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Preface
This PhD dissertation is based on an evaluation of the 24-h telephone access hospital outpatient
clinic that was implemented in 2015 in collaboration between the hospital, general practitioners
and the municipality in Silkeborg, Denmark. With this clinic, the collaborators aimed to improve
patient pathways for patients with chronic conditions by ensuring the correct treatment in the right
place at the right time. This dissertation aims to evaluate the effectiveness of the 24-h access clinic,
while aspects pertaining to the development and implementation of the clinic were not a part of the
PhD project.
Chapters 1 and 2 offer an introduction to this dissertation and a background description of chronic
conditions, a healthcare system for chronic care and, lastly, the 24-h access hospital outpatient clinic
as a model of integrated care. Chapter 3 presents the overall aim of the dissertation and the specific
objectives of the underlying studies. Chapter 4 describes methods and materials used in the studies.
Chapter 5 describes the main results of the included studies. Chapter 6 discusses the methods,
while Chapter 7 offers a discussion of the results. Chapter 8 provides the main conclusions, and
Chapter 9 raises perspectives for future research and practice.
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1. Introduction
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A rising prevalence of individuals suffering from chronic conditions is a global concern.(1-3) The
prevalence is projected to increase further in the next decades,(4) and this is a challenge for
healthcare systems due to a corresponding growth in the demand for healthcare services. Moreover,
patients with chronic conditions have complex patient pathways that require ongoing provision of
care from multiple providers within and between healthcare sectors.(5) It is well established that
patients with chronic conditions often experience a fragmented delivery of care, with a negative
impact on the quality of care, preventable admissions and costs.(6, 7)
The concept of integrated care may inform the delivery of care to meet the needs of patients with
chronic conditions.(8) In brief, integration of care can be described as patient-centred approaches to
the delivery of care within and between healthcare institutions.(9) Within the concept of integrated
care, the Chronic Care Model (CCM) is an evidence-based and widely used model that aims to
change chronic care from acute and reactive to proactive and population-based.(10-13)
In 2015, the hospital, general practitioners (GPs) and the municipality in Silkeborg, Denmark,
introduced a 24-h telephone access hospital outpatient clinic (24-h access clinic) as a model of
integrated care.(14). Specifically, the 24-h access clinic allowed patients with chronic conditions in
long-term hospital outpatient follow-up to access the hospital 24/7 in case of an exacerbation of
their chronic conditions. Studies have characterised 24-h access clinics as an important factor for
self-management of chronic conditions (15-19) and its consistency with the CCM.(17) The current
body of knowledge on 24-h access clinics relies solely on uncontrolled observational before-andafter studies. These have indicated that 24-h access may reduce acute healthcare utilisation (17, 18,
20, 21) and improve patient satisfaction.(17) However, controlled studies based on more robust
study designs are needed to ascertain the potential role of this model of integrated care in the
delivery of chronic care.
The primary aim of this dissertation was to examine the 24-h access clinic in Silkeborg, Denmark as
a model of integrated care for patients with five specific chronic conditions in hospital outpatient
follow-up. The secondary aim was to describe and compare Danish patients with these five specific
chronic conditions in hospital outpatient follow-up and in general practice follow-up. While the 24-h
access clinic was only available to patients in hospital outpatient follow-up, the secondary aim
included all Danish patients with these five chronic conditions in keeping with the population-based
approach in our research.
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2. Background
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2.1 A burden of chronic ill health
This PhD project was based on the delivery of healthcare to patients with the five chronic
conditions: atrial fibrillation and flutter (AF), congestive heart failure (CHF), chronic liver disease
(CLD), inflammatory bowel disease (IBS) and chronic obstructive pulmonary disease (COPD). The
World Health Organisation (WHO) defines chronic diseases as disease(s) "of long duration and
generally slow progression" and states that the main types of such diseases are cardiovascular
diseases, cancers, chronic respiratory diseases and diabetes.(22) Several definitions of chronic
conditions have been proposed over the years.(23) Common features include a non-self-limited
nature, persistent health problems and durations measured in months and years.(24) However,
there are differences regarding duration, the need for medical care, effect on function, departure
from well-being, contagiosity, risk factors and curability.(25) Definitions of chronic conditions have
employed an inconsistent use of the terms 'illness' and 'disease'. In brief, illness describes the ill
health that individuals identify themselves with, while disease reflects conditions diagnosed by a
healthcare professional.(26) In this dissertation, the term ‘condition’ will be used. This term extends
beyond a strict biomedical understanding of a condition by recognising the accompanying
subjective feeling of illness and the ability to self-manage, live and cope with the condition.(27, 28)
Adhering to this understanding of chronic ill health supports the relevance of exploring models of
chronic care that aid patients in their efforts to self-manage, live and cope with their condition.(29)
Aiding patients with their chronic condition may acknowledge that chronic conditions manifest
differently and that the presence of chronic ill health may not meaningfully be interpreted on a
binary scale of ill or not ill.(30) One patient may experience only minor symptoms, whereas others
have symptoms that require aggressive treatment and has a high risk of short-term mortality. While
both types of patients have chronic conditions, the implications of these conditions differ. Chronic
care may better meet patient needs by considering chronic conditions on a continuum based on
severity and complications.(31) This means that the delivery of care for these patients should
recognise that within-person severity is subject to short- and long-term remission, progression and
fluctuations.(32)
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Current estimates and future projections of the burden of chronic conditions suggest a need for
healthcare systems to meet the demands of these particular patients. Chronic conditions have
replaced contagious diseases as the leading cause of global morbidity and mortality.(33) Two-thirds
of Danes suffer from at least one chronic condition (2, 34), while a lower proportion (30%) has been
found for the European Union.(3) It is well established that patients with chronic conditions often
suffer from multimorbidity (two or more concurring chronic conditions in one patient), which
substantially increases with age (Figure 1).(5)
Figure 1. The relationship between age and number of chronic conditions.(5)

Reprinted from: Barnett k, Mercer SW, et al. Epidemiology of multimorbidity and implications for health
care, research, and medical education: a cross-sectional study. The Lancet, 2012;380(9836):37-43.

Population projections in Denmark and other Western countries suggest a growing proportion of
elderly, and this partly explains why the prevalence of chronic conditions in Denmark and
internationally is projected to rise.(4, 35, 36)
A significant and growing prevalence of chronic conditions has major implications for the demand
for healthcare services. Already today, Danish and international studies suggest that 60% to 86% of
total healthcare spending is attributable to patients with at least one chronic condition.(30, 37)
Studies have found that healthcare utilisation and costs are skewed towards a small group of
patients, often labelled 'high cost patients' or 'hot spotters'(3, 38, 39), while admissions constitute
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the most important driver of costs.(40, 41) However, high-cost patients consist of many subgroups
with different health needs. (41, 42) Thus, a detailed mapping and contextual understanding of
patients with chronic conditions is required for successfully designing and implementing new
models of chronic care.
Such mapping of patients with chronic conditions can be based on the Andersen behavioural model
of health services use for identifying factors that predict and explain healthcare utilisation.(43-45)
Basically, this model assumes that utilisation is a function of patients' predisposition to utilise
services and factors that promote or impede the need for care (Figure 2).
Figure 2. The Andersen behavioural model of health service use.(43)

Reprinted from: Andersen RM. Revisiting the behavioral model and access to medical care: does it matter?
Journal of health and social behavior. 1995:1-10.

The healthcare system and its organisation is included in the model as an important determinant of
the use of healthcare services.(45) Moreover, feedback loops show how outcomes later affect factors
in the population characteristics and, eventually, health behaviour. This emphasises the dynamic
and complex nature of health services use and visualises how changes in the delivery of care have
wide implications for patients. These are not restricted merely to the actual level of utilisation, but
can also affect patient's health status as well as the ability to self-manage and adapt to the social,
physical and emotional consequences of living with a chronic condition.(27, 28)
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2.2 Chronic care
If new models of healthcare delivery can affect health status and regulate healthcare utilisation of
patients with chronic conditions, this raises the question of how to design specific interventions and
system wide approaches to succeed. Historically, healthcare systems were designed to provide
episodic responses to a disease burden that was mainly characterised by contagious pathology and
acute occurrence.(28, 46) In contrast, the ongoing nature of chronicity requires that healthcare
systems, instead of episodic responses, deliver continuous care to each individual patient. This
includes contributions from multiple providers (5), and, hence, a need for coordination of these
contributions.
A lack of collaboration and coordination in chronic care is often described as fragmented care.
Fragmented care refers to a misalignment of incentives or a lack of coordination that leads to
inefficient allocation of resources or harm to patients.(7) Fragmentation may occur as a result of
increasing differentiation of roles and responsibilities due to specialisation and decentralisation in
healthcare delivery.(8, 47) Fragmentation of care has a negative impact on quality, preventable
admissions and costs.(6) In contrast, healthcare systems with continuity of care are characterised
by coherence of care over time, addressing patient needs and preferences.(48) Establishing
continuity of care is associated not only with lower mortality (49) and hospital utilisation (50) but
also with improved patient satisfaction,(51) health outcomes (52) and medication adherence.(53)
Conceptually, continuity of care benefits from the accumulated knowledge of the patient's history,
values, hopes and fears to improve care.(54) Dimensions of continuity of care include longitudinal
continuity (regular follow-ups over time), relational continuity (building personal relationships
with one or more healthcare professionals), flexible continuity (flexibility of services to meet
changing needs) and cross boundary continuity (coordination between healthcare professionals
within and between healthcare providers). Specifically, transition points between healthcare
providers are particularly prone to poor outcomes when patients' needs change.(55)
The GP has a pivotal role in ensuring the continuity of care in chronic care delivery.(56) As the
primary point of contact, the GP is expected to help patients navigate the system and act as a care
coordinator.(57) Care coordination integrates care from several providers and facilitates an
appropriate delivery of care. As patients consecutively or simultaneously consult multiple
healthcare providers, the GP ensures continuity and progress of care.
Studies from a patient perspective on critical features of a healthcare system for chronic care have
found that access, availability and flexibility are main priorities for patients (Table 1).(58, 59) These
aspects of care may be affected by a 24-h access clinic which conceptually offers flexible, round-the-
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clock access to specialist care. Studies have shown that proper access provides a sense of security,
especially when symptoms increase in severity. Nevertheless, patients in hospital outpatient followup report that they had no access to the hospital between scheduled appointments, and patients
also find it difficult to become admitted when exacerbations occurred. This makes the patients feel
unsafe and abandoned, but they gain comfort from knowing that they could be admitted to hospital
by using the emergency services.
Table 1. The expectations of patients with chronic conditions for healthcare delivery
Sav et al.(58)

Wodskou et al.(59)



Access



A flexible system with access



Continuity and coordinated care



Health professionals take responsibility for



Affordability



Quality of service delivery



Education and information



Legislative changes

initiative and follow-up


Proper communication with patients and
relatives



Coordination and professional cooperation

Patients experience good coordination when they are automatically sent or referred to a specific
healthcare service. In contrast, care is fragmented when patients or relatives have to contact
different authorities to ensure coordination, when mistakes happen during transitions and when
different healthcare professionals disagree about care plans. Relational continuity is a decisive
factor for continuity and coordination. Patients feel that care is disjointed when they have to tell
their story repeatedly. In contrast, relational continuity enhances the patients' sense of security and
the perceived quality of care. This makes the patients feel that the healthcare system is flexible and
that healthcare professionals take more responsibility and initiative. In summary, access, continuity
and flexibility rank as important factors to be considered in the design of new models of chronic
care.
Integrated care
Designing and implementing new models of chronic care to avoid fragmentation and meet patient
demands has consistently been termed 'integrated care'. Indeed, integrated care has been suggested
to be the cornerstone for improving chronic care delivery and reducing unnecessary healthcare
utilisation. Integrated care can work, but is by no means a 'magic bullet', 'panacea' or a 'pill for all
ills'.(8, 9) Current evidence on the effectiveness of integrated care suggest mixed results in reducing
hospital costs and healthcare utilisation,(60, 61) while more promising results have been obtained
for the perceived quality of care, access to care and patient satisfaction.(62)
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However, integrated care is an elastic concept,(63) and basing conclusions on the evidence
regarding integrated care as a singular concept may not be meaningful. First, several definitions
have been proposed over the years.(64) A synthesis of these suggests that integrated care basically
concerns patient-centred improvements in the delivery of care within and between providers.(9)
Health services are integrated when care is coordinated and tailored to the needs of the user.
Typical models of integrated care include case management, discharge management,
multidisciplinary teams, self-management or different combinations of these in complex
interventions.(60)
The diversity of integrated care is underpinned by the Rainbow Model of Integrated Care (RMIC) as
a framework to understand the domains of models of integrated care (Figure 3).(48, 65) Essentially,
this model considers four types of integrations (clinical integration, professional integration,
organisational integration and system integration). The Triple Aim outcomes are a part of the RMIC.
The Triple Aim outcomes state that new models of care should pursue improvements in the
experience of care, the population health as well as the cost and utilisation per capita.(66)

Figure 3. The Rainbow Model of Integrated Care(65)

Reprinted from: Valentijn PP. Rainbow of Chaos: A study into the Theory and Practice of Integrated Primary Care. 2015. Doctoral
Thesis Tilburg University, the Netherlands, ISBN: 978-94-91602-40-5. International Journal of Integrated Care, 16(2)
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Based on the RMIC, the provision of a 24-h access clinic may be described as a functional clinical
integration designed to improve the delivery of care to single patients. Rather than integrating
services across providers, this intervention seeks to improve the continuity of care given by the
usual provider of specialised care by allowing for round-the-clock access. It is functional because the
intervention relies upon the telephone access component as a 'hard' enabler rather than cultural
aspects as enablers for integration.(67)
Another important aspect in the design of the 24-h access clinic, or any other model of integrated
care, includes characterising the model as a horizontal or vertical integration. Slightly different
interpretations have been reported,(68) but horizontal integration of care can be considered to play
out at the same stage of the care chain, while vertical integration takes place at different stages of
the care chain.(9) Indeed, a 24-h access clinic may enable both horizontal and vertical integration.
Horizontal integration may be improved if the 24-h access clinic leads to the coordination of more
appropriate acute patient pathways than usual care based on specialised knowledge about the
condition and the patient. Additionally, when both routine and acute care are delivered by the same
provider, this may enable improved vertical integration due to enhanced cross-boundary continuity
of care within scheduled and acute care.
The 24-h access clinic may also be characterised as a virtual integration. This means that the
integration occurs by means of agreements, incentives or information systems rather than mergers
and acquisitions.(68) This is not an uncommon trait of integrations in a Danish context because in
Denmark integrations are commonly based on agreements rather than actual organisational
mergers between healthcare providers and sectors.(69)
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A Danish healthcare system for chronic care
The 24-h access clinic has now been implemented in Denmark. The Danish healthcare system is a
public single-payer system characterised by free access for all Danish residents.(70) The
administration is divided into three levels. The state is responsible for overall regulation, patient
safety authorisation and patients' rights. Five regions run hospitals and reimburse primary care
providers (e.g. GPs, practicing medical specialists and practicing physiotherapists). A total of 98
municipalities are, among other things, responsible for elderly care, home nurses delivering acute
and planned care, rehabilitation outside hospitals and preventive services. As a rule, the GP acts as a
gate-keeper to hospitals, other specialised healthcare services and some municipal services.(71)
The gate-keeping principle ensures that care is delivered at the lowest effective level in the
healthcare system.
Chronic care in Denmark is based on risk stratification.(72) This implies that the level of care is
based on a condition’s severity and/or complications. Most of the total population (65% to 80%) do
not have serious conditions. These patients manage their conditions by themselves or with a
minimum of self-management support from general practice or the community services. Patients
with moderately severe conditions (20% to 30%) have more complicated conditions and comorbidity. Patients at this level are supported by their GPs (care manager), who involve specialists
in the care if deemed advisable. In patients with advanced disease (1% to 3%), care is most often
delivered by medical specialists (case manager). Despite the intention to deliver chronic care
according to the principle of risk stratification, knowledge about the actual division of care is sparse
and currently only pertains to type 2 diabetes.(73, 74) Thus, for a majority of chronic conditions, the
division of care between GPs and specialists remains unknown, including the implications of this
division for the quality of chronic care delivery.
Irrespective of place of follow-up, Danish patients with chronic conditions who experience an
exacerbation are, as a rule, triaged by their GP during the daytime and at other times a GP
cooperative providing out-of-hours primary care.(75) Patients who are referred to acute hospital
care due to exacerbations will as a rule receive initial care at a joint emergency department (ED),
while subsequent care takes place in a specialised bed ward.(76)
In general, fragmentation of care has been described as a problem for the provision of chronic care
in Denmark. While the Danish healthcare system is considered to perform well and patient
satisfaction is high, studies, and the WHO, have reported that fragmentation of care may affect
patient pathways that cross the primary and secondary sectors. (70, 77-79) The WHO has
highlighted a lack of mutual understanding between the primary and secondary sectors, poor
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communication systems and the self-employed structure of the GP sector as particular challenges.
Danish healthcare professionals have reported that the greatest barriers for integrated care were
cross-sectoral communication during the diagnostic phase, between regular outpatient visits and
after hospital discharge.(79)
Several initiatives have been implemented to strengthen the integration of care in Denmark since
the Danish National Board of Health in 2005 published recommendations for chronic care
delivery.(12, 77) Among other initiatives, this has led to appointing hospital pathway coordinators
and establishing pathway guidelines for, e.g., cancer, diabetes and heart disease, and payment to GPs
for coordinating care.(70) Following a major structural reform in 2007 that centralised specialist
services, decentralised healthcare agreements between each of the five Danish regions and the
corresponding municipalities were introduced.(69) Every fourth year, each region and the
corresponding municipalities negotiate an agreement about the collaboration in six mandatory
areas (hospitalisation and discharge, rehabilitation, devices and aids, prevention and health
promotion, mental health and follow-up on adverse events). The healthcare agreements are
considered an improvement of the formalised collaboration, although it is a weakness that GPs are
not formally a part of the agreements.(78) As a supplement to the healthcare agreements, disease
management programmes (DMPs) describe the roles and responsibilities of the involved healthcare
providers in the management of specific chronic conditions.(70) All Danish regions have
implemented DMPs for COPD, type 2 diabetes, cardiovascular diseases and lower back pain.(80) For
COPD, this includes guidance on risk stratification based on the global initiative for chronic
obstructive lung disease criteria,(81) while objective criteria for risk stratification seem less
developed and implemented for other chronic conditions.
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2.3 24-h telephone access clinics
A 24-h access clinic has been described as a specific method for integrated chronic care compatible
with the CCM and an enabler for self-management.(15-19) Conceptually, a 24-h telephone access
clinic allows patients with certain chronic conditions round-the-clock telephone access to
specialised care if exacerbations occur. Only a few studies have investigated the effectiveness of 24h access clinics. These have found that this model of care is associated with fewer all-cause
admissions,(17, 20, 21) shorter total length of stay,(17, 20, 21) reductions in emergency calls (18)
and improved patient satisfaction.(17) However, methodological limitations apply to these findings.
In two of three studies, the 24-h access component was just one of several other intervention
components. This means that any isolated effectiveness due to the 24-h access component is
unknown. Furthermore, all studies were based on uncontrolled observational study designs, which
are not considered robust study designs for assessing intervention effectiveness.(82) Thus,
controlled studies are needed to improve the robustness of evidence.
A 24-h access clinic is considered compatible with the CCM,(17) which is a widely applied and
studied model within the concept of integrated care.(10) Evidence suggests that interventions that
include multiple components of the CCM are associated with improved quality of care and health
outcomes, while the evidence for cost reductions is mixed.(11, 13, 83) The overall aim of the CCM is
to transform episodic, acute and reactive care to proactive, planned and population-based care.(13)
Population-based care implies that the delivery of chronic care is not focused on a few high-cost
patients if this occurs at the expense of a population-based approach.(84) The CCM is designed to
transform care through six areas (organisation of healthcare, community resources, selfmanagement support, delivery system design, decision support and clinical information systems) to
reach the level of chronic care delivery envisioned by the CCM. A 24-h access clinic has been
described as compatible with four of the components (17):
Self-management: Despite mixed evidence for its effectiveness in reducing unplanned hospital
care,(60) self-management is considered a core component in chronic care management (16) Selfmanagement has been defined as "the actions individuals take to lead a healthy lifestyle; to meet their
social, emotional and psychological needs; to care for their long-term condition; and to prevent further
illness or accidents”.(16) Easy and flexible access, as delivered by 24-h access clinics, is considered
an essential component to support patients in the self-management of their chronic conditions.(1517, 19) In contrast, patients may be unwilling to receive more responsibility for care and feel
abandoned by the healthcare system if they experience insufficient access.
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Decision support: Access to specialist advice for patients and healthcare staff is an important aspect
of decision support.(84, 85) This may allow clinicians to discuss the implications of the available
evidence with the patients and invite them to actively participate in choice of care.(10) Direct access
to specialist-based inpatient care for patients with chronic conditions is associated with improved
treatment quality and reduced length of stay.(86-91)
Clinical information system: A 24-h access clinic allows the healthcare professionals to access the
complete electronic patient record of the patient, while GPs or the out-of-hours services have
limited or no access to the medical history of the index chronic condition.
Delivery system design: A 24-h access clinic may entail a more proactive delivery of care when
continuity of care between routine and acute care is enhanced and patients are supported in selfmanaging their conditions. However, this component also presupposes that chronic care should be
population-based, which is a fundamental aim of the CCM. This implies that the delivery of care
should target an entire population of patients and not just subgroups characterised by advanced
condition severity.(84) Based on the existing literature, a 24-h access clinic seems incompatible
with this aspect. All reported models are specifically described as available for subgroups of patients
characterised by advanced condition severity.(17, 18, 20)
The 24-h access clinic in Silkeborg
In 2015, the 24-h access clinic in Silkeborg was developed and implemented in a collaboration
between the Silkeborg Regional Hospital, the Silkeborg Municipality and the local GPs.(14) The
steering committee included leaders, administrative staff and healthcare professionals from all
sectors. The formal leadership of the project was shared between directors of the DC and Silkeborg
Municipality. No additional funds were allocated or transferred between providers to run the 24-h
access clinic.
Implementation was characterised by a decentralised approach. While the steering committee
outlined the overall principles of the project, local managers of each specialty and healthcare
professionals were responsible for translating these principles into clinical practice. When the 24-h
access clinic was started, healthcare professionals and the supportive administrative staff met
weekly to adjust minor aspects of the delivery based on the experiences of the staff. The weekly
meetings continued until the local group decided to discontinue them.
The 24-h access clinic can be characterised as a complex intervention because it was an
organisational intervention that contains multiple interacting components, it involved several
patient categories and included local tailoring.(92) Among others, the Medical Research Council
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(MRC) has developed guidelines for the development, implementation and evaluation of complex
interventions. However, no available evidence suggests that the development and evaluation of the
24-h access clinic deliberately followed the MRC guidelines or other guidelines for complex
interventions.
After implementation, enrolled patients had round-the-clock telephone access to the hospital
outpatient clinic if they experienced an exacerbation of their chronic diseases (Figure 4).
Figure 4. Intervention flow for the 24-h telephone access outpatient clinic.(21)

Adapted from: Moller AD, Christiansen DH, Bell C, Fredberg U, Vedsted P. 24-Hour Access Outpatient Clinic for Patients with
Exacerbation of Chronic Disease: a Before-After Cohort Study of Differences in Acute Healthcare Utilisation. BMC health services
research. 2018;18(1):663-018-3475-1. Abbreviations: GP; general practitioner.

A relative, the GP or municipality care staff could call on behalf of the patient. Calls were handled by
a nurse from the specialised ward (e.g. a patient with AF called the cardiac ward). The nurse was
assisted by a decision support system, and a physician was available for consultation. The
coordinating nurse arranged the further course of action in collaboration with the caller, aiming to
find a less intrusive solution than acute admission. This could include help with self-management of
the exacerbation. Although it was not a specific component of the intervention, certain patients may
have action plans for self-management and medications available at home. The nurse could also call
the nurse-led municipal acute team for assistance with the diagnosis and treatment of the condition
in the patient's own home. Among other things, the municipal acute team has the ability to measure
blood pressure, heart rate, temperature and oxygen saturation and to take blood samples.(93) If the
situation warranted acute hospital care, the patient was received as an outpatient at the specialised
ward. As a rule of thumb, patients were hospitalised in the specialised ward if they were unable to
return to home within the same day. The Silkeborg Regional Hospital was able to provide any acute
treatment of exacerbations unless this required surgical procedures. The GP received a discharge
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summary if the patient was physically present in the 24-h access clinic but as a rule not after
telephone contacts.
Any contact to the 24-h access clinic was documented in the electronic patient record system
according to the national rules and regulations.
The 24-h access clinic was available for patients with AF, CHF, IBD, CLD and COPD. Selection of the
specific diagnoses that qualified for inclusion was decided by specialist physicians and nurses based
on an expert judgement of the value of a 24-h access clinic for certain diagnoses combined with the
availability of specialties at Silkeborg Regional Hospital. However, no available evidence has
reported the exact processes or rationales for choosing certain diagnoses for inclusion. Being
diagnosed with any of these conditions is associated with a risk for acute admission due to an
exacerbation (94-98) and contacts to the out-of-hours services.(99-101) In addition, exacerbations
of COPD, AF and CHF are among the most frequent reasons for acute ED admissions.(102)
When the 24-h access clinic was being set up, all patients in long-term hospital outpatient follow-up
with one of the abovementioned conditions were contacted by physical mail (Appendix 1) and
informed about their opportunity to use the 24-h access clinic. The patients could call for further
information, but no formalised educational programme was provided. After implementation,
patients were granted access to the 24-h access clinic when physicians in a relevant outpatient clinic
determined that a patient with a qualifying diagnosis was to receive long-term hospital outpatient
follow-up care. No specific thresholds were set for the duration of this access, and the decision was
solely based on a specialist decision. All patients were enrolled in the 24-h access clinic for as long
as the patient remained in a course of treatment at Silkeborg Regional Hospital. This means that
patients who were transferred to GP follow-up care no longer had access to the 24-h access clinic.
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3. Study aims
The primary aim of this dissertation was to examine the 24-h access hospital outpatient clinic as a
model of integrated care for patients with five chronic conditions in hospital outpatient follow-up.
The secondary aim was to describe and compare patients with specific chronic conditions in
hospital outpatient follow-up and general practice follow-up. Distinguishing between patients in
general practice and hospital outpatient follow-up made it possible to maintain a population-based
perspective for findings pertaining to the first aim.
The overall aims of this dissertation were addressed by conducting three studies with the following
specific aims.
Study 1
Describe and compare patient characteristics and healthcare utilisation in Danish patients with
chronic conditions in general practice follow-up and hospital outpatient follow-up.
Study 2
To describe a controlled cohort study that aims to evaluate the effectiveness of a 24-h access
outpatient clinic implemented at Silkeborg Regional Hospital
Study 3
Evaluate the effectiveness of a 24-h telephone access outpatient clinic compared to usual outpatient
care in terms of healthcare utilisation and mortality in patients with chronic conditions.
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4. Methods
Initially, an overview of the three studies of this PhD project is provided in Table 2.
The Danish health and social registries are described, followed by descriptions of the five chronic
conditions that qualified for inclusion in the 24-h telephone access hospital outpatient clinic. Finally,
specific details about methods applied in study 1 and study 3 are reported. Study 2 was a protocol
paper for study 3, thus the contents of both are combined.
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Table 2. Overview of the three studies included in the PhD project
Topic

Study 1

Study 2

Study 3

Characteristics and

Report details of methods

Evaluate effectiveness of a

healthcare utilisation of

used in study 3

24-h access clinic

patients with five chronic
conditions
Design

Cohort study

Protocol paper

Controlled cohort study

Population

Patients (n= 250,402) with

N/A

Patients (n= 4,870) with

AF, CHF, CLD, IBD and COPD
Data sources

Danish health and

AF, CHF, CLD, IBD and COPD
N/A

social registries

Danish health and
social registries

Abbreviations: AF; atrial fibrillation and flutter, CHF; congestive heart failure, CLD; chronic liver disease, IBD;
inflammatory bowel disease, COPD; chronic obstructive pulmonary disease.

4.1 Danish registries
The Danish health and social registries were the main sources of data for all studies. The Danish
registries cover information about all persons living in Denmark from birth to death.(103) Details of
all utilised registries are described in the following paragraphs.
Statistics Denmark
The Danish civil registration system (CRS)
The CRS was introduced in 1968 and contains information about age, gender, vital status,
immigration, emigration and residence of all persons living in Denmark.(104) The CRS is an
electronical replacement for the manual Danish public registries that had existed since 1924.
The personal identification number (CPR) was introduced together with the CRS registry. The CPR is
the personal identifier that allows for data linkage between all Danish registries.(104) All persons
living in Denmark have a unique CPR number. The 10-digit CPR consists of date of birth (six digits),
a serial number (three digits) and finally one control digit which also indicates gender of the person.
The CPR number makes it possible to know the date of all major life events of people living in
Denmark and to identify their encounters with the public sector.
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Family type
This registry contains information about the household status of all Danish residents.(105)
Information in this registry is based on information from the CRS about individuals living at a
particular address and any registered relationships.
Personal income
This registry contains information about personal income in a calendar year.(106) Income is
calculated as the sum of all incomes (except any rental value of own accommodation) before
deducting labour market and pension contributions.
Socioeconomic classification (version 13)
This registry contains information about the occupational status of Danish residents.(107) Data in
this registry are based on information about the source of any income.
Highest obtained educational level
This registry contains information about the highest obtained educational level based on the
International Standard Classification of Education 1997 (ISCED97). (108, 109)
Citizens living in nursing homes
This registry has existed since 2014 and contains information about individuals moving to and from
nursing homes.(110, 111)
Municipal home nurse registry
The home nurse registry contains information about municipal home nurse contacts.(112)
A contact constitutes a visit in the patient's own home performed by a municipal nurse. The registry
contains information about the date of the contact, the recipient and if the contact was acute or
scheduled.
Danish National Patient Register (DNPR)
The DNPR was established in 1977 with an initial aim to retrieve information about inpatient
somatic hospital contacts.(113) Comprehensiveness has been expanded since then, and in 1995,
hospital outpatient contacts were included. Now, the DNPR includes information about
administrative aspects, diagnoses, examinations and treatments for all patient contacts with public
and private hospitals.(114)
Data in the DNPR are based on routinely collected information from electronic patient record
systems. Since 2002, the DNPR has been used for reimbursing and measuring activity in hospitals.
Activity has been estimated by the diagnosis related grouping system tariffs for inpatient activity
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and the Danish ambulatory grouping system tariffs for outpatient activity.(115) While this may
promote the completeness of the registry, it also introduces a risk of bias since changes in data may
occur due to new or changed legislation or incentives.
The Danish National Health Services Register (DNHSR)
The DNHSR has existed since 1990 and includes information about all patient contacts with GPs and
other private primary care providers, e.g. physiotherapists and practicing medical specialists.(116)
Data in this registry are based on invoices for reimbursement of the primary care provider. The data
contains administrative information such as date and time of a contact as well as information about
certain procedures. However, the reason for the encounter is not collected. For GPs, the registry
covers daytime activities and out-of-hours services in all Danish regions. The exception is the
Capital Denmark of Region, where the out-of-hours services are not based on a GP-led model of care.
As reimbursement of the primary care providers is dependent upon the invoice, the completeness of
the registry is considered high. Andersen et al. warned that usage of the registry required careful
understanding of the contractual agreements between the Danish Regions and the specific primary
care provider.(116)

4.2 Included chronic conditions
All studies were based on patients with the five chronic conditions that qualified for inclusion in the
24-h telephone access hospital outpatient clinic. The selection of these particular conditions as
qualifying for inclusion was based on expert judgement. Details about each condition are described
in Table 3.
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Table 3. Descriptions of the five chronic conditions upon which all study populations are based on
ICD-10

Danish

Characteristics

Healthcare utilisation

Follow-up care

prevalence
Atrial
fibrillation

I48

4,8% (2)

Abnormal heart
rhythm (117)

AF is the seventh most
common chronic
condition in general
practice; accounting for
3.2% of all chronic
condition contacts.(100)
6.8% of all Danish
hospital admissions are
associated with AF (94)

Takes place in general
practice or with additional
short- or long-term care in a
hospital outpatient clinic.
Nurse-led hospital outpatient
care in the first year after
diagnosis has shown superior
to standard hospital
outpatient care (118)

Congestive
heart
failure

I11.0, I13.0
I13.2 I42.0
I42.6-I42.9,
I50.0, I50.1,
I50.9

0.8% (2)

Defects in the
myocardium that
reduce the ability
of the heart to fill
and eject blood
(119)

In a Spanish cohort,
53.4% had at least one
all-cause ED visit per
year (95)

Primarily based on general
practice follow-up, while the
hospital outpatient clinic may
contribute in more severe
cases.(120) Hospital
outpatient care may be based
on nurse-led clinics (121)

Chronic
liver
disease

K658I,
K702K704,
K711,
K717, K72K74, K754,
K761,DK76
6-K767, I85

0.6% (2)

A replacement of
the liver tissue
with fibrous tissue,
which reshapes
the liver and
restricts blood
flow (122)

The one-year admission
rate for patients with
alcoholic liver disease is
1.19 (96)

Takes place in general
practice or with additional
short- or long-term care from
a hospital outpatient clinic.
Integrated management
between general practice and
the hospital has shown to
improve patient outcomes
(123, 124)

Inflam
matory
bowel
disease

K50-K51

1.1% (2)

A chronic
inflammation of
the gastrointestinal tract
(125)

A Swedish study found
that 11.5% of all IBD
patients had at least one
IBD-related admission
per year. while 18.3%
had at least one allcause admission (97)

Patients are managed in
general practice or with
additional short- or long-term
hospital outpatient care.
Bennett et al. reported that
GPs felt discomfort in
managing IBD due to a lack of
clinical guidelines and
specialist support (126)
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Chronic
obstructive
pulmonary
disease

J44.0, J44.1,
J44.9

4.75% (2)

Persistent airway
flow limitations
that are usually
progressive (127)

COPD is the fifth most
common chronic
condition in general
practice in DK;
accounting for 4.3% of
all chronic condition
contacts (100)

The majority of Danish COPD
patients are managed in
general practice. The division
of care between general
practice and the hospital
outpatient clinic is guided by
risk stratification (128, 129)

A Norwegian study
estimated a yearly
average of 1.0
exacerbation in a
hospital cohort and 0.4
exacerbations in a
community cohort (98)
Abbreviations: ICD-10; International Classification of Disease, 10th revision, ED; emergency department. DK; Denmark.

4.3 Ethics
According to Danish law, registry-based research does not require approval by committees on
biomedical research ethics or informed consent. We obtained confirmation from the Central
Denmark Region Committees on Health that this applied to study 1 and study 3 (REF: 1-10-72-14819) (Appendix 2). All studies were based on the same approval from the Danish Data Protection
Agency (REF: 2009-41-3471).
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4.4 Methods - Study 1
This study described and compared characteristics and healthcare utilisation in Danish patients
with five chronic conditions in general practice follow-up and patients with additional long-term
hospital outpatient follow-up.
Study design and setting
The study was a nationwide registry-based cohort study conducted in Denmark.
Study population
The index date was the 1st January 2016. The cohort consisted of all Danish residents who on this
date were alive and registered within 10 years prior to the index date in the DNPR with an ICD-10
diagnosis of IBD, CLD, COPD, CHF or AF.
We differentiated between patients with regular follow-up appointments only in general practice
and patients with follow-up appointments in both general practice and a hospital outpatient clinic.
For the sake of brevity, we shall refer to patients in general practice follow-up and patients in
hospital outpatient follow-up. Patients not on an ongoing hospital outpatient follow-up pathway on
the index date and patients on a hospital outpatient follow-up pathway that had lasted less than 6
months on the index date were considered to be in general practice follow-up. Examples of such
patient pathways are displayed in Figure 5 A. Patients were considered to be in hospital outpatient
follow-up if this had lasted for a minimum of 6 months on the index date. An example of a qualifying
patient pathway for this is shown in Figure 5 B.
Figure 5. Differentiating between patients primarily in general practice follow-up (A) and patients with
additional long-term hospital outpatient follow-up.(B)

Abbreviations: Yr.; year, Mos.; months.
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Follow-up time
Follow-up time in this study was 12 months after the index date, which was 1 January 2016.
Information about outcomes was obtained from Danish health and social registries.
Outcomes
To investigate healthcare utilisation in a cross-sectoral perspective, outcomes comprised healthcare
utilisation in hospitals, general practice and municipal home nursing (Table 4).

Table 4. Outcomes in study 1
Sector (registry)

Outcome

Data retrieval

Hospital

Acute admissions – All-cause

Appendix 3.a

(DNPR)(113)

Acute admissions – Exacerbations
Acute admissions – Others
LOS – All-cause
LOS – Exacerbations
LOS – Others
Outpatient visits – All-cause

Appendix 3.b

Outpatient visits – Disease related
Outpatient visits – Others
General practice

Daytime – Surgery consultations

(DNHSR)(116)

Daytime – Home visits

Appendix 3.c

Daytime – Telephone contacts
Daytime – Email contacts
Daytime – Total
Out-of-hours – Telephone contact
Out-of-hours – Home visits
Out-of-hours – Clinical consultations
Out-of-hours – Total
Municipality

Home nursing – Scheduled

(Statistics Denmark)(111, 112)

Home nursing - Acute

Appendix 3.d

Abbreviations: DNPR; Danish National Patient Register, DNHSR; Danish National Health Services Register, LOS; length of
stay.
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Descriptive variables
To assure that this study had an exploratory approach, we included multiple variables to describe
personal, socio-economic and disease characteristics (Table 5). We reported household status due
to its association with health outcomes and mortality (130) and as a relevant stratification for
models of integrated care.(131) Individual gross income was included as an indicator of the
socioeconomic status of the patient. Household income is commonly used, but its validity depends
on household status and assumes an even distribution of income within the household, which may
not always be the case.(132) Educational level is a commonly used indicator of socioeconomic
status, and it is considered a strength that it is independent of age and current working
situation.(132) The Charlson co-morbidity index (CCI) was included to measure the burden of
disease.(133) The calculation was based on all primary and secondary hospital diagnoses 10 years
prior to index date. We deleted all diagnoses that pertained to the qualifying disease category (e.g.
IBD patients had all ICD-10 "K50*" and "K51*" diagnoses removed).

Table 5. Descriptive variables in study 1
Variable

Variable type

Registry

Data retrieval

Gender

Dichotomous (male, female)

CRS (104)

Appendix 4.a

Age

Continuous

CRS (104)

Appendix 4.a

Nursing home resident

Dichotomous (yes, no)

Citizens living in nursing

Appendix 4.b

home (110, 111)
Household status

Categorical (single, married, cohabiting)

Family type (105)

Appendix 4.c

Gross income 2015

Continuous

Personal income (106)

Appendix 4.d

Occupational status

Categorical (working, unemployed, early

Socioeconomic

Appendix 4.e

retiree, retired, others)

classification (v.13) (107)

Categorical (primary education, secondary

AFSP4E (108, 109)

Appendix 4.f

DNPR (116)

Appendix 4.g

Educational level

education or vocational training, higher
education)
CCI

Count

Abbreviations: CRS; Civil Registration System, Stat-DK; Statistics Denmark, CCI; Charlson co-morbidity index, DNPR;
Danish National Patient Register.
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Statistical analysis
Descriptive data on categorical and dichotomous outcomes were reported by proportions.
Depending upon the distribution of data, continuous and count data were reported by mean and
standard deviation (SD) or median and interquartile range (IQR).
Healthcare utilisation outcomes were reported as incidence rates (IRs) (counts per person per
year). For calculating rates of outcomes that could not occur when a patients was hospitalised (e.g. a
new admission or a GP contact), we subtracted any days spent in hospital in the follow-up period
from the total time at risk.(134) A patient in hospital follow-up was censored if this ended during
the study, while a patient in general practice follow-up was censored if transferred to hospital
outpatient follow-up.
A negative binomial regression model was fitted to assess differences in outcomes between patients
in general practice and hospital follow-up. We estimated adjusted incidence rate ratios (IRRs) with
corresponding CIs based on robust standard errors. Adjusted models included gender, age,
educational level and CCI. The inclusion of each was based on known associations between patient
characteristics and healthcare utilisation for these chronic conditions.(3, 95, 98, 135-137) The
variables age and CCI were included as categorical variables if they did not display a linear
relationship with the outcome in the original scale.(Appendix 4.h)Data were analysed with STATA
15 (StataCorp LP, College Station, TX, USA).
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4.5 Methods – Study 3
This study evaluated the effectiveness of a 24-h telephone access hospital outpatient clinic
compared to usual outpatient care in terms of healthcare utilisation and mortality in patients with
chronic conditions
Study design and setting
This study was designed as a registry-based controlled cohort study.
The study took place in Central Denmark Region. (1.3 m citizens)(138) The 24-h access clinic was
implemented at Diagnostic Center – University Research Clinic for Innovative Patient Pathways (DC)
at Silkeborg Regional hospital in Silkeborg municipality. The DC is a combined medical and
radiology department. The inpatient wards have a total of 34 beds with acute intake of GP referred
patients from 08.00 a.m. to 05.00 p.m. on weekdays.(139) The inpatient wards offer both initial
acute care and prolonged inpatient care. Acute patients are primarily referred from Silkeborg
municipality (approx. 90,000 citizens) (138). Children and patients with myocardial infarction,
stroke and trauma emergencies are not referred to the DC. An intensive care unit is available at
Silkeborg Regional Hospital.
Study population
The study population was identified in the DNPR. Patients were eligible for inclusion if they had
been in hospital outpatient follow-up on the index date for at least 6 months with a primary
diagnosis of: AF (ICD-10: I48*), CHF (ICD-10: I110, I130, I132, I420, I426, I427, I428*, I429, I500*,
I501*, I509), IBD (ICD-10: K50*, K51*), CLD (ICD-10: K658I, K702*, K703*, K704*, K711*, K717*,
K72*, K73*, K74*, K754*, K761*, DK766*, K767, I85*) or COPD (ICD-10: J44, J440, J441, J449).
The 24-h access patients were identified at Silkeborg Regional Hospital, while usual care patients
were identified at the five Regional Hospitals in Viborg, Herning, Holstebro, Randers and Horsens.
Patients receiving usual outpatient care were treated at the five comparison hospitals as directed by
regional policies. If usual care patients experienced symptoms of exacerbation, they had to call their
GP during weekdays between 08.00 a.m. and 04.00 p.m. and the GP out-of-hours services at all other
times. If acute hospital care was needed, this initially took place in an ED, with possible subsequent
transfer to a specialised ward. Some cardiac patients were received immediately at specialised
cardiac wards.
Exclusion criteria were young age (IBD < 17, CLD < 18, COPD < 35, CHF < 30 and AF < 20) (140144), death within six months after the index date, to exclude patients receiving palliative
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care,(145) and residence in another municipality than the affiliated hospital, to restrict variation in
acute health-seeking behaviour due to differences in the distance to the nearest hospital.(146)
Index dates and follow-up
Index dates and last dates of follow-up are shown in Table 6. Index dates were guided by the dates
on which the 24-h access clinic was started for each condition. Follow-up time was 18 months or
until censoring due to death or moving, whichever came first.

Table 6. Index dates and last dates of 18 months of follow-up
Diagnosis

Index date

End of follow-up

COPD

17.08.2015

17.02.2017

IBD and CLD

26.10.2015

26.04.2017

AF and CHF

02.11.2015

02.05.2017

Abbreviations: IBD; inflammatory bowel disease, CLD; chronic liver disease, COPD, chronic obstructive pulmonary
disease, CHF; congestive heart failure; AF, atrial fibrillation.

Outcomes
Outcomes in study 3 included healthcare utilisation in hospitals, general practice and the
municipality (Table 7) to assess effectiveness in a cross-sectoral perspective. Finally, all-cause
mortality at 18 months was analysed. With this combination of outcomes, two-thirds of the Triple
Aim framework described in the introduction were utilised to assess effectiveness by investigating

mortality as a measure of population health and healthcare utilisation as a measure of per
capita cost.(66)
Table 7. Outcomes in study 3
Sector (registry)

Outcome

Data retrieval

Hospital (DNPR)(113)

Acute admissions – Exacerbations

Appendix 3.a

Acute admissions – All-cause
Length of stay – Exacerbations
Length of stay - All-cause
Intensive care assistances
Outpatient visits – Disease related

Appendix 3.b

Outpatient visits – All-cause
General practice (DNHSR)(116)

Daytime contacts

Appendix 3.c

Out-of-hours contacts
Municipality (Statistics Denmark)(111, 112)

Home nursing – Scheduled

Appendix 3.d

Home nursing - Acute
Abbreviations: DNPR; Danish National Patient Register, DNHSR; Danish National Health Services Register.
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Descriptive variables
Descriptive variables are shown in Table 8 to describe important personal, socioeconomic and
disease characteristics.(40, 132, 147) The baseline status of the outcome was a count of the outcome
one year prior to index date. Calculation of CCI was based on all primary and secondary hospital
diagnoses 10 years prior to index date. We deleted all diagnoses that pertained to the qualifying
disease category (e.g. AF patients had all ICD-10 "I48*" diagnoses removed).

Table 8. Descriptive variables for adjusted models in study 3
Variable

Variable type

Registry

Data retrieval

Gender

Categorical (male and female)

CRS (148)

Appendix 4.a

Age

Continuous

CRS (149)

Appendix 4.a

Educational level

Categorical (primary education, secondary

AFSP4E (109)

Appendix 4.f

education or vocational training, higher
education)
CCI

Count

DNPR (113, 133)

Appendix 4.g

Baseline status of outcome

Count

DNPR (113)

N/A

Abbreviations: CCI; Charlson co-morbidity index , DNPR; Danish National Patient Register

Statistical analysis
Patient characteristics were reported by percentages for categorical data. For continuous and count
data, we reported the median and IQR or mean and SD. Crude IRs (counts per person per year) of
baseline healthcare utilisation were reported.
Analyses of healthcare utilisation were conducted separately for each of the five conditions and
combined. Analyses of healthcare utilisation were based on intention to treat, which implied that 18
months of follow-up was included unless censored due to death or leaving the municipality during
this period. To calculate rates of outcomes that could not occur when a patients was hospitalised
(e.g. a new admission or a GP contact), we subtracted any days hospitalised from the total time at
risk.(134)
No formal sample size calculation was carried out. We used all eligible patients; thus, the study was
a population-based study. Based on a preliminary study, we expected that the 24-h access groups
would include approx. 130 CHF patients, 154 COPD patients, 437 IBD patients and 45 CLD
patients.(21) Each comparison hospital was expected to provide similar numbers of patients
receiving usual care.
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Differences in healthcare utilisation between groups were estimated using a negative binomial
regression model. We report IRRs with CIs based on robust standard errors. The models included
gender, age, CCI, highest obtained educational level and baseline status of the outcome. The
inclusion of each was based on known associations between patient characteristics and healthcare
utilisation for these chronic conditions.(3, 95, 98, 135-137) The variables age, CCI and baseline
status of the outcome were included as categorical variables if they did not display a linear
relationship with the outcome in the original scale.(Appendix 4.h)
Mortality was analysed by pseudo value regression and reported as risk ratios. We adjusted for
gender, age, educational level and CCI. We intended to use Cox regression, but the proportional
hazards assumption was not satisfied. Proportionality is not an assumption of pseudo value
regression.(150)
We hypothesised that the subgroup of patients with prior admissions would benefit more from a
24-h access clinic than would patients with no prior admissions.(21) Thus, a sensitivity analysis of
healthcare utilisation was conducted for patients with no all-cause admissions in the year prior to
index date and patients with one or more all-cause admissions.
We carried out another sensitivity analysis in the analyses of healthcare utilisation and mortality
that included all patients regardless of any deaths that may have occurred during the follow-up
period. This was to investigate any implications of excluding patients who died within 6 months
after index date.
All analyses were conducted using the STATA 15 (StataCorp LP, College Station, TX, USA) statistical
software.
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5. Results
This section reports the results of study 1 and study 3. Study 2 was a protocol paper for study 3,
thus methodological aspects were combined and reported in the methods section.
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5.1 Results – study 1
This was a Danish nationwide registry-based cohort study. The study described and compared
patient characteristics and healthcare utilisation among patients with AF, CHF, CLD, COPD and IBD
in general practice follow-up only and patients with additional long-term hospital outpatient followup.
Patient characteristics
Across these five conditions, the majority of patients were in general practice follow-up only (range
= 59% to 87%) (Table 9). For AF, CHF, CLD and IBD, patients in general practice follow-up only were
characterised by higher age, lower income, lower employment, lower education and higher levels of
co-morbidities than patients in outpatient follow-up. COPD patients in general practice follow-up
and outpatient follow-up were characterised by comparable age, income, educational level and comorbidities.
Hospital utilisation
Across all five conditions, patients in outpatient follow-up had higher rates of exacerbation-related
admissions and condition-related outpatient visits than patients in general practice follow-up only
(Table 10). Patients in general practice follow-up accounted for the greatest proportion of total
healthcare utilisation (Figure 6).
Numbers of all-cause acute admissions were comparable between patients in general practice
follow-up and patients in outpatient follow-up (Table 10). For COPD, patients in long-term
outpatient follow-up had more all-cause admissions than patients in general practice follow-up
(adjusted IRR = 1.40, 95% confidence interval (CI) = 1.34 to 1.46).
General practice utilisation
Among patients with AF and CHF, numbers of general practice daytime contacts were similar
between follow-up groups (Table 11). For patients with IBD and CLD, patients in general practice
follow-up had slightly more contacts than patients in long-term outpatient follow-up. COPD patients
in outpatient follow-up had more daytime contacts than patients in general practice follow-up
(adjusted IRR = 1.07, CI = 1.05 to 1.09).
For all conditions, rates of general practice out-of-hours contacts were lower among patients in
outpatient follow-up than in patients in general practice follow-up. The exception was patients with
COPD (adjusted IRR = 1.44, CI = 1.31 to 1.58).
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Municipal home nursing utilisation
Adjusted rates of scheduled and acute municipal home nursing were higher for patients in general
practice follow-up than in patients in long-term outpatient follow-up (Table 11). The opposite was
observed for patients with COPD.
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Table 9. Characteristics of 250,402 patients with chronic conditions in general practice follow-up only or with additional long-term hospital outpatient follow-up.(151)
AF
n =114,795
Hospital
GP
(n = 15,595, (n = 99,200,
14%)
86%)
37%
42%
71.1 (11.0)
72.9 (12.6)

CHF
n = 56,858
Hospital
GP
(n = 8,426,
(n = 48,432,
15%)
85%)
30%
39%
67.1 (13.6)
73.1 (12.7)

CLD
n = 12,398
Hospital
GP
(n = 3,308,
(n = 9,090,
27%)
73%)
55%
46%
60.8 (13.1)
60.6 (13.6)

COPD
n = 69,247
Hospital
GP
(n = 9,245,
(n = 60,002,
13%)
87%)
55%
53%
70.8 (10.2)
70.6 (11.9)

IBD
n = 45,160
Hospital
GP
(n = 18,610,
(n = 26,550,
41%)
59%)
54%
55%
48.9 (16.6)
52.0 (17.8)

Female
Age, mean (SD)
Household status
Married or cohabiting
64%
57%
60%
51%
53%
46%
48%
47%
68%
65%
Single
36%
43%
40%
49%
47%
54%
51%
52%
32%
35%
Nursing home residents
2%
5%
2%
6%
2%
4%
4%
5%
<1%
1%
Gross income in 2015 (DKK),
315,925
286,118
282,663
258,366
259,943
248,741
237,236
234,166
347,175
318,224
mean (SD)
(562,682)
(520,366)
(455,070)
(463,668)
(243,346)
(198,318)
(618,625)
(229,007)
(364,015)
(921,789)
Occupational status
Working
22%
18%
22%
14%
23%
19%
9%
13%
59%
51%
Unemployed
2%
2%
6%
3%
11%
12%
4%
5%
7%
8%
Early retiree
4%
4%
11%
8%
20%
24%
14%
12%
6%
8%
Retired
71%
75%
60%
75%
42%
40%
72%
69%
19%
26%
Others
1%
1%
2%
1%
4%
4%
1%
1%
9%
7%
Highest obtained
educational level
Primary education
32%
39%
37%
44%
35%
39%
49%
50%
22%
28%
Secondary education or
40%
39%
43%
39%
44%
43%
38%
37%
44%
44%
vocational training
Higher education
27%
22%
20%
17%
21%
19%
12%
13%
34%
28%
Months since first diagnosis,
61.9
57.1
54.2
55.6
64.4
58.7
56.0
46.3
99.7
92.5
mean (SD)
(42.5)
(39.1)
(42.2)
(39.4)
(51.6)
(45.6)
(39.5)
(40.8)
(62.7)
(61.6)
CCI distribution
None
38%
37%
32%
25%
51%
45%
47%
48%
78%
71%
Low
42%
41%
43%
47%
36%
37%
37%
36%
18%
22%
Moderate
14%
15%
17%
19%
10%
12%
12%
11%
3%
5%
High
6%
7%
7%
9%
4%
6%
4%
5%
1%
2%
CCI, median (IQR)
1 (0-2)
1 (0-2)
1 (0-2)
1 (0-3)
0 (0-2)
1 (0-2)
1 (0-2)
1 (0-2)
0 (0-0)
0 (0-1)
Numbers may not add up to 100% due to rounding. Abbreviations: AF; atrial fibrillation, CHF; congestive heart failure, CLD; chronic liver disease, COPD; chronic obstructive pulmonary disease, IBD; inflammatory bowel
disease, Hospital; patients in long-term hospital outpatient follow-up, GP; patients in general practice follow-up, SD; standard deviation, DKK; Danish kroner, CCI; Charlson co-morbidity index, IQR; interquartile range.
Reprinted from: Schlünsen ADM, Christiansen DH, Fredberg U, et al. Patient characteristics and healthcare utilisation among Danish patients with chronic conditions: a nationwide cohort study in general practice and
hospitals. BMC Health Serv Res 2020;20(1):976.
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Table 10. Hospital utilisation incidence rates and incidence rate ratios between patients with chronic conditions in general practice follow-up only or with additional long-term hospital
outpatient follow-up.(151)
AF
Crude
rates1

IRR

CHF
Adj IRR
(95% CI)2

Crude
rates1

CLD

IRR

Adj IRR
(95% CI) 2

Crude
rates1

COPD

IRR

Adj IRR
(95% CI) 2

Crude
rates1

IBD

IRR

Adj IRR
(95% CI) 2

Crude
rates1

IRR

Adj IRR
(95% CI) 2

Acute admissions
Exacerbation

Hospital
GP

.15
.07

2.11

1.97
(1.82-2.14)

.11
.05

2.40

2.75
(2.39-3.17)

.20
.16

1.46

1.56
(1.25-1.95)

.66
.29

2.32

2.36
(2.22-2.52)

.08
.06

1.31

1.33
(1.17-1.51)

Others

Hospital
GP

.67
.78

.83

.89
(.86-.93)

.82
1.05

.76

.89
(.85-.94)

.83
1.10

.76

.83
(.76-.91)

.91
.88

1.05

1.07
(1.02-1.12)

.35
.44

.78

.93
(.88-.98)

All

Hospital
GP

.81
.86

.94

1.01
(.97-1.05)

.93
1.10

.83

.98
(.93-1.03)

1.04
1.26

.84

.92
(.84-1.01)

1.58
1.17

1.33

1.40
(1.34-1.46)

.42
.51

.84

1.00
(.94-1.05)

Exacerbation

Hospital
GP

.18
.15

1.22

1.23
(1.04-1.44)

.49
.26

1.67

2.13
(1.65-2.74)

.97
.75

1.47

1.49
(1.08-2.06)

2.96
1.28

2.06

2.18
(1.99-2.40)

.22
.18

1.20

1.28
(1.05-1.57)

Other

Hospital
GP

2.12
2.78

.70

.78
(.71-.85)

3.08
3.91

.70

.90
(.82-.99)

2.95
3.86

.72

.79
(.68-.92)

3.29
3.00

1.06

1.10
(1.01-1.20)

.72
1.13

.58

.82
(.73-.93)

All

Hospital
GP

2.29
2.94

.73

.82
(.76-.89)

3.57
4.18

.76

1.01
(.92-1.11)

3.92
4.61

.84

.91
(.78-1.05)

6.25
4.27

1.37

1.44
(1.35-1.54)

.94
1.32

.66

.93
(.84-1.04)

Condition
related

Hospital
GP

2.58
.36

8.76

8.85
(8.43-9.30)

2.63
.43

7.98

7.67
(7.22-8.14)

2.08
.61

3.91

3.94
(3.53-4.39)

2.38
.33

7.68

7.65
(7.25-8.07)

1.49
.64

2.81

2.81
(2.66-2.97)

Others

Hospital
GP

4.34
4.56

.94

1.00
(.97-1.04)

5.37
6.15

.90

.89
(.85-.94)

4.27
5.37

.82

.88
(.80-.96)

4.79
4.91

.98

.96
(.92-1.01)

2.36
3.16

.77

.86
(.82-.90)

1.47

1.62
(1.58-1.67)

6.58

1.33

1.38
(1.33-1.44)

5.97

1.14

1.24
(1.16-1.34)

5.24

1.42

1.46
(1.40-1.52)

3.80

1.11

1.25
(1.21-1.30)

Total LOS

Outpatient visits

All

Hospital

6.92

GP

4.92

8.00

6.36

7.17

3.85

1

Crude incidence rates are counts of the outcome per patient per year. 2 Adjusted by gender, age, Charlson co-morbidity, highest obtained educational level and baseline status of the outcome. Abbreviations: AF; atrial fibrillation,
CHF; congestive heart failure, CLD; chronic liver disease, COPD; chronic obstructive pulmonary disease, IBD; inflammatory bowel disease, IRR; incidence rate ratio, Adj.; adjusted, 95% CI; 95% confidence interval, Hospital; patients
in long-term hospital outpatient follow-up, GP; patients in general practice follow-up. LOS; length of stay.
Adapted from: Schlünsen ADM, Christiansen DH, Fredberg U, et al. Patient characteristics and healthcare utilisation among Danish patients with chronic conditions: a nationwide cohort study in general practice and hospitals. BMC
Health Serv Res 2020;20(1):976
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Figure 6. Proportions of specific healthcare utilisation for patients with one of five chronic conditions in general
practice follow-up only (dark blue) or with additional long-term hospital outpatient follow-up (light blue).(151)

Abbreviations: GP; General practitioner.
Adapted from: Schlünsen ADM, Christiansen DH, Fredberg U, et al. Patient characteristics and healthcare utilisation among Danish patients with
chronic conditions: a nationwide cohort study in general practice and hospitals. BMC Health Serv Res 2020;20(1):976
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Table 11. Primary care utilisation incidence rates and incidence rate ratios between patients with chronic conditions in general practice follow-up only or with additional long-term
hospital outpatient follow-up.(151)
AF
Crude
rates1

IRR

CHF
Adj IRR
(95% CI)2

Crude
rates1

CLD

IRR

Adj IRR
(95% CI)2

Crude
rates1

IRR

COPD
Adj IRR
(95% CI)2

Crude
rates1

IRR

IBD
Adj IRR
(95% CI)2

Crude
rates1

IRR

Adj IRR
(95% CI)2

General practice - daytime
Hospital
Surgery
GP

9.84
9.91

1.01

1.04
(1.02-1.06)

8.71
8.78

1.00

1.05
(1.03-1.08)

6.33
6.36

1.00

1.01
(.96-1.06)

7.73
8.10

.95

.95
(.92-.97)

4.64
5.29

.88

.95
(.93-.97)

Home

Hospital
GP

.13
.25

.50

.62
(.52-.73)

.12
.30

.37

.60
(.49-.72)

.09
.16

.56

.54
(.39-.76)

.30
.24

1.28

1.46
(1.28-1.67)

.02
.06

.30

.70
(.47-1.05)

Telephone

Hospital
GP

5.00
5.43

.92

.98
(.96-1.00)

5.28
6.39

.82

.96
(.93-.99)

5.15
5.95

.87

.89
(.85-.94)

8.38
7.00

1.20

1.20
(1.17-1.23)

2.86
3.58

.80

.93
(.90-.95)

Mail

Hospital
GP

2.93
3.43

.83

.96
(.93-1.00)

2.98
3.99

.71

.96
(92-1.01)

2.55
3.14

.82

.87
(.79-.95)

3.56
3.27

1.09

1.10
(1.05-1.15)

1.69
2.01

.83

.93
(.89-.97)

All

Hospital
GP

17.91
19.02

.94

1.01
(.99-1.02)

17.10
19.47

.87

1.00
(.98-1.02)

14.12
15.60

.91

.93
(.89-.97)

20.00
18.61

1.07

1.07
(1.05-1.09)

9.21
10.94

.84

.94
(.92-.96)

Telephone

Hospital
GP

.43
.52

.79

.86
(.81-.92)

.47
.66

.66

.87
(.78-.97)

.58
.77

.75

.85
(.71-1.03)

1.00
.77

1.33

1.39
(1.22-1.58)

.33
.42

.77

.86
(.80-.93)

Home

Hospital
GP

.19
.30

.61

.73
(.67-.80)

.24
.41

.51

.76
(.68-.86)

.27
.36

.73

.78
(.64-.96)

.78
.50

1.60

1.75
(1.55-1.96)

.07
.12

.55

.82
(.70-.96)

Clinic

Hospital
GP

.18
.16

1.15

1.14
(1.07-1.22)

.18
.15

1.19

1.06
(.96-1.17)

.19
.18

1.05

1.13
(.96-1.34)

.23
.23

1.02

1.03
(.94-1.14)

.21
.23

.91

.91
(.84-.98)

Hospital
GP
Municipal home nursing
Hospital
Acute
GP

.80
.97

.77

.85
(.81-.90)

1.89
1.23

.66

.88
(.81-.96)

1.04
1.31

.78

.88
(.75-1.02)

2.02
1.50

1.38

1.44
(1.31-1.58)

.61
.77

.78

.87
(.82-.93)

.56
.90

.59

.70
(.58-.84)

.64
1.27

.46

.70
(.59-.82)

.62
.96

.60

.65
(.46-.91)

1.24
1.10

1.17

1.34
(1.12-1.59)

.10
.32

.27

.46
(.29-.74)

General practice Out-of-hours

All

36.90
.65
33.62
.71
39.81
.91
65.09
1.22
5.40
.74
Hospital
.61
.45
.75
1.03
.30
(.57-.74)
(.60-.84)
(.69-1.19)
(1.09-1.37)
(.50-1.09)
GP
56.48
74.50
54.47
65.76
17.16
1 Counts of the outcome per patient per year. 2 Adjusted by gender, age, Charlson co-morbidity and highest obtained educational level. Abbreviations: AF; atrial fibrillation, CHF; congestive heart failure, CLD; chronic liver
disease, COPD; chronic obstructive pulmonary disease, IBD; inflammatory bowel disease, IRR; incidence rate ratio, Adj.; adjusted, 95% CI; 95% confidence interval, Hospital; patients in long-term hospital outpatient followup, GP; patients in general practice follow-up. Adapted from: Schlünsen ADM, Christiansen DH, Fredberg U, et al. Patient characteristics and healthcare utilisation among Danish patients with chronic conditions: a
nationwide cohort study in general practice and hospitals. BMC Health Serv Res 2020;20(1):976
Scheduled
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5.2 Results – study 3
This was a registry-based controlled cohort study evaluating effectiveness of the 24-h telephone
access hospital outpatient clinic in terms of healthcare utilisation and mortality, when compared to
usual care in patients with AF, CHF, CLD, COPD and IBD.
Baseline patient characteristics
We identified 9,225 patients with the five diagnoses. Of these, we excluded a total of 4,355 patients
(death within 6 months = 332, young age = 31 and living in another municipality than the affiliated
hospital = 3,992). The analyses included 4,870 patients (24-h access patients = 992, usual care
patients = 3,878) (Table 12).
The 24-h access patients were significantly older than usual care patients, while no differences were
observed for gender, co-morbidity and educational level between the two groups. In the year before
implementation, the 24-h access patients had fewer general practice daytime and, general practice
out-of-hours contacts and more outpatient visits than the patients in the usual care group. Baseline
hospital admissions and LOS were comparable between the 24-h access patients and usual care
patients.
Hospital utilisation
After implementation, the 24-h access patients had significantly reduced all-cause LOS
(adjusted IRR = .71, CI = .57 to .88) and fewer all-cause admissions (adjusted IRR = .81, CI = .71 to
.92) than patients receiving usual outpatient care (Table 13). For patients with AF, the 24-h access
patients had slightly reduced all-cause LOS and admissions but more exacerbation-related
admissions and LOS. For patients with COPD, there were no significant differences between 24-h
access patients and usual care patients in these outcomes.
For all conditions combined, the 24-h access patients had more all-cause outpatient visits than usual
care patients (adjusted IRR = 1.07, CI = .99 to 1.15) (Table 13). This was significant for patients with
AF (adjusted IRR = 1.30, CI = 1.15 to 1.48) and COPD (adjusted IRR = 1.27, CI = 1.10 to 1.48).
A graphical representation of trends in crude all-cause hospital utilisation rates before and after
implementation of the 24-h access clinic is shown in Figure 7(A-C). For admissions and LOS, the
figures indicated that differences between follow-up groups increased after implementation of the
24-h access clinic. No clear difference was observable in the pattern of outpatient visits before and
after implementation between the groups.
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In the sensitivity analysis of COPD patients with no admissions in the preceding year, the 24-h
access patients had increased LOS compared to patients in usual outpatient care (IRR = 1.27, CI = .70
to 2.30) (Table 14). In contrast, among patients with at least one admission in the preceding year,
the 24-h access patients had reduced all-cause LOS compared to usual care patients (IRR = .71, CI =
.51 to 1.01).
Results of a sensitivity analysis that included all the patients showed that including the patients that
had died during the first 6 months of follow-up had no decisive impact on all-cause admissions, LOS,
outpatient visits or GP out-of-hours (Table 15).
General practice utilisation
Rates of general practice daytime contacts were similar in 24-h access patients and usual care
patients. For all conditions combined, the 24-h access patients had significantly fewer general
practice out-of-hour contacts (adjusted IRR = .81, CI = .71 to .92) (Table 13) (Figure 7(D-E)). This
was significant for 24-h access patients with COPD (adjusted IRR = .48, CI = .36 to .64), while nonsignificant for 24-h access patients with AF, CHF, CLD and IBD.
Municipal home nursing utilisation
For all conditions combined, patients with 24-h access had significantly fewer scheduled municipal
home nursing contacts (adjusted IRR = .60, CI = .36 to .99) and acute home nursing contacts
(adjusted IRR = .56, CI = .37 to .86) (Table 13). However, the trends in crude rates of contacts before
and after implementation of the 24-h access clinic did not clearly support that the 24-h access clinic
was the cause of these differences in utilisation (Figure 7. (F-G).
Mortality
There were no significant differences in mortality between 24-h access patients and usual care
patients for all conditions combined or any specific condition (Table 16). The sensitivity analysis
that included all the patients regardless of any deaths during the first 6 months showed similar
results (Table 17).
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Table 12. Characteristics of 4,870 patients with chronic conditions enrolled in a 24-h telephone access outpatient clinic and patients receiving usual outpatient care.(152)
AF
(n = 1,286)

Patient characteristics
Female
Age, mean (SD)
CCI distribution
None
Low
Moderate
High
CCI, median (IQR)

CHF
(n = 602)

CLD
(n = 206)

IBD
(n =1,999)

COPD
(n = 777)

All
(n = 4,870)

24-h
(n = 270)

Usual
care
(n = 1,016)

24-h
(n = 123)

Usual
care
(n = 479)

24-h
(n = 50)

Usual
care
(n = 156)

24-h
(n = 385)

Usual
care
(n = 1,614)

24-h
(n = 164)

Usual
care
(n = 613)

24-h
(n = 992)

Usual
care
(n = 3,878)

35.9%
70.9
(11.4)

36.5%
71.4
(10.7)

25.2%
70.0
(11.5)

30.9%
67.4*
(12.2)

52.0%
60.8
(8.4)

66.0%
61.7
(10.9)

53.3%
49.8
(15.9)

53.6%
48.4
(16.1)

51.8%
71.3
(9.4)

55.6%
70.9
(10.0)

44.8%
62.1
(16.4)

47.1%
60.9*
(17.1)

38.9%
40.4%
10.4%
10.4%
1
(0-2)

33.6%
42.7%
14.6%
9.2%
1
(0-2)

31.7%
43.9%
14.6%
9.8%
1
(0-2)

21.9%
47.0%
19.8%
11.3%
2*
(1-3)

62.0%
26.0%
8.0%
4.0%
0
(0-1)

43.6%
36.5%
12.8%
7.1%
1*
(0-2)

76.6%
18.7%
2.9%
1.8%
0
(0-0)

77.1%
18.4%
2.8%
1.7%
0
(0-0)

37.2%
40.9%
14.0%
7.9%
1
(0-2)

39.2%
35.2%
16.8%
8.8%
1
(0-3)

53.5%
31.8%
8.5%
6.3%
0
(0-2)

51.6%
31.7%
10.6%
6.2%
0
(0-2)

Educational level
Primary education
31.6%
37.6%
41.3%
42.0%
37.5%
49.4%
23.4%
24.3%
48.2%
58.9%
32.7%
36.4%
Secondary education or
vocational training
39.9%
40.4%
38.0%
44.3%
45.8%
38.3%
50.4%
47.9%
42.1%
33.6%
44.4%
42.9%
Higher education
28.6%
22.0%*
20.7%
13.7%
16.7%
12.3%
26.3%
27.8%
9.8%
7.5%*
23.0%
20.7%
All-cause utilisation rates1
12 months before index date
Hospital, all-cause
LOS
2.4
1.8
2.8
3.9
1.8
3.2
.6
.8
4.5
5.8
2.1
2.3
Admissions
1.0
.8*
.8
.9
.7
.8
.2
.3
1.0
1.3
.7
.7
Outpatients visits
11.1
6.4*
12.2
10.9
7.7
6.1
5.9
5.2
9.7
8.1*
8.8
6.7*
General practice contacts
Daytime
15.6
19.3*
15.9
18.3
12.8
13.3
8.4
8.8
18.5
21.0
13.2
14.8*
Out-of-hours
1.4
1.3
.8
1.5*
1.2
1.4
.9
1.0
2.0
3.1*
1.2
1.5*
Municipal home nursing contacts
Scheduled
13.0
18.9
5.2
20.2*
17.5
20.2
1.2
2.9*
31.4
44.7
10.7
16.5*
Acute
.2
.3
.1
.6*
.4
.3
<.1
.1*
.9
.8
.2
.3
* Difference expressed by P-value < .05. 1 Counts of incidences per patient per year. Numbers may not add up to 100% due to rounding. Abbreviations: AF; atrial fibrillation, CHF; congestive heart failure, CLD; chronic liver
disease, IBD; inflammatory bowel disease, COPD; chronic obstructive pulmonary disease, 24-h; 24-h access patients, SD; standard deviation, CCI; Charlson co-morbidity index, IQR; interquartile range, LOS; length of stay.
Reprinted from: Schlünsen ADM, Christiansen DH, Fredberg U, Vedsted P. Effectiveness of a 24-h access outpatient clinic for patients with chronic conditions in hospital outpatient follow-up: A registry-based controlled
cohort study of healthcare utilisation and mortality. Unpublished manuscript.
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Table 13. Healthcare utilisation incidence rates and incidence rate ratios between patients with chronic conditions enrolled in a 24-h telephone access outpatient clinic and patients receiving usual
outpatient care.(152)
AF
Crude rates1
24-h
Usual
care
Hospital
All-cause
LOS
Admissions

1.59

1.94

.59

.69

Intensive
.02
care
Outpatient
8.12
visits
Exacerbations/
Disease related
LOS
.31

.02

Admissions

.14

.19

5.75

.16

CHF
Crude rates1
24-h
Usual
Adj. IRR
care
(95% CI)2

CLD
Crude rates1
24-h
Usual
care

.79
(.56-1.12)
.88
(.71-1.08)
.84
(.27-2.66)
1.30
(1.15-1.48)

2.22

3.97

3.53

5.08

.58

.95

.87

1.12

.02

.04

.03

.09

8.67

8.13

.82
(.45-1.49)
.69
(.44-1.07)
.64
(.18-2.26)
1.12
(.92-1.37)

8.41

6.89

1.94
(1.18-3.18)
1.13
(.79-1.61)
1.70
(1.40-2.07)

.42

.67

.67

2.21

.11

.13

.31
(.12-.82)
.61
(.29-1.28)
1.07
(.87-1.31)

.27

.35

Adj. IRR
(95% CI)2

IBD
Crude rates1
24-h
Usual Adj. IRR
care
(95% CI)2

COPD
Crude rates1
24-h
Usual
Adj. IRR
care
(95% CI)2

All
Crude rates1
24-h
Usual
Adj. IRR
care
(95% CI)2

.62
(.20-1.87)
.57
(.29-1.11)
.44
(1.13-1.57)
1.12
(.85-1.48)

.59

1.03

5.23

6.70

2.65

.36

1.21

1.53

.58

.72

<.01

.01

.04

.04

.02

.02

5.55

5.35

9.13

7.23

1.02
(.68-1.53)
.93
(.73-1.18)
1.25
(.49-3.14)
1.27
(1.10-1.48)

1.96

.29

.60
(.39-.92)
.88
(.69-1.12)
.22
(.01-1.38)
1.01
(.91-1.13)

7.35

6.14

.12
(.03-.43)
.60
(.21-1.72)
1.59
(1.13-2.24)

.16

.28

2.86

4.21

.97

.08

.71

.83

.84
(.56-1.25)
.97
(.72-1.29)
1.37
(1.21-1.54)

.69

.05

.57
(.29-1.13)
.61
(.37-1.01)
1.06
(.94-1.19)

.21

.23

Adj. IRR
(95% CI)2

.71
(.57-.88)
.81
(.71-.92)
.71
(.39-1.32)
1.07
(.99-1.15)

.84
(.61-1.14)
.84
(.69-1.04)
1.23
(1.13-1.34)

Outpatient
4.32
1.73
3.05
2.16
4.34
2.33
2.78
2.77
3.21
2.16
3.38
2.31
visits
Primary care
General practice
contacts
Daytime
15.90
18.32
1.01
14.97 17.70
.93
13.92
14.38
1.02
8.31
9.17
.92
19.57 21.43
.98
13.28 14.69
.97
contacts
(.93-1.09)
(.84-1.04)
(.82-1.25)
(.85-1.00)
(.89-1.08)
(.93-1.01)
Out-of-hours 1.15
1.37
.86
.89
1.42
.82
1.16
1.80
.76
.84
.98
.90
1.40
3.06
.48
1.04
1.48
.81
contacts
(.67-1.09)
(.57-1.19)
(.46-1.25)
(.74-1.10)
(.36-.64)
(.71-.92)
Municipal home nursing
Scheduled
11.08
20.42
.40
6.73
20.95
.24
12.49
25.06
.10
.44
3.09
.35
44.32 49.16
1.01
11.69 17.65
.60
contacts
(.23-.69)
(.13-.47)
(.04-.23)
(.11-1.06)
(.63-1.61)
(.36-.99)
Acute
.17
.56
.76
.14
.81
.26
.24
.97
.26
.01
.13
.23
1.05
1.25
1.10
.25
.53
.56
contacts
(.34-1.73)
(.09-.79)
(.10-.67)
(.07-.71)
(.67-1.79)
(.37-.86)
1 Counts of the outcome per patient per year. 2 Adjusted by gender, age, Charlson co-morbidity, highest obtained educational level and baseline status of the outcome. Abbreviations: AF; atrial fibrillation, CHF; congestive heart failure, CLD;
chronic liver disease, IBD; inflammatory bowel disease, COPD; chronic obstructive pulmonary disease,24-h; 24-h access patients, Adj.; adjusted, IRR; incidence rate ratio, 95% CI; 95% confidence interval, LOS; length of stay.
Reprinted from: Schlünsen ADM, Christiansen DH, Fredberg U, Vedsted P. Effectiveness of a 24-h access outpatient clinic for patients with chronic conditions in hospital outpatient follow-up: A registry-based controlled cohort study of
healthcare utilisation and mortality. Unpublished manuscript.
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Figure 7. Trends in crude rates of quarterly healthcare utilisation among 24-h access patients and usual care
patients before and after implementation of the 24-h access clinic. (152)
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Figure 7. (continued)
D. General practice - daytime contacts
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E. General practice - out-of-hours contacts
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Figure 7. (continued)
F. Municipal home nurse - scheduled contacts
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Adapted from: Schlünsen ADM, Christiansen DH, Fredberg U, Vedsted P. Effectiveness of a 24-h access outpatient clinic for patients with chronic
conditions in hospital outpatient follow-up: A registry-based controlled cohort study of healthcare utilisation and mortality. Unpublished
manuscript.
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Table 14. Sensitivity analyses of hospital utilisation incidence rates and incidence rate ratios between patients with chronic conditions enrolled in a 24-h telephone access outpatient clinic
and patients receiving usual outpatient care.(152)
AF
Crude rates1
24-h
Usual Adj. IRR
care
(95% CI)2
0 admissions in
12 mos. before index date
All-cause
LOS
1.06

1.34

Admissions

.41

.47

Intensive care

.01

.01

Outpatient
6.58
4.94
visits
Exacerbations/Disease related
LOS
.14
.10

.79
(.43-1.47)
.91
(.65-1.28)
.38
(.04-3.79)
1.22
(1.03-1.45)

CHF
Crude rates1
24-h Usual Adj. IRR
care
(95% CI)2

CLD
Crude rates1
24-h Usual Adj. IRR
care
(95% CI)2

IBD
Crude rates1
24Usual Adj. IRR
h
care
(95% CI)2

COPD
Crude rates1
24-h
Usual Adj. IRR
care
(95% CI)2

All
Crude rates1
24-h
Usual Adj. IRR
care
(95% CI)2

1.42

1.94

.13

2.91

.47

.65

4.04

1.21

1.41

.48

.16

.65

.22

.25

.83

.87

.36

.41

.02

.03

0

.03

0

.01

.72
(.44-1.19)
.92
(.68-1.24)
N/A

4.37

.35

.33
(.09-1.30)
59
(.19-1.86)
N/A

.05

.03

.01

.01

6.11

5.61

6.83

5.55

1.25
(.88-1.78)

4.97

4.65

1.06
(.93-1.20)

7.94

5.66

5.93

4.97

85
(.39-1.84)
.72
(.40-1.29)
1.00
(.17-5.94)
1.06
(.84-1.34

1.27
(.70-2.30)
1.09
(.72-1.66)
1.63
(.45-5.96)
1.28
(1.03-.59)

.99
(.69-1.42)
.93
(.76-1.13)
.78
(.28-2.20)
1.07
(.97-1.17)

1.62
.18
.34
.15
0
.99
N/A
.13
.22
.66
2.20
2.30
1.18
.41
.46
1.03
(.80-3.28)
(.04-.61)
(.29-1.47)
(.61-2.28)
(.61-1.72)
Admissions
.09
.08
1.18
.03
.07
.37
0
.16
N/A
.03
.05
.58
.44
.43
1.08
.10
.11
.98
(.66-2.10)
(.10-1.38)
(.31-1.10)
(.67-1.73)
(.70-1.39)
Outpatient
3.09
1.61
1.38
2.36 1.70
1.20
3.25
1.90
1.51
2.66 2.44
1.10
2.93
1.94
1.40
2.78
2.09
1.17
visits
(1.07-1.77)
(.94-1.52)
(1.08-2.11)
(.96-1.25)
(1.17-1.66)
(1.07-.29)
1+ admissions in 12 mos. before index date
All-cause
LOS
2.12
2.79
.76
3.21 6.85
.80
9.18
9.89
.65
1.16 2.59
.44
6.31
9.12
.71
3.33
5.12
.66
(.52-1.11)
(.38-1.69)
(.25-1.69)
(.24-.79)
(.51-1.01)
(.51-.87)
Admissions
.77
1.00
.78
.87
1.64
.65
2.09
2.21
1.14
.58
.78
.79
1.69
2.14
.85
1.00
1.35
.84
(.60-1.00)
(.36-1.15)
(.53-2.43)
(.55-1.13)
(.64-1.14)
(.70-1.00)
Intensive care
.03
.03
1.29
.01
.06
.49
.08
.25
.58
.01
.02
.61
.04
.05
.84
.03
.04
.62
(.41-4.08)
(.06-4.09)
(.07-5.05)
(.07-5.03)
(.26-2.71)
(.30-1.24)
Outpatient
5.58
1.89
1.37
3.91 2.82
1.37
6.19
3.32
1.20
8.22 8.18
1.00
3.56
2.37
1.24
4.48
2.75
1.15
visits
(1.15-1.64)
(1.07-1.76)
(.83-1.74)
(.81-1.23)
(1.04-1.49)
(1.04-1.28)
Exacerbations/ Disease related
LOS
.49
.24
2.19
.73
1.13
.32
1.78
4.95
.37
.31
.52
.57
3.68
5.96
.65
1.22
1.97
.61
(1.15-4.16)
(.09-1.12)
(.11-1.27)
(.21-1.60)
(.43-.97)
(.45-.84)
Admissions
.29
.24
1.06
.21
.22
.84
.72
.80
1.72
.12
.20
.59
1.05
1.20
.92
.42
.47
.86
(.68-1.68)
(.37-1.90)
(.49-6.01)
(.28-1.25)
(.64-1.31)
(.66-1.12)
Outpatient
5.58
1.89
2.10
3.91 2.82
1.64
6.19
3.32
2.03
3.32 4.12
.93
3.56
2.37
1.41
4.48
2.75
1.48
visits
(1.60-2.75)
(1.24-2.17)
(1.23-3.34)
(.73-1.17)
(1.20-1.67)
(1.29-1.71)
1 Counts of the outcome per patient per year. 2 Adjusted by gender, age, Charlson co-morbidity, highest obtained educational level and baseline status of the outcome. Abbreviations: AF; atrial fibrillation, CHF; congestive heart
failure, CLD; chronic liver disease, IBD; inflammatory bowel disease, COPD; chronic obstructive pulmonary disease, 24-h; 24-h access patients, Adj.; adjusted, IRR; incidence rate ratio, LOS; length of stay, mos; months.
Reprinted from: Schlünsen ADM, Christiansen DH, Fredberg U, Vedsted P. Effectiveness of a 24-h access outpatient clinic for patients with chronic conditions in hospital outpatient follow-up: A registry-based controlled cohort
study of healthcare utilisation and mortality. Unpublished manuscript.
46

Table 15. Sensitivity analyses of healthcare utilisation with no patients excluded due to death during the first 6 months of follow-up. (152)
AF
Crude rates1
24-h
Usual Adj. IRR
care
(95% CI)2

CHF
Crude rates1
24-h Usual Adj. IRR
care
(95% CI)2

CLD
Crude rates1
24-h Usual Adj. IRR
care
(95% CI)2

IBD
Crude rates1
24Usual Adj. IRR
h
care
(95% CI)2

COPD
Crude rates1
24-h
Usual Adj. IRR
care
(95% CI)2

All
Crude rates1
24-h
Usual Adj. IRR
care
(95% CI)2

1.59

1.94

.80
(.57-1.13)

2.22

3.97

.82
(.45-1.48)

3.53

5.08

.62
(.21-1.85)

.59

1.03

.60
(.39-.92)

5.23

6.70

1.01
(.67-1.52)

1.96

2.65

.71
(.57-.88)

Hospital
admissions

.59

.69

.89
(.72-1.09)

.58

.95

.69
(.44-1.06)

.87

1.12

.57
(.29-1.12)

.29

.36

.88
(.69-1.12)

1.21

1.53

.93
(.73-1.18)

.58

.72

.80
(.71-.92)

Hospital
outpatient visits

8.12

5.75

1.31
(1.16-1.49)

8.67

8.13

1.11
(.91-1.35)

8.41

6.89

1.14
(.86-1.50)

5.55

5.35

1.01
(.91-1.13)

9.13

7.23

1.27
(1.10-1.48)

7.35

6.14

1.07
(.99-1.15)

Healthcare utilisation
All-cause
Hospital LOS

GP out-of-hours
1.15
1.37
.86
.89
1.42
.82
1.16
1.80
.76
.84
.98
.90
1.40
3.06
.48
1.04
1.48
.81
contacts
(.67-1.10)
(.56-1.18)
(.46-1.25)
(.74-1.10)
(.36-.64)
(.71-.92)
1 Counts of the outcome per patient per year. 2 Adjusted by gender, age, Charlson co-morbidity, highest obtained educational level and baseline status of the outcome. Abbreviations: AF; atrial fibrillation, CHF; congestive heart failure,
CLD; chronic liver disease, IBD; inflammatory bowel disease, COPD; chronic obstructive pulmonary disease, 24-h; 24-h access patients, Adj.; adjusted, IRR; incidence rate ratio, LOS; length of stay, mos; months.
Reprinted from: Schlünsen ADM, Christiansen DH, Fredberg U, Vedsted P. Effectiveness of a 24-h access outpatient clinic for patients with chronic conditions in hospital outpatient follow-up: A registry-based controlled cohort study of
healthcare utilisation and mortality. Unpublished manuscript.

47

Table 16. Mortality in patients with chronic conditions enrolled in a 24-h telephone access outpatient clinic and patients receiving usual outpatient
care. (152)
AF
CHF
CLD
IBD
COPD
All
Crude risk
24-h access
.04
.06
.10
<.01
.15
.05
Usual care
.04
.07
.05
<.01
.17
.05
Adjusted risk ratio1, (95% CI)
.99 (.97-1.02)
1.02 (.98-1.06)
.95 (.86-1.04)
1.00 (.99-1.01)
1.02 (.95-1.10)
1.00 (.99-1.01)
1 Adjusted by gender, age, Charlson co-morbidity, highest obtained educational level. Abbreviations: AF; atrial fibrillation, CHF; congestive heart failure, CLD; chronic liver disease, IBD;
inflammatory bowel disease, COPD; chronic obstructive pulmonary disease, 95% CI; 95% confidence interval.
Reprinted from: Schlünsen ADM, Christiansen DH, Fredberg U, Vedsted P. Effectiveness of a 24-h access outpatient clinic for patients with chronic conditions in hospital outpatient
follow-up: A registry-based controlled cohort study of healthcare utilisation and mortality. Unpublished manuscript.

Table 17. Sensitivity analysis of mortality with no patients excluded due to death during the first 6 months of follow-up. (152)
AF
CHF
CLD
IBD
COPD
All
Crude risk
24-h access
.04
.06
.10
.01
.15
.05
Usual care
.04
.07
.05
<.01
.17
.05
Adjusted risk ratio1, (95% CI)
.99 (.97-1.02)
1.02 (.98-1.07)
.95 (.86-1.04)
1.00 (.99-1.01)
1.02 (.95-1.10)
1.00 (.99-1.01)
1 Adjusted by gender, age, Charlson co-morbidity, highest obtained educational level. Abbreviations: AF; atrial fibrillation, CHF; congestive heart failure, CLD; chronic liver disease, IBD;
inflammatory bowel disease, COPD; chronic obstructive pulmonary disease, 95% CI; 95% confidence interval.
Reprinted from: Schlünsen ADM, Christiansen DH, Fredberg U, Vedsted P. Effectiveness of a 24-h access outpatient clinic for patients with chronic conditions in hospital outpatient
follow-up: A registry-based controlled cohort study of healthcare utilisation and mortality. Unpublished manuscript.
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6. Discussion of methods
The strengths and limitations of the applied methods are discussed in relation to the internal and
external validity of study 1 and study 3. Study 2 was a protocol paper for study 3; thus, methods of
both studies are discussed just once and in relation to study 3.
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6.1 Study design
Study 1 and study 3 were based on data from the Danish national health and social registries. In study
1, we established a nationwide cohort study to describe and compare patient characteristics and
healthcare utilisation in Danish patients with chronic conditions. In study 3, we investigated a model
of integrated care that had already been implemented; thus, a study design based on randomisation
was not an option, and instead, we used a quasi-experimental controlled cohort design to assess
effectiveness. Quasi-experimental studies encompass studies that aim to investigate intervention
effects in designs that are not based on randomisation.(153) The use of such study designs is a
common practice in studies investigating models of chronic care delivery.(83) Among the strengths of
using a quasi-experimental study design are that such studies are less expensive and time-consuming
than randomised studies, their findings can have high external validity, they can be conducted
retrospectively, and they can meet some requirements for causality.(154) Moreover, current evidence
does not support that quasi-experimental study designs should lead to overestimation of effect
estimates when compared with randomised studies.(155) Still, the randomised study design is
considered the gold standard, and whether intervention effectiveness can be assessed in quasiexperimental study design is disputed (156-158) The randomisation of study subjects ensures similar
characteristics between treatment arms, and any differences are attributed to chance.(159) In
contrast, quasi-experimental studies assume that all variables that affect treatment assignment and
outcomes are measured correctly and included in the statistical models to avoid biased estimates. The
strengths and limitations of using a quasi-experimental study design are discussed in the following
sections with regard to implications for the internal and external validity of study 3.

6.2 Selection bias
The inclusion of patients in study 1 and study 3 was based on identification of hospital contacts in the
DNPR. Utilising the Danish national health and social registries means that our studies were
population-based and that we were able to include all patients considered eligible and had no loss to
follow-up.(160) These are important strengths of both studies. For the five diagnoses in this study,
validity in terms of positive predictive values (PPVs) has been found satisfactory for inpatient contacts
(84% to 100%) and outpatient contacts (93% to 100%).(161-168) In contrast, the negative predictive
value (NPV) has been investigated in only inpatients with COPD exacerbation (NPV = 81% for other
respiratory diagnosis codes (J13-J18 and J96) being assigned instead of J44); (162) however, a Danish
study has found that approximately one-third of all ED diagnoses were nonspecific.(169) This
introduces some uncertainty regarding whether we did include all eligible patients because some
disease-specific diagnoses may have been incorrectly assigned.

50

Study 1
In this study, we compared patients in hospital outpatient follow-up and patients in general practice
follow-up. However, because the inclusion of patients relied upon a hospital contact in the DNPR, we
were unable to include patients who had a relevant condition but had never experienced a hospital
contact due to this condition.(114) A recent Danish study investigated prevalence estimates for
several chronic conditions based on a more extensive algorithm than applied in our study.(2) This
study included both the DNPR and the national prescription registry. A comparison of results between
this study and our studies shows that more COPD patients were identified in that study than in our
study (216,184 vs. 69,247). The estimates were comparable for the remaining four chronic conditions.
This has implications for the external validity of the results for COPD patients. Our estimates are not
generalisable to the entire Danish population of COPD patients, but only to those with a severity that
implied a need for hospital care at some point. If we assume that those not included were
characterised by lower disease severity than those included, we have likely overestimated the true
healthcare utilisation of COPD patients in general practice follow-up.
Study 3
It was a strength that all patients considered eligible could be included through use of the DNPR . In
contrast, a study design based on randomisation would have required that we obtained consent from
the participants. This could have led to selection bias because opting out could have been associated
with allocation status.(170, 171) Moreover, if allocation were revealed, blinding would be
compromised. This could have introduced performance bias and ascertainment bias.(172) In our
study, we observed routine care. Patients and healthcare staff in all observed hospitals were unaware
of the study (i.e. blinded) and had no reason to affect outcomes in any direction.
We excluded patients who died within 6 months after the index date in our primary analyses of
healthcare utilisation and mortality. The 24-h access clinic was not intended for patients in terminal
stages of their chronic conditions. The use of a specific 6 months limit for defining palliative care is
common,(145) and our sensitivity analyses showed that the exclusion of these patients did not have
any significant implications for our primary results on healthcare utilisation and mortality. However,
the results of our primary analyses are only applicable to patients who are not considered to be in the
terminal phase of a chronic condition.
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6.3 Information bias
Exposure status
Study 1
In study 1, we compared patients in general practice follow-up and patients in hospital outpatient
follow-up. Our definition of additional long-term outpatient follow-up was based on a minimum
duration of 6 months. We were unable to identify prior studies that differentiated between patients in
general practice follow-up only and patients with additional long-term hospital outpatient follow-up.
The minimum duration was set to exclude patients in short-term diagnostic or supplementary
pathways. However, this dichotomisation is likely a simplification. Many patients will be in contact
with various parts of the healthcare system during the trajectory. Any misclassification of place of
follow-up should be non-differential because we would not expect this to be associated with the
outcome.(160) A non-differential misclassification may have led us to underestimate the actual
differences in healthcare utilisation between the two groups.
Study 3
In this study, we compared outcomes between patients in hospital outpatient follow-up at Silkeborg
Regional Hospital and the other five regional hospitals in Central Denmark Region. We would suspect
that any misclassification of being in hospital outpatient follow-up with these diagnoses would be
comparable between Silkeborg and the control hospitals and independent of the outcomes. This is
often the case in prospective studies, where information about exposure is collected before the
outcome.(173) Studies have suggested satisfactory outpatient PPVs for outpatient contacts with these
diagnoses (93% to 100%).(161-168) Still, any non-differential misclassification may have led us to
underestimate the actual differences between the two groups.
Outcomes
Information about outcomes was collected from the Danish health registries. For hospital utilisation
outcomes in the DNPR, the completeness is high, and satisfactory PPVs have been found for both
inpatient contacts (84% to 100%) and outpatient contacts (93% to 100%) for patients with the
chronic conditions dealt with in our study.(161-168) The PPV of all-cause acute admission in the
DNPR is satisfactory (97.6%).(174) For ICU admissions, satisfactory PPVs have been found (87% to
98%)(175, 176) The completeness of GP contacts in the DNHSR registry is also considered high, not
least because the GPs have an economic incentive to register contacts because their reimbursement
depends upon it.(116) Estimates for municipal home nursing were based on a registry that was not
validated. This means that a very cautious interpretation is warranted for estimates pertaining to
municipal home nurse contacts.
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Study 1
Based on the completeness of the DNPR and the DNHSR, the risk of information bias pertaining to the
outcomes should be low. In contrast, outcomes of both scheduled and acute municipal nursing
contacts should be interpreted very cautiously. Any misclassification of scheduled and acute municipal
nurse contacts was likely non-differential because we expect this to be independent of the exposure.
Non-differential misclassification may have led us to underestimate the actual differences between the
two groups.
Study 3
We suspect that exacerbation-related admissions and LOS outcomes were prone to information bias.
Implementation of self-referral for exacerbation of specific chronic conditions may have inclined the
24-h access clinic staff to assign an exacerbation-related ICD-10 diagnosis. While the assignment of
diagnosis codes for unexposed patients was likely unchanged before and after index dates, 24-h access
staff assigning more specific exacerbation-related diagnoses would lead to a differential
misclassification with a direction of bias away from the null. Potentially, this may have caused us to
underestimate the effectiveness of the 24-h access clinic in exacerbation-related admissions and LOS
outcomes. Bias of exacerbation-related outcomes may explain why contrasting results were observed
for AF patients. Here, the 24-h access patients had less all-cause admissions and shorter total LOS, but
more exacerbation-related admissions and longer total LOS. This potential bias only pertained to
exacerbation-related diagnoses, and we also included all-cause hospital outcomes, which were
unaffected by the validity of ICD-10 diagnoses and had a satisfactory PPV.
We took certain precautions to avoid information bias due to differences in the organisation of acute
care between the Silkeborg Regional Hospital and the other five regional hospitals in Central Denmark
Region. First, we considered both acute admissions and acute ED contacts as acute admissions. This
was done because some EDs register their services in an outpatient format, while other EDs use an
inpatient registration format. Second, we defined two acute admissions occurring within 4 hours after
each other as one cohesive admission. The usual care patients in this study were affiliated with
hospitals organised to provide initial acute care in EDs, while any subsequent care took place in
specialised wards. A transfer between the ED and a specialised ward would yield two acute contacts in
the DNPR. In contrast, the 24-h access patients received both initial and any subsequent care in the
same specialised ward, which would yield only one admission in the DNPR. Despite these
precautionary measures, we cannot rule out other differences in the registration or organisation of
acute care that could have introduced information bias.
As described previously, information about municipal home nurse contacts was based on a registry
that was not validated. However, any misclassification was likely to be non-differential because we
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would not expect that a misclassification of municipal home nursing contacts to be associated with
exposure status. Any non-differential misclassification would have led us to underestimate the true
difference between patients in general practice follow-up and hospital outpatient follow-up.

6.4 Confounding
Study 1
The analyses included adjustment for many known confounders that could have biased the results
regarding healthcare utilisation. However, a measure of severity of the index chronic condition was
not available, and this may have introduced residual confounding. A higher proportion of the patients
with the most severe conditions should be followed up at hospitals, which we also found some
indication of. Nevertheless, it is a weakness that data regarding condition severity were not included
to limit confounding. Including a measure of condition severity would probably have reduced the
differences between follow-up groups regarding healthcare utilisation outcomes because condition
severity would likely explain a proportion of the variation.
Study 3
A differences in condition severity between 24-h access patients and usual care patients could cause
confounding by indication or severity.(177) However, we compared patients from hospitals in the
same administrative region. The hospitals used comparable diagnostic and referral criteria; thus,
condition severity in patients should not differ systematically. Moreover, our estimates were adjusted
for age, gender, educational level, co-morbidity and baseline status of outcomes. Still, it is a weakness
of this study that we were unable to control for condition severity, and we cannot rule out residual
confounding due to this. There were some baseline imbalances in this study. For all conditions
combined, patients in the 24-h access group were characterised by older age, and they had more
outpatient visits and GP contacts during daytime and out-of-hours. In contrast, no differences between
groups pertained to admissions, LOS, CCI or educational level. Our estimates were adjusted for gender,
age, educational level, CCI and baseline status of outcomes to accommodate for baseline differences.
Nevertheless, we cannot rule out residual confounding due to the presence of a factor that we were
unable to account for.
We used certain restrictions to avoid confounding. The 24-h access clinic was available only to patients
residing in Silkeborg Municipality. Therefore, we made the restriction that usual care patients also had
to reside in the same municipality as their affiliated hospital. Thereby we avoided the inclusion of
patients who were in long-term outpatient follow-up in a certain hospital due to a specific
characteristic of the patient. Moreover, this also took account for differences in health seeking
behaviour based on the distance between home and hospital.(146) Second, we did not include usual
care patients from the Aarhus University Hospital, which is the only university hospital in Central
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Denmark Region. We did this because Aarhus University Hospital was likely to include patients with
more advanced condition severity than patients affiliated with the regional hospitals. Irrespective of
all the precautionary measures to avoid confounding, we cannot rule out that condition severity or
another unknown factor varied between groups and caused residual confounding.
Small- and large-scale integrations of care are continuously implemented in Danish hospitals, and this
could potentially confound our results if some of the variation that we found was indeed attributable
to other initiatives. A competing initiative implemented at Silkeborg Regional Hospital during the
follow-up period could have led us to overestimate effectiveness of the 24-h access clinic. However, to
our knowledge, no major initiatives were implemented in the follow-up period that could have had a
significant impact on these outcomes. In contrast, quasi-experimental studies may often find null
results due to concurrent improvements in control sites.(178) This is known as the rising tide
phenomenon and occurs when a problem that is addressed by an intervention receives concurrent
attention in the healthcare system in general. This may have affected our findings due to a significant
focus in general on reducing acute admissions. It is a weakness of our study that we did have
information from all included hospitals about concurrently implemented integrations of care. The
follow-up time was 18 months, which should limit the number of other initiatives implemented during
the follow-up period. Moreover, this study was conducted in the same administrative region of
Denmark, and this ensures consistency in the delivery of care between hospitals because all of these
hospitals adhere to the same guidelines and regional policies. Trends in crude rates of all-cause
admissions and LOS indicated that these changed after implementation of the 24-h access clinic. This
supports that the results were indeed attributable to the implementation of the 24-h access clinic. Still,
we cannot rule out confounding due to concurrent implementations of other models of care at
Silkeborg Regional Hospital or at the comparison hospitals in Central Denmark Region, and this is a
limitation of our study.
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6.5 Statistical aspects
We used a negative binomial regression model in all analyses of healthcare utilisation. This is a
generalised linear model that is appropriate for over-dispersed count data.(179) Healthcare utilisation
data consist of counts of events, and the data will typically have a right skewed distribution because a
majority of patients have none or very few events. The data are over-dispersed because the variance
by far exceeds the mean. We used robust standard errors to account for multiple observations for the
same individual.(180) Using robust standard errors is also recommended for accommodating any
model misspecification.(179)
Study 3
For the analysis of healthcare utilisation outcomes, we analysed post-intervention outcomes adjusted
for baseline differences in patient characteristics and baseline status of the healthcare utilisation
outcome (i.e. covariate adjustment). This method has been applied in other quasi-experimental
studies.(181, 182) Using covariate adjustment relies upon the assumption that all information about
covariates can be validly retrieved and included in the model.(183) A violation of this may introduce
confounding, which, as we have previously mentioned, was a potential methodological limitation of
our study.
The difference-in-difference approach is commonly used in quasi-experimental studies. Basically, this
method compares changes in outcomes over time between an exposed population and an unexposed
population.(184) A significant strength of this approach is that it can eliminate unmeasured
confounding.(185) We intended to use a difference-in-difference approach in our studies. However,
based on a preliminary dataset, we found that the multiple linear regression analysis of differences led
to a violation of the assumption of residual linearity.(186) This was likely caused by a right skewness
of the original healthcare utilisation data. This phenomenon is well known and occurs because a vast
majority of patients do not use healthcare services or use them very little.(187) Another limitation of
the difference-in-difference approach is poor performance in the presence of baseline imbalance and
as a precaution against regression towards the mean.(188, 189)
An alternative would have been to use propensity score matching, which is also commonly used in
quasi-experimental studies.(190) The intent of this method is to establish an unbiased control group
by combining information about characteristics into a single score that represents the propensity of
the individual to receive a treatment or intervention.(191) However, studies that have compared
propensity score matching with covariate adjustment have found that the methods perform equally
well in producing valid results.(192-194) Elze et al. reported that while propensity score matching
seemed to offer theoretical advantages, little, if any, practical evidence supported this.(193) Moreover,
the application of propensity score models involves numerous model specification choices. These
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choices are often poorly described, which is a limiting factor for interpretation and
reproducibility.(195)
The inclusion of baseline status of the outcome in the adjusted analyses of healthcare utilisation has
been questioned in a paper from 1967.(196, 197) Lord showed that different conclusions were
reached, depending on whether an adjustment of baseline status of the outcome was included in the
model. This paradoxical effect has led authors to warn against the inclusion of baseline status in group
comparison analyses.(198, 199) However, Pearl revisited the paradox in 2014 and stated that
adjusting for baseline value was indeed correct when aiming to evaluate effectiveness of interventions
between groups.(200) Our results did not suggest any paradoxical effects when crude IRs and adjusted
IRRs were compared.
We intended to use Cox regression for the analysis of mortality. However, we became aware that the
proportional hazards assumption was not fulfilled. Instead, we used pseudo value regression to
analyse the risk of mortality. This approach generates pseudo values based on the time-to-event data,
and this allowed us to analyse data in a generalised linear model which has no assumption of
proportionality in the hazard.(150)
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7. Discussion of results
This chapter presents a discussion of the results obtained in this PhD project. It includes key results,
interpretation in relation to the existing literature and generalisability of the results. These aspects are
discussed in relation to study 1 and study 3. Study 2 was a protocol paper for study 3.
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7.1 Discussion of results – study 1:
Patient characteristics and healthcare utilisation among Danish patients with
chronic conditions patients
This was a Danish nationwide registry-based cohort study. The study described and compared patient
characteristics and healthcare utilisation among patients with AF, CHF, CLD, COPD and IBD in general
practice follow-up only and patients in long-term hospital outpatient follow-up.
Key findings
Across all five chronic conditions, the majority of patients were in general practice follow-up. The
number of exacerbation-related admissions was higher among patients in long-term hospital
outpatient follow-up than in patients in general practice follow-up. However, as far more patients
were in general practice follow-up only; this group accounted for the majority of all exacerbationrelated admissions. In general, patients in general practice follow-up displayed less favourable socioeconomic characteristics and had similar or higher numbers of all-cause admissions, general practice
contacts and municipal home nursing contacts than patients in long-term hospital follow-up. The
opposite trend was observed in COPD patients.
Interpretation
Our findings showed that most patients with these five chronic conditions were in general practice
follow-up only, and these patients accounted for the greatest proportion of total hospital admissions
due to acute exacerbations of the index chronic condition. This finding indicates that focusing on
preventable admissions among patients in hospital follow-up, such as is objective of a 24-h access
clinic, may only benefit a minority of the total population and lead to insignificant reductions in total
acute healthcare utilisation. Rather, integration of care based on a population-based approach
targeting patients in general practice follow-up may benefit most patients and potentially lead to the
greatest reductions in healthcare utilisation. To keep in line with the CCM as a framework for
population-based chronic care, integration of care should be based on improvements in the delivery of
routine follow-up care.(10, 13, 72, 201)
Risk stratification
A first step in the improvement of routine chronic care may rely on risk stratification as a method for
allocating an appropriate level of care based on condition severity and complications.(72) We found
that 59 to 87% of the patients with these five chronic conditions received GP-based follow-up care
only. The lowest proportions were found among patients with CLD (73%) and IBD (59%), which may
indicate that more patients with these diagnoses could be followed in general practice. In contrast,
86% of the COPD patients were in general practice follow-up. However, we only included patients with
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a prior hospital contact due to their condition. This means that we underestimated the true COPD
population. A Danish study used a more extensive algorithm and found a prevalence of 216,184 COPD
patients in Denmark.(2) Using their estimate, the proportion of patients in hospital outpatient followup may only be (9245/216,184) 4%. A recent Danish initiative has aimed to increase the proportion of
patients in GP follow-up.(129) Our findings may question the need for such an initiative considering
that 96% of all COPD patients are already followed up in general practice.
Although risk stratification has been highlighted as a relevant method for allocation of care,(72)
certain limitations seem to pertain. From a GP perspective, risk stratification has been described as a
constricting element in the delivery of care.(202) Risk stratification criteria failed to reflect patient
needs and were too oriented towards biomedical aspects. This was particularly a problem for patients
with multimorbidity and lower self-care abilities. Here, risk stratification was considered incompatible
with a whole-person approach and could lead to non-compliance due to overburdening of the patient.
Thus, designing and implementing risk stratification criteria require careful consideration about the
balance between standardisation and flexibility if clinicians in general practice care are going to find it
useful.
Disease management programmes
According to the CCM, disease management programmes (DMPs) may also contribute to improving
chronic care between sectors (84) and GP willingness and confidence in managing chronic
conditions.(126) Basically, DMPs can include guidelines for diagnosis, treatment, follow-up, risk
stratification criteria and the organisation of care between sectors.(70, 202) In Denmark, DMPs have
been introduced for COPD, type 2 diabetes, cardiovascular diseases and lower back pain, but little is
known about the level of actual implementation and effectiveness.(80) As is the case with risk
stratification, the clinical usefulness of DMPs is not guaranteed. Specifically, multimorbidity may
constitute a barrier for implementation and perceived usefulness in general practice. While a DMP
may prove useful for managing a single condition, difficulties arise when recommendations regarding
one condition conflict with commendations for other conditions in patients with multimorbidity.(202)
Conflicting recommendations may lead to administering too much medication, conflicting treatments
and appointment overload. In this situation, GPs may not adhere to specific guidelines but combine
knowledge regarding the available evidence with clinical intuition to deal with complexities in
managing multimorbidity.(203)
Social inequalities in specialised care
Comparing characteristics between patients in general practice follow-up and hospital outpatient
follow-up indicated that patients in general practice follow-up had comparable or more all-cause
healthcare utilisation and lower socio-economic status (SES) than patients in hospital outpatient
follow-up. This finding may indicate social inequalities in the allocation of specialised follow-up care
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consistent with findings from prior studies.(204-207) A Danish study has found that 26% of the
variation in GP referrals to specialised outpatient care were attributable to gender, age and SES.(208)
In our study, only COPD patients in hospital outpatient follow-up were characterised by higher
healthcare utilisation and less favourable SES than patients in general practice follow-up. To our
knowledge, risk stratification in Denmark is better implemented in COPD patients than in patient with
the other chronic conditions in our study.(128) Thus, our findings may indicate that risk stratification
reduces social inequalities in the access to specialised care. A possible explanation could be that
unclear boundaries for the division of care allow socially advantaged patients to negotiate their way to
specialised care. In contrast, socially vulnerable and complex patients may not be able to comply with
hospital outpatient care due to an insufficient focus by the hospital on individual patient needs, a lack
of focus on self-care support, termination of treatment because of non-compliance, appointment
overload and long travel distance.(202) Consequently, complex patients with a need for specialised
care may suffer from structurally induced exclusion due to overburdening,(209) which may lead to
poor health outcomes for these patients and increased healthcare costs.(210)
The hospital-general practice interface
In line with the CCM, population-based chronic care delivery includes easy access for GPs to specialist
support during routine and acute care.(13, 84) Easy access for GPs could reduce the need for hospital
referrals and instead allow for specialist knowledge to diffuse into general practice. However, studies
have found that healthcare professionals considered poor accessibility and communication with
hospital specialists as the main obstacles for integration of care between GPs and hospital specialists
(211, 212) Moreover, innovative solutions for a closer collaboration with hospital specialists have
been requested by GPs.(202) Regardless of place of follow-up, we found that patients often suffered
from multimorbidity. A Danish study suggested that chronic care in general practice and in hospital
outpatient clinics often focused on the management of single conditions rather than taking
multimorbidity into account.(213) Integration of care may contribute to enhanced care for patients
with multimorbidity. Specifically, for hospital specialists, this may include innovations that improve
the communication of relevant information to GPs. Sufficient information from specialists is crucial for
GPs to maintain an overview and provide high quality generalist care.(203, 214)
Policies and incentives for integrated care
As the primary point of contact and care coordinator, the general practice sector is pivotal for the
delivery of population-based chronic care.(56, 57) Certain prerequisites are necessary if the general
practice sector is to meet this demand and fulfil its role. First, a GP shortage is problematic. In
Denmark, the number of GPs has decreased by 4% between 2001 and 2018.(215) In 2020, 62% of the
GPs were unable to list new patients. A GP shortage may threaten both the availability and continuity
of care, which is associated with poor health outcomes among patients with chronic conditions,(216)
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higher healthcare utilisation (217) and social inequalities in care delivery.(218) Second, efforts to
integrate chronic care between the GP sector and other healthcare providers should acknowledge the
self-employed structure and reimbursement of Danish GPs whose salary is a combination of a fixed fee
per listed patient and a fee per service.(71) Approximately one-third of GP’s income comes from
capitation, while two-thirds are fees for services. This means that interventions to improve chronic
care in the GP sector depend upon GPs receiving a fee to incentivise implementation. The importance
of incentivising GPs to deliver proactive chronic care at the expense of reactive and episodic care is
imperative for high quality population-based chronic care.(84) New models of integrated care should
take the reimbursement structure into account as an enabler for implementation, while future
research could explore the development and implementation of incentives for improved chronic care
in general practice.
The lack of binding agreements with the GPs about their role in the integrated healthcare system
remains an important barrier for integrated chronic care delivery in Denmark.(70) As formal mergers
of regions, municipalities and the GP sector in Denmark seem unlikely, future integration of care may
continue to rely on agreements and incentives as virtual integrations to engage the GPs. The already
existing healthcare agreements between each region and its corresponding municipalities may fulfil
this purpose by including the GPs as a formal part in the agreements. Alternatively, a more binding
collaboration with the GPs may include formal cluster collaborations between acute care hospitals and
the corresponding municipalities and GPs located in the uptake area.(219, 220)
Danish municipalities may play an increasing role in chronic care delivery in the primary care sector in
the future. A recent development is the implementation of municipal acute home nurse units. These
units aim to reduce unnecessary admissions and readmissions and enable hospitals to discharge
patients earlier.(221) One study reported that a case-management intervention based on municipal
acute nurse assistance was unable to reduce admissions and healthcare costs.(182) However,
substantial evidence of the effectiveness of implementing municipal acute home nurse units is lacking,
and it is unknown whether the stated objectives have been met.(222)
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Generalisability
This study was a population-based study; thus, the results are applicable in a Danish context.
Internationally, the results of this study are likely best transferable to countries with a healthcare
sector organised comparably with the Danish. This pertains particularly to the division of care
responsibility between primary and secondary care, where the Danish healthcare system conceptually
is based on a strong primary care sector to fulfil the concept of caring for patients at the lowest
efficient cost level. Generalisability of our results from 2016 to the present could be hampered by a
significant change in total healthcare utilisation since the end of this study period. Publicly available
Danish registries of total national hospital utilisation suggest that between 2016 and 2018, total
admissions and bed days decreased, while the number of outpatient visits increased.(223) This
indicates a movement towards replacing in-hospital activity with outpatient-based alternatives, and
this tendency would likely also be seen if our analyses were replicated with data from 2019 to 2020.
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7.2 Discussion of results – study 3:
Effectiveness of a 24-h access outpatient clinic for patients with chronic
conditions in hospital outpatient follow-up
This was a registry-based controlled cohort study evaluating effectiveness of the 24-h telephone
access hospital outpatient clinic in terms of healthcare utilisation and mortality, when compared to
usual care in patients with AF, CHF, CLD, COPD and IBD.
Key findings
Overall, patients enrolled in a 24-h access clinic had fewer acute hospital contacts and general practice
out-of-hours contacts than patients in usual outpatient care. In contrast, the 24-h access patients had
similar or higher numbers of hospital outpatient visits than usual care patients. These results suggest
that a 24-h access clinic may reduce unplanned care, which to some extent is replaced by planned care.
The magnitude of this replacement seemed greater in the subgroup of patients with at least one
admission in the preceding year. No difference in mortality between 24-h access patients and usual
care patients was observed. Several results of this study should be cautiously interpreted due to the
wide confidence intervals. This was particularly relevant with regard to intensive care assistance,
which was characterised by very few occurrences in the follow-up period. The CLD population was
small, and all estimates pertaining to this group should be interpreted with great caution.
Interpretation
To our knowledge, only three prior studies have investigated effectiveness in terms of healthcare
utilisation of 24-h telephone access to specialist care for patients with chronic conditions.
Hurst et al. investigated an intervention that, besides 24-h telephone access, included education,
medication optimisation and the availability of certain medications at home for use in case of
exacerbation.(17) The study observed a 45% reduction of admissions and 37% reduction in LOS. The
population consisted of patients with a prior COPD-related admissions or complicated COPD severity.
The study was conducted in a before-after study design. Roberts et al. investigated effects of 24-h
telephone access as a part of a complex intervention in a before-after study design. The study
population consisted of COPD patients with a prior exacerbation-related admission. Based on selfreporting, Roberts et al. found that in 12% of the calls to a 24-h access clinic, an emergency call was
averted.(18) We have earlier investigated healthcare utilisation 12 months before and after
implementation of the 24-h access clinic in Silkeborg Regional Hospital.(21) This study found a
reduction in the proportion of patients with at least one admission after implementation compared to
the before period (OR = .79; CI = .64 to .96). Compared to Hurst et al., we found a similar reduction of
all-cause LOS (adjusted IRR = .71, CI = .51 to 1.01) but a smaller reduction of all-cause admissions
(adjusted IRR = .85, CI = .64 to 1.14) in patients with at least one admission in the preceding year. In
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contrast, we found no benefit of a 24-h access clinic for patients with no admissions in the preceding
year with regard to all-cause admissions and all-cause LOS. This difference may be explained by
familiarity with exacerbation symptoms. No or limited familiarity may lower the threshold for
reaching out for help and thereby lead to more unplanned acute hospital contacts. However, this
situation could provide a valuable opportunity for nurse-led supervision in a safe environment to help
patients understand symptoms and self-manage future exacerbations. This mechanism is supported
by the Andersen behavioural model.(44, 45) The model states that healthcare utilisation may affect
future healthcare utilisation by altering predisposing characteristics and enabling resources.(43)
In summary, studies investigating the effectiveness of the 24-h access clinic have consistently found
that this model of care is associated with reduced unplanned healthcare utilisation for patients with
certain chronic conditions. However, all studies have used an uncontrolled observational study design,
which may not be a valid design to assess effectiveness of an intervention.(82) Our study was the first
to investigate the 24-h access model of care for five chronic conditions using a controlled study design,
and this is an improvement compared with previous studies in this field. Furthermore, while the prior
studies have investigated the 24-h access component in conjunction with several other components,
our study only included the 24-h access component and one other component, i.e. bypassing the ED for
provision of initial acute care. Instead, in our study care was delivered in a specialised care setting.
Still, it is not possible to determine to which extent each of the components contributed to our results.
The results of our study should be interpreted in the light of this, and it is a limitation that the isolated
impact of a 24-h access clinic remains unknown. Moreover, many estimates for the single conditions in
the study had wide confidence intervals. Thus, some non-significant differences might be prone to a
type 2 error due to small sample sizes.(224)
It is a limitation of our study that we were unable to include data regarding use of the 24-h access
clinic. We were unable to collect data from the DNPR about this because it was not possible to
determine whether a telephone contact was related to the 24-h access clinic. Rather, information
about use of the 24-h access clinic should have relied upon a manual collection of data, but this was not
available during the follow-up period. However, we observed a significant reduction in calls to the outof-hours services, which may indicate that the 24-h access clinic was used instead. A prior study has
found that use of the 24-h access clinic among COPD patients was one call per day per 100
patients.(17) Moreover, utilisation of the 24-h access clinic may not be a robust measure for adherence
because it is well known that 24-h access is associated with an improved confidence and ability to selfmanage exacerbations.(15, 16) Nevertheless, adherence to interventions is an important aspect of
studies aiming to indicate effectiveness of new models of care, and it is a weakness that such data were
not available in this study.
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Measures of effectiveness
Healthcare utilisation is a commonly used outcome for assessing effectiveness of models of integrated
care.(60-62) However, in line with the RMIC as a framework for describing models of integrated care,
assessment of impact should rely on the Triple Aim framework, which includes population health,
patient experiences and cost per capita.(65) We investigated healthcare utilisation as a proxy for costs
per capita and mortality as a measure of population health.(66) However, several aspects were not
covered by our study or in the existing literature on 24-h access clinics. Not least, studies investigating
patient experiences are needed. A study of Hurst et al. found that 96% of all patients granted access to
a 24-h access clinic rated its services as 'much better' compared to standard care.(17) However,
qualitative studies are needed to better understand how patients experience a 24-h access clinic. Such
studies may explore implications for daily life, routine care and acute care and how the concept of a
24-h access clinic was compatible with minimally disruptive medicine to reduce the burden of
treatment and structurally induced social inequalities.(210, 225, 226) Lastly, future studies should
investigate the effectiveness of condition-specific clinical outcomes as measures of population health.
Consistency with the Chronic Care Model
The effectiveness of a 24-h access clinic may be explained by its consistency with the CCM.(17) Of the
six components of the CCM, the components involved include self-management, delivery system
design, decision support and clinical information system.
Regarding self-management, a 24-h access clinic may increase confidence in self-managing symptoms
of exacerbation as a result of enhanced access to specialist support.(15, 16) In contrast, patients who
experience a perceived lack of access to support for self-management can feel abandoned by the
healthcare system.(15, 16) The presence of fear, anxiety, isolation or discomfort is associated with
reduced participation in self-management.(225)
Regarding decision support and clinical information systems, staff in a 24-h access clinic benefit from
previous knowledge about the medical and social history of the patient. Moreover, the 24-h access
clinic staff is assisted by a complete electronic patient record concerning the index chronic condition.
Decision support may be improved by direct access to specialist care. Studies have suggested that
initial specialist-based hospital care is associated with improved quality of treatment and reduced
length of stay.(86-91) Easy access to a specialist may enable patients to cope with fear and anxiety
about symptoms and thereby reduce the need for hospital admissions.(227)
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Regarding the delivery system design, a 24-h access clinic can lead to a more proactive delivery of
care. Our results suggested that a 24-h access clinic replaced unplanned admissions with planned
outpatient visits. Unplanned acute admissions have been identified as a main driver of costs for
patients with chronic conditions (40) and are considered a system failure in the delivery of chronic
care.(228) Continuity of care may be enhanced and handovers avoided when both routine and acute
care are delivered by the outpatient clinic. In Denmark, usual care would include routine outpatient
care delivered by the hospital. In case of an exacerbation, the patient would have to call the GP or outof-hours services. If hospital care was needed, this would take place in an ED, and the patient would
subsequently be transferred to a specialised bed ward if any further inpatient care was needed. These
shifts in responsibility may be particularly challenging for cross-boundary continuity of care.(55)
Moreover, handovers between healthcare professionals are susceptible to miscommunication and are
a threat to patient safety.(229) In contrast, continuity of care may be improved when both routine and
acute care are delivered by the same provider. Studies have found that improved continuity of care is
associated with improved patient satisfaction,(51) adherence to medicine (53) and health
outcomes.(52) While most of the literature on this topic is based on the general practice setting,
studies have suggested that relational continuity may also be obtained between patients and hospital
specialists.(59)
While a 24-h access clinic may be compatible with several components of the CCM, it seems less
consistent with the central aim of the CCM to improve the delivery of population-based
healthcare.(84) In study 1, we showed that most Danish patients with these chronic conditions were in
general practice follow-up, while smaller proportions were in hospital outpatient follow-up (13% to
41%) and, thus, eligible for enrolment in 24-h access clinic. Adapting the concept of a 24-h access clinic
to the principles of population-based care could include enhanced availability of hospital specialists to
support GPs and the out-of-hours services in the care of patients with acute exacerbations. Thereby,
improved access to specialist advice would benefit the entire population of patients with these chronic
conditions.
Limitations of a 24-h access clinic
While the quality of acute care may be improved by direct access to specialist care,(86, 87) the
differential diagnosis of other conditions may be compromised. In study 1, we showed that conditions
other than the index chronic condition were more often the cause of admissions. Differential diagnosis
may receive more attention when acute care is delivered by generalists.(230) Nurses triaged patients
in the 24-h access clinics, while usual acute triage was conducted by GPs and the out-of-hours services.
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A Danish study has found that the communication quality in triage by nurses with a decision support
system was better than that of GPs.(231) Quality of communication was associated with accurate
triage. In contrast, calls handled by nurses were of longer duration and were perceived as being less
efficient. Considering that we found a reduced rate of admissions after implementation of a 24-h
access clinic, the available evidence does not seem to support that nurses triaging in a 24-h access
clinic would lead to suboptimal care.
While a 24-h access clinic may improve continuity of care for the index chronic condition, a potential
decoupling of the GP would have negative consequences.(203, 214) In study 1, we showed that
patients on hospital outpatient pathways often suffered from multimorbidity and that conditions other
than the index chronic condition were more often the cause of admissions. The ability of the GP to act
as a coordinator of care relies upon a comprehensive background knowledge about a patient’s
complete medical and personal history(29). This may be compromised if the GP is decoupled from the
patient pathway due to a lack of information. about significant events(214, 232) This means that a 24h access clinic should ensure that the GP is continuously informed about significant events.
A complex intervention
The 24-h access clinic can be characterised as a complex intervention because it is an organisational
intervention containing at least two components, is applied to several patient categories and includes
local tailoring.(92) However the development and implementation was not designed and implemented
in accordance with a framework for complex intervention. This would have entailed a stepwise process
with rigorous descriptions of all phases. Following a framework for complex interventions would have
enabled a greater transparency about the choices made in the development and implementation of the
24-h access clinic and could eventually have improved the scientific quality of the output.(92)
Moreover, presenting a logical model for the theory of change during this phase would have enabled
stakeholders to improve and develop an understanding of the relationship between resources,
activities, changes and impact.(233) Lastly, a study of implementation fidelity could have provided
valuable information about the degree to which the 24-h access clinic was implemented by the
respective specialties as was intended.(234)
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Generalisability
This study was a real-life experiment. We used all eligible patients and observed routine care. Thus,
the findings in this study are characterised by high external validity. In a Danish perspective, our
results should be generalisable to other regions of Denmark. Danish Regions are considered
homogenous, and results in one region should be transferable to others. (235)
Studies in Europe (17) and Australia (18, 19) have described results of 24-h telephone access for
patients with chronic conditions. This may indicate an international relevance of 24-h access clinics.
This is in contrast to other models of integrated care that are often characterised as highly contextual
dependent and with limited transferability to other healthcare settings.(62) Hurst et al. stated that 24h access in conjunction with patient education was characterised by lack of complexity and that the
intervention was more practical than other models of integrated care for COPD patients.(17) In line
with the RMIC framework, the 24-h access model may be characterised as a low level clinical
integration of care that does not depend upon normative enablers for success.(65) Consequently, this
model of care may be considered less complex and more transferable to other settings than many
other integration of care models.
Issues may pertain to the generalisability of this model of care in a Danish setting. The 24-h access
clinic implied that the ED was bypassed as the entry point for acute hospital care. Instead, this was
delivered by a specialised ward. This model of acute care may be difficult to implement in other Danish
hospitals, where initial acute care is delivered by the ED, and specialised wards are not designed or
staffed to offer acute care. Thus, local modifications of the 24-h access clinic may be warranted to meet
local procedures for acute care delivery. However, our results were based on a specific model that
bypassed the ED, and it is unknown whether our results can be replicated if this component is omitted.
Additionally, not bypassing the ED would be associated with potentially increasing fragmentation due
to additional inpatient transfers.
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8. Conclusion
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The primary aim of this PhD project was to compare healthcare utilisation and mortality between
patients with chronic conditions enrolled in a 24-hour telephone access hospital outpatient clinic and
patients in usual outpatient care.
We found that improving integration of care by means of a 24-h access clinic reduced unplanned
hospital care and general practice out-of-hours contacts, which to some extent were substituted with
more planned hospital outpatient visits. Among COPD patients, the reduction of unplanned hospital
care was observed only among patients with at least one admission in the preceding year. No
difference in mortality between 24-h access patients and usual care patients was observed for all
conditions combined or any specific condition.
The secondary aim was to describe and compare patient characteristics and healthcare utilisation of
patients with chronic conditions in general practice follow-up only and patients in long-term hospital
outpatient follow-up.
The vast majority of patients with these five chronic conditions were in general practice follow-up
only. These patients accounted for the greatest proportion of total exacerbation-related admissions
even though the rate of exacerbation-related admissions was higher for patients in long-term hospital
outpatient follow-up.
Rates of all other healthcare utilisation outcomes were comparable between follow-up groups or
higher among patients in general practice follow-up only. The exception was COPD, where patients in
long-term hospital outpatient follow-up had higher rates of healthcare utilisation than patients in
general practice follow-up only.
Integration of chronic care may especially benefit patients in general practice follow-up, who not only
make up the largest group of patients but also account for the greatest proportion of total healthcare
utilisation. For patients in long-term hospital outpatient follow-up, the aim of new models of
integrated care should be to reduce the high rates of exacerbation of chronic conditions.
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We found that a 24-h telephone access hospital outpatient clinic replaced unplanned acute care with
planned care. However, this finding was based on a quasi-experimental study design which is prone to
certain biases. Robustness of the evidence on 24-h access clinics would improve if effectiveness was
investigated in a randomised study design. While such study design would also be susceptible to
certain methodological weaknesses, it would be less prone to biased estimates due to
confounding.(82) Moreover, this could enable the inclusion of outcomes and descriptive data beyond
what can be retrieved from the already established registries.
In line with the Triple Aim framework, we assessed mortality as a measure of population health and
healthcare utilisation as a measure of per capita cost.(66) However, qualitative patient experiences of
care were not explored. Any consideration of spread and implementation of a 24-h access clinic should
rely on robust evidence of effectiveness in all components of the Triple Aim framework. Hence, future
studies should investigate patient experiences of a 24-h access clinic. This would improve our
understanding of how a 24-h access clinic affects a patient's general health situation understood as the
ability to live and cope with the chronic condition during daily life, routine care and acute care.
The 24-h access outpatient clinic was available to patients with chronic conditions in long-term
outpatient follow-up. However, in a nationwide study, we showed that the majority of patients with
these chronic conditions were not in long-term outpatient follow-up, but in general practice follow-up
only. The latter group accounted for the majority of all exacerbation-related admissions. Hence, the
greatest potential for total reductions of healthcare utilisation is present among patients in general
practice follow-up. This finding provides empirical support for the relevance of investigating
population-based models of integrated care.(84, 85) Accordingly, acute admission may best be avoided
by prioritising integration of the delivery of routine chronic care that addresses the basic division,
provision and integration of care between sectors. Not least, this includes the general practice-hospital
interface. If general practitioners are to fulfil their role as care navigator and constitute the focal point
for chronic care delivery, specialists may need to consider their contributions as a part of a larger
whole rather than isolated fragments. Chronic care will likely be ineffective if it fails to address patient
needs within a whole-person approach, and it may increase social inequality if unintentionally
organised in such a way that it restricts the access of those with the greatest needs. Future research
may explore innovative models of integrated care that aim to support entire populations of patients in
their efforts to live and cope with chronic conditions.
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English abstract
Background
A 24-h telephone access outpatient clinic has been proposed as a way to integrate care for patients in
long-term hospital outpatient follow-up. Thus far, studies have shown promising results in terms of
reduced healthcare utilisation. However, the robustness of the evidence is poor.
Objectives
The primary aim was to evaluate the effectiveness of a 24-h access clinic compared to usual outpatient
care in terms of healthcare utilisation and mortality in patients with chronic conditions. The secondary
aim was to describe and compare patient characteristics and healthcare utilisation in Danish patients
with chronic conditions in general practice follow-up and hospital outpatient follow-up.
Methods
Data for all studies were retrieved from the Danish health and social registries. All studies included
patients with atrial fibrillation, congestive heart failure, chronic liver disease, inflammatory bowel
disease and chronic obstructive pulmonary disease. To investigate effectiveness of the 24-h access
clinic, we compared outcomes between 24-h access patients from Silkeborg Regional Hospital with
usual care patients from the remaining five hospitals in Central Denmark Region. Follow-up was 18
months.
The comparison of characteristics and healthcare utilisation between patients with chronic conditions
in general practice follow-up and hospital outpatient follow-up was a nationwide cohort study with 12
months of follow-up.
Results
For all conditions combined, the 24-h access patients had reduced all-cause admissions (incidence rate
ratio (IRR) = .81, 95% confidence interval (CI) = .71–.92), length of stay
(IRR = .71, CI = .57–.88) and general practice out-of-hours contacts (IRR = .81, CI = .71–.92) compared
to usual care patients. The 24-h access patients had, however, more outpatient visits (IRR = 1.07, CI =
.99–1.15). The risk of mortality was similar between the two groups.
In the nationwide cohort study, we found that a majority of patients were in general practice follow-up
only (range= 59%–88%). This group accounted for the majority of all exacerbation-related
admissions. Patients in long-term outpatient follow-up had higher rates of exacerbation-related
admissions (IRR range= 1.3–2.8) and length of stay (IRR range=1.2–2.2) than patients in general
practice follow-up. For all other healthcare utilisation outcomes, rates were similar between the two
groups or higher among patients in general practice follow-up only. The exception was chronic
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obstructive pulmonary disease, where patients in long-term outpatient follow-up had higher rates of
healthcare utilisation.
Conclusion
Integration of care by means of a 24-h telephone access outpatient clinic for patients with chronic
conditions in outpatient follow-up may reduce unplanned care, which to some extent is replaced by
planned care. However, a majority of patients with these chronic conditions were in general practice
follow-up only, and this group accounted for the largest proportion of total healthcare utilisation.
Hence, the greatest potential for total reductions of healthcare utilisation is present among patients in
general practice follow-up.
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Danish abstract
Baggrund
Døgnåbne ambulatorier er foreslået som en metode til integration af patientforløb for patienter med
kronisk sygdom i varig ambulant behandling. Tidligere studier har vist lovende resultater, men
studierne har været udført i designs af lav kvalitet.
Formål
Det primære formål var, at sammenligne effekter af døgnåbne ambulatorier med vanlig ambulant
behandling på forbrug af sundhedsydelser og mortalitet. Det sekundære formål var, at beskrive og
sammenligne patientkarakteristika og forbrug af sundhedsydelser mellem patienter med kronisk
sygdom i almen praksis opfølgning og i ambulant opfølgning.
Metode
Alle studier var baseret på Danske registre. Alle studier inkluderede patienter med atrieflimren,
hjerteinsufficiens, kroniske leversygdomme, inflammatoriske tarmsygdomme og kronisk obstruktiv
lungesygdom. Undersøgelsen af døgnåbne ambulatorier var en sammenligning af resultater mellem
patienter med opfølgning i døgnåben ambulatorium på Regionshospitalet Silkeborg og patienter i
vanlig ambulant behandling på de resterende fem regionshospitaler i Region Midtjylland.
Opfølgningsperioden var 18 måneder.
Sammenligningen af patientkarakteristika og forbrug af sundhedsydelser mellem patienter i almen
praksis opfølgning og ambulant opfølgning var et nationalt kohortestudie. Opfølgningsperioden var 12
måneder.
Resultater
Patienter i døgnåbne ambulatorier havde færre indlæggelser (incidens rate ratio (IRR) = 0,81, 95%
konfidens interval (KI) = 0,71-0,92), sengedage (IRR = 0,71, KI = 0,57-0,88) og lægevagtskontakter
(IRR = 0,81, KI = 0,71-0,92), men flere ambulante besøg (IRR = 1,07, CI = 0,99-1,15). Der var ingen
forskel i dødeligheden imellem grupperne.
Størstedelen af patienterne med disse kroniske sygdomme var i almen praksis opfølgning
(spændvidde = 59%-87%) og disse patienter forårsagede den største andel af alle
forværringsrelaterede indlæggelser.
Patienter i ambulant opfølgning havde imidlertid højere rater af forværringsrelaterede indlæggelser
(IRR spændvidde = 1,3-2,8) og sengedage (IRR spændvidde = 1,3-2,2). For alle andre udfaldsvariable
var forbruget af sundhedsydelser ens imellem grupperne eller højere for patienter i almen praksis

77

opfølgning. Undtagelsen var kronisk obstruktiv lungesygdom hvor patienter i ambulant opfølgning
generelt havde et højere forbrug af sundhedsydelser.
Konklusion
Døgnåbne ambulatorier kan reducere forbruget af akutte sundhedsydelser som til en vis grad
substitueres med flere planlagte sundhedsydelser. For patienter med disse fem kroniske sygdomme
gælder det imidlertid, at størstedelen var i opfølgning i almen praksis og denne gruppe stod for den
største andel af det totale forbrug af sundhedsydelser. Det største potentiale for reduktion af akutte
sundhedsydelser findes således blandt patienter der er i opfølgning i almen praksis.
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ABSTRACT
The complexity of caring for patients with chronic conditions necessitates new models of integrated care to
accommodate an increasing demand. To inform the development of integrated care models, it is essential to
map patients’ use of healthcare resources. In this nationwide registry-based cohort study, we describe and
compare patient characteristics and healthcare utilisation between Danish patients with chronic conditions in
general practice follow-up and in hospital outpatient follow-up.

Methods
On 1 January 2016, we identified 250,402 patients registered in 2006-2015 with a hospital diagnosis of atrial
fibrillation/flutter, congestive heart failure, chronic liver disease, inflammatory bowel disease or chronic
obstructive pulmonary disease. By linkage to national social and health registries, patient characteristics and
12-month healthcare utilisation were extracted. Incidence rates of health care utilisation were compared
between patients with chronic conditions in general practice follow-up and patients in hospital outpatient
follow-up using negative binomial regression.

Results
Across all five conditions, the largest proportions of patients were in general practice follow-up
(range = 59%-87%). Patients in hospital outpatient follow-up had higher rates of exacerbation-related
admissions (adjusted incidence rate ratio (IRR) range = 1.3 to 2.8) and total length of stay (IRR range = 1.2 to
2.2). For these five conditions, all-cause admissions and lengths of stay, general practice daytime and out-ofhours contacts, and municipal home nursing contacts were similar between follow-up groups or higher
among patients in general practice follow-up. The exception was patients with chronic obstructive pulmonary
disease, where patients in hospital outpatient follow-up had higher utilisation of healthcare resources.

105

Conclusions
Patients in general practice follow-up accounted for the largest proportion of total healthcare utilisation, but
patients in hospital outpatient follow-up were characterised by high exacerbation rates. Enhanced integration
of chronic care may be of most benefit if patients in general practice follow-up are targeted, but it is also
likely to have an impact on exacerbation rates among patients in hospital outpatient follow-up.

Keywords
Delivery of Health Care, Chronic Disease, Healthcare Utilisation, Chronic Obstructive Pulmonary Disease,
Inflammatory Bowel Disease, Chronic Liver Disease, Atrial Fibrillation, Congestive heart failure, Denmark
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BACKGROUND
Chronic conditions are increasingly a global cause of morbidity and mortality.(1) The increasing prevalence
(2) is primarily driven by ageing populations (3) and is leading to an increased demand for healthcare
services.(4) Complex conditions and multimorbidity entail patient pathways involving multiple specialties
across sectors (5) and challenge healthcare systems in terms of meeting the demand while ensuring
continuity of care and high patient satisfaction.

The provision of healthcare in Denmark is divided mainly between general practitioners (GPs), public
hospitals and municipalities. Overall quality of the Danish system is considered satisfactory,(6) but
fragmentation is a threat to chronic care due to a lack of continuity between sectors.(7) This is further
complicated by a high degree of specialisation in hospitals and a shortage of GPs.(8) Danish chronic care is
intended to be guided by the principles of the Chronic Care Model (CCM) and risk stratification.(6) This
means that the majority of patients with chronic conditions have regular follow-up appointments in general
practice, while a small proportion characterised by a moderate to high degree of complications have
additional follow-up appointments in the specialised hospital outpatient setting. The place of follow-up is
intended to be guided by a risk stratification based on clinical parameters pertaining to the specific condition.
The place of follow-up may change correspondingly with changes in these parameters. In Denmark, risk
stratification is well implemented for COPD where the place of follow-up is guided by the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) criteria. Formal criteria are lacking for other chronic conditions and
the division of care has yet to be empirically investigated as a first step for improving chronic care delivery
between general practice and hospitals.

Integrated care refers to the ability of healthcare systems to deliver coordinated and cohesive care within and
between providers.(9) Integrated care has been suggested to reduce healthcare costs (10) and improve the
quality of care.(11) Results have shown favourable outcomes in patient satisfaction, perceived quality of care
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and access to services,(12) while results on healthcare utilisation and costs are mixed.(9,13,14) However,
integrated care interventions are complex,(15) and neither interventions nor outcomes may necessarily be
reproduced in contexts other than the original.(12) Thus, to inform the development and adoption of
integrated care interventions, a detailed mapping of healthcare delivery is necessary.(16)

The aim of this study was to describe and compare patient characteristics and healthcare utilisation in Danish
patients with chronic conditions in general practice follow-up and hospital outpatient follow-up.

METHODS
Design and setting
The study was a nationwide registry-based cohort study in Denmark, which has 5.8 m citizens and is
characterised as a social welfare state.(7) The Danish healthcare sector is tax financed and provides free
coverage for all Danish citizens. Some services are based on co-payment (e.g. dental care, physiotherapy,
psychologists and prescriptive medication). Administration of the Danish healthcare system is undertaken by
the state, five geographical regions and 98 municipalities. Each region is responsible for running and
coordinating public hospitals and primary healthcare services. Municipalities are responsible for eldercare,
social psychiatry and health promotion.(8) The primary entry point to the Danish healthcare system is the
GPs, who act as gatekeepers to specialised services and coordinate different health services to ensure
progress and coherence in the patient pathways.(8)
In 2005, the Danish National Board of Health published recommendations based on the CCM to improve
integrated care in Denmark. This led to several initiatives to promote patient self-management, decision
support, health information technologies and delivery system design.(6,7) Despite implementation of these
initiatives, poor coherence in patient pathways crossing sectors is still considered a weakness of the Danish
healthcare system. Danish regions and municipalities have a key role in ensuring integration of care. Every
fourth year, each region and the corresponding municipalities negotiate the content of the collaboration on
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six mandatory areas (hospitalisation and discharge, rehabilitation, devices and aids, prevention and health
promotion, mental health and follow-up on adverse events). However, the GPs are not formally a part of the
planning of these agreements.

Registries
All data for this study were retrieved from Danish national health and social registries. Danish citizens have a
unique civil registration number which makes it possible to link information between registries.(17) The
following registries were utilised:
Health registries
1) The Danish National Patient Register (DNPR): Since 1977 the DNPR has collected information about all inand outpatient contacts in all Danish public hospitals.(18,19) The registry is characterised as highly complete.
2) The Danish National Health Service Register (DNHSR): This registry contains information about all general
practice daytime and out-of-hours services contacts (i.e. face-to-face contacts, home visits, telephone
contacts and e-mail contacts) since 1990.(20) The DNHSR is based on invoices used for reimbursing primary
care providers. Clinical information (e.g. reason for contact and diagnosis) is not available in the registry.
3) Home nurse registry: The home nurse registry contains information about municipal home nurse
contacts.(21,22) A contact constitutes a visit in the patient's own home performed by a municipal nurse. The
registry contains information about the date of the contact, the recipient and if the contact was acute or
scheduled. The registry is yet to be validated. Outcomes based on these data should be interpreted with
caution.

Social registries
1) The Danish civil registration system (CRS): The CRS contains information about age, gender, vital status,
immigration, emigration and residence.(17)
2) Family type: This registry contains information about the household status, based on information about
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persons living on a particular address and registered interrelationships. (23)
3) Citizens living in nursing homes: This registry contains information about individuals moving to and from
nursing homes.(22,24)
4) Personal income: the registry has information about the personal income in a calendar year.(25) The
income is calculated as the sum of all incomes (except for any rental value of own accommodation) before
deducting labour-market contributions and pension contributions.
5) Socioeconomic classification (version 13): Based on information about source of income, this registry
contains information about the occupational status.(26)
6) Highest obtained educational level: The registry contains information about the highest obtained
educational level based on the International Standard Classification of Education 1997 (ISCED97).(27)

Study population
The index date was 1 January 2016. The cohort consisted of all Danish citizens alive on this date who were
registered in the DNPR between 2006-2015 with a primary or secondary inpatient or outpatient hospital
International Classification of Disease, 10th revision (ICD-10) diagnosis of inflammatory bowel disease (IBD),
chronic liver disease (CLD), chronic obstructive pulmonary disease (COPD), congestive heart failure (CHF) or
atrial fibrillation (AF) (See appendix 1.a for specific ICD-10 diagnoses). The inclusion of these particular
diagnoses was guided by a new Danish model of integrated care aiming to reduce acute healthcare utilisation
in patients with these conditions who have regular follow-up appointments in a hospital outpatient clinic.(28)

In the present study, we distinguished between patients with regular follow-up appointments only in general
practice and patients with follow-up appointments in both general practice and a hospital outpatient clinic.
For the sake of brevity, we shall refer to patients in general practice follow-up and patients in hospital
outpatient follow-up. Patients in the latter group were identified by the presence of an ongoing hospital
outpatient follow-up pathway in the DNPR on the index date which had lasted for at least 6 months. Patients
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with no ongoing hospital outpatient follow-up pathway on the index date were considered to be in general
practice follow-up while a hospital outpatient follow-up pathway that had lasted less than 6 months on the
index date was assumed to be a temporary assignment to GP care.

Follow-up
Follow-up time in this study was 12 months. All information during this period was retrieved from the
described registries.

Variables
Patient characteristics
For this study to have an explorative approach, we included multiple variables to describe personal, socioeconomic and disease characteristics. Specifically, patient characteristics included gender, age, nursing home
residence status, household status (Appendix 1.b), gross income, occupational status (Appendix 1.c), highest
level of education (Appendix 1.d), Charlson co-morbidity index (CCI) (29) including all hospital diagnoses
registered from 2006 to 2015. The ICD-10 diagnosis codes used for identifying the qualifying condition were
omitted in the CCI calculation.
Hospital utilisation outcomes
Data on hospital utilisation from the DNPR included information about acute hospital admissions and total
acute length of stay (LOS) as well as scheduled outpatient visits. Based on the assigned ICD-10 diagnosis, we
distinguished admissions and LOS by exacerbation admissions, other admissions and all-cause admission
(Appendix 1.e). Likewise, we distinguished outpatient visits by condition-related visits, other visits and allcause visits based on the primary ICD-10 diagnosis code (Appendix 1.a).
General practice utilisation
Data on general practice utilisation included daytime contacts (Appendix 1.f) and out-of-hours contacts
(Appendix 1.g). Out-of-hours contacts were not reported for patients living in the Capital Region of Denmark.
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This region had established a non-GP based out-of-hours service from which data are not collected in the
DNHSR
Home nurse visits
We included scheduled and acute municipal nurse visits delivered in the patient's own home (Appendix 1.h).
This outcome was not reported for patients living in nursing homes.

Statistical analysis
Descriptive data on categorical and dichotomous outcomes are reported by percentages. For continuous and
count data, we report mean and standard deviation (SD) or median and interquartile interval (IQI), depending
upon data distributions.
Healthcare utilisation data are reported as incidence rates per person per year. For calculating rates of
outcomes that could not occur when a patients was hospitalised (e.g. a new admission or a GP contact), we
subtracted any days spent in hospital in the follow-up period from the total time at risk.(30)
To assess differences in outcomes between patients in general practice and hospital follow-up, we used a
negative binomial regression model. We report adjusted incidence rate ratios (IRR) with corresponding 95%
confidence intervals (CI) based on robust standard errors to accommodate multiple observations per patient.
Adjusted models included group status, gender, age, nursing home residence status, educational level and
CCI.
A patient in hospital follow-up was censored if this ended during this study. In contrast, a patient in general
practice follow-up was censored if the patient switched to hospital outpatient follow-up due to the qualifying
chronic condition during the study period. Data were analysed using STATA 15 (StataCorp LP, College Station,
TX, USA).
Ethics
According to Danish law, studies that are based on registry data alone are not required to obtain permission
from the regional ethics committees, which was confirmed by The Central Denmark Region Committees on
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Health Research Ethics (REF: 1-10-72-148-19). The Danish data protection agency approved the study (REF:
2009-41-3471).

RESULTS
A total of 250,402 patients were included: 83% had one, 15% had two and 2% had three or more of the
included five chronic conditions. Patients with AF comprised the largest group (n = 114,795) and CLD the
smallest (n = 12,398) (Table 1). The majority of patients with these five conditions were in general practice
follow-up (range = 59%-87%). Primary school as the highest obtained educational level was more often
observed among patients in general practice follow-up. For patients with COPD, AF and CLD, levels of CCI
were comparable between patients in general practice and hospital outpatient follow-up. Among patients
with IBD and CHF, patients in general practice follow-up had slightly higher levels of CCI.

Results for hospital utilisation are shown in Table 2. Rates of all-cause acute admissions were comparable
between patients in general practice and hospital outpatient follow-up. The exception was COPD patients,
where patients in hospital outpatient follow-up had higher rates of all-cause admissions (adjusted IRR = 1.42,
CI = 1.36-1.48). Across all five conditions, patients in hospital outpatient follow-up had higher rates of
exacerbation admissions. However, admissions and outpatient visits were more often caused by conditions
other than the index condition. Patients in general practice follow-up accounted for the largest proportion of
all exacerbation admissions (Figure 1).

Results for general practice and municipal home nursing utilisation are shown in Table 3. General practice
daytime utilisation was similar between patients in general practice and hospital outpatient follow-up.
However, COPD patients in hospital outpatient follow-up had more general practice daytime contacts than
patients in general practice follow-up (adjusted IRR = 1.07, CI = 1.05-1.09). Rates of general practice out-ofhours contacts tended to be lower among patients in hospital outpatient follow-up, except for COPD patients
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(adjusted IRR = 1.47, CI = 1.33-1.62).
Rates of scheduled and acute municipal nurse contacts in the patient's own home were higher for patients in
general practice follow-up, except for COPD patients, where patients in hospital outpatient follow-up had
more acute municipal nurse contacts (adjusted IRR = 1.39, CI = 1.16-1.66) and scheduled municipal nurse
contacts (adjusted IRR = 1.31, CI = 1.16-1.47).
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Table 1 Characteristics of 250,402 patients with chronic conditions in general practice or hospital follow-up
AF
(n =114,795)
Hospital
GP
follow-up
follow-up
(n = 15,595,
(n = 99,200,
14%)
86%)
37%
42%
71.1 (11.0)
72.9 (12.6)

CHF
(n = 56,858)
Hospital
GP
follow-up
follow-up
(n = 8,426,
(n = 48,432,
15%)
85%)
30%
39%
67.1 (13.6)
73.1 (12.7)

CLD
(n = 12,398)
Hospital
GP
follow-up
follow-up
(n = 3,308,
(n = 9,090,
27%)
73%)
55%
46%
60.8 (13.1)
60.6 (13.6)

COPD
(n = 69,247)
Hospital
GP
follow-up
follow-up
(n = 9,245,
(n = 60,002,
13%)
87%)
55%
53%
70.8 (10.2)
70.6 (11.9)

IBD
(n = 45,160)
Hospital
GP
follow-up
follow-up
(n = 18,610,
(n = 26,550,
41%)
59%)
54%
55%
48.9 (16.6)
52.0 (17.8)

Female
Age, mean (SD)
Household status
Married or cohabiting
64%
57%
60%
51%
53%
46%
48%
47%
68%
65%
Single
36%
43%
40%
49%
47%
54%
51%
52%
32%
35%
Nursing home residents
2%
5%
2%
6%
2%
4%
4%
5%
<1%
1%
Gross income in 2015 (DKK),
315,925
286,118
282,663
258,366
259,943
248,741
237,236
234,166
347,175
318,224
mean (SD)
(562,682)
(520,366)
(455,070)
(463,668)
(243,346)
(198,318)
(618,625)
(229,007)
(364,015)
(921,789)
Occupational status
Working
22%
18%
22%
14%
23%
19%
9%
13%
59%
51%
Unemployed
2%
2%
6%
3%
11%
12%
4%
5%
7%
8%
Early retiree
4%
4%
11%
8%
20%
24%
14%
12%
6%
8%
Retired
71%
75%
60%
75%
42%
40%
72%
69%
19%
26%
Others
1%
1%
2%
1%
4%
4%
1%
1%
9%
7%
Highest obtained
educational level
Primary education
32%
39%
37%
44%
35%
39%
49%
50%
22%
28%
Secondary education or
40%
39%
43%
39%
44%
43%
38%
37%
44%
44%
vocational training
Higher education
27%
22%
20%
17%
21%
19%
12%
13%
34%
28%
Months since first diagnosis,
61.9
57.1
54.2
55.6
64.4
58.7
56.0
46.3
99.7
92.5
mean (SD)
(42.5)
(39.1)
(42.2)
(39.4)
(51.6)
(45.6)
(39.5)
(40.8)
(62.7)
(61.6)
CCI distribution
None
38%
37%
32%
25%
51%
45%
47%
48%
78%
71%
Low
42%
41%
43%
47%
36%
37%
37%
36%
18%
22%
Moderate
14%
15%
17%
19%
10%
12%
12%
11%
3%
5%
High
6%
7%
7%
9%
4%
6%
4%
5%
1%
2%
CCI, median (IQI)
1 (0-2)
1 (0-2)
1 (0-2)
1 (0-3)
0 (0-2)
1 (0-2)
1 (0-2)
1 (0-2)
0 (0-0)
0 (0-1)
Numbers may not add up to 100% due to rounding. Abbreviations: AF; atrial fibrillation, CHF; congestive heart failure, CLD; chronic liver disease, COPD; chronic obstructive pulmonary disease, IBD; inflammatory bowel disease,
Hospital; patients in long-term hospital outpatient follow-up, GP; patients in general practice follow-up, SD; standard deviation, DKK; Danish kroner, CCI; Charlson co-morbidity index, IQI; interquartile interval.
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Table 2. Hospital utilisation among patients with chronic conditions in general practice or hospital follow-up
AF

CHF

.15
.07

2.11

1.95
(1.80-2.11)

.11
.05

2.40

2.61
(2.26-3.01)

.20
.16

1.46

1.44
(1.16-1.78)

.66
.29

2.32

2.41
(2.26-2.56)

Other
admissions

Hospital
GP

.67
.78

.83

.89
(.86-.93)

.82
1.05

.76

.89
(.85-.94)

.83
1.10

.76

.81
(.74-.88)

.91
.88

1.05

All-cause
admissions

Hospital
GP

.81
.86

.94

1.01
(.97-1.05)

.93
1.10

.83

.97
(.92-1.03)

1.04
1.26

.84

.88
(.81-.97)

1.58
1.17

Hospital
GP

.18
.15

1.22

1.22
(1.04-1.44)

.49
.26

1.67

2.13
(1.66-2.74)

.97
.75

1.47

1.49
(1.07-2.08)

Other
admissions

Hospital
GP

2.12
2.78

.70

.78
(.71-.85)

3.08
3.91

.70

.91
(.83-1.00)

2.95
3.86

.72

All-cause
admissions

Hospital
GP

2.29
2.94

.73

.82
(.76-.89)

3.57
4.18

.76

1.01
(.92-1.11)

3.92
4.61

Conditionrelated visits

Hospital
GP

2.58
.36

8.76

8.76
(8.32-9.21)

2.63
.43

7.98

7.32
(6.88-7.78)

Other
visits

Hospital
GP

4.34
4.56

.94

.98
(.95-1.02)

5.37
6.15

.90

.88
(.84-.93)

Total LOS
Exacerbation
admissions

IRR

Adj IRR
(95% CI) 2

Crude
rates1

IRR

Adj IRR
(95% CI) 2

.08
.06

1.31

1.29
(1.14-1.47)

1.08
(1.03-1.13)

.35
.44

.78

.93
(.88-.97)

1.33

1.42
(1.36-1.48)

.42
.51

.84

.99
(.94-1.05)

2.96
1.28

2.06

2.27
(2.07-2.49)

.22
.18

1.20

1.27
(1.04-1.55)

.80
(.68-.93)

3.29
3.00

1.06

1.14
(1.04-1.24)

.72
1.13

.58

.82
(.72-.93)

.84

.91
(.78-1.05)

6.25
4.27

1.37

1.49
(1.40-1.60)

.94
1.32

.66

.93
(.83-1.04)

2.08
.61

3.91

3.87
(3.47-4.33)

2.38
.33

7.68

7.68
(7.27-8.11)

1.49
.64

2.81

2.75
(2.60-2.91)

4.27
5.37

.82

.86
(.79-.95)

4.79
4.91

.98

.96
(.92-1.01)

2.36
3.16

.77

.85
(.81-.89)

IRR

Adj IRR
(95% CI) 2

Crude
rates1

IBD

Hospital
GP

Acute admissions
Exacerbation
admissions

IRR

Crude
rates1

COPD

Crude
rates1

Outcome

Adj IRR
(95% CI)2

CLD

Follow-up
group

IRR

Adj IRR
(95% CI) 2

Crude
rates1

Outpatient visits

6.92
1.59
8.00
1.35
6.36
1.22
7.17
1.46
3.85
1.23
Hospital
All-cause
1.47
1.33
1.14
1.42
1.11
(1.54-1.64)
(1.30-1.41)
(1.13-1.32)
(1.40-1.52)
(1.19-1.28)
visits
GP
4.92
6.58
5.97
5.24
3.80
1
Crude incidence rates are counts of the outcome per patient per year.
2 Adjusted by gender, age, nursing home residence status, Charlson co-morbidity and highest obtained educational level. The GP follow-up group is the reference group.
Abbreviations: AF; atrial fibrillation, CHF; congestive heart failure, CLD; chronic liver disease, COPD; chronic obstructive pulmonary disease, IBD; inflammatory bowel disease, IRR; incidence rate ratio, Adj.; adjusted, 95% CI; 95%
confidence interval, Hospital; patients in long-term hospital outpatient follow-up, GP; patients in general practice follow-up. LOS; length of stay.
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Table 3. Primary care utilisation among patients with chronic conditions in general practice or hospital follow-up
AF
Outcome

Follow-up
group

Crude
rates1

IRR

CHF
Adj IRR
(95% CI)2

Crude
rates1

CLD

IRR

Adj IRR
(95% CI)2

Crude
rates1

COPD

IRR

Adj IRR
(95% CI)2

Crude
rates1

IRR

IBD
Adj IRR
(95% CI)2

Crude
rates1

IRR

Adj IRR
(95% CI)2

General practice
Daytime
Face-to-face
consultations

Hospital
GP

9.84
9.91

1.01

1.03
(1.01-1.04)

8.71
8.78

1.00

1.04
(1.01-1.06)

6.33
6.36

1.00

.99
(.94-1.04)

7.73
8.10

.95

.94
(.92-.97)

4.64
5.29

.88

.95
(.93-.97)

Home
consultations

Hospital
GP

.13
.25

.50

.63
(.53-.74)

.12
.30

.37

.66
(.55-.80)

.09
.16

.56

.59
(.41-.84)

.30
.24

1.28

1.51
(1.32-1.73)

.02
.06

.30

.75
(.51-1.11)

Telephone
contacts

Hospital
GP

5.00
5.43

.92

.98
(.96-1.00)

5.28
6.39

.82

.96
(.93-.99)

5.15
5.95

.87

.88
(.84-.93)

8.38
7.00

1.20

1.20
(1.17-1.23)

2.86
3.58

.80

.92
(.90-.95)

Mail
contacts

Hospital
GP

2.93
3.43

.83

1.00
(.97-1.04)

2.98
3.99

.71

1.00
(.95-1.05)

2.55
3.14

.82

.89
(.81-.98)

3.56
3.27

1.09

1.10
(1.05-1.16)

1.69
2.01

.83

.94
(.90-.98)

All

Hospital
GP

17.91
19.02

.94

1.00
(.99-1.02)

17.10
19.47

.87

1.00
(.98-1.02)

14.12
15.60

.91

.92
(.89-.96)

20.00
18.61

1.07

1.07
(1.05-1.09)

9.21
10.94

.84

.94
(.92-.95)

Out-of-hours3
Telephone
contacts

Hospital
GP

.43
.52

.79

.89
(.83-.95)

.47
.66

.66

.90
(.81-1.00)

.58
.77

.75

.84
(.69-1.01)

1.00
.77

1.33

1.41
(1.24-1.61)

.33
.42

.77

.87
(.81-.94)

Home
consultations

Hospital
GP

.19
.30

.61

.76
(.69-.82)

.24
.41

.51

.81
(.72-.91)

.27
.36

.73

.75
(.61-.92)

.78
.50

1.60

1.80
(1.60-2.03)

.07
.12

.55

.82
(.70-.96)

Face-to-face
consultations

Hospital
GP

.18
.16

1.15

1.13
(1.06-1.21)

.18
.15

1.19

1.06
(.96-1.16)

.19
.18

1.05

1.11
(.94-1.31)

.23
.23

1.02

1.03
(.93-1.14)

.21
.23

.91

.90
(.84-.98)

.80
.88
1.89
.91
1.04
.86
2.02
1.47
.61
.88
Hospital
.77
.66
.78
1.38
.78
(.84-.93)
(.84-1.00)
(.73-1.00)
(1.33-1.62)
(.82-.93)
GP
.97
1.23
1.31
1.50
.77
Municipal home nurse4
.55
.72
.64
.71
.61
.67
1.23
1.39
.10
.48
Hospital
Acute
.61
.47
.61
1.19
.28
(.59-.87)
(.60-.83)
(.47-.96)
(1.16-1.66)
(.30-.77)
visits
GP
.87
1.26
.93
1.07
.31
28.31
.68
27.80
.79
30.19
.79
52.16
1.31
3.97
.65
Hospital
Scheduled
.64
.50
.72
1.09
.33
(.59-.79)
(.66-.95)
(.63-1.01)
(1.16-1.47)
(.46-.92)
visits
GP
42.06
57.48
41.90
49.06
12.33
1 Counts of the outcome per patient per year. 2 Adjusted by gender, age, place of residence, Charlson co-morbidity and highest obtained educational level. The GP follow-up group is the reference group. 3 GP out-of-hours
utilisation analyses do not include patients from the Capital Region of Denmark because this region has a non-GP based out-of-hours service. 4 Municipal home nurse utilisation analyses do not include patients who were nursing
home residents. Abbreviations: AF; atrial fibrillation, CHF; congestive heart failure, CLD; chronic liver disease, COPD; chronic obstructive pulmonary disease, IBD; inflammatory bowel disease, IRR; incidence rate ratio,
Adj.; adjusted, 95% CI; 95% confidence interval, Hospital; patients in hospital outpatient follow-up, GP; patients in general practice follow-up.
All
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Figure 1. Proportions of total utilisation by patients with chronic conditions in general practice or hospital follow-up
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DISCUSSION
The majority of patients were in general practice follow-up only. Consequently, these patients contributed
the most to exacerbation admissions and all-cause admissions, as well as general practice daytime and outof-hours utilisation. Rates of admissions and LOS due to exacerbations were higher among patients in
hospital outpatient follow-up than in patients in general practice follow-up. Except for COPD patients,
adjusted IRRs for all-cause admissions were the same in patients in general practice and hospital follow-up.
Patients followed only in general practice tended to have a lower educational level.

Limitations and strengths
This study was based on a nationwide cohort of patients and is therefore less prone to selection bias due to
social class or other confounding factors. Moreover, we have full follow-up, and the registries used in this
study are considered highly complete. However, it is a weakness that we were unable to include out-of-hours
contacts for patients in the Capital Region. Satisfactory positive predictive values have been obtained in
earlier studies for the included chronic diagnoses, ranging from 65%-100%.(31-37) However, our ability to
identify condition-related hospital activity is diluted if diagnoses are unspecific or other than the relevant
chronic diagnosis. A Danish study found that a third of all registered diagnoses in a joint ED were
unspecific,(38) and this may have caused us to underestimate exacerbations rates.

Our definition of patients in hospital follow-up was based on a minimum duration of 6 months to exclude
patients in short-term diagnostic evaluations. Still, using an arbitrary minimum duration to determine the
place of follow-up introduces a risk of selection bias. Some of the patients included as being primarily in
general practice follow-up had been in contact with the hospital regarding their condition and reviewing
electronic patient records would likely reveal that a proportion of these should belong to the hospital
outpatient follow-up group. As a concept, the dichotomisation of patients as being in general practice or
hospital outpatient follow-up is a simplification. Many patients will be in contact with various parts of the
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healthcare system during the course of their condition. This will tend to underestimate the actual differences
between the two groups.
The analyses included adjustment for many known confounders that could have biased the healthcare
utilisation outcomes. One important residual confounder we were not able to account for is the severity of
the chronic condition. A higher proportion of the patients with the most severe conditions may be in hospital
follow-up, which we also found indications of. Nevertheless, we can not rule out residual confounding caused
by clinical differences that we were unable to adjust for.

Interpretation of findings
In 2006, Vedsted and Olesen introduced the concept of chronic care risk stratification in Denmark.(39) They
described that optimally, more than 90% of all patients should receive care in general practice. Our findings
indicate that nearly this proportion of patients was in general practice follow-up; however, the number was
lower for patients with IBD. This may partially be explained by the fact that entering our cohort required a
hospital contact due to one or more of the relevant diagnoses. This omits the group of patients who did not
receive hospital care because of their chronic condition.

This study shows that many patients with COPD are already followed up in general practice and that COPD
patients in hospital follow-up may be those in highest need for hospital interventions. Thus, the Danish
initiative to substitute hospital-based follow-up for COPD with general practice follow-up (40) may have
unexpected consequences.
Our results showed that COPD patients in hospital outpatient follow-up seemed to be characterised by higher
healthcare utilisation and poorer socio-economic outcomes compared to COPD patients in general practice
follow-up. For all other included conditions, patients in hospital outpatient follow-up had, in contrast, less
healthcare utilisation and better socio-economic indicators than patients in general practice follow-up. To the
best of our knowledge, Danish risk stratification has been better and more widely implemented for COPD
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patients compared to the other patient groups included in this study. Our results may indicate that adopting
functioning risk stratification in chronic care reduces social inequalities regarding who is granted access to
specialised care when the place of follow-up is determined by objective criteria. When the boundaries of
care division are unclear, this may permit socially advantaged patients to negotiate their way to specialised
care, while the disadvantaged may not receive the care they should. Future healthcare planning may
prioritise implementation of risk stratification as an element of integrated chronic disease management
programmes to improve the delivery of integrated chronic care and to counteract social inequalities.
We found higher rates of exacerbation admissions among patients in hospital follow-up compared to patients
in general practice follow-up. This is consistent with prior research (41) and the principle of risk stratification
in Danish chronic care.(6,39) This finding may support that integrated care interventions targeting
exacerbations are implemented for patients in hospital outpatient follow-up. Qualitative studies have
investigated what patients with chronic conditions find important in the delivery of integrated chronic
care.(42,43) Above all, patients prioritised a flexible and accessible system with continuity of care that was
adapted to patient demands. A Danish study investigated healthcare professionals' perspectives on barriers
and enablers for integration of care across the primary and secondary care sector.(44) The study suggested
that 24-hour access to a helpline service for both patients and GPs could be an enabler for integrated care.
We have earlier reported preliminary results for such clinic: a 24-hour access outpatient clinic for patients
with chronic conditions.(28) This clinic provided patients in hospital follow-up with round the clock telephone
access in case of exacerbation. The results indicated reduced acute healthcare utilisation in both the primary
and secondary sectors. The study was, however, conducted as a before and after study, and controlled
studies are needed to determine whether the reductions can be attributed to the intervention.(45)
Considering that patients in general practice follow-up accounted for the majority of all exacerbations and
other outcomes of healthcare utilisation, future models of integrated care may rely on population-based
approaches targeting the general practice population to benefit the majority of patients with chronic
conditions and potentially lead to the greatest reductions in total healthcare utilisation. This echoes earlier
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studies suggesting that integrated chronic care should be population based.(46) The tendency to focus on
preventable admissions among patients in hospital follow-up, i.e. high-risk patients, may therefore only lead
to insignificant reductions in total acute healthcare utilisation and have a minimum of relevance.
A Danish study of barriers for integrated chronic care found that healthcare professionals considered poor
accessibility and communication with hospital specialists a main obstacle.(47) Such a shortcoming is in
conflict with basic recommendations for chronic care.(39) These include hospitals being available to GPs and
delivering prompt specialist advice.(48) One-stop outpatient clinics may also serve as a valuable tool for
clarification and early diagnosis.(49,50) Integration of care may enable GPs to manage more care situations
and minimise the need for hospital referrals. Bearing in mind a high rate of multimorbidity, health outcomes
may be improved by maximising the proportion of care delivered by the GP, who has a generalist
perspective.(51)
The results of this study are most likely only transferable to countries with a healthcare sector organised in a
fashion comparable with the Danish. This pertains particularly to the division of care responsibility between
primary and secondary care, where the Danish healthcare system is conceptually based on a strong primary
care sector to fulfil the concept of caring at the lowest efficient cost level. Generalisability of our results from
2016 to the present could be hampered by a significant change in the total healthcare utilisation since the
study period. However, although we do not have data for the specific five chronic conditions included in this
study, publicly available Danish registries of total national hospital utilisation suggested a slight reduction of
admissions and bed days while the number of outpatient visits increased between 2016-2018.(52) This
indicates a movement towards substituting in-hospital activity with outpatient-based alternatives and this
tendency would likely also be seen if our analyses were replicated with data from 2019-2020.
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CONCLUSION
A majority of patients with specific chronic diagnoses were in general practice follow-up only. These patients
accounted for the greatest proportion of total healthcare utilisation. Relative rates of all-cause admission, allcause LOS, general practice contacts and municipality contacts were comparable between follow-up groups
or higher among patients in general practice follow-up, except for COPD patients, where the opposite was
observed. In contrast, exacerbation admissions and LOS occurred at higher rates among patients in hospital
outpatient follow-up. However, for these conditions, our results indicate that admissions were more often
due to other causes than their primary chronic condition. Our findings support that integrating chronic care
in patients in general practice follow-up may benefit the largest group of patients, who also account for the
greatest proportion of total healthcare utilisation. For patients in hospital outpatient follow-up, integrated
care may aim to reduce the high rates of exacerbation.
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List of abbreviations
AF

Atrial fibrillation/flutter

CCI

Charlson comorbidity index

CCM

The Chronic care model

CHF

Congestive heart failure

CI

95% confidence interval

CLD

Chronic liver disease

COPD

Chronic obstructive pulmonary disease

CRS

Danish Civil Registration System

DNHSR

Danish National Health Services Register

DNPR

Danish National Patient Register

ED

Emergency department

GOLD

Global Initiative for Chronic Obstructive Lung Disease

GP

General practitioner

IBD

Inflammatory bowel disease

ICD-10

International Classification of Disease, 10th revision

IQI

Interquartile interval

IRR

Incidence rate ratio

ISCED97

International Standard Classification of Education 1997

LOS

Length of stay

SD

Standard deviation
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ABSTRACT
Introduction
A 24-h access outpatient clinic was implemented in 2015 at Silkeborg Regional Hospital, Denmark to
integrate care of patients in hospital outpatient follow-up. Enrolled patients were offered round-the-clock
contact to specialised nurses who determined the most appropriate level of healthcare. In this protocol
study, we describe the details of a controlled cohort study that will evaluate the effectiveness of this 24-h
access outpatient clinic, compared with usual outpatient care.

Methods
The study is a registry-based controlled cohort study. Using national health registries, all patients in hospital
outpatient follow-up due to chronic obstructive pulmonary disease, congestive heart failure, atrial fibrillation
and flutter, inflammatory bowel disease and chronic liver disease will be identified. Patients enrolled in the
24-h access clinic will be compared with patients receiving usual care in five other regional hospital units
within the same administrative region. Follow-up is 18 months. Outcome measures are healthcare utilisation
and mortality.

Conclusion
This is the first controlled cohort study that assesses the effectiveness of a 24-h access clinic for patients with
chronic conditions in hospital outpatient follow-up. The results may inform and guide future integrated
outpatient care initiatives.

Funding
Anonymised

Trial registration
N/A

Key words
Delivery of Healthcare, Chronic Conditions, Chronic Obstructive Pulmonary Disease, Inflammatory Bowel
Disease, Chronic Liver Disease, Atrial Fibrillation, Congestive Heart Failure, Denmark.
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BACKGROUND
Healthcare systems throughout the world are being challenged by the rising prevalence of individuals with
chronic conditions.(1) These patients need optimal, well-organised and high quality care.

In Denmark, the management of chronic conditions is risk stratified.(2) This means that patients with mild
complications of chronic conditions are given follow-up care by their general practitioner (GP). This level of
care is optimal for most patients, but some patients with more serious complications need hospital-based
outpatient follow-up. These patients often have complex needs and are frequent users of healthcare
resources.(3) Thus, improvement of outpatient management is a key factor in reducing acute healthcare
utilisation.

The provision of 24-h telephone access to a hospital outpatient clinic has been suggested as an effective way
to allocate the right level of care to patients with complex medical needs. This is in line with prior research
showing that access and flexibility of specialised services are particularly important factors for patients with
chronic conditions in hospital follow-up.(4,5) Preliminary results for 24-h telephone access interventions
have shown reduced healthcare utilisation and improved patient satisfaction.(6,7) None of these studies
were, however, conducted in a controlled study design, and the reductions may reflect natural disease
trajectories rather than the intervention.

This protocol paper describes a controlled cohort study that aims to evaluate the effect of a 24-h access
outpatient clinic implemented at Silkeborg Regional Hospital.

METHODS
Design and setting
The study will be designed as a registry-based controlled cohort study evaluating a complex intervention.
Patients receiving the intervention (24-h access patients) will be identified at Silkeborg Regional Hospital,
while the control group (usual care patients) will consist of patients with the same diagnoses from the
remaining five regional hospitals within the same administrative region.

This study will take place in the Central Denmark Region (1.3 m citizens), one of five Danish regions. The 24-h
outpatient clinic is situated at the Silkeborg Regional Hospital in Silkeborg Municipality (approx. 91,000
citizens). Comparison hospitals are located in Herning Municipality (approx. 88,000 citizens), Holstebro
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Municipality (approx. 58,000 citizens), Viborg Municipality (approx. 96,000 citizens), Randers Municipality
(approx. 98,000 citizens) and Horsens Municipality (approx. 88,000 citizens).(8)

Essentially all Danes are registered with a GP, which they have to consult for medical service except in
emergencies.(9) The GPs are gatekeepers to the rest of the healthcare system and refer patients to
investigations and specialised care. Recently, acute hospital services in Denmark have been centralised in
fewer hospital units. This included the establishment of joint emergency departments (ED) for assessment
and treatment of all acute patients. Patients are typically, except for emergencies, triaged by their GP during
the daytime and out-of-hours by a GP cooperative providing out-of-hours primary care.

Intervention: The 24-h telephone access hospital outpatient clinic
The 24-h telephone access hospital outpatient clinic is available to all patients in hospital outpatient followup at Silkeborg Regional Hospital with a primary diagnosis of inflammatory bowel disease (IBD), chronic liver
disease (CLD), chronic obstructive pulmonary disease (COPD), congestive heart failure (CHF) or atrial
fibrillation (AF). Patients must be citizens of Silkeborg Municipality.

The 24-h access clinic allows patients, relatives, GPs and municipal healthcare staff to contact the clinic
round the clock. Specialised hospital nurses handle the calls and arranges the further course of action in
collaboration with the caller, aiming to find a less intrusive solution than acute admission (e.g. self-help,
assistance from the municipal nurse-led acute team or a sub-acute outpatient visit) (Figure 1).
If the situation warrants hospital care, the patient is seen in the 24-h access clinic which is a part of the
specialised inpatient ward. Patients are not put in a bed, but managed in a medical examination chair,
making the patient flow more efficient for the medical department.(10)

Usual care
Patients in the usual care group in need of acute care due to exacerbation of a chronic condition must call
their GP during weekday hours between 8.00 a.m. and 4.00 p.m. and the out-of-hours services at all other
times. If acute hospital services are needed, this initially takes place in the ED, with the possibility for
subsequent transfer to a specialised ward.

Registries
The study is registry-based. The identification of the study population as well as information about
characteristics and outcomes are based on data from the Danish national longitudinal electronic registries.
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Information from these registries can be combined at the individual level by use of a unique personal
identification number (CPR number). Data are obtained from the following registries:

The Danish National Patient Register (DNPR)
The DNPR contains information about all in- and outpatient contacts in all Danish public hospitals since
1977.(11) This registry is considered highly complete. As data in the DNPR are used for reimbursement and
benchmarking of hospitals, they are susceptible to changes in registration that occur for administrative
rather than clinical reasons.

The Danish National Health Service Register (DNHSR)
The DNHSR contains information since 1990 on all general practice daytime and out-of-hours service
contacts (12). Data in this registry are collected for reimbursement of primary care providers and are
recognised as highly complete. As the information is primarily intended for administrative purposes, clinical
information such as diagnosis and the reason for contact is not available.

Statistics Denmark home nursing registry
This registry includes information about municipal home nursing contacts.(13) This includes the date of
delivery, to whom it was delivered and whether the contact was acute or scheduled. This registry is not
validated and results based on these data should be interpreted cautiously.

The Danish civil registration system (CRS)
This registry contains information about gender, age, vital status, emigration, immigration and place of
residence.(14)

Statistics Denmark – International Standard Classification of Education 1997
This registry contains information about the highest obtained educational level as registered on the first day
of a calendar year.(15) The educational level is based on the International Standard Classification of
Education 1997.

Study population
All patients are identified in the DNPR. The study comprises all patients in hospital out-patient follow-up at
one of the six regional hospitals in Central Denmark Region with an International Classification of Disease,
10th revision (ICD-10) primary diagnosis of IBD (ICD-10: K50*, K51*), CLD (ICD-10: K658I, K702*, K703*, K704*,
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K711*, K717*, K72*, K73*, K74*, K754*, K761*, DK766*, K767, I85*), COPD (ICD-10: J44, J440, J441, J449), CHF (ICD-

10: I110, I130, I132, I420, I426, I427, I428*, I429, I500*, I501*, I509) and AF (ICD-10: I48*).
Eligible patients identified at Silkeborg Regional Hospital make up the 24-h access group, while patients
identified at the five other regional hospitals are in the usual care group. Exclusion criteria are young age
(IBD: < 17, CLD: < 18, COPD: < 35, CHF: < 30, AF: < 20), death < 6 months after index date, duration of
hospital outpatient follow-up on index date < 6 months and place of residence in another municipality than
the affiliated hospital. Use of 6 months as the minimum duration of the hospital follow-up excludes patients
in short-term hospital clinical investigations. We will exclude patients who die within 6 months of start of
follow-up because the 24-h access outpatient clinic was not designed to care for patients at end of life.

Index dates and follow-up
Follow-up time for each patient is 18 months or until censoring due to death or leaving the municipality,
whichever comes first. Index dates are based on the dates on which the 24-h access clinic was implemented
at the Silkeborg Regional hospital for each disease group.

Outcomes
The outcomes comprise patients' healthcare utilisation in general practice, hospitals and municipal home
nursing together with all-cause mortality. All healthcare utilisation outcomes and details of data retrieval are
shown in Table 1. We consider both acute admissions and ED contacts as acute hospital admissions. Further,
any acute admission occurring less than 4 hours after a prior admission is considered a single admission. In
such cases, the last assigned ICD-10 diagnosis code is used.

All GP and municipality data are total measures since it is not possible via registry data to identify which
condition these contacts are related to. We use remuneration codes to identify relevant GP contacts (Table
1). Based on time codes, we separate daytime (time code: 1) from out-of-hours (time codes: 8–9) contacts.
All-cause mortality at 18 months will be analysed. Dates of deaths are retrieved from the CRS registry.(14)

Sample size calculation
We will use all eligible patients and therefore not aim for a specific number of patients in each disease
category. Based on a preliminary study, we expect the 24-h access groups will include approx. 130 patients
with CHF, 154 patients with COPD, 437 patients with IBD and 45 patients with CLD.(6) We expect each
comparison hospital to have a comparable number of patients in outpatient follow-up for each condition.
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Statistical analyses
Mean and standard deviation will be reported for normally distributed results and median and interquartile
interval for non-normally distributed results. Categorical variables are reported by numbers and proportions.
We aim to compare the 24-h access group to the usual care group for each condition. Data are analysed
according to the intention-to-treat principle, meaning that 18 months of follow-up after the index date
unless censored due to death or leaving the municipality.
Incidence rates (counts per person per year) will be reported for healthcare utilisation outcomes. We apply a
negative binomial regression model, which is appropriate for over-dispersed count data. We will report
adjusted incidence rate ratios along with 95% confidence intervals (CIs) with robust standard errors based on
the personal identifier for each person.
The adjusted models will include the utilisation outcome as the dependent variable and group status, sex,
age, educational level, Charlson co-morbidity index and respective baseline values of the outcome as
covariates (Table 2).

Mortality within the 18 months of follow-up will be analysed by Cox regression. We report crude and
adjusted hazard ratios with CIs. Adjusted analyses include group status, sex, age, educational level and
Charlson co-morbidity. All analyses are performed using Stata, version 15 (Stata Corporation, College Station,
Texas, USA).

Ethics
The study is approved by the Danish Data Protection Agency (REF: 2009-41-3471). According to Danish law,
registry-based research does not require approval by committees on biomedical research ethics, or informed
consent. This was confirmed by The Central Denmark Region Committees on Health Research Ethics (REF: 110-72-148-19).

Discussion
We present the details of a registry-based controlled cohort study comparing healthcare utilisation and
mortality in patients with chronic conditions enrolled in a 24-h access outpatient clinic compared with
patients receiving usual care in Central Denmark Region.

The role of quasi-experimental studies in approximating causality is debated, and study designs based on
randomisation are considered the gold standard.(16) The 24-h access outpatient clinic was started as a local
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initiative to integrate outpatient care for citizens of Silkeborg Municipality, which excludes randomisation.
However, implementation of a new clinical pathway provides an opportunity to perform real-life
experiments, especially in Denmark where nationwide longitudinal healthcare registers are available.
Furthermore, such studies have other methodological advantages because selection bias due to nonparticipation and loss to follow-up are avoided.(17) A randomised controlled trial could prompt a change in
coding practice and positive attitudes towards the new initiative, with the increased risk of ascertainment
and performance bias. We will monitor routine care, which should mitigate the risk of unintended
behavioural changes caused by allocation status.

Confounding by indication or severity constitutes a risk of bias in our study. Determining whether chronic
condition follow-up should be in the hospital outpatient clinic is based on the severity of the chronic
condition.(2) If the threshold for this decision varies between hospitals, we risk studying inherently different
populations. Clinical measures of condition severity are not available for our study and this is a weakness.
However, we will compare patients in one regional hospital with patients in five other regional hospitals in
the same administrative region with similar diagnostic and referral criteria. Furthermore, to accommodate
any baseline imbalance, we adjust for known potential confounder. Still, an observational study design is
susceptible to unknown confounders that may cause biased estimates.(16)

This paper describes the protocol for a controlled observational study investigating effectiveness of a 24-h
telephone access outpatient clinic. The level of complexity and contextual dependence of the intervention is
kept as low as possible, which should enhance transferability.(18) Comparable interventions have already
been described in Europe (7) and Australia.(19,20) To our knowledge, this study is the first to investigate
effects in a controlled study design. The results will indicate the effect of access to a 24-h access clinic on
healthcare and inform further research and aid policymakers in the organisation of integrated hospital
outpatient chronic care.
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Figure 1. Intervention flowchart for patients contacting a 24-h access outpatient clinic due to exacerbation of
a chronic condition

Adapted from: Moller AD, Christiansen DH, Bell C, Fredberg U, Vedsted P. 24-Hour Access Outpatient Clinic
for Patients with Exacerbation of Chronic Disease: a Before-After Cohort Study of Differences in Acute
Healthcare Utilisation. BMC health services research. 2018;18(1):663-018-3475-1. Abbreviations: GP; general
practitioner. Abbreviation: GP; general practitioner.
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Table 1. Healthcare utilisation outcomes in a study comparing a 24-h access outpatient clinic to usual care
Sector (registry)

Outcome

Hospital (DNPR)

Acute admissions and LOS exacerbations

Codes

ICD-10
IBD : K50*, K51*, R634, R10*, K30*, R64*, K20*, K21*, K221*, K25*,
K26, K27, K28*, K29*, K315*, K566*, K625*, K630, K631*, K632*,
K633, E43*, E44*, E46*, K908*, K909
CLD: K65*, K702*, K703*, K704*, K711*, K717*, K72*, K73*, K74*,
K754*, K761*, K766*-K767, I85*, I864*, I982, R17*, R18*, C22*
COPD: J44*, J96*, J13*, J14*, J15*, J16*, J17*, J.18*
CHF: I110, I130, I132, I420, I426, I427, I429, I50*
AF: I48*

Acute admissions and LOS –
All causes

N/A

Outpatient visits – disease related

ICD-10
IBD: K50*, K51*
CLD: K658I, K702*, K703*, K704*, K711*, K717*, K72*, K73*, K74*,
K754*, K761*, DK766*, K767, I85*
COPD: J44, J440, J441, J449
CHF: I110, I130, I132, I420, I426, I427, I428*, I429, I500*, I501*, I509
AF: I48*

Outpatient visits – all causes

N/A

Intensive care unit assistance

Procedure codes
NABE, NABB

GP (DNHSR)

Remuneration codes
Daytime contacts

0101, 0105, 0201, 0421, 0431, 0441, 0451, 0461, 0491

Out-of-hours contacts

0101, 0102, 0471, 0501, 0602

Municipality
(Statistics
Denmark )

Visit category
Scheduled nursing contacts

1

Acute nursing contacts

2

Abbreviations: DNPR; Danish National Patient Register, LOS; Length of stay, ICD-10; International Classification of Disease, 10th
revision, IBD; inflammatory bowel disease, CLD; chronic liver disease, COPD, chronic obstructive pulmonary disease, CHF;
congestive heart failure; AF, atrial fibrillation, GP; general practitioner.
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Table 2. Covariates for adjustment of baseline imbalance between groups
Variable (registry)

Definition

Codes/categorisation

Sex

Registered sex

Categorical.

(Statistics Denmark)

Age

1: male and 2: female

Age at index date

Continuous

Charlson co-morbidity

Charlson co-morbidity index considering 10

Count

(DNPR)

years prior to index date. Diagnosis codes of

(Statistics Denmark)

the qualifying condition are not included.

Baseline status of the

Counts of the specific outcome in the 12

outcome variable in the

months prior to index date

Count

prior year (DNPR)

Educational level

Registered level of education at index date.

(Statistics Denmark)

Categorical.
1*, 2*: Primary education
3A*, 3C*, 4*: Secondary education or Vocational
training
5*, 6*: Higher education

Index date is defined as the first day of follow-up. Abbreviations: DNPR; Danish National Patient Register.
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ABSTRACT
Objective: To evaluate the effectiveness of a 24-h telephone access outpatient clinic in terms of healthcare
utilisation and mortality in patients with five chronic conditions.
Methods and analysis: This was a registry-based controlled cohort study. The 24-h telephone access
hospital outpatient clinic (24-h access clinic) was established at Silkeborg Regional Hospital in Central
Denmark Region. The five other regional hospitals served as comparison hospitals. The 24-h access clinic
allowed patients with ongoing hospital outpatient follow-up (chronic obstructive pulmonary disease,
congestive heart failure, atrial fibrillation/flutter, inflammatory bowel disease and chronic liver disease) to
call the hospital outpatient clinic in case of an exacerbation. Outcomes were use of hospital admissions,
length of stay (LOS), outpatient visits, contacts to general practice and all-cause mortality during 18 months
of follow-up.
Results: The study included 992 24-h access patients and 3,878 usual care patients. For the five conditions
combined, the 24-h access patients had fewer all-cause admissions (incidence rate ratio (IRR) = .81, 95%
confidence interval (Cl) = .71 to .92), general practice out-of-hours contacts (IRR = .81, CI = .71 to .92) and
shorter LOS (IRR = .71, CI = .57 to .88). The rate of all-cause outpatient visits tended to be higher (IRR =
1.07, CI = .99 to 1.15). General practice daytime contacts were similar between the groups, and there was
no significant difference in mortality.
Conclusions: The 24-h access patients had lower utilisation of acute hospital care and general practice outof-hours contacts but more outpatient visits compared to usual care patents. No difference in mortality
was observed. The results suggest that a 24-h telephone access clinic may lead to enhanced integration of
care measured as unplanned acute care substituted with planned outpatient care.
Keywords: Chronic disease management, Health services research, Ambulatory care, Continuity of patient
care.
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What is already known about this subject?


Provision of 24-h telephone access to hospital care for patients with complex chronic conditions
allows patients to call the hospital if they experience exacerbation or problems related to their
chronic condition.



Studies have found that this model of integrated care is associated with reduced admissions,
shorter total length of stay and improved patient satisfaction. However, no studies have been
performed using a controlled study design.

What does this study add?


Patients with 24-h access had lower utilisation of acute hospital care and general practice out-ofhours contacts but more outpatient visits compared to usual care patents. No difference in
mortality was observed.



Our study was the first to investigate the 24-h access model of care for five chronic conditions using
a controlled study design, and this is an improvement compared with previous studies in this field.

How might this impact on clinical practice or future developments?


Our findings support that a 24-h access clinic can contribute to a change in healthcare utilisation by
integrating hospital outpatient follow-up care.



A 24-h access clinic enhances the accessibility, flexibility and continuity of specialist care. These
factors are among the highest priorities for patients with chronic conditions.



A 24-h access clinic may be characterised as a low level clinical integration of care with limited
complexity that is transferable to most healthcare systems.
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INTRODUCTION
A high prevalence of people living with chronic conditions is a global challenge and a further increase is
expected due to ageing populations, changes in risk factor exposure and early diagnosis of disease.[1-4]
Living with chronic conditions is associated with reduced functional status,[5] reduced quality of life [6, 7]
increased mortality [8] and higher healthcare utilisation.[6, 9] A high prevalence of chronic conditions
demands many healthcare services delivered by multiple providers and specialities, potentially resulting in
fragmented care, poor patient outcomes and system inefficiencies.[10] Patients receiving outpatient based
follow-up care due to a chronic condition may be particularly prone to fragmentation due to a division of
routine and acute care between hospital outpatient clinics, general practitioners (GPs), out-of-hours
services, emergency departments (EDs) and inpatient bed wards.

The concept of integrated care has been suggested for improving the quality of chronic care delivery.[11,
12] Integrated care has numerous definitions [13, 14] but seems in brief to cover patient-centred
approaches for the delivery of care within and between providers.[15] Studies have shown that integrated
care interventions can improve patient experiences, access to care and quality of life.[16] The results have
been mixed for healthcare utilisation and costs.[16-18] Moreover, these interventions often depend on
healthcare context, and results obtained in one setting may not necessarily translate to another.[19]

Provision of 24-h telephone access to hospital care for patients with complex chronic conditions has been
proposed as a specific model of integrated care.[20, 21] A 24-h access clinic may allow for easy and flexible
access to specialised care, which are among the highest priorities for patients with chronic conditions [22,
23] and an enabler for self-management.[24, 25] Studies have found that a 24-h access clinic may reduce
admissions, length of stay (LOS) and improve patient satisfaction.[20, 21, 26] However, none of these
studies have been performed using a controlled study design, which challenges the interpretation of the
findings.[27] In 2015, University Clinic of Innovative Patients Pathways, Regional Hospital Silkeborg in
Denmark introduced a 24-h access clinic for patients with five chronic conditions in long term hospital
outpatient follow-up.

The aim of this study was to evaluate the effectiveness of this 24-h access clinic compared to usual
outpatient care in terms of healthcare utilisation and mortality in patients with chronic conditions.
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MATERIALS AND METHODS
Study design and setting
The design was a registry-based controlled cohort study conducted in the Central Denmark Region, which
has a population of 1.3 million.[28] The 24-h telephone access outpatient clinic was established at Silkeborg
Regional Hospital in 2015, while the five other regional hospitals in Central Denmark Region, Herning,
Viborg, Holstebro, Horsens and Randers, served as comparison hospitals.

The Danish healthcare system
Denmark is a northern European country with approx. 5.8 million inhabitants.[28] Healthcare is mainly taxfinanced, and Danes have free access to most healthcare services.[29] The Danish healthcare system is
governed by the state, five regions and 98 municipalities. The regions run hospitals and reimburse GPs and
other primary care providers. The GPs act as gatekeepers to specialised care, and 99% of the population are
registered with a general practice, which they have to consult for medical advice. This also applies for outof-hours care except for emergencies. Municipalities are responsible for elderly care and local healthcare
promotion.

Danish chronic care management is characterised by risk stratification based on severity.[30, 31] This
implies that a majority of patients are primarily in general practice follow-up, while those with more
complex needs are also in long-term hospital outpatient follow-up. The place of follow-up may change
correspondingly with changes in disease status.

The 24-h telephone access outpatient clinic
The 24-h access clinic allowed patients in active hospital-based outpatient follow-up to call the hospital if
they experienced exacerbation or problems related to their chronic condition. Relatives, GPs and municipal
healthcare professionals could call on behalf of patients. A specialised hospital nurse answered all calls and
coordinated the patient’s further course. If needed, a hospital physician was available for assistance. Within
the framework of shared decision making, the nurse and the caller arranged the further course of action.
This could include self-management assistance or home care by a municipal nurse-led acute team. If
hospital care was needed, the patient was seen in the 24-h access outpatient clinic which was located in a
section of the specialised ward.
Access to the 24-h access outpatient clinic was granted to all patients in long-term outpatient follow-up at
Silkeborg Regional Hospital with a primary diagnosis of atrial fibrillation (AF), chronic liver disease (CLD),
chronic obstructive pulmonary disease (COPD), congestive heart failure (CHF) or inflammatory bowel
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disease (IBD). Patients had to reside in Silkeborg Municipality because the 24-h access outpatient clinic was
developed in a collaboration between hospital, municipality and GPs in Silkeborg Municipality. No
additional funds were allocated for running the 24-h access outpatient clinic. Patients were informed by
postal mail about the 24-h access outpatient clinic.

Usual care
At the comparison hospitals, similar patient categories received usual outpatient and inpatient care as
determined by regional policies after consultation with their GP or the GP out-of-hours services. In these
hospitals, the initial acute hospital care was typically delivered by EDs, with a subsequent transfer to a
specialised ward if necessary. In some hospitals, cardiac patients received initial acute care in a specialised
cardiac setting instead of an ED.

Data sources
All information used in this study was obtained from Danish health and social registries.[32] All Danish
residents have a personal identification number (CPR) that links information about all health and social
events from birth to death.[33]

The following health and social registries were used: The Danish National Patient Register (DNPR), which
contains information from all Danish somatic hospitals about inpatient contacts since 1977 and outpatient
contacts since 1995.[34, 35] The Danish National Health Services Register (DNHSR), which contains
information about all contacts to GPs.[36] The Danish Civil Registration System (CRS), which holds
information about gender, age, vital status, immigration and emigration and residence.[33] Finally, we used
Statistics Denmark to determine the highest obtained educational level.[37]

Study population
All patients from Central Denmark Region were identified based on data from the DNPR. Patients were
eligible for inclusion if they on the index date had been in hospital outpatient follow-up for at least 6
months with an International Classification of Disease, 10th revision (ICD-10) primary diagnosis of: AF (ICD10: I48*), CHF (ICD-10: I110, I130, I132, I420, I426, I427, I428*, I429, I500*, I501*, I509), IBD (ICD-10: K50*,
K51*), CLD (ICD-10: K658I, K702*, K703*, K704*, K711*, K717*, K72*, K73*, K74*, K754*, K761*, DK766*,
K767, I85*) or COPD (ICD-10: J44, J440, J441, J449).

The 24-h access group was identified at Silkeborg Regional Hospital, while usual care patients were
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identified at the regional hospitals in Viborg, Herning, Holstebro, Randers and Horsens. Exclusion criteria
were young age (AF: < 20, CHF: < 30, CLD: < 18, IBD: < 17 and COPD: < 35 years)[38-42], death within 6
months from index date to exclude patients receiving palliative care [43] and residence in a municipality
other than the affiliated hospital to account for differences in health seeking behaviour based on the
distance between home and hospital.[44]

Index dates and follow-up
Index dates were decided by the dates on which the 24-h access outpatient clinic was started for each
condition. Index dates were 17th August 2015 for COPD patients, 26th October 2015 for IBD and CLD patients
and 2nd November 2015 for AF and CHF patients. Follow-up time was 18 months for all conditions.

Descriptive variables
Descriptive variables included age, gender, Charlson co-morbidity index (CCI), highest obtained educational
level and baseline utilisation the year before the index date. CCI included all in- and outpatient ICD-10
hospital diagnoses 10 years prior to the index date. All diagnoses of the qualifying chronic condition were
excluded in the calculation of this measure. Highest obtained educational level was described by the
International Standard Classification of Education 1997.

Outcome variables
Information about all outcomes was obtained by the same methods for both groups and included
nationwide utilisation data. Acute hospital utilisation included all-cause and exacerbation-related
admissions and total LOS in bed days. Both acute inpatient admissions and ED contacts were considered as
acute admissions. Exacerbations were identified by the assigned ICD-10 diagnosis code of the admission
(Supplemental appendix 1.a). All-cause and disease-related outpatient visits were identified. A disease
related visit was identified by the assigned ICD-10 diagnosis (Supplemental appendix 1.b). General practice
utilisation included daytime and out-of-hours contacts. These were identified by reimbursement codes
(Supplemental appendix 1.c) in the DNHSR. As the reason-for-encounter is not registered in general
practice, all contacts were included. All-cause mortality at 18 months was based on any date of death
retrieved from the CRS.
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Statistical analysis
Patient characteristics were reported by percentages, median and interquartile interval (IQI) or mean and
standard deviation (SD). Crude incidence rates (counts per person per year) of baseline healthcare
utilisation were determined. At baseline, we compared patient characteristics and healthcare utilisation in
the preceding year before index date between 24-h access patients and usual care patients.

Analyses of healthcare utilisation outcomes were conducted separately for each of the five conditions and
for all conditions combined. No formal sample size calculation was undertaken as this was a populationbased study that included all eligible patients. The comparative analyses of healthcare utilisation were
based on intention-to-treat and included all eligible patients followed up for 18 months or until the patient
was censored due to death or leaving the municipality. To calculate rates of outcomes that could not occur
when a patients was hospitalised (e.g. a new admission or a GP contact), we subtracted any days
hospitalised from the total time at risk.[45]

Differences in healthcare utilisation between groups were estimated using negative binomial regression
model. We report incidence rate ratios (IRRs) with 95% confidence intervals (CIs) with robust standard
errors. The models included gender, age, CCI, highest obtained educational level and baseline utilisation the
year before the index date. We intended to perform a difference-in-difference analysis based on linear
regression but found that the assumption of linearity of residuals was violated. Compared to a differencein-difference analysis, analysing post intervention outcomes adjusted for baseline was also preferable due
to better robustness against baseline imbalance and as a precaution against regression towards the
mean.[46, 47]

Mortality was analysed by pseudo-value regression analysis and reported as risk ratios. We adjusted for
gender, age, educational level and the CCI. Cox regression did not comply with the proportional hazards
assumption, which is not an assumption of pseudo-value regression.[48]

We hypothesised that the subgroup of patients with prior admissions (high-risk patients) would benefit
more from a 24-h access outpatient clinic than patients with no prior admissions.[20, 26] Thus, sensitivity
analyses of healthcare utilisation were carried out among patients with no all-cause admissions in the year
prior to index date and patients with at least one all-cause admission.
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We carried out another sensitivity analysis in the analyses of healthcare utilisation and mortality that
included all patients regardless of any deaths that may have occurred during the follow-up period. This was
to investigate any implications of excluding patients who died within 6 months after index date.

All analyses were conducted using the STATA 15 (StataCorp LP, College Station, TX, USA) statistical software.

Ethics
According to Danish law, studies that are based on register data alone are not required to obtain permission
from the regional ethics committees. This pertained to this study and was confirmed by the regional ethics
committee (REF: 1-10-72-148-19). The Danish data protection agency approved the study (REF: 2009-413471).

Patient and public involvement
Patients were not involved in the design of this study.

154

RESULTS
We identified 9,225 patients with the five diagnoses. Of these, we excluded a total of 4,355 patients (death
within six months = 332, young age = 31 and living in another municipality than the affiliated hospital =
3,992). The analyses included 4,870 patients (24-h access care = 992 and usual care = 3,878). The 24-h
access patients were slightly older, had less general practice daytime and out-of-hours contacts, and more
outpatient visits than the patients receiving usual outpatient care (Table 1).

Table 2 depicts the comparison of healthcare utilisation between 24–h access and usual care. Totally, the
24-h access patients had shorter all-cause LOS (IRR = .71, CI = .57 to .88) and fewer all-cause admissions (IRR
= .81, CI = .71 to .92) than patients receiving usual care. This was most pronounced for patients with CHF,
CLD and IBD. For patients with COPD, there were no significant differences between 24-h access and usual
care patients in these outcomes.

The 24-h access patients had more disease-related outpatient visits (IRR = 1.23, CI = 1.13 to 1.34) than usual
care patients and tended to have more all-cause outpatient visits (IRR = 1.07, CI = .99 to 1.15) (Table 2).

Rates of general practice daytime contacts were similar between groups and for all conditions combined
(Table 2). For all conditions combined, the 24-h access patients had fewer out-of-hour general practice
contacts (IRR = .81, CI = .71 to .92). This was significantly less for 24-h access patients with COPD (IRR= .48,
CI= .36 to .64) and non-significantly less in 24-h access patients with AF, CHF, CLD and IBD.

The trends in crude all-cause hospital utilisation rates before and after implementation of the 24-h access
clinic are shown in Figure 1. For admissions, LOS and GP out-of-hours contacts, the figures indicated that
differences between follow-up groups increased after implementation of the 24-h access clinic. No clear
differences were observable in the patterns of outpatient visits and GP daytime contacts before and after
implementation between the groups.

There were no significant differences in mortality between 24-h access and usual care patients for all
conditions combined or any specific condition (Table 3).

The sensitivity analyses suggested that replacing hospital admissions with outpatient visits was more
effective in 24-h access patients with at least one admission in the preceding year compared to no
admission (Supplemental appendix 2.a). Results of a sensitivity analysis that included all the patients
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showed that including the patients that had died during the first 6 months of follow-up had no decisive
impact on outcomes of healthcare utilisation (Supplemental appendix 2.b) and mortality (Supplemental
appendix 2.c).
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Figure 1. Trends in crude rates of quarterly healthcare utilisation among 24-h access patients and usual
care patients before and after implementation of the 24-h access clinic
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DISCUSSION
In general, patients enrolled in a 24-h telephone access outpatient clinic had fewer acute hospital
contacts and general practice out-of-hours contacts than patients in usual outpatient care. In contrast,
similar or higher rates of hospital outpatient visits and general practice daytime contacts were seen
among the 24-h access patients. No difference in mortality was observed. These results suggest that a 24h access outpatient clinic could lead to greater use of planned outpatient care, thereby avoiding
unplanned healthcare utilisation. The magnitude of this substitution was greater in the subgroup of
patients with at least one admission in the preceding year.

Strengths and limitations
This study was conducted in the same administrative region of Denmark and this ensured consistency in
the delivery of care. We were able to include all eligible patients and had no loss to follow-up.[49]
Neither patients nor healthcare staff knew about the data collection and had no incitement to select any
particular course of action that might have affected outcomes. We used Danish national health registries,
which are considered to be highly complete.[35, 36]
For the five diagnoses in this study, validity in terms of positive predictive values (PPVs) has been found
satisfactory for inpatient contacts (84% to 100%) and outpatient contacts (93% to 100%).[50-57]
We also reported all-cause inpatient hospital outcomes (PPV = 97.6%)[58] which were unaffected by the
validity of specific diagnoses. In contrast, exacerbation related hospital admissions and LOS outcomes
may have been prone to information bias. Self-referral may have inclined the 24-h access staff to assign
more exacerbation related diagnoses. This may have led us to underestimate the actual differences in
healthcare utilisation between the two groups.

We evaluated an already implemented intervention, and therefore a randomised study was not an
option. Bias due to systematic between-group differences is a threat in an observational study.[59] To
limit this, we studied patients within the same administrative region and adjusted our analyses for known
health and socio-demographic characteristics. Still, residual confounding is a risk. An important bias may
be confounding by indication if patients followed in the Silkeborg area differed from the others regarding
the severity of the chronic condition. We included prior utilisation, comorbidity and age to adjust for such
differences. Comparing the two groups with regard to baseline utilisation revealed some smaller
differences in utilisation, in particular a higher use of outpatient visits and lower use of general practice
services in the Silkeborg area. Many estimates for the single conditions in the study had wide confidence
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intervals. Thus, some non-significant differences might be prone to a type 2 error due to small sample
sizes.[60]

Interpretation
Only few prior studies have investigated the effect of 24-h telephone access to a hospital outpatient clinic
in patients with chronic conditions. Two studies were based on COPD patients with prior exacerbations or
advanced condition severity, and 24-h access was just one of several intervention components. In a
before and after study of COPD, Hurst et al. found a 37% reduction in all-cause LOS.[20] Roberts et al.
found that 12% of the calls to a 24-h access clinic averted an emergency call among COPD patients.[21]
We found a reduction similar to that of Hurst et al. regarding all-cause LOS among COPD patients with at
least one admission in the preceding year. This reduction was not present in COPD patients with no prior
admissions.
We have recently compared healthcare utilisation before and after implementation of the 24-h access
clinic in Silkeborg Regional Hospital.[26] This study found a reduction in the proportion of patients with at
least one admission (odds ratio = .79; CI = .64 to .96).

In summary, the present study adds to the evidence suggesting that the provision of a 24-h access clinic is
associated with reduced unplanned healthcare utilisation. Our study was the first to add a controlled
design, included a wider range of outcomes and included five chronic conditions, and this is an
improvement compared with previous studies in this field. Still, studies based on randomisation may be
needed to improve the evidence of effectiveness. Moreover, qualitative studies are needed to better
understand how patients experience a 24-h access clinic.

As expected, larger reductions in unplanned hospital care were seen among patients with admissions in
the preceding year compared to patients with none. This was particularly prominent for COPD. One
explanation may be statistical due to the higher use and thus a higher possible decrease. However, it
could also be explained by a better knowledge about self-management among these patients and that
the healthcare system had more knowledge about the patient and therefore could give better advice.

About 60% to 86% of total healthcare expenditures are considered attributable to patients with chronic
conditions [61, 62] and admissions are a main driver of costs.[9, 63] Our findings support that a 24-h
access clinic can contribute to a change in admissions by integrating hospital outpatient follow-up care.
Specific factors may explain the possible effect. A 24-h access clinic enhances access to specialist care.
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Access to specialist care for acute conditions is associated with improved treatment quality and reduced
length of stay. [64-69] Moreover, flexible access to relevant healthcare professionals is considered an
important enabler for self-management of chronic conditions [24, 25, 70] which can lead to reductions in
healthcare utilisation.[17] Lastly, continuity of care seems enhanced when both routine and acute care
are coordinated by the outpatient clinic. Improved continuity of care is associated with lower
mortality,[71] reduced hospital utilisation,[72] increased adherence to medicine [73] and improved
patient satisfaction [74] and health outcomes.[75]
In Denmark, 13% to 41% of all patients with these five chronic conditions are followed in a hospital
outpatient clinic and are potentially eligible for inclusion in a 24-h access clinic.[76] Patients in hospital
outpatient follow-up account for 21% to 42% of annual exacerbation admissions. At a national level, this
is a large amount of resources, Further, the changes we found may very well be applicable for other
chronic conditions.

In conclusion, 24-h access patients had lower utilisation of acute hospital care and general practice outof-hours contacts but more outpatient visits compared to usual care patents in the rest of the health
region. No difference in mortality was observed. We found that improving integration of care by means
of a 24-h access clinic reduced unplanned hospital care and general practice out-of-hours contacts, which
to some extent were substituted with more planned hospital outpatient visits.

Generalisability
Studies in Europe [20, 26] and Australia [21] have described the results of 24-h telephone access for
patients with chronic conditions, thus indicating the international relevance of a 24-h access clinic. In a
Danish perspective, our results should be generalisable to other regions of Denmark. Danish Regions are
considered homogeneous and results obtained in one region should be transferable to the others.[77] A
24-h access clinic may be characterised as a low level clinical integration of care [78] with limited
complexity.[20] Consequently, this model of care may be considered less complex and more transferable
to other settings than many other integrated care models.

163

References
1. Danish Health Authority. Danskernes sundhed - Den nationale sundhedsprofil 2017. Available:
https://www.sst.dk/da/udgivelser/2018/~/media/73EADC242CDB46BD8ABF9DE895A6132C.ashx
[Accessed Sep 2020]

2. Hvidberg MF, Johnsen SP, Davidsen M, et al. A Nationwide study of prevalence rates and characteristics
of 199 chronic conditions in Denmark. Pharmacoeconomics-Open 2019:1-20. doi: 10.1007/s41669-0190167-7

3. Hopman P, Heins MJ, Korevaar JC, et al. Health care utilization of patients with multiple chronic
diseases in the Netherlands: Differences and underlying factors. Eur J of Intern Med 2016;35:44-50. doi:
10.1016/j.ejim.2016.08.025.

4. van Oostrom SH, Gijsen R, Stirbu I, et al. Time trends in prevalence of chronic diseases and
multimorbidity not only due to aging: data from general practices and health surveys. PLoS One
2016;11:e0160264. doi: 10.1371/journal.pone.0160264

5. Kadam U, Croft P, Group NSGC. Clinical multimorbidity and physical function in older adults: a record
and health status linkage study in general practice. Fam Pract 2007;24(5):412-9.
doi: 0.1093/fampra/cmm049

6. Rijken M, Van Kerkhof M, Dekker J, et al. Comorbidity of chronic diseases: effects of disease pairs on
physical and mental functioning. Qual Life Res 2005;14(1):45-55. doi: 10.1007/s11136-004-0616-2.

7. Fortin M, Bravo G, Hudon C, et al. Relationship between multimorbidity and health-related quality of
life of patients in primary care. Qual Life Res 2006;15(1):83-91. doi: 10.1007/s11136-005-8661-z.

8. Menotti A, Mulder I, Nissinen A, et al. Prevalence of morbidity and multimorbidity in elderly male
populations and their impact on 10-year all-cause mortality: The FINE study (Finland, Italy, Netherlands,
Elderly). J Clin Epidemiol 2001;54(7):680-6. doi: 10.1016/s0895-4356(00)00368-1.

164

9. Wammes JJG, van der Wees PJ, Tanke MAC, et al. Systematic review of high-cost patients'
characteristics and healthcare utilisation. BMJ Open 2018;8:e023113. doi: 10.1136/bmjopen-2018023113

10. Stange KC. The problem of fragmentation and the need for integrative solutions. Ann Fam Med
2009;7:100-3. doi: 10.1370/afm.971

11. Epping-Jordan JE, Pruitt SD, Bengoa R, et al. Improving the quality of health care for chronic
conditions. Qual Saf Health Care 2004;13:299-305. doi: 10.1136/qhc.13.4.299

12. Reiss-Brennan B, Brunisholz KD, Dredge C, et al. Association of integrated team-based care with
health care quality, utilization, and cost. JAMA 2016;316:826-34. doi: 10.1001/jama.2016.11232

13. World Health Organization. Integrated care models: an overview. Available:
http://www.euro.who.int/en/health-topics/Health-systems/health-servicesdelivery/publications/2016/integrated-care-models-an-overview-2016 [Accessed Dec 2019]

14. Armitage GD, Suter E, Oelke ND, et al. Health systems integration: state of the evidence.
Int J Integr Care 2009;9:e82. doi: 10.5334/ijic.316

15. Goddard M, Mason AR. Integrated care: a pill for all ills? Int J Health Policy Manag 2016;6:1-3.
doi: 10.15171/ijhpm.2016.111

16. Baxter S, Johnson M, Chambers D, et al. The effects of integrated care: a systematic review of UK and
international evidence. BMC Health Serv Res 2018;18:350. doi: 10.1186/s12913-018-3161-3

17. Damery S, Flanagan S, Combes G. Does integrated care reduce hospital activity for patients with
chronic diseases? An umbrella review of systematic reviews. BMJ Open 2016;6:e011952.
doi: 10.1136/bmjopen-2016-011952

18. De Regge M, De Pourcq K, Meijboom B, et al. The role of hospitals in bridging the care continuum: a
systematic review of coordination of care and follow-up for adults with chronic conditions. BMC Health
Serv Res 2017;17:550. doi: 10.1186/s12913-017-2500-0
165

19. Ahmed F, Mays N, Ahmed N, et al. Can the accountable care organization model facilitate integrated
care in England? J Health Serv Res Policy 2015;20:261-4. doi: 10.1177/1355819615590845

20. Hurst JR, Fitzgerald-Khan F, Quint JK, et al. Use and utility of a 24-hour telephone support service for
'high risk' patients with COPD. Prim Care Respir J 2010;19:260-5. doi: 10.4104/pcrj.2010.00035

21. Roberts MM, Leeder SR, Robinson TD. Nurse-led 24-h hotline for patients with chronic obstructive
pulmonary disease reduces hospital use and is safe. Intern Med J 2008;38:334-40. doi: 10.1111/j.14455994.2007.01519.x.

22. Sav A, McMillan SS, Kelly F, et al. The ideal healthcare: priorities of people with chronic conditions and
their carers. BMC Health Serv Res 2015;15:551. doi: 10.1186/s12913-015-1215-3

23. Wodskou PM, Host D, Godtfredsen NS, et al. A qualitative study of integrated care from the
perspectives of patients with chronic obstructive pulmonary disease and their relatives.
BMC Health Serv Res 2014;14:471. doi: 10.1186/1472-6963-14-471

24. Kielmann T, Huby G, Powell A, et al. From support to boundary: a qualitative study of the border
between self-care and professional care. Patient Educ Couns 2010;79(1):55-61.
doi: 10.1016/j.pec.2009.07.015.

25. Kennedy A, Rogers A, Bower P. Support for self care for patients with chronic disease. BMJ
2007;335:968-70. doi: 10.1136/bmj.39372.540903.94

26. Moller AD, Christiansen DH, Bell C, et al. 24-hour access outpatient clinic for patients with
exacerbation of chronic disease: a before-after cohort study of differences in acute healthcare utilisation.
BMC Health Serv Res 2018;18:663. doi: 10.1186/s12913-018-3475-1

27. Goodacre S. Uncontrolled before-after studies: discouraged by Cochrane and the EMJ.
Emerg Med J 2015;32:507-8. doi: 10.1136/emermed-2015-204761

28. Statistics Denmark. Folketal. Available: https://www.dst.dk/da/Statistik/emner/befolkning-ogvalg/befolkning-og-befolkningsfremskrivning/folketal [Accessed Nov 2019]
166

29. OECD/European Observatory on Health Systems and Policies. Denmark: country health profile 2017,
State of Health in the EU. Available: https://www.oecd.org/health/denmark-country-health-profile-20179789264283343-en.htm [Accessed Jan 2020]

30. Vedsted P, Olesen F. Kronikermodellen og risikostratificering.
Månedskrift for Praktisk Lægegerning 2006;84:357-68.

31. Hernández-Quevedo C, Olejaz M, Juul Nielsen A, et al. Do Danes enjoy a high-performing chronic care
system? Eurohealth 2012;18:26-9.

32. Thygesen LC, Daasnes C, Thaulow I, et al. Introduction to Danish (nationwide) registers on health and
social issues: structure, access, legislation, and archiving. Scand J Public Health 2011;39:12-6.
doi: 10.1177/1403494811399956

33. Pedersen CB. The Danish civil registration system. Scand J Public Health 2011;39:22-5.
doi: 10.1177/1403494810387965

34. Schmidt M, Schmidt SA, Sandegaard JL, et al. The Danish national patient registry: a review of
content, data quality, and research potential. Clin Epidemiol 2015;7:449-90. doi: 10.2147/CLEP.S91125

35. Lynge E, Sandegaard JL, Rebolj M. The Danish national patient register. Scand J Public Health
2011;39:30-3. doi: 10.1177/1403494811401482

36. Andersen JS, Olivarius Nde F, Krasnik A. The Danish national health service register. Scand J Public
Health 2011;39:34-7. doi: 10.1177/1403494810394718

37. Statistics Denmark. AFSP4E. Available:
https://www.dst.dk/da/Statistik/dokumentation/Times/uddannelseregister/afsp4e.
[Accessed Sept 2019]

38. Volk ML, Tocco RS, Bazick J, et al. Hospital readmissions among patients with decompensated
cirrhosis. Am J Gastroenterol 2012;107:247-52. doi: 10.1038/ajg.2011.314

167

39. Vester-Andersen MK, Vind I, Prosberg MV, et al. Hospitalisation, surgical and medical recurrence rates
in inflammatory bowel disease 2003-2011 - a Danish population-based cohort study. J Crohns Colitis
2014;8:1675-83. doi: 10.1016/j.crohns.2014.07.010

40. Janjua S, McDonnell MJ, Harrison SL, et al. Targeted interventions and approaches to care for people
living with chronic obstructive pulmonary disease and at least one other long‐term condition: a mixed
methods review. Cochrane Database Syst Rev 2019;2019(8):CD013384
doi: doi.org/10.1002/14651858.CD013384

41. Go AS, Hylek EM, Phillips KA, et al. Prevalence of diagnosed atrial fibrillation in adults: national
implications for rhythm management and stroke prevention: the AnTicoagulation and Risk Factors in
Atrial Fibrillation (ATRIA) Study. JAMA 2001;285:2370-5. doi: 10.1001/jama.285.18.2370

42. Koudstaal S, Pujades‐Rodriguez M, Denaxas S, et al. Prognostic burden of heart failure recorded in
primary care, acute hospital admissions, or both: a population‐based linked electronic health record
cohort study in 2.1 million people. Eur J Heart Fail 2017;19:1119-27.
doi: 10.1002/ejhf.709

43. Hui D, Nooruddin Z, Didwaniya N, et al. Concepts and definitions for “actively dying,”“end of
life,”“terminally ill,”“terminal care,” and “transition of care”: a systematic review.
J Pain Symptom Manage 2014;47(1):77-89. doi: 10.1016/j.jpainsymman.2013.02.021.

44. Kelly C, Hulme C, Farragher T, et al. Are differences in travel time or distance to healthcare for adults
in global north countries associated with an impact on health outcomes? A systematic review.
BMJ open 2016;6(11):e013059. doi: 10.1136/bmjopen-2016-013059.

45. Law M, Sweeting MJ, Donaldson GC, et al. Misspecification of at-risk periods and distributional
assumptions in estimating COPD exacerbation rates: the resultant bias in treatment effect estimation.
Pharm Stat 2017;16:201-9. doi: 10.1002/pst.1798

46. Clifton L, Clifton DA. The correlation between baseline score and post-intervention score, and its
implications for statistical analysis. Trials 2019;20(1):1-6. https://doi.org/10.1186/s13063-018-3108-3
168

47. Daw JR, Hatfield LA. Matching and Regression to the Mean in Difference-in-Differences Analysis.
Health Serv Res 2018;53(6):4138-56. doi: 10.1111/1475-6773.12993.

48. Andersen PK, Pohar Perme M. Pseudo-observations in survival analysis. Stat Methods Med Res
2010;19:71-99. doi: 10.1177/0962280209105020

49. Rothman KJ, Greenland S, Lash TL. Modern epidemiology: Wolters Kluwer Health/Lippincott Williams
& Wilkins. Philadelphia 2008.

50. Thygesen SK, Christiansen CF, Christensen S, et al. The predictive value of ICD-10 diagnostic coding
used to assess Charlson comorbidity index conditions in the population-based Danish national registry of
patients. BMC Med Resh Methodol 2011;11:83. doi: 10.1186/1471-2288-11-83

51. Thomsen RW, Lange P, Hellquist B, et al. Validity and underrecording of diagnosis of COPD in the
Danish national patient registry. Respir Med 2011;105:1063-8. doi: 10.1016/j.rmed.2011.01.012

52. Rix TA, Riahi S, Overvad K, et al. Validity of the diagnoses atrial fibrillation and atrial flutter in a Danish
patient registry. Scand Cardiovasc J 2012;46:149-53.
doi: 10.3109/14017431.2012.673728

53. Frost L, Andersen LV, Vestergaard P, et al. Trend in mortality after stroke with atrial fibrillation.
Am J Med 2007;120:47-53. doi: 10.1016/j.amjmed.2005.12.027

54. Frost L, Vestergaard P. Alcohol and risk of atrial fibrillation or flutter: a cohort study.
Arch Intern Med 2004;164:1993-8. doi: 10.1001/archinte.164.18.1993

55. Mard S, Nielsen FE. Positive predictive value and impact of misdiagnosis of a heart failure diagnosis in
administrative registers among patients admitted to a university hospital cardiac care unit.
Clin Epidemiol 2010;2:235-9. doi: 10.2147/CLEP.S12457

56. Fonager K, Sørensen HT, Rasmussen SN, et al. Assessment of the diagnoses of Crohn's disease and
ulcerative colitis in a Danish hospital information system. Scand J Gastroenterol 1996;31:154-9. doi:
169

10.3109/00365529609031980
57. Delekta J, Hansen SM, AlZuhairi KS, et al. The validity of the diagnosis of heart failure (I50. 0-I50. 9) in
the Danish National Patient Register. Dan Med J. 2018;65(4):A5470.

58. Vest-Hansen B, Riis AH, Christiansen CF. Registration of acute medical hospital admissions in the
Danish National Patient Registry: a validation study. Clin Epidemiol. 2013;5:129-33.
doi: 10.2147/CLEP.S41905.

59. Cousens S, Hargreaves J, Bonell C, et al. Alternatives to randomisation in the evaluation of publichealth interventions: statistical analysis and causal inference. J Epidemiol Community Health
2011;65:576-81. doi: 10.1136/jech.2008.082610

60. Shreffler J, Huecker MR. Type I and Type II Errors and Statistical Power. StatPearls. Treasure Island (FL):
StatPearls Publishing; 2020.

61. Agency for Healthcare Research and Quality. Multiple chronic conditions chartbook. Available:
https://www.ahrq.gov/sites/default/files/wysiwyg/professionals/prevention-chroniccare/decision/mcc/mccchartbook.pdf
[Accessed Oct 2020]

62. Olesen F, Vedsted P. En styrket og ændret indsats for kronisk syge patienter. Maanedsskrift for
Praktisk Laegegerning. 2006;84(3):245-58.

63. Wodchis WP, Austin PC, Henry DA. A 3-year study of high-cost users of health care.
Cmaj 2016;188(3):182-8. doi: 10.1503/cmaj.150064.

64. Hosker H, Anstey K, Lowe D, et al. Variability in the organisation and management of hospital care for
COPD exacerbations in the UK. Respir Med 2007;101(4):754-61.
doi: 10.1016/j.rmed.2006.08.016.

65. Jones IV SO, Odle M, Stajduhar K, et al. Direct admission to cardiology for patients hospitalized for
atrial fibrillation reduces length of stay and increases guideline adherence. Mili Med 2006;171(6):567-71.
doi: 10.7205/milmed.171.6.567.
170

66. Lane ND, Brewin K, Hartley TM, et al. Specialist emergency care and COPD outcomes. BMJ Open
Respir Res 2018;5(1):e000334. doi: 10.1136/bmjresp-2018-000334.

67. Ko CW, Kelley K, Meyer KE. Physician specialty and the outcomes and cost of admissions for end-stage
liver disease. Am J Gastroenterol 2001;96(12):3411-8. doi: 10.1111/j.1572-0241.2001.05343.x.

68. Law CC, Sasidharan S, Rodrigues R, et al. Impact of specialized inpatient IBD care on outcomes of IBD
hospitalizations: a cohort study. Inflamm Bowel Dis 2016;22(9):2149-57. doi:
10.1097/MIB.0000000000000870.

69. Parmar KR, Xiu PY, Chowdhury MR, et al. In-hospital treatment and outcomes of heart failure in
specialist and non-specialist services: a retrospective cohort study in the elderly.
Open heart 2015;2(1):e000095. doi: 10.1136/openhrt-2014-000095.

70. Trankle SA, Usherwood T, Abbott P, et al. Integrating health care in Australia: a qualitative evaluation.
BMC Health Serv Res 2019;19(1):954. doi: 10.1186/s12913-019-4780-z.

71. Pereira Gray DJ, Sidaway-Lee K, White E, et al. Continuity of care with doctors-a matter of life and
death? A systematic review of continuity of care and mortality. BMJ open 2018;8(6):e021161.
doi: 10.1136/bmjopen-2017-021161.

72. Barker I, Steventon A, Deeny SR. Association between continuity of care in general practice and
hospital admissions for ambulatory care sensitive conditions: cross sectional study of routinely collected,
person level data. BMJ 2017;356:j84. doi: 10.1136/bmj.j84.

73. Chen C, Tseng C, Cheng S. Continuity of care, medication adherence, and health care outcomes
among patients with newly diagnosed type 2 diabetes: a longitudinal analysis.
Med Care 2013;51:231-7. doi: 10.1097/MLR.0b013e31827da5b9

74. Baker R, Streatfiled J. What type of general practice do patients prefer? Exploration of practice
characteristics influencing patient satisfaction. Br J Gen Pract 1995;45:654-9.

171

75. Cabana MD, Jee SH. Does continuity of care improve patient outcomes? J Fam Pract 2004;53:974-80.

76. Schlünsen ADM, Christiansen DH, Fredberg U, et al. Patient characteristics and healthcare utilisation
among Danish patients with chronic conditions: a nationwide cohort study in general practice and
hospitals. BMC Health Serv Res 2020;20(1):976. doi: 10.1186/s12913-020-05820-3.
77. Henriksen DP, Rasmussen L, Hansen MR, et al. Comparison of the five Danish regions regarding
demographic characteristics, healthcare utilization, and medication use-a descriptive cross-sectional
study. PLoS One 2015;10:e0140197. doi: 10.1371/journal.pone.0140197
78. Valentijn PP. Rainbow of Chaos: A study into the Theory and Practice of Integrated Primary Care.
Int J of Integr Care. 2016;16(2):3. doi: http://doi.org/10.5334/ijic.2465.

172

Supplemental appendix 1.
1.a. Identification of disease related outpatient visits
Diagnosis
ICD-10 codes
AF
I48*
CHF
I110, I130, I132, I420, I426, I427, I428*, I429, I500*, I501*, I509
CLD
K658I, K702*, K703*, K704*, K711*, K717*, K72*, K73*, K74*, K754*, K761*, DK766*, K767,
I85*
IBD
K50*, K51*
COPD
J44, J440, J441, J449
Abbreviations: ICD-10; International Classification of Disease 10th revision, AF; atrial fibrillation, CHF; congestive
heart failure, CLD; chronic liver disease, IBD; inflammatory bowel disease, COPD; chronic obstructive pulmonary
disease
1.b. Identification of acute admissions due to exacerbations
Diagnosis
ICD-10 codes
AF
I48*
CHF
I110, I130, I132, I420, I426, I427, I429, I50*
CLD
K65*, K702*, K703*, K704*, K711*, K717*, K72*, K73*, K74*, K754*, K761*, K766*, K767,
I85*, I864*, I982, R17*, R18*, C22*
IBD
K50*, K51*, R634, R10*, K30*, R64*, K20*, K21*, K221*, K25*, K26, K27, K28*, K29*, K315*,
K566*, K625*, K630, K631*, K632*, K633, E43*, E44*, E46*, K908*, K909
COPD
J44*, J96*, J13*, J14*, J15*, J16*, J17*, J.18*
Abbreviations: ICD-10; International Classification of Disease 10th revision, AF; atrial fibrillation, CHF; congestive
heart failure, CLD; chronic liver disease, IBD; inflammatory bowel disease, COPD; chronic obstructive pulmonary
disease

1.c. Identification of general practice contacts
Contact type
Reimbursement codes
Daytime
0101, 0105, 0201, 0421, 0431, 0441, 0451,
0461, 0491
Out-of-hours
0101, 0102, 0471, 0501, 0602

Time codes
0-7
8-9
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Supplemental appendix 2.
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Appendices 1-4
1. Information for 24-h access patients
2. Ethical comitee confirmation letters
3. Data retrieval of Outcomes
4. Data retrieval of explanatory variables
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Appendix 1. Information for 24-h access patients with Atrial fibrillation/flutter
1.a. Letter
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1.b. Instructions brochure
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Hvad er en fleksibel indlæggelse?
Fleksibel indlæggelse er en anden måde at få adgang til sygehuset på, når du oplever en ændring
eller forværring af dine symptomer på atrieflimren/flagren og føler dig utryg. Ved telefonisk
henvendelse til hjerteafsnittet på M1, kan du få råd og vejledning. Ved behov kan du blive undersøgt
og behandlet direkte på hjerteafsnittet på M1.
Tilbuddet om fleksibel indlæggelse gælder ligeså længe som du er tilknyttet vores ambulatorium
grundet atrieflimren/flagren.
Hvilke muligheder giver en fleksibel indlæggelse mig?
Telefon kontakt til hjerteafsnittet på M1 døgnet rundt alle ugens dage.
De specialiserede sygeplejersker fra hjerteafsnittet på M1 er altid klar til at hjælpe dig, når du
oplever en ændring eller forværring af dine symptomer på atrieflimren/flagren og føler dig utryg.
Sygeplejersken vurderer din tilstand, og sammen aftaler I, hvordan du bedst kan hjælpes.
Hurtig undersøgelse på hospitalet
Hvis du skal undersøges på hospitalet, modtages du på hjerteafsnittet på M1, ligeså hurtigt som din
tilstand kræver det. Hvis du har brug for at ligge ned, får du en seng, men ellers sidder du i en
komfortabel hvilestol og beholder dit eget tøj på.
Vi tilstræber ambulant vurdering og behandling. Hvis det derimod viser sig, at du skal forblive
indlagt, bliver du på hjerteafsnittet på M1. Du undgår altså indlæggelse på et andet akuthospital.
Skal jeg bekræfte, at jeg ønsker en fleksibel indlæggelse?
Du skal ikke bekræfte, at du ønsker, eller ikke ønsker, at benytte dig af tilbuddet om fleksibel
indlæggelse.
Hvis du ønsker at benytte dig af tilbuddet, skal du blot anvende de muligheder, som du finder
beskrevet i dette informationsmateriale.
Hvis du ikke ønsker at benytte dig af tilbuddet, skal du gøre præcis, som du plejer at gøre, når du
oplever en ændring eller forværring af dine symptomer på atrieflimren/flagren og føler dig utryg.
Hvordan bruger jeg min fleksible indlæggelse?
Hvis du oplever en ændring eller forværring af dine symptomer på atrieflimren/flagren og er utryg
ved det, skal du ringe på tlf.:78 41 71 42.
En sygeplejerske fra hjerteafsnittet på M1 besvarer dit opkald, og sammen aftaler i, hvordan du
bedst kan hjælpes i situationen.
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Du må ringe på alle tider af døgnet alle ugens syv dage.
Hvad er en ændring eller forværring af symptomerne?
De typiske symptomer på atrieflimren/flagren er:
Hjertebanken
Uregelmæssig puls
Ubehag i brystet
Åndenød.
Enkelte kan også have svimmelhed. Få oplever besvimelse.
Jeg har en selvbehandlingsplan, skal jeg fortsat følge den?
Ja, du skal fortsat anvende din selvbehandlingsplan. Har du imidlertid svært ved at anvende
selvbehandlingsplanen eller ikke synes, at behandlingen hjælper, må du meget gerne kontakte
hjerteafsnittet på M1.
Må jeg ringe 112, når jeg har en fleksibel indlæggelse?
Ja du må. Det er meget vigtigt, at du i en akut livstruende situation ringer 112.
Kan jeg blive transporteret til sygehuset?
Hvis du eller dine pårørende ikke selv har mulighed for at transportere dig, bestiller sygeplejersken
en transport, der bringer dig hertil.
Hvor ligger hjerteafsnittet på M1?
Du finder hjerteafsnittet på M1 i bygning 5, niveau 3. Benyt hovedindgang A, hvor du også finder en
elevator.
Kan jeg få yderligere information?
Du er meget velkommen til at kontakte Diagnostisk Center på tlf.: 78 41 71 42
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1.c. Business card size information
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Appendix 2. Decision letters - Committees on Health Research Ethics
2. a. Study 1
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2.b. Study 3
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Appendix 3. Data retrieval of outcomes
3. a. Hospital admissions and intensive care assistances
Identification of admissions
Registry

Main table

Category

Coding

T_Adm

Admission

c_pattype= 0,2 &
c_indm=1

DNPR

Technical notes: An admission occurring less than four hours after a prior was considered one admission.

Identification of exacerbation related admissions
Registry

Table

Categories

T_adm

IBD exacerbation

DNPR

Codes

AF exacerbation

ICD-10
K50*, K51*, R634, R10*, K30*, R64*,
K20*, K21*, K221*, K25*, K26, K27, K28*,
K29*, K315*, K566*, K625*, K630, K631*,
K632*, K633, E43*, E44*, E46*, K908*,
K909
K65*, K702*, K703*, K704*, K711*,
K717*, K72*, K73*, K74*, K754*, K761*,
K766*-K767, I85*, I864*, I982, R17*,
R18*, C22*
J44*, J96*, J13*, J14*, J15*, J16*, J17*, J.18*
I110, I130, I132, I420, I426, I427, I429,
I50*
I48*

Table

Variables

Coding

T_adm

Length of stay

c_pattype= 0,2 &
c_indm=1

CLD exacerbation

COPD exacerbation
CHF exacerbation

Identification of length of stay (LOS)
Registry
DNPR

Technical notes: Length of stay was calculated as time from date/hour/minute/second of admission to
date/hour/minute/second of discharge. The DNPR does not contain a variable for minute of discharge as well as
second of admission and discharge. We assigned a value of "0" to second of admission and "59" to minute and
second of discharge..
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Identification of intensive care assistances
Registry

Tables

Variables

Coding

T_adm and t_sksube

Intensive care
asssistances

(c_opr="NABE" | c_opr="NABB") and
C_TILOPR="ATA1"

Table

Category

Description

T_Adm

Outpatient visit

pattype= 2 & indm=2

DNPR

3. b. Hospital outpatient visits
Identification of outpatient visits
Registry
DNPR(113)

Identification of disease related outpatient visit
Registry
DNPR (113)

Disease
IBD
CLD
COPD
CHF
AF

Codes
ICD-10
K50*, K51*
K658I, K702*, K703*, K704*, K711*, K717*, K72*, K73*,
K74*, K754*, K761*, DK766*, K767, I85*
J44, J440, J441, J449
I110, I130, I132, I420, I426, I427, I428*, I429, I500*, I501*,
I509
I48*
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3. c. General practice contacts
General practice daytime contacts – Study 1
Registry

Categories

Codes

Surgery
Home
E-mail
Telephone

Remuneration codes
0101
0421, 0431, 0441, 0451, 0461, 0491
0105
0201

DNHSR

Technical notes: Tidspunktkode=1.
Abbreviations: DNHSR; Danish national health services register.

General practice out-of-hours contacts – Study 1
Registry

Categories

Codes

DNHSR

Remuneration codes
Telephone
0501
Clinic
0101
Home
0102, 0471
Technical notes: Tidspunktkode= 8-9 .

General practice contacts – Study 3
Registry

Categories

Codes

DNHSR

Remuneration codes
Daytime
0101, 0105, 0201, 0421, 0431, 0441, 0451, 0461, 0491
Out-of-hours 0101, 0102, 0471, 0501, 0602
Technical notes: daytime: Tidspunktkode=1, Out-of-hours: Tidspunktkode 8-9.
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3.d. Municipal home nursing contacts
Municipal home nursing
Registry
Statistics
DenmarkMunicipal home
nursing

Categories

Codes

Scheduled
Acute

Visit category
1
2
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Appendix 4. Data retrieval of explanatory variables
4. a. Data retrieval of gender and age
Registry

Variable

Name in registry

Categories

Codes

Gender

Koen

Male

1

Female

2

Statistics
Denmark, CRS

Age

Alder_1jan

N/A

4. b. Data retrieval of patients living in nursing home
Registry

Variable

Names in registry

Coding/categorisation

Living in
nursing
home

BOP_VFRA (moved in),
BOP_VTIL (moved out)

Living in nursing home if
BOP_VFRA<=indexdate &
BOP_VTIL>indexdate

Statistics
Denmark –
Citizens living in
nursing
home.(110,
111)
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4. c. Data retrieval of household status
Registry

Variable

Name in registry

Categories

Coding/categorisation

Household
status

Familie_type

Married or
cohabiting

1-4, 7-8

Single

5,9-10

Statistics
Denmark –
Family
type(105)

4. d. Data retrieval of personal income
Registry

Variable

Name in registry

Coding/categorisation

Personal
income

Perindkialt_13

N/A

Statistical Denmark –
Personal income(106)

4. e. Data retrieval of occupational status
Registry

Name in registry

Categories

Codes

Socio13

Working

110-114, 120, 131-135, 139

Unemployed

210,220,230

Early retiree

321

Retired

322-323

Others

410, 420, 310

Statistics
Denmark –
Socioeconomic
classification
v.13 (107)
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4. f. Data retrieval of highest obtained educational level
Registry

Name in registry

Categories

Codes

Isced_audd_afsp4e_k

Primary education

1*, 2*

Secondary education
or vocational training

3A*, 3C*, 4*

Higher education

5*, 6*, 7*, 8*

Statistics Denmark –
ISCED97
(108, 109)

4. g. Data retrieval of Charlson co-morbidity
Registry

Name in registry

Categories

Codes

DNPR

Diag, diagtype

See Quan et al. for Charlson comorbidities and corresponding
ICD-10 diagnoses. (133)

STATA command: Charlson
comorb1, icd(10) idvar(pnr)
assign0

Technical notes: The calculation of Charlson co-morbidity index was based on the user written 'Charlson'
command in STATA. This can be obtained by the "ssc install Charlson" command.
We used all primary (diagtype=a) and secondary diagnoses (diagtype=b).

191

4. h. Transformation of count variables to categorical variables
Variable

Transformation

Charlson comorbidity

0= 1, 1-2= 2, 3-4= 4, 5-max= 4

Age

The groups were created with the STATA commands "cut" and "group", e.g. "egen
ibdage= cut(indexage) if disease=="IBD", group(5)".

Admissions, all-cause

1=0, 2=1, 3-4=2, 5-max=3.
This categorization was only necessary for patients with at least 1.

Admissions,
Exacerbations

0= 0, 1= 1, 2-3= 2, 4-max= 3

LOS, all-cause and
exacerbations

0-1.00= 0, 1.01,-4.00= 1, 4.01-10.00= 2, 10.01-max= 3

Outpatient visits, allcause

0= 0, 1-2= 1, 3-6= 2, 7-max= 3

Outpatient visits,
disease related

0= 0, 1= 1, 2-3= 2, 4-max= 3

General practice,
daytime

0-6= 0, 7-14= 1, 15-30= 2, 31-max= 3

General practice, outof-hours

0= 0, 1= 1, 2= 2, 3-max= 3

Municipal nursing,
scheduled

0= 0, 1-25= 1, 26-99= 2, 100-max= 3

Municipal nursing,
acute

0= 0, 1= 1, 2-3= 2, 4-max= 3
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