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Abstract

Background Chronic diseases, such as chronic obstructive pulmonary disease (COPD), asthma, type 2 diabetes,

and heart failure, often coexist and contribute to a significant burden on individuals and health systems. The Assess-
ment of Burden of Chronic Conditions (ABCC) tool, already in routine clinical use in the Netherlands, aims to compre-
hensively assess and visualize disease burden, stimulate self-management, and encourage shared decision-making.
This study aims to validate the German and Italian versions of the ABCC tool and evaluate its effectiveness and cost-
effectiveness in the South Tyrolean Primary Care setting.

Methods This is a cluster-randomized study involving approximately 400 patients with COPD, asthma, type 2 dia-
betes, and heart failure who received care from the South Tyrolean General Practices. Initially, the ABCC tool will be
translated into German and Italian and validated. Subsequently, half of the participants will use the validated ABCC
tool for patient-reported outcome measurement assessments, while the other half will receive usual care. The primary
outcome measure is the change in the patients’ perception of the quality of care after 18 months. The secondary out-
comes included changes in quality of life, self-management behavior, and healthcare utilization. The missing data will
be managed using multiple imputations. Additionally, a cost-effectiveness analysis that considers the direct medical
costs reimbursed by the National Health Service will be conducted.

Discussion This study provides insights into the application, validation, and efficacy of the ABCC tool in the South
Tyrolean healthcare context. The tool's potential to enhance person-centered care, improve the quality of life,
and possibly reduce healthcare costs could greatly contribute to sustainable healthcare. The challenges
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international patient care data management.

technology assessment

of implementation, such as software integration and the use of an EU data platform, will provide lessons for future
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Introduction

Background and rationale {6a}

Chronic diseases pose a significant burden on health-
care systems globally [1]. This situation is similar to
that in South Tyrol, Italy [2]. The complexity of chronic
disease management often results in inefficient care,
patient dissatisfaction, and increased healthcare costs
[3]. Therefore, there is an urgent need for an effective and
integrated care model for managing chronic diseases [4].
This has led to the emergence of the Chronic Care Model
(CCM), which has been proven to provide better health
outcomes for patients and improve efficiency in health-
care systems [5].

To enhance the effectiveness of CCM, the Assess-
ment of Burden of Chronic Conditions (ABCC) tool
has been developed [6]. This tool has been successfully
implemented in the Netherlands, demonstrating its
potential benefits in chronic disease management [7]. It
is currently available through various providers, includ-
ing hospital information systems and personal health
environments [8]. However, its implementation in other
regions, such as South Tyrol, has yet to be explored.

The ABCC tool promises to improve chronic care man-
agement by capturing and integrating patients’ compre-
hensive health information into a digital platform. This
comprehensive approach may facilitate a more indi-
vidualized and person-centered care plan, leading to
improved health outcomes [7]. Furthermore, the integra-
tion of ABCC findings into an electronic health record
(EHR) system ensures that information is secure, accu-
rate, and accessible, thereby enhancing the delivery of
care [9, 10].

Despite its potential benefits, the implementation of
the ABCC tool in the CCM in South Tyrol presents sev-
eral challenges. These include the adaptation of the tool
to German and Italian languages, digitalization of the
tool, validation of the tool on patients, study of its effi-
cacy and cost-effectiveness in general practice, and inte-
gration into the electronic health record (EHR).

Through this project, we aim to contribute to the body
of knowledge on integrated chronic care models and
provide valuable insights into the use of digital tools in
chronic disease management. Ultimately, the success-
ful implementation of the ABCC tool could represent a
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significant step towards improving the quality of care for
patients with chronic diseases in South Tyrol and beyond.

Objectives {7}

The primary objective of this project is to evaluate the
effectiveness of the Dutch ABCC tool adapted for the
South Tyrol's general practice settings. This evaluation
will focus on determining the impact of the culturally
translated and regionally validated ABCC instrument on
patients with chronic diseases in South Tyrol. The key
research question is, “How does the adapted ABCC tool
affect perceived quality of care and the need for further
health services in these patients, compared with usual
care, after 18 months?” Should this adapted tool prove
effective, our aim is to implement it in primary care
and integrate its findings into electronic health records
systems.

Trial design {8}

This study is designed to explore the effectiveness and
cost-effectiveness of the ABCC tool in primary care set-
tings in Southern Tyrol. It will follow a pragmatic, clus-
ter-randomized design, with two distinct groups: an
intervention group that will utilize the ABCC tool and
a control group that will adhere to the regular care regi-
men. Since the ABCC tool has not yet been integrated
into South Tyrolean healthcare, theoretically, all general
practitioners could participate in both intervention and
control groups. Following the PRECIS-2 framework,
details of the trial components are provided as a supple-
mentary material (Additional file 1) to the manuscript,
including setting, participant recruitment, intervention
delivery, follow-up, and outcomes as defined by Loudon
etal. [11].

To mitigate potential contamination bias—whereby
patients in the control group could inadvertently receive
the intervention (or vice versa) due to overlapping care
by health care providers—the randomization of the inter-
vention will be performed at the level of general practices
[12]. In South Tyrol, general practitioners (GPs) work
either independently in their private practices or in
group practices. However, even within group practices,
GPs work independently, each with their own designated
patient lists provided by the public health service.

Outcomes will be monitored and evaluated 18 months
after implementing the ABCC tool in the intervention
group, and these results will be compared with those of
the control group receiving usual care. This study aims
to assess the comparative effectiveness and cost-effec-
tiveness of the ABCC tool compared to standard care for
patients with chronic diseases in South Tyrol’s general
practice setting.
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Methods: participants, interventions and outcomes
Study setting {9}

The Health Authority of South Tyrol, a region with a
mix of Italian and Austrian cultures, is essentially part
of the Italian National Health Service (NHS). In this
region, general practices are predominantly independ-
ent entities, often run by single practitioners or small
groups of GPs who work independently but may share
office space. These practices are not typically housed
within hospitals or larger medical centers, maintaining
a focus on community-based care. Patients are assigned
to GPs by the public health service, and GPs are paid on
a per capita basis for the number of patients assigned.
This study will be conducted in primary care facilities
in South Tyrol. Data will be collected from patients
in the general practice in this region. Researchers will
enroll in general practices with participation from
healthcare providers, such as general practitioners and
practice nurses. Practice randomization will be strati-
fied. Subsequently, healthcare providers will recruit
the patients. This is because both the provider and the
patient will either use the ABCC tool (intervention
group) or receive standard care (control group). The
study outcomes are assessed at the practice and patient
levels.

Eligibility criteria {10}

Eligibility criteria include patients with a diagnosis
of chronic obstructive pulmonary disease (COPD),
asthma, type 2 diabetes mellitus (T2DM), and/or heart
failure, who are 18 years of age or older, and who under-
stand and read German or Italian. Exclusion criteria
include patients with asthma or COPD who had taken
prednisone for an exacerbation within 6 weeks prior to
the start of the study and patients with T2DM or heart
failure who had been hospitalized within 6 weeks prior
to the start of the study.

Eligibility criteria for participants will be validated
through manual chart review, owing to the variability
in software programs used across general practices and
the lack of a unified EHR system in the region.

Who will take informed consent? {26a}

Informed consent will be obtained by either the Gen-
eral Practitioner (GP) investigator or the General Prac-
tice Assistant involved in the study. These individuals
will be comprehensively trained on how to obtain their
informed consent. This training emphasizes the impor-
tance of transparency and open communication during
the consent process, the need to respect participant
autonomy, and the need to ensure that participants
fully understand the study’s implications.
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The consent process will involve potential partici-
pants who have received an informed consent form
approved by the Ethics Committee. This form contains
detailed information about the trial, including its pur-
pose, duration, procedures, and associated risks and
benefits. Participants will be given the opportunity to
read this document alone or with the GP investigator or
a General Practice Assistant.

They will be able to ask any questions they may have
about the trial and the GP investigator or General Prac-
tice Assistant will provide comprehensive answers to
these queries. Once the participants are comfortable and
have confirmed their understanding of the study, they will
be asked to provide written consent to participate. This
procedure ensures that the consent obtained is informed,
voluntary, and in accordance with the guidelines.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}

This study requires the collection and use of the par-
ticipant data. As part of the informed consent process,
participants will be informed about the data collection
procedures, the type of data that will be collected, how
they will be used, and how their privacy will be protected.

Participants will be asked for their consent by the
research team to use their anonymized data for the pur-
poses of this study. They will also be informed that their
participation is voluntary and that they have the right to
withdraw their consent at any stage of the study without
any negative implications for their care.

The consent form contains provisions for any potential
ancillary study that may arise from the primary study. If
such ancillary studies involve additional data collection
or usage, separate consent will be sought from partici-
pants at that time. This approach ensures that the par-
ticipants were fully aware of how their data would be
used, providing them with control over their personal
information.

Interventions

Explanation for the choice of comparators {6b}

The comparator in this study is the current standard of
care for managing COPD, asthma, T2DM, and heart
failure. Current standard of care follows integrated care
protocols developed by interprofessional groups that
include disease diagnosis, monitoring, and treatment
pathways. However, these protocols do not include the
use of patient-reported outcome tools, which the study
intervention seeks to integrate for a more comprehensive
assessment of patient health outcomes. Comparing the
ABCC tool with the current standard of care allows us to
evaluate its added value and efficacy in a real-world set-
ting. If the ABCC tool proves to be superior or equivalent
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to the current standard of care, it would provide a com-
pelling argument for its integration into routine clini-
cal practice. The use of the current standard of care as a
comparator ensured that all study participants received a
level of care aligned with the best current practices. This
approach respects ethical considerations by ensuring that
no participant is deprived of a known effective treatment.
By comparing outcomes, resource utilization, and costs
between the intervention and the current standard of
care, we can gain insights into the potential benefits and
impacts of the wide-scale implementation of the ABCC
tool.

Intervention description {11a}

This study involves the use of the ABCC tool. This tool
is a patient-reported outcome measure (PROM) designed
to assist in individualized medical decision-making
within a complex and changing healthcare environ-
ment. The ABCC tool is an evolution of the Assessment
of Burden of COPD (ABC) tool developed in 2014 [13]
and has been expanded to cover various chronic condi-
tions beyond COPD, including asthma, type 2 diabetes
mellitus (T2DM), heart failure [6], and post-COVID syn-
drome [8].

The ABCC tool integrates a generic module with
disease-specific modules to facilitate a comprehensive
approach to patient care. Table 1 lists the four key com-
ponents, their explanations, and illustrative descriptions
to provide insight into how each component supports
patient-centered care during the consultation.

The ABCC tool uses the ABCC scale, which includes
general, disease-specific, and lifestyle questions to
assess a patient’s disease burden. Access to partici-
pant responses and balloon visualizations is provided
through an online portal, accessible on both tablet PCs
for patient surveys and GP office desktop PCs, with the
option for printing to facilitate in-depth discussions dur-
ing consultations.

Intervention translation and validation

The scale has been validated in Dutch and found to corre-
late significantly with the Saint George Respiratory Ques-
tionnaire (SGRQ), the Standardised Asthma Quality of
Life Questionnaire (AQLQ-S), and the Audit of Diabetes
Dependent Quality of Life Questionnaire (ADDQoL19)
[6]. It has also shown high internal consistency and good
test—retest reliability [9].

The protocol includes steps to translate and validate the
Dutch ABCC tool into German and Italian versions. The
creators of the ABCC tool, developed with funding from
ZonMw, a Dutch funder, granted permission for free use
in both research and routine patient care.
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Table 1 Components of the ABCC Tool in consultation sessions
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Component

Explanation

Illustrative description

Assessment

Visualization (balloon diagram)

Shared decision-making discussion

Agreement with personalized care targets

Utilizes a short scale to assess the burden of disease
due to one or more chronic conditions

Self-assessment results are visualized using balloons
of varying colors and heights to represent scores
for items or domains. Green for good scores, red

for areas of difficulty, and gray for previous scores

to indicate change

A discussion between the patient and healthcare
provider, supported by treatment recommendations
integrated into the tool

Setting individualized care goals based
on the patient’s self-assessment and shared

Questionnaire

Imagine a balloon for each health domain: green
balloons rise high for areas of well-being, while red
balloons hover low for challenges

Guided conversation on treatment options based
on assessment results

A section within the tool where patients and pro-
viders document agreed-upon health goals

decision-making discussions

A Dutch scientific service provider will assist with
the cross-cultural adaptation of the ABCC question-
naire because of the team’s limited Dutch proficiency.
A forward-backward translation procedure will be
applied, involving independent translations into Ital-
ian or German and back-translations into Dutch. Post-
translation cognitive interviews with a small group of
chronically ill individuals will assess the content valid-
ity from the patient’s perspective.

To validate the translated ABCC tools, we will
employ the “COPD Population Screener”” (COPD-
PS™) and the “Asthma Control Test™” (ACT™) [14],
both available in Germany and Italy [15, 16], to evalu-
ate convergent validity. For T2DM patients, we will use
the “European Quality of Life 5 Dimensions 5 Level”
(EQ-5D-5L) questionnaire, while the “Kansas City
Cardiomyopathy Questionnaire” (KCCQ) will be used
for heart failure patients. In both cases, validated Ger-
man and Italian versions are available [17-20]. Fol-
lowing the use of disease-specific measures for each
condition, the approach to validating the convergent
validity of the ABCC tool will be to analyze correla-
tions between ABCC tool scores and these established
non-ABCC measures.

We aim to include 30 persons per disease group in
line with the initial ABCC scale validation in the vali-
dation study. Eligible patients are those diagnosed with
COPD, asthma, T2DM, and/or heart failure who are
18 years or older and comprehend and read German
or Italian. As the ABCC tool is a monitoring tool and
not a diagnostic tool, both new and existing patients
are suitable. To ensure participant stability at baseline,
those who had taken prednisone for asthma or COPD
exacerbation or were hospitalized for T2DM or heart
failure, within 6 weeks prior to the start of the study
will be excluded.

Criteria for discontinuing or modifying allocated
interventions {11b}

Given that the ABCC tool is used and then the partici-
pant is followed up with measurements for up to 1 year,
the criteria for discontinuation of the intervention itself
are as follows: (i) participants have the right to with-
draw their consent at any time, for any reason. If a par-
ticipant wishes to discontinue the use of the ABCC tool
after it has been administered but before the follow-up
period, their request should be honored. (ii) If a partici-
pant experiences significant emotional distress during
the initial administration of the ABCC tool that cannot
be adequately addressed, intervention discontinuation
is warranted. (iii) If a participant’s health status changes
significantly immediately after using the ABCC tool such
that the tool is no longer appropriate or relevant, discon-
tinuation of the intervention might be necessary. (iv) If
a technical error occurred during the initial administra-
tion of the ABCC tool that rendered the results invalid or
unusable and it is not feasible to re-administer the tool,
discontinuation of the intervention might be the best
course of action.

In cases where discontinuation of the ABCC tool inter-
vention is being considered, the decision will be made
through a collaborative process involving the partici-
pant and their GP. The coordinating center is available
to provide guidance and support in this decision-making
process, ensuring compliance with study protocols and
ethical standards.

Strategies to improve adherence to interventions {11c}

Adherence to the ABCC intervention and follow-up
measurements will be improved and monitored by (i)
ensuring that participants understand the importance of
the ABCC tool and the role played by their participation
in the research. This includes explaining the purpose and



Wiedermann et al. Trials (2024) 25:202

benefits of the tool, the potential impact of the research
on healthcare, and how their contributions can make
a difference. (ii) Regular contact with the participants
should improve adherence. Reminders about upcom-
ing follow-up measurements will be sent, checking in
with participants to see how they are doing and answer-
ing any questions they may have. (iii) The Dutch ABCC
tool is easy to use and visually appealing. The tool will be
used in the South Tyrol study with an identical design to
encourage its use. (iv) The tool is easily accessible to all
participants regardless of their technological expertise or
resources. This will involve providing options for in-per-
son, phone, or online follow-up if possible. (v) Monitor-
ing adherence is digitally tracked and follow-up calls are
made. All strategies will comply with ethical guidelines
and data protection regulations, and respect participant
confidentiality and autonomy.

Relevant concomitant care permitted or prohibited

during the trial {11d}

All concomitant care and interventions will be reported
in this study. The primary concern is the safety and well-
being of participants. If treatment intervention or care is
necessary for the participant’s health, it will not be pro-
hibited, even if it may potentially impact the trial results.
The trial management team will regularly monitor and
review concomitant care and interventions. This will help
identify any potential interactions with ABCC interven-
tion. Participants, caregivers, and the healthcare team
will be educated about concomitant care and interven-
tions, which will help ensure compliance and protect the
participants’ health. All instances of concomitant care
and intervention will be thoroughly documented.

Outcomes {12}

Primary outcome

The primary objective of this study is to assess changes in
perceived quality of care over an 18-month period using
the Patient Assessment of Chronic Illness Care (PACIC)
[20, 21] as the comparative measure. This assessment will
be administered at baseline and then at specified follow-
up points to determine changes from usual care in the
cohort of participants.

Secondary outcomes
Secondary objectives encompass several areas:

1. Assessing the shift in perceived quality of care,
employing the PACIC, against regular care after
18 months, individually for each chronic condition.

2. We evaluate variations in perceived quality of care,
gauged by the PACIC, against regular care at 6- and
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12-month intervals for both the entire participant
group and each chronic condition individually.

3. Evaluate changes in universal health-related quality
of life, as gauged by the EQ-5D-5L [21, 22], in com-
parison with standard care at 6-, 12-, and 18-month
intervals for the entire participant group and for each
chronic condition separately.

4. Scrutinizing changes in participant activation,
as measured by the Patient Activation Measure
(PAM) [23, 24], against standard care at 6-, 12-, and
18-month intervals for both the entire participant
group and for each chronic condition.

5. Conducting practice-level analyses to evaluate the
overall impact of the ABCC tool on healthcare deliv-
ery and outcomes. This includes assessing changes in
practice-wide metrics for average improvements in
PACIC scores, EQ-5D-5L outcomes, and PAM levels,
comparing the aggregated results of the intervention
group practices against those of the control group
practices.

In addition, we will assess the cost-effectiveness
of the ABCC tool compared with usual care after an
18-month period. This analysis focuses on the direct
medical costs reimbursed by the National Health Ser-
vice (NHS). The economic resources claimed will be
obtained from the data of general practitioners, the
health administration of the province, and the South
Tyrolean ambulance service. Only costs and benefits
from the healthcare perspective are considered and will
include the following:

» Pharmaceutical treatments for chronic disease(s):
The cost of purchasing branded medicines will be
determined from national price lists, with public
prices used after subtracting the discounts pre-
scribed by the Agenzia Italiana del Farmaco (AIFA).
For generic medicines, we used prices from the
ATFA transparency list, which lists medicines reim-
bursed by the NHS, based on the reference price
system.

» Hospitalization for chronic disease(s): Costs are
determined using the latest national DRG tariff sys-
tem of the Italian Ministry of Health. This system
quantifies resource use and provides an estimate of
the cost per acute event from an NHS perspective.

« Outpatient specialist visits and examinations for
chronic disease(s): Costs will be based on the latest
available “National Tariff Nomenclator”

o General Practitioner (GP) visits for chronic
disease(s): Costs are taken from Dal Negro et al. [25]
and extrapolated to current prices according to the
ISTAT consumer price index.
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Table 2 SPIRIT schedule of enrolment, interventions, and assessments of the ABCC South Tyrol study

STUDY PERIOD

Enrolment (Pre- Allocation

allocation)

TIMEPOINT -1 0

Post-allocation (Months) Close-out

0 6 12 18 18

ENROLMENT:
Practice agreement
Practice allocation
Patient eligibility screen

X X X X

Patient informed consent
INTERVENTIONS:

Regular Care

ABCC Care
ASSESSMENTS:

Chronic Condition

PACIC

EQ-5D-5L

PAM

Direct Medical Costs

<X X X X

>
>
< X X

ABCC Assessment of Burden of Chronic Conditions, EQ-5D-5L European Quality of Life 5 Dimensions 5 Level, PACIC Patient Assessment of Chronic lliness Care, PAM

Patient Activation Measure

Participant timeline {13}
Participants’ timeline for this study is as follows (Table 2):

Enrollment and baseline assessment

The recruitment and enrollment process will begin once
the general practices are randomized to either the inter-
vention or control group. Baseline assessments will be
conducted for all enrolled participants. This assessment
will include measurement of perceived quality of care
using the PACIC, evaluation of health-related quality of
life using the EQ-5D-5L, and assessment of patient acti-
vation using the PAM.

Intervention period

The intervention period will start immediately after the
baseline assessment for participants assigned to the
intervention group. These will be introduced into the
ABCC tool and will provide guidance on how to use it.
The control group continued to receive usual care.

Follow-up assessments and visits

All participants (both intervention and control groups)
will undergo follow-up assessments at 6, 12, and
18 months post-baseline. These assessments measure the
following.

1. Perceived quality of care using the PACIC.
2. Health-related quality of life using the EQ-5D-5L.

3. Patient activation using the PAM.

At each follow-up visit, any changes or updates to par-
ticipants’ health conditions or care regimens were noted.
Follow-up visits will also serve as opportunities for
researchers to address any questions or concerns that the
participants may have and ensure that the participants in
the intervention group used the ABCC tool correctly.

End of study

The study will conclude after the 18-month follow-up
assessment, at which point the primary and secondary
outcomes will be evaluated. The primary outcome will be
the perceived quality of care as measured by PACIC for
the entire participant group and for each chronic condi-
tion separately. Changes in quality of life (EQ-5D-5L) and
patient activation (PAM) at different time points led to
secondary outcomes.

The expected duration of the entire study, including
the enrollment, intervention, evaluation, and close-out
phases, is expected to be two and a half years. This time-
frame includes the pre-allocation preparation phase, the
18-month period for implementation of interventions
and conduct of assessments, and additional months for
initial recruitment and final analysis.

Sample size {14}
The sample size estimation was guided by analogous
assumptions from a concurrent study conducted in the
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Netherlands, thereby offering a relevant frame of refer-
ence for our calculations. The study’s primary outcome
will be determined through the Patient Assessment of
Chronic Illness Care (PACIC) measure. Given the lack of
substantial data on the minimum significant difference
and standard deviation for the PACIC in this specific
population, an estimated medium effect size of 0.51 is
derived from the work of Slok et al. [26]. This is based on
an observed mean difference of 0.49 between the inter-
vention and control groups, and a pooled within-group
standard deviation of 0.96 from the same study.

For the current study, using an independent samples
t-test, a significance level of 0.05 for two-sided testing,
a power of 90%, and an even split between interven-
tion and control groups, it is estimated that each group
should include 82 patients. However, as patients will be
grouped within general practices, this number is adjusted
to account for the design effect, which is calculated as
14 (m—1) XICC (intraclass correlation), where an ICC of
0.05 and an average of 10 patients per general practice is
assumed [6].

After adjusting for cluster design (multiplication fac-
tor of 1.45), variable cluster sizes (division by 0.9), and
an anticipated dropout rate of 25% (division by 0.75), it
was estimated that each group would require 177 partici-
pants. Each group will need to include 18 general prac-
tices with an average of 10 patients per general practice.
Therefore, 360 participants (180 per group) from 36 gen-
eral practices (18 per group) will be recruited for this
cluster-randomized study.

The aim was to achieve a balanced distribution among
the various chronic conditions. However, given that
healthcare providers are not explicitly instructed to strive
to achieve this balance, this may not be ensured.

Recruitment {15}

Several strategies will be employed to ensure that the
target sample size is reached. The existing relationships
between health networks and medical associations in
South Tyrol will also be leveraged. The research team
will directly contact general practitioners in South Tyrol
to invite them to participate in the study through meet-
ings, letters, email, and phone calls. The aim is to pro-
vide them with detailed information about the study,
address any concerns, and encourage them to enroll their
patients. While maintaining ethical considerations, we
may provide appropriate incentives to general practition-
ers for their involvement in the study, including recogniz-
ing their contribution to the study, offering educational
opportunities related to chronic disease management,
and reporting findings that might be beneficial for their
practice. Once general practitioners agree to participate,
they are effectively “consented” into the study and the
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research team will maintain regular communication with
them to ensure that they have the necessary support to
recruit and enroll patients, and address any issues that
may arise during the study period.

Patient understanding and consent are crucial for
patient enrollment. Thus, we will ensure that potential
patients receive clear, easy-to-understand information
about the study, its benefits, and what their involvement
entails. Patient participants will be given sufficient time
to consider their participation and ask questions.

These strategies are dynamically adapted based on the
enrollment rate to ensure that the target sample size is
achieved within the planned timeline.

Assignment of interventions: allocation

Sequence generation {16a}

In this cluster-randomized trial, general practices
throughout South Tyrol serve as the unit of randomiza-
tion. After recruitment, these practices will be assigned
to either the intervention or control group through a
stratified randomization process. Stratification factors
include the patients’ preferred language (Italian or Ger-
man), the location of the practice (urban or rural), and
the demographic characteristics of the general practi-
tioners (sex and age). Sequences will be generated using
computer software to pre-generate random assignments.
Practices in the intervention group will use the ABCC
tool via a provided tablet PC, while those in the control
group will continue their usual care without access to the
tool.

To maintain the integrity of this randomization pro-
cess and control for potential confounding, these stratify-
ing variables will be explicitly included in the analytical
models.

Concealment mechanism {16b}

In this study, the allocation sequence was implemented
using a centralized, computer-generated randomiza-
tion process. This process will be managed by a dedi-
cated statistician who will not be involved in participant
recruitment or intervention delivery, thereby ensur-
ing concealment of the sequence until interventions are
assigned.

Once the general practices have been recruited, demo-
graphic and practice characteristics (including the pre-
ferred language of patients, urban or rural location, and
demographic characteristics of the general practitioners)
will be collected and entered into randomization soft-
ware. The software then generates a random allocation
sequence, assigning practices to either the intervention
group (use of the ABCC tool) or the control group (usual
care without the ABCC tool).
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The allocation sequence will be kept confidential and
will not be disclosed to the general practice or research
team involved in the recruitment and follow-up of partic-
ipants until the assignment point. This approach ensures
that the assignment process is not influenced by any pre-
existing knowledge or bias and that allocation conceal-
ment is maintained throughout the study.

Once the randomization process is completed, each
general practitioner will be informed of their group
assignment by the central research team and the neces-
sary instructions or equipment (including the tablet PC
for the intervention group) will be provided. This method
ensured that the allocation process was transparent and
unbiased, thereby maintaining the integrity of the study
design.

Implementation {16c}

Participant enrollment and group allocation will be man-
aged directly by the research team. After generation of
the random allocation sequence, practices will be noti-
fied of their assignment to either the intervention or
control group. Necessary equipment, including a tablet
PC loaded with the ABCC tool, along with instructions
for use, will be provided to practices in the intervention
group to ensure a clear and efficient setup for the con-
duct of the study.

Assignment of interventions: blinding

Who will be blinded {17a}

In this study, blinding of trial participants and care pro-
viders (i.e., general practitioners and practice nurses) is
not possible because of the nature of the intervention, as
they will know whether they are using the ABCC tool or
delivering standard care.

However, outcome assessors and data analysts will be
blinded to the assignment of the interventions. This is
achieved by coding the groups in the dataset in a man-
ner that does not reveal their assignments (using non-
descriptive labels, Groups A and B). The individual who
assigns these codes maintains a separate, secure record of
the code that corresponds to the treatment group.

This record will not be shared with outcome assessors
and data analysts. The outcome assessors, who will evalu-
ate the results of the patients’ self-reported outcomes,
and the data analysts, who will perform statistical analy-
ses of the collected data, will be blinded to the allocation.

Procedure for unblinding if needed {17b}

In this study, only the outcome assessors and data ana-
lysts are blinded. Because the trial participants and care
providers are not blinded, there is no need for unblinding
procedures in these groups.
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For outcome assessors and data analysts, unblinding
may be permissible under specific circumstances such as
serious adverse events that require immediate knowledge
of the participant’s intervention group to ensure appro-
priate medical care. Although the need for unblinding
may be relatively low due to the nature of the interven-
tion (ABCC tool versus standard care), having an estab-
lished unblinding procedure in place ensures that any
unforeseen circumstances can be managed appropriately
without compromising the overall study design. An inde-
pendent designated person will be identified as responsi-
ble for managing the unblinding process, ensuring that it
occurs only when the documentation of any unblinding
event is justified and maintained. Each designated per-
son evaluates each request for unblinding. If the request
is approved, the designated person will access the secure
record with the group allocation codes and disclose the
participant’s intervention group only to relevant individ-
uals who require information to manage the situation.

Data collection and management

Plans for assessment and collection of outcomes {18a}

The assessment and collection of outcomes will be per-
formed by using well-established survey instruments.
These include the Patient Assessment of Chronic Illness
Care (PACIC) as the primary outcome, that is, perceived
quality of care. Secondary outcomes such as health-
related quality of life, patient activation, and capability
well-being will be assessed using EQ-5D-5L and Patient
Activation Measure (PAM), respectively. Data collection
will follow a set schedule with checkpoints at 6-, 12-, and
18-month intervals from the start of the intervention to
monitor changes in these outcomes over time.

The research team will facilitate survey completion
through telephone or email contact, offering participants
the option to complete surveys online or on paper. In
addition, participants visiting their primary care physi-
cian’s office will have the option of using the ABCC tablet
to complete the survey during their visit.

Plans to promote participant retention and complete
follow-up {18b}

Retention of participants and ensuring complete follow-
up will be achieved by employing various strategies [27].
We will maintain regular communication with the par-
ticipants, provide them with feedback about the progress
of the study, and recognize their contributions to the
research. Furthermore, the data collection schedule was
designed to minimize participant burden, and we will
accommodate participants’ needs wherever possible to
encourage continued involvement.
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Data management {19}

A robust data management plan is in place to store,
organize, and access the collected data. We will use a
secure, centralized data management system for these
purposes, and only authorized study personnel will have
access to it [28]. In addition, regular data audits will be
conducted to identify and correct any data entry errors
or inconsistencies, thereby ensuring data integrity.

Confidentiality {27}

To protect participants’ confidentiality, all personal iden-
tifying information is separated from the study data and
replaced with unique study identifiers. Access to per-
sonal information is limited to the essential personnel.
All data will be stored securely in compliance with data
protection regulations, and any report or publication will
contain only aggregated data, with no possibility of iden-
tifying individual participants. After the trial has ended,
all personal identifying information will be securely
destroyed, and anonymized study data will be preserved
for a predefined period as per regulatory guidelines,
ensuring ongoing confidentiality.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

The data evaluation process is based on the intention-
to-treat principle. Initial analyses will be performed on
the entire group of patients with COPD, asthma, type
2 diabetes, and heart failure, which also includes those
with multiple conditions. Subsequently, the impact of
the ABCC tool is examined separately for patients with
COPD, asthma, type 2 diabetes, and heart failure, irre-
spective of the presence of coexisting conditions.

Considering the clustered design of the study, a three-
level multilevel analysis will be conducted: general prac-
tice, patient, and measurement. The study will apply
linear mixed models to analyze outcomes to account for
the grouping of measurements within patients in general
practice. Fixed factors will include “treatment group,
“time” (categorical), and “interaction between treatment
group and time”

Given that randomization of patients into the interven-
tion or control groups is not feasible, factors believed or
known to influence the perceived quality of care and/or
the use of the ABCC tool will be regarded as potential
confounders. The intervention or control group assign-
ment hinges on the accessibility of the ABCC tool (i.e.,
the presence of the ABCC tool tablet PC in general prac-
tice). Potential confounders include ethnic background
(native/Western foreigner/non-Western foreigners),
multimorbidity (yes/no), educational status (low/middle/
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high), age (continuous in years), sex (male/female), body
mass index (BMI, kg/m2, continuous), smoking habits
(never/former/current), location of the general practice
(urban/rural), year of the general practitioner’s gradua-
tion (less/more than 10 years ago), and general practice
in a group setting (yes/no).

Each potential confounder will be independently added
to the aforementioned linear mixed model, and if it is
significantly associated with the outcome (p<0.05), it
will be considered a confounder. Both unadjusted and
adjusted treatment effects will be reported along with
their corresponding 95% confidence intervals and p-val-
ues. Statistical significance is set at p<0.05. To account
for multiple potential confounders, inverse probability of
treatment weighting using propensity scores will be used
as a sensitivity analysis. The use of hierarchical modeling
aims to methodically evaluate the significance of con-
founders, prioritizing them by their theoretical relevance
and observed impact on study outcomes. To ensure ana-
lytical robustness, R-squared values will further quantify
each covariate’s contribution to the model.

The primary outcome will encompass all measurement
times, including data collected at 6, 12, and 18 months.
The analytic strategy will use longitudinal data collected
at 6, 12, and 18 months, incorporating random effects
models to account for the nesting of patients within
practices. Model comparison techniques will be used to
assess the fit of increasingly complex models to ensure
that the analysis captures the impact of the intervention
while accounting for provider variability within practices.

Methods for additional analyses (e.g., subgroup analyses)
{20b}
In addition to the secondary objective of assessing the
shift in perceived quality of care, employing the PACIC
against regular care after 18 months, individually for each
chronic condition, further subgroup analyses will be con-
ducted based on age, sex, multimorbidity status, and edu-
cational level, as these factors could potentially influence
perceived quality of care and the use of the ABCC tool.
Linear mixed models are used for these analyses,
with the subgroups added as interaction terms to assess
whether the effect of the intervention varied across dif-
ferent subgroups. The subgroup analyses are specified a
priori in the study protocol to avoid data dredging.
Adjusted analyses will also be conducted to control for
potential confounders. Factors known or hypothesized to
be associated with perceived quality of care or the use of
the ABCC tool will be considered potential confounders
and adjusted for in the analysis, including national back-
ground, location of general practice, year of graduation of
the general practitioner, and whether the general practice
is part of a group.
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For adjusted analyses, especially when significant con-
founders are identified, the Inverse Probability of Treat-
ment Weighting method will be used as described by
Hernén et al. [29]. This approach, designed to balance the
distribution of observed baseline covariates across treat-
ment groups, mitigates potential bias and is fundamental
to estimating the causal effects of interventions.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}
The intention-to-treat (ITT) principle will be employed
for the analysis, in which all participants, regardless of
the degree of their protocol adherence, will be assessed
in the group they were originally assigned to [30]. In the
case of protocol nonadherence, we will also conduct a
per-protocol analysis, analyzing only those participants
who strictly follow the treatment initially allocated. This
analysis provides insights into the potential effects of the
intervention under optimal adherence conditions.

We employ multiple imputations to manage missing
data [31]. This technique creates several versions of the
dataset, each filling in missing values with plausible data
based on the existing data. Each dataset is then analyzed
separately, and the results are pooled to provide estimates
and confidence intervals that account for the uncertainty
around the missing data.

These methods are chosen based on the nature and vol-
ume of the missing data, as well as the presumed mecha-
nism for missing data (missing completely at random,
missing at random, or missing not at random). The meth-
ods employed are described and justified transparently in
our study protocol and statistical analysis plan.

Plans to give access to the full protocol, participant
level-data and statistical code {31c}

The full protocol of this study will be available for pub-
lic access via a registry. Moreover, the participant-level
dataset, which is fully anonymized to safeguard partici-
pant privacy, will be accessible upon a structured request
reviewed by a designated data access committee. This
committee will ensure that all requests align with the eth-
ical guidelines and are aimed at legitimate research pur-
poses. In addition, the statistical code used for the data
analysis in this study is shared upon reasonable request.
Participant consent will encompass these data-sharing
provisions, and all data sharing will comply with the rel-
evant data protection laws, privacy regulations, and any
additional requirements set forth by funding bodies or
publishers.

Cost-effectiveness analysis
To ensure a comprehensive understanding of the eco-
nomic impact of the ABCC tool, our cost-effectiveness

Page 11 of 15

analysis will employ decision analytic modeling in addi-
tion to actual cost and effectiveness data. This approach
will allow for a differentiated assessment of the value
of the tool from a health care perspective, focusing on
direct medical costs and quality-adjusted life-year gains.
Detailed methods and results of this analysis will be elab-
orated in a specific health economic evaluation plan that
will be prepared for publication.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

Given the low-risk nature of the intervention and the
context of this study, the study oversight structure will be
streamlined while ensuring the highest standards of con-
duct and ethical responsibility [32].

Core oversight is provided by a compact Steering Com-
mittee that includes principal investigators, a statistician,
and patient representatives. This Committee supervises
the overall conduct of the trial, including reviewing pro-
gress, ensuring adherence to the study protocol, and
making necessary decisions pertaining to the study. Reg-
ular meetings will be scheduled on a quarterly basis, with
additional meetings arranged as necessary based on the
study’s progression.

Day-to-day operations, including participant recruit-
ment, data collection, and implementation of the ABCC
tool, will be managed by the coordinating center at the
study site. This team will meet more frequently, ideally
on a weekly basis, to promptly address operational issues
and ensure that the study runs smoothly.

Composition of the data monitoring committee, its role,
and reporting structure {21a}

Data management will be handled by a dedicated team
member within the coordination center. They will be
responsible for maintaining the integrity and quality of
the data collected throughout the trial, including manag-
ing the study database, conducting data checks, and han-
dling missing or erroneous data.

Adverse event reporting and harms {22}
Given the nature of the ABCC tool, which is already in
routine clinical use, the risk of adverse events or unin-
tended effects directly attributable to the intervention is
anticipated to be low. Nonetheless, a systematic proce-
dure will be implemented for the collection, assessment,
and management of potential adverse events or unin-
tended effects. This will include solicited feedback dur-
ing follow-up consultations and spontaneously reported
events.

All incidents, regardless of their perceived relation-
ship with the ABCC tool, will be promptly reported to
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the coordinating center. The team will then review and
classify each event in terms of its severity, relationship
with the intervention, and whether it was expected or
unexpected.

In the event of any serious adverse event, the steering
committee will be notified immediately. Appropriate
actions will be taken in accordance with regulatory and
ethical guidelines, and these incidents will be reported
to the relevant ethics committee and regulatory bodies
if necessary.

Data regarding adverse events will be included in the
final study report to ensure the transparency and com-
prehensive evaluation of the safety of the ABCC tool in
our study setting.

Frequency and plans for auditing trial conduct {23}

To ensure the integrity of the study and adherence to
the protocol, periodic review of the study will be con-
ducted. This process will be conducted semi-annually
and will include a review of data collection and man-
agement practices, compliance with ethical regulations,
and overall progress of the trial against its objectives
and timeline.

While principal investigators will be involved in these
reviews, an independent audit will be conducted annu-
ally to ensure an unbiased evaluation. The results of these
audits will be reported to the trial steering committee
and any necessary corrective actions will be implemented
promptly.

Plans for communicating important protocol amendments
to relevant parties (e.g., trial participants, ethical
committees) {25}

Any proposed modifications to the protocol will first be
reviewed and approved by the principal investigators and
the trial steering committee. Following this, amendments
will be submitted to the appropriate Research Ethics
Committee for approval.

Once these approvals are secured, the amendments will
be communicated promptly to all participating inves-
tigators who will then be responsible for implementing
changes at their respective sites. Importantly, trial par-
ticipants will also be informed of any changes that may
impact their participation in the study in a manner that is
clear and understandable.

These updates will also be registered in the trial registry
in which the study is listed, ensuring that the public and
potential future participants have access to the most cur-
rent information regarding the trial. Significant amend-
ments will be made to all the reports and publications
related to this trial.
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Dissemination plans {31a}

The findings of this study will be broadly disseminated
to facilitate transparency and contribute to the advance-
ment of health care. The participants will be informed of
the study results in a comprehensible manner. For health
care professionals, the primary dissemination method
will be published in peer-reviewed academic journals.
The results will be shared with the relevant medical and
scientific conferences, seminars, and professional net-
works. The general public will be informed of the study
results through accessible summaries disseminated via
popular media outlets and study websites and potentially
through public lectures.

Data from the trial will be made available according to
the current best practices for data sharing with respect
to participant confidentiality and data protection regula-
tions. Any data sharing arrangement is guided by ethical
and legal considerations.

This study has no restrictions on its publication. All
publications adhered to recognized ethical guidelines,
such as the International Committee of Medical Journal
Editors (ICMJE) recommendations for authorship.

Discussion

The South Tyrolean study will examine the effective-
ness and cost-effectiveness of the ABCC tool, which is
designed to visualize the burden of disease, promote
shared decision-making, and encourage self-manage-
ment. We hypothesize that the ABCC tool will signifi-
cantly enhance the perceived quality of care and quality
of life and will be cost-effective given its successful imple-
mentation in the Netherlands. The strength of our study
is its pragmatic approach, involving broad inclusion cri-
teria and a variety of outcomes such as patient experience
of care, quality of life, and resource utilization. Our study,
like Dutch studies, aims to reflect the effectiveness of the
tool in real-world implementation, enhancing external
validity.

We aim to minimize confounding factors by consid-
ering those known to be associated with interventions
and outcomes. Patient allocation will be based on gen-
eral practice cluster randomization and not on patient
characteristics, reducing the risk of selection bias. We
acknowledge that many of the study outcomes are sub-
jective and dependent on patients’ perceptions. Addition-
ally, as our study will be conducted only in primary care
settings in South Tyrol, we may not be able to extrapolate
our findings to other care settings or regions.

Given the intricate design of ABCC studies, operational
and practical issues warrant discussion.

First, the implementation of the ABCC tool in general
practice is a key operational aspect of this study. Given
that the tool is new to the South Tyrolean Health Service,
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its integration within the clinical workflow of different
practices might pose a challenge [33]. It will be crucial
to ensure appropriate training for general practitioners
and their teams to effectively use the tool and interpret
results. Our implementation strategy for the ABCC tool
within general practices aims to seamlessly integrate its
use during face-to-face consultations. General practi-
tioners will review the results of the ABCC tool with
participants immediately, utilizing it as a dynamic com-
ponent of the patient-provider interaction. This immedi-
ate feedback mechanism is designed to enhance shared
decision-making and encourage patient self-management
in real-time. Furthermore, while the tool is intended to
be a valuable resource throughout the patient—provider
relationship, its use in each visit will be at the discre-
tion of the healthcare provider, based on the relevance to
the patient’s current care needs and consultation focus.
This flexible approach aligns with our goal to validate the
effectiveness and cost-effectiveness of the ABCC tool in
enhancing perceived quality of care and quality of life,
as observed in Dutch studies, within the distinct con-
text of the South Tyrolean healthcare system. Successful
integration and positive outcomes from this study will
inform broader implementation strategies, aiming for a
patient-centered and economically beneficial tool across
healthcare settings.

Second, the recruitment of a diverse range of general
practices, both urban and rural, across different lan-
guage groups is fundamental to the generalizability of the
results [34]. Achieving this diversity might be challeng-
ing, given the voluntary nature of participation. Moreo-
ver, within each practice, it is important to ensure a
balanced representation of patients with different chronic
conditions that requires careful management and super-
vision. To ensure a balanced representation of patients
with different chronic conditions within each practice,
we will engage with general practitioners to promote
the enrollment of a diverse patient cohort. This strategy
complements the stratified randomization process, aim-
ing to achieve a comprehensive assessment of the ABCC
tool’s impact across the spectrum of chronic conditions
addressed in our study.

Third, ensuring participant adherence to the study
protocol, particularly with respect to completing the
questionnaires at the required time points, is another
operational challenge [35]. Strategies to promote partici-
pant retention and to manage missing data were incorpo-
rated into the study design.

Finally, the study relies on self-reported outcome meas-
ures, which could introduce bias [36]. Efforts have been
made to select reliable and validated instruments, and the
statistical analysis plan includes strategies for adjusting
for potential confounding factors. Although these issues
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pose challenges, they have been carefully considered in
the study design and management plan to reinforce the
robustness and reliability of the results.

Although the use of tablets and the Curavista App for
data collection and management in the ABCC study can
provide several benefits, such as real-time data access,
streamlined data entry, and improved patient engage-
ment, it also introduces a few potential challenges that
need to be addressed [37]. One of the main challenges is
the integration of the Curavista App with various soft-
ware systems employed in various general applications.
Ensuring seamless data exchange and synchronization
between these systems and their applications is essential
for maintaining the data integrity and usability. Moreover,
mapping patient data from the app to the corresponding
patient charts and dossiers might require custom solu-
tions, considering the diverse formats and structures of
electronic health records across practices. Furthermore,
the use of tablets for patient-reported outcome measures
might present issues related to digital literacy among
patients, especially among the elderly or those unfamiliar
with such technology [38]. This could affect the quality
and completeness of the collected data.

Another concern is data privacy and security, particu-
larly given the use of the Dutch data platform in a study
conducted in South Tyrol. The Curavista App is a certi-
fied EU data platform, ensuring compliance with differ-
ent national and regional data protection regulations will
be paramount [39, 40]. Clear communication regarding
data handling and privacy safeguards is crucial for main-
taining participants’ trust and cooperation.

The internationalization of data management for
patient care, as in this study, is not yet widespread in
Europe but is a growing trend. The increasing use of digi-
tal health applications, availability of cloud-based plat-
forms, and need for multinational research collaborations
are driving this shift. However, this internationalization
also presents challenges related to data privacy, inter-
operability, and regulatory compliance, which are being
actively addressed by ongoing efforts at the EU level to
establish a common data space for health [41].

In summary, integrating the Curavista App and con-
ducting a study on tablets may present challenges. Care-
ful planning, robust data management strategies, and
adherence to data protection regulations can help miti-
gate these risks, ultimately enhancing the study’s effi-
ciency and data quality. We plan to conduct context and
process evaluations among healthcare providers to gain
a deeper understanding of the use of ABCC tools. Addi-
tionally, a qualitative study will be conducted among the
patients to gauge their satisfaction with the tool.

Our study has significant public health importance
if proven effective and cost-effective. The ABCC tool’s
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potential to improve person-centered care, enhance
quality of life, and possibly reduce healthcare costs
could greatly contribute to sustainable healthcare in
South Tyrol, and possibly extend it to other regions.

In conclusion, despite the challenges and limitations
noted, we anticipate that our study will provide valu-
able insights into the application and effectiveness of
the ABCC tool in primary care settings in South Tyrol.

Trial status

The current version of the study protocol (08.07.2023
version 2) was approved by the Ethics Committee on
09.08.2023 (protocol number 73-2023). As per this
report, recruitment for this study has not yet begun.
Given these circumstances, it is not possible to provide
an approximate date for recruitment completion.
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