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Due to an ageing population and increasing life expectancy, the number of 
older adults worldwide is expected to more than double in the next decades.1 
In the Netherlands, the number of adults of ≥ 65 years will increase from 2.5 
million to 4.6 million between 2010 and 2040.2 Higher age is an important risk 
factor for cardiac disease.3 The incidence of cardiac disease will therefore grow 
significantly in the next decades,4 with an expected increase of more than 100% 
in patients with heart failure and around 65% in patients with coronary artery 
disease.5 

The treatment of older cardiac patients is complex due to comorbidities 
and geriatric conditions such as functional impairment, fall risk, malnutrition 
and the presence of polypharmacy.6-8 However, the assessment of geriatric 
conditions is not part of the medical routine in cardiology and therefore these 
conditions are frequently unrecognized although they have a significant impact 
on treatment and on outcomes.8,9 For example, cognitive impairment may lead 
to non-adherence to therapeutic regimes9,10 and functional limitations can cause 
non-participation in center-based cardiac rehabilitation because of the intensity 
of the programs, disabling comorbidities and transportation problems.11,12 In 
addition, treatments are mostly based on single disease-oriented guidelines and 
insufficiently take other conditions into account, which may result in conflicting 
recommendations and treatments.13 Besides, guidelines currently do not address 
important outcomes for older patients such as daily functioning, symptom relief 
and quality of life. Thus, the care of older cardiac patients is suboptimal, which 
increases the risk of functional loss, readmission and mortality.6,8 The integration 
of cardiac and geriatric care for older patients with heart disease is therefore 
needed.

Part 1: The identification of older hospitalized cardiac patients 
at high risk of adverse events
After hospital admission for cardiac disease, older patients are at high risk 
of readmission and mortality, especially in the first weeks post-discharge.14 
Approximately 20% of older patients with acute myocardial infarction or heart 
failure in the United States are readmitted within 30 days and 8% die in that first 
period.14 These serious adverse events are associated with a high burden on 
patients and families,13,15 on healthcare and costs.4 The timely identification of 
high-risk patients is of great importance to provide early preventive interventions. 
Patient characteristics such as higher age,16,17 comorbidities,18,19 being single,9,17 
a hospital admission in the prior six months20 and low socioeconomic status17 
are known to increase the risk of adverse events. However, if and how these risks 
vary by those risk factors during the first period post-discharge is unknown. This 
knowledge may contribute to the timely initiation of preventive intervention for 
patients with specific risk factors. 
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The need to identify hospitalized cardiac patients at risk of readmission has 
increased significantly in recent years. Many risk prediction models have been 
developed and systematic reviews have examined the performance of these 
models.20-29 However, most reviews conclude that the discrimination of risk 
prediction models is poor to moderate and that there is a large variety in included 
predictors. In addition, most models are not readily applicable in daily practice 
as they lack a clinically useful presentation, such as a risk score or nomogram 
or use only administrative data.22 As many new models have been developed 
and evaluated in recent years, a state-of-the-art overview is needed to examine 
the performance of clinical risk prediction models, identify characteristics that 
contribute to better predictions and to investigate predictors that are consistently 
associated with readmission.

 In the Netherlands, the Dutch Safety Management System (DSMS), 
sponsored by the Ministry of Health, Welfare and Sport,30 developed a clinically 
applicable screening tool to identify older patients at high risk of functional loss. 
This tool was implemented in 2012 and currently all Dutch hospitals are required 
to systematically screen hospitalized patients ≥ 70 years in four geriatric 
domains; delirium, falling, functional impairments and malnutrition. Functional 
loss is associated with a high risk of readmission and mortality.31-34 Although this 
tool is currently used in daily practice to identify patients at high risk of functional 
loss, it is unknown if it is also applicable to identify older hospitalized cardiac 
patients at high risk for unplanned readmission and mortality.

Part 2: Lifestyle-related secondary prevention of cardiovascular 
complications in older cardiac patients
Nurse-coordinated interventions in the secondary prevention of cardiovascular 
complications have been proven to reduce the risk of recurrent cardiovascular 
events and to improve lifestyle-related risk factors such as weight reduction, 
physical activity and smoking cessation.35-37 The Randomized Evaluation of 
Secondary Prevention by Outpatient Nurse SpEcialists (RESPONSE) trial38,39 
evaluated an outpatient nurse-coordinated intervention including lifestyle 
modification, biometric risk factors and medication adherence for patients after 
an acute coronary syndrome. This intervention was effective in reducing drug-
treated cardiovascular risk factors and also improved quality of life.37,38 However, 
room for improvement remained for the treatment of lifestyle-related risk 
factors. Therefore, the RESPONSE-2 trial36,40 was developed, that investigated 
a community-based lifestyle intervention evaluating nurse-coordinated referral 
to a comprehensive set of three commercially available lifestyle interventions 
targeting weight reduction, physical activity and/or smoking cessation. Significant 
improvements were seen in lifestyle-related risk factors in the intervention group 
as compared with usual care. 
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Lifestyle-related interventions are also recommended in older patients and 
associated with improvements in functional status, cardiovascular risk, and 
reduced mortality.3,41-44 However, treatment complexity in older patients is 
greater, due to polypharmacy, comorbidities, and functional loss, which may 
interfere with optimal secondary prevention.8,42,45 In addition, the evidence in 
older patients is less conclusive as compared to younger patients as older adults 
are often excluded from clinical trials. This limits the generalizability of guideline 
recommendations to this population.3,45 Furthermore, the impact of lifestyle-
related interventions may be less in older patients compared to younger patients, 
due to their limited life expectancy and due to the fact that their unfavorable 
lifestyles have influenced their health over many decades.41,46 The health-related 
consequences may be only partially reversible, in terms of life expectancy. 
However, other outcomes may still improve by lifestyle modification at later age 
such as functional independence and quality of life.41,42,47 

More knowledge on the effectiveness of lifestyle-related secondary 
prevention in older cardiac patients is therefore needed. It is unknown whether 
the effects of the RESPONSE-2 trial are also applicable in older cardiac patients. 
Furthermore, the perspectives of older cardiac patients towards lifestyle-related 
secondary prevention in relation to their age and disease progression may be 
different from younger patients. Therefore, older cardiac patients’ motivation for 
lifestyle modification after a hospital admission needs to be investigated. 

Part 3: Development and evaluation of a transitional care 
intervention for older cardiac patients
Transitional care aims to improve continuity of care by multidisciplinary 
collaboration, structured post-discharge planning and early follow-up home-
visits.48-50 Transitional care was found to be effective in reducing readmission and 
mortality in several populations.48,51,52 As older cardiac patients are at high risk 
of readmission and mortality, transitional care may also be effective in reducing 
adverse events in this population. We therefore developed the Cardiac Care 
Bridge program (CCB program) which was a nurse-coordinated, interdisciplinary 
complex intervention. The Medical Research Council (MRC) framework53 for 
complex interventions was used to develop and evaluate the CCB program 
(figure 1).54 Phases of development, feasibility and piloting and evaluation were 
used in the intervention development. The implementation phase is outside the 
scope of this thesis.

The inspiration for the development of the CCB program (figure 2) was 
formed by the positive outcomes of the Transitional Care Bridge study52 and 
the RESPONSE study,37 and on the importance of cardiac rehabilitation. The 
Transitional Care Bridge study52,55 was a transitional care intervention for acutely 
hospitalized older patients providing a comprehensive geriatric assessment, 
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Figure 1. The Medical Research Council (MRC) framework for complex interventions53

Feasibility and piloting
Testing procedures
Estimating recruitment and retention
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Evaluation
Assessing effectiveness
Understanding change process
Assessing cost effectiveness

Implementation
Dissemination
Surveillance and monitoring
Long term follow-up

Development
Identifying the evidence base
Identifying or developing theory
Modelling process and outcomes

an integrated care plan and a transitional care program. This program included 
visits during hospitalization and soon after discharge by a community care 
registered nurse with a focus on case management. The intervention was 
associated with a 25% reduction (HR 0.75, 95% CI 0.56-0.99, P=0.045) in 
mortality.52 However, no impact was found on ADL-functioning and readmission. 
The previously mentioned RESPONSE study37,39 evaluated an outpatient nurse-
coordinated disease management intervention for patients after an acute 
coronary syndrome. A relative risk reduction of 17.4% (P=0.021) was found on the 
Systematic Coronary Risk Evaluation (SCORE) which is an integrated measure to 
estimate the risk of cardiovascular death in 10 years. In addition, a relative risk 
reduction of 34.8% (P=0.023) was found on readmission. Furthermore, cardiac 
rehabilitation is recommended after a recent cardiac event3 and is also effective 
in older patients.12 However, attendance and participation of these patients in 
center-based cardiac rehabilitation programs is low11,56 which is associated with 
an increased risk for recurrent cardiovascular events and mortality.3 In addition, 
older patients often suffer from functional loss during and after hospitalization.33 
This increases the risk for further functional deterioration and mortality post-
discharge.34 As reasons for non-participation are often related to the presence 
of functional limitations and transportation problems,11,56 home-based cardiac 
rehabilitation under guidance of a physical therapist may have the potential to 
reduce adverse events and to improve physical functioning in patients’ own 
environment.

Most transitional care interventions are currently nurse-coordinated and are 
provided from a case management perspective, delivering interventions with a 
broad view on patients’ needs.57,58 However, disease management interventions 
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are often lacking in transitional care. Although reasons for readmissions are 
heterogenous, many readmissions are disease-related59 or caused by drug-
related adverse events60 suggesting that more attention is needed for disease-
specific support in transitional care. The CCB program therefore integrated 
home-based cardiac rehabilitation and cardiac disease management into 
classic transitional care interventions, including early detection and monitoring 
of cardiac symptoms, medication management and monitoring of therapy 
adherence (figure 2). 

The effectiveness of the CCB program52 was evaluated in a multicenter 
randomized clinical trial that was conducted between June 2017 and March 
2019 in six hospitals in the region of Amsterdam. In total, 306 patients ≥ 70 year 
at high risk of readmission and mortality participated in this study. The primary 
outcome was a composite of readmission and mortality within six months. In 
addition, also patients’ experiences with the CCB program were examined. 

Figure 2. Overview of the Cardiac Care Bridge program
Abbreviation: DSMS = Dutch Safety Management System

High‐risk cardiac patients ≥70 years
 The DSMS: delirium, fall risk, malnutrition, activities of daily living 
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Comprehensive geriatric assessment

Integrated care plan

In‐hospital visit of the community nurse before discharge 
‐ Meeting with patient
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‐ Medication handover 

Home visits by community nurse (2 days, 1 week, 3 weeks and 6 weeks)
‐ Follow‐up of integrated care plan
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Aims and outline of this thesis
The overall aim of the work described in this thesis is to explore the integration 
of cardiac and geriatric care for older patients with heart disease. Therefore, we 
first aimed to examine how hospitalized older cardiac patients at high risk for 
adverse events can be identified. Second, we aimed to examine lifestyle-related 
secondary prevention of cardiovascular complications by evaluating the effect 
of a lifestyle intervention in older cardiac patients after a hospital admission. 
We subsequently examined their motivation for lifestyle modification. Finally, 
our objective was to develop a transitional care intervention for older cardiac 
patients and to evaluate its effect on unplanned hospital readmission and 
mortality. Based on these aims, this thesis is divided into three parts.

In Part 1, we explored how hospitalized older cardiac patients at high risk 
for adverse events could be identified. Chapter 2 describes the incidence of first 
unplanned all-cause readmission and mortality of patients ≥ 70 years with acute 
myocardial infarction or heart failure and explored the extent to which effects of 
risk factors varied over time. In Chapter 3, we provide an overview of clinical risk 
prediction models for unplanned hospital readmission in patients hospitalized 
for acute heart disease. Chapter 4 describes the performance of the DSMS-tool 
alone and combined with other predictors in predicting all-cause unplanned 
hospital readmission or mortality within six months in acutely hospitalized older 
cardiac patients.

In Part 2, we evaluated lifestyle-related secondary prevention of 
cardiovascular complications in older cardiac patients. Chapter 5 reports on 
the treatment effect of the RESPONSE-2 trial on lifestyle-related risk factors in 
older (≥ 65 years) versus younger (< 65 years) patients. Chapter 6 presents older 
cardiac patients’ perspectives toward lifestyle-related secondary prevention 
after a hospital admission.

In Part 3, we developed and examined the effectiveness of transitional 
care in older cardiac patients. Chapter 7 describes the protocol of the nurse-
coordinated CCB transitional care program for high-risk older hospitalized cardiac 
patients. Chapter 8 presents the effects of the CCB program on unplanned 
hospital readmission and mortality within six months. Chapter 9 describes the 
experiences of patients who participated in the intervention group of the CCB 
program. 

Finally, Chapter 10 and Chapter 11 present a general discussion and 
summary of the main findings of this thesis. 
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