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Abstract

Background: Acute exacerbations have a significant impact on patients with COPD by accelerating the decline in
lung function leading to decreased health-related quality of life and survival time. In telehealth, health care
professionals exercise clinical judgment over a physical distance. Telehealth has been implemented as a way to
monitor patients more closely in daily life with an intention to intervene earlier when physical measurements
indicate that health deteriorates. Several studies call for research investigating the ability of telehealth to
automatically flag risk of exacerbations by applying the physical measurements that are collected as part of the
monitoring routines to support health care professionals. However, more research is needed to further develop,
test, and validate prediction algorithms to ensure that these algorithms improve outcomes before they are widely
implemented in practice.

Method: This trial tests a COPD prediction algorithm that is integrated into an existing telehealth system, which
has been developed from the previous Danish large-scale trial, TeleCare North (NCT: 01984840). The COPD
prediction algorithm aims to support clinical decisions by predicting the risk of exacerbations for patients with
COPD based on selected physiological parameters. A prospective, parallel two-armed randomized controlled trial
with approximately 200 participants with COPD will be conducted. The participants live in Aalborg municipality,
which is located in the North Denmark Region. All participants are familiar with the telehealth system in advance. In
addition to the participants’ usual weekly monitored measurements, they are asked to measure their oxygen
saturation two more times a week during the trial period. The primary outcome is the number of exacerbations
defined as an acute hospitalization from baseline to follow-up. Secondary outcomes include changes in health-
related quality of life measured by both the 12-Item Short Form Survey version 2 and EuroQol-5 Dimension
Questionnaire as well as the incremental cost-effectiveness ratio.
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Discussion: This trial seeks to explore whether the COPD prediction algorithm has the potential to support early
detection of exacerbations in a telehealth setting. The COPD prediction algorithm may initiate timely treatment,
which may decrease the number of hospitalizations.

Trial registration: NCT05218525 (pending at clinicaltrials.gov) (date, month, year)

Keywords: Chronic obstructive pulmonary disease, Disease exacerbation, Physiological monitoring, Randomized
controlled trial, Clinical decision support systems, Telemedicine, Forecasting, Machine learning, Health literacy

Introduction
Background
Chronic obstructive pulmonary disease (COPD) imposes
a substantial economic and social burden globally [1, 2].
The global prevalence was estimated to 251 million cases
in 2016 [3]. COPD is the third leading cause of morbid-
ity and mortality worldwide [4] and is responsible for 3
million deaths annually [5]. The disease is projected to
increase further over the coming decades with an esti-
mated mortality of 4.5 million deaths annually by 2030
[6] and 5.4 million deaths annually by 2060 [2].
According to Global Initiative for Chronic Obstructive

Lung Disease (GOLD) COPD refers to a group of pro-
gressive lung diseases characterized by not fully revers-
ible airflow limitation that causes long-term breathing
problems [2, 7]. In mild stages of COPD, the symptoms
are present only by infections or by strenuous physical
exertion. In the more severe stages of COPD, the symp-
toms are more prominent and will usually increase over
time [8, 9]. Most patients with COPD experience periods
where their symptoms vary from day to day [2]. How-
ever, sometimes patients also experience acute worsen-
ing of their usual symptoms, which are referred to as
exacerbations. According to GOLD, an exacerbation is
defined as “an acute worsening of respiratory symptoms
that results in additional therapy” [7]. The frequency of
exacerbations increases with the severity of COPD [10]
and exacerbations contribute to the worsening of COPD
at a long-term level [8, 11, 12]. Moreover, exacerbations
are associated with increased mortality as well as im-
paired prognosis, decline in lung function, worsen car-
diovascular comorbidities, and decreased health-related
quality of life [8, 12, 13]. More than four out of five ex-
acerbations can be managed outside the hospital with
proper medication, whereas more severe exacerbations
require ventilator support and hospitalization [7]. Early
treatment is associated with faster recovery and de-
creased risk of emergency hospitalization [14]. However,
patients with COPD often delay or fail to seek treatment
during exacerbation [15], and it has been estimated that
40% to 70% of exacerbations remain unreported to
healthcare personnel [14–16]. This highlights the im-
portance of detecting exacerbations earlier in order to
facilitate early and preventive treatment [14, 17].

Rationale
Management strategies to prevent exacerbations include
various pharmacological and non-pharmacological inter-
ventions [14, 18, 19]. However, the effect of these inter-
ventions remains moderate indicating the need for better
management strategies [14, 18–21] that allow for earlier
intervention while using scarce health care resources effi-
ciently. Although telehealth interventions internationally
show promising results related to admission rates and
quality of life [15, 22–26], improvements in evidence are
needed to come closer to identifying individual patients in
risk of exacerbations in order to improve the outcomes of
telehealth interventions [20, 21, 27]. In the TeleCare
North trial, there were patients who benefitted greatly
from having the telehealth system while others did not.
Averaging this variability lead to the conclusion that pa-
tients experienced a non-statistically insignificant gain in
health-related quality of life [28], increased sense of con-
trol, freedom, security, awareness of COPD symptoms
[28–34] and that cost-effectiveness was most likely in the
subgroup of patients with severe COPD [30]. In order to
implement telehealth more effectively than by applying av-
eraged results across clinical subgroups, machine-learning
algorithms have been suggested as a way forward [35],
e.g., by seeking to support clinical decisions in predicting
exacerbations using patient physical measurements and
other characteristics [27, 36–38].
Aalborg University has developed and optimized sev-

eral COPD prediction algorithms for early detection of
acute exacerbations that require hospitalization. These
COPD prediction algorithms are based on both data
from TeleCare North and a previous study conducted at
the Department of Pulmonary Medicine at Aalborg Uni-
versity Hospital, Denmark [37–40]. The algorithms were
based on mathematical features extracted from patients’
home measurements of pulse, blood pressure, and oxy-
gen saturation. Since symptoms of an exacerbation are
typically only present a few days prior to an exacerbation
[10, 41] these algorithms underlined the importance of
high-frequency measurements, to achieve the highest
prediction accuracy [38, 41]. Experiences indicated that
a frequency of at least 3 measurements each week, sim-
ple algorithms could achieve a sensitivity of 0.65 at a
specificity of 0.95, whereas more advanced algorithms
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achieved a sensitivity up to 0.94 at a specificity of 0.95
[40]. It is therefore hypothesized that a prediction algo-
rithm can reduce hospitalizations through facilitating an
early and preventive treatment, which also can improve
patients’ quality of life and lead to a greater economic ef-
fect of the telehealth intervention.

Objective
In 2020, the Danish Government, Local Government
Denmark, and Danish Regions initiated 15 signature pro-
jects to investigate, develop and test digital welfare solu-
tions in the field of artificial intelligence [42]. This trial is
established as one of these signature projects carried out
on the initiative of Aalborg University, Aalborg Municipal-
ity, and the North Denmark Region. In this trial, the de-
veloped COPD algorithm from Aalborg University will be
tested in an already implemented telehealth system. This
algorithm is based on weekly measurements of blood
pressure, pulse, and oxygen saturation from where the
mean and variance are extracted. The COPD prediction
algorithm aims to support clinical decisions by predicting
exacerbations in patients with COPD based on physio-
logical parameters. The trial is based on the hypothesis
that by predicting exacerbations, the algorithm can reduce
the number of acute hospitalizations and improve the
health-related quality of life of patients with COPD and
the cost-effectiveness of the telehealth solution. Hence,
the primary objective of the study is to explore if the in-
clusion of an algorithm in a telehealth system can predict
exacerbations and consequently reduce acute hospitaliza-
tions. The second objectives are to explore if inclusion of
a prediction algorithm in a telehealth system leads to (1)
improved health-related quality of life of patients with
COPD and (2) improved cost-effectiveness of the tele-
health solution.

Methods
Study setting
The TeleCare North trial was conducted between 2014
and 2015 [34] and its solution is currently operational in
routine practice in the North Denmark Region. Patients
with COPD are provided with an internet-based moni-
toring and treatment system, named Telekit [34]. The
Telekit consists of a tablet (Galaxy TAB 2, 10.1, Sam-
sung Electronics, Seoul, South Korea), a fingertip pulse
oximeter (Nonin, Onyx II% SpO2, A and D Medical,
Tokyo, Japan), a blood pressure monitor (Model UA-
767, plus BT-C, Nonin Medical, MN, USA), and a scale
(Precision Health Scale, UC-321PBT-C, A & D Medical,
Tokyo, Japan) [43] (Fig. 1).
The commercial and CE-marked telehealth system rep-

resents an open-source platform that collects health data
and provides remote care for the patients with COPD.
The telehealth system is based on a mobile- and web-
based healthcare platform of which, the mobile platform is
used by patients with COPD to measure their vital signs
(blood pressure, oxygen saturation, pulse, and weight) and
answer questions related to subjective parameters (such as
shortness of breath, color of mucus) at home twice a week.
The measurements and questions are then transferred
wirelessly to specialized COPD community nurses. The
specialized COPD community nurses use the web-based
portal to monitor the patients’ health data on a weekly
basis (measurements are typically reviewed Monday or
Thursday) based on preset fixed alarms [43]. These preset
fixed alarms are triggered by “too high” or “too low” single
values of physiological parameters (oxygen saturation,
pulse, blood pressure, and weight) that can be changed ac-
cording to the individual needs. The specialized COPD
community nurses are responsible for monitoring the pa-
tients’ vital signs and provide telephone advices over

Fig. 1 The telehealth system, Telekit, consists of a tablet, a fingertip pulse oximeter, a blood pressure monitor, and a scale
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distance, if the vital signs deviate from the patients’ nor-
mal expected values. Such advice may lead the patient to
adjust medication or to see a doctor.

Study design
This trial is a prospective, parallel two-armed random-
ized (1:1) controlled trial with a nested full economic
evaluation with 6 months follow-up. The trial is ex-
pected to run from October 2021 to May 2022. Prior to
randomization, participants must give written consent in
accordance with the Helsinki declaration [44]. Data will
be anonymized and stored in accordance with the Da-
nish Data Protection Rules [45]. The trial has been ap-
proved by the Regional Ethical Committee for Medical
Research in the North Denmark Region (no.: N-
20200076) and the Danish Data Protection Agency. Any
protocol modifications will only be implemented after
approval from the Regional Ethical Committee.
The trial is single-blinded, as the participants are un-

aware of their group allocation. The specialized COPD
community nurses will not be blinded, as they will know
whether the COPD prediction algorithm supports them
or not. Outcome assessment will not be blinded.

Eligibility criteria
The trial population consists of patients with COPD
who already use the telehealth system.

Inclusion criteria
Both men and women ≥18 years are qualified for inclu-
sion. Furthermore, the participants must be diagnosed
with COPD at any stage (no restrictions regarding the
diagnostic period). The participants must also have a
fixed residence in Aalborg Municipality.

Exclusion criteria
Participants are excluded if they are unable to moni-
tor their vital signs or unable to complete study
questionnaires.

Recruitment
The recruitment takes place in Aalborg Municipality.
Specialized COPD community nurses identify eligible par-
ticipants prior to randomization (Fig. 2). Subsequently, re-
searchers will contact the participants to give them further
information about the trial, answer potential questions,
and guide them regarding the written consent form. A

Fig. 2 The trial procedure from identification and recruitment to outcome assessments at 6 months
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written consent form and questionnaires will be sent to
eligible participants after receiving oral consent. If the
participants still wish to participate in the trial, they will
return the questionnaires and the written consent form
via mail using a second pre-stamped envelope. The re-
searchers’ telephone numbers are stated on the question-
naires giving the participants the opportunity to receive
help in answering the questionnaires.

Randomization
The participants will, by a computer-generated list be al-
located randomly (1:1) across two treatment arms: an
intervention group (telehealth with algorithm) or to a
control group (telehealth without the algorithm). The al-
location sequence will be concealed until the partici-
pants are enrolled and assigned to the two groups. The
randomization will not be performed until the included
participants have signed informed consent and com-
pleted baseline questionnaires. Researchers at Aalborg
University will generate the allocation sequence, enroll
the participants, and assign the participants to their re-
spective groups.

Intervention
All participants in both groups are encouraged to meas-
ure and transfer oxygen saturation, blood pressure, and
pulse data three times per week. However, patients are
also allowed to only measure and transmit oxygen and
pulse data using the pulse oximeter if measuring blood
pressure causes discomfort. Generally, the participants
must measure their vital signs on fixed days in the week,
starting either Monday or Thursday. Two monitoring
schedules will occur depending on the participants
measuring day. If the participants usually measure on
Monday, they must perform additional measurements
Wednesday and Friday. Whereas if the participants usu-
ally measure on Thursday, they must measure the add-
itional measurements on Saturday and Monday. Thus,
all specialized COPD community nurses will receive
more data they can use in assessing the participants’
conditions during the trial period. The only difference
between the two groups is that the specialized COPD
community nurses monitoring the intervention group
are aided by the COPD prediction algorithm, and the
specialized COPD community nurses monitoring the
control group are monitoring solely based on their pro-
fessional opinion and the alarms implemented in the
current telehealth system. The participants will be un-
aware of their group allocation. The specialized COPD
community nurses will not be blinded. However, they
are instructed not to tell the participants about their
group allocation.

Intervention group
Participants in the intervention group will receive the gen-
eral offer of the telehealth intervention including the tele-
health system with the implemented COPD prediction
algorithm. The COPD prediction algorithm uses weekly
measurements of pulse, oxygen saturation, and blood pres-
sure. The algorithm alerts the specialized COPD commu-
nity nurses based on the probability of exacerbation within
the next three days, which is estimated by logistic regres-
sion [40]. The alarm will be implemented in the telehealth
platform that the nurses are already used to and will be po-
sitioned next to already existing alarms (e.g. “low values of
blood pressure” or “high values of pulse”). Prior to the trial,
the specialized COPD community nurses will receive train-
ing in the extended monitoring and to the addition of the
new alarm. All alarms, including the COPD prediction al-
gorithm alarm, are decision support for the specialized
COPD community nurses while inspecting data and asses-
sing the participants’ situation. The specialized COPD com-
munity nurses solely decide whether to contact the
participants and/or their general practitioner.
Depending on how often the patients measure the

various physiological parameters, the algorithm will pre-
dict risk of exacerbation based on one of the following
two scenarios:
Scenario 1: The COPD prediction algorithm uses all

three physiological parameters, if the patient has three
weekly measurements of both pulse, oxygen saturation,
and blood pressure. In this case, the COPD prediction
alarm is based on the following:

� Pulse: The average of the measurements from the
last week

� Oxygen saturation: The variance of the
measurements from the last 2 weeks

� Diastolic blood pressure: The variance of the
measurements from the last week

Scenario 2: The COPD prediction algorithm uses only
two physiological parameters, if the patient only has
three weekly measurements of pulse and oxygen satur-
ation. This is due to insufficient predictive information
at less than three weekly blood pressure measurements.
In this case, the COPD prediction alarm is based on the
following:

� Pulse: The average of the measurements from the
last week

� Oxygen saturation: The variance of the
measurements from the last 2 weeks

Control group
Participants in the control group will continue with the
general offer of the telehealth intervention without the
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COPD prediction algorithm. These participants are
instructed to perform the same frequency of measure-
ments as the intervention group.

Measures to ensure minimal loss to follow up
A few measures will be taken to ensure minimal loss to
follow-up. First, the specialized COPD community
nurses are in contact will the participants continuously
throughout the trial as part of the telehealth interven-
tion. If the specialized COPD community nurses observe
that a participant misses several measurements, he/she
will contact the participant per telephone and encourage
the participant to keep performing the additional mea-
surements. If a participant is unable to return the ques-
tionnaires by mail, a researcher will pick up the letter at
the participant’s home address to ensure complete
follow-up.

Criteria for discontinuation
No risks are expected to be linked to participation in the
trial. On the contrary, it is expected that the quality of
the telemonitoring will be increased due to the increased
attention and data. However, should any adverse events
occur, they will be recorded in the trial master file in
REDCap with information on whether the primary in-
vestigator attributes association with the trial. Partici-
pants can always withdraw consent and will then be
excluded from the trial.

Outcomes
This study has one primary outcome, two secondary
outcomes, and five explorative outcomes.

Primary outcome

� The primary outcome is the between-group differ-
ence in the number of observed exacerbations de-
fined as an all-cause acute hospitalization from
baseline to follow-up. The trial hypothesizes that in-
tegrating a COPD prediction algorithm into the tele-
health system will lead to a significantly lower
number of exacerbations through early identification
and timely preventive treatment

Secondary outcomes
The secondary outcomes include:

� The change in health-related quality of life (HRQoL)
using the 12-item Short Form Health Survey (ver-
sion 2) (SF-12v2) [46] and the EuroQol-5 Dimension
Questionnaire (EQ-5D-5L) [47] at the individual
level from baseline to follow-up at 6 months. The
trial hypothesizes that the difference in HRQoL from
baseline to follow-up in both groups decrease since

the participants have lived 6 months longer with
COPD. However, it is expected that the decrease in
HRQoL will be lower for the intervention group
compared to the control group. Both questionnaires
have previously been validated in the Danish popula-
tion [48–50].

� The incremental cost-effectiveness ratio or ICER
measured as the total cost per quality-adjusted life
years (QALY) gained for the cost categories included
in the study from baseline to follow-up at 6 months.
It is hypothesized that the cost of hospital contacts
will decrease, but it is unknown whether this cost is
offset by an increase in other cost categories such as
community care

Explorative outcomes

� To assess the participants’ health literacy level at
baseline using the European Health Literacy Survey
Questionnaire (HLS-EU-Q16) [51], supported by
further assessment with the Danish Test of
Functional Health Literacy in Adults (the Danish
TOFHLA) [52] during the trial period to examine
whether the effect of the COPD prediction
algorithm is similar in patients with COPD,
regardless of health literacy level

� To examine whether the specialized COPD
community nurse’s estimate of the individual
participant’s level of health literacy influences the
effect of the COPD prediction algorithm

� To evaluate the specialized COPD community
nurses’ experiences with the usability of the COPD
prediction algorithm using interviews

� To evaluate the participants’ experiences with the
usability of the telehealth system after trial
completion using the Danish Telehealth Usability
Questionnaire (D-TUQ) questionnaire [53]

� To evaluate the participants’ experiences with data
ethical aspects after trial completion using
qualitative research interviews

The SF-12v2, the EQ-5D-5L, HLS-EU-Q16, and ques-
tions about demographic characteristics are sent to the
participants by letter at baseline. The D-TUQ, SF-12v2,
and EQ-5D-5L are sent at follow-up (Table 1). If a par-
ticipant is unable to return the questionnaires by mail, a
research assistant will pick up the letter at the partici-
pant’s address to promote complete follow-up.
During the trial period, the level of health literacy will

be assessed further with the Danish TOFHLA. Addition-
ally, the COPD community nurses will be asked to pro-
vide an estimate of the individual level of health literacy
among the participants with COPD [52].
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Qualitative research interviews will also be conducted
with selected participants and/or specialized COPD
community nurses during and after trial completion,
which will focus on data ethical aspects and user experi-
ences of the telehealth system.
After trial completion, data is extracted comprising

data from OpenTeleHealth (physical measurements) and
relevant registers (all hospital contacts, all prescribed
medicine, all contacts in primary sector, and all social
sector contacts) in order to compare the number of ex-
acerbations and the incremental-cost effectiveness ratio
from baseline to 6 months follow-up between the inter-
vention- and control group. All data will be stored in
REDCap (Research Electronic Data Capture). Only re-
searchers from Aalborg University will have access to
the trial dataset.

Statistical methods
Overall, the statistical methods will follow an intention-
to-treat principle [54]. Results from the trial will be pre-
sented in accordance with the Consolidated Standards of
Reporting Trials (CONSORT) for randomized trial
guidelines [55] as well as the Consolidated Health Eco-
nomic Evaluation Reporting Standards (CHEERS) [56].
Missing data will be subject to multiple imputation [57].
If there is a need for an adjustment of the participants’
baseline characteristics due to differences among the
two groups, this will be performed.
To assess the primary outcome, Poisson regression

with exponentiated coefficients will be used to produce
incidence rate ratios. In assessing HRQoL, generalized
linear models [58] will be used to model EQ-5D-5L and
the two SF12v2 summary scores; the physical compo-
nent score (PCS-12) and the mental component score
(MCS-12). To assess the secondary outcome of cost-
effectiveness, an ICER point estimate will be calculated
after 6 months follow-up. The ICER is defined as the dif-
ference in the average costs between the two alternatives
divided by the difference in average effectiveness be-
tween the same alternatives [59]. For the ICER calcula-
tion, the effectiveness for both alternatives is assessed
based on the utility scores from the EQ-5D-5L question-
naire, with Danish societal weights that are unpublished
but under journal peer review [50]. With the help of

information on within-trial survival time, QALYs can
then be elucidated with linear interpolation of utility
scores between baseline and follow-up at six months as
the area under this curve [59].
In assessing base-case total costs for both alternatives,

this trial adopts a healthcare sector perspective, meaning
that the following cost categories are included: add-
itional costs in implementing the algorithm, in- and out-
patient hospital costs, medication costs, costs from
visiting primary care and general practitioners in par-
ticular, community care costs associated with home
nurse visits, individual care, and practical help as well as
rehabilitation activities in the municipalities. Treatment
effects for effectiveness and costs will be calculated sep-
arately by applying generalized linear models [58] and
will be reported both as an unadjusted estimate and as
an estimate that controls for meaningful baseline differ-
ences. Finally, the economic evaluation will nuance base-
case results by applying both one-way and probabilistic
sensitivity analysis (PSA) to allow decision-makers to
evaluate the impact of parameter uncertainty that might
occur during the trial period on cost-effectiveness at a
range of willingness-to-pay levels for an improvement in
QALYs [60, 61].
The HLS-EU-Q16 and the Danish TOFHLA provide

an individual health literacy score. The HLS-EU-Q16
provides a score ranging from zero (inadequate) to 50
(excellent) and divides the participants into four (HL)
groups on this basis. The Danish TOFHLA provides a
score ranging from zero (inadequate) to 100 (adequate)
and divides the participants into three (HL) groups on
this basis. It will be examined whether the division into
different groups is similar regardless of health literacy
being assessed with the HLS-EU-Q16 or the Danish
TOFHLA. One-Way ANOVA will be used to test pre
(baseline)-post (follow-up) between-HL-group (as mea-
sured with the HLS-EU-Q16) differences in the number
of exacerbations. One-Way ANOVA will also be used to
test pre (baseline)–post (follow-up) between-HL-group
(as measured with the Danish TOFHLA) differences in
the number of exacerbations. Furthermore, the special-
ized COPD community nurses estimate an individual
health literacy score among their COPD patients ranging
from zero (inadequate) to 10 (adequate) based on their

Table 1 An overview of the questionnaires that the participants receive at baseline, intermediate, and after 6 months follow-up

Name of the questionnaire Time point for each outcome

The 12-item Short Form Health Survey (version 2) Baseline, 6 months follow-up

The EuroQol 5-Dimension questionnaire Baseline, 6 months follow-up

The European Health Literacy Survey Questionnaire Baseline

Questions about demographic characteristics Baseline

The Danish Test of Functional Health Literacy in Adults The Intermediate

Danish Telehealth Usability Questionnaire 6 months follow-up
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professional judgment. This individual health literacy
score provided by the specialized COPD community
nurses divides the participants into three (HL) groups.
One-Way ANOVA will be used to test pre (baseline)–
post (follow-up) between-HL-group differences in the
number of exacerbations. It should be noted that the in-
dividual health literacy score provided by the specialized
COPD community nurses will be compared to the scores
obtained with both the HLS-EU-Q16 and the Danish
TOFHLA to examine if their professional judgment with
regards to health literacy is in line with the standardized
scores provided by these tests.
Descriptive statistics will be conducted for the D-TUQ

by examining the range, median, and frequency of re-
sponses for each item including plots. The questionnaire
check marks are listed on a Likert scale ranging from
one (disagree) to seven (agree) indicating each partici-
pants’ level of agreement with the questions.

Sample size
The sample size calculation is based on the primary out-
come. It is assumed that the control group experience
an average of two exacerbations, and the intervention
group experienced one exacerbation during the trial
period from baseline to the 6-months follow-up. With a
power of 90%, a variance of two exacerbations for both
groups, a two-sided significance level of 0.05, the re-
quired sample size is estimated to be at least 85 partici-
pants in each group [62]. Based on experience from the
original large-scale trial, TeleCare North [34], a loss to
follow-up of 15% in each group is expected. Therefore,
the total required sample size in each arm is the esti-
mated to be approximately 100 participants.

Discussion
In this prospective, parallel, two-armed randomized con-
trolled trial, a COPD prediction algorithm will be tested
in a telehealth system with an aim to predict exacerba-
tions in a timely manner. The COPD prediction algo-
rithm is embedded into the general offer of telehealth to
patients with COPD in the North Denmark Region. The
COPD prediction algorithm will be used to support spe-
cialized COPD community nurses in their clinical deci-
sions by alerting them regarding any deviations from the
participants’ expected physiological parameters, which
may indicate potential exacerbations. The COPD predic-
tion algorithm is expected to improve the telehealth
intervention, because the algorithm will use time-series
data obtained through weekly repeated average measure-
ments of physiological parameters. In addition, the fre-
quency of the specialized COPD community nurses’
monitoring will be enhanced, as the specialized COPD
community nurses not only assess data once a week, but

are notified if the COPD prediction algorithm alarm is
activated.
An expected strength of the present trial is the prag-

matic design with minimal interference into usual prac-
tice. To our knowledge, this is the first Danish trial that
tests a COPD prediction algorithm into a current oper-
ational telehealth system. Another strength is that the
trial duration includes a mix of seasons, i.e., autumn and
winter, which may increase the generalizability of the re-
sults as most exacerbations always occur in winter.
The calculated sample size might be difficult to

achieve. A large sample size is desirable to power the
trial and to enhance the generalizability of the results.
To ensure adequate participant enrollment, the special-
ized COPD nurses will contact all potential participants
in their area. Moreover, the inclusion criteria for the trial
are relatively open to ensure a sufficient pool of potential
participants. The COPD prediction algorithm perform-
ance is highly dependent on the two additional oxygen
saturation measurements that the participants have to
perform weekly. Thus, a potential risk for the results of
the trial is that the participants fail to perform the extra
measurements. In addition, the performance of the
COPD prediction algorithm highly depends on the spe-
cialized COPD community nurses' involvement in asses-
sing measurements, when a COPD prediction algorithm
alarm is activated. Therefore, the trial seeks to enhance
the involvement of the nurses by repeated training and
meetings prior to the trial.
Once the trial has been completed, the results will be

published in peer-reviewed journals. The results will also
be presented for relevant partners, such as the special-
ized COPD community nurses and the TeleCare North
administration office. The trial has the potential to im-
prove the telehealth intervention in patients with COPD
in the form of more intelligent, decision-based monitor-
ing. In the future, it could be relevant to test and imple-
ment a similar prediction algorithm among other disease
groups, as telehealth becomes more relevant for various
diseases and patients with multiple comorbidities.

Dissemination plans
The results of the trial will be published in international
scientific journals. All results are reported in anon-
ymized form. Results will be published regardless of
whether or not they are accepted by international jour-
nals, and whether results are positive, negative, or incon-
clusive. Authorship will be granted to those who have
contributed to the design, conduct, interpretation, and
reporting of the trial.

Acknowledgements
Thanks to American Journal experts for proofreading the manuscript. Thanks
to the TeleCare North administration office and OpenTeleHealth for making
it possible to implement and test the COPD prediction algorithm into usual

Secher et al. Trials          (2022) 23:356 Page 8 of 10



practice. Thanks to the specialized COPD community nurses for monitoring
more frequently and for the participants’ effort in making additional oxygen
saturation measurements during the trial period.

Authors’ contributions
All authors contributed to the conception of the study, the study design,
and the writing process of this study protocol. The author(s) read and
approved the final manuscript.

Authors’ information
PHS, CB, SH, TK, LKEH, and FWU are assistant professors at the Department of
Health Science and Technology, Aalborg University. OKH is a professor at the
Department of Health Science and Technology, Aalborg University.

Funding
The trial is funded by the Danish Agency for Digitization.
Name and contact information for the trial sponsor
The Danish Agency for Digitization
Landgreven 4
1301 Copenhagen K
Denmark
Role of sponsor
The Danish Agency for Digitization has launched 15 signature projects in
Denmark that seeks to investigate different perspectives of artificial
intelligence. This project is one out of these 15 signature projects that the
Danish Agency for Digitization funds. The funder has no influence on the
conception, data analysis or results of the project. The Danish Agency
provide grant funding

Availability of data and materials
All data will be stored in REDCap (Research Electronic Data Capture). Only
researchers from Aalborg University will have access to the trial dataset.

Declarations

Ethics approval and consent to participate
The trial has been approved by the Regional Ethical Committee for Medical
Research in the North Denmark Region (no.: N-20200076). The approval in-
cludes a scientific protocol, informed consent form, and all other written ma-
terial for the included participants.

Consent for publication
The above-mentioned ethics approval and related documents include con-
sent for publication

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Health Science and Technology, Aalborg University, Fredrik
Bajers Vej 7C, 9220 Aalborg East, Denmark. 2Department of Nursing,
University College of Northern Denmark, Selma Lagerløfs Vej 2, 9220 Aalborg
East, Denmark.

Received: 27 September 2021 Accepted: 9 April 2022

References
1. Iheanacho I, Zhang S, King D, Rizzo M, Ismaila AS. Economic burden of

chronic obstructive pulmonary disease (COPD): A systematic literature
review. Int J COPD. 2020;15:439–60. https://doi.org/10.2147/COPD.S234942.

2. Papi A, Morandi L, Fabbri LM. Prevention of Chronic Obstructive Pulmonary
Disease. Clin Chest Med. 2020;41:453–62. https://doi.org/10.1016/j.ccm.2020.
05.004.

3. World Health Organization. Chronic obstructive pulmonary disease (COPD)
2017:2

4. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global
and regional mortality from 235 causes of death for 20 age groups in 1990
and 2010: A systematic analysis for the Global Burden of Disease Study
2010. Lancet. 2012;380:2095–128. https://doi.org/10.1016/S0140-6736(12)61
728-0.

5. J L Murray. Global , regional , and national age – sex specifi c all-cause and
cause-specifi c mortality for 240 causes of death , 1990 – 2013 : a systematic
analysis for the Global Burden of Disease Study 2013 2013:1990–2013

6. Organization WH. Projections of mortality and causes of death, 2015 and
2030 2020

7. Gerald LB, Bailey WC. Global initiative for chronic obstructive lung disease. J
Cardiopulm Rehabil. 2018;22:234–44. https://doi.org/10.1097/00008483-2002
07000-00004.

8. Anzueto A. Impact of exacerbations on copd. Eur Respir Rev. 2010;19:113–8.
https://doi.org/10.1183/09059180.00002610.

9. Vestbo J, Hurd SS, Agustí AG, Jones PW, Vogelmeier C, Anzueto A, et al.
Global strategy for the diagnosis, management, and prevention of chronic
obstructive pulmonary disease GOLD executive summary. Am J Respir Crit
Care Med. 2013;187:347–65. https://doi.org/10.1164/rccm.201204-0596PP.

10. Seemungal TAR, Donaldson GC, Bhowmik A, Jeffries DJ, Wedzicha JA. Time
course and recovery of exacerbations in patients with chronic obstructive
pulmonary disease. Am J Respir Crit Care Med. 2000;161:1608–13. https://
doi.org/10.1164/ajrccm.161.5.9908022.

11. Donaldson GC, Law M, Kowlessar B, Singh R, Brill SE, Allinson JP, et al.
Impact of prolonged exacerbation recovery in chronic obstructive
pulmonary disease. Am J Respir Crit Care Med. 2015;192:943–50. https://doi.
org/10.1164/rccm.201412-2269OC.

12. Burge S, Wedzicha JA. COPD exacerbations: Definitions and classifications.
Eur Respir Journal, Suppl. 2003;21:46–53. https://doi.org/10.1183/09031936.
03.00078002.

13. Halpin DMG, Miravitlles M, Metzdorf N, Celli B. Impact and prevention of
severe exacerbations of COPD: A review of the evidence. Int J COPD. 2017;
12:2891–908. https://doi.org/10.2147/COPD.S139470.

14. Wilkinson TMA, Donaldson GC, Hurst JR, Seemungal TAR, Wedzicha JA. Early
Therapy Improves Outcomes of Exacerbations of Chronic Obstructive
Pulmonary Disease. Am J Respir Crit Care Med. 2004;169:1298–303. https://
doi.org/10.1164/rccm.200310-1443OC.

15. Seemungal TAR, Donaldson GC, Paul EA, Bestall JC, Jeffries DJ, Wedzicha JA.
Effect of exacerbation on quality of life in patients with chronic obstructive
pulmonary disease. Am J Respir Crit Care Med. 1998;157:1418–22. https://
doi.org/10.1586/14737167.2013.842128.

16. Langsetmo L, Platt RW, Ernst P, Bourbeau J. Underreporting exacerbation of
chronic obstructive pulmonary disease in a longitudinal cohort. Am J Respir
Crit Care Med. 2008;177:396–401. https://doi.org/10.1164/rccm.200708-1290OC.

17. Tomasic I, Tomasic N, Trobec R, Krpan M, Kelava T. Continuous remote
monitoring of COPD patients—justification and explanation of the
requirements and a survey of the available technologies. Med Biol Eng
Comput. 2018;56:547–69. https://doi.org/10.1007/s11517-018-1798-z.

18. Quaderi SA, Hurst JR. The unmet global burden of COPD. Glob Heal
Epidemiol Genomics. 2018;3:9–11. https://doi.org/10.1017/gheg.2018.1.

19. Hurst JR, Wedzicha JA. Management and prevention of chronic obstructive
pulmonary disease exacerbations: A state of the art review. BMC Med. 2009;
7:1–6. https://doi.org/10.1186/1741-7015-7-40.

20. Polisena J, Tran K, Cimon K, Hutton B, McGill S, Palmer K, et al. Home
telehealth for chronic obstructive pulmonary disease: A systematic review
and meta-analysis. J Telemed Telecare. 2010;16:120–7.

21. Wootton R. Twenty years of telemedicine in chronic disease management--
an evidence synthesis. J Telemed Telecare. 2012;18:211–20. https://doi.org/1
0.1258/jtt.2012.120219.

22. Gregersen TL, Green A, Frausing E, Ringbæk T, Brøndum E, Ulrik CS. Do
telemedical interventions improve quality of life in patients with COPD? A
systematic review. Int J COPD. 2016;11:809–22. https://doi.org/10.2147/
COPD.S96079.

23. Hong Y, Lee SH. Effectiveness of tele-monitoring by patient severity and
intervention type in chronic obstructive pulmonary disease patients: A
systematic review and meta-analysis. Int J Nurs Stud. 2019;92:1–15. https://
doi.org/10.1016/j.ijnurstu.2018.12.006.

24. Mclean S, Nurmatov U, Jly L, Pagliari C, Car J, Sheikh A, et al. Telehealthcare
for chronic obstructive pulmonary disease: Cochrane Review and meta-
analysis. Br J Gen Pract. 2012;62:e739–49. https://doi.org/10.3399/bjgp12
X658269.

25. Barbosa MT, Sousa CS, Morais-Almeida M, Simões MJ, Mendes P.
Telemedicine in COPD: An Overview by Topics. COPD J Chronic Obstr Pulm
Dis. 2020;17:601–17. https://doi.org/10.1080/15412555.2020.1815182.

26. Sul AR, Lyu DH, Park DA. Effectiveness of telemonitoring versus usual care
for chronic obstructive pulmonary disease: A systematic review and meta-

Secher et al. Trials          (2022) 23:356 Page 9 of 10

https://doi.org/10.2147/COPD.S234942
https://doi.org/10.1016/j.ccm.2020.05.004
https://doi.org/10.1016/j.ccm.2020.05.004
https://doi.org/10.1016/S0140-6736(12)61728-0
https://doi.org/10.1016/S0140-6736(12)61728-0
https://doi.org/10.1097/00008483-200207000-00004
https://doi.org/10.1097/00008483-200207000-00004
https://doi.org/10.1183/09059180.00002610
https://doi.org/10.1164/rccm.201204-0596PP
https://doi.org/10.1164/ajrccm.161.5.9908022
https://doi.org/10.1164/ajrccm.161.5.9908022
https://doi.org/10.1164/rccm.201412-2269OC
https://doi.org/10.1164/rccm.201412-2269OC
https://doi.org/10.1183/09031936.03.00078002
https://doi.org/10.1183/09031936.03.00078002
https://doi.org/10.2147/COPD.S139470
https://doi.org/10.1164/rccm.200310-1443OC
https://doi.org/10.1164/rccm.200310-1443OC
https://doi.org/10.1586/14737167.2013.842128
https://doi.org/10.1586/14737167.2013.842128
https://doi.org/10.1164/rccm.200708-1290OC
https://doi.org/10.1007/s11517-018-1798-z
https://doi.org/10.1017/gheg.2018.1
https://doi.org/10.1186/1741-7015-7-40
https://doi.org/10.1258/jtt.2012.120219
https://doi.org/10.1258/jtt.2012.120219
https://doi.org/10.2147/COPD.S96079
https://doi.org/10.2147/COPD.S96079
https://doi.org/10.1016/j.ijnurstu.2018.12.006
https://doi.org/10.1016/j.ijnurstu.2018.12.006
https://doi.org/10.3399/bjgp12X658269
https://doi.org/10.3399/bjgp12X658269
https://doi.org/10.1080/15412555.2020.1815182


analysis. J Telemed Telecare. 2020;26:189–99. https://doi.org/10.1177/13
57633X18811757.

27. Sanchez-Morillo D, Fernandez-Granero MA, Leon-Jimenez A. Use of
predictive algorithms in-home monitoring of chronic obstructive pulmonary
disease and asthma: A systematic review. Chron Respir Dis. 2016;13:264–83.
https://doi.org/10.1177/1479972316642365.

28. Lilholt PH, Udsen FW, Ehlers L, Hejlesen OK. Telehealthcare for patients
suffering from chronic obstructive pulmonary disease: Effects on health-related
quality of life: Results from the Danish ? € TeleCare North’ cluster-randomised
trial. BMJ Open. 2017;7. https://doi.org/10.1136/bmjopen-2016-014587.

29. Lilholt PH, Hæsum LKE, Hejlesen OK. Exploring User Experience of a
Telehealth System for the Danish TeleCare North Trial. Stud Health Technol
Inform. 2015;210:301–5. https://doi.org/10.3233/978-1-61499-512-8-301.

30. Udsen FW, Lilholt PH, Hejlesen O, Ehlers L. Cost-effectiveness of
telehealthcare to patients with chronic obstructive pulmonary disease:
Results from the Danish TeleCare North’ cluster-randomised trial. BMJ Open.
2017;7:1–13. https://doi.org/10.1136/bmjopen-2016-014616.

31. Udsen FW, Bang Christensen JK, Lilholt PH, Hæsum LKE. Forskningsresultater
i Telecare Nord - Afslutningsrapport 2015:167

32. Udsen FW, Lilholt PH, Hejlesen OK, Ehlers LH. Subgroup analysis of
telehealthcare for patients with chronic obstructive pulmonary disease: The
cluster-randomized danish telecare north trial. Clin Outcomes Res. 2017;9:
391–401. https://doi.org/10.2147/CEOR.S1390644.

33. Udsen FW. Health economic evaluation of telehealthcare - can we include
“why” and “under what circumstances” telehealthcare is cost-effective in
health economic evaluation? Suggested principles for health economic
evaluation based on experiences with the Danish "Te. 2016

34. Udsen F, Lilholt P, Hejlesen O, Ehlers L. Effectiveness and cost-effectiveness
of telehealthcare for chronic obstructive pulmonary disease: study protocol
for a cluster randomized controlled trial. Trials. 2014;15:178. https://doi.org/1
0.1186/1745-6215-15-178.

35. Soiza RL, Donaldson AIC, Myint PK. Vaccine against arteriosclerosis: an
update. Ther Adv Vaccines. 2018;9:259–61. https://doi.org/10.1177/https.

36. Guerra B, Gaveikaite V, Bianchi C, Puhan MA. Prediction models for
exacerbations in patients with COPD. Eur Respir Rev. 2017;26. https://doi.
org/10.1183/16000617.0061-2016.

37. Christian Riis H, Jensen MH, Cichosz SL, Hejlesen OK. Prediction of
exacerbation onset in chronic obstructive pulmonary disease patients. J
Med Eng Technol. 2016;40:1–7. https://doi.org/10.3109/03091902.2015.11
05317.

38. Kronborg T, Mark L, Cichosz SL, Secher PH, Hejlesen O. Population
exacerbation incidence contains predictive information of acute
exacerbations in patients with chronic obstructive pulmonary disease in
telecare. Int J Med Inform 2018;111:72–76. https://doi.org/10.1016/j.
ijmedinf.2017.12.026

39. Jensen MH, Cichosz SL, Dinesen B, Hejlesen OK. Moving prediction of
exacerbation in chronic obstructive pulmonary disease for patients in
telecare. J Telemed Telecare 2012;18:99–103. https://doi.org/10.1258/jtt.2
011.110607

40. Kronborg T. Predicting Exacerbations in Patients with Chronic Obstructive
Pulmonary Disease. Aalborg Universitetsforlag. Aalborg Universitet. Det
Sundhedsvidenskabelige Fakultet. Ph.D.-serien. 2019

41. Kronborg T, Hangaard S, Cichosz SL, Hejlesen OK. A two-layer probabilistic
model to predict COPD exacerbations for patients in telehealth. Comput
Biol Med. 2020.

42. Digitasation A for. Signaturprojekter om kunstig intelligens i kommuner og
regioner 2020

43. Lilholt PH, Jensen MH, Hejlesen OK. Heuristic evaluation of a telehealth
system from the Danish TeleCare North Trial. Int J Med Inform. 2015;84:319–
26. https://doi.org/10.1016/j.ijmedinf.2015.01.012.

44. Medical Association W. WMA DECLARATION OF Helsinki – Ethical principles
for medical research involving human subjects 2020

45. Datatilsynet. Danish data protection legislation 2020
46. The Quality Metrics. The 12-Items Short Form Health Survey 2020
47. EuroQol T, Foundation R. The EuroQol-5 Dimension Questionnaire 2020
48. Christensen LN, Ehlers L, Larsen FB, Jensen MB. Validation of the 12 Item

Short form Health Survey in a Sample from Region Central Jutland. Soc
Indic Res. 2013;114:513–21. https://doi.org/10.1007/s11205-012-0159-9.

49. Jensen MB, Jensen CE, Gudex C, Pedersen KM, Sørensen SS, Ehlers LH.
Danish population health measured by the EQ-5D-5L. Scand J Public Health.
2021;140349482110580. https://doi.org/10.1177/14034948211058060.

50. Jensen CE, Sørensen SS, Gudex C, Jensen MB, Pedersen KM, Ehlers LH. The
Danish EQ-5D-5L Value Set: A Hybrid Model Using cTTO and DCE Data.
Appl Health Econ Health Policy. 2021;19:579–91. https://doi.org/10.1007/s4
0258-021-00639-3.

51. Linden A. Measuring diagnostic and predictive accuracy in disease
management: An introduction to receiver operating characteristic (ROC)
analysis. J Eval Clin Pract. 2006;12:132–9. https://doi.org/10.1111/j.1365-2
753.2005.00598.x.

52. Emtekær Hæsum LK, Ehlers L, Hejlesen OK. Validation of the Test of
Functional Health Literacy in Adults in a Danish population. Scand J Caring
Sci. 2015;29:573–81. https://doi.org/10.1111/scs.12186.

53. Parmanto B, Lewis AN, Kristin M, Bertolet MH. DEVELOPMENT OF THE
TELEHEALTH USABILITY QUESTIONNAIRE ( TUQ ). Int J Telerehabilitation.
2016;8:3–10.

54. McCoy CE. Understanding the intention-to-treat principle in randomized
controlled trials. West J Emerg Med. 2017;18:1075–8. https://doi.org/10.5811/
westjem.2017.8.35985.

55. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: Updated
guidelines for reporting parallel group randomised trials. Int J Surg. 2011;9:
672–7. https://doi.org/10.1016/j.ijsu.2011.09.004.

56. Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D,
et al. Consolidated health economic evaluation reporting standards
(CHEERS)-explanation and elaboration: A report of the ISPOR health
economic evaluation publication guidelines good reporting practices task
force. Value Heal. 2013;16:231–50. https://doi.org/10.1016/j.jval.2013.02.002.

57. Sterne JAC, White IR, Carlin JB, Spratt M, Royston P, Kenward MG, et al.
Multiple imputation for missing data in epidemiological and clinical
research: Potential and pitfalls. BMJ. 2009;339:157–60. https://doi.org/10.113
6/bmj.b2393.

58. Dunn PK, Smyth GK. Generalized Linear Models With Examples in R.
Springer New York: New York, NY; 2018. https://doi.org/10.1007/978-1-4419-
0118-7.

59. Drummond M, Sculpher M, Claxton K, Stoddart G, Torrance G. Methods for
the Economic Evaluation of Health Care Programmes. Fourth edi: Oxford
University Press; 2015.

60. Gray A, Clarke P, Wolstenholme J, Wordsworth S. Applied Methods of Cost-
effectiveness Analysis in Health Care: Oxford University Press; 2011.

61. Ramsey S, Willke R, Glick H, Reed SD, Federico A, Jonsson B, et al. Cost-
Effectiveness Analysis Alongside Clinical Trials II - An ISPOR Good Research
Practives Task Force Report. Value Heal. 2015;18:161–72. https://doi.org/10.1
016/j.jval.2015.02.001.

62. Rosner B Bernard A. Fundamentals of biostatistics . 8th edition. Boston,
Mass: Cengage Learning; 2017

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Secher et al. Trials          (2022) 23:356 Page 10 of 10

https://doi.org/10.1177/1357633X18811757
https://doi.org/10.1177/1357633X18811757
https://doi.org/10.1177/1479972316642365
https://doi.org/10.1136/bmjopen-2016-014587
https://doi.org/10.3233/978-1-61499-512-8-301
https://doi.org/10.1136/bmjopen-2016-014616
https://doi.org/10.2147/CEOR.S1390644
https://doi.org/10.1186/1745-6215-15-178
https://doi.org/10.1186/1745-6215-15-178
https://doi.org/10.1177/https
https://doi.org/10.1183/16000617.0061-2016
https://doi.org/10.1183/16000617.0061-2016
https://doi.org/10.3109/03091902.2015.1105317
https://doi.org/10.3109/03091902.2015.1105317
https://doi.org/10.1016/j.ijmedinf.2017.12.026
https://doi.org/10.1016/j.ijmedinf.2017.12.026
https://doi.org/10.1258/jtt.2011.110607
https://doi.org/10.1258/jtt.2011.110607
https://doi.org/10.1016/j.ijmedinf.2015.01.012
https://doi.org/10.1007/s11205-012-0159-9
https://doi.org/10.1177/14034948211058060
https://doi.org/10.1007/s40258-021-00639-3
https://doi.org/10.1007/s40258-021-00639-3
https://doi.org/10.1111/j.1365-2753.2005.00598.x
https://doi.org/10.1111/j.1365-2753.2005.00598.x
https://doi.org/10.1111/scs.12186
https://doi.org/10.5811/westjem.2017.8.35985
https://doi.org/10.5811/westjem.2017.8.35985
https://doi.org/10.1016/j.ijsu.2011.09.004
https://doi.org/10.1016/j.jval.2013.02.002
https://doi.org/10.1136/bmj.b2393
https://doi.org/10.1136/bmj.b2393
https://doi.org/10.1007/978-1-4419-0118-7
https://doi.org/10.1007/978-1-4419-0118-7
https://doi.org/10.1016/j.jval.2015.02.001
https://doi.org/10.1016/j.jval.2015.02.001

	Abstract
	Background
	Method
	Discussion
	Trial registration

	Introduction
	Background
	Rationale
	Objective

	Methods
	Study setting
	Study design
	Eligibility criteria
	Inclusion criteria
	Exclusion criteria

	Recruitment
	Randomization

	Intervention
	Intervention group
	Control group
	Measures to ensure minimal loss to follow up
	Criteria for discontinuation
	Outcomes
	Primary outcome
	Secondary outcomes
	Explorative outcomes

	Statistical methods
	Sample size

	Discussion
	Dissemination plans
	Acknowledgements
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

