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Abstract

Background: Clinical practice guidelines (CPGs) summarize the best available evidence in a specific field. To improve
patient-centered outcomes, guidelines have to be implemented, using, for example, information and communications technol ogy.
Although there are CPGs addressing multimorbidity, thereis still alack of studiesinvestigating their implementation.

Objective: Thisstudy aimed to evaluate whether the implementation of a CPG for multimorbidity using adigital tool isfeasible
and explore possible effects of thisintervention.

Methods: A pilot cluster randomized clinical trial based on telephone interviews was conducted from October 25, 2023, to
September 8, 2024. Patients enrolled in any disease management program who were aged =65 years and had at |east 2 additional
chronic conditions were randomly selected from 20 general practitioner (GP) practices and contacted for informed consent. Each
practice was randomized after baseline interviews of al participating patients in the practice were finished. The use of a web
application facilitating collection and documentation of treatment-relevant data in accordance with the German CPG for
multimorbidity was compared with treatment as usual. The primary outcome wastime spent in hospital. Asasecondary outcome,
the number of patientswith at |east one hospital admission was cal culated. Further secondary outcomesincluded outpatient health
care use, quality of life, patient satisfaction, and quality of care. Feasibility assessment included examination of sample size,
participation rate, and compliance with the study protocol. Outcome measures were analyzed using linear, logistic, and negative
binomial regressions with random intercepts for practices.

Results. Of 384 patients who were contacted, 123 (32%) agreed to participate, and 120 (31.3%, including 54/120, 45% in the
intervention group and 66/120, 55% in the control group) completed baseline and follow-up assessments. Mean age was 75.4
(SD 6.6) years, and 51.7% (62/120) were women. The compliance rate, or the proportion of patientswho weretreated per protocol,
was 89% (48/54). In our data, theincidence rate of hospital dayswas comparable in both groups (incidence rate ratio [|RR] 0.94,
95% CI 0.09-9.42; P=.96), but the odds of hospital admission were amost reduced by half in the intervention group (odds ratio
0.51, 95% CI 0.17-1.54; P=.23). Our data also suggest a higher incidence rate of GP contacts (IRR 1.13, 95% CI 0.83-1.53;
P=.43) and lower incidence rate of contacts with outpatient specialists (IRR 0.79, 95% Cl 0.54-1.15; P=.24) in the intervention
group compared to usual care. Moreover, patients and GPs reported a better quality of care (mean difference 0.51, 95% CI -0.12
to 1.14; P=.12 and mean difference 1.19, 95% CI 0.13-2.25; P=.03, respectively) in the intervention group.

Conclusions: Implementation of the CPG using a digital tool was feasible. Our data suggest that the probability of hospital
admissions and contacts with outpatient specialists might be reduced and quality of care might be improved.

Trial Registration: ClinicalTrials.gov NCT06061172; https.//clinicaltrials.gov/study/NCT06061172
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Introduction

Clinical practice guidelines (CPGs) identify and summarizethe
best available evidence in a specific field [1]. To improve
patient-centered outcomes, guidelines have to be implemented
in regular health care. In contrast to development and
dissemination, the implementation of guidelinesis usually the
responsibility of health care professionals[2]. There arevarious
barriersto implementing guidelines, including time constraints
and lack of resources [3,4]. One approach in optimizing
guideline implementation is to provide structural changes by
using information and communications technology [5,6]. A
strength of this approach isfacilitation of complex care[7] (eg,
for patients with multimorbidity).

Multimorbidity isacommon health problem in the primary care
of older patients [8] that is associated with adverse outcomes
such asdeclinein health-related quality of life [9] and increased
risk of hospitalizations [10]. Patients with multimorbidity
usually need tailored, person-centered care based on a
prioritization of treatment goals [11]. In a recent systematic
review, 20 guidelines specifically focusing on multimorbidity
and polypharmacy were identified [12], but none have been
implemented using a digital tool yet.

In Germany, the S3-level CPG for multimorbidity of the German
Society of General Practitioners and Family Physicians does
not focus on specific diseases but rather helps the general
practitioner (GP) manage the patients’ individual situation [13].
A field test emphasized the high complexity of the treatment
algorithm and the need for specific assessment tools [14].
Therefore, we developed a digital tool that facilitates the
implementation of this guideline [15] and conducted a cluster
randomized clinical pilot study that examined the feasibility of
the full-scale evaluation of an intervention based on this tool
and explored the possible effects of this intervention.

Specifically, the primary objective of this study was to assess
whether participant enrollment, data acquisition, and the
implementation of the intervention in the intended way are
feasible. In addition, our pilot study aimed to consolidate our
hypotheses by analyzing whether the intervention is capable of
reducing thetime patients spend in hospital and their outpatient
health care use and whether it might improve quality of care,
patients health-related quality of life, and patient satisfaction.

Methods

Study Oversight

Reporting followed the CONSORT (Consolidated Standards
of Reporting Trials) extension for cluster randomized trials[16].
A project advisory board represented patients, caregivers,
primary care physicians, self-governing bodies in the German
health care system, the German professional society for primary
care, and private companies developing digital therapeutics.

https://aging.jmir.org/2025/1/€79767

The board informed the research team about the perspectives
of health care providers and patients and provided guidance on
how their interests and concerns can be considered in the design
of our intervention and our pilot study.

Ethical Consider ations

The protocol for thispilot study was approved on June 27, 2022,
and September 5, 2022, by the ethics committee of the Medical
Association of Hamburg (2022-100786-BO-ff) and registered
on September 24, 2023, in Clinical Trials.gov (NCT06061172).
Trial Design

We conducted a 2-group, parallel pilot cluster randomized
clinical trial based on telephone interviews of older patients
with multimorbidity and their GPs. On average, patient
interviews|asted approximately 20 minutes, and GP interviews
lasted approximately 10 minutes per patient. Answers were
directly entered in deidentified form into Microsoft Excel
spreadsheets. We conducted automated plausibility checks
during data entry and retrospective evaluation of data quality
before data preparation and analysis.

Participants

A total of 20 GP practices in the German federal states of
Bremen, Hamburg, Lower Saxony, and Schleswig-Holstein
were recruited viamail as a convenience sample. We included
practices who were known from other research projects and
formerly unknown practices identified on the official websites
of the regiona associations of statutory health insurance
physicians. GPs were €ligible if (1) they were registered as
statutory health insurance physicians in the metropolitan area
of Hamburg or itsrural surroundings; (2) they participatedin a
disease management program for asthma, coronary heart disease,
diabetes mellitus, or chronic obstructive pulmonary disease;
and (3) they could provide alist of patients from their practice
who were aged =65 years and participated in such a program.

GPs created a numbered list of all patients who fulfilled these
criteria. A member of the study team then assigned them random
numbers using a mobile app. On the basis of these numbers,
GPs sdlected patients from the list and screened them for
multimorbidity and exclusion criteria until 20 eligible patients
in each practice were identified. Multimorbidity was
operationalized as 2 additional diagnoses considering the 46
most prevalent chronic diseases[17]. Exclusion criteriaincluded
having no capacity to consent, functional limitations precluding
participation in the intervention (eg, loss of vision or no capacity
to use a mobile device) or telephone interviews (eg, loss of
hearing), limited German language skills, and participation in
other trials during the pilot study.

Eligible patients received an invitation letter from their GP that
included written patient information, 2 consent forms, and a
prepaid return envelope. Patients who wanted to participate
signed one consent form, gave their contact data, and returned
both to the study center. Participating patients were then
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contacted and interviewed by the study team. In addition,
attending GPswereinterviewed about their patientsand practice.
Interviewswere conducted at baseline and after theintervention
period was finished (follow-up).

Sample Size

As thiswas a pilot trial, we did not conduct a formal sample
size calculation. For confirmation of feasibility, we wanted to
include 10 practices for each treatment arm with, on average,
5 patients per practice. Allowing for a reasonable dropout, we
aimed at recruiting 6 patientsin each practice. In summary, our
intended sample size was 20 practices with 120 patients
atogether. This is suitable according to genera
recommendations for minimum sample sizes[18,19].

Randomization

Each practice was randomized after the baseline interviews of
all participating patientsin the practice were finished. We used
block randomi zation with computer-generated random numbers
and variable block sizes stratified for region type (ie, rural and
urban), which was generated by an independent statistician. The
statistician received the practice number and region type via
email but did not have access to any other patient or practice
data. After randomization, the study team was informed about
practiceallocation viaemail and communicated thisinformation
to participating GPs via telephone. Patients were not actively
informed about practice allocation but could not effectively be
blinded.

I ntervention and Compar ator

The intervention was based on the web application MultiTool
(version 1.0.0; University Medical Center Hamburg-Eppendorf),
which implements all recommendations of the German Society
of General Practitioners and Family Physicians S3-level CPG
for multimorbidity [13]. Guideline recommendations, specific
functions, and other contents of the tool are described in detail
in another publication [15].

The main functions of the tool were digital questionnaires in
the domains of (1) patient preferences (ie, prioritization of
treatment goals, control preferences, and involvement of other
health care professionals), (2) social life (ie, socia contacts,
activities, and participation), (3) treatment situation (ie,
medication adherence and treatment burden), and (4) health
concerns (ie, pain, anxiety and depression, and other health
concerns).

GPs could give patients access to the questionnaires via email,
and patients could fill out the questionnaires at home or in the
GP practice using any digital device with abrowser and access
totheinternet. Thetool also facilitated “ brown bag” medication
reviews [20] by providing a standardized invitation letter
clarifying which drugs patients should bring to the consultations
and a guide on how the reviews should be structured by the
GPs. Results from discussions between GPs and patients could
be documented within the tool.

GPs in the intervention group received access to MultiTool, a
short training on the digital tool and the intervention, awritten
manual, and contact data for telephone support. Approximately
3 months after randomization, the practices allocated to the
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intervention group were contacted via telephone by the study
team to monitor the implementation of the intervention. During
this call, possible adverse events were assessed by asking GPs
in unstandardized form whether any undesirable or harmful
event had occurred during the observation period, which may
or may not be related to the intervention [21].

GPs in the intervention group had to use MultiTool for every
patient participating in the trial at least once in every 3-month
accounting period. They were further instructed, first, to use
the questionnaire for prioritization of treatment goals and at
least one questionnaire in each of the domains of social life,
treatment situation, and health concerns. Second, the clinical
consequences of the patients' answers had to be discussed
between GPs and patients, and third, at least one medication
review during the trial was obligatory. Compliance with the
study protocol was reported by GPs and defined as carrying out
these 3 instructions with their patients.

GPs in the control group had no access to MultiTool and
provided care as usual. Exposure time in both groups was 6
months starting from the randomization of the practice.

Clinical Outcomes and Other Variables

The primary outcome measure was time spent in hospital during
the preceding 6 months. It was assessed in patient interviews
by asking the patients how often they had been in hospital and
how many days each hospital stay had lasted. Thetotal timein
hospital was calculated by adding the duration of all stays. As
a secondary outcome, the number of patients with at least one
hospital admission during the previous 6 months was also
calculated.

Further secondary outcome measures included the number of
contacts with the GP, outpatient specialists, and home care
services during the preceding 6 months. Self-rated health was
assessed on ascale from 0 to 100. Health-related quality of life
was measured using the EQ-5D-5L, which comprises the
domains of mobility, self-care, usual activities, pain or
discomfort, and anxiety or depression [22], and the
corresponding German value set, which assumes a value of 1
for perfect health and subtracts val ues between 0.026 and 0.612
for limitationsin each of the 5 domains[23]. Patient satisfaction
with clinical performance (17 items) and organization of care
(6 items) were assessed on a 5-point Likert scale (O=bad;
4=excellent) using the European Task Force on Patient
Evaluation of General Practice instrument [24]. For both
subscales, asummary scorewas cal culated by adding the values
of each nonmissing item and dividing by the number of available
answers. All these data were collected in patient interviews. In
addition, quality of care was assessed using patient-reported (7
items) and GP-reported (12 items) summary scores of validated
quality indicators for the primary care of patients with
multimorbidity [25]. These scores were calculated by adding 1
point for each fulfilled indicator.

Patient interviews also included dataon age, sex, marital status,
living arrangement, educational level, and migration
background. The educational level was coded using the
Comparative Analysis of Social Mobility in Industrial Nations
classification of tertiary, secondary, and primary education and
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lower [26]. Migration background was defined by the country
of birth of the study participants and their parents. Moreover,
depressiveness was assessed in patient interviews using a
summary score of the 15 items of the Geriatric Depression Scale
[27], which gives 1 point for each positive answer. Additionally,
the number of chronic conditions was collected in GP
interviews.

Feasibility Assessment

To analyze the feasibility of recruitment of practices and
patients, sample size and participation rate were analyzed. A
priori, we expected that 400 eligible individuals could be
identified and contacted and that 120 participants could be
enrolled, which corresponds to an anticipated participation rate
of 30%. To assess the quality of data acquisition, we analyzed
the number of missing valuesfor each variable. To examinethe
implementation of the intervention, we analyzed how many
participants in each practice were compliant with the study
protocol.

Statistical Analyses

Descriptive comparisons between the intervention and control
groups were reported using means and SDs for continuous data
and numbers and percentages for categorical data. Potential
differences between patients in the intervention and control
groups regarding their baseline characteristics and the primary
and secondary outcomes were assessed using 2-tailed t tests
and chi-sguaretests. Distinct baseline imbal ances were defined
by P values of <.05. Rates of change were calculated using the
following formula:

follow — up value

rate of change =
f g baseline value

@

According to their type, primary and secondary outcomeswere
analyzed using multilevel mixed-effects negative binomial,
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logistic, or linear regression, and the respective effect measures
with corresponding 95% Cls were reported. All statistical
models were adjusted for random effects at the level of GP
practices, and negative binomial and linear regression models
were also adjusted at the level of patients within practices. The
secondary outcome of “proportion of patients who stayed in
hospitals’ was compared at follow-up and controlled for the
number of hospital stays at baseline. Intraclass correlation
coefficients were reported to quantify the correlation among
observation within the clusters. For all analyses, the available
dataset was used.

The capability of our intervention to influence outcomes was
determined by the effect sizes of these analyses. As the power
of our pilot study was not adeguate, hypotheses were
consolidated solely based on regression coefficients. In addition,
the reported P values are to be understood as descriptive
measures and not used for confirmatory conclusions. All
statistical analyses were conducted using Stata (version 15.1;
StataCorp) [28].

Results

Participants

The participant flow can be found in Figure 1. A total of 582
patientsfrom 20 practiceswere screened for eligibility, and 384
(66%) were contacted by their GPs for informed consent.
Basdlineinterviewswere conducted between October 25, 2023,
and January 31, 2024. Subsequently, 20 practices with 32%
(123/384) of the contacted patients were randomized to the
intervention and control groups. A total of 1.6% (2/123) of the
patients died during the observation period, and 0.8% (1/123)
moved to another town, both in the control group. The dropout
rate was 2.4% (3/123) altogether. Thefinal sample size was 66
patientsin the control group and 54 patientsin the intervention
group. Follow-up interviews were conducted between June 3,
2024, and September 8, 2024.
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Figure 1. Sampling and response rates.
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Randomly selected and checked for eligibility
582 patients in 20 practices

A 4

- No access to internet (n=105)

- No capacity to consent (n=53)

- Relevant functional limitations (n=47)

- Insufficient German language skills (n=31)
- Less than 3 chronic conditions (n=6)

Excluded

198 patients

Contacted for informed consent
384 patients in 20 practices

- No reply after contact (n=256)
- Wrong contact address (n=4)

Nonparticipants

260 patients

Agreed to participate
124 patients

Ended participati

before baseli ent
1 patient

Randomized to intervention and control group
20 practices with 123 patients (32%)

v

Randomized to care as usual

10 practices with 69 patients

Dropout befare fallow-up
- Died (n=2)
" - Moved to another town (n=1)
3 patients (4.5%)

Included in the study
66 patients in 10 practices

Clinical Outcomes and Other Variables

On average, GPs in the control group were aged 52.0 (SD 8.4)
years, and GPs in the intervention group were aged 54.1 (SD
8.4) years. In both groups, 60% (6/10) of the GPs were men,
and 40% (4/10) were women. Both groups had a comparable
mean number of GPs working in the practices (3.0, SD 1.5in
the intervention group vs 3.0, SD 2.0 in the control group) and
acomparable number of treated patients per 3-month accounting
period (mean 2300, SD 558 in the intervention group vs mean
2560, SD 1285 in the control group). The sociodemographic
data of patients at baseline are reported in Table 1. There were
no distinct baseline imbalances related to age (mean 75.8, SD
6.5 vs mean 74.9, SD 6.8 years, P=.48), sex (35/66, 53% men
in the intervention group vs 23/54, 43% men in the control
group; P=.26), or other sociodemographic data, but the mean
number of chronic conditionsin the control group wasdistinctly
higher than that in the intervention group (10.4, SD 4.8 vs 8.8,
SD 3.1, respectively; P=.03). The summary score on the
Geriatric Depression Scalewas comparabl e between both groups
(mean 6.0, SD 1.5vsmean 6.1, SD 1.7; P=.59).
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v

Randomized to intervention

10 practices with 54 patients

Dropout befare follow-up

»| -Died()

- Moved to another town (-)
0 patients (0%)

Included in the study
54 patients in 10 practices

There were no distinct imbalances in primary and secondary
outcome measures at baseline between the control and
intervention groups (Table 2). However, in the control group,
fewer days in hospital during the 6 months before the baseline
assessment were reported than in the intervention group (mean
0.9, SD 3.5 vsmean 2.4, SD 6.9, respectively; P=.14), and the
probability of at least one hospital admission was also lower
(11/66, 17% in the intervention group vs 12/54, 22% in the
control group; P=.44). At follow-up, the probability of at |east
one hospital admission increased in the control group and
decreased in the intervention group (13/66, 20% vs 8/54, 15%,
respectively).

Home care services were only used by 6.7% (8/120) of the
participants at baseline and 4.2% (5/120) of the participants at
follow-up, and therefore, the effect of the intervention on the
number of contacts with these services could not be analyzed.
Therewas one missing value (1/66, 2%) for GP-reported quality
of carein the control group and another missing value (1/54,
2%) for health-related quality of life scores in the intervention
group. All other variables did not have any missing values.
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Table 1. Sociodemographic data of the patients at baseline.

Characteristics Control group (n=66) Intervention group (n=54) P value
Age (y), mean (SD) 75.8 (6.5) 74.9 (6.8) 48
Sex (male), n (%) 35 (53) 23 (43) 26
Marital status, n (%) .38
Married 48 (73) 31(57)
Widowed 12 (18) 15 (28)
Divorced 3(5) 4(7)
Single 3(9 4(7)
Living arrangement (alone), n (%) 13 (20) 19 (35) .06
Educational level, n (%) 49
Primary or lower 42 (64) 29 (54)
Secondary 16 (24) 15 (28)
Tertiary 8(12) 10 (19)
Migration status, n (%) .64
Patient and parents born in Germany 49 (74) 38 (70)
Patient or at least one parent born abroad 17 (26) 16 (30)
https://aging.jmir.org/2025/1/e79767 JMIR Aging 2025 | vol. 8 | €79767 | p. 6
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Table 2. Differencesin primary and secondary outcomes at baseline and follow-up between the control and intervention groups.

Control group I ntervention group P value
Primary outcome
Daysin hospital (previous 6 mo) 14
Baseline, mean (SD) 0.9 (3.5) 2.4(6.9)
Follow-up, mean (SD) 1.3(4.1) 3.1(9.8)
Change, % +38 +31
Secondary outcomes
Number of contacts with GP? (previous 6 mo) 37
Baseline, mean (SD) 3.7(2.7) 3.3(2.7)
Follow-up, mean (SD) 28(21) 2.7(1.8)
Change, % -25 -16
Number of contactswith outpatient specialists (previous 6 mo) .35
Baseline, mean (SD) 1.6 (15) 19(2.1)
Follow-up, mean (SD) 20(2.2 19(1.7)
Change, % +24 -2
GP-reported quality of care (previous 6 mo, 0-12) .92
Baseline, mean (SD) 8.0(2.6) 7.9(2.8)
Follow-up, mean (SD) 9.0(3.0) 10 (1.6)
Change, % +13 +28
Patient-reported quality of care (previous 6 mo, 0-7) A7
Baseline, mean (SD) 30(2.2) 3.6(L9)
Follow-up, mean (SD) 29(21) 39(22
Change, % -5 +10
Self-rated health—EQ-5D-5L visual analog scale (0-100) .94
Baseline, mean (SD) 72 (18) 72 (19)
Follow-up, mean (SD) 73 (21) 75 (17)
Change, % +1 +4
Health-related quality of life—EQ-5D-5L German value set (-0.661to 1) 14
Baseline, mean (SD) 0.8(0.2) 0.8(0.2)
Follow-up, mean (SD) 0.8(0.2) 0.9(0.2
Change, % +3 +1
Patient satisfaction—EUROPEP® clinical per formance subscale (0-4) A1
Baseline, mean (SD) 3.2(0.7) 3.4(0.6)
Follow-up, mean (SD) 3.1(0.9) 3.4(0.6)
Change, % -4 -2
Patient satisfaction—EUROPEP organization of care subscale (0-4) 71
Baseline, mean (SD) 3.2(0.7) 3.1(0.7)
Follow-up, mean (SD) 3.1(0.7) 3.1(0.7)
Change, % -3 -3
8GP: general practitioner.
PEUROPEP: European Task Force on Patient Evaluation of General Practice.
https://aging.jmir.org/2025/1/e79767 JMIR Aging 2025 | vol. 8 | €79767 | p. 7
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Feasibility Assessment

The intervention started in the first practice on November 27,
2023, and ended in the last practice on August 1, 2024. Table
3 provides an overview of compliance with the study protocol
in each practice. In 70% (7/10) of the practices, al elements of
the intervention were implemented per protocol with every
participating patient, and in 30% (3/10) of the practices, the

Table 3. Compliance with the study protocol by practice.

Nothacker et al

protocol was only partially followed. In summary, 98% (53/54)
of the patients conducted assessments, 89% (48/54) participated
in the intended discussions about the assessment results, and
98% (53/54) received a structured medication review. The
compliance rate of patients who were treated per protocol was
89% (48/54). During the intervention, no adverse effects were
reported by the GPs.

Conducted assessments, n (%) Discussion of assessment results, n (%)  Structured medication review, n (%)

Practice 1 (n=8 patients) 8 (100) 8(100) 8 (100)
Practice 2 (n=5 patients) 4(80) 4 (80) 4 (80)
Practice 3 (n=6 patients) 6 (100) 6 (100) 6 (100)
Practice 4 (n=2 patients) 2 (100) 0(0) 2 (100)
Practice 5 (n=2 patients) 2(100) 2 (100) 2(100)
Practice 6 (n=5 patients) 5 (100) 5 (100) 5 (100)
Practice 7 (n=4 patients) 4 (100) 4 (100) 4 (100)
Practice 8 (n=10 patients) 10 (100) 10 (100) 10 (100)
Practice 9 (n=8 patients) 8 (100) 8(100) 8 (100)
Practice 10 (n=4 patients) 4 (100) 1(25) 4 (100)

Statistical Analyses

Associations between the intervention and primary and
secondary outcome measures are shown in Table 4. In the
analysis of the primary end point, in both groups, acomparable
incidence rate of hospital dayswas detected (incidencerateratio
[IRR] 0.94, 95% Cl 0.09-9.42; P=.96). In contrast, the
alternative operationalization of the primary end point indicated
almost half the odds of hospitalization in theintervention group
(odds ratio 0.51, 95% CI 0.17-1.54; P=.23). Our data aso

https://aging.jmir.org/2025/1/€79767

suggest ahigher incidencerate of GP contactsin theintervention
group (IRR 1.13, 95% CI 0.83-1.53; P=.43) and a lower
incidence rate of contactswith outpatient specialists (IRR 0.79,
95% CI 0.54-1.15; P=.24) compared to care as usual. Patients
reported ahigher quality of carein theintervention group (mean
difference 0.51, 95% CI -0.12 to 1.14; P=.12), and the
i ntervention was al so associated with higher GP-reported quality
of care (mean difference 1.19, 95% CI 0.13-2.25; P=.03). We
observed no relevant association with the other secondary
outcome measures.
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Table 4. Ratios and differences between the control and intervention groups in the primary and secondary outcomes.
Outcome Measure (95% ClI) Pvaue |cc 2 I CCzb
Daysin hospital (primary): incidence rate ratio® 0.94(0.09t09.42) .96 —d —d
At least one hospital admission (secondary): odds ratio® 0.51(0.171t0 1.54) 23 0.013 —d
Number of contacts with GP' (secondary): incidence rate ratio® 113(0.8310153) 43 —d —d
Number of contacts with outpatient specialists (secondary): incidencerateratio® 079 (05410 1.15) 24 —d —d
GP-reported quality of care (secondary): mean difference’ 1.19(013t02.25) 03 0.223 0.348
Patient-reported quality of care (secondary): mean difference? 0.51(-0.12t0 1.14) 12 0.091 0.649
Self-rated health—EQ-5D-5L visual analog scale (secondary): mean differenced ~ 1.98 (-4.36 10 8.33) 54 0.017 0.553
Health-related quality of life—EQ-5D-5L German value set (secondary): mean -0.02 (-0.08 to 0.05) .58 0.002 0.661
differenced
Patient satisfaction—EUROPEP" clinical performance subscale (secondary): mean  0-07 (-0.12100.27) 45 0.066 0.703
differenced
Patient satisfaction—EUROPEP organization of care subscale (secondary): mean  0.04 (—0.18 to 0.26) .70 0.132 0.626

difference?

& CCy: intraclass correlation coefficient at the practice level.

by CC,: intraclass correlation coefficient at the patient in practice level.
CAnalyzed using multilevel mixed-effects negative binomial regression.
dNot applicable.

€Analyzed using multilevel mixed-effects logistic regression.

fGp: genera practitioner.

9Analyzed using multilevel mixed-effects linear regression.

PEUROPEP: European Task Force on Patient Evaluation of General Practice.

Discussion

Principal Findings

In this pilot study, we were able to enroll the intended number
of patientsand collect almost all theintended data, and for 89%
(48/54) of the patients, the intervention was implemented per
protocol. Our results suggest that fewer hospital admissions, a
better quality of care [25], and a reduced number of contacts
with outpatient specialists could be effects of the intervention.
Similarly, an increase in the incidence rate of contacts with the
GPisapossible result of the intervention.

Comparison With the Literature

Guideline implementation using only written and oral
dissemination isknown to beineffective [29]. Instead, proactive
strategies taillored to each setting and target group are
recommended to improve the management of chronic conditions
[30,31]. However, to date, many implementation strategies have
not been researched sufficiently [32], and few digital health
interventions for the management of chronic diseases have
demonstrated benefits in patient care [33].

For example, a clinical decision support system comprising
recommendations from several single-disease guidelinesled to
a reduction in cardiovascular risk factors in patients with
diabetes and a reduced risk of hospitalization [34]. Although a
scoping review identified 3 other studies based on clinical
guidelines [35], one did not report any benefits of the

https://aging.jmir.org/2025/1/€79767

intervention [36], and the others did not assess any clinical
outcomes [37,38]. Clinical results of an ongoing study using
evidence-based, computerized decision-making for older patients
with multimorbidity are still pending [39-41].

The high level of complexity (eg, due to heterogeneity of the
population [17,42], fragmented care[43-45], and polypharmacy
[8,46]) leads to difficulties in testing interventions designed to
improve health outcomesfor patientswith multimorbidity [47].
A Cochrane systematic review comprising 17 randomized
clinical trials [47] found little differences in clinical outcomes
(eg, small improvements in patient-reported outcomes and
medication adherence). Most of the studies included in the
aforementioned Cochrane review and other reviews [48,49] did
not find significant differences in hospitalizations.

Implications

Our pilot study demonstrated that implementation of a CPG for
multimorbidity in GP practices using a digital tool isfeasible,
and our datasuggest that patient-oriented outcomes can possibly
be improved. Therefore, policymakers and clinicians should
facilitate digital implementation of existing guidelines for
multimorbidity, but due to the lack of robust data on their
effectiveness, these approaches need to be thoroughly eval uated.

With regard to our target group, other studies have pointed to
possible barriers, including functional impairment and limited
adherence [50-52]. In our study, 98% (53/54) of the older
patientswith multiple chronic conditions shared their datausing
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the digital tool and participated in digitally assisted medication
reviews. One facilitator in our study might be that the digital
tool was developed and customized with participation of the
target groups [15]. Therefore, similar studies should also
consider participatory approaches.

Hospitalization is associated with multimorbidity [10], and it
is a highly relevant outcome for this patient group [53].
However, there are various ways to operationalize
hospitalization, and few interventions have reduced the number
of hospitalizations of patients with multimorbidity [49]. In this
context, our data suggest that the probability of at least one
hospitalization might be a better operationalization than the
number of hospital days.

Another implication for research is that health care use should
be monitored when similar interventions are conducted. In line
with other studies strengthening primary care [54,55], our data
suggest that, on the one hand, the number of contacts with
outpatient specialists could be reduced but, on the other hand,
the number of contacts with GPs might increase due to this
intervention.

Strengths and Limitations

The strengths of this study include the experimental design with
pretest-posttest comparison, 2 treatment groups, cluster
randomization, and prospective study registration, which all
contribute to the robustness of our analyses. The sample size
was based on recommendations from the literature. Interviewers
received standardized training in advance, and data quality was
further improved through numerous automated and retrospective
plausibility checks. In-person interviews by telephone were
chosen to increase the response rate and ensure that study
participants were able to ask questions during the interviews,
which madewrong answers due to misunderstandingslesslikely.
With 1078 of 1080 valuesin outcome variables being available,
we only had 0.19% (2/1080) of missing values in our data.
Multilevel mixed-effects regression analyses considered
similarities between patients and between treatment approaches
at the practice level. In addition, participation of the target
groupsin the development of theintervention [15] and aproject
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advisory board representing patients and the public improved
the clinical relevance and applicability of our intervention.

However, due to the pilot study design and missing adjustment
for multiplicity, theresults of our analyses haveto beinterpreted
as only exploratory and not confirmatory. Other limitations of
this study include different sample sizesin theintervention and
control group, which reduce the power of the study. We also
found mild but mostly indistinct imbalances at baseline [56].
Therefore, we will include the number of recruited patients as
an additional stratum for randomization, and sensitivity analyses
[57] will be adjusted for possible confounding. However, asthe
full-scale evaluation will have asamplesize 5to 6 times higher,
we expect that differences between both groups will generally
be less pronounced.

Another limitation is the compliance rate of 89% (48/54) of
patients being treated per protocol [58], whichisstill acceptable
in comparison with those of other studies [59,60]. In the
evaluation study, we will improve compliance with the trial
protocol through a stricter monitoring of practices. In addition,
we will equip intervention practices with tablet computers to
facilitate digital assessments for patients without their own
mobile devices.

To optimize outcome measurement in the evaluation study, we
tested 2 operationalizations of the primary outcome, one of
which was not defined in the registered protocol. Therefore,
results regarding this measure should be interpreted with caution.
Moreover, outcomes were assessed via self-reports, which are
proneto social desirability bias, recall problems, and errors. In
contrast to this pilot study, it is also planned to blind assessors
in the full-scale evaluation.

Conclusions

This pilot study demonstrated that participant enrollment and
data acquisition for evaluation and implementation of the
intervention were feasible. Our data suggest that the probability
of hospital admissions and contacts with outpatient specialists
might be reduced and quality of care might beimproved by our
intervention. A full-scale cluster randomized clinical trid is
now warranted to confirm these effects.

This study was funded by the German Federal Ministry of Education and Research under grant 01GY 2109. The authors also
acknowledge financial support from the Open Access Publication Fund of University Medical Center Hamburg-Eppendorf. The
funders had no role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Authors Contributions

JN, SL, AZ,DL, MS, and IS conceived and design the study. SL,

AZ, and IS conducted the statistical analyses. N, VP, SL, AZ,

DL, and IS interpreted the data. JN and IS drafted the manuscript, and the other authors reviewed it critically for important
intellectual content. All authors approved the final version of the manuscript.

Conflictsof Interest
None declared.

Multimedia Appendix 1

CONSORT-EHEALTH checklist (V 1.6.X).
[PDE File (Adobe PDF File), 1332 KB-Multimedia Appendix 1]

https://aging.jmir.org/2025/1/€79767

JMIR Aging 2025 | vol. 8 | €79767 | p. 10
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=aging_v8i1e79767_app1.pdf&filename=babf4b06ab3a119413441af4d2cc745f.pdf
https://jmir.org/api/download?alt_name=aging_v8i1e79767_app1.pdf&filename=babf4b06ab3a119413441af4d2cc745f.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Nothacker et &

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Lenzer J, Hoffman JR, Furberg CD, loannidis JP, Guideline Panel Review Working Group. Ensuring theintegrity of clinical
practice guidelines: atool for protecting patients. BMJ. Sep 17, 2013;347:f5535. [FREE Full text] [doi: 10.1136/bmj.f5535]
[Medline: 24046286]

Shekelle P, Woolf S, Grimshaw JM, Schiinemann HJ, Eccles MP. Developing clinical practice guidelines: reviewing,
reporting, and publishing guidelines; updating guidelines; and the emerging i ssues of enhancing guidelineimplementability
and accounting for comorbid conditions in guideline development. Implement Sci. Jul 04, 2012;7:62. [FREE Full text]
[doi: 10.1186/1748-5908-7-62] [Medline: 22762242]

McArthur C, Bai Y, Hewston P, Giangregorio L, Straus S, Papaioannou A. Barriers and facilitators to implementing
evidence-based guidelinesin long-term care: aqualitative evidence synthesis. Implement Sci. Jul 09, 2021;16(1):70. [FREE
Full text] [doi: 10.1186/s13012-021-01140-0] [Medline: 34243789]

Wang T, Tan JY, Liu XL, Zhao |. Barriers and enablers to implementing clinical practice guidelinesin primary care: an
overview of systematic reviews. BMJ Open. Jan 06, 2023;13(1):e062158. [FREE Full text] [doi:
10.1136/bmjopen-2022-062158] [Medline: 36609329]

Peters S, Sukumar K, Blanchard S, Ramasamy A, Malinowski J, Ginex P, et a. Trendsin guideline implementation: an
updated scoping review. Implement Sci. Jul 23, 2022;17(1):50. [FREE Full text] [doi: 10.1186/s13012-022-01223-6]
[Medline: 35870974]

DeHert S, Paula-Garcia WN. Implementation of guidelinesin clinical practice; barriers and strategies. Curr Opin
Anaesthesiol. Apr 01, 2024;37(2):155-162. [doi: 10.1097/AC0.0000000000001344] [Medline: 38390877]

Sucher JF, Moore FA, Todd SR, Sailors RM, McKinley BA. Computerized clinical decision support: atechnology to
implement and validate evidence based guidelines. J Trauma. Mar 2008;64(2):520-537. [doi: 10.1097/TA.0b013e3181601812]
[Medline: 18301226]

Nicholson K, LiuW, Fitzpatrick D, Hardacre KA, Roberts S, Salerno J, et a. Prevalence of multimorbidity and polypharmacy
among adults and older adults: a systematic review. Lancet Healthy Longev. Apr 2024;5(4):e287-e296. [FREE Full text]
[doi: 10.1016/S2666-7568(24)00007-2] [Medline: 38452787]

Makovski TT, Schmitz S, ZeegersMP, Stranges S, van den Akker M. Multimorbidity and quality of life: systematic literature
review and meta-analysis. Ageing Res Rev. Aug 2019;53:100903. [doi: 10.1016/j.arr.2019.04.005] [Medline: 31048032]
Rodrigues LP, de Oliveira Rezende AT, Delpino FM, Mendonga CR, Noll M, Nunes BP, et a. Association between
multimorbidity and hospitalization in older adults: systematic review and meta-analysis. Age Ageing. Jul 01,
2022;51(7):afac155. [FREE Full text] [doi: 10.1093/ageing/afac155] [Medline: 35871422]

Skou ST, Mair FS, Fortin M, Guthrie B, Nunes BP, Miranda JJ, et a. Multimorbidity. Nat Rev Dis Primers. Jul 14,
2022;8(1):48. [FREE Full text] [doi: 10.1038/s41572-022-00376-4] [Medline: 35835758]

Wang Z, Zhu D, Zhang H, Wang L, He H, Li Z, et al. Recommendations and quality of multimorbidity guidelines: a
systematic review. Ageing Res Rev. Dec 2024;102:102559. [FREE Full text] [doi: 10.1016/j.arr.2024.102559] [Medline:
39532235]

Scherer M, Wagner HO, Lihmann D, Muche-Borowski C, Schéfer 1, Dubben HH, et al. Multimorbiditat. S3-Leitlinie.
AWMF-Register-Nr. 053-047. DEGAM-Leitlinie Nr. 20. Berlin. Deutsche Gesellschaft fur Allgemeinmedizin und
Familienmedizin (DEGAM); 2017.

Mihlhduser U, Gotz K, Gotz K, Weinmayr LM, Steinhduser S. DEGAM-Leitlinie , Multimorbiditat* im Praxistest. Z Allg
Med. 2018;94:64-69. [FREE Full text] [doi: 10.3238/zfa.2018.0064-0069]

Schéfer 1, JahnsV, PauckeV, Lihmann D, Scherer M, Nothacker J. Integrating general practitioners and patients' perspectives
in the development of a digital tool supporting primary care for older patients with multimorbidity: afocus group study.
Front Digit Health. Jan 21, 2025;7:1499333. [FREE Full text] [doi: 10.3389/fdgth.2025.1499333] [Medline: 39906064]
Campbell MK, Piaggio G, Elbourne DR, Altman DG, CONSORT Group. Consort 2010 statement: extension to cluster
randomised trials. BMJ. Sep 04, 2012;345(sep04 1):€5661. [doi: 10.1136/bmj.e5661] [Medline: 22951546]

Schéfer |, Kaduszkiewicz H, Wagner HO, Schién G, Scherer M, van den Bussche H. Reducing complexity: avisualisation
of multimorbidity by combining disease clusters and triads. BMC Public Health. Dec 16, 2014;14(1):1285. [FREE Full
text] [doi: 10.1186/1471-2458-14-1285] [Medline: 25516155]

Lancaster GA, Dodd S, Williamson PR. Design and analysis of pilot studies: recommendations for good practice. J Eval
Clin Pract. May 04, 2004;10(2):307-312. [doi: 10.1111/j..2002.384.doc.x] [Medline: 15189396]

TeareMD, Dimairo M, Shephard N, Hayman A, Whitehead A, Walters SJ. Sample size requirementsto estimate key design
parameters from external pilot randomised controlled trials: asimulation study. Trials. Jul 03, 2014;15(1):264. [FREE Full
text] [doi: 10.1186/1745-6215-15-264] [Medline: 24993581]

Steinman MA, Hanlon JT. Managing medicationsin clinically complex elders: "there's got to be a happy medium". JAMA.
Oct 13, 2010;304(14):1592-1601. [FREE Full text] [doi: 10.1001/jama.2010.1482] [Medline: 20940385]

Chou R, Aronson N, Atkins D, Ismaila AS, Santaguida P, Smith DH, et a. Assessing harms when comparing medical
interventions. In: Methods Guide for Effectiveness and Comparative Effectiveness Reviews. Rockville, MD. Agency for
Healthcare Research and Quality (US); 2008.

https://aging.jmir.org/2025/1/€79767 JMIR Aging 2025 | vol. 8 | €79767 | p. 11

(page number not for citation purposes)


https://escholarship.org/uc/item/qt2sb1b0jv
http://dx.doi.org/10.1136/bmj.f5535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24046286&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-7-62
http://dx.doi.org/10.1186/1748-5908-7-62
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22762242&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-021-01140-0
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-021-01140-0
http://dx.doi.org/10.1186/s13012-021-01140-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34243789&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=36609329
http://dx.doi.org/10.1136/bmjopen-2022-062158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36609329&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-022-01223-6
http://dx.doi.org/10.1186/s13012-022-01223-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35870974&dopt=Abstract
http://dx.doi.org/10.1097/ACO.0000000000001344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38390877&dopt=Abstract
http://dx.doi.org/10.1097/TA.0b013e3181601812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18301226&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2666-7568(24)00007-2
http://dx.doi.org/10.1016/S2666-7568(24)00007-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38452787&dopt=Abstract
http://dx.doi.org/10.1016/j.arr.2019.04.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31048032&dopt=Abstract
https://europepmc.org/abstract/MED/35871422
http://dx.doi.org/10.1093/ageing/afac155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35871422&dopt=Abstract
https://europepmc.org/abstract/MED/35835758
http://dx.doi.org/10.1038/s41572-022-00376-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35835758&dopt=Abstract
https://doi.org/10.1016/j.arr.2024.102559
http://dx.doi.org/10.1016/j.arr.2024.102559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39532235&dopt=Abstract
https://doi.org/10.3238/zfa.2018.0064-0069
http://dx.doi.org/10.3238/zfa.2018.0064-0069
https://doi.org/10.3389/fdgth.2025.1499333
http://dx.doi.org/10.3389/fdgth.2025.1499333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39906064&dopt=Abstract
http://dx.doi.org/10.1136/bmj.e5661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22951546&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-1285
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-1285
http://dx.doi.org/10.1186/1471-2458-14-1285
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25516155&dopt=Abstract
http://dx.doi.org/10.1111/j..2002.384.doc.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15189396&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-15-264
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-15-264
http://dx.doi.org/10.1186/1745-6215-15-264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24993581&dopt=Abstract
https://europepmc.org/abstract/MED/20940385
http://dx.doi.org/10.1001/jama.2010.1482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20940385&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Nothacker et &

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

Hinz A, Kohlmann T, Stobel-Richter Y, Zenger M, Brahler E. The quality of life questionnaire EQ-5D-5L: psychometric
properties and normative values for the general German population. Qual Life Res. Mar 2014;23(2):443-447. [doi:
10.1007/s11136-013-0498-2] [Medline: 23921597]

Ludwig K, Graf von der Schulenburg JM, Greiner W. German Value Set for the EQ-5D-5L. Pharmacoeconomics. Jun
2018;36(6):663-674. [FREE Full text] [doi: 10.1007/s40273-018-0615-8] [Medline: 29460066]

Wensing M, Mainz J, Grol R. A standardised instrument for patient evaluations of general practice carein Europe. Eur J
Gen Pract. Jul 11, 2009;6(3):82-87. [doi: 10.3109/13814780009069953]

Schéfer |, Schulze J, Glassen K, Breckner A, Hansen H, Rakebrandt A, et al. Validation of patient- and GP-reported core
sets of quality indicators for older adults with multimorbidity in primary care: results of the cross-sectional observational
MULTIqual validation study. BMC Med. Apr 17, 2023;21(1):148. [FREE Full text] [doi: 10.1186/s12916-023-02856-0]
[Medline: 37069536]

Brauns H, Steinmann S. Educational reform in France, West-Germany and the United Kingdom: updating the CASMIN
educational classification. ZUMA Nachrichten. 1999;44:7-44.

Yesavage JA, Sheikh JI. 9/Geriatric Depression Scale (GDS). Clin Gerontol. Oct 25, 2008;5(1-2):165-173. [doi:
10.1300/j018v05n01_09]

Stata statistical software: release 15.1. StataCorp LLC. College Station, TX.; 2017. URL: https.//www.stata.com/ [accessed
2025-10-30]

Grimshaw JM, Thomas RE, MacLennan G, Fraser C, Ramsay CR, VaeL, et al. Effectiveness and efficiency of guideline
dissemination and implementation strategies. Health Technol Assess. Feb 2004;8(6):iii-iv, 1-72. [FREE Full text] [doi:
10.3310/hta8060] [Medline: 14960256]

Grol R, Grimshaw J. From best evidence to best practice: effective implementation of change in patients care. Lancet. Oct
11, 2003;362(9391):1225-1230. [doi: 10.1016/S0140-6736(03)14546-1] [Medline: 14568747]

NHS Centrefor Reviews and Dissemination. Getting evidence into practice. Effect Health Care. Feb 1999;5(1):1-16. [FREE
Full text] [doi: 10.7748/ns.13.32.31.558]

Crawshaw J, Meyer C, Antonopoulou V, Antony J, Grimshaw JM, Ivers N, et al. Identifying behaviour change techniques
in 287 randomized controlled trials of audit and feedback interventions targeting practice change among healthcare
professionals. Implement Sci. Nov 21, 2023;18(1):63. [FREE Full text] [doi: 10.1186/s13012-023-01318-8] [Medline:
37990269]

Ambrosi E, MezzaliraE, Canzan F, Leardini C, VitaG, Marini G, et a. Effectiveness of digital health interventions for
chronic conditions management in European primary care settings: systematic review and meta-analysis. Int JMed Inform.
Apr 2025;196:105820. [FREE Full text] [doi: 10.1016/j.ijmedinf.2025.105820] [Medline: 39922064]

Shi X, HeJ, LinM, Liu C, Yan B, Song H, et al. Comparative effectiveness of team-based care with and without a clinical
decision support system for diabetes management. Ann Intern Med. Jan 2023;176(1):49-58. [doi: 10.7326/M 22-1950]
Wiwatkunupakarn N, Aramrat C, Pliannuom S, Buawangpong N, Pinyopornpanish K, Nantsupawat N, et al. Theintegration
of clinical decision support systemsinto telemedicine for patients with multimorbidity in primary care settings: scoping
review. JMed Internet Res. Jun 28, 2023;25:e45944. [FREE Full text] [doi: 10.2196/45944] [Medline: 37379066]
Prabhakaran D, Jha D, Prieto-Merino D, Roy A, Singh K, Ajay VS, et al. Effectiveness of an mHealth-based electronic
decision support system for integrated management of chronic conditionsin primary care: the m\Wellcare cluster-randomized
controlledtrial. Circulation. Jan 15, 2019;139(3):380-391. [FREE Full text] [doi: 10.1161/CIRCULATIONAHA.118.038192]
[Medline: 30586732]

Marcolino MS, OliveiraJA, Cimini CC, MaiaJX, Pinto VS, Sa TQ, et a. Development and implementation of a decision
support system to improve control of hypertension and diabetes in a resource-constrained area in Brazil: mixed methods
study. JMed Internet Res. Jan 11, 2021;23(1):€18872. [FREE Full text] [doi: 10.2196/18872] [Medline: 33427686]

Peleg M, Shahar Y, Quaglini S, Broens T, Budasu R, Fung N, et al. Assessment of a personalized and distributed patient
guidance system. Int JMed Inform. May 2017;101:108-130. [doi: 10.1016/j.ijmedinf.2017.02.010] [Medline: 28347441]
Gencturk M, Laleci Erturkmen GB, Akpinar AE, Pournik O, Ahmad B, Arvanitis TN, et a. Transforming evidence-based
clinical guidelinesinto implementable clinical decision support services: the CAREPATH study for multimorbidity
management. Front Med (Lausanne). May 27, 2024;11:1386689. [FREE Full text] [doi: 10.3389/fmed.2024.1386689]
[Medline: 38860204]

Pournik O, Ahmad B, Lim Choi Keung SN, Khan O, Despotou G, Consoli A, et al. CAREPATH: developing digital
integrated care solutions for multimorbid patients with dementia. Stud Health Technol Inform. Jun 29, 2022;295:487-490.
[doi: 10.3233/SHT1220771] [Medline: 35773917]

Erturkmen GB, Gencturk M, Akpinar AE, Pournik O, Arvanitis TN, Steinhoff A, et al. The CAREPATH study for
personalized management of multimorbidity in elderly with mild cognitive impairment and mild dementia. Med Res Arch.
Aug 2024;12(8):1-9. [FREE Full text] [doi: 10.18103/mra.v12i8.5626]

Gregg EW, Holman N, SophieaM, Misra S, Pearson-Stuttard J, Valabhji J, et al. Multiple long-term conditions as the next
transition in the global diabetes epidemic. Commun Med (Lond). Mar 14, 2025;5(1):42. [FREE Full text] [doi:
10.1038/s43856-025-00742-9] [Medline: 39953177]

https://aging.jmir.org/2025/1/€79767 JMIR Aging 2025 | vol. 8 | €79767 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.1007/s11136-013-0498-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23921597&dopt=Abstract
https://europepmc.org/abstract/MED/29460066
http://dx.doi.org/10.1007/s40273-018-0615-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29460066&dopt=Abstract
http://dx.doi.org/10.3109/13814780009069953
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-023-02856-0
http://dx.doi.org/10.1186/s12916-023-02856-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37069536&dopt=Abstract
http://dx.doi.org/10.1300/j018v05n01_09
https://www.stata.com/
http://www.journalslibrary.nihr.ac.uk/hta/hta860
http://dx.doi.org/10.3310/hta8060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14960256&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(03)14546-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14568747&dopt=Abstract
https://www.york.ac.uk/media/crd/ehc51.pdf
https://www.york.ac.uk/media/crd/ehc51.pdf
http://dx.doi.org/10.7748/ns.13.32.31.s58
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-023-01318-8
http://dx.doi.org/10.1186/s13012-023-01318-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37990269&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1386-5056(25)00037-1
http://dx.doi.org/10.1016/j.ijmedinf.2025.105820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39922064&dopt=Abstract
http://dx.doi.org/10.7326/M22-1950
https://www.jmir.org/2023//e45944/
http://dx.doi.org/10.2196/45944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37379066&dopt=Abstract
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.118.038192?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1161/CIRCULATIONAHA.118.038192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30586732&dopt=Abstract
https://www.jmir.org/2021/1/e18872/
http://dx.doi.org/10.2196/18872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33427686&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2017.02.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28347441&dopt=Abstract
https://europepmc.org/abstract/MED/38860204
http://dx.doi.org/10.3389/fmed.2024.1386689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38860204&dopt=Abstract
http://dx.doi.org/10.3233/SHTI220771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35773917&dopt=Abstract
https://www.researchgate.net/publication/383645043_The_CAREPATH_Study_for_Personalized_Management_of_Multimorbidity_in_Elderly_with_Mild_Cognitive_Impairment_and_Mild_Dementia
http://dx.doi.org/10.18103/mra.v12i8.5626
https://doi.org/10.1038/s43856-025-00742-9
http://dx.doi.org/10.1038/s43856-025-00742-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39953177&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Nothacker et &

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

Kappelin C, Sandlund C, Westman J, Wachtler C. Dancing with the patient: a qualitative study of general practitioners
experiences of managing patients with multimorbidity and common mental health problems. BMC Prim Care. Apr 20,
2023;24(1):104. [FREE Full text] [doi: 10.1186/s12875-023-02056-y] [Medline: 37081385]

Nissen NK, Aarhus R, @rtenblad L. Dynamics of a specialized and complex health care system: exploring general
practitioners management of multimorbidity. Chronic IlIn. Mar 2022;18(1):155-168. [doi: 10.1177/1742395320928403]
[Medline: 32498609]

Sinnott C, Mc Hugh S, Browne J, Bradley C. GPs perspectives on the management of patients with multimorbidity:
systematic review and synthesis of qualitative research. BMJ Open. Sep 13, 2013;3(9):e003610. [FREE Full text] [doi:
10.1136/bmjopen-2013-003610] [Medline: 24038011]

Zhou X, HanL, Farmer A, Yao M, XiaY, Yan M, et al. Challenges and barriersto physician decision-making for prescribing
and deprescribing among patients with multimorbidity in eastern China's primary care settings: a qualitative study. BMJ
Open. Mar 08, 2025;15(2):e095063. [FREE Full text] [doi: 10.1136/bmjopen-2024-095063] [Medline: 39922587]

Smith SM, Wallace E, O'Dowd T, Fortin M. Interventions for improving outcomes in patients with multimorbidity in
primary care and community settings. Cochrane Database Syst Rev. Jan 15, 2021;1(1):CD006560. [FREE Full text] [doi:
10.1002/14651858.CD006560.pub4] [Medline: 33448337]

Zhang Y, Stokes J, Anselmi L, Bower P, Xu J. Can integrated care interventions strengthen primary care and improve
outcomes for patients with chronic diseases? A systematic review and meta-analysis. Health Res Policy Syst. Jan 06,
2025;23(1):5. [FREE Full text] [doi: 10.1186/s12961-024-01260-1] [Medline: 39762867]

Nothacker J, Butz S, Liilhmann D, Duwe P, van den Akker M, Thiem U, et al. General practitioner-based interventions to
reduce hospital admissionsin patientswith multimorbidity living at home - arapid review. Z Evid Fortbild Qual Gesundhwes.
May 2025;194:74-85. [FREE Full text] [doi: 10.1016/j.zefq.2025.01.005] [Medline: 40021381]

Mangin D, Parascandalo J, Khudoyarova O, Agarwal G, Bismah V, Orr S. Multimorbidity, eHealth and implications for
equity: a cross-sectional survey of patient perspectives on eHealth. BMJ Open. Mar 12, 2019;9(2):€023731. [FREE Full
text] [doi: 10.1136/bmjopen-2018-023731] [Medline: 30760515]

Buawangpong N, Pinyopornpanish K, Pliannuom S, Nantsupawat N, Wiwatkunupakarn N, Angkurawaranon C, et al.
Designing telemedicine for older adults with multimorbidity: content analysis study. IMIR Aging. Jan 10, 2024;7:€52031.
[FREE Full text] [doi: 10.2196/52031] [Medline: 38198201]

Endalamaw A, Zewdie A, WolkaE, AssefaY. A scoping review of digital health technol ogiesin multimorbidity management:
mechanisms, outcomes, challenges, and strategies. BMC Health Serv Res. Mar 15, 2025;25(1):382. [doi:
10.1186/s12913-025-12548-5] [Medline: 40089752]

Smith SM, Wallace E, Salisbury C, Sasseville M, Bayliss E, Fortin M. A core outcome set for multimorbidity research
(COSmm). Ann Fam Med. Mar 2018;16(2):132-138. [FREE Full text] [doi: 10.1370/afm.2178] [Medline: 29531104]
Schnitzer S, Balke K, Walter A, Litschel A, Kuhimey A. [Do gatekeeping programs increase equality of health care in
Germany? A comparison of the health care situation of participants and nonparticipants|. Bundesgesundheitsblatt
Gesundheitsforschung Gesundheitsschutz. Aug 29, 2011;54(8):942-950. [doi: 10.1007/s00103-011-1317-y] [Medline:
21800242]

Laux G, Wensing M, Altiner A, Leutgeb R. Continuity of carein apandemic: an observational study in GP-centred healthcare
in Germany. BMJ Open Qual. Mar 03, 2025;14(1):e002944. [FREE Full text] [doi: 10.1136/bmjo0g-2024-002944] [Medline:
40032595]

Barker T, Stone JC, Sears K, Klugar M, Tufanaru C, Leonardi-Bee J, et a. The revised JBI critical appraisal tool for the
assessment of risk of bias for randomized controlled trials. JBI Evid Synth. Mar 01, 2023;21(3):494-506. [doi:
10.11124/IBIES-22-00430] [Medline: 36727247]

Vanderweele TJ, Arah OA. Bias formulas for sensitivity analysis of unmeasured confounding for general outcomes,
treatments, and confounders. Epidemiology. Jan 2011;22(1):42-52. [FREE Full text] [doi: 10.1097/EDE.Ob013e3181f74493]
[Medline: 21052008]

Andrade C. Intent-to-treat (ITT) vs completer or per-protocol analysis in randomized controlled trials. Indian J Psychol
Med. Jul 21, 2022;44(4):416-418. [FREE Full text] [doi: 10.1177/02537176221101996] [Medline: 35949630]

DiMatteo MR. Variationsin patients' adherence to medical recommendations: a quantitative review of 50 years of research.
Med Care. Mar 2004;42(3):200-209. [doi: 10.1097/01.mlr.0000114908.90348.f9] [Medline: 15076819]

Agbla SC, DiazOrdaz K. Reporting non-adherence in cluster randomised trials: a systematic review. Clin Trials. Jun 02,
2018;15(3):294-304. [FREE Full text] [doi: 10.1177/1740774518761666] [Medline: 29608096]

Abbreviations

CONSORT: Consolidated Standards of Reporting Trials
CPG: clinical practice guideline

GP: general practitioner

IRR: incidencerate ratio

https://aging.jmir.org/2025/1/€79767 JMIR Aging 2025 | vol. 8 | €79767 | p. 13

(page number not for citation purposes)


https://europepmc.org/abstract/MED/37081385
http://dx.doi.org/10.1186/s12875-023-02056-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37081385&dopt=Abstract
http://dx.doi.org/10.1177/1742395320928403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32498609&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=24038011
http://dx.doi.org/10.1136/bmjopen-2013-003610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24038011&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=39922587
http://dx.doi.org/10.1136/bmjopen-2024-095063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39922587&dopt=Abstract
https://europepmc.org/abstract/MED/33448337
http://dx.doi.org/10.1002/14651858.CD006560.pub4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33448337&dopt=Abstract
https://health-policy-systems.biomedcentral.com/articles/10.1186/s12961-024-01260-1
http://dx.doi.org/10.1186/s12961-024-01260-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39762867&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1865-9217(25)00045-5
http://dx.doi.org/10.1016/j.zefq.2025.01.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40021381&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=30760515
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=30760515
http://dx.doi.org/10.1136/bmjopen-2018-023731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30760515&dopt=Abstract
https://aging.jmir.org/2024//e52031/
http://dx.doi.org/10.2196/52031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38198201&dopt=Abstract
http://dx.doi.org/10.1186/s12913-025-12548-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40089752&dopt=Abstract
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=29531104
http://dx.doi.org/10.1370/afm.2178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29531104&dopt=Abstract
http://dx.doi.org/10.1007/s00103-011-1317-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21800242&dopt=Abstract
https://bmjopenquality.bmj.com/lookup/pmidlookup?view=long&pmid=40032595
http://dx.doi.org/10.1136/bmjoq-2024-002944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40032595&dopt=Abstract
http://dx.doi.org/10.11124/JBIES-22-00430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36727247&dopt=Abstract
https://europepmc.org/abstract/MED/21052008
http://dx.doi.org/10.1097/EDE.0b013e3181f74493
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21052008&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/02537176221101996?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/02537176221101996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35949630&dopt=Abstract
http://dx.doi.org/10.1097/01.mlr.0000114908.90348.f9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15076819&dopt=Abstract
https://europepmc.org/abstract/MED/29608096
http://dx.doi.org/10.1177/1740774518761666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29608096&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Nothacker et &

Edited by J Wang; submitted 27.Jun.2025; peer-reviewed by A-A Klein, J Fernandez-Saez, comments to author 11.Aug.2025; revised
version received 25.Aug.2025; accepted 26.Sep.2025; published 20.Nov.2025

Please cite as.

Nothacker J, Paucke V, Lezius S, Zapf A, Liilhmann D, Scherer M, Schéfer |

Implementation of the German Clinical Practice Guideline for Multimorbidity Using a Digital Tool in Primary Care: Pilot Cluster
Randomized Clinical Trial

IMIR Aging 2025;8:€79767

URL: https://aging.jmir.org/2025/1/e79767

doi: 10.2196/79767

PMID:

©JuliaNothacker, Va entina Paucke, Susanne Lezius, AntoniaZapf, Dagmar L ihmann, Martin Scherer, Ingmar Schéafer. Originally
published in IMIR Aging (https://aging.jmir.org), 20.Nov.2025. Thisis an open-access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in IMIR Aging, is properly cited. The complete
bibliographic information, a link to the original publication on https://aging.jmir.org, as well as this copyright and license
information must be included.

https://aging.jmir.org/2025/1/€79767 JMIR Aging 2025 | vol. 8 | €79767 | p. 14
(page number not for citation purposes)

RenderX


https://aging.jmir.org/2025/1/e79767
http://dx.doi.org/10.2196/79767
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

