
 

 
 
 
 
 

Early View 
 
 
 

Review 
 
 
 

Impact of remote vital sign monitoring on health 

outcomes in acute respiratory infection and 

exacerbation of chronic respiratory conditions: 

systematic review and meta-analysis 
 
 

Samuel Thomas Creavin, Megha Garg, Alastair D. Hay 

 
 
 

Please cite this article as: Creavin ST, Garg M, Hay AD. Impact of remote vital sign monitoring 

on health outcomes in acute respiratory infection and exacerbation of chronic respiratory 

conditions: systematic review and meta-analysis. ERJ Open Res 2023; in press 

(https://doi.org/10.1183/23120541.00393-2022). 

 
 
 
 
 
 

This manuscript has recently been accepted for publication in the ERJ Open Research. It is published 

here in its accepted form prior to copyediting and typesetting by our production team. After these 

production processes are complete and the authors have approved the resulting proofs, the article will 

move to the latest issue of the ERJOR online. 

 
 
 

Copyright ©The authors 2023. This version is distributed under the terms of the Creative Commons 

Attribution Non-Commercial Licence 4.0. For commercial reproduction rights and permissions contact 

permissions@ersnet.org 



Title 

Impact of remote vital sign monitoring on health outcomes in acute respiratory infection and 

exacerbation of chronic respiratory conditions: systematic review and meta-analysis 

Authors 

Samuel Thomas Creavin*1, Megha Garg1, Alastair D Hay1 

1. Centre for Academic Primary Care, Population Health Sciences, Bristol Medical School, 

Canynge Hall, 39 Whatley Road, Bristol, BS8 2PS 

*STC is corresponding author  

Corresponding email: Sam.Creavin@bristol.ac.uk 

 

 

 

 

 

 

 

 

 

 

 

  

https://www.researchgate.net/profile/Samuel-Creavin


Abstract (250 words) 

Background Our aim was to investigate the effectiveness of virtual wards on health outcomes in 

patients with acute respiratory infection. 

Methods We searched four electronic databases from January 2000-March 2021 for randomised 

controlled trials (RCTs). We included studies in people with acute respiratory illness or an acute 

exacerbation of a chronic respiratory illness, where a patient or carer measured vital signs (oximetry, 

blood pressure, pulse) for initial diagnosis and/or asynchronous monitoring, in a person living in 

private housing or a care home. We performed random effects meta-analysis for mortality.  

Results We reviewed 5,834 abstracts, 107 full texts, and judged nine RCTs relevant for inclusion in 

which sample sizes ranged from 37-389 (total= 1627), mean ages between 61 and 77 years, and five 

judged to be at low risk of bias. Five RCTs had fewer hospital admissions in the intervention 

(monitoring) group, out of which two studies reported a significant difference. Two studies reported 

more admissions in the intervention group, with one reporting a significant difference. We were 

unable to perform a meta-analysis on healthcare utilisation and hospitalisation data due to lack of 

outcome definition in the primary studies and variable outcome measurements. We judged two 

studies to be at low risk of bias. The pooled summary risk ratio for mortality was 0.90 (95% CI 0.55 to 

1.48).  

Conclusion The limited literature for remote monitoring of vital signs in acute respiratory illness 

provides weak evidence that these interventions have a variable impact on hospitalisations and 

healthcare utilisation, and may reduce mortality. 

Keywords Respiratory illness, remote monitoring, healthcare utilisation   

 

 

 

 

  



Background 

During the Covid-19 pandemic several healthcare providers developed innovative models of care for 

people who had a recent diagnosis of Sars-CoV-2 infection but did not currently require 

hospitalisation [1]. The intention of these models of care was to reduce the number of people who 

required hospitalisation to monitor their condition for deterioration, and to mitigate the crisis of 

capacity for many healthcare providers [2].  

A particular clinical challenge of Covid-19 disease is the phenomena of profoundly low oximetry 

without dyspnoea, so called “silent-hypoxia” [3, 4], and UK guidelines have recommended 

assessment of pulse oximetry in people with suspected Covid-19 (including those who are 

breathless, high risk, or ill) [5]. However, the principle of remotely monitoring vital signs in people 

with acute respiratory illness has precedent in exacerbations of chronic disease, such as asthma and 

chronic obstructive pulmonary disease (COPD) and is potentially applicable to other cardio-

respiratory illnesses such as pneumonia or acute pulmonary oedema [1].  

Other authors recently reviewed and evaluated some of the innovative models of care for remote 

monitoring in Covid-19 [6]. Models for monitoring included online platforms, paper forms, 

telephone calls, or wearable sensors, and training for patients/carers was key to the success of the 

intervention [6]. The potential for using innovative models of care for other clinical conditions is 

recognised and unanswered questions have been identified, which include: what is the impact of 

remote home monitoring on patient outcomes [1]? 

Our objective was to systematically review the randomised controlled trials relating to 

telemonitoring in acute respiratory illness. We did a systemic review to answer the question: in 

people with acute respiratory illness, or acute exacerbation of chronic respiratory disease, what is 

the impact of remote baseline evaluation and/or repeated measurement of self-assessed vital signs 

including blood pressure, pulse rate, and oximetry, using standard assessment tools such as 

sphygmomanometer and pulse oximeter, compared to no measurement or one-off measurement in 

a healthcare setting, on healthcare utilisation, and patient relevant outcomes such as mortality, 

following initial consultation?   

 

 

 

 

  



Methods 

We published a protocol for our systemic review on PROSPERO (CRD42021241094) [7]. We searched 

Ovid MEDLINE, Ovid Embase, CINAHL, and MedRxiv with no language restrictions from 2000 to 10 

March 2021. 

We included randomised controlled trials and excluded uncontrolled studies, non-randomised 

studies, and case series or uncontrolled cohorts since these designs are at higher risk of bias. We 

used Covidence for data management [8].  

 

Criteria for included studies 

 

Participants  

We included studies in people with an acute respiratory illness, including Covid-19, or an acute 

exacerbation of a chronic respiratory illness. We defined acute respiratory illness as a worsening of 

respiratory symptoms (cough, dyspnoea, sputum) over a short duration (up to ten days), regardless 

of whether someone had a pre-existing chronic respiratory disease such as asthma or COPD. We 

included studies in a care-home or nursing-home, so long as someone who worked in that setting, or 

the patient, measured vital signs.  

 

Intervention and control 

We included studies where a patient or carer measured vital signs (blood pressure, pulse rate, and 

oximetry) using standard assessment tools such as sphygmomanometer and pulse oximeter, 

remotely to a healthcare setting, for initial diagnosis and/or asynchronous monitoring. We also 

included studies where a professional person measured vital signs in the persons’ normal place of 

residence. We excluded studies where the measurement of vital signs took place exclusively in 

healthcare settings such as general practices or hospitals, or where apps derived vital signs using 

novel technology which is not in routine use in typical healthcare settings in the United Kingdom 

NHS. We included studies where there was a control group of either no measurement of vital signs, 

or a one-off measurement of vital signs in a healthcare setting. 

 

Setting 

We included studies in the community (i.e., outside of hospitals) where patients were in their usual 

place of residence, including a care-home or nursing home. We defined a hospital as a facility where 

medical staff (i.e., doctors) are typically available on site 24 hours a day. We included studies 



conducted in community hospitals, where a doctor is non-resident, as we considered care in these 

settings to be more reflective of care in nursing or care-homes than hospitals.  

 

Outcome  

We selected studies that reported any data on healthcare utilisation. We hoped to identify studies 

reporting on length of stay or repeat measures of healthcare consultation in the ten days following 

an initial evaluation (including out-of-hours), emergency department attendances, hospital 

admissions and readmission. We anticipated that the main measure of effect would be odds ratios 

for further healthcare utilisation in the following 10 days in the intervention and control group, but 

we included all studies that met the criteria for participants, intervention and setting to be inclusive. 

We also aimed to collect data on any significant harms associated with remote evaluation or 

monitoring in acute respiratory illness and on patient experience. We anticipated that for our 

additional outcome data were likely to be poorly quantified and so we extracted whatever measures 

were available. 

 

Data extraction (selection and coding) 

One investigator screened the identified studies for relevance at the title and abstract stage to 

identify studies that required full text review and a second author verified selection in a 10% random 

sample of titles/abstracts. A single author reviewed articles at the full text stage and a second author 

reviewed the full text of a 10% random sample of full text articles. At the full text stage, reasons for 

exclusion were categorised as ineligible based on: 

-Study setting 

-Study design 

-Population 

-Condition 

-Intervention 

-Outcome 

For all included studies, one author extracted data which a second author verified. Data extraction 

included details of the study population (demographics, age, sex, country), dates of data collection, 

illness, setting, recruitment to the study, randomisation (where appropriate), allocation 

concealment, blinding to group allocation, and outcomes. We piloted data extraction forms on two 

studies. We contacted authors of primary studies by email to attempt to obtain further details 

where necessary. 

 



Risk of bias (quality) assessment 

We assessed risk of bias using the Cochrane Risk-of-Bias tool for randomized control trials (RoB 2) 

[9]. We planned to restrict our main analysis to studies that were not at high risk of bias in more 

than two domains, and to perform a sensitivity analysis including all studies. The certainty of 

individual outcomes was graded (as high, moderate, low, very low) using the modified 'The Grading 

of Recommendations Assessment, Development and Evaluation (GRADE)' approach [10]. 

 

Strategy for data synthesis 

We summarised characteristics of each study in summary tables including details regarding the 

population, intervention, control, and outcomes. We summarised data on healthcare utilisation 

using ratios or count, based on the availability of data.  

 

Analysis of subgroups or subsets 

We planned to perform a subgroup analysis of the impact of the interventions in the following 

groups 

- children compared to adults 

- adults living in a care facility with professional staff (including care homes, nursing homes, 

community hospitals) and adults living in their own home. 

Limitations of data reporting in the included studies prevented us from undertaking any subgroup 

analysis. We classified studies by the acuity of illness in the recruited participants, using two groups 

of studies: “possibly stable” that appeared to recruit people who were still recovering from an acute 

respiratory illness and “unstable” that recruited people in the acute phase of a respiratory illness. 

 

Meta analysis 

We performed a Mantel-Haenszel (M-H) random-effects meta-analysis using Review Manager 

version 5.4.1 to summarise the effect of the intervention on the risk of mortality (expressed as risk 

ratio [95% confidence interval]) in the studies that we judged at lowest risk of bias [11]. We used M-

H method as both M-H and inverse-variance method use the moment-based approach to estimate 

the amount of between-studies variation. However, the difference between the two methods is 

subtle: the former estimates the between-study variation by comparing each study’s result with a 

M-H fixed-effect meta-analysis result, whereas the latter estimates it by comparing each study’s 

result with an inverse-variance fixed-effect meta-analysis result. In practice, the difference is likely to 

be trivial[12]. We used I2 statistics as a measure of heterogeneity. We also performed a sensitivity 

analysis where we included all the studies that included data on this outcome.  



Results 

Results of the Search 

We retrieved 6,146 citations and after we excluded duplicates there were 5,834 titles and abstracts 

for review. We reviewed the full text of 107 articles and excluded 98 of these, most commonly 

because the study used an ineligible study design (62 studies) or because the study did not report on 

vital signs (15 studies). We included nine randomised controlled trials in our review (Supplementary 

Figure 1).   

 

Characteristics of included RCTs 

Table 1 summarises the characteristics of the nine included randomised controlled trials. Two 

studies were conducted in Italy (Vianello 2016 [13], Vitacca 2009 [14]), two in Denmark (Jakobsen 

2015 [15], Sorknaes 2013 [16]), and one in Hong Kong (Chau 2012 [17]), Japan (Kamei 2011 [18]), 

Canada (Kessler 2018 [19]), USA (Koff 2021 [20]), and United Kingdom (Chatwin 2016 [21]). We 

classified three studies as including unstable patients (Kamei 2011, Sorknaes 2013 and Jakobsen 

2015), and six as possibly stable (Chau 2012, Vitacca 2009, Chatwin 2016, Vianello 2016, Kessler 

2018, Koff 2021). The sample size of included randomised trials ranged from 37 (Kamei 2011) to 389 

(Koff 2021). The mean age of participants ranged from 61 years (Vitacca 2009) to 77 years (Kamei 

2011). The proportion of male participants ranged from 39% in Jakobsen 2015 and Sorknaes 2013 to 

98% in Chau 2012. All trials measured oximetry using a finger pulse oximeter, six studies reported 

that they also measured heart rate (all except Koff 2021, Kamei 2011 and Vitacca 2009) and Chatwin 

2016 also measured blood pressure with a sphygmomanometer. Frequency of remote assessment 

ranged from thrice daily (Chau 2012), daily (Sorknaes 2013, Jakobsen 2015), weekdays (Chatwin 

2016, Vianello 2016, Koff 2021) and once a week (Kessler 2018).  

 

Risk of bias in included studies 

Table 2 shows the risk of bias in the included randomised trials. Overall, we determined that five of 

the nine RCTs were at low risk of bias, and the remaining four were at high risk of bias (Koff 2021, 

Kessler 2018, Vianello 2016, and Kamei 2011). Among the studies at high risk of bias, we had 

concerns about randomisation in two (Koff 2021 and Kamei 2011), concerns about outcome 

measurement in three (Koff 2021, Kessler 2018, and Vianello 2016), and concerns about reporting in 

one (Kamei 2011). We had some concerns about deviations from the intended intervention in all 

studies because participants, carers and people delivering the interventions were aware of the 

participants’ group allocation in the trial. This affects the health-related behaviours between the 

participants of different intervention groups along with differences in implementation of 



intervention between groups. Moreover, the trialists did not report whether these deviations arose 

because of the trial context.  We provide a rationale for our rating on risk of bias in Supplementary 

Table 1 using quoted text excerpts from the primary studies. 

On GRADE evaluation, evidence for healthcare utilisation and hospitalisation outcome measures 

were rated as ‘low certainty’, whereas evidence for mortality was found to be moderately confident 

in the effect estimate. We downgraded the studies for all outcomes based on some concerns in their 

overall risk of bias. Studies were downgraded for healthcare utilisation and hospitalisation for 

heterogeneity (inconsistency) in outcome reporting (Table 3). 

 

Effect of interventions  

Table 4 summarises the impact of remote monitoring on healthcare utilisation including emergency 

visits, office and hospital visits, GP visits, and home visits, and hospitalisation and death. Measures 

for healthcare utilisation differed between studies. Koff 2021, Vianello 2016, and Vitacca 2009 

reported fewer emergency visits in telemonitoring group compared to usual care group, whereas 

Chau 2012 reported higher incidence of emergency visits in remote monitoring group (n=7) as 

compared to control group (n=3). Koff 2021 reported a greater reduction in urgent office visits per 

patient for 12 months in the telemonitoring group (from 0.30 to -0.66) than the control group (from 

0.26 to 0.10; P<0.0001). Vianello 2016 reported fewer office visits in the intervention group 

(incidence rate per year= 1.41) than the control group (incidence rate per year= 1.72). Chatwin 2016 

found statistically significantly higher number of home visits in the intervention group (mean at 6 

months= 4) than control (mean at 6 months= 0.75). Mean office visits (telemonitoring group= 3.79, 

control group= 3.23) and GP visits (telemonitoring group= 5.75, control group= 5.17) at 6 months 

were slightly increased in the telemonitoring group when compared to control group. Urgent 

telephone calls were found to be statistically significantly lower in remotely monitored patients in 

the Vitacca 2009 study (urgent calls per month= 0.07) than usual care group (urgent calls per 

month= 0.22). 

Regarding the role of remote monitoring in hospitalisation and death in the nine included 

randomised controlled trials; most studies were underpowered to detect differences in mortality. 

Kessler 2018 reported that participants in the intervention group had a statisically significant 

reduction in mortality compared to those in the control group (3/157 versus 23/ 162). Koff 2021, 

Vianello 2016, Jakobsen 2015, and Vitacca 2009 reported reduction in mortality among participants 

enrolled in the telemonitoring group compared to usual care. Five studies (Koff 2021, Kessler 2018, 

Vianello 2016, Jakobsen 2015, Vitacca 2009) reported fewer hospitalisations in the intervention 

group, but the specific outcomes varied. For example, Kessler 2018 reported the intervention group 



had 17.4 days in acute care wards (total numbers of unplanned hospital admissions = 157) in the 

study period, compared to 22.6 days in the control group (total numbers of unplanned hospital 

admissions = 160), whereas Jakobsen 2015 reported that the number of readmissions in 180 days 

was 1.08 in the intervention group compared to 2.39 in the control group. Two studies reported a 

statistically significant reduction in hospitalisations in the intervention group: Vianello 2016 reported 

an incidence rate per year of 0.07 readmissions for acute exacerbations of COPD for all patients in 

the intervention group compared to 0.15 for all patients in the control group, and Vitacca 2009 

reported 0.14 admissions per month for all patients in the intervention group compared to 0.22 

admissions per month for all patients in the control group. In contrast, two studies reported more 

hospitalisations in the intervention group, for example Chatwin 2016 reported 0.63 mean 

admissions at six months in the intervention group compared to 0.32 in the control group, and Chau 

2012 reported 7 readmissions in the study period in the intervention group compared to 3 in the 

control group.  

 

Meta-analysis for effect of intervention on mortality 

Figure 1 shows the Forest plot for the meta-analysis of the impact of the intervention on mortality, 

in the two studies (Jakobsen 2015 and Vitacca 2009) that had data on this outcome and where we 

judged them to be at low risk of bias. In the random effects meta-analysis the summary risk ratio 

was 0.90 (95% CI 0.55 to 1.48), I2 for heterogeneity 0%. In a sensitivity analysis where we included 

four further studies (Kamei 2011, Kessler 2018, Koff 2021, Vianello 2016) that had data on mortality 

but that we judged these to be at high of bias. The summary risk ratio was 0.56 (95% CI 0.27 to 1.17) 

I2 for heterogeneity 68% (Supplementary Figure 2).   



Discussion 

Summary of main findings 

We systematically reviewed the literature on the use of remote home monitoring for outcomes 

related to hospital admission and healthcare utilisation and found that the available data suggests 

that remote monitoring may reduce mortality and hospitalisations. There was a wide range of 

outcomes used by different studies, suggesting that there is uncertainty in what the most relevant 

outcomes are for patients, clinicians, and commissioners. Most studies were in older people (mean 

age for most studies was over 60 years) and in people with underlying respiratory disease. We found 

no studies in people with acute pulmonary oedema and no RCTs in Covid-19. Many studies were 

relatively small and potentially underpowered to draw firm conclusions about potential issues 

regarding safety or implementation of the intervention.  

 

Strengths and limitations  

We conducted a thorough and systematic search which helped us retrieve two additional articles. 

We systematically assessed the risk of bias in the included studies, providing a rationale for our 

judgements, and verified the extracted data in duplicate. We did not limit the search to English 

language.  

There were differences between our protocol and the methods in the review. The ongoing COVID-19 

pandemic impacted availability of clinicians involved in the study. Therefore we did not have all titles 

and abstracts reviewed by a second author due to resource constraints caused by the ongoing 

pandemic. We did complete a 10% random verification of excluded articles and none of the excluded 

titles/abstracts were relevant for inclusion. There was no measure of variability reported for some 

outcome data in the primary studies, which means we cannot report this in Table 3 or Table 4. We 

were unable to perform a meta-analysis on healthcare utilisation and hospitalisation data due to: 

lack of outcome definition in the primary studies and variable outcome measurements as studies 

assessed widely different clinical parameters at different follow-up duration, leading to significant 

increase in heterogeneity to restrict performing a MA. This was marked using the GRADE evaluation, 

where we observed a very low certainty of evidence for healthcare utilisation and hospitalisation 

outcome measures. 

 

Comparison to literature  

A limited number of studies have reported healthcare data on the use of remote monitoring, in 

patients with acute respiratory illnesses, via standardised technologies. One systematic review was 

done of remote monitoring models for people with acute Covid-19 infection, but the nature of that 



review meant the included studies were uncontrolled [6]. A second review systematically reviewed 

health-related outcomes for remote monitoring exclusively in people with COPD [22], whereas we 

extended our search to patients with all acute respiratory illness. We retrieved more abstracts than 

the previous review [22]  (5,834 abstracts vs. 76 abstracts) and found a similar overall effect of 

interventions. We included a smaller number of studies in our review than the previous review [22], 

which we attribute to the strict inclusion criteria of acute respiratory illness population. Other 

related systematic reviews synthesised a large number of studies (numbering 7-91 included studies) 

including either both acute and chronic COPD patients (Kruse 2019 [23], Polisena 2009 [24], Ram 

2003 [25], Janjua 2021 [26], Mclean 2012 [27]) or a wide range of diseases such as COVID-19, 

diabetes, hypertension, and cardiovascular diseases (Pare 2007 [28], Taylor 2021 [29]). We did not 

include these studies in our review because they included patients with chronic and/or multiple 

illness (other than respiratory) and the data could not be segregated. 

In a variety of diseases, including people who had stable chronic disease, Taylor 2021 studied the 

effectiveness of remote patient monitoring and included 91 citations in their review. Data from 

approximately 50% of the included studies suggested reduced hospital admissions and length of 

stay; however, the other half reported no change. Two studies in the Taylor 2021 review reported a 

higher hospitalisation rate in the COPD telehealth group. In people with stable COPD a Cochrane 

review by McLean 2012 synthesised data from 29 studies to investigate the effect of ten telehealth 

interventions for people with COPD and concluded that telehealth reduced hospitalisation rate; 

however, they found scarce evidence for reduction in re-admissions. In people with stable chronic 

pulmonary and cardiac diseases Polisena 2009 [24] and Pare 2007 [28] reported reduction in 

hospital admissions and average length of stay among remotely monitored patients. In people with 

stable chronic COPD Ram 2003 (7 studies) and Janjua 2021 (29 studies) observed insignificant 

difference in readmission and hospitalisation rates, respectively. 

Overall, the literature demonstrates a consistent trend that remote patient monitoring in acute 

illness may reduce mortality, but the impact on healthcare utilisation is more variable. However, we 

acknowledge that existing data is limited to (a) specific conditions (b) relatively carefully selected 

groups and (c) that mortality is a relatively rare outcome which most trials will be underpowered to 

detect.  

 

Implications for practice and research 

Our findings suggest that there may be a role for remote monitoring of vital signs for people with 

acute respiratory illness. We have not reviewed studies investigating the experience for the patient 

or care-giver of monitoring vital signs, but it is possible that this may help to provide a sense of 



autonomy or to improve self-care. It is also possible that self-monitoring may worsen anxiety or lead 

to increased consultations with community care services. While using remote monitoring, patients 

appreciate if the intervention provides security (clinical safety net), connection (link to their clinical 

team), empowerment (education on the disease and symptom management), user-friendliness 

(ease of access to services), and continuity of care provided. However, patients show concerns about 

additional burden (reluctance to learn something new, lack of trust in technology, avoiding 

additional out-of-pocket costs) and jeopardising interpersonal connections (fear of being lost in data, 

losing face to face contact) [30–32].  Future studies might consider a core-outcome set to help 

reviews.  

There is limited data on the implementation of remote monitoring as a complex intervention. In 

practice we do not think there is yet sufficient evidence for the widespread use of remote 

monitoring for people outside of the Covid-19 pandemic, because there is limited data on the 

infrastructure needed to support self-monitoring of vital signs safely. Most of the studies included in 

our review assessed patients with COPD. Thus, there is a need for further robust studies in a range of 

acute respiratory illness (e.g., asthma, pulmonary oedema, and lower respiratory tract infection) to 

determine the true potential of remote monitoring in acute phase of illness. Future studies should 

determine the most important outcomes for patients, clinicians and commissioners, should include a 

diverse range of patients, and should report data on the patient experience of remote monitoring. 

Future trials should be explicit in defining the recruited population in terms of whether they are at 

risk of admission, eligible for early discharge, or at risk of future exacerbations, and whether the care 

setting at recruitment is an emergency department, ward, or community care setting. We 

recommend that future studies provide estimates of cost-effectiveness, sustainability and the 

impact in different socio-economic-cultural settings, as well as a using embedded qualitative 

methods to understand the most active and effective components of the intervention. 

 

Conclusion 

The current evidence for remote monitoring suggests a beneficial effect on mortality. The impact on 

healthcare utilisation is particularly uncertain. We recommend further studies including cost-

effectiveness analysis before widespread adoption in practice.   
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Table 1 Characteristics of included randomised control trials of remote monitoring in people with COPD 
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n
 Total number 

(data analysed) 
Mean age (years) Males [number (%)] 

SpO2 

monitoring 

How other vital 
signs (Blood 

pressure/ heart 
rate) were 
monitored 

Frequency 
of remote 

assessment 

O
ve

ra
ll 

I C 

O
ve

ra
ll 

I C 

O
ve

ra
ll 

I C 

Koff 
2021 

United 
States of 
America 

Possibly 
stable 

389 249 140 68 68.3 68.4 
238+ 

(61.2%) 
145+ 

(66.7%) 
93+ 

(58%) 

Finger 
pulse 

oximeter 
- 

Once daily 
Monday to 

Friday 

Kessler 
2018 

Canada 
Possibly 
stable 

319 157 162 66.9 67.3 66.6 
222 

(69.6%) 
109 

(69.4%) 
113  

(69.8%) 

Finger 
pulse 

oximeter 

Heart rate:  Finger 
pulse oximeter 

At least 
once a 
week 

Vianello 
2016 

Italy 
Unstable/ 
Possibly 
stable 

262 181 81 76.1+ 75.9 76.4 
188 

(71.8%) 
129 

(71.3%) 
59 

(73.1%) 

Finger 
pulse 

oximeter 

Heart rate: Finger 
pulse oximeter 

Once daily 
Monday to 

Friday 

Chatwin 
2016 

United 
Kingdom 

Possibly 
stable 

61 - - 61.8 - - 
29 

(48%) 
- - 

Finger 
pulse 

oximeter 

Heart rate: Finger 
pulse oximeter 
Blood Pressure: 

Sphygmomanometer 

Once daily 
Monday to 

Friday 

Jakobsen 
2015 

Denmark Unstable 57 29 28 71+ 71+ 71+ 
22 

(38.6%) 
11 

(39.3%) 
11 

(37.9%) 

Finger 
pulse 

oximeter 

Heart rate:  Finger 
pulse oximeter 

Daily 

Sorknaes 
2013 

Denmark Unstable 242 121 121 72 71 72 
94+ 

(38.8%) 
48+ 

(40%) 
46+ 

(38%) 

Finger 
pulse 

oximeter 

Heart rate:  Finger 
pulse oximeter 

Daily 

Chau 
2012 

Hong 
Kong 

Possibly 
stable 

40 22 18 72.9 73.5 72.2 
39 

(97.5%) 
21 

(95.5%) 
18 

(100%) 

Finger 
pulse 

oximeter 

Heart rate:  Finger 
pulse oximeter 

Thrice daily 
Monday to 

Friday 

Kamei 
2011 

Japan Unstable 37 20 17 76.8+ 76 77.7 
36 

(100%) 
- - 

Finger 
pulse 

- - 



 

 

C: control; I: Intervention; SpO2: Oxygen saturation 
+ as calculated by authors MG and SC 
Note 1: Table 1 includes participants as per intention to treat approach; therefore studies have smaller number of total participants as compared to table 4. 
Note 2: Possibly stable- people who were still recovering from an acute respiratory illness; Unstable- people in the acute phase of a respiratory illness

oximeter 

Vitacca 
2009 

Italy 
Possibly 
stable 

220 118 102 61.2+ 61.2 61.1 
149 

(67.7%) 
75 

(64%) 
74 

(72%) 

Finger 
pulse 

oximeter 
- Unclear 



 

 

Table 2 Author judged risk of bias in included randomised control trials 

Study 

Cochrane Risk of Bias 2 Domain 

Overall 
Randomisation 

Deviations 
from the 
intended 

intervention 

Missing 
outcome 

data 

Measurement 
of outcome 

Reporting 

Koff 2021 Some Concerns 
Some 

Concerns 
Low 

Some 
Concerns 

Low 
High  

Kessler 
2018 

Low 
Some 

Concerns 
Low 

Some 
Concerns 

Low 
High  

Vianello 
2016 

Low 
Some 

Concerns 
Low High Low High  

Chatwin 
2016 

Low 
Some 

Concerns 
Low Low Low Low 

Jakobsen 
2015 

Low 
Some 

Concerns 
Low Low Low Low 

Sorknaes 
2013 

Low 
Some 

Concerns 
Low Low Low Low 

Chau 
2012 

Low 
Some 

Concerns 
Low Low Low Low 

Kamei 
2011 

Some Concerns 
Some 

Concerns 
Low Low 

Some 
Concerns 

High 

Vitacca 
2009 

Low 
Some 

Concerns 
Low Low Low Low 

 
  



 

 

Table 3 GRADE evaluation 

Remote monitoring for acute respiratory illness and exacerbations 

Patient or population: an acute respiratory illness or an acute exacerbation of a chronic respiratory 

illness 

Intervention: remote vital sign monitoring 

Comparison: no/one-off measurement 

Outcomes 
Number of participants 

(studies) 

Certainty of the 

evidence 

(GRADE) 

Relative effect 

(95% CI) 

Healthcare utilisation 
1153 

(6 RCTs)# 

⨁⨁◯◯ 

Low 

Not pooled 

Hospitalisation 
1566 

(9 RCTs) 

⨁⨁◯◯ 

Low 

Not pooled 

Mortality 
1284 

(6 RCTs)# 

⨁⨁⨁◯ 

Moderate 

RR 0.90 

(CI 0.55 to 1.48) 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in 

the comparison group and the relative effect of the intervention (and its 95% CI). 

 

CI: confidence interval; RR: risk ratio 

GRADE Working Group grades of evidence 

High certainty: we are very confident that the true effect lies close to that of the estimate of the 

effect. 

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to 

be close to the estimate of the effect, but there is a possibility that it is substantially different. 

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially 

different from the estimate of the effect. 

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to 

be substantially different from the estimate of effect. 

#Data for healthcare utilisation and hospitalisation was not pooled due to lack of outcome definition in the 

primary studies and variable outcome measurements; there were no measures of variability in the primary 

studies.  



 

 

Table 4 Impact of remote monitoring on healthcare utilisation, hospitalisation and death 

Study 

Healthcare utilisation 

Reasons for possibly 
significant results as stated 

in the study 

Emergency visits Office and hospital visits 
GP visits (including 

urgent) 
Home visits 

Interventio
n 

Control 
Interventio

n 
Control 

Interventio
n 

Control 
Interventio

n 
Control 

Koff 2021 

Reduced 
0.35 visits 

per patient 
for 12 

months 

Reduced 
0.18 visits 

per patient 
for 12 

months 

Urgent 
visits were 
reduced by 
0.66 visits 

per patient# 

for 12 
months 

Urgent 
visits were 
increased 

by 0.10 
visits per 

patient# for 
12 months 

- - - - 

Coordinators called all 
patients with red flags in the 
intervention group and used 
discretion in contacting 
patients who had persistent 
red or yellow flags. 
Coordinators helped resolve 
clinical problems directly or 
by calling the participant’s 
primary care provider 

Kessler 
2018 

- - - - - - - - - 

Vianello 
2016 

Incidence 
rate per 

year= 1.29 

Incidence 
rate per 

year= 1.37 

Incidence 
rate per 

year= 1.41 

Incidence 
rate per 

year= 1.72 
- - - - - 

Chatwin 
2016 

- - 
Mean at 6 
months= 

3.79 

Mean at 6 
months= 

3.23 

Mean at 6 
months= 

5.75 

Mean at 6 
months= 

5.17 

Mean at 6 
months= 4# 

Mean at 6 
months= 

0.75# 

Home visits were carried 
out in the intervention 
group if the patient was not 
responding to telephone 
advice. 
The main triggers for a 
home visits were fall in 
SpO2, accompanied by 
symptoms 

Jakobsen 
2015 

- - - - - - - - - 

Sorknaes - - - - Number of - - - - 



 

 

2013 consultatio
ns in 26 

weeks= 38 

Chau 
2012 

Incidence 
at 2 

months= 7 

Incidence 
at 2 

months= 3 
- - - - - - 

This study was limited by the 
short duration of 
implementation and the small 
number of participants 

Kamei 
2011 

- - - - - - - - - 

Vitacca 
2009 

Visits per 
month= 

0.07 

Visits per 
month= 

0.10 
- - 

Urgent calls 
per month= 

0.07# 

Urgent calls 
per month= 

0.22# 
- - 

In 60% of cases the nurse/tutor 
alone was able to resolve 
clinical or logistical problems 

Study 
Hospitalisation Mortality (incidence in study duration) Reasons for possibly significant results as 

stated in the study Intervention Control Intervention Control 

Koff 2021 

Hospitalisation 
reduced by 0.21 visits 

per patient for 12 
months 

Hospitalisation 
reduced by 0.11 visits 

per patient for 12 
months 

4/352 6/159 - 

Kessler 
2018 

All cause acute care 
ward days at 12 
months= 17.4 

Incidence of all cause 
hospitalisation at 12 

months= 157 

All cause acute care 
ward days at 12 
months= 22.6 

Incidence of all cause 
hospitalisation at 12 

months= 160 

3/157# 23/162# 

It is possible that the intervention reduced 
mortality by successfully optimising the 
self-management of exacerbations, leading 
to early and prompt treatment, which 
could have prevented additional 
complications, including death. The home 
monitoring aspect of the intervention may 
have also contributed to the success of the 
intervention by providing a means of 
rapidly communicating symptoms and 
disease severity variables to case 
managers, which may have shortened the 
time from the beginning of an 
exacerbation to the institution of 
appropriate therapy 



 

 

Vianello 
2016 

Incidence rate per 
year: 

First admission due to 
AECOPD= 0.74 

Readmission due to 
AECOPD= 0.07# 

Incidence rate per 
year: First admission 
due to AECOPD= 0.84 
Readmission due to 

AECOPD= 0.15# 

23/181 9/81 

the P value here is 0.04 (quite arbitrary 
and results shall be interpreted with 
extreme caution) 
First, the number of hospital admissions 
was very low even in the control group. 
Second, variations in HR and SpO2 cannot 
always reflect changes in patients’ health 
status, leading to underestimation 
and treatment delay of AE episodes. Third, 
our trial was not powered for the outcome 
of hospitalization 

Chatwin 
2016 

Mean admissions at 6 
months= 0.63# 

Mean admissions at 6 
months= 0.32# 

- - 

The criteria for hospital admission are 
dependent on local hospital policy as not 
all patients were directly admitted to our 
centre 

Jakobsen 
2015 

Number of 
readmissions in 180 

days= 1.08 

Number of 
readmissions in 180 

days= 2.39 
3/29 4/28 - 

Sorknaes 
2013 

Mean number of 
AECOPD readmissions 
(and hospital days) at 
4 weeks= 0.36 (0.97) 
8 weeks= 0.63 (2.06) 

12 weeks= 0.77 (2.46) 
26 weeks= 1.22 (3.88) 

Mean number of 
AECOPD readmissions 
(and hospital days) at 
4 weeks= 0.28 (1.1) 

8 weeks= 0.47 (2.13) 
12 weeks= 0.72 (3.25) 
26 weeks= 1.28 (5.16) 

- - 

A possible explanation for the high 
readmission rate in the intervention group 
might be that the patients were 
readmitted at an earlier stage, so they 
were readmitted before they became 
seriously ill 

Chau 
2012 

Number of 
readmissions at 2 

months = 7 
Average 

hospitalisation days at 
2 months = 2.16 

Number of 
readmissions at 2 

months = 3 
Average 

hospitalisation days at 
2 months = 0.78 

- - - 

Kamei 
2011 

Number of 
readmissions at 3 

Number of 
readmissions at 3 

0/20 0/17 - 



 

 

months= 4 months= 4 

Vitacca 
2009 

Number of admissions 
per month= 0.14# 

Number of admissions 
per month= 0.22# 

21/118 23/120 

A reduction in hospital admissions in the 
intervention group may be because 
algorithms on computers were used by 
nurses to follow patients after hospital 
discharge. This may have also been 
favoured by the prompt availability and 
use of the SpO2 device, which has provided 
important data for staff decisions about 
diagnosis of hypoxaemia and oxygen 
and/or mechanical ventilation prescription. 

AECOPD: Acute Exacerbation of Chronic Obstructive Pulmonary Disease; SpO2: Oxygen saturation 
# statistically significant difference. All measures of variability that are available in primary studies are reported.  
 
 
Figure 1 Meta-analysis for mortality among low risk of bias studies (effect size represented as Risk Ratio) 
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Supplementary Figure 1 PRISMA 2009 Flow Diagram  

Supplementary Figure 2 Sensitivity-analysis for mortality among all studies reporting outcome 
data (effect size represented as Risk Ratio) 
 
Supplementary Table 1 Evidence to support author judgement for risk of bias in included 
randomised control trials 

Study 

Cochrane Risk of Bias 2 Domain 

Randomisatio
n 

Deviations from 
the intended 
intervention 

Missing 
outcome 

data 

Measuremen
t of outcome 

Reporting 

Koff 
2021 

Quasi-
randomized 
clinical trial 
Participants 
were 
allocated to 
experimental 
groups using a 
continuously 
rotating 
enrolment 
schedule with 
4-day 
enrolment 
blocks 
(Proactive 
iCare group 
during the 
first 3 days of 
the block, and 
Usual Care 
group during 
the last day). 
No differences 
were found 
between 
groups for 
baseline 
parameters. 

Each weekday, 
participants 
would 
participate in a 
Health Buddy 
session at home 
lasting during 
which they 
would measure 
their SpO2. Data 
were 
transferred to a 
database 
overnight for 
coordinators to 
view the next 
weekday. 

A total of 511 
participants 
were enrolled 
in the study, 
including 352 
in the 
Proactive 
iCare 
treatment 
group 
and 159 in 
the Usual 
Care control 
group.  A 
total of 122 
participants 
did not 
complete the 
study. 

Used 
intention-to-
treat 
analysis. 
COPD 
education 
was given to 
each 
participant in 
intervention 
group, during 
weekday 
sessions with 
the Health 
Buddy and 
informally 
during 
phone calls 
with study 
coordinators. 
Participants 
in usual care 
group did not 
receive COPD 
education or 
advice but 
were advised 
to inform 
their health 
care provider 
if they had 
SpO2 ≤88%. 

This trial was 
registered at 
www.clinicaltrials.g
ov (NCT01044927) 

Kessler 
2018 

Patients were 
allocated to 
groups in a 
1:1 fashion 
according to a 
pre-specified 
randomisation 
list generated 
before the 

For practical 
reasons, the 
study was open; 
neither the 
patients nor the 
investigators 
were blinded to 
the COPD 
management 

A total of 345 
patients were 
randomised 
to the DM 
group (172) 
or the UM 
group (173). 
In the DM 
and UM 

Used 
intention-to-
treat 
analysis. 
The control 
group 
received the 
usual or 
routine COPD 

This trial was 
registered at 
www.clinicaltrials.g
ov (NCT01241526) 



 

 

study by a 
partial-
minimisation 
computer 
algorithm 
under 
supervision of 
the study 
sponsor. 
Patients were 
assigned a 
randomisation 
number by 
study staff at 
each centre in 
sequential 
numerical 
order through 
a telephone-
based 
interactive 
voice 
response 
system. 
Randomisatio
n was 
stratified by 
smoking 
status 
(current or 
former), need 
for respiratory 
assistance 
(none, or on 
LTOT and/or 
HMV), and 
centre. 
No differences 
were found 
between 
groups for 
baseline 
parameters. 

strategy. groups, 
respectively, 
15 and 11 
patients did 
not complete 
the initial 5-
week run-in 
period.  

care and 
patient 
follow-up 
practices 
used at 
each 
investigation
al centre. 
Site-specific 
usual 
management 
practices 
(e.g. centre-
specific COPD 
educational 
booklets or 
programme 
information, 
if any) were 
collected at 
the beginning 
and end of 
the patient 
inclusion 
period. 

Vianello 
2016 

Randomisatio
n was 
performed 
using a 
dedicated 
algorithm 
provided by 
PASS 2008 

Using the TM 
equipment, 
patients 
transmitted 
their 
monitored 
Heart Rate and 
SpO2 values to 

The 334 
eligible 
participants 
were 
randomly 
assigned: 230 
were 
assigned to 

Used per-
protocol 
analysis. 

This trial was 
registered at 
www.clinicaltrials.g
ov (NCT01513980) 



 

 

software that 
took into 
account 
patient’s age 
and gender. 
Patients were 
randomised to 
the 
intervention 
or control 
groups using a 
2:1 allocation. 
Each 
participating 
center 
implemented 
randomization 
locally using 
the same 
methodology. 
No differences 
were found 
between 
groups for 
baseline 
parameters. 

the operator. If 
the 
measurement 
was outside of 
the patient’s 
normal range, 
the operator. 
alerted the 
clinical staff. 

the TM group 
and 104 to 
the control 
one. Out of 
the 230 
patients 
allocated to 
the study 
group, 19 did 
not actually 
participate in 
the study. At 
the end of 
the study, the 
data of 181 
patients who 
had been 
randomized 
to the TM 
group and 81 
control 
group, 
respectively, 
were 
available for 
analysis. 

Chatwin 
2016 

Patients were 
randomised to 
telemonitorin
g or delayed 
telemonitorin
g 
(control 
group), 
stratified for 
COPD or non-
COPD 
diagnosis in 
blocks of five 
with results 
generated and 
made 
available from 
our statistics 
unit.  
No differences 
were found 
between 
groups for 
baseline 
parameters. 

Telemonitoring 
was carried out 
in the patient’s 
home. The 
system requests 
daily responses 
to a 
questionnaire 
and responses 
were linked to 
the patient’s 
television 
screen as an 
additional 
television 
channel that 
was accessed by 
hand-held 
remote. Each 
patient received 
education in 
using the 
monitoring 
devices until he 
or she and/or 

72 patients 
were 
randomised, 
38 to 
telemonitorin
g first and 34 
to control 
group first. 67 
patients 
completed 
the first limb 
and at 12 
months, 
analysis was 
completed in 
61 patients. 

Used 
intention-to-
treat 
analysis. 
Analysis was 
carried out 
blind to trial 
limb 
participation. 

This trial was 
registered at 
www.clinicaltrials.g
ov (NCT02180919) 



 

 

family/carer felt 
fully confident 
using it. 
Management 
was carried out 
by a 
combination of 
allied health 
professionals, 
predominantly 
clinical nurses in 
the hospital 
who were 
aware of group 
allocation. 

Jakobse
n 2015 

Patients were 
externally 
randomized 
1:1 in fixed 
blocks of 4. 
The allocation 
sequence was 
hidden in 
sequentially 
numbered, 
sealed, 
opaque 
envelopes 
that were 
delivered to 
the hospitals 
in batches of 
10. The sealed 
envelope was 
not opened by 
the patient 
until after the 
patient had 
signed a 
written 
consent form. 
The allocation 
concealment 
mechanism 
was 
monitored 
closely by the 
investigators 
to ensure that 
envelopes 
were never 

It was not 
possible to blind 
patients or 
health 
professionals. 

2 patients in 
the 
intervention 
group 
discontinued 
the 
intervention. 
1 patient in 
the 
intervention 
group never 
received the 
allocated 
intervention. 
All patients in 
the control 
group 
received the 
allocated 
treatment. 
One patient 
in the control 
group was 
discontinued 
owing to 
suspicion of 
malignancy. 

Used 
intention-to-
treat 
analysis. 
Statistician 
analyzing the 
data was 
blinded to 
allocation. 

This trial was 
registered at 
www.clinicaltrials.g
ov (NCT01155856) 



 

 

resealed and 
to ensure 
patients were 
entered 
correctly in 
the study no 
matter what 
allocation the 
envelope 
revealed. 
No differences 
were found 
between 
groups for 
baseline 
parameters. 

Sorknae
s 2013 

Randomisatio
n was 
performed 
centrally by a 
telephone 
voice 
response 
service from a 
computer-
generated 
allocation 
sequence with 
a varying 
block size of 
10 and 14. 
Participants 
were 
allocated to 
the two 
groups in a 
1:1 ratio, and 
the 
randomisation 
was stratified 
by smoking 
status 
(current or ex-
smoker versus 
never-smoker) 
and by trial 
site hospital 1 
or hospital 2). 
No differences 
were found 
between 

Teleconsultation
s were 
conducted with 
patients in their 
homes and 
nurses at the 
hospital. The 
patient could 
take readings of 
the 
measurements 
on the 
telemedicine 
equipment, 
while the nurse 
collected the 
patient 
measurements 
electronically on 
a screen at the 
hospital. 

266 patients 
were 
included in 
the present 
trial. 
Readmission 
could be 
determined 
in 261 
patients at 4 
weeks, in 257 
patients at 8 
weeks, in 253 
at 12 weeks, 
and in 242 
patients at 26 
weeks. 

Used 
intention-to-
treat 
analysis. 

The study was 
approved by the 
appropriate ethics 
committees. 



 

 

groups for 
baseline 
parameters. 

Chau 
2012 

Patients were 
randomized to 
receive 
telecare or 
usual care 
following a 
simple 
randomization 
procedure 
(drawing a slip 
of paper with 
the group 
assignment 
marked on 
the slip). Pre- 
and post-test 
data were 
collected by 
research 
assistants who 
were not 
involved in 
the 
intervention. 
No differences 
were found 
between 
groups for 
baseline 
parameters. 

Participants in 
the intervention 
group were 
asked to 
monitor their 
SpO2 and pulse 
rate using the 
device and 
transmit the 
data to the 
online network 
platform. The 
community 
nurse who 
monitored the 
telecare system 
at home 
instructed the 
participants on 
the use of the 
device for self-
monitoring 
during the 
home visit 
through 
demonstration 
and return 
demonstration. 

53 patients 
underwent 
randomizatio
n and 30 
were 
assigned to 
the 
intervention 
group and 23 
to control 
group. 8 
withdrew 
before the 
intervention 
and 22 
underwent it. 
4 patients in 
the control 
group were 
lost to follow-
up and 1 
patient was 
hospitalised 
during the 
post-test data 
collection. 18 
in 
control group 
were  
analysed. 

Used 
intention-to-
treat 
analysis. 

Ethical approval was 
obtained from the 
Clinical Research 
Ethics Committee of 
the hospital. 

Kamei 
2011 

Language 
barrier 
Research 
assistant 
randomly 
assigned the 
consented 
persons to the 
intervention 
group or the 
control group 
by the 
envelope 
method. 
No differences 
were found 
between 
groups for 

Language 
barrier 
The daily mental 
and physical 
condition of the 
patient was 
monitored at a 
remote 
location, and 
health / nursing 
guidance and 
mentoring were 
continuously 
provided. 
 

Data of all 
patients 
randomised 
to study arms 
were 
analysed. No 
patient was 
lost during 
study period 
or follow up. 

Used 
intention-to-
treat 
analysis. 

Language barrier 
This study was 
carried out with the 
approval of the 
research ethics 
review committee 
of the affiliated and 
Cooperating 
institutions. 
However, the trial 
protocol was not 
registered. 
 



 

 

baseline 
parameters. 

Vitacca 
2009 

Using a set of 
computer-
generated 
random 
numbers in 
1:1 ratio 
patients were 
assigned to 
the treatment 
or control 
group. 
No differences 
were found 
between 
groups for 
baseline 
parameters. 

Patients 
recorded SpO2 
using a finger 
pulse oximeter 
at home and the 
data was 
transferred to a 
TA nurse at the 
hospital, via a 
home telephone 
line. 

All data 
reported in 
CONSORT 
flow diagram. 

Used 
intention-to-
treat 
analysis. 

This trial was 
registered at 
www.clinicaltrials.g
ov (NCT00563745) 

 

 

  



 

 

 

  



 

 

 

  



 

 

 


