Telemonitoring In Long-Term Conditions: Evidence Summary 
Professor Brian McKinstry, Emeritus Professor of Primary Care e-Health, University of Edinburgh. 
The following is a high-level review conducted for the Virtual Capacity Group (Deputy CMO) of the Scottish Government in May 2023. While not a systematic review it is considered to be a fair representation of the current state of the art. The literature is reviewed regularly and there appears to have been no new research in the last year which changes the conclusions. 
The problem
 Currently 17 million people in the UK suffer from some form of long-term condition. Most have more than one. This is set to increase.  Even if resources could be found to increase the numbers of doctors and nurses in primary care (and it is more likely that this will fall) it is clear that current methods of managing these conditions are no longer going to be sufficient.  Self-management has been promoted as a potential solution to this, but the evidence for the effectiveness of self-management alone is not strong. For example, there is some evidence from trials that self-management of high blood pressure (HBP) may be effective in the short term, but not when more rigorous outcomes such as ambulatory blood pressure monitoring are applied. (1) The use of asthma self-management plans is associated with fewer hospital admissions, but plans are often not offered or adhered to in practice. (2) In type 2 diabetes (DM) self-monitoring alone has been found to be associated with increased anxiety and no improvement in HBA1C.(3) Patients left to self-monitor lack confidence in knowing how to respond to abnormal readings and felt abandoned by clinicians.(4) These results have led to the suggestion that self-monitoring supervised at a distance using telehealthcare may be a solution. 
Why use telemonitoring?
Underlying theory: Telemonitoring will save time for clinicians and patients; It will result in better clinical outcomes; it will enhance patient confidence in self-management; it will provide better data for management and service planning.
What is the evidence?
Evidence from randomised controlled trials (RCT) has been slowly building over the years, much of it from Scotland, which has confirmed the efficacy of telehealthcare in the management of some conditions (HBP, DM, and to an extent congestive heart failure (CCF)). However, for others the traditional approach of relatively intensive remote clinician monitoring has not shown additional benefit over usual care(chronic obstructive pulmonary disease (COPD), asthma) and newer ‘light-touch’ models based around self-management are under explorations.
Demonstrating cost-effectiveness has been more problematic and with a few exceptions has relied on modelling based on assumptions of better outcomes rather than immediate reductions in workload. This paper summarises the evidence for the most common long-term conditions in which telehealthcare has been applied (COPD, HBP, CCF, DM, Asthma) and identifies the challenges still to be overcome. 
The effect of COVID and other potential pandemics
The COVID pandemic has up-ended many of the assumptions on which the evidence is based. Prior to vaccination there was little alternative to telemonitoring for many vulnerable patients to manage their long-term conditions. Some patients will remain vulnerable because of immunosuppression and failure to immunise and all patients will be at risk of a sudden change in virulence or infectivity of the virus. It is important therefore not ‘write off’ some of the telemonitoring approaches described below as likely to be ineffective as they may be required by some patients or if the overall context changes. 


Strong evidence of effectiveness
High Blood Pressure (HBP)
In Scotland 1.2 million appointments are taken up for BP management alone (with many more appointments where BP is measured).(5) Home measured BPs are more predictive of outcomes than those carried out in the surgery and are less prone to ‘white-coat’ effects. While self-monitoring of blood pressure, on its own, is associated with a short-term reduction in blood pressure, self-monitoring with clinician oversight using telemonitoring is more effective.(6) 
There is very strong evidence for the effectiveness of telemonitoring for HBP. A recent meta-analysis of 24 RCTs and 8292 patients, (6) including a large Scottish RCT (7), showed that in actively monitored patients there was a mean 6.9mm reduction in systolic BP over the course of one year compared with control. Such a reduction would result in a >20% lowering in the incidence of stroke and 15% reduction in myocardial infarction if sustained for 5 years.  While RCT results are not necessarily sustained in a normal clinical setting, an implementation study in routine  practice from Scotland demonstrated that the similar falls in BP to those found in the RCTS occurred. (9) 
Cost-effectiveness: As HBP is a symptomless condition, and the incidence of cardiovascular events relatively infrequent during the course of a clinical trial, usual cost-effectiveness calculations to calculate quality adjusted life years (QALYs) are problematic. However, the mean societal and clinical costs in the first 12 months after a stroke have been estimated at £45,409 and £24,003 respectively, (9) underlining the potential gains from lowering BP.  A health economic analysis, applying modelling of potential health gains using data from the TASMINH 4 randomised controlled trial, showed that telemonitoring was likely to be cost-effective at a cost of £17,424 per quality-adjusted life year gained .(10)   A recent RCT of telemonitoring for hypertension from Canada,(17) also concluded that telemonitoring is cost-effective with costs per QALY coming in at C$1929. In the Scottish implementation trial there were large reductions over the course of one year in face-to-face  appointments for continuous monitoring compared with a routine care comparator group (24% v 9%). (8)
VERDICT: The evidence for large scale telemonitoring of HBP is very strong. It appears to work equally well in routine clinical practice as in RCTs with no increase in clinician workload. It should be adopted at scale across Scotland within an evaluative framework.
Diabetes mellitus
Just over a quarter of a million people in Scotland have been diagnosed with diabetes. (12) Around 88% of diabetes is type 2 and managed mainly in primary care. A recent meta-analysis of 38 randomised controlled trials of telemedicine among 6855 people with diabetes (13)  (including one Scottish study (14))  reported a significant decline in HbA1c level in interventions compared with control groups when biological data were sent weekly combined with quick feedback. This resulted in 1.8 times  as many  people in the intervention group achieving improved glycaemic control (HBA1C < 7%) than in the control group,  when feedback was given daily or immediately (RR 1.83, 95% CI 1.35 to 2.47). (13) There was also significant reduction in systolic BP (weighted mean difference -1.33 mm Hg) and body mass index (weighted mean difference -0.25 kg/m2).  As with HBP, telemonitoring studies in diabetes were not prolonged and it is unclear if this effect would be sustained over time or if implemented at scale if it would be taken up by patients and practices. 
Cost-effectiveness: There are fewer papers exploring cost effectiveness. Limited evidence for use in glycaemia of pregnancy (15) and managing foot ulceration(16) and one small study from China(17) show positive outcomes in terms of reduced FTF consultations.
Verdict: There is strong evidence that telemonitoring of diabetes improves glycaemic and BP control. Further evidence is required to determine cost effectiveness. Should be scaled up but in the context of a well-planned implementation study which will allow a judgement on cost-effectiveness.

Congestive Cardiac Failure (CCF)
CCF is one of the commonest reasons for hospital readmission in Scotland. Early intervention may prevent deterioration and hospitalisation and telehealthcare has been seen as a means to facilitate early detection. Telemonitoring of CCF has mainly been carried out by specialist CHF nurses rather than by primary care staff. A large number of trials have been carried out with varying results. The most recent systematic review (18) which included 26 trials and 4923 patients showed a significant reduction in all cause mortality in 12 studies  at 180 days ( 40% reduction in the odds (OR: 0.6 p<0.01) ), but in the 6 studies which continued for 365 days the reduction became insignificant (OR 0.85; p=0.461). Telemonitoring did not have a significant impact on the odds of all-cause hospitalization at 180 days (OR: 0.97; p = 0.902) or 90 days (OR: 0.81; p = 0.472) and was associated with an increase in emergency room visits (OR 1.51 p<0.05). While telemonitoring may confer a short term benefit, perhaps in terms of a period of intensive monitoring post-discharge, evidence suggest no benefit to long-term monitoring.  
Cost-effectiveness: Costs reflect the service organisations of the countries in which studies have taken place and how the system was implemented. A study in 2013 from the UK concluded telemonitoring is cost-effective with ICER of £11 873/QALY (19) and one during the COVID pandemic in Hong Kong (20) that it was cost effective with an incremental cost-effective ratio of US $4292/QALY. However,  the same authors exploring cost-effectiveness of an implementation post-discharge in the USA (21) found it not to be cost-effective with an ICER of $100,458/QALY. 
Verdict: There is good evidence that telemonitoring of CCF improves reduces hospital admissions and deaths in the short to medium term but less evidence it is effective long-term. Scaling up should be targeted at higher-risk patients for example post-discharge.  Scaling up should be within an evaluative framework as further evidence is required to determine cost effectiveness. 

Less evidence of benefit of traditional telemonitoring
Asthma
Self-management alone of asthma  is associated with fewer hospital admissions. It can be difficult to separate the effects of this from telemonitored supported self-management. In a systematic review McLean and colleagues analysed a wide range of telehealthcare interventions for asthma in 27 trials.(22) Meta-analysis showed no significant improvement in emergency department use or hospitalisation at 3 months, but, in a subgroup of four smaller studies, a significant reduction in hospitalisations compared to usual care at 12 months. No benefit was conferred with respect to reported symptoms.  However, in many of the studies the control groups were given enhanced face-to-face care making it challenging to show the benefits of telemonitoring. The authors concluded that telehealthcare was unlikely to confer benefits in mild-moderate asthma but that those at higher risk of hospitalisation may benefit and that considerably more research was needed to investigate the cost effectiveness of telehealthcare-centred models of care. A review in 2018 focussing on child and adolescent asthma found 8 RCTs which showed no benefit of continuous monitoring.(23) Another more limited Cochrane review exploring two more recent papers on the use of asthma apps found contradictory results and concluded that evidence was insufficient to recommend the use of mobile apps for managing asthma. (24)
Cost-effectiveness:  There is no strong evidence that continuous telemonitoring for asthma is cost-effective
Verdict: There is no strong evidence that remote clinician telemonitoring of Asthma improves symptoms or reduces hospital admissions overall particularly for people with mild moderate asthma. However, there is some evidence that telemonitoring may be effective for a more severe group with high risk of hospital admission.  Ongoing work is exploring the use of technology to encourage adherence to asthma self-management plans, which are known to be effective, with onward forwarding to clinicians to aid regular review. However, such interventions should be within an evaluative framework as further evidence is required to determine cost effectiveness. Such a study is currently underway in the UK with some Scottish sites. 

Chronic Obstructive Pulmonary Disorder (COPD)
COPD is one of the leading causes of hospital admission mainly because of exacerbations of the condition. Early identification of exacerbations and timely treatment can prevent severe deterioration and hospital admission.(25) Daily telemetric monitoring of symptoms, pulse oximetry and in some cases spirometry has been used to help identify these early exacerbations. Previous systematic reviews which relied on relatively poor quality studies had concluded that telehealthcare may be effective.(26) However, many of these studies were very complex and included additional nursing and medical support in their interventions which made it difficult to identify whether or not the telehealthcare component led to any change that had been detected.(27) The most recent systematic review of 29 studies shows variation in outcomes but that large, high quality studies demonstrated no improvement in outcomes.(28) The most recent cluster RCT conducted in Denmark showed no impact on QoL and was not cost effective.(29) A large Scottish RCT (30) set out to explore the impact of telemonitoring where equivalent additional support was given to controls. This demonstrated no impact of telehealthcare on time to admission or total admission time, but it was associated with many ‘false positive alerts’ which lead to an increase in workload. 
Cost-effectiveness: has not been demonstrated in studies carried out in the context of RCTs.(30,31,32) One German observational study suggested savings, but it is unlikely patient groups were comparable.(33) 
Analysis of the telemetric data in the Scottish study showed that the algorithm in use was poorly predictive of serious exacerbations and research is now focussing on improving these algorithms.(34). A ‘light-touch’ variation on telemonitoring encourages the patient to take and transmit readings but leaves the patient to self-monitor and self-manage and to call the clinician only if problems arise. The clinician can then make use of the collected data to advise the patient. Observational studies seem to suggest this is successful in terms of reducing workload (35) and a large observational study in Scotland (DYNAMIC-SCOT) is underway. (36)
Verdict: There is little evidence that continuous clinician telemonitoring of COPD provides better outcomes than usual care. There is some observational evidence that the use of self-monitoring to aid self-management and which uses forwarded data to aid review may be helpful.  Such developments show promise but should be scaled-up only in the context of an evaluative framework. 
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