
Effects of care by advanced practice nurses for
multi-morbid patients in general practices in rural
areas. Results of a nonrandomized controlled trial
Emilio Gianicolo 

University Medical Center of the Johannes Gutenberg University Mainz
Britta Buechler 

University Medical Center of the Johannes Gutenberg University Mainz
Matthias Buettner 

University Medical Center of the Johannes Gutenberg University Mainz
Rex Hax 

University Medical Center of the Johannes Gutenberg University Mainz
Tobias Engelmann 

University Medical Center of the Johannes Gutenberg University Mainz
Imane Henni Rached 

Rheinhessen Specialist Clinic for psychiatry, psychotherapy, psychosomatics, and neurology
Laura Pfrommer 

Martin Luther University Halle-Wittenberg
Oliver Bayer 

University Medical Center of the Johannes Gutenberg University Mainz
Susanne Singer 

Universitätsmedizin Rostock
Sabine Karlstätter 

Catholic University of Applied Science
Joachim Klein 

Institute for Child and Youth Welfare
Sophie Petri 

Catholic University of Applied Science
Gerlinde Strunk-Richter 

Catholic University of Applied Science
Olivia Wöhrle 

Catholic University of Applied Science
Renate Stemmer 

Page 1/22

https://doi.org/10.21203/rs.3.rs-9701115/v1
https://doi.org/10.21203/rs.3.rs-9701115/v1


Catholic University of Applied Science

Research Article

Keywords: Primary health care, Multimorbidity, Advanced practice nurses, Evidence‑based nursing,
Person‑centred care, Nonrandomized controlled trial

Posted Date: August 10th, 2026

DOI: https://doi.org/10.21203/rs.3.rs-9701115/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: No competing interests reported.

Page 2/22

https://doi.org/10.21203/rs.3.rs-9701115/v1
https://creativecommons.org/licenses/by/4.0/


Abstract
Background

Multimorbidity poses a significant challenge for primary care. In Germany shortage of primary care
physicians hinders comprehensive assessments of patients and home visits. We aim to investigate the
impact of incorporating Advanced Practice Nurses (APNs) into primary care in rural areas for patients
with multiple chronic conditions on care quality, healthcare utilization and satisfaction.

Methods

We used a non-randomized, two-arm, multicentre intervention design. Nine APNs in nine general practices
provided care to multimorbid patients in the Intervention Group (IG), while the Control Group (CG) received
standard care. Quantitative and health economic analysis investigated the differences in utilization of the
primary endpoints outpatient emergency contacts and unplanned hospitalizations between the IG and CG.
Qualitative analysis was used for process evaluation based on semi-structured interviews with general
practitioners, APNs, and patients.

Results

A total of 705 IG patients and 1410 CG patients were included. Both groups showed a similar average
amount of out-of-hours emergency services (IG: 0.27; 95%CI 0.21–0.33; CG: 0.27; 95%CI 0.16;0.33) and of
out-of-hours general practitioner contacts (IG: 0.23; (CG: 0.17). After adjusting for confounders, no
statistically significant differences in the costs for emergency hospital stays (IG: 2592.76€; CG: 1537.89€),
regular hospital stays (IG: 1399.23€; CG: 1054.33€), and home visits (IG: 59.88€; CG: 41.54€) were found
between the two groups.

Trial registration

DRKS00026172 on DRKS (Deutsches Register Klinische Studien)

Background
Multimorbidity, defined as the coexistence of at least three chronic conditions, poses a significant
challenge for primary care physicians in Germany (1). This complex issue is often accompanied by
overlapping symptoms, treatment strategies, and psychosocial problems, primarily affecting older adults.
The development of additional syndromes (e.g., mobility limitations, malnutrition, cognitive impairment,
incontinence, pain, and chronic wounds) further complicates care. Effective management of these
syndromes through continuous monitoring and coordinated care can reduce mortality and improve health
outcomes for patients with conditions like diabetes, coronary heart disease, heart failure, and chronic
obstructive pulmonary disease (2). However, Germany’s shortage of primary care physicians, with an
average consultation time of 7 to 8 minutes, hinders comprehensive assessments of patients and home
visits (3). Insufficient coordination of care exacerbates the issue. The growing patient population and
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impending physician shortage necessitate innovative solutions (4–6). The World Health Organization
(WHO) and the German Society of General Practitioners and Family Physicians (DEGAM) guidelines
emphasize person-centred care as crucial for optimizing healthcare (1, 7). This approach prioritizes
patients’ needs, perspectives, and autonomy, moving away from a purely biomedical focus. Key elements
include: Therapeutic Alliance, fostering strong patient-provider relationships; Shared Decision-Making,
involving patients in treatment decisions; Care Continuity, ensuring seamless transitions between care
settings; Self-Management Support, empowering patients to manage their conditions; And health Literacy
Promotion: Enhancing patients’ understanding of their health.

The Role of Advanced Practice Nurses (APNs)

Given the special needs of patients with multimorbidity APNs are well suited to addressing the associated
challenges and thereby reducing the time pressures faced by General practitioners. APNs, typically
holding a clinical Master’s degree (M.Sc.), are academically trained to provide high-quality, person-centred
care. International examples (e.g., USA, Canada, Australia, and Sweden) demonstrate that APNs can
achieve outcomes comparable to those of physicians, without compromising patient safety, and often
increasing patient satisfaction (8, 9).

General practitioners form the backbone of Germany’s outpatient healthcare system. Unlike in many other
countries, APNs have so far played no role in primary care in Germany (10). The previous lack of advanced
education pathways for nurses in Germany has hindered the adoption of APN roles. In the meantime,
there are numerous Master’s degree programmes in Germany that train APNs (11).

We aim to investigate the impact of incorporating APNs into primary care in rural areas for patients with
multiple chronic conditions, focusing on enhanced care quality and alleviated workload for General
Practitioners.

Methods
Design and setting of the study

The impact of incorporating APNs into primary care was evaluated using: (i) a quantitative
epidemiological approach; (ii) a health economics approach; (iii) a qualitative approach.

The focus of the study was a two-arm, non-randomized, multicentre intervention study (Fig. 1). Patients in
Arm 1 (Intervention Group, IG) received the new care model, which involves case-related care provided by
an APN in the general practice setting. Patients in Arm 2 (Control Group, CG) received standard care.

Description of the intervention

During the intervention, nine APNs employed in nine general practices cared for multimorbid patients. Due
to their employment at the practice, the APNs had unrestricted access to patient records. They largely
provided care to participating people independently. They conducted an in-depth instrument-based
assessment and drew up a person-centred, evidence-based treatment plan. The assessment
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encompassed cognitive capabilities, nutritional status, pain status, mobility status, neuropsychiatric state,
continence status, skin condition/wounds, medication management, psychosocial situation, self-
management skills, home living situation and social situation around loneliness. They also conducted a
clinical assessment. The APNs implemented the care plan themselves or called in other care service
providers if needed. Their tasks also included monitoring, evaluating and documenting the treatment plan.
An important strategy of the APNs was counselling. With the aim of increasing independence and self-
management, promoting healthy behaviour and improving the current condition, the APNs counselled
patients and their relatives. Cooperation with patients and relatives was based on the principle of shared
decision making. The APNs conducted home visits and offered consultation hours at the practice. They
were the point of contact in emergency situations and ensured that information was shared across
sectors. In accordance with German law, the APNs consulted with GPs on measures requiring a
prescription that they deemed necessary. To this end, they held weekly case conferences (12).

Data Collection

Primary outcomes included the number of outpatient emergency contacts and the number of unplanned
inpatient hospital stays. Secondary outcomes collected and evaluated within the FAMOUS project are
reported in details in Table 1.

Table 1
Outcomes in the intervention vs. control group

Outcome measures Data sources

Intervention group Control group

Primary Outcome Measures

Number of outpatient emergency contacts KV RLP§ BKK

Number of unplanned inpatient hospital stays Health insurance companies& BKK

Secondary Outcome Measures

Utilization of additional healthcare institutions Health insurance companies& BKK

Number of home visits by general practitioners KV RLP§ BKK

Utilization of nursing homes Health insurance companies& BKK

§ Regional Association of Statutory Health Insurance Physicians in Rhineland-Palatinate

& BKK, AOK, TK, Barmer and DAK 7  

Data for the intervention group’s outcome measures were provided through routine data from the KV RLP
(Regional Association of Statutory Health Insurance Physicians in Rhineland-Palatinate) and the
participating health insurance companies, as well as collected by the APNs and entered into a database.
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Data on inpatient hospital stays for the intervention group were provided by the participating health
insurance companies.

Routine data for the control group were provided by the BKK Landesverband Mitte health insurance.

Characteristics of participants

Inclusion criteria include:

Medical Diagnosis: At least three chronic conditions, with three chronic conditions requiring primary
care treatment in at least 3 out of 4 quarters over the past year.

Minimum age of 18 years;

Undergoing treatment at a participating general practitioner’s practice; Willingness to participate in
the Advanced Practice Nursing (APN) Program.

Exclusion Criteria include:

Deemed to be in the terminal phase of life (as assessed by the primary care physician).

Based on these criteria, the participating GPs asked potentially suitable patients to take part in.

Sample size calculation and matching

Sample size calculation has been described in detail in the published study protocol (12). The planned
sample size for this study comprised 817 for the intervention group (IG) and 1,634 for the control group
(CG).

To ensure a fair comparison, patients in the IG were matched with two counterparts in CG based on key
characteristics. This process unfolded in two stages:

1. First, individuals were matched exactly on gender and the number of chronic conditions, guaranteeing
that these fundamental aspects were identical between the groups.

2. Next, to account for age, a more flexible approach was employed, seeking the closest matches within
a ± 2 years range. This nuanced method, known as Nearest-Neighbour Matching, minimized age
disparities between the groups.

For each IG patient, multiple potential matches in the CG were identified. When more than two suitable
matches were found, the two with the most shared chronic conditions were selected to enhance the
comparison’s validity. Conversely, if fewer than two matches were initially identified, the age criterion was
gradually relaxed (e.g., to ± 3, ±4, or ± 5 years) to ensure that at least two comparable counterparts were
found for each IG patient.

Analysis
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(i) Quantitative epidemiological approach
Descriptive statistics were summarised by means, 95% bootstrap confidence intervals (13), standard
deviations, and frequencies.

Median imputation was used to handle the missing information regarding participants’ care levels. For
participants with fewer than three documented chronic conditions in the health insurance data, a stepwise
imputation process was applied:

1. we used APNs-documented ICD-10 codes to identify the relevant critical conditions and added to the
documented chronic conditions.

2. If participants still had less than three critical conditions after this step, we used the minimum
required number of chronic conditions for study inclusion—specifically, three critical conditions—for
imputation.

To estimate the intervention effect of APN, we applied a Bayesian zero-inflated negative binomial (ZINB)
model (14) to account for the excessive zero observations. In addition, we included in the model the
following potential confounding variables: age, sex, the number of chronic conditions, and care levels.
Interactions between these confounding factors and the intervention itself were also included in the
model. To perform a Bayesian inference on the intervention events, a weakly informative prior, a normal
distribution with a mean of 0 and a standard deviation of 4, was employed. We drew 10,000 samples from
the posterior distribution of the intervention effects via the Markov Chain Monte Carlo (MCMC) algorithm
with 10 parallel chains. The posterior intervention effects were summarized as mean incidence rate ratios
accompanied by 95% credibility intervals.

For an additional plausibility assessment of the effects, a pre‑versus‑during comparison was performed
for all participants who were insured with one specific health insurance with a high proportion of
participating patients and who completed the project as planned, in addition to the primary analysis. The
latter provided data for these participants covering the year preceding the start of the project (date of the
first contact) and the year during project participation. These data were descriptively analysed with
respect to the primary and secondary endpoints.

Statistical analysis was conducted using R (Version 4.4.1) and R package brms, MatchIt, marginal effects,
and boot (15–18).

(ii) Health economics approach
The APNs were requested to document their hours worked. To calculate hourly costs for an APN, we used
the hours worked only for those APNs who documented at least of 70% of their working hours indicated
by their contract. Of the working hours 30 days of holiday, 15 days of sickness leave and 8 days for public
holidays, - the standard absence rates for German employees - were deducted from the working time (19).
The documented working time was now combined with the working hours in the contract and then the

Page 7/22



hourly cost for an APN were calculated. In order to compare the costs between the IG and the CG, costs
for emergency hospitals stays, regular hospital stays, and home visits by the general practitioner were
assessed for both groups. Cost data was provided by the participating health insurances. A two-part
regression model using logistic regression and a generalized linear model with gamma distribution was
used to adjust for age, sex, number of chronic diseases and care degree. Predicted margins adjusted
mean values and associated 95% confidence intervals were calculated for both groups (20, 21).

To examine the pre‑ versus‑during comparison from a health‑economic perspective, the cost categories
used in the primary cost analysis (planned inpatient hospital stays, unplanned inpatient hospital stays, and
home visits) were employed. The analysis was performed descriptively, reporting means with 95%
confidence intervals, medians, and the 25th and 75th percentiles (Q1 and Q3).

(iii) Qualitative evaluation
Semi-structured interviews (12) were conducted with the doctors participating in the IG before and after
the intervention, with APNs at the end of their work in GP practices, and with patients after 12 months of
APN treatment. These interviews were conducted to investigate satisfaction with and feasibility of APNs
in rural GP practices. All interviews took place between autumn 2021 and spring 2024. All interviews were
conducted via telephone by a trained researcher. All GP practices and APN were contacted while patients
were contacted until saturation was reached. The interviews were audio recorded, transcribed verbatim
and analysed using Mayring’s qualitative content analysis with inductive and deductive category formation
(22). Disagreements were resolved by consensus. The evaluating researchers were not involved in the
organisation or delivery of the intervention.

Results
Quantitative analysis

In total 853 patients were enclosed from nine rural general practices in Rhineland-Palatinate, Germany.

709 patients (83.1%) completed the study as planned, with a minimum of 12 months of intervention (± 14
days). Data for four patients could not be found by the KV RLP and were excluded. After this exclusion,
705 patients proceeded for analysis. (Table 2).
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Table 2
Characteristics of the study population

  Control group Intervention group  

Matched
participants* N = 
1,410

Planned Completion
N = 705 (82.6%)

Non-Planned
Completion N = 148
(17.4%)

p-value**

Age

Mean
(SD)

80 (10.2) 80.1 (10.3) 81.4 (10.1) 0.18

≤ 69 190 (13.5%) 92 (13.1%) 17 (11.5%)  

70–79 321 (22.8%) 164 (23.3%) 28 (18.9%)  

80–89 715 (50.7%) 348 (49.4%) 72 (48.6%)  

≥ 90 184 (13.0%) 100 (14.2%) 31 (20.9%)  

Sex

Male 520 (36.9%) 260 (36.9%) 64 (43.2%)  

Female 890 (63.1%) 445 (63.1%) 84 (56.8%) 0.16

Number of chronic conditions

Mean
(SD)

9.7 (5.1) 9.7 (5.1) 9.8 (5.3) 0.83

2–5 304 (21.6%) 152 (21.6%) 35 (23.6%)  

6–10 578 (41.0%) 289 (41.0%) 60 (40.5%)  

11–15 348 (24.7%) 174 (24.7%) 36 (24.3%)  

≥ 15 180 (12.8%) 90 (12.8%) 17 (11.5%)  

Nursing home

No 39 (2.8%) 22 (3.1%) 17 (11.5%)  

Yes 1,371 (97.2%) 683 (96.9%) 131 (88.5%) 0.000078

Care levels

Without 72 (5.1%) 84 (11.9%) 15 (10.1%)  

Age and number of chronic diseases were summarized using the mean (standard deviation).

* Only patients in the intervention group who completed the study as planned were matched.

** The estimated p-values are the results of hypothesis tests between the planned termination and
unplanned termination groups in the intervention group.
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  Control group Intervention group  

Matched
participants* N = 
1,410

Planned Completion
N = 705 (82.6%)

Non-Planned
Completion N = 148
(17.4%)

p-value**

1 175 (12.4%) 137 (19.4%) 31 (20.9%)  

2 110 (7.8%) 102 (14.5%) 36 (24.3%)  

3 39 (2.8%) 25 (3.5%) 17 (11.5%)  

4 9 (0.6%) 7 (1.0%) 5 (3.4%)  

5 1,005 (71.3%) 350 (49.6%) 44 (29.7%) 0.00050

Age and number of chronic diseases were summarized using the mean (standard deviation).

* Only patients in the intervention group who completed the study as planned were matched.

** The estimated p-values are the results of hypothesis tests between the planned termination and
unplanned termination groups in the intervention group.

Mean age was 80.1 years (range: 19–100 years) and approximately two-thirds (66.7%) of the patients
were female. The number of chronic conditions for 15 patients was imputed due to an initial count of less
than three. On average 9.7 chronic conditions per patient (maximum: 36 conditions) were observed.
Approximately 3% of patients resided in nursing homes (Table 2).

50% of patients were not assigned a care level, 10.6% were in care level 1, 19.9% in level 2, 14.4% in level 3,
and 4.5% in level 4 or higher (Table 2).

148 patients (17.4%) did not complete the intervention as planned, citing reasons such as death, change
of general practitioner, withdrawal from APN, relocation, or unknown reasons. Statistically significant
differences were found between “Planned Completion” and “Non-Planned Completion” groups for nursing
home status and care levels. A discrepancy in care level distribution between CG and IG was observed
(Table 2).

Primary endpoint I: Number of emergency contacts
Following the exclusion of four unidentifiable patients from the IG, the analysis proceeded with 705 IG
patients and 1,410 CG patients. Limited health insurance data further reduced the dataset for hospital
stays to 577 IG and 1,154 CG patients (Table 3).
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Table 3
Summery of the results

Endpoint Outcome
variable

Control group

(mean [95%
bootstrapped
confidence
interval])

Intervention
group

(Mean [95%
bootstrapped
confidence
interval])

Unadjusted
incidence
rate ratio

(95%
credibility
interval)

Adjusted
incidence
rate ratio

(95%
credibility
interval)

Primary endpoint I: Number of emergency contacts ( =705, =1410)

Cumulative
number of
emergency
contacts over the
12-month
intervention
period

on-call duty 0.25

[0.22, 0.30]

0.27

[0.21, 0.33]

- -

Out-of-Hours
general
practitioner
contacts

0.17

[0.16, 0.33]

0.23

[0.13, 0.21]

- -

Total sum 0.42

[0.37, 0.48]

0.49

[0.40, 0. 60]

1.18

[0.90, 1.56]

1.02

[0.68, 1.46]

Primary endpoint II: Unplanned hospital admissions ( = 577, =1154)

Cumulative
number of
unplanned
hospital
admissions over
the 12-month
intervention
period

  0.29

[0.25, 0.33]

0.44

[0.37, 0.54]

1.48

[1.12, 1.99]

1.37

[0.98, 1.89]

Secondary endpoint I: Use of additional healthcare facilities ( =577, =1154)

Cumulative
number of
additional
healthcare
facilities used
during the 12-
month
intervention
period

Hospital
admissions

0.46

[0.41, 0.51]

0.73

[0.62, 0.84]

- -

Specialist
visits

5.20

[4.92, 5.49]

4.87

[4.48, 5.3]

- -

hospital
outpatient
clinic

0.16

[0.13, 0.21]

0.20

[0.15, 0.27]

- -

Total sum 5.82

[5.47, 6.13]

5.80

[5.31, 6.26]

1.00

[0.87, 1.16]

1.01 [0.88,
1.17]

NIG NCG

NIG NCG

NIG NCG
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Endpoint Outcome
variable

Control group

(mean [95%
bootstrapped
confidence
interval])

Intervention
group

(Mean [95%
bootstrapped
confidence
interval])

Unadjusted
incidence
rate ratio

(95%
credibility
interval)

Adjusted
incidence
rate ratio

(95%
credibility
interval)

Secondary endpoint II: Number of home visits by general practitioners ( =705. =1410)

Cumulative
number of home
visits by general
practitioners
over the 12-
month
intervention
period.

  2.47

[2.14, 2.83]

3.44

[3.05, 3.90]

1.19

[0.81, 1.80]

1.96

[0.65, 1.42]

Out-of-Hours Emergency Service Utilization
In the IG, over the 12-month intervention period, an average cumulative utilization of 0.27 (95% CI: [0.21,
0.33]) was observed. In comparison, the CG exhibited an average cumulative utilization of 0.25 (95% CI:
[0.22, 0.30]).

Out-of-Hours General Practitioner Contacts
In the IG, an average cumulative utilization of 0.23 (95% CI: [0.13, 0.21]) was recorded. The CG showed a
comparatively lower average cumulative utilization of 0.17 (95% CI: [0.16, 0.33]).

An increase in emergency contacts was observed with advancing age, a higher number of chronic
conditions, and elevated care levels (Table 3).

Patients residing in nursing homes exhibited a heightened demand for emergency contacts (Table 3).

No statistically significant difference in emergency contact utilization was found between male and
female patients.

Approximately 80% and 90% of patients in the IG and CG, respectively, did not utilize out-of-hours
emergency services or general practitioner contacts. About 75% of patients in both groups had no
emergency contacts throughout the intervention period.

A mean adjusted Incidence Rate Ratio (IRR) of 1.02 was estimated (95% Credibility Interval: [0.68, 1.46]),
indicating a 2% higher average incidence rate of emergency contacts in the IG.

Primary Endpoint II: Unplanned Hospital Admissions

NIG NCG
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Over the 12-month intervention period, IG patients exhibited an average of 0.43 unplanned hospital
admissions (95% CI: [0.36, 0.52]). In comparison, CG patients had an average of 0.29 unplanned hospital
admissions. IG: Approximately 70% of patients did not require unplanned hospital admission throughout
the intervention period, while about 80% of patients in the CG did not experience unplanned hospital
admissions.

We observed an incidence rate ratio (IRR) of 1.37, indicating a 37% average higher incidence rate of
unplanned hospital admissions in the IG. However, the analysis revealed no statistically significant
difference in unplanned hospital admissions in the IG compared to the CG.

Pre vs. During

For 300 patients who completed the study as scheduled, data were available for the year preceding the
intervention and for the study year itself. The descriptive analyses reveal no substantial differences
between the two periods in terms of mean utilization rates or changes in the numbers of utilizations for
the primary and secondary endpoints. In the domain of routine general‑practice visits (i.e.,
non‑emergency), a higher mean was observed during the intervention (mean‑difference = 0.68). An
overview of the pre‑versus‑during comparison results is presented in Table 4.

Page 13/22



Table 4
pre vs. during comparison

  Mean (SD) Share (%)

Before the
intervention

During the
intervention

Mean
difference

Higher
before the
intervention

No
difference

Higher
during the
intervention

Primary
endpoints

           

On-call-duty 0.33

(0.77)

0.26

(0.77)

-0.07
(0.80)

48

(23.4%)

205

(68.3%)

47

(22.9%)

Contacts
with GP
outside the
working
hours

0.15

(0.46)

0.15

(0.72)

0

(0.81)

28

(9.3%)

246

(82.0%)

26

(8.7%)

unplanned
inpatient
hospital
stays

0.54

(0.92)

0.53

(1.21)

-0.01
(1.26)

74

(24.7%)

167

(55.7%)

59

(19.7%)

Secondary

endpoints

           

Specialist
visits

4.80

(4.80)

4.95

(5.01)

0.15

(3.15)

114

(38.0%)

66

(22.0%)

120

(40.0%)

inpatient
hospital
stays

0.74

(1.13)

0.79

(1.42)

0.04

(1.41)

77

(25.7%)

151

(50.3%)

72

(24.0%)

Hospital
outpatient
clinic

0.10

(0.46)

0.15

(0.59)

0.05

(0.51)

14

(4.7%)

264

(88.0%)

23

(7.7%)

home visits
by GP

(regular)

3.03

(4.82)

3.71

(5.57)

0.68

(4.40)

84

(28.0%)

106

(36.3%)

107

(35.7%)

home visits
by GP

(emergency)

0.15

(0.46)

0.19

(0.78)

0.04

(0.83)

28

(9.3%)

248

(82.7%)

24

(8.0%)

Regarding care level, however, a marked change was detected. An increase in care level was documented
during the intervention period for 83 participants (27.7%). In the year before the intervention, no
participant experienced an increase in care level.

Health economics
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Almost 75% of the working hours of an APN was spend on treating patients. This resulted in in average
costs of 59.26€ per APN hour. After adjusting for age, sex, number of chronic diseases and care degree
no statistically significant differences in the costs for emergency hospital stays (IG: 2592.76€, 95%CI
[1833.61;3351.91]; CG: 1537.89€, 95%CI [1183.11;1892.67]), regular hospital stays (IG: 1399.23€ 95%CI
[986.87;1811.59]; CG: 1054.33€ 95%CI [789.47;1319.18]), and home visits (IG: 59.88€ 95%CI [49.00;70.76];
CG: 41.54€ 95%CI [34.35;48.74]) were found between the two groups.

Regarding the costs in the pre vs. during comparison, no differences were observed in any of the cost
categories: (1) unplanned inpatient hospital stays, (2) planned inpatient hospital stays, and (3) home
visits. An overview of the costs is presented in Table 5.

Table 5
pre vs. during comparison for the health economic analysis

Kategorie pre during

   

unplanned inpatient hospital stays    

Median (Q25;Q75) 0

(0;3593.33)

0

(0;2414.48)

Mean

[95%CI]

2967.83

[2290.66;3645.00]

3348.33

[2420.39;4276.26]

planned inpatient hospital stays    

Median (Q25;Q75) 0

(0;0)

0

(0;0)

Mean

[95%CI]

1113.91

[653.73;1574.09]

1290.50

[830.73;1750.28]

Home visits by GP    

Median (Q25;Q75) 33.48

(0;111.60)

22.32

(0;111.60)

Mean

[95%CI]

68.85

[57.12;80.58]

82.51

[67.71;97.31]

Qualitative approach

Semi-structured interviews were conducted with GPs before (n = 6) and after (n = 10) the intervention, with
APNs at the end of their work in GP practices (n = 9), and with patients after the intervention period (n = 
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26; data collection stopped upon reaching thematic saturation). General Practitioners described their work
as being characterized by two main factors. Firstly, they reported a lack of time. Secondly, they reported
high demands due to nonmedical tasks, such as social care for patients. APNs are regarded as a crucial
support system, capable of addressing gaps in care, providing patients with more intensive care, and
offering physicians relief through collegial feedback and the assumption of routine tasks (23).

The patients expressed satisfaction with their interactions with the APN, citing the reliability of the contact
person, the ease of access, the consideration given to their needs, and the comprehensive support
provided, both medically and socially.

The APNs reported encountering a wide variety of patient situations, which they generally manage to
improve, irrespective of the initial condition. While the respondents expressed a high degree of job
satisfaction, they also reported a lack of time due to the allocation of time to bureaucratic tasks.

Discussion
Multimorbidity is associated with old age and leads to a high burden in terms of symptoms, treatment and
care needs. The project presented here aims to investigate the employment of APNs to address this
difficult situation. With an average age of 81.1 and an average of 9.7 chronic conditions, this project has
succeeded in reaching elderly multimorbid patients with a particularly high need for outpatient care.
However quantitative analysis shows no significant results for the primary and secondary endpoints. This
means that emergency contacts, unplanned hospital admissions, use of additional health care facilities
and number of home visits by GPs have not decreased significantly. These results are consistent with a
Cochrane Review. Laurant et al. (2018) (24) also found little or no difference between nurses and doctors
in terms of the number of emergency room visits, referrals and hospital admissions. In contrast, an OECD
paper confirms indications that the use of APNs helps to reduce hospital (re-) admissions (25). In the
FAMOUS project the health economic analyses show no significant effects. The Cochrane review
mentioned above also concluded that the impact of APN care on costs is unclear (24).

The results of the qualitative interviews point in a different direction. They show that patients viewed the
use of APNs positively and often regretted that the project was limited to only one year. Patients
emphasised that APNs also perform advisory activities that go beyond the purely medical field, such as
social law advice or support in obtaining medical aids. Various reviews show that patient satisfaction with
care provided by APNs is high and probably even higher than when care is provided by doctors or doctors
alone (24, 26). In line with the literature, the participating GPs confirmed that the APNs enabled improved
and needs-based care for people with multimorbidity (24). The more holistic approach of the APN care
was positively highlighted by the interviewed GPs. APNs and GPs treated each other with respect and
trusted one another (27). This is also evident in the kind of collegial communication in the reported study.
The shared philosophy of care, mutual trust and respect and effective communication are essential
prerequisites for the successful co-management of patients (24).
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The GPs interviewed report that APNs have eased their workload. This was in line with the expectations of
the GPs expressed before the intervention began (23). A large-scale British study found that the
autonomous working methods of highly qualified APNs reduce the workload for GPs, whereas less
qualified staff require additional effort in terms of delegation, monitoring and supervision. The main
motivation for GPs to employ APNs was to increase the availability of appointments (28).

With regard to the quantitative results, which show no effects various factors that may have influenced
this outcome must be mentioned. We adjusted in the regression model for the potential confounding
effect of the level of care. However, residual confounding cannot be ruled out.

Even taking into account the level of care required, it is questionable whether the variables age, gender,
number of chronic diseases and level of care are really sufficient to adequately represent the current
health status or the burden of disease caused by chronic diseases. There are indications that patients in
the IG had a higher health burden than patients in the CG or that the CG represents a ‘healthier’ patient
collective, which may affect the results.

Indications for this assessment is provided by

the higher care level classification in the IG

The statements made by general practitioners in the qualitative interviews. They stated that they refer
patients with particularly high care needs and a higher burden of disease to APNs for care.

the basis of the CG patients. These were drawn from a broader and thus more representative
collective. This means that the IG patient collective does not necessarily reflect the entire
multimorbid patient collective of a general practitioner's practice.

The different proportion of deceased persons in the IG and CG groups. Internal analyses have shown
that 10% of patients in the IG group died during the observation period, compared to 5% in the CG
population. This may also be an indicator that the CG is ‘healthier’ than the IG and that this is why no
differences between the two groups could be found.

The before-during comparison with patients included in the project and who completed it regularly also
shows no differences with regard to the primary and secondary endpoints. However, the number and level
of care levels increased significantly during the intervention period. As it is unlikely that the patient's
health status has changed to such an extent, the significant increase in the care level can be seen as an
indication of the successful counselling and support provided by the APNs.

Strengths and limitations
One strength of this study lies in its mixed method design. This allows the key questions to be examined
from multiple perspectives. Another strength of this study is that the number of patients required
according to the power calculation was not only duly achieved but exceeded. A key limitation of this study
is the non-randomised design. The selection and allocation of patients to the project was carried out by
the GPs, as specified in the study protocol. They recruited patients with particularly high and complex care
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needs as study participants. On the one hand, this approach reflects the GPs’ conviction of the quality of
care provided by the APNs, but on the other hand, it is likely to have caused considerable selection bias.
Data from health insurance companies was used for the control group. Routine data from health
insurance funds is primarily collected for billing and documentation purposes within the fund and not for
evaluation or healthcare research purposes (29). Data that is not relevant to revenue provides less
incentive for complete documentation. For example, the coding of diagnoses in the outpatient sector has
little influence on billing, so that a lower quality of documentation must be assumed here (30). A well-
known problem with the use of routine data from health insurance is the lack of information on patient-
centred and patient-reported outcomes such as quality of life, treatment satisfaction, diagnostic
measures and treatment outcomes. Another significant limitation associated with this is the limited ability
to map disease severity in routine data. The examination of a change in symptom burden or disease
severity is also an important parameter, which can currently only be examined to a very limited extent with
routine data (e. g. via ICD10 coding). Whether this is possible depends heavily on the quality of the
diagnosis coding (31).

One possible criticism is that the doctors interviewed may have a positive attitude towards the study,
which could have influenced the results of the interviews in a positive direction. A French cross-sectional
survey of 251 general practitioners shows mixed results regarding their assessment of the usefulness of
APNs as primary care providers for patients (32).

Implications of the findings in context of existing research
The qualitative data show a high level of acceptance of APN care for people with multimorbidity. In order
to investigate the effects on the primary and secondary endpoints defined in this study, the study should
be repeated using an RCT design that avoids selection bias. In addition, the quality of life of patients
should be tested using standardised valid and reliable instruments.

Conclusions
Although there are no differences in the primary and secondary endpoints (also for the reasons mentioned
above) compared to standard care, APNs can possibly help to compensate for gaps in care in rural areas.
They reduce the workload on GPs and their practices, thereby helping to counteract the shortage of GPs in
rural areas. Furthermore, they offer chronically ill patients the necessary support tailored to their needs in
many areas that are not covered by standard care. As in many other European countries (33), Germany
lacks recognition, regulation, professional development and structural positioning of APNs in the
healthcare system. Successful implementation of APNs in GP practices in Germany requires that these
issues be addressed.
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