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Background: Chronic obstructive pulmonary disease (COPD) and chronic heart failure 
(CHF) often coexist and share periods of symptom deterioration. Electronic health (eHealth) 
might play an important role in adherence to interventions for the self-management of COPD 
and CHF symptoms by facilitating and supporting home-based care.
Methods: In this pilot study, an eHealth self-management intervention was developed based 
on paper versions of multi-morbid exacerbation action plans and evaluated in patients with 
both COPD and CHF. Self-reporting of increased symptoms in diaries was linked to an 
automated decision support system that generated self-management actions, which was 
communicated via an eHealth application on a tablet. After participating in self- 
management training sessions, patients used the intervention for a maximum of four months. 
Adherence to daily symptom diary completion and follow-up of actions were analyzed. An 
add-on sensorized (Respiro®) inhaler was used to analyze inhaled medication adherence and 
inhalation technique.
Results: In total, 1148 (91%) of the daily diaries were completed on the same day by 11 
participating patients (mean age 66.8 ± 2.9 years; moderate (55%) to severe (45%) COPD; 
46% midrange left ventricular function (LVF) and 27% reduced LVF). Seven patients 
received a total of 24 advised actions because of increased symptoms of which 11 (46%) 
were followed-up. Of the 13 (54%) unperformed advised actions, six were “call the case 
manager”. Adherence to inhaled medication was 98.4%, but 51.9% of inhalations were 
performed incorrectly, with “inhaling too shortly” (<1.25 s) being the most frequent error 
(79.6%).
Discussion: Whereas adherence to completing daily diaries was high, advised actions were 
inadequately followed-up, particularly the action “call the case manager”. Inhaled medication 
adherence was high, but inhalations were poorly performed. Future research is needed to 
identify adherence barriers, further tailor the intervention to the individual patient and 
analyse the intervention effects on health outcomes.
Keywords: telemedicine, chronic conditions, self-treatment, disease management, dry 
powder inhalers

Introduction
Chronic obstructive pulmonary disease (COPD) and chronic heart failure (CHF) are 
both progressive diseases that share periods of acute deterioration of symptoms. They 
are associated with each other (7.5% to 31.3% of patients with COPD also have 
CHF) which adds to the high burden of both diseases.1,2 This association may result 
from shared risks factors (eg smoking) and overlapping symptoms. Dyspnea could, 
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for example, be related to either a COPD exacerbation or 
a sudden deterioration of CHF.3 Overlapping symptoms can 
easily delay the start of appropriate treatment as it compli-
cates differentiation of both diseases,4 and may lead to 
a further increase in patient burden and healthcare costs.5,6

Self-management interventions become more signifi-
cant in the usual care of patients with COPD and CHF.7 

They consist of multiple components (eg optimizing phy-
sical activity, self-treatment of exacerbations and improv-
ing inhaled medication adherence and technique)8 and aim 
to positively change the patient’s health behavior and 
improve patients’ self-management skills by 
a personalized, structured approach.8 Evidence shows 
that COPD self-management interventions lead to 
improved health-related quality of life, respiratory-related 
hospitalization rate and dyspnea.9–11 Self-management 
interventions for patients with CHF have shown beneficial 
effects on heart failure hospitalization duration for younger 
patients (<65 years), and time to CHF-related hospitaliza-
tions and all-cause death for patients of all ages.12 

Incorporating multi-morbid exacerbation action plans into 
a self-management intervention tailored for COPD patients 
with at least one common comorbidity (CHF, ischemic 
heart disease, anxiety, depression, diabetes mellitus) 
reduces COPD exacerbation duration and the risk of hav-
ing at least one respiratory-related hospitalization during 
follow-up.13

Adherence to and uptake of self-management interven-
tions are essential for effective self-management in 
patients with COPD.14,15 Studies have shown that adher-
ence to action plans is associated with a reduced exacer-
bation duration and hospitalization rate in patients with 
COPD.14,15 However, previous randomized controlled 
trials, involving paper-based COPD self-management 
interventions, have shown poor results with regard to 
action plan adherence. In the study of Schrijver et al, 
only 38% of the patients showed (sub)optimal adherence 
to paper COPD exacerbation action plans16 and Bischoff 
et al found similar results on adherence (40%).14 

Adherence to self-management interventions in patients 
with chronic diseases like COPD and CHF might be influ-
enced by factors, such as age, social support, disease 
perception and knowledge, the role of the healthcare pro-
vider and case manager, (digital) health literacy, and to 
what level an intervention fits a patient’s needs and 
competences.17–25

Electronic health (eHealth) could play an important 
role in improving adherence, as it makes it easier to 

provide tailored information, give reminders, and adapt 
to patients’ needs.21,26–29 Self-management interventions 
are increasingly provided to patients with COPD or CHF 
by using eHealth technology at home to support patients in 
health communication (eg teleconsultation), self- 
monitoring (eg symptom diary, wearables), and their med-
ical treatment (eg self-treatment with prednisolone).30–33 

The different intervention components have, however, yet 
to be robustly combined into a comprehensive eHealth 
intervention for patients with both COPD and CHF.

In this study, we developed an eHealth self- 
management intervention for patients with both COPD 
and CHF that was based on an already evaluated paper- 
based self-management intervention.13 The aim of this 
pilot study was to evaluate patient adherence to this 
eHealth self-management intervention during a follow-up 
of a maximum of four months. In addition, adherence to 
inhaled medication and patients’ inhalation technique was 
assessed.

Materials and Methods
Study Design
This is a prospective pilot study in which patients with 
both COPD and CHF were recruited from two hospitals 
(Medisch Spectrum Twente (MST) Enschede and 
Ziekenhuisgroep Twente (ZGT) Almelo and Hengelo) in 
the Netherlands.

In September and October 2018, patients participated 
in three self-management training sessions. After the first 
session, patients started to use an eHealth self- 
management intervention on a tablet for a period of 
a maximum of four months. The study was approved by 
the Medical Ethical Committee Twente and registered with 
the Netherlands Trial Register (NL6480). The study was 
conducted in accordance with the Declaration of Helsinki.

Selection of Patients
In hospital MST, electronic health record data of in- and 
outpatients from the respiratory department were screened 
for patient eligibility. In hospital ZGT, outpatients attend-
ing the heart failure clinics of the involved nurse practi-
tioner CHF were screened for eligibility. Subsequently, the 
patient’s pulmonary physician and/or cardiologist were 
asked for permission for inclusion of their patient. 
Furthermore, patients received information about the 
study from the involved researchers face-to-face and/or 
by phone. Written informed consent to participate in the 
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study was obtained from all patients prior to data 
collection.

Patients had to fulfill the following inclusion criteria: 1) 
a clinical diagnosis of COPD defined according to the GOLD 
criteria;7 2) a clinical diagnosis of CHF defined according to 
the current (2016) ESC guidelines;3 3) ≥2 COPD and/or CHF 
exacerbations, defined as deterioration of symptoms for 
which treatment with oral corticosteroids and/or antibiotics 
(for COPD) or diuretics (for CHF) were necessary, in the two 
years preceding study entry, and/or ≥1 hospitalization for 
COPD and/or CHF in the two years preceding study 
entry; 4) age ≥ 40 years; 5) ≥ 1 week after exacerbation of 
COPD and/or CHF; 6) ≥ 1 week after hospitalization; 7) ≥ 4 
weeks post-rehabilitation; 8) able to understand and read the 
Dutch language; and 9) able to use a tablet.

Exclusion criteria were as follows: 1) end stage of 
a disease; 2) other serious lung disease (eg α1-antitrypsin 
deficiency; interstitial lung diseases); 3) expected cardiovascu-
lar intervention within three months; 4) currently enrolled in 
a (randomized controlled) trial; 5) waiting for a heart or lung 
transplantation; 6) renal dialysis; 7) diabetes mellitus type I; 8) 
Hospital Anxiety and Depression Scale (HADS)-score34,35 of 
≥11 for anxiety and/or depression domain symptom scores.

Self-Management Intervention
Self-Management Training Sessions
Self-management training sessions consisted of two group 
sessions (two hours per session) and a one-hour individual 
session at weekly intervals. These sessions were led by trained 
case managers (one nurse practitioner COPD, one nurse prac-
titioner CHF). The sessions were based on self-management 
training sessions that were provided in a previous self- 
management study in patients with COPD and 
comorbidities.13 During these sessions, the significance of 
early recognition of symptom deterioration and prompt and 
appropriate treatment was emphasized. First, the patient’s 
individual symptom level in a stable health state was discussed 
and described on a “what are my ‘usual’ symptoms” card. 
Subsequently, patients were trained on how to recognize 
symptom deterioration by comparing their symptoms over 
the last 24 hours to their “usual” symptoms. Monitoring of 
symptoms over a longer period of time (eg recovery from 
exacerbation to a stable health state) was trained using 
a specific “monitoring module” on the eHealth application 
(see details in the paragraph “monitoring module”). During 
the self-management training sessions, patients received 
a tablet and were instructed on how to connect it to WiFi 
internet at home. They also received an add-on sensor for 

inhaled medication (if applicable), a Fitbit® for measuring 
step count, and a digital weighing scale. Study technicians 
assured that all devices were connected to the tablet via 
Bluetooth. Two weeks after the self-management training 
sessions, a follow-up phone call with the patients was per-
formed by the case managers to verify usage of and problems 
with the different components of the self-management inter-
vention. The content of the self-management training sessions 
is detailed in Table 1.

eHealth Self-Management Application Modules
The eHealth self-management intervention was offered 
through a tablet application for patients and a website 
accessible via PC for the case managers and researchers. 
Patients required accessibility to the internet to be able to 
use the self-management application. The different mod-
ules of the eHealth self-management application for 
patients are shown in Table 2, and some are explained in 
more detail below.

Self-Management Module
The digital daily symptom diary included symptoms that 
were related to COPD (eg dyspnea, cough) and CHF (eg 
weight by digital weighing scale, edema). All diaries 
included symptoms regarding ischemic heart disease, 
anxiety and depression, irrespective of formal diagnosis. 
This was done for safety reasons, as exacerbations of 
these comorbidities can be triggered by and may show 
similar symptoms as COPD and CHF exacerbations (eg 
dyspnea, fatigue).3,7,36  The latter may confuse patients 
with proper differentiation and self-treatment of diseases. 
Every day, participants had to detail whether their symp-
toms in the last 24 hours were the same, slightly more, or 
significantly more compared to their “usual” symptoms 
(defined on their “what are my ‘usual’ symptoms” card). 
However, for some symptoms, they only had to differ-
entiate between “normal” or “increased”. If necessary, an 
automated decision support system launched a message 
with an action for the patient to take (eg initiate self- 
treatment, perform relaxation exercises, call the case 
manager). The automated decision support system was 
based on a paper version of an exacerbation action plan 
for patients with COPD and comorbidities.13 It was per-
sonalized by establishing per patient the type and dose of 
diuretics and antibiotics that should be used during symp-
tom deterioration and whether they needed to have nitro-
glycerine at home (in case of diagnosed ischemic heart 
disease). The type and dose of diuretics and antibiotics 
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were established in agreement with the patient’s health-
care providers from the cardiology and pulmonology 
department. Patients received prescriptions for the action 
plan medication from the case manager at the start of the 
study. The automated decision support system advised 
patients to call the case manager (or general practitioner 
outside office hours) when symptoms did not improve 
after two days of self-treatment. If dyspnea did not 
improve two days after the start of self-treatment, patients 
were asked to have NT-proBNP measured at a local 
laboratory to be able to distinguish between symptoms 
of COPD or CHF and subsequently call the case manager 
for their results and further advice. Once a week, patients 
were asked if they had visited a doctor or started medica-
tion. A link to this weekly questionnaire, daily symptom 
diary, advised actions and a reminder for weighing were 
listed in the patient self-management application.

For safety reasons, case managers would check online 
whether patients reported an improvement in symptoms 
the days after patients had received advice on self- 
treatment. If symptoms did not improve, case managers 
would call the patient to provide further advice.

Monitoring Module
The monitoring module showed individual patients’ health 
status and self-reported symptoms per day, advised and 
performed actions, and a weight graph.

Inhaler Module
Inhaled medication adherence and inhalation technique, 
including duration of flow, peak inspiratory flow, orientation 
of the inhaler, and closing of the cap, were monitored by an 
add-on inhaler sensor (Respiro®37 by Amiko Digital Health 
Limited, London, UK), which was compatible with the 
Ellipta® (GlaxoSmithKline BV, UK) inhaler. At inclusion, 
each patient’s pulmonary physician was asked whether the 
patient was eligible for a switch to the Ellipta® inhaler. The 
patient’s daily medication schedule was established collabora-
tively by patient and healthcare provider. The add-on inhaler 
sensors transferred all data collected via Bluetooth to a paired 
app installed on the tablet device, which in turn uploaded the 
data to the cloud. The self-management application showed 
these data and indicated whether the inhalations were per-
formed correctly. On-sensor audio-visual signs reminded the 
patients of scheduled inhaled medication doses.

Table 1 Content of Self-Management Training Sessions

Week 1 
Group session

● Self-management information regarding COPD and CHF (e.g. medication, risk factors)
● Information regarding symptom monitoring, recognition of symptom deterioration and self-treatment of symptoms (e.g. 

triggers of exacerbations)
● Introduction and demonstration on how to use the self-management application on a tablet
● Demonstration how to use the digital weighing scale and Fitbit

Week 2 
Individual 

session

● Discussion of experiences and addressing perceived problems with the eHealth self-management application, digital weighing 
scale and Fitbit

● Completion of ‘what are my “usual” symptoms’ card
● Training on symptom monitoring, recognition of symptom deterioration, and self-treatment of symptoms
● Practicing completing the daily symptom diary and following up advised actions on the self-management application
● Practicing the use of the other modules of the self-management application (for more details see paragraph ‘eHealth self- 

management application modules’)
● Training inhalation technique of inhaled medication

Week 3 
Group session

● Re-iteration of the use of the self-management application and addressing potential perceived problems
● Promoting healthy lifestyle behaviors: diet, physical fitness and exercise, quit smoking
● Practicing breathing- and relaxation exercises
● Instruction about add-on sensor for inhaled medication (Respiro® by Amiko) for measuring inhaled medication adherence and 

technique

Week 5 
Phone call

● Verifying whether the different modules of the self-management application were used (for more details see paragraph ‘eHealth 

self-management application modules’)
● Verifying problems with the use of the self-management application
● Feedback on diary completion and advised actions
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Outcomes
The primary outcome of this study was adherence to 
different components of the eHealth self-management 
intervention: completing digital daily symptom diaries, 
following the advised actions, and using inhaled medica-
tion. Adherence was measured starting from the patient’s 
individual self-management training session (first two 
weeks of October 2018), till their last completed diary 
(last week of January/first week of February 2019). 
Adherence to daily diary completion was reported per 
month and per patient, calculated by dividing the total 
number of diary completions by the total number of 
follow-up days. Patient’s adherence to the advised 
actions was calculated by dividing the number of per-
formed actions by the total number of actions that were 
advised by the automated decision support system. 
Inhaled medication adherence levels were calculated by 
dividing the number of times patients used their inhaler 
by the number of times they should have used their 
inhaler according to their physician’s prescription.

The patient’s inhalation technique, evaluated by the 
frequency of correct inhalations and by the different types 
of errors that were made per patient, was a secondary 
outcome parameter of this study. The correct inhalation 
technique was defined as duration of flow >1.25 seconds, 
Peak Inspiratory Flow > 30 L/min, orientation of the 
inhaler between 45° and 135°, and closing the cap of the 
Ellipta® inhaler properly. These cut-off values were based 
on literature and expert opinion.37 In addition, paper 
questionnaires at baseline and after a maximum of four 
months of follow-up were used to assess other secondary 
outcomes: health-related quality of life (St. George 
Respiratory Questionnaire,39 Minnesota Living with 
Heart Failure Questionnaire40), COPD self-management 
behavior and knowledge (Partners in Health 
questionnaire41), COPD self-efficacy (COPD Self- 
Efficacy Score42) and anxiety/and depression score 
(HADS35). Due to the low number of participants and 
the short follow-up time of this pilot study, we decided 
a-priori not to analyze differences between baseline and 
follow-up data using statistical tests.

Table 2 Content of the eHealth Self-Management Intervention Modules

Modules Contents

Self-management 

(home view)

● Phone number of case manager (during office hours) and General Practitioner (outside office hours)
● Daily symptom diary
● Automated decision support system that launched a patient’s tailored advised action in case of symptom 

deterioration.
● To-do list (e.g. complete diary, initiate self-treatment)
● Overview: health status (stable, slight or significant deterioration of symptoms), weight (current and difference with 

the day before), last action that was launched, inhaled medication adherence

Monitoring ● Detailed overview of health status, self-reported symptoms, advised and performed actions and weight graph

Inhalera ● Graph illustrating performed inhalations per day and whether the inhalation technique was correctly/incorrectly 
performed, measured by add-on inhaler sensor (Respiro®)

Information ● Individualized overview of ‘what are my “usual” symptoms’
● General information about COPD, CHF, anxiety, depression, ischemic heart disease, nutrition, physical exercise
● Link to instruction videos about inhalation technique for all inhaler devices
● Individualized written action plan on which the automated decision support system was based
● Copy of patient’s informed consent form

Exercise and physical 

activity

● Instruction videos with exercises specified for patients with CHF and COPD: relaxation exercises, exercises to 

maintain fit, breathing exercises during deterioration of symptoms
● Graph with number of steps taken per day, measured by a Fitbit®
● Videos with general information about COPD

Embodied 

Conversational Agent

● An Embodied Conversational agent (ECA) - defined as a more or less autonomous and intelligent software entity 
with an embodiment to communicate with the user38 – gave reminders on completing the to-do list, feedback on 

inhaled medication adherence and technique, and recommendations to promote healthy behavior

Notes: aOnly for patients using an add-on inhaler sensor (Respiro®).
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Statistical Analyses
Descriptive statistics were used to report numbers and 
percentages, means and standard deviations (SD) and med-
ians and interquartile ranges (IQR) of baseline character-
istics. Numbers and percentages were calculated for 
adherence to daily symptom diary completion, following 
up of advised actions and inhaled medication, number of 
correct inhalations and types of inhalation errors. These 
analyses were performed using SPSS version 22. Daily 
data on inhalation adherence and inhalation technique 
were delivered by Amiko and subsequently analyzed by 
SPSS version 22.

Results
Patient Characteristics
Fifty patients of hospital MST met the study criteria. Of 
these patients, 40 were excluded for reasons detailed in 

Figure 1,Figure 2. Three patients of hospital ZGT were 
included. Unfortunately, data on screened patients in hos-
pital ZGT were not assessed and are therefore not avail-
able. In total, thirteen patients signed informed consent. 
One patient deceased before the start of the study and 
another patient decided to withdraw from participation 
after the first group self-management training session. 
The remaining 11 patients that completed the training 
and follow-up had a mean age of 66.8 ± 2.9 years, mod-
erate (55%, n=6) to severe (45%, n=5) COPD, five (46%) 
patients had midrange left ventricular function (LVF) and 
three (27%) patients had reduced LVF (Table 3). Three 
(27.3%) patients had ischemic heart disease and two 
(18.2%) had diabetes mellitus as comorbid diseases. 
Eight patients (72.7%) had at least one COPD exacerba-
tion and six patients (54.5%) had increased the dose of 
diuretics because of decompensated CHF in the 

Figure 1 Flowchart of patient enrollment. 
Notes: aFor hospital ZGT detailed information on screened patients is not available.
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previous year. Three patients (27.3%) had a low digital 
health literacy score (eHealth Literacy Scale (eHEALS) 
<26). Six patients (54.5%) were familiar with using 
a tablet at home.

Adherence to Daily Symptom Diary
1148 (91.0%) out of 1261 daily diary entries were com-
pleted on the actual day (Table 4). Nine patients showed 
total adherence rates above 95%, and the other two 
patients completed 59–64% of the diaries on the 
same day. Because of a system failure, 23 diary days 
were excluded from adherence analyses as patients were 
not able to adhere to their intervention for 2 days in a row 
(for one patient: 3 days). Because of another system fail-
ure, diaries were completed twice for 119 diary days. Only 
one set of these double daily entrees was included in 
adherence analyses.

Action Plan Adherence
Seven patients received a total of 24 messages with 
advised actions because of symptom deterioration (see 
Table 5). Eleven (46%) of these advised actions were 
actually performed by the patients. Thirteen actions 
(54%) were not performed, of which six were “call the 
case manager”. In five cases, patients decided not to per-
form the action that was advised by the self-management 
application after having contact with a healthcare provider 

and/or because they were hospitalized. An overview of 
action plan adherence differentiated per advised action 
and reasons for non-adherence is shown in Table 5.

In six cases (patients n=4) patients increased the dose of 
diuretics in the absence of an automated advice by the eHealth 
self-management application. These patients reported signifi-
cantly increased symptoms during one day instead of two days 
(n=1), slightly increased instead of significantly increased 
symptoms (n=4) and/or a gradual instead of a significant 
weight increase (n=4). In six cases (patients n=5), patients 
started a course of prednisolone and/or antibiotics, while not 
being advised by the self-management application to do this. It 
should be noted that this was always done after consulting the 
case manager or general practitioner. Symptoms of chest pain 
occurred twelve times in two patients. Because of a fault in the 
self-management application, the patients were unable to see 
the advised action “take nitroglycerine” after reporting their 
chest pain. No adverse effects (eg hospitalization, death) were 
reported as a result of this system failure.

Inhalations
Adherence to taking inhaled medication and using the correct 
inhalation technique was measured in seven patients. Three 
of these patients had already used an Ellipta® Inhaler before 
the start of this study. Prior to study participation, four 
patients were switched to Ellipta® in agreement with their 
respiratory physician. All seven patients had to use their 
inhaled maintenance medication once a day according to 
their physician’s prescription.

Inhalation Adherence and Technique
Patients showed an inhaled medication adherence of 98.4% 
(752 out of 764 days). The range of performed inhalations 
between patients was 96.3–100%. 390 (51.9%) inhalations 
were performed correctly. The percentage of correct inhala-
tions varied between and within patients (Table 6). Inhaling 
too shortly (<1.25 s) was by far the most made inhalation 
error (79.6%). Inhalation errors are detailed in Figure 1. The 
add-on sensor of two patients had a low battery for a total of 
32 days. Adherence and inhalation technique could therefore 
not be measured during these days. Double doses (n=10, 
1.3% of the total inhalations) were not taken into account in 
our analyses.

Secondary Outcomes
The mean and median scores of baseline and follow-up 
assessments of the secondary outcomes are presented in 
Table 7.

Figure 2 Frequency of inhalation error types. Definition of inhalation errors: Too 
short: flow <1.25s, Too weak: Peak inspiratory Flow (PIF) <30L/min, Orientation 
error: Orientation of the inhalator <45° or >135°, No closure: Cap of the inhaler 
was not closed properly. 
Notes: Total percentage of errors >100% because during 57 inhalations a combina-
tion of errors was made. The “Orientation error” is probably an underestimation 
because the add-on sensor does not measure the orientation of the inhaler in the 
following cases: flow <0.25 s, PIF <25 L/min and if the cap of the inhaler was not 
closed. This was the case during 170 inhalations.
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Discussion
In this pilot study, we have tested an eHealth self- 
management intervention for patients with both COPD 
and CHF. Whereas our study results showed high patient 
adherence to completing daily symptom diaries, more than 
half of the advised actions were not performed by patients, 
especially the action “call the case manager”. Patients 
showed high adherence to taking inhaled medication, but 
their inhaled medication technique was poor.

Patient adherence to completing a symptom diary on 
a daily basis was high (91%). This was in line with pre-
vious findings from studies on eHealth self-management 
interventions in patients with only COPD.31,33 Despite 
including a more complex patient group in our study, the 

Table 3 Baseline Characteristics of Participants Who 
Completed Follow-Up

A. General baseline characteristics (n=11)

General characteristics

Age, mean ± SD 66.8 ± 2.9

Gender (male), n (%) 7 (63.6)

Partner (yes), n (%) 8 (72.2)
Tablet at home (yes), n (%) 6 (54.5)

Digital Health Literacy (eHEALS score43), 
mean ± SDa

27.5 ± 5.5

Educational level, n (%)
Secondary Education 2 (18.2)
Trade School 6 (54.5)

Higher Professional education 1 (9.1)

Pre-university education 1 (9.1)
University 1 (9.1)

B. Baseline Characteristics regarding COPD (n=11)

COPD characteristics

FEV1%, median (IQR) 51 (43–59)

GOLD classification, n (%)7b

2A 1 (9.1)

2B 3 (27.3)

2C 2 (18.2)
3A 1 (9.1)

3B 1 (9.1)

3D 3 (27.3)

mMRC dyspnea score, n (%)44

1 4 (36.4)
2 4 (36.4)

3 2 (18.2)
4 1 (9.1)

Exacerbations COPD in previous year, n (%)c

0 3 (27.3)

1 3 (27.3)

2 2 (18.2)
3 3 (27.3)

Hospitalizations COPD in previous year, n (%)d

0 10 (90.9)

3 1 (9.1)

C. Baseline characteristics regarding CHF and comorbidities (n=11)

Chronic Heart Failure (CHF) characteristics

Left ventricular function, n (%)e

Preserved LVEF 2 (18.2)
Midrange LVEF 5 (45.5)

Reduced LVEF 3 (27.3)

(Continued)

Table 3 (Continued). 

Exacerbations CHF in previous year, n (%)f

0 5 (45.5)
1 4 (36.4)

2 1 (9.1)

3 1 (9.1)

Hospitalizations CHF in previous year, n (%)g

0 8 (72.7)
1 2 (18.2)

3 1 (9.1)

Characteristics comorbidities

Diabetes Mellitus, n (%) 2 (18.2)

Ischemic Heart Disease, n (%) 3 (27.3)

HADS Anxiety, n (%)
0–7 (no anxiety disorder) 8 (72.7)
8–10 (possible anxiety disorder) 3 (27.3)

HADS Depression, n (%)
0–7 (no depressive disorder) 10 (90.9)

8–10 (possible depression disorder) 1 (9.1)

Notes: aeHEALS, Range of total scores: 8 (low eHealth literacy) to 40 (high eHealth 
literacy). bAccording to GOLD guidelines 2021.7 cNumber of courses of predniso-
lone/antibiotics for deterioration of COPD symptoms one year prior to participa-
tion according to patient questionnaire data. dNumber of hospitalizations for COPD 
according to electronic health record data. ePreserved LVEF: LVEF ≥50%, Midrange 
LVEF: 40–49%, reduced LVEF <40%.3 Data is missing for one patient because of 
inconclusive results of the echocardiogram. fNumber of increased diuretics doses 
for deterioration of CHF symptoms one year prior to participation, according to 
patient questionnaire data. gNumber of hospitalizations for CHF according to 
electronic health record data. 
Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; eHEALS, 
eHealth Literacy Scale; FEV1%, percentage of predicted Forced Expiratory 
Volume in 1 second; GOLD, Global Initiative For Chronic Obstructive Lung 
Disease; mMRC, modified Medical Research Council; IQR, interquartile range; 
CHF, Chronic Heart Failure; LVEF, Left Ventricular Ejection Fraction; HADS, 
Hospital Anxiety and Depression Scale; IQR, interquartile range.
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adherence to the diary remained high. Real-time reminders 
to complete the diary might have positively influenced 
adherence to symptom diaries. Overall patient adherence 
to advised actions was relatively low, especially “call the 
case manager for support”. Non-adherence to actions as 
self-initiating prednisolone could, however, often be 
explained for valid reasons (eg, patients already started 
treatment after consultation with the case manager or 
patients already received in-hospital treatment). Most 

patients ignored the advice to call the case manager 
because of dizziness. Whereas patients did report their 
dizziness in the diary, it might not have felt serious enough 
for them to call the case manager. Emphasizing when 
patients with dizziness problems should call a case man-
ager (eg, the severity of dizziness that might suggest health 
deterioration or medication side effects) during the self- 
management training sessions and providing this informa-
tion on the eHealth self-management application, might 

Table 5 Action Plan Adherence During Follow-Up Time

Required Action According to 
Action Plan

Number of 
Advised 
Actions

Performed 
Actions

Unperformed 
Actions

Reasons Actions Not Performed

Initiate prednisolone course 2 1 1 - Treatment started 2 days ago after consult with 

case manager (n=1)

Initiate prednisolone and antibiotic 

courses

3 1 2 - Hospitalized (n=1) 

- Diary was completed incorrectly and therefore 

action not performed in agreement with case 
manager (n=1)

Increase diuretic dose 3 2 1 - Hospitalized (n=1)

Have a NT-proBNP Lab-test 2 0 2 - Hospitalized (n=1) 

- Unclear (n=1)

Perform relaxation exercises 1 0 1 - Unclear (n=1)

Contact case managera 

Reason:

- Phone connection failed (n=1) 

- Unclear (n=5)
- Dizziness 10 5 5

- Symptoms did not improve 1 1 0

- Symptoms and dizzinessb 2 1 1

Total number of actions 24 11 (46%) 13 (54%)

Notes: aPatients were advised to call the case manager in case they reported dizziness and/or symptoms did not improve after two days of self-treatment. bReported 
dizziness and symptoms did not improve after two days of self-treatment. 
Abbreviation: %, percentage of total number of actions.

Table 4 Adherence to Daily Symptom Diary per Month and in Total

Number of 
Diary Days

Diary Completion the 
Actual Day, n (%)

Diary Completion Next Day or 
Later, n (%)

Diary Not 
Completed, n (%)

Month 1 (October) 242 225 (93.0) 1 (0.4) 16 (6.6)

Month 2 (November) 330 312 (94.5) 3 (0.9) 15 (4.5)

Month 3 (December) 339 296 (87.3) 9 (2.7) 34 (10.0)
Month 4 (January) 334 301 (90.1) 15 (4.5) 18 (5.4)

Month 5 (February) 16 14 (87.5) 0 2 (12.5)

Total 1261 1148 (91.0) 28 (2.2) 85 (6.7)

Notes: Adherence was measured starting from the patient’s individual self-management training session (first two weeks of October 2018), till their last completed diary 
(last week of January/first week of February 2019). 23 diary days were excluded because the system failed. For 119 diary days, diaries were completed twice because of 
a system failure. Only one set of these double daily entrees was included. 
Abbreviations: n, Number of days, (%) percentage of total.
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improve patients’ adherence to contact the case manager 
for dizziness problems. Moreover, reducing the threshold 
to call the case manager by improving the availability of 
case managers’ support (eg by using a chat service) might 
improve adherence. In our study, some patients also 
initiated actions without an advice from the self- 
management application, showing their willingness to self- 
manage their disease. For example, doses of diuretics were 
increased by patients themselves, while CHF symptoms 
were only slightly increased or present for only one day. 
Furthermore, prednisolone and antibiotics were initiated 
after having contact with a healthcare provider because 
of increased symptoms. We know that patients use experi-
ential knowledge to recognize exacerbations, we could 
therefore assume that decisions to start self-treatment 
without being prompted by the eHealth application may 
have been driven by previous experiences with 

exacerbations.45 This might suggest that, to improve 
adherence to action plans and adequate timing of self- 
treatment, action plans for the self-treatment of symptoms 
should be further tailored to previous experiences of the 
individual patient. For example, for specific patients, self- 
treatment could be started after one day instead of two 
days of significantly increased symptoms, taking into 
account the risk of side effects as low blood pressure, 
with diuretics.

Previous studies showed that more frequent follow-up 
contact initiated by the case manager increases adherence 
to action plans by improving disease awareness.21,22 These 
contacts with a case manager could be beneficial for the 
patients in our study as well. However, it might influence 
the degree to which patients self-manage their disease as 
patients might become too reliant on their case manager 
and thereby eliminate the effect of the self-management 
intervention. However, this was not assessed in our study. 
The low adherence to advised actions also raises the ques-
tion whether patients felt completely confident with fol-
lowing up the advice of an eHealth application. This is 
supported by the findings of a qualitative study on percep-
tions of patients and healthcare providers on using mobile 
Health (mHealth) for the self-management of COPD, 
showing that some patients had limited trust in the advice 
of mHealth interventions.46 Moreover, there is a growing 
body of literature that suggests that the individual patient’s 
needs of COPD self-management (depending on, eg cul-
ture, norms and values) misalign with the healthcare pro-
viders expectations of behavior change of the patient, 
which may influence patient adherence.17,47 Furthermore, 
the adoption of the self-management intervention by the 
healthcare provider is highly important and is dependent 
on the particular healthcare provider’s perceived value and 

Table 7 Quality of Life at Baseline and After Follow-Up

Questionnaire Baseline Follow-Up (4 Months)

COPD self-efficacy score, mean (SD)a 75.2 (26.6) 73.9 (22.8)

Partners in Health, mean (SD)b 81.7 (8.1) 86.4 (4.0)
MLHFQ, median (IQR)c 37 (3–66) 34 (0–52)

SGRQ, median (IQR)d 45.0 (9.2–68.2) 43.1 (6.9–64.0)

HADS anxiety, median (IQR)e 5 (2–10) 5 (0–12)
HADS depression, median (IQR)e 5 (1–10) 4 (1–9)

Notes: Missings: COPD self-efficacy score: 4 patients, MLHFQ: 3 patients. aRange of total scores: 34 (low COPD self-efficacy) to 170 (high COPD self-efficacy). bRange of 
total scores: 0 (low self-management behavior and knowledge) to 96 (high self-management behavior and knowledge). cRange of total scores: 0 (high heart failure related 
quality of life) to 105 (low heart failure related quality of life). dRange of total score: 0 (high respiratory related quality of life) to 100 (low respiratory related quality of life). 
eHADS: Score 0–7= no anxiety/depression disorder, score 8–10= possible anxiety/depression disorder, score 11–21= probable anxiety/depression disorder. 
Abbreviations: MLHFQ, Minnesota Living with Heart Failure Questionnaire; SGRQ, St. George Respiratory Questionnaire; HADS, Hospital Anxiety Depression Score.

Table 6 Inhaled Medication Adherence and Technique per 
Patient During Follow-Up

Patient Performed 
inhalations 
n (%)a

Correct 
inhalations 
n (%)b,c

Range in correct 
inhalations per week 
(%)

1* 107 (100) 76 (71.0) 14 – 100

2* 116 (100) 25 (21.6) 0 – 57

3* 111 (98.2) 69 (62.2) 14 – 100
4 105 (96.3) 50 (47.6) 0 – 71

5* 110 (97.3) 76 (69.1) 14 – 100

6 112 (97.4) 19 (17.0) 0 – 57
7 91 (100) 75 (82.4) 71– 100

Total 752 (98.4) 390 (51.9)

Notes: *Switched to inhaler device Ellipta® at the start of the study. aMissing data on 
inhalations because of low battery: patient 4: 5 inhalations, patient 7: 27 inhalations. 
bA correct inhalation is defined as flow >1.25 s, Peak Inspiratory Flow >30 L/min, 
Orientation between 45° and 135°. cMissings because inhalation not performed or low 
battery: patient 3: 2, patient 4: 9, patient 5: 3, patient 6: 3, patient 7: 27.
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needs, which should be aligned with the patient’s needs 
and preferences before implementing.48

Adherence to inhaled medication was high for all 
patients (98.4%). This is in contrast to literature,49–51 

possibly because in our study patients received reminders 
via the Embodied Conversational Agent (ECA) and via 
audio-visual signs by the sensor to take their inhaled 
medication. Despite the inhalation instruction provided 
by the case manager, also on the use of the add-on inhaler 
sensors, the patient’s inhalation technique was poor, simi-
lar to other studies.52,53 More time should therefore be 
taken for an individual inhalation instruction at the start 
of the study.54 This should be repeated during follow-up 
within the self-management application and/or by the case 
manager. Also, feedback of the ECA on inhalation medi-
cation was not specified on error type and, because of 
technical problems with the sensor, not always correct 
(eg a performed inhalation was wrongly registered by the 
sensor as unperformed, leading to incorrect feedback to 
the patient by the ECA). In the future, prompt, specified 
and correct information about individual inhalations that is 
recorded by the sensor, may be helpful to improve inhala-
tion technique.

In addition to the quantitative results we obtained, this 
pilot study taught us more about how to further develop 
the eHealth self-management intervention for patients with 
multiple chronic conditions, such as COPD and CHF. We 
experienced that, especially at the start of the study, 
patients were focused on how to use the tablet and various 
devices that were connected to this tablet. This might have 
distracted them from (learning how to) self-report symp-
toms and follow-up advices.55 It suggests that some 
patients need more intensive training and/or an adaptation 
period before starting the actual self-management inter-
vention. Before the start of a self-management interven-
tion, it is important to assess patient readiness to change 
behavior, as it is related to adherence to the 
intervention.8,56 Motivational interviewing could be used 
to improve patient readiness.57 Further, we feel that for 
patients that suffer from severe COPD and/or CHF, more 
intensive case manager support (by phone or face-to-face) 
might be necessary to differentiate between symptoms of 
COPD and/or CHF. In case of significantly increased 
symptoms in these patients, the automated decision sup-
port system should probably give advice towards case 
manager contact instead of self-treatment. Further, we 
aimed to support patients in differentiating between 
COPD and CHF breathlessness symptoms in case 

breathlessness symptoms did not improve after starting 
self-treatment by adding the laboratory test NT-proBNP 
to the action plan. During this study, patients were only 
twice advised to have the lab-test NT-proBNP measured. 
In both cases, these actions were not performed. A longer 
follow-up time and a larger group of patients are therefore 
needed to evaluate the usefulness of NT-proBNP as part of 
a multi-morbid exacerbation action plan. Moreover, an 
easy-to-use point-of-care test for measuring NT-proBNP 
at home in these patients with health deterioration could be 
advantageous to improve adherence to measuring NT- 
proBNP.

The limitations of our study also gave us insight into 
how to further develop the eHealth self-management inter-
vention. First, although including a small patient group fits 
to the pilot phase of our study, we included less patients 
than expected. This has limited the generalizability of our 
results. Many patients in hospital MST declined participa-
tion because of logistic issues (eg not being able to visit 
self-management training because of immobility and trans-
port problems), not being familiar with using a tablet, and 
because patients presumed it was too much effort. 
Unfortunately, for ZGT patients this information was not 
reported. Offering digital and/or face-to-face self- 
management training sessions at home for a specific 
group of patients who are immobile or who have no 
experience in using a tablet might increase the number of 
patients willing to participate in eHealth self-management 
interventions. Second, we did not assess (e)health literacy 
and cognitive impairment during patient enrollment. 
Future studies should not only measure (e)health literacy 
and cognitive impairment at enrollment but ideally 
eHealth self-management interventions should also be 
adjustable to (e)health literacy and cognitive impairment. 
This will increase its applicability and uptake in patients 
with limited (e)health literacy and cognitive 
impairment.24,55,56,58 For example, more and tailored self- 
management training sessions and a simplified version of 
the eHealth self-management intervention could be offered 
to these patients. Third, the use of home monitoring 
devices (add-on sensors for an inhaler device, a smart 
weighing scale and an activity sensor) led to connection 
and low-battery problems. In addition, due to system fail-
ures, the self-management application could not be used 
for two days, some diaries were completed double, and the 
action “take nitroglycerine” in case of chest pain did not 
appear. Whereas this was recognized as a serious safety 
issue in this pilot study, fortunately no adverse events were 
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reported related to this. Although the technical issues 
correspond to the pilot phase of the technology and tech-
nology readiness level,59,60 it led to some frustrations and 
distrust amongst patients regarding the eHealth self- 
management intervention. In follow-up studies, the tech-
nology should therefore be intensively tested upfront 
together with its end users (ie patients, technicians, health-
care providers) to ensure its suitability for larger-scale 
summative evaluation.61 Finally, a physical activity pro-
gram could be added to our future eHealth self- 
management intervention to optimize and preserve physi-
cal health.8,62

Our results indicate that the eHealth self-management 
intervention should be further adapted to the needs and 
competences of the individual patient, which is also sug-
gested by several qualitative studies.8,46,55,63 This will 
increase patient adherence, and thereby potentially improve 
individual health outcomes. Also, the eHealth self- 
management application itself should be further developed 
towards an application with a higher technology readiness 
level, suitable for larger-scale follow-up studies to investi-
gate the clinical added value.59,60 In addition, further analysis 
of both clinical and home monitoring data of eHealth self- 
management interventions can increase our understanding of 
the development and onset of disease progression and 
exacerbations of COPD and CHF. It can provide insight 
into day-to-day fluctuations in COPD and CHF symptoms 
and behavior (eg adherence), and thereby work towards 
preventive chronic disease self-management for the patient 
with COPD and CHF.64–66

Conclusion
Whereas adherence to completing daily diaries was high as 
part of our eHealth self-management intervention for patients 
with both COPD and CHF, advised actions were inadequately 
followed-up, particularly the action “call the case manager”. 
Inhaled medication adherence was also high, but inhalations 
were poorly performed. This pilot study gives insight into how 
to further develop the eHealth self-management intervention. 
For this, personalizing and tailoring to an individual patient’s 
needs and competences are essential. Future quantitative and 
qualitative analyses are necessary to unravel patient adherence 
and evaluate the effects of a further developed eHealth self- 
management intervention on health outcomes.
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