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Background: Acute exacerbations of chronic obstructive pulmonary disease (AECOPD) are serious events with high morbidity and 
mortality. Previous studies investigated telemonitoring as a tool for prevention of hospitalizations with ambiguous results. The aim of 
the present study was to combine data from two randomized controlled trials conducted in Denmark in similar healthcare settings to 
explore number of hospitalizations for COPD, days of admission, and exacerbations treated outside hospitals.
Methods: Recruitment took place during hospitalization for AECOPD and from outpatient COPD clinics. Patients were equally 
randomized to telemonitoring (N=251) in addition to usual care for six months or usual care alone (N=252). We used a negative 
binomial regression model with between-group comparisons expressed as incidence rate ratios (IRRs) for assessment of hospitaliza
tions, admission days and moderate exacerbations and Kaplan-Meier time-to-event analysis for assessment of time to first COPD 
hospitalization.
Results: No significant differences between the two studies were identified. In combined analyses, numerically fewer hospitalizations 
(IRR 0.85, 95% CI 0.62–1.17) and hospitalization days (IRR 0.72, 95% CI 0.42–1.23) were seen in the telemonitoring group, but the 
findings did not reach statistical significance whereas treatment for moderate exacerbations was significantly more frequent in the 
telemonitoring group (IRR 1.91, 95% CI 1.49–2.45).
Conclusion: No effect of telemonitoring on hospitalizations for AECOPD was documented in this large cohort of patients with severe 
COPD. However, the telemonitoring group received significantly more treatment for moderate exacerbations. This risk of over
treatment should be considered when telemonitoring is used in the care of patients with COPD.
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Introduction
Acute exacerbation of chronic obstructive pulmonary disease (AECOPD) is a serious complication with high morbidity 
and mortality. Telemonitoring has been investigated as a tool for preventing hospitalizations and improvement of care, 
but with ambiguous results. Several large, well-conducted studies of telemonitoring as the only addition to standard care 
have failed to show a reduction in COPD hospitalizations.1–3 A meta-analysis of telemonitoring as addition to usual care 
showed no effect of the intervention on hospital admission for acute exacerbation (10 studies, 1290 patients), but showed 
a small reduction in emergency room visits for acute exacerbation (7 studies, 875 patients).4
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The first study in Denmark of telemonitoring in COPD showed a reduction in hospital admissions in the intervention 
group,5 but in the following larger study, the positive effect of telemonitoring on admissions was not retrieved, and no 
improvement in admissions days or quality of life was seen.6,7

Two randomized controlled trials of telemonitoring in COPD have been conducted in comparable healthcare settings 
in Denmark, one in the Capital Region8 and one in the Central Denmark Region.9

One showed no significant difference in the mean number of hospitalizations with AECOPD (0.55 vs 0.54, p=0.74)8 

and the other showed significantly fewer hospitalizations in the telemonitoring group (IRR 0.70, 95% CI 0.51–0.96).9 

Both studies reported no significant reduction with telemonitoring in time to first AECOPD hospitalization or number of 
admission days with AECOPD. Results regarding health-related quality of life (QoL) have also been published; the study 
from the Capital Region showed an improvement of within group and between group QoL using the 15D QoL 
questionnaire with the improvement mainly seen among patients with poorest QoL score at baseline, whereas the 
study from the Central Denmark Region documented no significant difference between groups using the Hospital 
Anxiety and Depression Scale and the Saint George Respiratory Questionnaire.10,11

The study from the Capital Region reported a significantly higher number of exacerbations treated outside hospital, 
classified as moderate exacerbations by the definition used at the time of the study,12 in the telemonitoring group. Data on 
this outcome have not previously been reported from the Central Denmark cohort.

This finding raises concern due to the risk of side effects associated with corticosteroid therapy13,14 if clear benefit of 
the extra treatment is uncertain.

The use of telemonitoring in COPD is currently being implemented in Denmark as part of a national strategy aiming 
at improving COPD care, especially for patients with the highest symptom burden and risk of hospitalization.15

The aim of this study was to compare and combine data from the two Danish telemonitoring studies focusing on 
hospital admissions for AECOPD, admission days with AECOPD, time to hospitalization with AECOPD, and treated 
exacerbations without hospitalization.

Methods
We included patients who participated in two previously conducted randomized trials:

In the Central Denmark Region, patients were included at hospital admission for AECOPD in case of a FEV1<50% 
prior to hospitalization or of suspected severe COPD if no spirometry prior to hospitalization was available.

In the Capital Region, patients diagnosed with COPD with FEV1<60% were included in the outpatient clinic if they 
had been admitted to hospital for AECOPD within the preceding 36 months and/or had been treated with long-term 
oxygen for at least three months.

All patients were randomized to telemonitoring for six months in addition to usual care or to usual care alone.
Inclusion took place between March 2011 and July 2016 at the regional hospitals in Viborg and Silkeborg in Central 

Denmark and between November 2013 and April 2014 at four respiratory outpatient clinics at hospitals in the Capital 
Region (Hvidovre Hospital, Amager Hospital, Herlev Hospital and Bispebjerg Hospital).

Usual Care
Usual care provided to all study participants consisted of pharmacological and non-pharmacological treatment according 
to clinical recommendations for COPD and regular follow-up with 3–6 months intervals at the respiratory outpatient 
clinic or home visits by specialized respiratory nurses if required.

Intervention
In both studies, the telemonitoring intervention included measurements of oxygen saturation, heart rate, and body weight 
as well as changes in dyspnea, sputum color, volume, and purulence. In the Capital Region study, home spirometry was 
performed as part of the intervention, while the Central Denmark study included peak flow measurements. In both 
studies, spirometry was used as part of regular follow-up. In the Capital Region study, home measurements were taken 
three times a week for the first four weeks and then once a week. Video consultations including spirometry were 
scheduled once a week for the first four weeks, and once a month for the remaining five months of the study period. In 
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the Central Denmark study, the patients conducted home measurements on all weekdays for the first month and then three 
times a week. Video consultations were not included. In both studies, the patients could perform additional measurements 
as needed. An algorithm generated alerts if a trend of worsening was detected, resulting in the patient being contacted by 
a respiratory nurse. Further details of the telemonitoring intervention and usual care have been reported previously.8,9

Statistical Analysis
Data were analyzed by the intention-to-treat principle. Clinical characteristics at baseline are presented for each treatment 
group. Continuous variables are presented with medians and ranges, and categorical variables with numbers and 
percentages. Comparison was made using Wilcoxon rank-sum for continuous data and chi-square test for categorical 
data. We compared the number of hospital admissions, admission days with AECOPD, and moderate exacerbations using 
a negative binomial regression model estimating incidence rate ratios (IRR) with corresponding 95% confidence intervals 
(CIs). Results are reported with the control group as reference. All models accounted for the participants´ follow-up time, 
ie time until death or exclusion in case of withdrawal of informed consent. As sensitivity analyses, additional adjustments 
were made for center/region as well as gender and cohabitation status which were unevenly distributed in the 
randomization. Time to first COPD hospitalization was assessed using Kaplan-Meier time-to-event analysis with time 
of inclusion as index date and comparison by the Log rank test.

Ethical Considerations
All patients gave written informed consent prior to inclusion. The studies were approved by the Research Ethics 
Committee of the Capital Region of Denmark (H-4-2013-052) and the Central Denmark Region (M-20100242) and 
complies with the Declaration of Helsinki.

Results
A total of 1093 patients underwent screening, and 503 (46%) met the inclusion criteria and were included in the studies 
after providing informed consent; 251 were randomized to the telemonitoring group and 252 to the control group. Sixteen 
patients in the telemonitoring group (6.4%) and 13 patients in the control group (5.2%) died during the study period and 
16 (6.4%) and 22 (8.7%) discontinued for other reasons (Figure 1). Clinical characteristics are shown in Table 1. The 
percentage of women and participants living alone were higher in the telemonitoring group, but other clinical character
istics were similar between the groups. Clinical characteristics for each sub-cohort are shown in supplementary Table 1S. 
Minor differences were seen between centers; the Capital Region cohort had slightly higher median BMI and percentage 
of patients living alone, and lower median FEV1 and percentage of patients on long-term oxygen therapy.

Figure 1 Consort diagram.
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In the telemonitoring group, 33% experienced AECOPD hospital admission during the six-months study period 
compared with 36% in the control group. No significant difference was seen in time to first hospitalization using the Log 
rank test, p=0.24 (Figure 2). The total number of hospitalizations for AECOPD was 133 in the telemonitoring group and 
155 in the control group, corresponding to insignificantly fewer hospitalizations in the telemonitoring group, crude IRR 
0.85, 95% CI 0.62–1.17) and IRR 0.87, 95% CI 0.63–1.19 after adjustment for gender, cohabitation status and center. 
The number of admission days with AECOPD was insignificantly lower with 468 in the telemonitoring group and 684 in 
the control group, crude IRR 0.72, 95% CI 0.42–1.23 and adjusted IRR 0.82, 95% CI 0.49–1.40.

Treatment with corticosteroids and/or antibiotics for moderate exacerbations without hospitalization was significantly 
more frequent in the telemonitoring group, 333 in the telemonitoring group and 174 in the control group, crude IRR 1.91, 
95% CI 1.49–2.45 and adjusted IRR 1.97, 95% CI 1.53–2.53 (Tables 2 and 3). The incidence rate ratios with confidence 
intervals for the entire cohort and the two sub-cohorts are presented graphically in Figure 3 and results from each 
subcohort in Supplementary Table 2s.

Table 1 Clinical Characteristics

Telemonitoring N=251 Controls N=252 p-value

Female gender, n (%) 158 (63) 127 (50) 0.005

Age, median (IQR) 70 (64–76) 70 (64–76) 0.48

BMI, median (IQR) 23 (21–28) 24 (20–28) 0.30

FEV1% pred, median (IQR) 34 (26–46) 34 (27–44) 0.65

Current smokers, n (%) 70 (28) 86 (34) 0.13

Long-term oxygen therapy, n (%) 75 (30) 78 (31) 0.794

Living alone, n (%) 134 (53) 110 (44) 0.043

Figure 2 Kaplan-Meier plot showing time to first hospitalization for exacerbation of COPD. No significant difference was seen between the groups, log-rank p=0.24.
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Discussion
The pooled analysis in our study showed no reduction in hospital admissions for AECOPD when telemonitoring was 
added to usual care in this large cohort of patients with COPD from two randomized controlled trials conducted in 
Denmark with similar standards for COPD care across the country. The study included patients with severe COPD at 
high risk of exacerbations and the two cohorts were similar regarding age, smoking status, and disease severity. Of 
course, it must be considered whether the two populations differ to a degree that affects the overall effect of the 
telemonitoring intervention, but based on the investigators’ clinical judgement, this is unlikely to be the case.

No difference was seen regarding admission days or time to hospitalization with AECOPD, but for moderate 
exacerbations, our study showed that the number of treated exacerbations was significantly higher in the telemonitoring 
group, which was also the case for the Capital Region cohort and the Central Denmark cohort in separate analyses.

The telemonitoring intervention was slightly different in the two studies with regards to the frequency and setup, and 
inclusion in one study was during hospital admission and from outpatient clinics in the other (patients with previous 
hospitalization for AECOPD or on long-term oxygen therapy). Since the combination of these approaches reflects how 

Table 2 Hospital Admissions, Admission days with AECOPD and Moderate Exacerbations in the 
Telemonitoring and Control Groups

Combined Cohort 
n=503

Telemonitoring 
n=251

Control 
n=252

At least one hospital admission in the intervention period, n (%) 83 (33) 90 (36)

Number of hospital admissions for COPD 133 155

Admission days with AECOPD 468 684

Length of stay, median (range)* 5 (1–52) 6 (1–74)

Not hospitalized for COPD, n 167 160

1 hospital admission, n 53 46
2 hospital admissions, n 20 29

3 hospital admissions, n 6 10

4 hospital admissions, n 0 4
5 hospital admissions, n 2 1

6 hospital admission, n 2 0

Missing 1 2

Treatment for exacerbation without hospitalization 333 174

Note: *Admitted patients only.

Table 3 Incidence Rate Ratios for Hospital Admissions, Hospitalization days and Exacerbations 
Without Hospital Admission in the 6 months Study Period

Incidence Rate Ratio (95% CI) p-value

Hospital admission for COPD exacerbation
Crude 0.85 (0.62–1.17) 0.33

Adjusted for center, gender and cohabitation status 0.87 (0.63–1.19) 0.39

Admission days with AECOPD
Crude 0.72 (0.42–1.23) 0.23

Adjusted for center, gender and cohabitation status 0.82 (0.49–1.40) 0.47

Treated COPD exacerbations without hospitalization
Crude 1.91 (1.49–2.45) <0.001
Adjusted for center, gender and cohabitation status 1.97 (1.53–2.53) <0.001
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telemonitoring is used in clinical practice after its introduction in standard care, we believe that the results of the pooled 
analysis are highly relevant.

Our findings are consistent regarding no improvement with telemonitoring in the number of hospitalizations, length of 
stay, and time to hospitalization. No solid evidence exists for telemonitoring as a tool for prevention of hospital 
admission due to AECOPD by earlier identification and treatment in case of symptom worsening. The mainstay of 
treatment for exacerbation has been unchanged for decades and does not address the complex nature of exacerbations.16 

Furthermore, no objective definition of acute exacerbations in COPD has been implemented in clinical practice, which 
adds to the complexity of the management of symptom worsening. Recently, a definition and severity classification of 
exacerbations was presented in the Rome proposal17 with the purpose of better informing clinical care, research, and 
health service planning. The implementation of objective measures will support clinicians’ choice of therapy and may 
also help to reduce corticosteroid and antibiotic use, and the possibility of home monitoring may even support this.

The evidence supporting corticosteroids for treatment of AECOPD was summarized in a Cochrane review from 
201418 including nine studies with a total of 917 patients in outpatient as well as inpatient settings. The review concluded 
that treatment with corticosteroids reduced the likelihood of treatment failure, shortened length of stay in hospital 
inpatients and gave earlier improvement in lung function and symptoms, with an increase in adverse drug effects with 
corticosteroid treatment. Considering the frequency worldwide of hospitalizations and contacts to GPs for AECOPD, the 
number of studies in this field is small, and the optimal use of corticosteroids for severe and moderate exacerbations 
needs more elaboration, in terms of subgroups benefitting from the treatment, optimal length of treatment, and severity of 
symptom worsening that warrants use of oral corticosteroids. In the recent study by Thebault et al, patients with 
AECOPD treated in general practice were randomized to prednisolone or placebo. The study included 175 patients, 
which was only 43% of the planned sample. The study showed a 42% failure rate in the prednisolone group compared 
with 34.5% in the placebo group with failure defined as new contact to GP or emergency clinic, hospitalization or death 
within 8 weeks.19 The findings must be interpreted with caution due to the lack of statistical power, but the study 
provides a signal that must be investigated in additional studies.

Figure 3 Forest plot showing incidence rate ratios for hospital admission, admission days and moderate exacerbations in the 6 months study period for the entire cohort 
and for each subcohort. For consistency, pooled estimates in this figure are adjusted for center as this adjustment is immanent in the center-specific estimates. P-values for 
comparison of incidence rate ratios for each outcome: hospital admissions with AECOPD, admission days and moderate exacerbations. The previously published analysis of 
admissions in Central Denmark7 used a slightly different analysis approach, in which a higher weighting of risk time during the first month was allowed for, whereas 
correlation between the same patient’s admission counts in different periods was not. This yielded the estimation of a slightly weaker association but a slightly narrower 
confidence interval that left the association barely significant. However, the discrepancies are small.
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Growing evidence supports the use of blood-eosinophil levels to select patients most likely to benefit from 
corticosteroids for AECOPD20–22 and, just as important, to avoid treatment of patients unlikely to benefit. 
Furthermore, anti-IL5 treatment seems to be a promising new approach to therapy for at least a subgroup of patients 
with high biomarker levels, as shown in the recent ABRA-trial.23

The use of antibiotics for treatment of COPD exacerbations was assessed in a Cochrane review24 which was based on 
relatively few studies considering the common use. For treatment failure, the effects were inconsistent and absent for the 
outcomes mortality and length of hospital stay.

Guidelines, eg, in the UK, stress that clinicians must weigh up the limited benefits of antibiotics against the risk of 
antimicrobial resistance when treating patients with acute exacerbations of chronic obstructive pulmonary disease 
whereas greater benefit with antibiotic treatment is seen in patients with severe exacerbations requiring 
hospitalization.25 The PACE study conducted in primary care, showed that C-reactive protein-guided prescribing of 
antibiotics for exacerbations of COPD reduced antibiotic use with no evidence of harm.26 These results support CRP 
testing to guide antibiotic use, but further studies are needed to establish which patients will benefit from antibiotic 
therapy.

Closer monitoring will identify symptom variation that may or may not lead to an exacerbation. The finding of the 
present study, that telemonitoring significantly increased treatment for moderate exacerbations, highlights the need to 
consider risk of overtreatment. However, the close contact to respiratory healthcare professionals in a telemonitoring 
set up may ideally provide an opportunity to optimize inhaled therapies, smoking cessation support, referral for 
pulmonary rehabilitation and management of comorbidities, all of which may support long-term prevention of 
exacerbations.

We cannot conclude with certainty that the additional treatment is without any benefit for the patients, but given that 
there is no or, at best, limited effect on hard outcomes, it must be considered whether the extra treatment associated with 
the use of telemonitoring is acceptable or could be avoided.

Strengths and Limitations
The strengths of the present study are the large dataset; a study population of patients with severe COPD at high risk of 
exacerbations; two distinct geographical regions, but in similar, publicly funded health care settings. The minor 
differences in the way the intervention was organized may to some extent be a limitation, but these differences reflect 
how the national telemonitoring service has been implemented in Denmark. Minor differences were seen in clinical 
characteristics between the centers; however, from an overall perspective, the two subpopulations represented a fairly 
homogenous population with severe COPD and high risk of exacerbations. The combined analysis with a total of 503 
patients provides more robust estimates and reduces the risk of a type II error due to insufficient power. However, 
although the incidence rate ratios for admissions and admission days estimated in this relatively large study document no 
beneficial effect of telemonitoring, we note that the corresponding confidence intervals are quite wide (ie compatible with 
a potentially clinically relevant risk reduction of up to 38%, respectively 58%, although also with a risk increase of 17%, 
respectively 23%).

It may also be considered a limitation that the use of different quality of life measures in the Capital Region study and 
the Central Denmark study, prevented a pooled analysis of these aspects of the telemonitoring intervention.

Conclusion
This pooled analysis of two randomized controlled trials of telemonitoring in COPD does not document an effect 
on hospitalizations or days in hospital but shows that the telemonitoring group received significantly more frequent 
treatment for moderate exacerbations, which may imply a risk of overtreatment with possibly serious side effects.

Data Sharing Statement
The data that support the findings of this study are not publicly available. Data sharing requires permission from Danish 
health authorities.
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