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Abstract

Background: In Germany, up to 50% of nursing home residents are admitted to a hospital at least once a year. It is
often unclear whether this is beneficial or even harmful. Successful interprofessional collaboration and communication
involving general practitioners (GPs) and nurses may improve medical care of nursing home residents. In the previous
interprof study, the six-component intervention package interprof ACT was developed to facilitate collaboration of GPs
and nurses in nursing homes. The aim of this study is to evaluate the effectiveness of the interprof ACT intervention.

Methods: This multicentre, cluster randomised controlled trial compares nursing homes receiving the interprof ACT
intervention package for a duration of 12 months (e.g. comprising appointment of mutual contact persons, shared goal
setting, standardised GPs home visits) with a control group (care as usual). A total of 34 nursing homes are
randomised, and overall 680 residents recruited. The intervention package is presented in a kick-off meeting to GPs,
nurses, residents/relatives or their representatives. Nursing home nurses act as change agents to support local adaption
and implementation of the intervention measures. Primary outcome is the cumulative incidence of hospitalisation
within 12 months. Secondary outcomes include admissions to hospital, days admitted to hospital, use of other medical
services, prevalence of potentially inappropriate medication and quality of life. Additionally, health economic and a
mixed methods process evaluation will be performed.
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Discussion: This study investigates a complex intervention tailored to local needs of nursing homes. Outcomes reflect the
healthcare and health of nursing home residents, as well as the feasibility of the intervention package and its impact on
interprofessional communication and collaboration. Because of its systematic development and its flexible nature, interprof ACT
is expected to be viable for large-scale implementation in routine care services regardless of local organisational conditions and
resources available for medical care for nursing home residents on a regular basis. Recommendations will be made for an
improved organisation of primary care for nursing home residents. In addition, the results may provide important knowledge
and data for the development and evaluation of further strategies to improve outpatient care for elderly care-receivers.

Trial registration: ClinicalTrialsgov NCT03426475. Initially registered on 7 February 2018.

Keywords: Nursing homes, Interprofessional relations, Physician-nurse

Background

Hospital admissions can be straining events for nurs-
ing home residents (NHRs) with unclear benefits for
their further health progress; they often result in an
increased risk of invasive procedures, new decubital
ulcers, development of a delirium or potentially inva-
sive interventions [1]. For NHRs with dementia, hos-
pitalisation goes along with a higher risk for physical
and cognitive decline, nosocomial infections, falls, in-
creased length of stay in hospital and mortality [2].

In Germany, up to 50% of NHRs are admitted to hos-
pital at least once a year [3-5]. The incidence is compar-
able to international studies with hospitalisation rates
ranging from 9 to 59% [6]. Latest numbers from
Germany indicate that around 21 out of 100 NHRs are
hospitalised during a quarter at least one time [7], while
others report an overall hospitalisation rate of NHRs of
1.4 per person-year [8].

Of NHRs’ transfers to hospitals, around 40% are con-
sidered avoidable [9] of transfers to emergency depart-
ments even up to 55% [10]. In Germany, 32 of 100
NHRs were hospitalised for ambulatory-sensitive reasons
during a year, which means, that these hospitalisations
are considered to be avoidable by timely prevention or
treatment by outpatient health services ([11]. A recent
German study reports 29.6% potentially avoidable hospi-
talisations of NHRs [12].

In Germany, currently around more than 8,000,000
people are cared for in a nursing home [13]. The med-
ical care of NHRs does not differ from other care-
dependent persons with the right of free choice of doc-
tors. The medical care for NHRs is mainly the responsi-
bility of general practitioners (GPs). Within 3 months,
over 90% of NHRs receive one or more medical home
visits from their GPs [7].

Since January 2019, during the running study, nurs-
ing homes have been required by law to make co-
operation agreements with physicians in ambulatory
care to improve the flow of information between
these facilities and GPs or outpatient medical special-
ists as well as the timely access to physicians when

NHRs suffer acute deteriorations of their chronic con-
ditions or acute complications such as fall-related in-
juries or pneumonia [14].

The quality of nurse-physician collaboration in the
medical care for NHRs is assumed to be an important
precondition for the prevention of potentially avoidable
hospital admissions in this vulnerable population. Dur-
ing the last years, a few qualitative studies on interpro-
fessional collaboration have been carried out in
Germany. They show a potential to improve collabor-
ation of nurses and GPs. Nurses assess a smaller number
of GPs assigned to individual nursing homes, and GPs’
visits at fixed times as being potentially beneficial for the
collaboration between GPs and the health care facility
[15]. Nursing staff wishes also for better accessibility of
GPs, and improvements in the communication with
GPs, both in terms of quantitative contact time and the
quality of communication [16]. Altogether, they want to
be more respected and “be involved” in medical
decision-making [17]. From the GPs’ viewpoint, effective
and sustained modes of exchanging information are im-
portant, but altogether they report less needs for im-
provements [16]. With regard to nursing home visits,
they strive for a “productive performance”, meaning a
subjectively well balanced trade-off between personal ef-
forts and reward [18]. In general, the implementation of
viable concepts for quality improvements in the medical
care for NHRs highly depends on medical doctors’ will-
ingness to cooperate [19].

To date, research evidence on the effects of interpro-
fessional practice-based interventions on the quality of
health services, especially patient-important outcomes, is
limited [20]. Previously investigated strategies on pre-
ventative measures of hospitalisation of NHRs did not
yield consistent results and did not primarily address the
interprofessional collaboration between GPs and nursing
staff [21]. However, interprofessional interventions
showed a positive impact on NHRs’ health (e.g. reduc-
tion of depressive symptoms or agitated behaviour in
NHRs suffering from dementia). One key to success was
the inclusion of resident GPs [22].
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A few interprofessional programmes or studies implying
the improvement of the interprofessional collaboration
among nurses and mainly physicians in the nursing home
to reduce hospitalisations have been implemented during
the last decade. The US quality improvement programme
INTERACT has a broad multi-strategy approach contain-
ing, among others, constant analyses of causes of hospital-
isation, early detection of change of the NHR’s health and
an improvement of communication and documentation
[23]. Although first studies were successful in reducing
hospitalisation of NHRs [24], the latest large trial showed
no reduction of hospitalisations or emergency department
visit rates [25]. In a smaller non-randomised Austrian
study, a significant reduction of hospital transfers was
found after additional qualification of nursing staff and in-
terventions to improve interprofessional communication/
collaboration [26]. In recent time, due to the request for
proposals of the innovation committee, several interpro-
fessional interventional studies are ongoing in the long-
term care setting in Germany, among them are HIOPP-3-
iTBX study [27], CoCare [28] and SaarPHIR [29] and the
study interprof ACT which is presented in this protocol.

In our previous interprof study, we developed six mea-
sures, the “interprof ACT” intervention package, for bet-
ter collaboration and communication between nursing
home staff, especially nurses, and GPs. These measures
were identified and created in a qualitative multistep
bottom-up process reflecting the perspectives of the in-
volved person groups (GPs, nurses, NHRs and relatives),
followed by an exploratory pilot study involving four
nursing homes [30]. In this pilot study, the participating
facilities could choose measures according to their needs
and implemented them for a 3-month period. GPs and
nurses evaluated the measures positively with regard to
feasibility and acceptance [31]. In the present study, we
aim to evaluate the effect of these interventions in a lar-
ger group of NHRs.

Trial objectives

The major aim of this cluster randomised controlled
trial is to examine the clinical effectiveness of interprof
ACT in German nursing homes.

Our main hypothesis is that implementation of inter-
prof ACT reduces the incidence proportion of hospitali-
sations of NHRs within 12 months from 50 to 35% (i.e.
an absolute reduction of 15 percentage points) compared
to the control group, which receives care as usual.

Our secondary hypotheses are that the number of
NHRs admitted to hospital within a year as well as the
number of days in hospital decrease, while NHRs’ quality
of life is positively affected. In addition, we will examine
the impact of interprof ACT on safety outcomes (falls
and decubitus ulcers, chronic wounds and pneumonia)
and will perform a health economic evaluation. Also,
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this trial includes a comprehensive process evaluation to
explore the intervention’s impact on important inter-
mediate outcomes like interprofessional collaboration
and residents’ satisfaction with medical care and to iden-
tify preferred implementation conditions in routine care.
The process evaluation will be described in a separate
study protocol, which is currently under submission.

Methods/design

Trial design

The study is a multicentre, cluster randomised con-
trolled interventional study (cluster-RCT). The study
centres are Gottingen, Hamburg and Libeck in
Germany. Nursing homes will be randomised pairwise 1:
1 to intervention and control group, and follow-up will
take 12 months after randomisation. For nursing homes
allocated to the intervention group, the interprof
ACT intervention package will be introduced for a
period of 12 months. In nursing homes allocated to the
control group, the care for the residents is carried out as
usual (Fig. 1).

Participants and recruitment

Inclusion and exclusion criteria

In total, we include 34 nursing homes in the cities and
catchment areas of Hamburg (n=16), Libeck (n=10)
and Gottingen (1 =8). We will aim to recruit 20 NHRs
in each nursing home to form a cluster. A total of 680
NHRs will be enrolled in this trial.

All nursing care institutions providing inpatient care
for the elderly according to § 71 SGB XI (social code
book XI) are eligible for participation in the study. Inclu-
sion criteria for nursing homes are as follows: a mini-
mum size of 40 NHRs and written consent provided by
the nursing home manager prior to randomisation.
Nursing homes will be excluded if they currently take
part in other projects on interprofessional collaboration.

All NHRs within a cluster are eligible for participation
in the study. Inclusion and exclusion criteria can be
found in Table 1.

Recruitment of nursing homes and study participants
Nursing homes will be selected by postal codes from a
local facility register. At first, facility managers and nurs-
ing directors will be informed in written and in the next
step in oral form about the study and receive an invita-
tion to participate. In case of interest, a research team
member introduces the study in a personal meeting
(Table 2).

Up to 30 residents will be included in order of their con-
sent in each nursing home. A nursing home employee
appointed by the nursing home direction will screen
NHRs for eligibility. All eligible NHRs or their prox-
ies or legal guardians will receive written information
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Study sites (Gottingen, Hamburg, Liibeck)
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NH: Nursing home; NHR: Nursing home resident

Fig. 1 Flow chart providing an overview of important trial steps

about the aims and the purpose of the study as well
as all the information required according to good clinical
practice (GCP) rules. This includes written information
about the updated version of the General Data Protection
Regulation (GDPR). If a NHR/legal representative is will-
ing to participate, a study team member will inform this
person directly. Afterwards, the informed consent will be
signed by a study team member and the NHR/legal repre-
sentative. The NHR/legal representative allows the study
team to contact the respective GP. NHR’s inclusion will
be independent from GP’s decisions on participation.

Table 1 Inclusion and exclusion criteria for nursing home
residents

Inclusion criteria Exclusion criteria

« Admission for short
term care only

« At least one GP contact in recent
3 months

or
Two GP contacts in recent 6 months
or

Admission to the nursing home during the
precedent 6 months independently of
documented GP contacts

- At least 18 years of age

- Written informed consent by the resident
or her/his legal guardian

NHRs will be recruited before randomised allocation of
the nursing homes to one of the two study groups in order
to avoid recruitment bias.

All GPs in the area will initially receive general in-
formation about the project, e.g. via existing local GP
newsletters or presentations in local GP networks.
GPs of the recruited NHRs will be contacted in writ-
ten and oral form and asked for participation before
randomisation.

As incentives, GPs and nursing homes receive respect-
ively an expenditure allowance of EUR 150 per included
NHR of the intervention group and of EUR 50 per NHR
of the control group. NHRs receive a small thank you
gift in case of participation.

Intervention

The interprof ACT intervention package

For nursing homes allocated to the intervention group,
the interprof ACT intervention package will be intro-
duced. The interprof ACT intervention package con-
tains the following components:

1. Use of name badges worn by GPs and nurses
during the GPs’ visits

2. Appointment of a contact person: Nursing homes
appoint one registered nurse for each unit and GPs
one member of their practice staff
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STUDY PERIOD

Enrolment

Pre-
allocation

Allocation Post-allocation

t
TIMEPOINT <t

baseline data
collection

t t

six months after 12 months after

rand rand

Nursing homes X

Enrolment

Allocation to intervention
or control group

Data collection X

Nursing home residents
Enrolment X

Eligibility screening

by nursing home

Informed Consent by
researcher

Data collection X

INTERVENTIONS:

Usual Care

Intervention package

“interprof ACT”

ASSESSMENTS: see Table 3

3. Mandatory availability: for each of the appointed

contact persons via phone and fax (use of a
interprof ACT standardised fax sheet)

Standardised procedures for GPs’ home visits:
Visits will either be scheduled weekly or be
announced 2 days in advance and arranged
within a time slot of about 2 h. If relatives
should attend, the appointed contact person
informs them about the schedule of the visit.
The procedure is structured as follows: The
appointed contact person of each facility collects
and prioritises the concerns of the NHRs
beforehand. On arrival, the GP and the
appointed contact person discuss these concerns
followed by the actual home visit which might be
accompanied by the appointed contact person. In
case the appointed contact person was not
present during the home visit, a final meeting
between the GP and the contact person terminates

the procedure or the GP documents clear
instructions in the resident’s file. If the nurse
accompanies the GP, clear decisions on further
procedures are fixed in the resident’s file, too.

5. Support in assigning pro re nata medication: forms
including details on symptoms or side effects,
dosage and maximum daily dose.

6. Meetings for shared goal setting: Therapy goals
specific to each NHR will be approved and
documented by all involved parties (e.g. GPs,
NHRs, nurses and if desired relatives) in regular
intervals (quarterly).

The intervention components will be selected and ar-
ranged by nurses, GPs, NHR’s representatives and other
participants according to the care facility’s needs in a kick-
off meeting. To ensure full and sustained implementation
of the interprof ACT intervention, different strategies will
be combined.
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Intervention strategies

1. Designated interprof ACT agents: Each nursing
home should designate an interprof ACT agent and a
substitute. Acting as in-house change agents,
interprof ACT agents will plan, facilitate and oversee
the implementation of the locally selected interprof
ACT components in the daily care routines. Together
with the facility’s nursing director, they and a
member of the study team will prepare the in-house
kick-off meeting with all involved parties. The
interprof ACT agent receives two trainings: At the
first training (duration 120 min) directly after
randomisation, the interprof ACT agents will be
instructed by a study team member about the
measures. Moreover, they will learn how to obtain
the opinion of the colleagues about the interprof
ACT measures and how to organise the kick-off
meeting. The second training (duration 120 min) will
be conducted after the kick-off meeting in order to
discuss the implementation of the adapted measures
as well as the maintenance and supervision. Study
assistants will supervise regularly the interprof
ACT agents by telephone, electronic contacts or
face-to-face meetings to facilitate the implementation
process. For the first 3 months after randomisation,
2—4 telephone/electronic contacts per month and 1-
3 face-to-face meetings in total are planned, which
should be reduced to 1-2 monthly telephone/elec-
tronic contacts and 1 face-to-face meeting every
other month in the remaining study period. The
exact timepoints and intervals of contacts are at the
discretion of the designated interprof ACT agents and
the supervising study assistant

2. Involvement of NHRs" GPs: GPs will be informed in
written form and orally by the local research team
about the allocation of each facility. GPs caring for
NHRs of nursing homes assigned to the
intervention group will receive the name of the
nursing home’s interprof ACT agents and an
overview of the interprof ACT components. They
will be invited to the in-house kick-off meeting with
the other involved parties.

3. In-house kick-off meeting involving all parties
(nursing home director, director of nursing, local
interprof ACT agents, head nurse and registered
nurses of participating units, GPs of included NHRs,
representatives of the home advisory board or/and
NHRs, representatives of the relatives advisory
board or up to two interested relatives as
representatives): At this meeting (duration 120
min), the interprof ACT components to be
implemented are chosen and agreed on. The
discussion is facilitated by an interprof ACT agent
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and a member of the local research team. All
meeting attendees discuss and build consensus on
the aims and exact content of the selected
components and define the methods and
practicalities of the awaiting implementation
process.

4. Involvement of NHRs: All NHRs and/or their legal
representatives receive information about the
assignment of the unit/facility in written form.

5. Support for implementation and materials for
communication: Each facility is provided with
materials to support the implementation such as a
model for nametags, documentation forms and
materials for announcing interprof ACT within the
facility.

Control group
In the control group, standards and procedures of med-
ical care organisation and interprofessional collaboration
will not be altered. Nursing staff and GPs will work as
usual. The control group care facilities, GPs and NHRs
receive information about their allocation to the control
group. The information for the care facilities and GPs
will also stress the importance of interprofessional col-
laboration regarding the quality of primary care for
NHRs.

After data collection at month 12, control group nurs-
ing homes will be offered to implement the intervention,
too.

Outcomes

Outcomes (effectiveness)

Primary outcome is the incidence proportion of hospital-
isation (residents with at least one hospital admission)
within 12 months after randomisation. Secondary out-
comes include the total number of admissions to hospital,
total number of days admitted to hospital and the usage of
other medical services within 12 months (Tables 3 and 4).
The study uses the FIMA questionnaire (FIMA: Question-
naire for Health-Related Resource Use in an Elderly) [32]
to measure utilisation of health care which will be monet-
arily valued by standard unit costs [33]. The FIMA was de-
veloped to measure health care utilisation in German
populations, in particular in the elderly, and is the best
available instrument for our purposes, measuring the util-
isation of health care providers, for example areas of hos-
pital stays, outpatient visits to physicians and non-
physicians, use of pharmaceuticals or out of hour care. It
was pilot tested [32], but not systematically validated so
far. Moreover, we will collect data on the prevalence of
potentially inappropriate medication (according to the
PRISCUS list: potentially inappropriate medication for
older people) [34]. Quality of life will be assessed by the
NHRs themselves or a proxy (staff) depending on the
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Table 3 Overview of study outcomes, time points of data collection and data sources (t1 baseline before randomisation, t1

6 months after randomisation, t2 12 months after randomisation)

Outcomes Time Data source
to t1  t2
Nursing home residents
Primary outcomes
Cumulative incidence hospitalisation X X X Resident file
Secondary outcomes
Hospitalisations X X X Resident file
Hospital days X X X Resident file
Inappropriate medication X X X Resident file
Adverse events X X X Resident file
Mortality X X X Resident file
Medical care X X X Resident file
FIMA X X X Resident file
Quality of Life (QoL-AD-NH, EQ-5D-5L) X X Self-administered questionnaire (standardised interview
with residents) or proxy assessment by nurses
Intermediate outcome (process evaluation)
Satisfaction with medical care X X Self-administered questionnaire

Nurses in nursing homes (intermediate outcome for process evaluation)

Quality of interprofessional collaboration, including determinants and
context factors potentially influencing the implementation and effects
of interprof ACT (quantitative data)

Process of interprofessional collaboration, including determinants and
context factors potentially influencing the implementation and effects
of interprof ACT (qualitative data)

X X Self-administered questionnaire

X X X Non-participatory observations of kick-off meetings and

interprofessional collaboration, semi-structured interviews

Nursing home managers (intermediate outcome for process evaluation)

Quality interprofessional collaboration, including determinants and X X Self-administered questionnaire
context factors potentially influencing the implementation and effects
of interprof ACT (quantitative data)
General practitioners (intermediate outcome for process evaluation)
Quiality of interprofessional collaboration, including determinants and ~ x X Self-administered questionnaire
context factors potentially influencing the implementation and effects
of interprof ACT (quantitative data)
Process of interprofessional collaboration, determinants and context X X X Non-participatory observations of kick-off meetings and
factors potentially influencing the implementation and effects of interprofessional collaboration, semi-structured interviews
interprof ACT
resident’s cognitive state. The Quality of Life-Alzheimer’s used in our trial, no psychometric data have been

disease questionnaire nursing home version (QoL-AD
NH) [35, 36] and the standardised instrument developed
by the EuroQol Group (EQ-5D-5L) [37] will be used
as measures of health-related quality of life. The
QoL-AD-NH consists of 15 items, with the possible
answers “poor” (item score 1), “fair” (item score 2),
“good” (item score 3) and “excellent” (item score 4).
It is the only available instrument which allows both
self and proxy measurement of quality of life specific-
ally in NHRs with cognitive impairments [35]. We
used the culturally adapted German versions [35] of
the original instruments for self and proxy ratings,
which both demonstrated high internal consistency
[38]. For the German versions of the QoL-AD-NH as

published so far but sufficient estimates of construct
validity, internal consistency and inter-rater reliability
are reported for proxy ratings by means of the non-
NH-specific QoL-AD when applied to German NHR
samples [36, 39]. The EQ-5D-5L measures health-
related quality of life on five ordinal scales and a vis-
ual analogue scale (EQ VAS). Responses on the five
scales can be aggregated to a single preference-based
index of health-related quality of life using scale-
specific weights published by Ludwig et al. [40]. The
validity of the EQ-5D-5L has been analysed for sev-
eral diseases relevant in our patient population, for
example heart failure [41], stroke [42], asthma [43],
diabetes [44] or COPD [45]. In summary, the studies
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found that the EQ-5D-5L is a valid instrument that
can be used to measure health-related quality of life.

Depending on the NHRs cognition, either self-
reported judgments by the NHRs or proxy judgments by
nurses will be retrieved for this quality of life assessment.
To appraise residents’ ability to answer questionnaires
and as an indication of cognitive impairments, the De-
mentia Screening Scale (DSS) will be applied as proxy
measure by nursing home staff [46, 47]. The Dementia
Screening Scale (DSS) comprises seven items in two
fields of cognitive functioning: memory (items 1-4) and
orientation (items 5-7). The items are assessed using a
three-level Likert scale. Per item 0 to 2 points can be
awarded. In the literature, two possible cut-off points (2/
3 or 3/4) are given; in interprof ACT, we chose the cut-
off point 3/4. For this threshold, an overall correct classi-
fication (OCC) of 87.4%, a sensitivity of 88.8%, a specifi-
city of 86.6% and a positive predictive value (PPV) of
81.6% are reported [46].

Mortality is included as an exploratory outcome. In
order to assess any potential negative consequences for
the NHR’s health, hospital discharge letters and residents’
nursing records will be analysed for adverse events (falls,
decubitus ulcers, chronic wounds, pneumonia).

Process evaluation

The trial includes a comprehensive mixed methods
process evaluation based on existing frameworks for the
evaluation of complex interventions [48, 49]. The objec-
tives of this evaluation are to assess the uptake and im-
plementation of chosen and locally adapted interprof
ACT measures, to identify relevant barriers and facilita-
tors and to explore the down-stream effects on the qual-
ity of interprofessional collaboration and medical care
for NHRs which are regarded as important intermediate
outcomes. For the latter purpose, various dimensions of
nurse-GP (interprofessional) collaboration and commu-
nication as well as residents’ satisfaction with medical
procedures and GP’s contacts are measured. Data are
collected at several time points from all parties involved
in the implementation of the intervention under evalu-
ation and the residents, using a combination of standar-
dised questionnaires, minutes of the kick-off meetings
and each supervision encounter, non-participating ob-
servations and semi-structured interviews (Table 3). A
detailed study protocol including an overview of all out-
come domains and measures used for the process evalu-
ation is under submission.

Outcomes (health economics)

Primary outcome of the health economic evaluation is
the incremental cost-effectiveness-ratio, i.e. the ratio of
the difference in costs between intervention and control
group and the difference in effectiveness between

Page 9 of 14

intervention and control group. In the economic evalu-
ation, primary measure of effectiveness will be quality-
adjusted life years (QALYs) based on the EQ-5D-5L
[37]. Avoided hospital admissions will count as second-
ary measure of effectiveness. Data on usage of medical
services will be rated monetarily with standardised cost
unit rates.

Primary endpoint

Health care utilisation is assessed through the incidence
proportion of hospitalisations within 12 months: Any
transmission of a NHR to a hospital resulting in a nurs-
ing home absence for more than 24 h, or if data on exact
times is not available, including a change of date will
count as hospitalisation.

Secondary endpoints

1. Mean number of hospitalisations per resident
within 12 months

2. Mean number of hospital days within 12 months

3. Mortality (proportion of residents dying) within 12
months

4. Proportion of residents with at least one potentially
inadequate medication at baseline and at follow-ups
after 6 and 12 months

5. Proportion of residents with at least one adverse
event within 12 months

6. Mean NHRs’ quality of life at baseline and for
follow-up at 12 months

7. Proportion of residents with at least one use of
other medical services within 12 months

8. Process evaluation: quality of nurse-GP
collaboration and communication

9. Economic evaluation: efficiency (incremental cost-
effectiveness ratio) and cost savings from payer and
societal perspective

Sample size/power calculation

The proportion of NHRs hospitalised within 12 months
is estimated to be up to 50% [3-5]. An absolute reduc-
tion of 15 percentage points from 50 to 35% is consid-
ered a relevant intervention effect. A sample size of 170
NHRs per group (340 in total) yields a power of 80% at
a two-sided significance level of 5%. Adjustment for 20%
dropout results in a total sample size of 425 NHRs. If a
NHR moves away or dies during the study, the data ob-
served up to this point will be included in the analyses.
NHRs that left or died will not be replaced. This is a
cluster randomised trial. To account for possible correla-
tions within clusters, the sample size is factored up by
the design effect. Assuming an average cluster size of 20
NHRs per home and an intra-cluster correlation (ICC)
of 0.021 results in a design effect of 1.4 [50] and a total
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sample size of 600 patients (30 clusters in total (15 clus-
ters per group) with an average of 20 NHRs per cluster).
Clusters (nursing homes) that do not recruit any patients
are to be replaced. Anticipating that about 4 clusters will
drop out, we will randomise a total of 34 clusters. Ori-
ginally, we planned to include 18 nursing homes in
Hamburg, 8 in Liibeck and 8 in Goéttingen. Due to
recruiting problems in Hamburg, Libeck recruited two
additional nursing homes, resulting in 16 nursing homes
in Hamburg, 10 in Liibeck and 8 in Géttingen. Since
there is some uncertainty in the planning with regard to
the hospitalisation rates in nursing home ICC and drop-
out, we conduct a sample size review once the first 300
residents were recruited with a view to adjust the sample
size [51].

Cluster randomisation

After recruitment of NHRs and GPs and baseline data
collection (TO0), participating care facilities are rando-
mised to the intervention or control group with an allo-
cation ratio of 1:1. The random sequence is generated by
the Department of Medical Statistics at UMG (Univer-
sity Medical Center Goéttingen); the trial statistician
oversees this process. The department is not involved in
either the recruitment, the intervention or data collec-
tion. Participating care facilities or other members of the
trial team will not have access to the randomisation list
(randomisation concealment). Random allocation of the
care facilities to the intervention groups will proceed in
pairs within a research centre, with one care facility be-
ing allocated to the intervention and the other to the
control group.

The trial statistician (or designee) informs the nursing
home management directly via email about the group al-
location. The local research team and the lead study of-
fice receive this information at the same time.

Blinding

Due to the nature of the intervention, blinding of the
nursing home staff and the research staff will not be
possible with the exemption of the primary outcome
assessors. Blinding of primary outcome assessment
will be guaranteed, as study assistants blinded towards
the nursing homes’ group assignment will extract data
on incidence of hospitalisation from residents’ files.
Also, treatment allocations will be concealed (see
above). The standardised extraction procedure to
gather data on the usage of medical services from the
nursing home resident’s files including documents
(e.g. hospital reports) has been proven feasible and re-
liable [52, 53]. Since the trial statistician oversees the
randomisation process, the trial statistician is not
blinded to group allocations.
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Data management

All data collected from the nursing home and NHRs in
the main trial will be pseudonymised. The personal data
of the study participants will be kept separately from the
study data. A retrospective correlation to a person is
only possible with the help of a “key” which is main-
tained in the study centre. The data is entered into the
electronic database according to the four-eye principle.
Pseudonymised data is stored paper-based in the partici-
pating study centres and electronically in the database
on a server. To ensure data quality, a plausibility check
of the data is carried out by an independent monitor.
Study data in the process evaluation will be recorded
both pseudonymised and anonymous. All original data
will be stored for 10 years and destroyed afterwards. In
principal, data will be handled according to current data
protection law.

Statistical analyses

The primary analyses follow the intention to treat (ITT)
principle, i.e. all randomised nursing homes will be ana-
lysed in the group they were randomised to. In case
dropout nursing homes discontinue the study, all avail-
able data will be used in the analyses. The primary end-
point incidence proportion of hospitalisations within 12
months will be analysed using a generalised linear mixed
effects model (GLMM) with fixed effects for intervention
and important prognostic factors on the cluster and in-
dividual levels (e.g. size of nursing home) and random
effects for clusters. The random effects are included to
account for possible intra-cluster correlation. If a larger
proportion of patients than anticipated should die within
12 months or discontinue the study prematurely, we will
use the time to first hospitalisations as endpoint, which
will be analysed using a semi-parametric model with
proportional hazards, and mixed effects as above. Death
and study discontinuation will be dealt with as compet-
ing events. The secondary endpoints quality of life and
satisfaction of the residents regarding the interaction of
the general practitioners and nursing staff will be mod-
elled using hierarchical models with random cluster
effects.

The qualitative and quantitative data collected for
process evaluation will be analysed in a multistep ap-
proach: First, qualitative and quantitative data will be de-
scriptively analysed independently from each other.
Then these qualitative and quantitative findings will be
cross-mapped for each single research question ad-
dressed by the process evaluation. Based on this descrip-
tive synthesis, a regression model will be defined to
explore the effects of the degree of intervention imple-
mentation and potential moderator and modifier vari-
ables on the quality of interprofessional collaboration
between medical doctors and nursing homes and its
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interaction with the primary outcome. The regression
model and analysis procedures will be chosen based on
the statistical characteristics of relevant variables. A de-
tailed description of the analysis methods is included in
the separate protocol for the process evaluation (under

submission).
Health economic evaluation will be conducted as cost-
effectiveness analysis (outcome incremental cost-

effectiveness ratio (ICER) from payer perspectives (statu-
tory health insurance, long-term care insurance), as well
as from a societal perspective). To analyse uncertainty
regarding the ICER, net-benefit regressions will be con-
ducted controlling for relevant confounders (e.g. baseline
values of costs and EQ-5D-5L, cluster structure, morbid-
ity) and cost-effectiveness acceptability curves will be es-
timated. In addition, a cost-comparison analysis will
conducted using difference-in-difference regression to
identify relevant cost drivers.

Data monitoring

The Clinical Trials Unit of the Medical University Cen-
ter Gottingen, which is independent from the funding
organisation, will monitor the Cluster-RCT. A central
external audit by the Clinical Study Management will
guarantee consistent study procedures within the three
research centres. Data monitoring is performed accord-
ing to a data-monitoring manual following GCP.

Assessment of risks and benefits

The research study holds no risk for participating NHRs.
It is rather expected that all participating NHRs as well
as the involved GPs and care staff will benefit from the
interprof ACT measures. First, positive results have been
gathered from interviews after the three-monthly pilot
study interprof with four nursing homes [31].

Occurring adverse events will be detected, monitored
and documented from an early stage onwards. We col-
lect information about the incidence of pressure ulcers,
chronic wounds, pneumonia and falls from residents’
files. We plan to publish the findings on these topics to-
gether with the main outcome. Meetings and telephone
conferences in regular intervals ensure the information
and communication processes between the involved re-
search centres.

The planned methods and key recruitment numbers of
NHRs are based on previously conducted clinical studies
such as several Cluster-RCTs within the setting of long-
term inpatient care [47, 52, 54], by the research centres
involved. Established co-operations with care facilities
and GPs (e.g. research networks), their experience with
interprofessional projects such as the interprof study [31]
and the collaboration with the experts committee con-
tribute to a robust study design.
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The study will be planned, implemented and evaluated
in accordance with the principles of good clinical prac-
tice (ICH-GCP) and the current version of the Declar-
ation of Helsinki.

Quality assurance

An expert advisory board established for this trial will
supervise the trial planning and implementation with
specific considerations to the feasibility and practicability
of study procedures and interventions to the NHRs, their
informal caregivers and the health professionals in-
volved. The members are independent of both investiga-
tors and sponsor. The expert committee consists of ten
experts representing following perspectives: NHRs, in-
formal caregivers NHR, nursing home advisory boards,
science and practice of nursing and geriatric care, GP
practice. The integration of this expert committee as-
sures that the results of the interprof ACT trial are of
high internal validity.

The name of the NHR (and the nursing home) as well
as confidential information falls under the medical confi-
dentiality regulation and the regulations of the Federal
Data Protection Law (Bundesdatenschutzgesetz BDGS).
Data collected in this project will be recorded on paper
case forms or electronic data storage, treated in strict
confidence and will only be transmitted without men-
tioning any names (pseudonymised). Access to the ori-
ginal documents will be denied for third parties. The
same applies to all additional data collected for the
process evaluation. Data can be transmitted to third par-
ties (e.g. journals), but only in a form which does not
allow the identification of a person (anonymised). The
access to the final dataset will be given from the study
statistician.

Dissemination

Trial results will be disseminated via research articles,
contributions on national and international congresses
and in local events of the participating institutes. More-
over, we will inform participating nursing homes and
GPs about the findings. The results will be disseminated
regardless of the magnitude or direction of findings. This
study protocol was written according to the SPIRIT
Statement.

Discussion

As NHRs often experience potentially avoidable nursing
home admissions, which could have been avoided, the
aim of our study is to reduce hospitalisations of NHRs
by implementing a systematically developed and pre-
tested intervention package addressing the quality of in-
terprofessional collaboration and communication be-
tween GPs and nursing homes staff who share the main
responsibility for the medical care. The six measures of
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interprof ACT have been developed in the precedent
study interprof and included the perspectives of GPs,
nurses, residents and relatives on interprofessional col-
laboration and medical care in nursing homes. One of
the developed measures (meetings to establish common
goals) even comprises directly the inclusion of resident’s
perspective and those of his relatives in the meeting. To
improve care, a reduction of the incidence of hospitalisa-
tion in NHRs by the interprof ACT intervention is
expected.

Because of its systematic development and its flexible
nature, interprof ACT is expected to be viable for stand-
ard care regardless of local organisational forms and re-
sources available on a regular basis. Based on the final
overall assessment, recommendations will be made for
the further design of primary care for NHRs.

In addition, the results may be the starting point for
the development of similar strategies for the specialist
care of NHRs or interprofessional collaboration in the
outpatient care of people in need of care.

In principal, we intend to attract more notice to NHRs
and the quality of their healthcare especially in time of
demographic change. With the results of this study, we
like to spotlight the current situation of NHRs in
Germany and contribute to the improvement of their
medical care.

Trial status
Recruitment of NHRs is finished, follow-up ongoing.
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