Medikamente haben kann.

Notes. Original CTM: © Eric A. Coleman, MD, MPH all rights reserved.

Response options English: 1 = Strongly Disagree - 4 = Strongly Agree; 5 = Don’t Know/Don’t Remember/Not Applicable; Response options German: 1 = Stimme {iberhaupt
nicht zu -4 = Stimme voll und ganz zu; 5 = Ich weif8 nicht/ich erinnere mich nicht/trifft nicht zu

- care plan (CP) asks patients whether they were provided with
understandable and comprehensive written plans to be pre-
pared after release from hospitalization (2items) [16-17].

The original CTM consists of 15 items with response options
from 1 =‘Strongly Disagree’ to 4 = ‘Strongly Agree’. Further, the
fifth response option ‘Dont Know/Dont Remember/Not Applicable’
was offered. This fifth response option was not included in the cal-
culations of means nor factor analyses but was treated as a missing
value in these analyses.

We captured the following information on patients’ sociodemo-
graphic characteristics: age (exact indication in years) and sex (fe-
male, male, diverse).

Moreover, we assessed the following care-related information:
length of the inpatient hospital treatment (in days), whether they
received intensive medical care (ICU) treatment (yes, no), the per-
ceived timeliness of hospital discharge (too early, too late, in time),
and patients’ health insurance (different private and public health
insurances).

Further, we assessed survey response variables: whether the
patient or a relative had filled in the survey and whether the survey
was filled out paper-based or via the online survey.

Statistical analysis

First, study sample characteristics were reported by means and
standard deviations (for continuous variables) and by numbers and
percentages for categorical variables.

Second, we reported item statistics (percentage of missing,
means, standard deviations, skewness, and distribution of
responses) of the G-CTM items.

Third, an explorative factor analysis (EFA) was conducted with
the entire study sample to examine the factorial structure of G-
CTM. Evaluation of the appropriateness of the items for factor anal-
ysis was performed under consideration of the Kaiser-Meyer-Olkin
(KMO) and Bartlett test of sphericity. EFA was applied using
maximum likelihood estimation with Promax rotation. Factor
extraction was based on the Kaiser criterion with Eigenvalue > 1

[34]. Factor loadings higher than 0.4 were assumed as significant
[34].

Fourth, multiple models of the G-CTM were examined using
confirmatory factor analyses (CFA). A baseline model (Model 1)
was tested as a one-factorial model with all items loading on one
factor. Model 2 was derived from the results of the EFA. In Model
3, we tested the four-factorial structure reported in the original
study [16]. In Model 4, we established a three-factorial structure
which has been suggested in previous studies [18,20]. Moreover,
we wanted to test short versions of the instrument: Model 5 tested
the original three-item (items ctm2, ctm9, and ctm13) version [16]
and model 6 tested a Swedish four-item (items ctm1, ctm4, ctm7,
and ctm10) version [19]. CFA were conducted using weighted least
squares means and variance adjusted (WLSMV) as an appropriate
estimator for categorical indicator variables [35]. We evaluated
the models using the criteria from Hu & Bentler [36]: comparative
fit index (CFI > .95), Tucker Lewis index (TLI > .95), root mean
square error of approximation (RMSEA < .06), and standardized
root mean square residual (SRMR < .08). Factor reliabilities were
examined as internal consistency Cronbachs’ Alpha [CA].

Fifth, measurement invariance was tested as an essential
requirement for applying and interpreting mean differences
between groups [30-31]. We respectively examined measurement
invariance regarding the following characteristics: participants’
age (two groups via median split, Median = 64 years); sex (only
female and male patients were included in the analyses); respon-
dent (patient vs. relative), survey type (paper-based vs. online);
kind of health insurance (we summarized any public health insur-
ance as one group and any private health insurance as another;
other health insurances were excluded [n = 4]); length of hospital
stay (three groups: group 1: patients with a three-day inpatient
stay, group 2: patients with up to one week, group 3: patients with
a longer stays); and perceived timeliness of discharge (timely dis-
charged vs. discharged too early; discharged to late were excluded
due to small subgroup sample [n=16]). We conducted three
consecutive, increasingly restrictive multigroup-CFA for each of
the characteristics respectively: [1] equality of factorial structure
across groups (configural invariance); [2] additional equality of fac-
tor loadings across groups (metric invariance); and [3] additionally
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equality of item intercepts across groups (scalar invariance)
[32,37]. Evaluation of measurement invariance was based on
examining the changes in CFI (ACFI) between the models of each
level of invariance (configural vs. model from regular CFA, metric
vs. configural, and scalar vs. metric). It should not be greater than
—0.01 [38]. In addition, changes in RMSEA (ARMSEA) which should
not exceed 0.015, were also used for model evaluation [38].

Sixth, we calculated G-CTM scores as linear transformations of
the individual means into a 0-100 scale according to the original
study [16]. The scores were used the examine associations with
sociodemographic, care-related, and survey response variables
via t-tests, analyses of variance, and Pearson correlations. Linear
regression was used to estimate the variance explained by the long
G-CTM version by the short version of the G-CTM. All statistical
analyses were performed using R (R Core Team, 2022) and RStudio
(Posit Team, 2022).

Results
Study sample characteristics

We received 825 patient questionnaires (response rate: 20.9%).
We excluded 17 cases as they indicated they were not discharged
to home. Moreover, 2 cases were excluded due to having been trea-
ted as an inpatient for only one day. The final sample consisted of
806 questionnaires.

The patients’ mean age was 60.8 years (Standard deviation [SD]
=18, Range 19 to 94). The average length of hospital stay was 10.1
days (SD = 16.3, Range 3 to 165, Median = 5). Further sample char-
acteristics are summarized in Table 2.

Descriptive statistics of the German Version of Care Transitions
Measure

A summary of the item statistics of the G-CTM items is pre-
sented in Table 3. Overall, missings per item ranged from 2.5 %
to 5.9 %. The fifth response option (‘Dont Know/Dont Remember/

Table 2
Study sample characteristics.

Characteristic n %

Sex

female 383 475

male 399 495

diverse 3 0.4

missing 21 2.6

ICU care

no 550 68.2

yes 206 25.6

missing 50 6.2

Perceived timeliness of discharge

timely 632 784

too early 109 135

too late 16 2

missing 49 6.1

Health insurance

public health insurance 538 66.7

public health insurance with additional private insurance 69 86

private health insurance 52 6.5

private health insurance with reimbursement by the employer 113 14
(Beihilfe)

other 4 0.5

missing 30 3.7

Respondent

patient 637 79

relative 80 99

missing 89 11

Survey type

paper-pencil 666 82.6

online 140 174

Not Applicable’) was primarily used on item ctm15 (5.9 %). All
items, except item ctm15, were slightly negatively skewed. Item
means ranged from M =2.54 to 3.33, meaning there was a high
agreement of patients regarding a high quality of care transition.

Factorial validity of the German Version of the Care Transitions
Measure

Explorative factor analysis (EFA)

EFA revealed that the items were suitable for factor analysis.
The Bartlett test of sphericity was significant (Chi?[df=105]
=10481.76, p<0.001) and the KMO value was 0.944. The Kaiser
criterion suggested extracting two factors. The factor loadings of
the two-factorial solution are shown in Appendix A, B. The two fac-
tors accounted for 65.9% of the variance.

Confirmatory factor analysis (CFA)

Based on the results of the EFA, we performed a two-factorial
model (Model 2) in the CFA with items ctm1 to ctm11 as one factor
and items ctm12 to ctm15 as the second factor. The results of the
confirmatory factor analyses are shown in Table 4.

Model 2, based on the EFA results, had the best fit to the data,
and all items had factor loadings greater than 0.74. CFI, TLI, and
SRMR indicated an excellent model fit. RMSEA exceeded the rec-
ommended value of 0.08 but was similar to previous CTM valida-
tion studies [18-19]. Reliabilities of the two subscales were very
good at CA = 0.96 for factor 1 and CA = 0.85 for factor 2. The model
is shown in Appendix A, C. Factor 1 and factor 2 had means of
M=3.10 (SD=0.82) and M =3.00 (SD = 0.90). Factor 1 represents
the general involvement of patients in their care after hospitaliza-
tion. Factor 2 covers the extent to which patients have received
specific information about appointments, examinations, and their
medication regime.

In models 5 and 6, we tested potential short versions of the G-
CTM. The three-item short version of the CTM achieved a poor
model fit. The four-item short version achieved an excellent model
fit and a good reliability of CA =0.87. The mean of the four-item
version was M = 3.06 (SD = 0.84).

To summarize, model 2, as a long version, and model 6, as a
short version, were accepted as valid and reliable G-CTM models
and used in the subsequent analyses.

Measurement invariance of the German Version of the Care
Transitions Measure

Based on the accepted two-factorial model, we tested the mea-
surement invariance regarding all sociodemographic, care-related,
and survey response characteristics. The results of these analyses
are summarized in Table 5.

Results of these analyses showed that neither CFI nor RMSEA
indicated significant deterioration of the model fits for the
explored characteristics in the consecutive measurement invari-
ance models. CFI and RMSEA showed slightly increased model fits
for some comparisons due to different scaling parameters of the
compared models, which underlines the invariance of the models
[39]. Measurement invariance of the G-CTM was fully confirmed
regarding all characteristics.

These analyses were conducted with the four-item short ver-
sion as well. The results for these analyses are presented in Appen-
dix A, D. Measurement invariance of the four-item short version of
the G-CTM could only be confirmed for the length of hospital stay,
yet partially for all remaining variables.
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Table 3
Item statistics of the G-CTM items and original subscales.

Gesundh. wesen (ZEFQ) 182-183 (2023) 17-25

Scales and items Mean SD Skew Response distribution (%)*

miss. 1 2 3 4 5
Preferences important 3.09 0.94 -0.82
ctm1: agree health goals 3.09 0.99 -0.77 3.2 8.7 14.6 28 40.1 53
ctm2: consider health needs 3.05 1.03 -0.74 3.7 103 139 26.3 38.6 7.2
ctm3: consider care needs 3.14 1.01 -0.89 4.6 9.1 119 243 42.2 7.9
Management preparations 3.15 0.86 —-0.85
ctm4: health information provided 3.24 0.96 -1.02 32 7.4 123 25.2 49.4 25
ctm5: understand health needs 3.18 0.96 -0.93 2.7 7.8 13 28.7 46.3 1.5
ctm6: understand symptoms 3.05 1.03 -0.74 2.5 11 144 27.5 40.8 3.7
ctm8: understand health influences 3.12 0.93 -0.79 2.9 7 151 324 40.4 2.2
Critical understanding 3.09 0.79 -0.67
ctm9: understand responsibility 3.16 0.91 -0.83 3.1 6.1 14.3 32.2 41.3 3
ctm10: maintain health 3.12 0.91 -0.75 2.9 6 16.3 324 40.1 2.2
ctm11: health confidence 3.11 0.9 -0.7 2.9 5.4 16.6 333 37.9 4
ctm13: understand medication 3.22 0.99 -1.02 4.7 8 11.2 20.8 46.5 8.7
ctm14: understand medication dosage 3.33 0.92 -1.27 5 6.4 79 228 49.5 8.5
ctm15: understand medication side effects 2.54 1.10 0.01 5.9 17.6 25.2 18.7 222 105
Care plan 2.87 1.00 -0.44
ctm?7: care plan received 2.82 1.09 -0.43 33 15.6 17.2 26.3 321 53
ctm12: written appointments received 29 1.19 -0.53 37 18 13.3 17 40.1 7.9

Notes. *miss. = missing values in percent; Response options English: 1 = Strongly Disagree - 4 = Strongly Agree; 5 = Don’t Know/Don’t Remember/Not Applicable; Response
options German: 1 = Stimme tiberhaupt nicht zu - 4 = Stimme voll und ganz zu; 5 = Ich weiR nicht/ich erinnere mich nicht/trifft nicht zu. The fifth response option was not

considered for the calculation of means, standard deviations, and skewness.

Table 4

Summary of the CFA.
Long models n Chi? df CFI TLI RMSEA SRMR
Model 1 (one factor) 519 1488.26 90 0.958 0.951 0.173 0.098
Model 2 (2 factors; EFA-based) 519 859.51 89 0.977 0.973 0.129 0.055
Model 3 (4 factors; original model) 519 1027.75 84 0.972 0.965 0.147 0.079
Model 4 (3 factors) 519 1303.67 87 0.964 0.956 0.164 0.089
Short models n Chi? df CFI TLI RMSEA SRMR
Model 5 (3 items)* 620 63.97 1 0.953 0.858 0319 0.079
Model 6 (4 items) 668 3.16 1 0.999 0.029 0.009

Notes. Estimator: WLSMV; df: degrees of freedom; CFI: comparative fit index; TLI: Tucker Lewis index; RMSEA: root mean square error of approximation; SRMR: standardized
root mean square residual. * factor variance was set to zero; otherwise, the degrees of freedom would have been zero, and no model fit indices could have been estimated

Associations of G-CTM scores with sociodemographic, care-related,
and survey response variables

We calculated an aggregated G-CTM score with all 15 items
(G-CTM-15 score) and another for the four-item short version
(G-CTM-4 score). The mean G-CTM-15 score was M=69.3
(SD =25.6), mean G-CTM-4 score was M =68.8 (SD=28.1). The
G-CTM-4 score explained 89 % of the variance of the G-CTM-15
score. The associations between G-CTM scores and sociodemo-
graphic, care-related, and survey response variables are presented
in Table 6.

The G-CTM-15 score, as well as the G-CTM-4 score, were
significantly related to patients’ age (both correlations: r=0.08,
p <0.05). There was no significant relation to the duration of
hospital stay (G-CTM-15 score: r=-0.02, p=0.56; G-CTM-15
score: r=-0.01, p=0.72).

Discussion

Patient safety does not end when patients are treated but is
especially important when patients are discharged home [40-
41]. Examination and improvement of procedures in discharge
management have an essential role in mitigating adverse events
in post-hospital care transitions and in how patients are enabled
to care for themselves after being discharged from the hospital.
Until now, a systematic investigation of quality in the discharge

process has been impossible in Germany due to a lack of validated
instruments to measure the quality of care transition. Therefore,
this study aimed to adapt and validate the internationally most
used instrument, the Care Transitions Measure [16], in German.
We performed the translation and adaptation according to guide-
lines for cross-cultural healthcare research in order to achieve a
strong content validity of the G-CTM [28]. The study’s results con-
firm the construct validity of the G-CTM, albeit with a factor struc-
ture that differs from previous research. Nevertheless, this is
consistent with previous heterogeneous research, as no common
factor structure could be found, most probably due to different
national healthcare systems and structures [19]. Nonetheless, both
subscales of the two-factorial structure of the G-CTM shown in this
study had good to excellent reliabilities.

The originally proposed, three-item short version could not be
confirmed. However, good factorial validity and reliability of a
four-item short scale based on the Swedish short scale were con-
firmed [19]. The G-CTM-4 explained a substantial proportion of
the variance of the G-CTM-15, underlining its criterion validity
and indicating that the short form of the G-CTM is a valid screening
instrument for assessing the quality of care transition.

The examination of measurement invariance showed for the 2-
factorial long scale that the instrument can be validly used for the
investigation of group differences across different sociodemo-
graphic, care-related, and survey response variables. This is an
essential prerequisite for future research in using the instrument
in terms of comparing studies and interpreting group differences.
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Table 5
Test of measurement invariance regarding sociodemographic, care-related, and survey response characteristics.
Characteristic Model CFI ACFI RMSEA ARMSEA
Age baseline (CFA) 0.977 - 0.129 -
configural 0.977 0.000 0.126 0.003
metric 0.981 —-0.004 0.112 0.015
scalar 0.977 0.004 0.115 —-0.003
Sex baseline (CFA) 0.977 - 0.129 -
configural 0.98 —0.003 0.124 0.006
metric 0.982 —-0.003 0.111 0.013
scalar 0.979 0.003 0.112 —-0.001
Length of hospital stay baseline (CFA) 0.977 - 0.129 -
configural 0.982 —0.005 0.122 0.007
metric 0.986 —-0.004 0.104 0.018
scalar 0.981 0.004 0.109 —-0.004
ICU care baseline (CFA) 0.977 - 0.129 -
configural 0.978 —0.001 0.130 —-0.001
metric 0.981 —0.003 0.117 0.013
scalar 0.978 0.003 0.119 —0.001
Perceived timeliness of discharge baseline (CFA) 0.977 - 0.129 -
configural 0.976 0.001 0.128 0.001
metric 0.982 —0.006 0.109 0.020
scalar 0.977 0.005 0.114 —-0.006
Health insurance baseline (CFA) 0.977 - 0.129 -
configural 0.982 —0.005 0.120 0.009
metric 0.986 —-0.004 0.103 0.018
scalar 0.983 0.003 0.106 —-0.003
Respondent baseline (CFA) 0.977 - 0.129 -
configural 0.98 —0.003 0.119 0.010
metric 0.984 —0.005 0.102 0.018
scalar 0.981 0.004 0.105 —-0.004
Survey type baseline (CFA) 0.977 - 0.129 -
configural 0.982 —0.005 0.118 0.011
metric 0.986 —-0.003 0.103 0.015
scalar 0.983 0.003 0.104 —-0.001
Table 6
Associations of G-CTM-15 and G-CTM-4 scores with sociodemographic, care-related and survey response variables.
G-CTM-15 G-CTM-4
Characteristic Mean SD Difference Test Mean SD Difference Test
Sex t(776) = 1.26, t(770) = 1.06,
female 70.8 244 p=0.21 70.2 27 p=0.29
male 68.5 26.4 68.1 28.9
diverse* 57.0 25.8 55.6 25.5
ICU care t(751)=2.34, t(746) = 2.04,
no 71.0 24.7 p <0.05 70.4 27.2 p <0.05
yes 66.2 26.8 65.7 29.5
Perceived timeliness of discharge t(736)=7.89, t(731)=16.83,
timely 73.2 235 p <0.01 72.7 26.1 p <0.01
too early 534 27.3 53.6 30.5
too late* 50.4 274 46.4 29.2
Health insurance F(3,765) = 1.64, F(3,759) = 2.26,
public health insurance 69.0 25.8 p=0.18 69.0 28.1 p=0.08
public health insurance with additional private insurance 73.9 23.1 74.0 24.8
private health insurance 65.0 25.3 60.7 29.9
private health insurance with reimbursement by the employer (Beihilfe) 71.9 25.2 69.8 28.7
other* 72.5 30.2 70.8 293
Respondent t(710) = 2.79, t(705) = 2.06,
patient 70.4 24.8 p <0.01 69.6 27.6 p < 0.05
relative 62.0 27.9 62.7 30.1
Survey type t(797) = -0.32, t(791)=-0.39,
paper-pencil 69.2 25.7 p=0.75 68.6 28.5 p=0.70
online 69.9 25 69.6 26.2

Notes. * Response options were not included for difference tests due to small sample sizes (c.f,, Table 1). Numbers in bracket indicate degrees of freedom (df). Bold p-values

indicate significant differences.

Especially the confirmed measurement invariance regarding the
person who filled out the survey (patient or relative) and the sur-
vey type is highly relevant for the future application of the G-CTM.
First, the equivalence of assessment can be assumed regardless of
whether the patients directly or their relatives answer the ques-
tionnaire by proxy. Second, the online version of the G-CTM is
equivalent to using the paper-based questionnaire regarding facto-

rial validity, which is vital for interpreting results from different
studies or findings stemming from varying response accesses to
different patient and relative cohorts.

In contrast, limited measurement invariance was demonstrated
for the four-item version of the G-CTM. Therefore, the comparison
results of groups should be interpreted with caution. For practical
reasons, we argue that the G-CTM-4 is an appropriate instrument
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for screening the quality of care transition. However, if compar-
isons between different groups of patients or clinical areas are of
interest, the G-CTM-15 should be applied.

Both G-CTM-15 and G-CTM-4 were similarly sensitive to iden-
tifying group differences in sociodemographic, care-related, and
survey response characteristics. Both G-CTM scores did not vary
over patients’ sex, their kind of health insurance, the type of survey
used, and their duration of hospital stay. These results emphasize
the instrument’s validity and align with previous findings, as these
general characteristics are not associated with the perceived qual-
ity of care transition [16,23]. However, we found that patients who
underwent ICU care perceived significantly lower quality of care
transitions. This result resonates well with previous research
pointing out the unique needs of patients after ICU care [42].

Nevertheless, a recent review has revealed that more research is
needed to gain knowledge about associations between direct dis-
charges to home from ICUs and patient safety outcomes [43]. Con-
sistent with previous findings, better quality of care transition was
associated with lower age and length of stay [16,20,44], indicating
that older patients and patients with a more extended hospital stay
perceive lower quality in care transitions. Likewise, when relatives
completed the survey as a proxy of the patients, the G-CTM score
was significantly lower than when patients completed the survey
themselves. This indicates that when patients (e.g., due to health
limitations) were unable to complete the questionnaire them-
selves, this is associated with more complex and less satisfactory
discharge processes from the relatives’ perspective. Thus, it is evi-
dent that the relationship between quality of care transition and
health-related outcomes should be further investigated.

Discharge management in Germany is subject to legal regula-
tions (Code of Social Law No. 5; SGB V, §39), similar to regulations
in other countries, pointing out the utter relevance of safe hospital
discharges in the course of patient safety [45]. The G-CTM is a valid
and reliable instrument for measuring the quality of care transi-
tions that can be used for systematic research in German-
speaking countries. Moreover, this is internationally the first study
to examine the measurement invariance of the CTM concerning
different sociodemographic, care-related, and survey response
characteristics. This lays the foundation for investigating and
developing interventions to improve transitional patient safety.

This study is subject to different limitations. The study sample
is a convenience sample of patients from one university hospital
in Germany. As participation in the survey was entirely voluntary,
a sampling bias might be present in the data. On the other hand,
we collected a large and heterogeneous patient sample, strength-
ening our findings’ validity and reliability. Since data were col-
lected from only one hospital, the generalizability of the results
may be limited, even though the data were gathered from various
clinical areas and specialties. As in previous research, patients of
this sample were relatively old, and the applicability of the G-
CTM and its coverage of the health care need of younger patients
remains uncertain and should be investigated in future studies.

Conclusions

The G-CTM is a valid, reliable, and measurement invariant
instrument for assessing the quality of care transition for patients
being discharged to home in German-speaking countries. The
validity and reliability of the four-item short version of the G-
CTM were confirmed, emphasizing its applicability as a screening
tool. With the G-CTM, we offer - for both research and practice
purposes (e.g., quality control in discharge processes) — an instru-
ment for determining the current quality of hospital discharge pro-
cesses and a basis for improving patient safety in trans-sectoral
transitions of patients and beyond mere treatment in the hospital.
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