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1. Introduction
1.1.

Context

The age profile of the UK population is changing, with those aged 85 years and over
projected to rise substantially, from 1.4 million in 2010 to 3.5 million in 2035
(Statistics, 2011). These demographic changes will lead to rising expenditure on
health and social care as a growing ageing population presents with long-term
conditions. Health care costs associated with treating long-term conditions are
already substantial, making up 69% of all health and social care spending in
England. As the population ages the number of people with at least one long-term
condition is predicted to rise by 3 million to 18 million by 2025 (DoH, 2008). The
lifetime prevalence of key age related conditions such as diabetes (Lusignan et al.,
2005) and chronic diseases such as chronic obstructive pulmonary disease
(Simpson et al., 2010) and congestive heart failure (Scarborough et al., 2010) have
been identified as major contributors to the increased costs of managing long term
conditions. Expenditure on healthcare in England will necessitate annual increases
of about 1.1 per cent in health service budgets in order to maintain service quality in
the light of expected demographic changes (Appleby et al., 2009).

The ageing population will also have a direct effect on social services as demand for
support services to the elderly and frail rise. Older people are increasingly likely to
live alone as family structures change and are expected to use substantially more
economic and social resources. This poses major challenges to the design and
implementation of appropriate social and health care provision in a climate of fiscal
constraint (Grant et al., 2012b, Hirani et al., 2013a). In the UK (and increasingly
elsewhere) as part of a process of Care Transition (Greenhalgh et al., 2005b),
health and social care policy favours supporting individuals to live at home rather
than move into residential care (Heritier et al., 2003). This approach is also
considered to reduce costs and maintain independent living (Yeandle, 2009, Hendy
et al., 2012). Without any changes in service, it is expected that demand for care
homes will increase significantly, rising from 450,000 by 2010 to 670,000 by 2031.
Overall, government expenditure on social care for older people in England is
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expected to double between 2010 and 2030, rising from £7.7 billion to £15.4 billion
(Wittenberg et al., 2011).

Under the pressure of demographic change, budgetary constraints threaten to
undermine the future quality of health and social care. The government, health and
social care agencies, and other interested parties in the voluntary and private sectors
are under pressure to find effective and more cost-effective ways of supporting those
with long term conditions and the frail elderly.

1.2.

Origins of WSD Evaluation

One response to the impact of ageing on health and social care is to look at how
technology coupled with different ways of working may improve outcomes and
reduce costs. A 2006 white paper, ‘Our health, our care, our say’ proposed a
strategy of care for people with longer-term health and social care needs (DoH,
2006). A series of demonstrator pilots were proposed to drive whole systems
redesign supported by advanced assistive technologies. These technologies were of
two types directed at two different populations. Telehealth (TH) for people with long
term conditions and telecare for patients with social care needs (TC). The result was
the Whole System Demonstrator (WSD) project, funded by the Department of Health
in England, which aimed to test the benefits of integrated care supported by TH and
TC in three sites in England (Cornwall, Kent and Newham). The evaluation of these
interventions is the subject of this report.
The term ‘telehealth’ encompasses both ‘telemonitoring’ and telephone support.
With telemonitoring, patients transmit vital signs data for real-time monitoring, for
instance via video-link, or using store-and-forward systems. Data are submitted by
the patient and transmitted to the health professional for later assessment (Bergmo,
2009, Polisena et al., 2009a). Telephone support involves the use of a standard
telephone system by health care providers to deliver support to patients or carers,
and can also involve monitoring of vital signs data as reported by patients (Inglis et
al., 2010, Polisena et al., 2009a). In practice, TH may be a hybrid of these
approaches. It may also involve asking patients to transmit answers to symptom
questions electronically.
8

It is claimed that TH can support patients to develop a better understanding of their
health conditions by providing tools for self-monitoring and encouraging better selfmanagement of health problems. As a consequence, TH promises better quality and
more appropriate patient care, as well as more efficient use of health care resources
by reducing the need for expensive hospital visits. Some research suggests that TH
can have positive impacts for patients with chronic disease. These include improved
patient experience, clinical indicators and quality of life, and cost savings through
lower secondary health care utilisation including emergency hospital care (McLean
et al., 2011b). However, other studies have failed to find evidence of positive impact.

Notwithstanding the steady growth in studies of TH over the last 20 years, robust
evidence to inform policy decisions is lacking (Ekeland et al., 2010). Systematic
reviews reveal that while much is written about the promise of TH by those who are
enthusiastic about its potential, most studies do not meet orthodox quality standards
(Barlow et al., 2007a, Bensink et al., 2007b, Bolton et al., 2011),and evidence from a
few small trials of variable methodological quality is difficult to interpret (Chaudhry et
al., 2011).

The TH part of the programme included people diagnosed with Chronic Obstructive
Pulmonary Disease, congestive heart failure or diabetes. These conditions were
selected because of their high prevalence and associated health care costs.
‘Telecare’ is a remote and passive monitoring technology intended to allow its users
to live safely and independently (Bower et al., 2011). Telecare has in fact been used
for some time to support independent living for frail people (DoH, 2005, DoH, 2011).
Telecare encompasses a range of technology, the most basic being a pendant alarm
which is already used by 1.5 million people in the UK. Newer forms of TC enable
“remote monitoring of condition or lifestyle” (Bower et al, 2011), such as detectors for
falls and bed occupancy. Unlike the pendant alarm, these devices automatically
gather and transfer information to monitoring centres. Attention from carers or others
is then prompted if patient behaviour differs from routine daily patterns.

Although there are a wide variety of components, modes of kit and service provision
models, TC is used principally to manage the risks of independent living and provide
9

prompt emergency responses (Barlow et al., 2005, Roberts et al., 2012). External
monitoring by services ensures fewer technological demands are placed on the user,
thus minimising technical difficulties in use, technology-resistance or ‘techno-phobic’
users (Brownsell et al., 2008) The effects of the TC services frequently span both
social and healthcare sectors (Porteus, 2011). For example, TC may reduce
admissions to permanent residential and nursing homes through supporting
independence or by easing the burden of care for carers (Yeandle, 2009).
Furthermore, TC may enable faster response to falls, thus reducing hospital
admissions (Hurstfield et al., 2007) or facilitate faster discharge from hospital,
thereby reducing length of stay. However, TC may uncover unmet need, increasing
service use. Plus, the technology may also replace face-to-face contact in domiciliary
care, which would be of concern if users were socially isolated. Many claims have
been made about the potential impact of TC on service use (Editorial, 2010), and if
true, would have significant implications for service planning and the funding of care.

Evidence on the impact of assistive technologies to support independent living such
as TC is sparse. In their review, Barlow, Singh, Bayer, & Curry (2007c) found few
robust studies on the effectiveness of this technology. Findings on the clinical and
quality of life benefits of TH were inconsistent, and there was insufficient evidence on
the impact of TC. Data were especially limited on cost-effectiveness. Modelling
studies have shown mixed benefits. Bayer, Barlow and Curry (2007) found that,
within various scenarios, TC for older people had little overall impact on local care
system costs. However, the study found TC had some impact on reducing residential
home admissions and some short-term impact on reducing hospital admissions.

1.3.

Aims and objectives

The overall aim of the WSD trial was to assess the effectiveness and costeffectiveness of:


Telehealth in the management of patients with long-term health conditions



Telecare in the management of patients with social care needs

We also sought to:
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Explore patient and carer experiences of TH and TC



Explore professional attitudes to, and engagement with, TH and TC



Investigate reasons for refusal of technology and withdrawal from the trial



Explore challenges in scaling up the WSD trial to a mainstream service

11

2. Overall Evaluation Design (describing 2 RCTs with nested and
non-nested studies)
2.1. Overview of the WSD Evaluation
Whole Systems Demonstrator Study
Whole Systems Redesign: Refers to a process that aims to produce more integrated working
practices across the NHS (health care) and Local Authorities (social care) at the organisational and
coalface levels. Whole Systems Redesign aims to produce joined-up services that deliver more
effective health and social care through improved sharing of information and co-ordinated care
plans, and to supplant the traditional model for delivery of care by encouraging care in the home
through increased use of Community Matron case management and self-care management.
Telehealth and Telecare services were introduced in the WSD Sites to facilitate these aims.
WSD Sites: Each WSD Site is a region of England (Cornwall, Kent, Newham) which had undergone
Whole Systems Redesign prior to the start of the WSD Evaluation. Each WSD Site comprises one
or two (Kent) health authority regions (i.e. Primary Care Trusts) and geographically superimposed
Local Authorities.
Telehealth: In the context of the WSD Evaluation, telehealth describes a system that allows the
remote exchange of data between a patient (at home) and health care professionals (at a
Monitoring Centre) to assist in the management of an existing long-term condition(s) (COPD,
diabetes, heart failure). The peripheral devices used by intervention participants in the WSD
Telehealth Trial to monitor vital signs were tailored to their clinical needs and could include a blood
pressure monitor, blood glucose monitor, blood oxygen monitor and weight scales.
Telecare: In the context of the WSD Evaluation telecare describes a system that allows the remote,
automatic and passive monitoring of individuals’ personal health and safety (e.g. mobility, falls) and
home environment (e.g. floods, fires) in order to manage the risks of independent living or provide
prompt emergency responses. The monitored sensors installed for intervention participants in the
WSD Telecare Trial were tailored to individual needs and could include movement sensors, falls
sensors, bed/chair occupancy sensors, enuresis sensors, smoke alarms, heat sensors, flood
detectors.
Usual Care: In the context of Whole Systems Redesign, standard care refers to the combined
health and social care services that an individual would receive based on their needs and the
system’s ability to respond. Standard care explicitly excludes Telehealth and Telecare services.
WSD Evaluation: An umbrella term referring to all WSD evaluation activities including the
Telehealth trial, the Telecare trial (with healthcare utilisation, patient report outcome measures and
cost-effectiveness endpoints) and all qualitative analyses (of patient experiences, professional
experiences and organisational experiences).
WSD Telehealth Trial: A pragmatic cluster-randomised controlled trial with two parallel treatment
arms to assess the effectiveness of telehealth on healthcare utilisation/ costs, relative to standard
care over a 12-month period.
WSD Telecare Trial: A pragmatic cluster-randomised controlled trial with two parallel treatment
arms to assess the effectiveness of telecare on healthcare utilisation/ costs, relative to standard
care over a 12-month period.
WSD Telehealth Questionnaire Study: Approximately half of the participants in the WSD
Telehealth Trial also consented to participate in the WSD Telehealth Questionnaire Study to collect
additional information on a broad range of patient-reported outcome measures and health and
social care utilisation for cost effectiveness analysis. Similarly around half the participants in the
WSD Telecare Trial also participated in the WSD Telecare Questionnaire Study. The Telehealth
and Telecare Questionnaire Studies retain the essential features of a pragmatic cluster-randomised
controlled trial.
Trial Arms: The WSD Telehealth Trial has two treatment arms. The intervention arm (or group) 12
refers to participants allocated to receive Telehealth services as described. The control arm (or
group) refers to participants allocated to receive standard care. The WSD Telecare Trial is
organised similarly. The WSD Telecare Trial similarily has an intervention arm (or group) refers to
participants allocated to receive Telecare services as described. The control arm (or group) refers

2.2. Design

The trial was a pragmatic health technology assessment study, designed to recruit
large numbers of patients to provide sufficient statistical precision, and provide an
assessment of a broad class of telemonitoring technologies in the context of routine
NHS and Social Care (Roland and Torgerson, 1998, Schwartz and Lellouch, 1967).
Although the core of the study design involved a randomized controlled trial (RCT),
the service changes associated with WSD required a broader set of research
methods. The RCT was used as a structure, around which we designed a
comprehensive evaluation using a range of methodologies.

The overall trial essentially involved two nested trials (one comparing TH with usual
care, and one comparing TC with usual care) which were analysed separately but
using identical procedures. Unlike other evaluations of technologies used in the NHS
(NICE, 2002)), the trial was not primarily designed to assess the effectiveness of a
specific type of TC or TH technology, and the primary analysis was at the level of the
technology type (i.e. TH or TC). There were no plans to conduct analyses of
individual technologies.

As with any pragmatic trial, the proposed design was a compromise between
methodological, ethical and policy issues. It is generally agreed that the quantitative
evaluation of a new health technology is best assessed using a randomised
controlled trial, and this was the initial basis for all design discussions. However,
discussions with sites highlighted that individual randomisation of patients was not
acceptable. We therefore adopted a cluster randomised trial design (Figure 2.2.1).

General practices were used as the unit of allocation because they are stable
organisations involved in the care of all patients in each site. Practices were
allocated so that eligible patients within practices would receive access to one
technology (i.e. either TH or TC) for one group of patients (e.g. for those with longterm conditions, or for those with social care needs). Each practice would thus act as
a control for the other group and technology. Practices thus had equitable access to
technology, in that no practice was asked to risk randomisation to a no-treatment
control where all their patients would be denied access.
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Figure 2.2.1 - The Basic Trial Design

Participants randomised to the control arm received standard health or social care
for 12-months. They were then offered TH or TC at the end of trial subject to reassessment.

2.3. Summary of Study Themes

The aim of the Evaluation was to provide a comprehensive evaluation of both TH
and TC. In order to capture the breadth of areas in these complex interventions the
study was divided into 5 Themes (See Figure 2.3.1). Details of the methods used by
each Theme in the various studies conducted will be provided in the sections where
the findings are reported.

Theme 1 focused on costs and utilization. This theme used existing information
systems, through extraction of large population-based data sets and use of pseudoanonymised identifiers.

Theme 2 examined participant reported outcomes and processes to examine the
impact on both participants and their informal carers.

Theme 3 examined costs and cost effectiveness. Both Themes 2 and 3 used a
subsample of patients who were assessed using patient reported outcome measures
(PROMs) and self-report measures of health and social care utilisation to assess
14

clinical and cost-effectiveness. Themes 1-3 were all based on the same design,
population and interventions, although the precise patient samples and outcome
measures varied between themes.

Theme 4 was a qualitative evaluation intended to complement and extend the
quantitative studies as well as provide additional evidence to the cluster randomised
trial as recommended by the MRC Framework for evaluation of complex
interventions (Campbell et al., 2007). The aim of this work was to a) assess the
impact of TH and TC packages by soliciting the views and experiences of patients
and service users (including carers); and b) to elicit professional views on the use
and implementation of TC and TH.

Theme 5 explored the organizational and strategic challenges in mainstreaming TH
and TC by interviewing key stakeholders involved in the trial.

Figure 2.3.1. Research themes
.
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2.4. Participant Inclusion Criteria

2.4.1. Telehealth - Patients with long-term conditions

We included 3 clinical conditions: heart failure; diabetes and COPD. To maximise
external validity in this pragmatic trial, eligibility was not conferred on the basis of
formal clinical assessment of disease severity (e.g. HbA1c, FEV1 % predicted, brain
natriuretic peptide test). Instead patients were deemed eligible on the basis of:


Inclusion on the relevant Quality Outcomes Framework (QOF) register in
primary care



Confirmed medical diagnosis in primary or secondary care medical records as
indicated by GP Read Codes or ICD-10 codes



Confirmation of disease status by a local clinician (i.e. GP, community matron
or hospital consultant).

Patients were not excluded on the basis of additional physical co-morbidities.

2.4.2. Telecare - Patients with social care needs

Inclusion criteria were informed by the Department of Health Fair Access to Care
criteria: and included people aged 18+ meeting one or more of the following criteria:


Currently in receipt of, or considered to have a need for night sitting;



Receiving 10 or more hours per week of home care;



Receiving 1 or more days per week of day care;



Mobility difficulties;



Those who have had a fall or who are considered at high risk of falling;



A live-in or nearby carer facing difficulties carrying their current burden of
responsibilities;



Or cognitive impairment/confusion with live-in or nearby carer.

2.4.3. Carers

Informal carers of individuals participating in the WSD trial were identified and
recruited via a combination of convenience and snowball sampling.
16

2.5. Description of recruitment process

General practices were approached by letter inviting them to take part in the trial.
Once a practice had consented, potential participants for TH were identified in each
site using existing practice registers of patients with long-term conditions. Potential
participants for TC in each practice were identified from databases held by social
services departments. To meet ethical obligations, patients were asked to complete
and return a 'data sharing letter' if they consented to their data being shared with the
research team. Once this letter was received, patients received a 'light touch' visit
from a member of the project team in each site, where consent was taken to a)
participate in the main trial (Theme 1) and b) the questionnaire study (Themes 2 and
3). The recruitment process is illustrated in Figure 2.5.1.

Figure 2.5.1: Recruitment Process

2.5.1. Questionnaire Trial Assessment Procedures
Participants who agreed to complete the questionnaire were subsequently contacted
by a market research company to arrange a convenient time for the baseline
interview. At this interview, patients received information about this part of the study
and, if happy, gave consent. Baseline assessment varied by participant status (i.e.
COPD, heart failure, diabetes, TC, carers), but each comprised a core of
17

standardised PROMs along with appropriate process measures. The PROMs were
self-completed by the participant with the researcher on hand to explain or clarify.
Data on health and social care utilisation were collected via questionnaire and
interview. The average total time for assisted baseline interview completion was 80
minutes. Since the TH system employed in the trial required participants to read and
respond to textual information presented via a base unit or television screen,
sufficient English language literacy was also determined by the local WSD project
team. Cognitive impairment was not an exclusion criterion for the WSD TH Trial
provided there was an informal carer available to assist with the TH system.
However, it was an exclusion criterion for the questionnaire study as we aimed to
collect self-report data without third party influence. Participants with physical
impairments could receive practical assistance with the completion of the
questionnaire battery by an independent trained researcher.

At baseline (BL) the outcome measures were self-completed by participants with a
trained researcher on hand to explain or clarify questions or assist with questionnaire
completion if participants were physically unable to do so. Following the BL
interview, two further assessments were conducted; A short-term (ST) assessment
at around four months and a long-term (LT) assessment at around 12 months.
Duration at both ST and LT assessment was similar across trial arms. At ST
assessment, the survey battery was primarily administered as a postal survey with
one reminder letter for non-responders; some participants also received telephone
reminders. At LT assessment, the survey was posted to participants. Nonresponders were contacted to arrange a home interview with a trained researcher in
line with BL protocol. Participants who did not complete a questionnaire at ST were
still invited to complete one at LT. However, participants who withdrew from the trial including intervention participants who asked for TH or TC equipment to be removed
before the end of the 12 month trial period - were not sent further questionnaires
after their withdrawal date.

Carers of service users in the trial were identified by sites usually at the 'light touch'
visit, either by the carer expressing an interest or via snowball sampling (i.e. asking
participants if they had an informal carer at the baseline interview).
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Each practice was allocated to groups via a centrally administered minimisation
algorithm. The allocation determined the technologies available to each practice (i.e.
either TH or TC) and their associated patients. Following installation of the
technologies, participants were followed-up for 12 months. After 12 months, the
'usual care' groups were eligible to receive the appropriate interventions.

2.6. Ethical Approval

The WSD Evaluation received ethical approval from the Liverpool Ethics Committee.
Trial Registration Number International Standard Randomised Controlled Trial
Number Register ISRCTN43002091.

2.7. Intervention description

The trial assessed two broad types of telemonitoring technology and there was no
attempt to standardise technology across sites. The analysis plan was not designed
to evaluate the effects of individual technologies.

2.7.1. Description of Telehealth interventions
To facilitate comparisons between studies, four classes (‘generations’) of TH have
recently been proposed based on the type of data transfer, the decision-making
ability of the care provider reviewing the data, and the level of integration of all
systems with the patient's primary-care structure (Anker et al., 2011). ‘First
generation’ TH comprises non-reactive data collection and analysis systems.
Measurements of interest are collected and transferred to the care provider
asynchronously (i.e. using store-and-forward protocols). There is no full telemedical
system and the provider cannot respond immediately to patient data. ‘Second
generation’ TH systems have a non-immediate analytical or decision-making
structure. Data transfer is synchronous (i.e. there is some real-time processing of
patient data using, for example, automated algorithms to interpret the data). Care
providers can recognise important changes in essential measurements but delays
can occur if the systems are only active during office hours. ‘Third generation’ TH
systems provide constant analytical and decision-making support. Monitoring centres
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are physician-led, staffed by specialist nurses, and have full therapeutic authority 24
hours per day, 7 days per week. ‘Fourth generation’ TH systems are an extension
the third generation, comprising invasive (e.g. surgically implanted) and non-invasive
telemedical devices for data collection. The complexity of incoming information and
subsequent therapeutic decisions requires the continuous input of a physician.

WSD Sites utilised variations of TH that all focus upon monitoring vital signs,
symptoms and self-management behaviour, providing general and disease-specific
health education with non-immediate review by specialist nurses and other care
providers. This configuration most closely approximates ‘second generation’ TH.

Equipment
Telehealth participants in Cornwall and Kent received a home monitoring system
comprising a base unit (Tunstall Lifeline Connect+ in Cornwall; Viterion V100
TeleHealthcare Monitor in Kent). This small device (approx. 20cm x 20cm x 5cm)
has an LCD screen allowing textual information to be transmitted to and from
participants (e.g. questions about symptoms and self-care; general and diseasespecific health information). Simple buttons allow participants to select from multiplechoice responses. Up to four peripheral monitoring devices were supplied to each
participant to monitor disease-specific biomarkers (pulse oximeter to measure blood
oxygenation; glucometer to measure blood sugar; weighing scales; blood pressure
monitor).

In Newham, TH participants received a small set-top box that connects to a
television (Philips Motiva Personal Healthcare System) allowing symptom questions,
educational videos and a graphic history of recent clinical readings to be accessed
via a dedicated TV channel, plus an equivalent range of peripheral monitoring
devices.
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Allocation of devices
Participants were allocated up to four peripheral monitoring devices depending on
(a.) their known diagnoses of COPD, diabetes and heart failure, (b.) local protocols
for allocating devices in each WSD Site, and (c.) local clinical override. WSD Sites

Figure 2.7.1 Telehealth Intervention

Used different protocols for allocating peripheral devices to participants but across all
Sites ‘critical’ devices were allocated as standard for each LTC unless
contraindicated: pulse oximeter for COPD, glucometer for diabetes and weighing
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scales for heart failure. Blood pressure monitors were allocated to nearly all
participants regardless of their LTC(s).

Participants with multiple conditions received multiple devices. Notwithstanding the
general allocation protocols adopted within each WSD Site, allocation of all devices
was subject to clinical override by healthcare professionals working with the local
WSD Project Team. Consequently, some participants did not receive devices
otherwise considered appropriate for a particular condition within a particular WSD
Site. For example, participants who had diabetes with stable HbA1c levels within
acceptable ranges may be considered unlikely to benefit from blood glucose
monitoring. Alternatively, COPD participants with severe breathing difficulties may be
too impaired to benefit from blood oxygen monitoring. Figure 2.7.1. shows the
allocation of monitoring devices by LTC and WSD Site. Observed differences in
allocation of devices across WSD Sites reflect differences in either standard
allocation protocols, in case-mix (i.e. patterns of co-morbidities) or in the
implementation of clinical override.

Device installation
Engineers only (Kent/Newham) or engineers plus assistant practitioners (Cornwall)
made home visits to install TH equipment. During the visit, the engineer or assistant
practitioner demonstrated how to use the base unit (or set-top box and associated
TV channel), and the allocated peripheral devices to take biometric measurements,
respond to symptom / self-care questions, and open other messages / notifications.
Participants were supervised throughout their first measurement session and given
written, step-by-step instructions for each peripheral device, troubleshooting advice
and useful contact numbers.

Measurement regime
The frequency of measurement sessions was individually-tailored for each
participant based on the severity and stability of their condition(s) and their personal
preference. The maximum frequency was 5 days per week (Monday to Friday),
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though multiple measurements per day could be scheduled or put on hold for short
periods (e.g. during holidays).

The base unit / set-top box reminded participants to take clinical measurements via
on screen messages, a flashing light and (in Kent) an audio alarm. During each
session, participants used their allocated peripheral devices (up to a maximum of
four) to take biometric measurements. These measurements were presented onscreen to participants. General and condition-specific questions relating to symptoms
and self-care behaviour were presented on the base unit (or television) screen and
spoken verbally. Example questions include: How are you feeling compared to
yesterday? [All conditions]; Are you coughing up sputum today? [COPD]; Have your
blood sugars been above your agreed targets? [Diabetes]; Have you taken your
water tablets today? [Heart Failure]

Depending on responses to the symptom or self-care questions, the base unit (or
TV) could automatically provide condition-specific self-management advice (e.g.
reminders to monitor and reduce salt intake [Heart Failure]) or general healthy
lifestyle advice addressing exercise, nutrition or mood. If changes in selfmanagement were recommended by healthcare professionals in response to out-ofrange biometric or patient-reported data (e.g. nutritional changes; titration of
medication) the frequency of TH measurements could be increased (temporarily) to
monitor the effect of the changes. In Newham, the TV channel allowed for more
educational opportunities (e.g. up to 45 condition-specific educational videos on the
signs, symptoms and management their condition(s) were scheduled into participant
care plans over the first 3-4 months to build knowledge). This system also presented
‘quizzes’ to test participant understanding and retention of issues covered in the
videos, through message exchanges with healthcare professionals, and allowed
participants to view charts of their biometric readings over the previous month.

Data transfer
Data from biometric readings and symptom/ self-care questions were transferred to a
Site-specific Monitoring Centre via a secure server using store-and-forward protocols
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which differed across WSD Sites. In Cornwall, data were held on the client device
and automatically transferred to the Monitoring Centre at a set time each night. In
Kent, participants manually initiated transfer of data (prompted by the base unit at
the end of each measurement session), or they could opt to delay transfer to a later
time. In Newham, data were sent automatically at the end of each measurement
session. Participants’ biometric and symptom data were not measured or reviewed
by healthcare professionals in real-time in any WSD Site.

Monitoring Centres were staffed by qualified nurses and trained support staff. In
addition, some Community Matrons and Specialist (respiratory, diabetes or cardiac)
Nurses with trial participants on their caseload were involved in monitoring and could
access Monitoring Centre data remotely. Incoming biometric readings were
automatically translated into a traffic light classification of clinical risk (red = high risk;
yellow = moderate risk; green = low risk) using Site-specific algorithms and
individually-tailored biometric parameters.

Review of telehealth data
Healthcare professionals reviewed incoming TH data in accordance with the
attributed clinical risk. They had access to all current biometric and patient-reported
TH data, previous TH data and selected data from patient medical records.

Red flags (all Sites) represented a high clinical (or technical) risk with a concomitant
likelihood that some immediate action would be required by healthcare professionals
(or technical staff). Red flags were reviewed and responded to daily (Monday to
Friday). Yellow flags (Cornwall & Kent only) represented a moderate clinical (or
technical) risk and an attendant likelihood that some action by clinical (or technical)
staff would be required. Yellow flags were monitored and responded to, if required,
within 72 hours.

In light of persistent failure to transmit biometric or patient-reported readings,
attempts were made by the Monitoring Centre or local WSD Project Team to contact
participants to resolve any technical problems or provide further coaching on the use
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of equipment. Green flags (all Sites) represented low clinical risk and low likelihood
that action by healthcare professionals would be required. Green flags were
monitored at healthcare professionals’ discretion to identify long-term trends of
gradually deteriorating health not yet severe enough to breach the individual’s
clinical parameters and trigger a yellow or red flag.

District nurses and Community Matrons with WSD intervention participants on
existing caseloads were able to access the Monitoring Centre database remotely via
a secure server to review patient TH data.

Follow-on actions
Community nurses (especially Community Matrons) tended to have greater scope
than Monitoring Centre nurses to independently initiate clinical interventions (e.g.
arrange a home visit or titrate medicine within certain limits). This was due to their
existing relationships with patients and seniority. However, both Monitoring Centre
and community nurses could clinically evaluate the patient, offer advice on disease
management and refer them to, or arrange appointments with, other healthcare
professionals (e.g. District Nurse, Community Matron, Specialist Nurse, GP, Hospital
Consultant).

Healthcare professionals at the Monitoring Centre, in the community, and GPs were
in close contact and able to collectively provide a complete stepped-care response
for all participants which included, but was not limited to, the following actions:

(i.)

Take no immediate action but keep monitoring

(ii.)

Contact the patient by phone or via the TH base unit/ set-top box to:
 Request repeat biometric readings
 Conduct further clinical assessments by phone
 Recommend/ encourage changes in self-management behaviour
 Change or titrate medication (in consultation with the patient’s GP)
 Arrange home visit by a Community Matron or District Nurse
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 Refer the patient to their GP, a hospital clinic, or the emergency
services
(iii.)

Send the patient’s TH data to their GP for review. In turn the GP may:
 Review the data and take no action
 Phone the patient to discuss the readings
 Phone the patient to change or titrate medication (in consultation
with the Monitoring Centre and/or community-based healthcare
professionals)
 Phone the patient to request they visit their GP surgery for further
assessment

(iv.)

Send the patient’s TH data to a hospital clinic for review. In turn the
Specialist Nurses or Consultants at the clinic may:
 Review the data and take no action
 Phone the patient to discuss the readings
 Phone the patient to change or titrate medication
 Phone the patient to request they visit their hospital clinic for further
assessment

(v.)

Contact emergency services directly on the patient’s behalf to:
 Inform them a patient with an acute exacerbation is on their way to
A&E
 Request ambulance transfer to A&E

Some differences were evident across the four Primary Care Trusts providing followon care for trial participants. For example, the two Primary Care Trusts within the
WSD Kent Site differed from each other in the way they responded to red flags: one
sent a fax detailing the parameter breach to the GP within 24 hours of reviewing red
flag data, while the other used the secure NHS email to send biometric readings and
graphs immediately to the appropriate service (e.g. GP or specialist service).

Patient-initiated telephone contact
As part of the TH services offered, participants were provided with freephone
numbers to contact Monitoring Centre or (in some cases) community nurses during
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standard office hours (9.00am-5.00pm) if they were concerned about changes in
their biometric readings or symptoms. These nurses were able to access patient TH
data and make appropriate stepped-care responses.

2.7.2. Description of Telecare interventions
Telecare was defined for the purposes of the trial as the “remote, automatic and
passive monitoring of changes in an individual’s condition or lifestyle (including
emergencies) in order to manage the risks of independent living” (Bower et al.,
2011). Telecare equipment used in the WSD trial can be mapped to four broad
functions: monitoring the person's functional status (such as a pendant, bed or
chair occupancy sensors, fall detectors); monitoring home security (bogus caller
buttons, property exit sensors); monitoring home environment (carbon monoxide
detectors, flood detectors); and facilitation of the TC package through "stand-alone"
devices, that do not send alerts to the monitoring centre (big button telephones, key
safes) (Chaudhry et al., 2011).

The three sites were left to design and procure their own TC systems but all
intervention participants were given a Tunstall Lifeline Connect or Connect+ base
unit together with a pendant alarm and up to 27 peripheral devices, assigned by local
teams. These covered:
:


Functional monitoring, including the 'Lifeline' base units and pendants, bed
and chair occupancy sensors, enuresis sensors, epilepsy sensors, fall
detectors and medication dispensers.



Security monitoring, including bogus caller buttons, infrared movement
sensors and property exit sensors.



Environmental monitoring, including gas, monoxide and smoke detectors,
heat sensors, temperature extremes sensors and flood detectors.



Standalone devices not linked to a monitoring centre, such as big button
phones, key safes for carers and memory minders (Demiris and Hensel,
2008) (See figure 2.7.2).
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Figure 2.7.2. Description of Telecare Intervention

functional
security
environmental

stand-alone
via needs
assessment

Allocation
Social services staff initially searched patient records for those meeting the trial
admission criteria. If the individuals identified were registered with a participating
general practice, they were contacted by Social Services to seek initial consent to
share health and social care data with WSD researchers. Those who consented to
data-sharing were invited to join the trial. A local WSD project team member would
then make a ’light touch’ visit to check eligibility, to assess the home environment’s
suitability prior to equipment installation, to provide information about the trial, and
take informed written consent.

Individuals were given at least 24 hours to decide whether they wanted to participate
in the trial; those wishing to participate received a further visit to conduct a needs
assessment to determine a suitable TC package. 2,600 people from 217 general
practices participated in the trial (1,324 randomised to control, 1,276 to TC).
Intervention group participants received a TC package in addition to their existing
package of social and health care services; control group participants continued to
receive their existing health and social care services for 12 months, after which they
were offered TC subject to reassessment (Martinez et al., 2006).
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During the ‘light touch visit’, individuals eligible for the trial were also invited to
participate in a nested questionnaire study. Those who agreed were contacted by
interviewers who, after obtaining written consent, administered instruments to
measure outcomes and processes. Questionnaires were administered at baseline
and self-completed by the participant with a trained interviewer researcher on hand
to clarify the meaning of particular words or questions. Individuals assessed during
the light-touch visit as having a cognitive impairment which prevented them from
completing participant-reported outcome measures on their own were not eligible for
the questionnaire study, although they remained eligible for the parent trial.

Questionnaires were administered by interview at baseline and by self-completion
postal questionnaire at 4- and 12-month follow-up points. At 12-month follow-up,
participants who had not returned questionnaires were contacted to arrange an
interview.

Monitoring
Telecare is primarily a passive system to monitor behaviour. Consequently, TC
intervention participants were not expected to take any clinical readings or answer
symptom questions on a regular basis.

The number and type of TC devices were allocated to the participants on the basis of
a needs assessment conducted by the local project team. Data from the sensors and
alarms were automatically sent to the monitoring centre via a telephone line.
Telecare alerts were monitored in real time 24-hours per day. Following any alert,
monitoring centre staff attempted to make contact with the individual via base unit or
telephone, and if further assistance was required, contact was made with an
identified carer or emergency services as appropriate. The TC intervention was
received in addition to usual care for the intervention group.

Participants in the TC trial randomised to the control arm received usual health and
social care for the 12-month duration of the trial. Some control participants received
a pendant/bracelet alarm (but no additional TC devices) as this was current usual
care practice (controlled for in the analysis).
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Data from peripheral devices were sent to a monitoring centre via a telephone line
and alerts were monitored continuously. Telecare was compared with “usual care”.
This reflected the existing range of health and social care services available in the
areas, which might include established forms of TC such as pendant alarms and
smoke detectors. At the end of the twelve months of the trial, control individuals were
offered TC if they were still eligible.

Some TC sensors (e.g. fall detector, heat sensor, smoke alarm) generated a red flag
if parameters indicated a potential emergency. Other TC sensors (e.g. bed/ chair
occupancy sensors) generated more ambiguous information and usually required
contact with the user to establish their status.

Follow-up assessments
Following baseline interview, a short-term (ST) assessment was conducted at 4months (median duration= 135 days; IQR= 110 to 162) and a long-term (LT)
assessment was conducted at 12-months (median duration= 375 days; IQR= 341 to
390). At ST and LT, the questionnaires were posted for self-completion. However, at
the LT follow-up for non-responders to the postal assessment was through contact
by trained interviewers to arrange home visits to facilitate questionnaire completion.
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3. Samples (Themes 1, 2 and 3)
3.1. Recruitment into the WSD Trial (Themes 1, 2 and 3)

We allocated 238 practices to control or intervention groups. Although 59 practices
eventually did not supply participants for the TH trial, sites assessed 15,171 patients
for eligibility for TH and sent data sharing consent forms. 5279 (34.8%) of these
patients agreed to a “light touch” visit. Some patients did not consent to take part in
the trial after this visit. Sites recruited 1625 control patients and 1605 intervention
patients from 179 general practices, with each practice recruiting an average of 18
patients.

217 of the 238 practices ultimately supplied participants for the TC trial. Sites
recruited 1,324 control participants and 1,276 intervention participants, with each
practice recruiting an average of 12 participants.

Overall Recruitment into the WSD study is shown in Figures 3.1.1, 3.1.2, 3.1.3, 3.1.4
and 3.1.5

Figure 3.1.1: Group Allocation by Trial Arm
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Figure 3.1.2: Trial Arm Allocation in Telecare and Telehealth Trials
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Figure 3.1.3: Recruitment by Area
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Figure 3.1.4. Recruitment by Deprivation
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Figure 3.1.5: Recruitment by Long Term Condition in Telehealth sample
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3.2. Recruitment into the questionnaire Studies (Themes 2 and 3)

To minimise participant burden and create mutually exclusive subgroups for
subsequent disease-specific analyses participants with two or more LTCs (from
COPD, diabetes and HF) were allocated to a single index LTC using simple
randomisation.

Recruitment to the questionnaire study continued until quotas (based on a
prospective power calculation, see below) of ~550 participants per LTC had been
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met or until the recruitment period ended. The composition of the sample in terms of
LTC profile is shown in Figure 3.2.1.

Figure 3.21. Recruitment by Long term Condition in Telehealth Sample
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Two follow up assessments were performed in the questionnaire study:
1. The short-term (ST) assessment was conducted at around four months
(median duration = 127 days; Inter Quartile Range (IQR) = 37 days)
2. The long-term (LT) assessment was conducted at around 12-months
(median duration = 347 days; IQR = 49 days).
Duration at both ST and LT assessment was similar across trial arms1. The
questionnaire battery was the same at BL and ST assessment but included two
additional scales measuring functional status (Bowling et al., 1991) and impact of
illness (Klimidis et al., 2001) at LT assessment.

3.3. Consort diagrams for Cluster RCTs of Telehealth and Telecare
Figures 3.3.1 and 3.3. 2. Show the structure of the WSD cluster RCTs of TH and TC.

1

Median duration at ST completion was 132 days (IQR = 40) for control participants and 126 days (IQR = 35)
for intervention participants. Median duration at LT completion was 358 days (IQR = 48) for control
participants and 342 days (IQR = 47).
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Figure 3.3.1 Telehealth CONSORT Diagram
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Figure 3.3.2: Telecare CONSORT Diagram
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4. Telehealth
4.1. Health care utilisation (inc. costs) & mortality

4.1.1. Introduction
Investment in TH has often been justified partly on the basis that its cost can be
recovered by reductions in the use of secondary health care (Cruickshank et al.,
2010). This analysis reports on the impacts of TH on the use of secondary health
care and mortality.

4.1.2. Methods

Specific Methods
We aimed to assess the impact of TH at the level of the individual. The primary
endpoint was taken to be the proportion of people admitted to hospital within the
twelve months of the trial.

The study was powered on the basis of detecting a relative change of 17.5% from a
baseline of 25% (from a priori site estimates), at 80% power and a two-sided p-value
of <0.05. Previous studies in the older population suggested that the intra-cluster
correlation coefficient would be around 0.001 (Lancaster et al., 2007). Sample size
calculations conducted using the appropriate formulae (Hayes and Bennett, 1999)
found that 3,000 patients would be required (25 patients from each of 120 general
practices). We also examined mortality over twelve months and pre-specified
secondary endpoints including the number of inpatient bed days, emergency
admissions, elective admissions, outpatient attendances, and accident and
emergency visits, and the notional cost of hospital activity to commissioners of care
based on national tariff costs.

Participants were individually linked to data on inpatient and outpatient secondary
activity sourced from the Hospital Episode Statistics (HES), a national administrative
data warehouse for England (Centre, 2011a). The linkage was conducted by the
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NHS Information for Health and Social Care which acted as a trusted third party.
This organisation had sole access to both patient identifiers and administrative data
on secondary care activity. The HES-ONS linked mortality file provided data on all
deaths occurring in and out of hospital for those patients linked to Hospital Episode
Statistics. In addition, participants were linked to local commissioning data sets on
visits to accident and emergency departments and to the electronic medical record
from general practice. These data were “pseudonymised”, so that patient identifiable
fields were removed prior to transfer and NHS numbers encrypted. This encrypted
NHS number was used to link participants to the accident and emergency and
general practice data.

Analysis of inpatient activity was restricted to ordinary admissions, excluding
transfers and regular attendances and maternity events (patient classifications 1 and
2 only). Admissions were classified based on defined admission methods into
emergency activity (codes 21-28) and elective activity (all other codes excluding
transfers). Bed days included stays following emergency and elective admissions.
Same day admissions and discharges were assigned a length of 1 bed day.
Outpatient activity was restricted to appointments that were attended (codes 5 and
6).

The detailed impact of TH on costs is addressed in a later evaluation theme. Here,
notional costs of hospital care are included as a way to summarise overall levels of
hospital use in the intervention and treatment groups across the inpatient, outpatient
and accident and emergency categories. Notional costs of care were estimated from
Hospital Episode Statistics data by applying the set of mandatory and indicative
tariffs used in England for the reimbursement of inpatient and outpatient care
(2008/09 Payment by Results tariffs, (DoH, 2007a)). These assume a stay of a
certain number of days (the “trim point”), and allow hospitals to charge a prespecified amount for each additional excess bed day. Costs were not adjusted for
the regional costs of providing care, and so were effectively a weighted activity
measure which allowed robust comparison of the magnitude of care received for
control and participants. Activity outwith the scope of the tariffs - such as mental
health, critical care, cystic fibrosis, high cost drugs and outpatient physiotherapy were not costed.
40

Analysis was restricted to those patients linked to administrative data who began the
trial before 30 September 2009. The trial start date was taken as the date of TH
installation for intervention patients, and as the date of the initial project team visit for
controls. Analysis at the individual level was based on comparing activity over 12
months following this date.
Individuals were analysed on an “intention-to-treat” basis, based on the intended
treatment allocations, and regardless of subsequent withdrawal from the trial. It has
been argued that, for randomised trials, it is not appropriate to conduct formal
statistical tests on the similarity of intervention and control patients at baseline, since
allocations are known to have been random (Roberts and Torgerson, 1999).
However, in cluster randomised trials, selection bias is theoretically possible, either
through systematic differences between practices in the control and intervention
groups, or because of similar differences at the individual level (Puffer et al., 2003).
We present standardised differences as a summary measure of differences between
groups. The standardised difference is calculated as the difference in the sample
means (or proportions) divided by the pooled standard deviation (Flury and Reidwyl,
1986).

Although various aspects of the trial design mitigated against the risk of selection
bias, differences between groups at baseline may nevertheless have occurred by
chance. Case-mix adjustment was applied to account for the impact of any
differences between groups:

1. The simplest models, although accounting for the effect of clustering, used no
additional covariate adjustment (“unadjusted models”).
2. A more complex model additionally controlled for residual imbalances in a set
of characteristics predictive of future hospital use (“adjusted models”). This
set included age, sex, ethnicity, site, number of chronic health conditions,
principal long-term condition (diabetes, Chronic Obstructive Pulmonary
Disease or heart failure), an area-based deprivation score (Government,
2007) and a metric corresponding to the endpoint calculated over several
periods within the two years prior to recruitment. The number of chronic
health conditions was a count of diagnoses recorded on inpatient data over
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the three years prior to starting the trial. Principal long-term conditions were
assigned using a pragmatic approach.
3. More complex case-mix adjustment was conducted using the Combined
Model (Wennberg et al., 2006). This is a standard instrument designed to
estimate the probability that an individual would experience an emergency
hospital admission in a twelve month period. The Combined Model score
reflects 72 variables related to age, sex, recorded health conditions, prior
general practice and hospital use, and prescribing. These variables are
sourced from administrative data from general practices as well as from local
hospital commissioning data sets.

The Combined Model was originally derived using data for 2002 to 2005 (Wennberg
et al., 2006); Performance was revalidated on more recent data covering the period
April 2007 to March 2009. Revalidation used data extracted for the trial sites
excluding trial participants. When used in the case-mix adjustment, the Combined
Model score was calculated for each participant at the end of the month prior to the
start date. Where a general practice did not grant approval to extract data,
Combined Model scores were imputed for patients based on the available
information, which included age, sex, and hospital data. Single imputation was used
based on linear regression on the logit scale.

As this was a cluster randomised trial and hospital use for individuals in the same
practice will tend to be correlated. This degree of “clustering” was accounted for in
the analysis by constructing multilevel models which included random effects at the
practice level. Logistic regression was used for the admission proportion and
mortality with the exponent of the coefficients being taken to calculate odds ratios.
For the counts of inpatient admissions, outpatient attendances and accident and
emergency visits, Poisson regression was used, with exponentiation of the
coefficients producing incidence rate ratios. The distributions of health care costs
and hospital bed days are typically skewed, with some very large values and a
significant proportion of the population at zero. Although opinions differ on how to
analyse such data (Thompson and Barber, 2000), notional costs and bed days were
incremented and log transformed so that the assumptions required for subsequent
ordinary least squares modelling were met. Model coefficients were exponentiated
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to give geometric mean differences. All analyses were conducted in Stata 11
(StataCorp, 2009)

The primary analysis assumed a twelve month follow-up period for all patients,
regardless of whether or not a patient died. This addresses a question about
differences between the groups in overall levels of hospital activity following the
introduction of TH, which is relevant to the impact of TH on resource use. However,
clinicians and others may be interested in a related question: How might TH affect
patient experiences of admission to hospital, conditional on being alive at any point
in time? Answers to these questions may differ in the event that TH affects the
mortality rate. We therefore conducted secondary analyses to assess differences
between groups in the rate of hospitalisation at any point in time, conditional on
being alive just before that point and not having been admitted previously. This
analysis treats death as a form of statistical “censoring” and uses the Kaplan-Meier
curve (Kaplan and Meier, 1958). Although the Kaplan-Meier curve does not take into
account differences between intervention and control groups at baseline, we also
estimated the corresponding adjusted hazard ratio. The hazard ratio was calculated
using a Cox proportional hazards model (Cox and Oakes, 1984) which included
covariate adjustment and random frailties to allow for the within-practice
homogeneity (Glidden and Vittinghoff, 2004).

4.1.3. Results

Characteristics of the sample
Theme one analysis was conducted on the majority of the trial participants; although
a few pre-specified exclusions were made. Recruitment started in May 2008 and was
planned to finish in September 2009; we excluded seven patients who were recruited
after this finish date. In addition, 69 patients could not be linked to administrative
data on secondary care use. Overall, we included 1584 control patients and 1570
intervention patients in the analyses (98% of those recruited).

Table 4.1.1 shows the characteristics of the sample. Principal long-term condition
was chronic obstructive pulmonary disease for 47.1% of intervention participants,
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Table 4.1.1. Characteristics of the Sample for the Theme One Telehealth
Analysis. Note SD = standard deviation.
Control group
(n=1,584)
85
12 (1-98)

Intervention
group (n=1,570)
92
8 (1-77)

Standardised
difference (%)
—
—

786 (49.6)

739 (47.1)

5.1

342 (21.6)
456 (28.8)

406 (25.9)
425 (27.1)

10.0

No of chronic health conditions
(mean (SD))
Site
Cornwall

1.8 (1.8)

1.8 (1.8)

3.0

614 (38.8)

558 (35.5)

6.7

Kent
Newham
Age
Mean (SD) age in years

576 (36.4)
394 (24.9)

563 (35.9)
449 (28.6)

1.0
8.4

70.9 (11.7)

69.7 (11.6)

446 (28.2)
500 (31.6)
500 (31.6)
138 (8.7)

463 (29.5)
548 (34.9)
446 (28.4)
113 (7.2)

9.7
2.9
7.1

Female
Ethnicity
White

643 (40.6)

647 (41.2)

1168 (73.7)

1127 (71.8)

Non-white
Unknown
2
Area level deprivation
Mean (SD)
First quartile
Second quartile

173 (10.9)
243 (15.3)

182 (11.6)
261 (16.6)

4.4
2.1
3.5

27.9 (13.5)
105 (6.6)
272 (17.2)

28.4 (14.8)
137 (8.8)
258 (16.5)

2.9
8.0
1.8

571 (36.1)

522 (33.4)

633 (40.0)

644 (41.3)

5.6
2.5

0.261 (0.200)

0.260 (0.202)

226 (16.2)
431 (30.9)
591 (42.3)
149 (10.7)

221 (16.2)
440 (32.2)
559 (41.0)
145 (10.6)

No of practices
No of patients per practice (median
(range))
Index long term condition
Chronic obstructive pulmonary
disease
Diabetes
Heart failure

<65 years
65-74 years
75-84 years
85 years

Third quartile
Fourth quartile
3
Combined model score
Mean (SD)
Low risk category
Moderate risk category
High risk category
Very high risk category

3.8

6.9
5.6
1.3

0.3
0.0
3.0
2.7
0.1

2

N=1581 for control group, n=1561 for intervention group. First quartile is least deprived, fourth
quartile is most deprived.
3
N=1397 for control group, n=1365 for intervention group. Risk categories denote top proportions of
site population: very high risk (0.5%), high risk (0.5-5%), moderate risk (5-20%), and low risk (20100%).

44

heart failure for 27.1% and diabetes for 25.9%. We calculated full combined model
scores for 1397 control and 1365 intervention patients (88% of those included in the
analyses). 10.6% of intervention patients were at very high risk (risk score above
0.54), 14.0% were at high risk (risk score 0.19 to 0.54), 32.2% were at moderate risk
(risk score 0.08 to 0.19) and the remaining 16.2% were at low risk (risk score 0 to
0.08). Scores were imputed scores for the remainder of patients using the method
described above.

Intervention and control patients were similar at baseline (all but one standardised
difference <10%). The largest difference between intervention and control patients
related to diabetes as the principal long-term condition (25.9% v 21.6%), followed by
mean age (69.7 v 70.9 years). Intervention patients also had less costly hospital
activity than controls in the 90 days before the start of the trial (£427 (€529; $662) v
£506).

Most inpatient and outpatient hospital activity for the selected patients could be
assigned unit costs using our methods. We assigned unit costs to 3,189 (96.3%) of
3310 inpatient spells experienced by participants during the 12 months before the
start of the trial, and to 13,670 (86.7%) of 15,766 outpatient attendances.

Predictive risk score
The Combined Model revalidation revealed no obvious secular trends in
performance. The area under the Receiver Operating Characteristic curve (the “cstatistic”) fluctuated between 0.73 and 0.79 depending on the month the scores were
generated and site. Positive predictive values calculated at a threshold of 0.5
ranged from 52% to 60%, while sensitivities at the same threshold varied between
35% and 60%. Low-risk patients experienced much fewer emergency hospital
admissions during the trial period than did very high-risk patients (0.256 compared
with 1.894).
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Trends in hospital use
Figure 4.1.1 shows trends in hospital activity without adjusting for clustering or
baseline covariates (that is, as crude data). The break in the chart corresponds to
the trial start date, and the chart summarises activity over a series of quarters before
and after this date. As the figure illustrates, rates of emergency hospital admission
had peaked for both intervention and control groups at around six quarters before
the start of the trial. Emergency department visits also increased over this period,
and the rate of conversion of emergency department visits into admissions rose
slightly from 53% to 58%.

After the trial began, emergency admissions increased unexpectedly for the control
group, from 0.13 per head in the quarter immediately before to 0.18 per head in the
quarter immediately after. This increase occurred in each of the long-term condition
groups (see sections on subgroup analyses below). The increase was unexpected,
and may have implications for the interpretation of the results (discussed below).

After the initial increase in activity for the control group, rates of emergency
admission for the two groups began to converge, although a difference in favour of
the intervention group seemed to persist for the entire follow-up period. The aim of
the statistical analysis was to check that differences between the groups after
intervention were unlikely to be the result of chance.

Statistical analysis of hospital use
As previously described, the primary endpoint of the study was the proportion of
patients admitted to hospital during the twelve months of the trial. Of the intervention
participants, 42.9% were admitted to hospital during this period, compared with
48.2% of controls. These proportions corresponded to an unadjusted odds ratio of
0.82, which was statistically significant (95% confidence interval 0.70 to 0.97,
P=0.017).

The odds ratio takes into account clustering at the general practice level. The
intracluster correlation coefficient (0.017) was higher than assumed in the original
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Figure 4.1.1: Crude trends in secondary care activity for patients
recruited into the telehealth study

power calculations (0.001). The odds ratio for the admission proportion at 12 months
remained significant after we adjusted for baseline characteristics and also after we
adjusted for the combined model score.

Of the secondary endpoints, emergency admissions, emergency department visits,
bed days, and mortality showed significant findings in some or all of the models.
Thus, intervention participants underwent 0.54 emergency admissions per head,
compared with 0.68 for controls (crude rates), corresponding to an unadjusted
incidence rate ratio of 0.81 (95% confidence interval 0.65 to 1.00, P=0.046).
However, after we adjusted for baseline characteristics, the upper end of the
confidence interval for emergency admissions reached 1. Note that the number of
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emergency admissions per person in the control group (0.68 per year) was relatively
low, reflecting the preponderance of participants with low or moderate risk scores.

On average, intervention participants attended emergency departments 0.64 times
per head during the trial, compared with 0.75 for controls. This difference was
significant in the adjusted estimates only (incidence rate ratio 0.85, 0.73 to 1.00,
P=0.044). The intervention and control groups spent an average of 4.87 and 5.68
days in hospital, respectively (unadjusted geometric mean difference −0.64 days,
−1.14 to −0.10, P=0.023); this difference remained significant after adjustment.

Notional costs of hospital activity to commissioners of care were £188 per head
lower for intervention participants than for controls (crude rates). Confidence
intervals for the geometric mean were very wide and differences were not significant
in any of the models (adjusted geometric mean difference −£242, 95% confidence
interval −629 to 228, P=0.290). Thus, although we found statistically-significant
reductions in the hospital admission proportion and numbers of emergency
admissions, we could not conclude that TH patients incurred lower secondary care
costs over the twelve months of the trial.

Secondary analysis of the Kaplan-Meier curves and Cox regression confirmed that
differences in the admission proportion remained significant after censoring
observations at death (hazard ratio 0.87, 95% confidence interval 0.78 to 0.98,
implying fewer admissions for the TH than control group). Graphical methods
indicated that the underlying proportional hazards assumption was reasonable.
Where Schoenfeld residual tests were significant (Schoenfeld, 1982) results
remained robust to alternative model specification.

Other forms of service use
The intracluster correlation coefficient (ICC) for general practitioner contacts was
estimated to be 0.184 among the trial population during the trial period. This was a
much greater extent of clustering than observed for hospital visits (0.017). The
difference-in-difference analysis and Poisson regression took clustering into account.
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During the 12 month trial period, the number of general practitioner contacts in the
intervention group (mean 8.99, standard deviation 7.00) was similar to that in the
control group (mean 8.85, standard deviation 8.16). These differences were not
statistically significant, with an incidence rate ratio of 1.05 in the unadjusted analysis
(95% CI, 0.90 to 1.23). Differences did not reach significance after case-mix
adjustment. While the estimates for rise in contacts were higher for practice nurse
contacts (incidence rate ratio 1.14, 95% CI 0.81 to 1.61), they were not statistically
significant. Rates of local authority domiciliary care were low (average 19.4 days per
person per year in the control group) and were not statistically different between the
intervention and control groups. (See Table 4.1.2).

4.1.4. Discussion

Principal findings of the Costs and Utilisation study
This study has shown that, among a set of patients with Chronic Obstructive
Pulmonary Disease, diabetes or heart failure, a smaller proportion of TH users
experienced a hospital admission during 12 months of follow-up than controls.
When adjusting for baseline characteristics and for the results of a predictive risk
score, this effect remained statistically significant. However, the size of the
difference in the admission proportion (10.8%, 95% CI, 3.7% to 18.1%) was
relatively small and, in fact, was smaller than the size that the study was designed to
be able to detect (17.5%), raising questions about the clinical relevance of the
results. The statistical significance of some of the effects reflected the increased
power of the study due to the higher-than-assumed baseline level of hospital
admissions, and also the larger number of smaller practices, even though the degree
of clustering was also higher.

Mortality status was obtained for all individuals analysed and, compared with
controls, intervention patients were significantly less likely to die within twelve
months. Differences, although small in magnitude, were also observed in the mean
number of emergency hospital admissions per head. Crude rates were 0.54 per
head for intervention patients compared with 0.68 for controls: a crude difference of
0.14 emergency admissions per head over 12 months. These changes reached
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Table 4.1.2: Service use and mortality during the telehealth trial.
Data are mean (standard deviation) unless stated otherwise
Control
(n=1,584

Admission
proportion (%)*
Emergency hospital
admissions per
head
Elective hospital
admissions per
head
Outpatient
attendances per
head

Intervention
(n=1,570)

Incidence rate ratio
(95% CI)
Unadjusted

Adjusted

48.2

42.9

0.82 (0.70
to 0.97)

0.82 (0.69 to
0.98)

0.68
(1.41)

0.54
(1.16)

0.81 (0.65
to 1.00)

0.85 (0.72 to
1.00)

0.49
(1.31)

0.42
(0.99)

0.89 (0.75
to 1.07)

0.87 (0.74 to
1.02)

Adjusted for
Combined
Model score
0.82 (0.69 to
0.96)
0.81 (0.69 to
0.95)
0.90 (0.76 to
1.07)
0.95 (0.81 to
1.13)

4.68
(6.81)

4.76
(6.74)

0.96 (0.81
to 1.13)

1.01 (0.92 to
1.12)

0.75
(1.58)

0.64
(1.26)

0.85 (0.70
to 1.05)

0.85 (0.73 to
1.00)

5.68
(15.10)

4.87
(14.35)

0.64
(1.14 to
0.10)

0.44 (0.85 to
0.01)

General practitioner
contacts per head
(N=1,098;1,219)
Practice nurse
contacts per head
(N=1,098;1,219)
Domiciliary care
days per head

8.85
(8.16)

8.99
(7.00)

1.05 (0.90
to 1.23)

1.04 (0.95 to
1.14)

6.28
(8.98)

5.92
(9.83)

1.14 (0.81
to 1.61)

1.04 (0.82 to
1.30)

19.4 (76.4)

17.3 (72.7)

0.60 (0.15
to 2.36)

n/a

0.60 (0.16 to
2.28)

Hospital tariff cost
per head (£)**

2448 (4099)

2260 (4117)

449 (964
to 243)

242 (629 to
228)

382 (840 to
206)

Mortality *

8.3

4.6

0.54 (0.39
to 0.75)

n/a

0.53 (0.39 to
0.72)

A&E visits per head

Hospital bed days
per head**

0.86 (0.72 to
1.02)
0.58 (1.00
to 0.13)
1.04 (0.90 to
1.21)
1.13 (0.81 to
1.58)

* Shows odds ratio rather than incidence rate ratio
** Shows geometric mean difference

statistical significance in the unadjusted comparisons, but not when adjusting for
baseline characteristics. Hospital bed days were significantly lower amongst those
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receiving the TH intervention, which will reflect the lower overall admission
proportion.

For the other measures of hospital use, including the number of elective admissions,
outpatient attendances, and accident and emergency visits, differences between
groups where in general were not statistically significant. Crude differences in
notional hospital costs to commissioners of care were £188 per head over twelve
months and did not reach statistical significance. This difference is relatively small
and particularly so when contrasted with the costs of these types of TH intervention,
which can be substantial (see below). On the basis of the evidence presented in this
report, with confidence intervals crossing the line of no difference, we thus could not
conclude that TH was cost effective.

Differences in hospital use were at their most marked at the start of the trial, where a
distinct and unexpected increase in admissions was observed for the control group.
If activity from the first three months of the trial had been excluded in the calculation
of the primary endpoint, the differences observed in the primary endpoint would not
have been significant under any of the models, so this increase has implications for
the interpretation of the findings. It may be that the trial recruitment processes led
indirectly to changes in service use for control patients; however, the same
processes might be expected to affect intervention patients in the absence of TH.
This would mean that differences in admissions can be attributed to TH, but with the
limitation that the trial may have had an impact on the context for the delivery of care
for both intervention and control groups. Indeed, one possible explanation for the
increase in admissions observed for the control group is that professionals identified
additional health problems and unmet need during the recruitment process, and
additionally decided to intervene with patients who were not allocated to receive TH.
This explanation assumes that, if professionals found additional relevant health
problems among the TH group, they were content to manage these in a community
setting, with the support of the remote monitoring.

Another possibility is that the process of recruitment into the trial increased
awareness among patients of their health conditions. Anxiety could have increased
as a result of being allocated to the control group, to the extent that patients in the
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control group were more likely to present at emergency departments. The decision
to offer control patients TH at the end of the twelve month period, while designed to
reduce attrition rates, could have increased anxiety if it encouraged a stronger sense
that they were being denied access to support that could be beneficial. One final
possibility is that biases resulted from the process of patient selection, in which only
35% of patients approached agreed to the initial light-touch visit. There may have
been a propensity to select controls with a higher risk of short-term admission and
intervention patients with a lower risk. However, observed differences between
intervention and control groups were limited and case-mix adjustment was applied.

Strengths and weaknesses of the study
The full range of health and social care services was not considered here, and there
may have been differences between intervention and control groups in the use of
primary care, community services or social care. Although over 95% of inpatient
activity was assigned unit costs, some elements of hospital care, including mental
health and critical care, were not included in the calculation of costs as there is no
national tariff. The use of national tariffs means the analysis is relevant to decisions
being made by commissioners of care as they align with hospital reimbursement
guidance, but the economic costs of providing care will differ from the notional costs
shown here and there are regional differences in the costs of providing care.

Whilst service use may have resource implications, it does not necessarily correlate
with health status. Assessment of the impact of interventions must be
multidimensional (Fitzpatrick et al., 1992) and other evaluation themes addressed
health outcomes, cost-effectiveness and patient perceptions. These outcomes are
explored in the related theme analyses. The intervention may also have had knockon impacts to non-study patient groups. Two competing possibilities are that the
intervention freed up clinical time and resources to care for non-study patients, or
that community teams diverted their attention towards those patients on the trial.

Part of the evaluation exploited administrative data sets. As a result, person-level
data were available for a very high proportion of participants (over 98%). Whilst the
use of these data sets avoids problems of non-response, it also meant that the
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quality of data was not directly under the research team’s control. Patients may tend
to underestimate use of resources compared with health care providers (Richards et
al., 2003), but a number of other studies have pointed to some of the potential
problems with using administrative data, such as limited insight into the quality and
appropriateness of care (Lezzoni, 1997, Roos et al., 1993).

Selection bias is recognised as a risk in cluster randomised trials, where systematic
differences can occur between intervention and control groups at both the cluster
and individual level. At the individual level, selection bias is recognised as being
theoretically possible in cluster randomised trials through two mechanisms. Firstly, if
the people recruiting participants had foreknowledge of the allocation group, as was
often the case here, bias can result through the recruitment of different types of
participant into the two groups. Bias can also result if consent to receive treatment
or share data is taken from participants after learning of their allocation, or if consent
is taken beforehand but participants withdraw before treatment begins.

This trial was designed to minimise the possibility of bias within the context of a
complex community-based intervention. Randomised allocations of practices were
made by an independent team and a minimisation algorithm aimed to ensure that
intervention and control practices were similar in terms of practice size, disease
prevalence, and other characteristics. At the individual level, we found no large
differences in the characteristics of control and intervention participants at baseline.
However, there were differences between groups in the median number of
participants per practice (8.5 for practices assigned to TH and 12 for control
practices). Case-mix adjustment controlled for observed differences between
intervention and control groups.

This analysis is based on an intention-to-treat method which compares patients
according to their assignment to intervention and control groups. In some cases,
patients did not receive their allocated interventions, but numbers were small. A
substantial proportion of the intervention group may have stopped using TH before
the end of the twelve months. This study is conservative in its estimates as, in other
applications of TH, the equipment might be removed from patients who stop using it
(Everett et al., 2011). The design of the trial aimed to minimise differential rates of
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attrition between intervention and control groups, by ensuring that all practices were
allocated to receive a telemonitoring intervention (TH or TC), and that participants
who were assigned to the control arm during the trial were to be offered a
telemonitoring intervention at the end of the trial period, assuming they were still
eligible.

It is important to note that the impact of TH needs to be considered as just one
element within the health system in which it was used. All participating practices and
patients in the study may potentially have benefited from the wider service redesign
associated with these trials. The study is therefore assessing the added value of TH
over and above the effects of this wider service redesign.

Possible explanations and implications for clinicians and policymakers
and other researchers
We note that emergency admissions increased unexpectedly among the control
group shortly after they were recruited into the trial. An alternative explanation,
therefore, is that the implementation of the trial protocol changed the management of
patients assigned to receive usual care, or led patients to seek additional support at
emergency departments. This is theoretically possible in unblinded randomised
controlled trials such as this one, in which patients and healthcare professionals
know which interventions are received and thus might react to this knowledge.
Comparisons are planned between the outcomes of trial control patients and similar
patients who were eligible to participate in the trial but did not do so. These
comparisons may inform judgements about whether the implementation of the trial
protocol affected outcomes and, therefore, whether the patterns of hospital
admissions and mortality observed in this analysis can be attributed to TH.

Assuming that the results can be attributed to TH, they suggest that TH helped
patients to avoid the need for emergency hospital care. The mechanism underlying
this difference may be that TH helps patients manage their conditions better and so
reduces the incidence of acute exacerbations that require emergency admissions.
Other possibilities are that TH changes people’s perception of when they need to

54

seek additional support. Professionals’ decisions about whether or not to refer or
admit patients may also be changed.

The lower mortality observed for the TH group will be an important motivator to
invest in these and similar technologies, assuming it can be attributed to TH. Whilst
the observed difference in emergency activity associated with the intervention
indicates some potential to reduce use of secondary care, the findings need to be
tempered by the estimated scale of the difference in notional hospital cost savings
for commissioners of care and the need to offset the cost of the intervention. The
impact on quality of life must also be considered as part of a broader costeffectiveness analysis. For commissioners of care services there are questions
about whether any reduction in hospital use for TH patients translated to an overall
organisational-level change. It is possible that any bed days that were released
were filled with non-study patients rather than released as cash savings. In such a
scenario, health benefits may have accrued to non-study patients, which would be
important to take into account in commissioning decision-making processes.

The observation of a group effect between intervention and controls may mask
difference by subgroups. For local practitioners it is important to assess whether the
benefits are greater in certain patient types to inform decisions about whether TH
should be prioritised for certain groups. For example, in relation to asthma, McLean
observed that TH interventions are unlikely to result in clinically relevant
improvements in health outcomes in those with relatively mild asthma (McLean et al.,
2010) but they may have a role in those with more severe disease who are at high
risk of hospital admission. The current study was not designed to answer these
specific questions.

The impact of TH may be intricately linked to wider issues about how health systems
operate. There is always the question of whether effects are due to the technology
or the way it was implemented, and TH has been described as a disruptive
technology in that it requires different ways of working for some professional groups.
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4.2. Telehealth - Cost-effectiveness

4.2.1.Background
Evidence on the costs and cost-effectiveness of TH has been limited (Bergmo, 2009,
Polisena et al., 2009a, Mistry, 2012), usually based on assimilating findings from a
number of small trials, which may make it difficult to generalise findings, and many
trials have not met robust evaluation standards. Most studies have been conducted
in the USA, leaving open the question of their relevance in the UK.
We examined the costs and cost-effectiveness of ‘telehealth’ services, in addition to
standard support and treatment, compared to standard support and treatment.

4.2.2. Methods
Primary (measures)
The primary outcome was incremental cost per quality-adjusted life year (QALY)
gained. Utility values were constructed from the EQ-5D (Brooks, 1996) with societal
weights (Dolan et al., 1995, Dolan, 1997). QALYs were calculated by 'area under the
curve' analysis, with linear interpolation of utility scores between the baseline and
12-month assessments (Manca et al., 2005).

Secondary (measures) - Telehealth
Secondary outcomes examined include: ICECAP-O (Coast et al., 2008a) a capability
index for older people measuring quality of life along five dimensions: attachment,
security, role, enjoyment and control. Attribute levels have been valued for people
aged 65 years and over, anchored at 1 for full capability and 0 for no capability. Two
other outcomes were explored. The short-form of the Spielberger State-Trait Anxiety
Inventory (STAI) (brief STAI) measures ‘state anxiety’ and has been widely used,
including with people with diabetes (Park et al., 2008). It was rescaled in our analysis
to a 0 to 1 range, with 0 indicating the lowest and 1 indicating highest possible levels
of anxiety (original scores range between 6 and 24). The short-form Center for
Epidemiologic Studies Depression Scale (CES-D10) (Andresen et al., 1994b) is a
screening instrument for depression symptoms, and ranges from 0 to 30; a
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difference of 5 or more points has been interpreted as clinically meaningful, i.e.
depressed (Steffens et al., 2002).

4.2.3. Service use and costs data

Intervention costs
We focused on the impact of the TH intervention as defined in the protocol. We did
not examine the impact of any one model of service delivery or technology.
Inevitably, there were differences in service delivery models between sites. In order
to estimate the unit costs of TH we investigated and described the processes
involved in producing the interventions, drawing on information provided by
personnel within the sites, including nineteen key informant interviews, and
correspondence with site project teams to collect financial and activity data. This
information was combined to calculate a per-person cost of support, per site
(described below). Unit costs were based on service configurations in 2009/10 when
the projects were running as close to planned capacity than when the trial began in
the previous financial year.

Equipment costs
Information on the prices paid for equipment was provided by the sites. Most
equipment was purchased for the trial (much of it in advance), with the exception of
the TH equipment in Newham, where packages of set-top box and most relevant
peripherals were rented. Information on the monthly charges paid for packages of
rented equipment was provided by that site. The costs of the purchased base units
were annuitised over 5 year; costs of purchased TH peripherals were annuitised over
the same period or over the item's lifetime if this information could be obtained from
the sites or from manufacturers' specifications. Prices were uplifted to the 2009/10
year as necessary using the Hospital and Community Health Services (HCHS)
prices inflator (Curtis, 2010). Sites maintained records of which TH equipment items
were allocated to participants and provided this information to the evaluation team.
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Support costs
The costs of TH support included those of workers involved in both monitoring and
responding to the sensor alerts and triggers, and their supervisors; costs also
included back-office, project-management and training functions. Estimates did not
include posts or parts of posts dedicated to trial recruitment and trial evaluation.
Sites were asked to provide the information required to calculate overheads (oncosts, administrative, premises, capital) on all directly-provided staff. Where sites
were unable to provide details needed for calculating administrative overheads,
these were estimated as 16% of salary costs (Curtis, 2010). Capital overheads were
calculated following PSSRU methods (Curtis, 2010). Spending on software licences,
server maintenance, free-phone telephone numbers and on data transmission from
base units was included in cost calculations. The costs of installation and
maintenance were split into fixed and variable parts. Using detailed information from
one site which had provided a breakdown of expenditure on installation and on
maintenance activities in 2009/10, the proportions of spend on these separate
activities were calculated. These proportions were applied to the costs of installation
and maintenance, whether directly provided or contracted-out, provided by the other
sites. In the case of TH, 90% of the costs related to installers (with associated
administrative and capital overheads, and the cost of ‘equipment support’ in terms of
transport and storage) were considered as fixed, and spread over 5 years. The rest
(10%) was considered as incurred during the 2009/10 year only.
Telehealth monitoring teams
Costs of the 'central' teams (either provided directly by the sites, or by contract) were
estimated 'top-down', dividing total spend by the annual number of TH service users.
However we costed the time spent by local monitoring staff (specialist nurses and
community matrons) in monitoring the TH screen (to avoid double counting with
participant-reported contacts with these professionals) and in participating in training
'from the bottom-up'. Total monitoring time in the year was estimated based on
project teams’ data on the average minutes per day of local monitoring time (2
minutes), to which we applied relevant unit costs calculated based on information
from the project teams on pay-bands and staffing levels (adding on-costs and
nationally applicable capital, indirect and direct overheads (Curtis, 2010). Central
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and local monitoring costs were then summed and divided by the number of
monitored trial participants in that year to give an average yearly cost of monitoring
per participant.
Allocation of equipment and support costs to participants
The average costs per-person of TH (monitoring, installing, maintaining equipment,
dedicated response services in the case of TC) were allocated to the study
participants on the basis of their per-protocol allocation (that is, that they had
received TH equipment). A cost per person of TH support, excluding the costs of
any project management-specific posts and contracts was also calculated. The
annual equivalent costs of TH equipment were attached to the equipment items
recorded as having been provided by the sites. Data on participants' equipment
costs therefore varied between individuals, while TH support costs could only vary
between sites. Prices are given in 2009/10 pounds sterling.
Participant-reported service use and costs
At the baseline assessment, trained interviewers collected information on outcomes
and service use required to estimate treatment and care costs, using the Client
Services Receipt Inventory (CSRI) (Beecham and Knapp, 2001). The CSRI, adapted
for use in this study, collected information on service use, living arrangements,
benefits receipt and employment status. While the CSRI was designed to be
administered as an interview to all participants at baseline, it was designed as a
postal questionnaire for self-completion at 4- and 12-month follow-up assessments.
However, at the final assessment point, participants were contacted if they had not
returned their questionnaire packs, to arrange an interview. We applied nationally
applicable unit costs to the self-reported service use data (Curtis, 2010, DoH, 2011).
Costs of self-reported service use collected for the three months’ prior to 12-month
interview were multiplied by four to give a yearly equivalent for the cost-effectiveness
analysis.
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Statistical analysis
The economic evaluations took a health and social services perspective. The cost
effectiveness analyses were based on net benefit regressions that took the clustered
nature of the data into account (Drummond et al., 2005, Glick, 2007, Hoch et al.,
2002). Net monetary benefit can be defined as WTP x E - C: where WTP
represents the willingness to pay for a unit of outcome gained, E is the extra
outcome and C, the extra cost, associated with the intervention. The net benefit
approach enables costs and outcomes to be considered on the same scale,
sampling uncertainty to be represented, and confounders to be adjusted for
(Drummond et al., 2005). The regression results were employed to create a costeffectiveness acceptability curve (CEAC), which shows the likelihood that the
intervention is cost effective over a range of values of willingness to pay. Values of
willingness to pay for an additional unit of benefit ranged from £0 to £95,000,
including the £20,000 to £30,000 per QALY range associated with NICE (National
Institute for Health and Clinical Excellence) recommendations for adopting health
technologies in the NHS (Devlin and Parkin, 2004, NICE, 2008). The results were
also used to calculate the incremental cost effectiveness ratio, which represents the
extra cost of a unit of outcome gained as a result of the addition of the intervention to
standard care, and is found at the point at which net monetary benefit is equal to
zero (Drummond et al., 2005, Glick, 2007).

The intervention would be seen as cost-effective if the societal willingness to pay for
an extra unit of outcome is greater than the ICER. Multilevel, population-averaged
models of cost and effect were fitted using generalized estimating equations (GEE)
(Ballinger, 2004, Zeger and Liang, 1986) with the general practice as the cluster
identifier. Analyses were performed in Stata using the command xtgee, specified a
log-link function and assumed a gamma distribution, and an exchangeable
correlation structure, and included semi-robust standard errors

In the TH analyses, models of net monetary benefit explored the probability that TH
is a cost-effective addition to standard care across a range of willingness-to-pay for
an unit gain in outcome, adjusting for baseline costs, baseline utility (Manca et al.,
2005) or baseline secondary outcome measure, and for site, age, sex, ethnicity,
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Index of Multiple Deprivation 2007 quintiles, (Noble et al., 2008), count of chronic
conditions (sourced from acute hospital records (Steventon et al., 2012) and the
index long-term condition.

Missing data
Missing cost and outcome data were multiply imputed in SPSS v.19 (Corporation,
2010). Not all participants had completed every item within the CSRI; because of the
large number of items in each category of service use/cost, multiple imputation of
costs was undertaken (in the categories as given in Tables 4.2.1 and 4.2.2). The
models included as predictors socio-demographic variables (e.g. age, sex, site,
Index of Multiple Deprivation scores, ethnicity), trial-related variables (e.g. allocation,
withdrawal reasons, and categories of baseline or 12-month follow-up costs and
outcome measures at all time points: measures of health-related quality of life (e.g.
EQ-5D), well-being (e.g. ICECAP), psychosocial outcomes (e.g. depression,
anxiety, self-efficacy). A small number of participants (n=5) completed the outcome
measures but did not complete the CSRI and were dropped from analyses. 10
complete datasets were created by the imputation process, which were first analysed
and then combined (in Stata). Data on participants were analysed according to their
randomised allocation (intention-to-treat), although small numbers in the TH group
received usual care and a few control group members received the intervention.
Seventeen participants were randomised to usual care but received TH, and six
participants were randomised to TH but did not receive any equipment.

Sensitivity analyses
Decreases in the costs of equipment
Equipment prices could fall over time as technology evolves, and this could impact
upon the overall costs of the intervention. We explored the effect of falling input
prices, drawing on data obtained from the Department of Health on equipment prices
in the North American markets in 2010. Decreases of 50% and 80% were applied to
equipment prices calculated for the trial.
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At-capacity scenario
Initial planning was for the monitoring of approximately 1000 people per site for a few
months during the trial, as those in the intervention group were joined by those in the
control group; but teams were monitoring about half to three-fifths of the original
target in 2009/10. Sensitivity analyses explored the at-capacity costs of a service
monitoring 1000 people in each site, assuming that central teams would not needed
to increase staffing levels to cope with additional demand, and that participant
outcomes and service configurations would not have changed at the larger scale
(Table 4.2.3 gives the intervention unit costs used for this scenario).

4.2.4. Results

Cost effectiveness
At baseline, service use data collected through the CSRI were available for 845 TH,
and 728 usual care, participants and at 12-month follow-up, there were costs data for
969 participants (538 TH, 431 usual care). Costs were available at both the baseline
and the 12-month follow-up for 965 people (534 TH and 431 usual care).

About 38% of participants had dropped out of the questionnaire study by the time of
the 12 month follow-up. Baseline characteristics are presented in Table 4.2.4
grouped by: participants for whom baseline economic data were available,
participants who completed the study instruments at 12 months and participants who
did not complete the 12 month questionnaires. These groups were broadly similar in
terms of these characteristics at the outset of the trial, except that there was a
significantly larger proportion of the usual care group with heart failure (38%) than in
the TH group (31%) (z = 2.6894, p=0.0072) and a larger proportion of the TH group
with COPD (40%) than in the control group (34%) (z=-2.5087, p=0.012). There were
also imbalances between groups by first and second Index of Multiple Deprivation
(Noble et al., 2008) quintiles (see Table 4.2.4), but the mean scores were not
substantially different. Comparing the baseline and follow-up samples within
treatment group, these were similar in terms of age, number of comorbidities, health
and social care costs, the proportion of women and proportions with index conditions
of COPD and heart failure. There were statistically significant differences between
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the baseline and follow-up TH samples in terms of mean Index of Multiple
Deprivation score and proportion within the fifth quintile of Index of Multiple
Deprivation scores, proportion with an index condition of diabetes (see footnotes
Table 4.2.4). The balance of long-term conditions in the intervention group thus
shifted somewhat, but at both points COPD participants made up the largest group;
in the control group, heart failure participants made up the largest group. The
proportion of participants in the sample from the fifth (most deprived) quintile of Index
of Multiple Deprivation was significantly lower at follow-up (15%) than at the baseline
(20%). This was reflected in the mean Index of Multiple Deprivation scores which
were also lower at follow-up (26.1) than at baseline (27.7) in the intervention group
(p=0.046). There were no statistically significant differences between characteristics
at baseline and follow-up completion samples in the control group.

Service use and costs
Individual items of service use were not imputed, with raw means for the non-missing
cases summarised in Table 4.2.1. Reported use of most services was quite similar
between TH and usual care, although reported contacts with services for the TH
group are in general slightly lower.

Annual direct intervention delivery and equipment unit costs, and intervention unit
costs excluding project management-specific costs, are given as ranges in Table
4.2.3. There was considerable cross-site variation, partly because of differences in
the extent of contracting out, project management structures, and lead partner.
Based on these unit costs, the average annual cost per participant for TH equipment
and support, for participants who had received equipment and for whom costs data
were available at 12-month follow-up, was estimated as £1,847 (SE £11.3).

Costs of self-reported service use over the three months prior to trial end-point are
presented by category (Table 4.2.2), the means summarising the costs derived from
the imputation process. Excluding the direct costs of the intervention, hospital costs
made up about half of the total across all participants, with primary care costs
making up about 18%, the combined costs of social care, day care and equipment
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costs about 16%, and medications about 18%. For the intervention group, the threemonth direct equipment costs averaged £166 per person and other direct costs of
TH were £289 per person, representing 18% and 10% respectively. Excluding
intervention-specific costs, TH group costs were somewhat lower, with a
standardised difference in costs of about 12% between groups; including direct
intervention costs, TH group costs were somewhat higher (a standardised difference
of 10%). Total health and social care costs for the three months’ prior to 12-month
interview, were £1,139 and £1,380 for the TH and usual care groups, respectively,
excluding the direct costs of the intervention, and £1596 and £1390, respectively, if
these direct costs are included.

Cost-effectiveness
Costs and outcomes data from the net benefit analyses are displayed in Table E, as
are the corresponding raw means for base case costs and outcomes (n=965). The
difference between the groups in raw mean QALY was small. In the adjusted net
benefit model, there was little difference between the groups in this primary outcome
at trial end-point (mean difference 0.012) or in ICECAP-O (0.012). On the CES-D10
and brief STAI adjusted mean scores, the TH group scored slightly higher than the
control group (0.128 and 0.042, respectively). Costs including intervention costs
were higher among the intervention group than the usual care group. The net benefit
regression analyses showed an incremental cost-effectiveness ratio of £92,000 per
QALY (Table 4.2.5). Excluding project management costs, the ratio fell to £79,000.
In terms of other outcome measures, the cost-effectiveness ratio for an improvement
from no capability to full capability on the ICECAP-O was £98,000. The ratio for a
movement from worst to best on the brief anxiety STAI scale was £27,000; for the
CES-D10, the ratio was £8,000 for achieving a 5-point reduction on the scale.

Whether TH is considered to be cost-effective will depend on willingness-to-pay for
the outcomes it generates. The probability that TH would be seen as cost-effective
as an addition to usual care is illustrated by the acceptability curve for different
willingness-to-pay values in Figure 4.2.1. At the £30,000 threshold associated with
NICE recommendations, (NICE, 2008) the probability of cost-effectiveness is 11%.
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Figure 4.2.1 also illustrates the probability of cost-effectiveness if project
management-related costs are excluded: at the £30,000 threshold, the probability of
cost-effectiveness is 17%; indeed this probability only exceeds 50% at willingnessto-pay threshold values above £90,000; and excluding project management costs,
the probability exceeds 50% only at values above about £79,000.

Looking at the ICECAP-O capability index, TH would not be cost-effective at
willingness-to-pay values below £95,000 for an improvement from no capability to full
capability (Figure 4.2.2). Although there were apparently larger differences between
intervention and control groups in state anxiety and depression symptoms, these are
difficult to interpret. The probability of cost-effectiveness for a movement from worst
to best on the brief STAI only exceeds 50% at willingness-to-pay levels above about
£27,000 (Figure 4.2.3). The probability that the treatment is cost-effective in
achieving a 5-point reduction on the CES-D10 exceeds 50% at willingness-to-pay
levels above about £9,000, and reaches 90% at a willingness-to-pay threshold of
about £30,000 (Figure 4.2.4).

Sensitivity analyses
Reductions and increases in equipment costs
Equipment costs contributed a sizeable proportion of per-person direct costs for the
TH group. The 3-month costs estimated for use in the net benefit sensitivity analyses
are also given in Table 4.2.2. Reducing equipment prices by 80% reduces estimated
annual mean costs (unadjusted) for the TH group from £6,384 (SE £355) to £5,845
(SE £354); but total costs of the TH group remained slightly higher than for usual
care (difference of £299, or a standardised difference of 4%). Modelling the effect of
lowering equipment prices by 50%, total costs for the TH group were £496 higher
than for the usual care group (a standardised difference of 6%). Under the 80%
reduction in equipment costs scenario, the incremental cost-effectiveness ratio fell to
£52,000 per QALY (see Table 4.2.5). In the full-utilisation scenario, the annual mean
costs of the TH group were reduced to £5,909 (SE £354).
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Reduction in equipment costs and full-utilisation scenario
The two sensitivity analyses were also combined. At an 80% reduction in equipment
costs and a reduction of labour costs associated with working at higher capacity, the
difference between groups decreases to the point that unadjusted total annual mean
costs of TH per participant are £166 less than usual care, £5,370 (SE £354) (a very
small standardised difference of -2%). At a 50% reduction in equipment costs and
with the same decreased labour costs, the unadjusted mean cost for the TH group is
£31 less than that of the usual care group (mean TH costs being £5,572 (SE £354),
a standardised mean difference of 0.40%). However, in the adjusted model of costs
derived from the net benefit regression analyses, the costs remain higher for the TH
group, assuming 80% and 50% input price reductions and higher capacity (£109 and
£308 greater than for usual care, respectively).

Assuming an 80% reduction in equipment costs and operating at the higher capacity,
the cost-effectiveness ratio fell to £12,000 per QALY. Cost-effectiveness
acceptability curves for all sensitivity analyses are displayed in Figure 4.2.5, and do
not suggest any substantial changes to the results: assuming an 80% reduction in
equipment costs, the probability that TH is cost-effective was 34% at a willingnessto-pay of £30,000 per QALY. Results from the sensitivity based on operating at
increased capacity were similar. However, combining the scenarios increased the
likelihood that TH is cost-effective to 61% for a willingness-to-pay of £30,000 per
QALY.

4.2.5. Discussion

This is the largest pragmatic randomised controlled trial of TH in England, with cost
and outcome data at 12 months for 969 individuals in the nested questionnaire
study.

Strengths and weaknesses
A limitation of self-report service use data is that respondents may under-report,
particularly if they are frequent users of a service (Bhandari and Wagner, 2006,
Richards et al., 2003). However, self-report data remains the only way to collect data
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for a wide range of health and social care services, since administrative data are
agency- or service-specific and not always reliable. It has been recommended that a
shorter period of recall is used for frequently used services (Bhandari and Wagner,
2006) and in this study we used a three-month timeframe. We assumed that costs
between 9 and 12 months could be multiplied up to a yearly cost, making our costeffectiveness findings conservative, as the theme 1 evidence demonstrates that
initial differences between groups in terms of bed days narrowed over the period of
the intervention. However, the pattern associated with acute hospital services cannot
be assumed to hold with more frequently used and less episodic services, such as
community nursing or home care.

The extent to which the costs and outcomes differed between those who completed
the 12-month follow-up and those who did not is not known. By adjusting for baseline
demographic and cost covariates that might influence the decision to complete at
long-term follow up, our analysis goes some way to address any drop-out
imbalances between intervention and control groups.

A number of issues are likely to arise in the economic evaluation of this complex
intervention (Craig et al., 2008). Users may be a heterogeneous group and be highly
involved in the production of care, complicating the relationship between inputs and
outputs; multiple agencies may be involved in delivering the intervention (Byford and
Sefton, 2003). Inevitably heterogeneity will have arisen from differences in the
delivery of the interventions. Variations occurred in the mixture and balance of
mainstream services within and between health and social care providers in project
sites. That the intervention took place in multiple sites is an advantage in increasing
generalisability, but it made it more difficult to specify the intervention to be used and
to identify which features might have been more helpful in improving health-related
quality of life. On the other hand, there were core features of the TH intervention
across sites: store-and-forward systems, patient education protocols, computerised
risk-based classification of vital signs data, and central monitoring teams.
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Costs at 12 months by condition
The cost effectiveness analysis was designed to examine the costs of health and
social care of intervention and control participants, across the three long-term
conditions. Table 4.2.6 gives a breakdown by condition of costs in the 3 months prior
to 12-month follow-up assessment. There were relatively few noticeable differences
in subcategories or total costs between the allocation groups, by condition, and none
of these were significant on a t-test (except for telehealth-specific support and
equipment costs, as would be expected). The difference between treatment groups
in hospital costs of participants with COPD and HF were rather larger than for
participants with diabetes, but the confidence intervals of the difference are very
wide for all three groups.

Table 4.2. 2. Costs for 3 months prior to 12 month follow up‡
Cost categories

Total hospital costs
Total primary care costs
Total care home respite costs
Total community care costs
Total mental health care costs
Total day care costs
Total adaptations costs
Total equipment costs
Total medication costs
Total costs excl. TH support†
Total costs inc. TH support†
TH equipment costs

Usual care
(se)
(n=431)

Telehealth
(se)
(n=538)

Raw difference

666 (74.9)
244 (21.4)
1 (1.5)
193 (39.6)
8 (4.5)
43 (11.4)
2 (0.6)
0 (0.2)
222 (7.4)
1380 (102.4)
1390 (102.6)
4 (1.4)

519 (67.8)
211 (17.1)
2 (1.7)
140 (29.6)
6 (2.6)
28 (9.6)
2 (0.5)
1 (0.2)
230 (7.1)
1139 (88.6)
1596 (88.6)
168 (2.8)

-148 (-346.1, 51) -9.4
-33 (-86.3, 19.8) -8.0
0 (-4.3, 4.7)
0.5
-53 (-147.8, 42.4) -7.0
-3 (-12.4, 7.2)
-3.3
-14 (-43.5, 14.6) -6.3
0 (-1.5, 1.6)
0.6
0 (-0.3, 0.6)
3.0
8 (-11.9, 28.7)
5.3
-242 (-506.5, 23) -11.6
206 (-58.5, 471.4) 9.9
165 (158, 171.2)** 169.6
284 (279.3,
287.8)**
195.7

TH intervention costs
6 (1.9)
Sensitivity
at 80% reduction in
equipment prices
1387 (102.5)
at 50% reduction in
equipment prices
1388 (102.5)
at capacity
1387 (102.5)
at capacity+80% reduction in
equipment prices
1384 (102.4)
at capacity + 50% reduction
in equipment prices
1385 (102.5)

289 (1.2)

1461 (88.6)

Standardised
difference %

(95% CI)

1512 (88.6)
1477 (88.6)

75 (-190.2, 339.7) 3.6
124 (-140.9,
389.1)
5.9
90 (-174.9, 355.1) 4.3

1343 (88.6)

-42 (-306.5, 223.3) -2.0

1393 (88.6)

8 (-257.1, 272.7) 0.4

‡ for 969 participants with costs data available at follow up
† delivery & equipment
** p <0.001, t-test
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Table 4.2.1 Mean service use (contacts) (3 months), across telehealth sample, at 12 month follow up
Service used

Usual care
(SE)
(n=431)

Hospital use
A&E
0.38 (0.07)
Inpatient bed days
1.23 (0.24)
Day Hospital and other day
attendances
0.51 (0.12)
Outpatient attendances
1.26 (0.13)
Community health services/primary care
Paramedic
0.18 (0.04)

Telehealth
(SE)
(n=538)

Raw
difference
(TH-UC)

Standardised
difference
(TH-UC)

Unit Cost

Unit

0.23 (0.04)
0.98 (0.22)

-0.15*
-0.25

-13.7
-5.0

103.00 - 133.00
116.00 – 1657.00

per attendance (DoH, 2011)
per day (DoH, 2011)

0.39 (0.1)
1.07 (0.08)

-0.13
-0.18

-5.4
-8.3

156.00 – 1496.00
23.00 – 306.00

per attendance (DoH, 2011)
per attendance (DoH, 2011)

0.13 (0.02)

-0.05

-8.0

192.00

per visit (Curtis, 2010)
per minute
per visit (Curtis, 2010)
per minute (Curtis, 2010)
per minute (Curtis, 2010)
per visit (Curtis, 2010)

(£)

Community matron (visit)
Community matron (telephone)

0.76 (0.15)
0.2 (0.04)

0.7 (0.14)
0.38 (0.1)

-0.06
0.18

-1.9
10.4

Community or district nurse (visit)
Community or district nurse
(telephone)
Practice nurse
Night nurse
Specialist nurse
Physiotherapist or occupational
therapist

0.73 (0.26)

1.26 (0.74)

0.53

4.2

1.31
38.00
1.28
1.13
24.00

0.14 (0.06)
1.5 (0.15)
0 (0)
0.69 (0.1)

0.24 (0.07)
1.26 (0.11)
0.01 (0.01)
0.64 (0.08)

0.10
-0.24
0.01
-0.05

6.8
-9.3
6.1
-2.6

0.52
0.52
0.50
0.95-1.31

per minute (Curtis, 2010)
per minute (Curtis, 2010)
per minute (Curtis, 2010)
per minute (Curtis, 2010)

0.7 (0.3)

0.29 (0.08)

-0.41

-10.9

GP (home)

0.37 (0.07)

0.23 (0.07)

-0.13

-11.1

GP (surgery)
GP (telephone)
Dentist
Chiropodist
Optician

1.69 (0.09)
0.52 (0.07)
0.42 (0.06)
0.61 (0.13)
0.48 (0.09)

1.7 (0.1)
0.42 (0.04)
0.45 (0.05)
0.6 (0.11)
0.37 (0.04)

0.01
-0.10
0.03
-0.01
-0.11

0.7
-10.6
3.2
-0.4
-8.4

0.65
4.00
94.00
2.40
28.00
17.00
86.85
35.37
20.26

per minute (Curtis, 2010)
per minute (Curtis, 2010)
per visit
per minute
per visit (Curtis, 2010)
per consultation (Curtis, 2010)
Contact (DoH, 2011)
Contact (DoH, 2011)
per eye test (DoH, 2009a)
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Community mental health
Psychiatrist
Mental health nurse
Community care services
Social worker
Day and evening home care/home
help
Paid night carer
Meals on Wheels
Major and minor adaptations
Equipment inc. mobility, ADL
Care home respite
Days
Day services

Day care and other day attendances
Medications
Number of medications

0.02 (0.01)
0.02 (0.01)

0.02 (0.01)
0.03 (0.02)

-0.00
0.01

-0.2
3.6

4.72
0.83

per minute (Curtis, 2010)
per minute (Curtis, 2010)

0.35 (0.23)

0.16 (0.05)

-0.19

-6.0

0.92

per minute (Curtis, 2010)

6.36 (1.4)
0.19 (0.11)
0.45 (0.26)
0.07 (0.02)

4.98 (1.5)
0.4 (0.24)
0.65 (0.46)
0.08 (0.02)

-1.38
0.21
0.20
0.01

-4.3
4.9
2.3
3.5

0.42
0.50
5.00
1.50 – 455

0.17 (0.04)

0.19 (0.03)

0.02

2.2

0.20 - 97.5

per minute (Curtis, 2010)
per minute (Curtis, 2010)
per meal (Curtis, 2010)
per adaptation (Curtis, 2010)
per item (Curtis, 2010, Chain,
2010, DoH, 2010a)

0.02 (0.02)

0.03 (0.03)

0.00

0.5

63.72 - 70.57

per day (Curtis, 2010)

0.59 (0.18)

0.44 (0.16)

-0.15

-4.1

36.00-155.82

per attendance (Curtis, 2010,
Rogers et al., 2006, Foundation,
2006, DoH, 2011)

8.57 (0.23)

8.64 (0.2)

0.07

1.7

various

Various (Centre, 2011b)

*p<0.05, t-test
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Table 4.2.3. Intervention costs, 2009/10
Range (£ per
annum)
In-house staff costs*

338,598 -540,381

Computer hardware&peripherals

188,249 - 490,748

Computer software

86,064 - 39,678

Installation

17,914 - 69,185

Contract costs/fees to other organisations

8,623 - 261,588

TOTAL DIRECT COST

840,464 1,168,671

TOTAL DIRECT COST PER PARTICIPANT (A+B)

1,487 - 2,042

A. Total costs per participant, excluding cost of equipment

1,134 - 1,241

(base unit costs+peripherals-specific costs)
A. less project management-specific posts and

804 – 1,199

contracts
A. “At capacity”: 1000 participants scenario‡
B. Total costs of equipment (base unit costs+ peripherals-

580 - 733
334 - 852

specific costs) per participant
* excludes installation staff, reported separately
‡ for sensitivity analyses
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Table 4.2.4. Baseline characteristics of participants with available baseline economic data, at baseline and 12 month follow-up
Total baseline sample

Completed 12 month follow-up study instruments

Did not complete 12 month follow-up

Usual
Telehealt Raw
p* Standardised
care (sd) h (sd)
difference
difference

Usual
Telehealt Raw
p* Standardised
care (sd) h (sd)
difference
difference

(n=728)

(n=431)

Usual
Telehe Raw
p* Standardised
care (sd) alth
difference
difference
(sd)
(n=297) (n=302)

(n=841)

(n=534)

Age

70.1
70.6 (11.8) (11.8)

-0.46

-4.0

70
70.1 (11.7) (10.7)

-0.12

-1.1

70.5
71.3 (11.9) (13.5)

-0.78

-6.1

Female

40

1.4%

2.9

37.6

3.9%

8.1

43

41
30.6
29.8 (13.9) (15.8)

-2.0%

-4.1

0.72

4.9

16.5

21.2

4.7%

12.0

19.9

15.2

-4.6%

-12.2

41

IMD§
28.6 (13.8) 27.7 (15)
1st
quintile† 17.9
25.6
2nd
quintile† 22.7
16.8
3rd
quintile† 17
18.4
4th
quintile† 23.1
19.5
5th
quintile†§
§
19.4
19.7

-0.87

COPD
Heart
failure

7.7%
-5.8%

-6.0
0.0
00 18.4
0.0
04 -14.7

41.57

27.7 (13.7) 26 (14.3) -0.87
18.9

28.2

-167.7%

24.5

17.6
19

-6.9%

1.4%

3.7

18.4

-3.7%

-8.8

20.2

0.4%

0.9

18.1

20.4

-12.0
0.0
01 21.9
0.0
10 -16.9

0.6%

1.5

15.2

17.5

2.4%

0.2%

0.5

27.3

17.9

-9.4%

6.5
0.0
06 -22.5

-3.3%

-8.9

21.2

28.1

6.9%

0.0
49 16.1

35

32.8
28.5

-2.2%

-4.7

-5.2%

-11.2

7.4%

15.6

14.8

33.5

39.7

6.1%

37.8

31.3

-6.5%

Diabetes‡ 28.7
Comorbid
ities
2 (1.9)
Baseline 1276
costs
(1628)

29

0.3%

1.8 (1.8)
1243.5
(1687)

Site 1

32.1

Site 2
Site 3‡‡
WhiteBritish†

0.0
11 12.8
0.0
07 -13.7

0.0
00 22.5
0.0
17 -15.5

32.5

43.4

11.0%

40.6

33.1

-7.5%

0.7

26.9

23.4

-3.5%

-8.1

31.3

38.7

-0.18

-9.7

-12.0

-1.9

1.8 (1.8)
1172
(1620)

-0.22

-32

2 (1.9)
1096
(1408)

76

5.0

2.1 (1.8)
1536
(1875)

30.4

-1.7%

-1.9

30.6

32.6

2.0%

4.2

34.3

2 (1.9) -0.09
1341
(1751) -195
26.8
-7.5%

38.9

40.7

1.8%

2.0

42.7

44.2

1.5%

3.0

33.3

34.8

1.4%

3.0

29
86.3
(n=628)

28.9
86.9
(n=730)

-0.2%

-0.2

26.7

23.2

-3.5%

-8.0

32.3

38.4

6.1%

12.7

0.6%

1.7

87.5

89.5

2.0%

6.4

84.5

82.9

-1.6%

-4.3

33.7

-4.9
-10.7
0.0
46 -16.3
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* p values of z-tests of proportions
§ Difference between means of TH group sample at baseline and 12 month follow-up: p<0.05, t=2.09 (unpaired t test)
† imputed data
§§Difference between proportions of patients in TH group at baseline and 12 month follow-up: z=2.34, p<0.05
‡ Difference between proportions of patients in TH group at baseline and 12 month follow-up: z=2.29, p<0.05
‡‡ Difference between proportions of patients in TH group at baseline and 12 month follow-up: z=2.32, p<0.0
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Table 4.2.5. Differences in costs1 and effect between TH and usual care at 12 month follow-up, from net benefit
analyses. Data are mean (95% CI) unless otherwise stated

Primary outcome
QALY (raw mean difference)†
Cost (£; raw mean difference)†
QALY (adjusted mean difference)§‡
Cost (£; adjusted mean difference)§
ICER (£ per QALY)§±
Costs excluding project management costs (£)
Raw mean difference†
Adjusted mean difference§
ICER (£ per QALY)§±
Sensitivity analyses
Equipment prices reduced by 50%
Cost (£; adjusted mean difference)§
ICER (£ per QALY)§±
Equipment prices reduced by 80%
Cost (£; adjusted mean difference)§
ICER (£ per QALY)§±
Operating at increased capacity
Cost (£; adjusted mean difference)§
ICER (£ per QALY)§±
Operating at increased capacity and equipment
prices reduced by 50%
Cost (£; adjusted mean difference)§
ICER (£ per QALY)§±
Operating at increased capacity and equipment
prices reduced by 80%
Cost (£; adjusted mean difference)§
ICER (£ per QALY)§±

Usual care (n=431)

Telehealth (n=534)

Between group difference
or ICER (95% CI)

0.549 (0.52 to 0.577)
5559 (4752 to 6366)
—
5401 (4498 to 6305)

0.560 (0.535 to 0.585)
6384 (5688 to 7081)
—
6511 (5905 to 7116)
—

0.012 (0.026 to 0.049)
826 (689 to 2340)
0.012
1110 (1 to 2220)
92 000 (0 to undefined)

5555 (4748 to 6362)
5395 (4492 to 6297)
—

6193 (5491 to 6895)
6322 (5712 to 6933)
—

637 (427 to 1702)
928 (184 to 2040)
79 000 (undefined)

5395 (4492 to 6298)
—

6174 (5566 to 6782)
—

779 (333 to 1890)
68 000 (undefined)

5391 (4488 to 6295)
—

5972 (5362 to 6582)
—

580 (532 to 1693)
52 000 (undefined)

5395 (4491 to 6299)
—

6034 (5430 to 6638)
—

639 (471 to 1749)
57 000 (undefined)

5389 (4486 to 6293)
—

5697 (5090 to 6304)
—

308 (803 to 1419)
31 000 (undefined)

5386 (4482 to 6289)
—

5495 (4886 to 6104)
—

109 (1002 to 1221)
12 000 (undefined)
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Secondary outcomes
ICECAP-O
Raw mean difference†
Adjusted mean difference§‡
ICER (£)§±
Brief STAI
Raw mean difference†
Adjusted mean difference§‡**
ICER (£)§±
CESD-10
Raw mean difference†
Adjusted mean difference§‡††
ICER (£)§¶

0.751 (0.734 to 0.768)
—
—

0.766 (0.75 to 0.781)
—
—

0.014 (0.011 to 0.031)
0.012
98 000 (8000 to undefined)

11.495 (11.093 to
11.896)
—
—

10.694 (10.347 to 11.04)

0.801 (1.327 to 0.275)

—
—

0.762
27 000 (1000 to 86 000)

10.506 (9.882 to 11.13)
—
—

9.725 (9.17 to 10.281)
—
—

0.781 (1.613 to 0.052)
0.639
9 000 (0 to 160 000)

1

Annual equivalent costs.

†Cases for which costs data at baseline were available
‡Derived from slope of net monetary benefit line
§From net benefit analyses, data adjusted for baseline costs, baseline outcome, site, demographic covariates (age, sex, ethnicity,
IMD, number of chronic conditions, index condition)
±Rounded to nearest 1000
**Retransformed to original scale to enable comparison with raw mean difference; transformed mean=0.042
††Retransformed to original scale to enable comparison with raw mean difference; transformed mean=0.128
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Table 4.2.6 Costs in the 3 months prior to 12-month follow-up‡
COPD

Heart Failure

Usual care
(se)
(n=140)

Telehealth
(se)
(n=232)

Telehealth
(se)
(n=179)

453 (88.9)

(95% CI)
-156 (-449.7,
136.8)

Usual
care (se)
(n=175)
687
(129.5)

483 (92.8)

(95% CI)
-204 (-515.8,
108.5)

610 (123.1)
261 (50.8)

228 (35.1)

-33 (-150.7, 85.2)

212 (20.3)

185.1 (16.91)

5 (4.6)

0 (0)

0 (0)

235 (99.4)

165 (61.1)

-5 (-11.6, 2.3)
-70 (-286.2,
147.1)

0 (0)
38 (19.3)
4 (1.5)
1 (0.5)
212 (15.1)
1364 (192)
1368
(192.1)

7 (3.8)
21 (11.5)
3 (1)
1 (0.2)
243 (12.5)
1121
(140.3)
1579
(140.2)

1 (1.5)

171 (4.3)

2 (2)

287 (1.4)

7 (-3.1, 16.3)
-16 (-57.8, 24.9)
-1 (-4, 2.9)
0 (-1.1, 0.7)
31 (-8.7, 69.8)
-243 (-703.9,
217.1)
211 (-249.6,
671.4)
169 (157.9,
180.2)**
285 (280.6,
289.9)**

Total hospital costs
Total primary care
costs
Total care home respite
costs
Total community care
costs
Total mental health care
costs
Total day care costs
Total adaptations costs
Total equipment costs
Total medication costs
Total costs excl. TH
support†
Total costs inc. TH
support†
TH equipment costs
TH intervention costs

Raw difference

Diabetes
Usual care
(se)
(n=116)

Telehealth
(se)
(n=127)

704 (132)

688 (197.9)

(95% CI)
-15 (-493.1,
462.3)

-27 (-78.9, 25)

272.8 (40.23)

216.4 (23.63)

-56 (-146.5, 33.6)

0 (0.01)

0 (-0.1, 0.1)

0 (0.01)

7 (7.02)

7 (-7.5, 21.5)

167 (40.1)

130.5 (35.8)

-37 (-142.4, 68.6)

181.1 (60.71)

108.3 (27.5)

-73 (-200.3, 54.8)

5 (3.5)
34 (16.7)
2 (0.9)
0 (0.1)
229 (10)
1336
(146.9)
1344
(147.4)

1.9 (1.6)
35.2 (18.65)
1.1 (0.66)
0.6 (0.35)
216 (11.7)

-3 (-10.3, 4.7)
1 (-47.9, 50.8)
-1 (-2.8, 1.4)
0 (-0.4, 1)
-13 (-43, 17.8)
-282 (-648.3,
84.5)

24.1 (15.8)
62.1 (24.8)
0.1 (0.05)
0.3 (0.21)
223 (14.4)

9.9 (8.45)
31.1 (22.89)
1.3 (0.82)
0.4 (0.26)
228 (11.1)

1468 (207)

1290 (221.8)

1485 (207.4)

1756 (222.5)

4 (2)

167 (5)

7 (3.5)

166 (5.5)

5 (3)

284 (2.9)

161 (-205.4, 527)
164 (152.9,
174.5)**
279 (271,
287.2)**

10 (5.1)

299 (1.1)

-14 (-48.6, 20.3)
-31 (-97.3, 35.4)
1 (-0.6, 2.9)
0 (-0.5, 0.8)
4 (-31.3, 39.5)
-177 (-777.9,
423.4)
271 (-331.3,
873.5)
159 (146.3,
172.4)**
289 (279.3,
298.8)**

1054 (115.4)
1505 (114.6)

Raw difference

Raw difference

‡ for 969 participants with costs data available at 12-month follow-up
† delivery & equipment
** p <0.001, t-test

76

Figure 4.2.1 Cost-effectiveness acceptability curve: QALY – qualityadjusted life year

Figure 4.2.2 Cost-effectiveness acceptability curve: ICECAP-O – capability
index for older people
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Figure 4.2.3 Cost-effectiveness acceptability curve: brief STAI – shortform Spielberger State-Trait Anxiety Inventory

Figure 4.2.4 Cost-effectiveness acceptability curve: CES-D10 – shortform Center for Epidemiologic Studies Depression Scale
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Figure 4.2.5 Cost-effectiveness acceptability curve: Sensitivity analyses.
QALY – quality-adjusted life year
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4.3. Telehealth- Patient reported outcomes and processes
4.3.1. Background
Evaluations of service innovations such as TH require assessment of the impact
from the patient’s perspective using self-report measures such as quality of life,
psychological outcomes and acceptability of services. This is in line with the
developing agenda on patient reported outcomes (PROs) (Administration, 2009,
Agency, 2005, DoH, 2009b, Dawson et al., 2010, Greenhalgh et al., 2005a) and
complements more familiar outcomes, such as service use, costs and mortality.

Generic health-related quality of life (HRQoL), anxiety and depression are PROs
relevant to patients with the three LTCs that are the focus of the Whole Systems
Demonstrator (WSD) Evaluation (Bower et al., 2011). It is well established that
HRQoL is reduced and anxiety and depression are elevated for patients with
diabetes (Glasgow et al., 1997, Lloyd et al., 2000, Peyrot and Rubin, 1997), chronic
obstructive pulmonary disease (COPD) (Ferrer et al., 1997, Mikkelsen et al., 2004,
Putman-Casdorph and McCrone, 2009) and heart failure (HF) (Rutledge et al., 2006,
Konstam et al., 2005, Heo et al., 2007). HRQoL, anxiety and depression have been
linked with poorer outcomes on endpoints including self-management, disease
control, health service utilisation, costs and mortality (Ciechanowski et al., 2000,
Moussavi et al., 2007, Yohannes et al., 2010, Maurer et al., 2008, Rodriguez-Artalejo
et al., 2005).

However, evidence for the effect of TH on these outcomes is unclear. At least seven
systematic reviews have examined the impact of TH on HRQoL in HF (Martinez et
al., 2006, Clark et al., 2007, Maric et al., 2009, Inglis et al., 2010, Polisena et al.,
2010a, Schmidt et al., 2010, Clarke et al., 2011) and while most conclude that TH is
beneficial, such inferences are not supported by the evidence they present.
Typically, the reviews are poorly reported (e.g. they report how many studies found a
significant association but do not report how many studies looked for an association
and failed to find one (Maric et al., 2009)), combine outcomes comprising
conceptually distinct outcome measures (e.g. HRQoL with patient satisfaction and
medication adherence (Polisena et al., 2010a)) and fail to balance the evidence
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appropriately (Clarke et al., 2011). In the most transparent reviews, only one of three
(Clark et al., 2007) and three of seven (Inglis et al., 2010) studies evaluating THbased vital signs monitoring report any statistically significant associations between
TH and improvements in HRQoL. Overall, claims that TH improves HRQoL for HF
patients are unsubstantiated (Schmidt et al., 2010).

Two systematic reviews have examined the effect of TH on HRQoL for patients with
COPD and reported ambiguous evidence with half the studies suggesting a
significant positive effect of TH on HRQoL and half showing no effect (Bolton et al.,
2011, Polisena et al., 2010b).

One systematic review has investigated the effect of TH on HRQoL in diabetes
(Polisena et al., 2009b) and this confounds two PROs with very different meanings,
HRQoL and patient satisfaction. Only five studies actually measured HRQoL and, of
these, three found no difference between telephone support and usual care (UC)
(Maljanian et al., 2005, Piette et al., 2000, Whitlock et al., 2000), one failed to report
differences between TH and UC (Jansa et al., 2006) and one pre-post study of TH
found statistically significant improvements on only three of eight sub-scales (RolePhysical, Bodily Pain, Social Functioning) from the SF-36 (Chumbler et al., 2005).

Despite their importance, few studies have examined anxiety or depression. This
omission is important given concerns about the potential detrimental effects of TH on
patients e.g. increasing patients’ burden of work (Rogers et al., 2011) and increasing
the sense of isolation for vulnerable individuals by reducing face-to-face contact with
health care professionals.

The danger of relying on even high quality systematic reviews when pooling data
from low quality studies was underscored in a large-scale, multicentre evaluation of
automated telephone-based monitoring for patients with HF (Chaudhry et al., 2010).
In contrast to a recently updated Cochrane Review (Inglis et al., 2010), this study
found no evidence of benefit for (interactive telephone-based) telemonitoring on any
outcome examined. These results highlight the need for rigorous, large scale, high
quality independent studies to evaluate healthcare interventions prior to wide scale
adoption (Chaudhry et al., 2010, Chaudhry et al., 2011).
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The nested WSD TH Questionnaire Study is described below. Assessments were
conducted at four and 12 months after recruitment (the last 12-month assessment
took place in December 2010). A CONSORT diagram of general practice and
participant flow into the WSD TH Trial and the WSD TH Questionnaire Study
(N=1,573) is presented in section 3, Samples (Figure 3.3.1, see p. 80). Table 4.3.1
(p. 133-4) compares sample characteristics at baseline (BL) across the parent RCT
and the nested questionnaire study.

4.3.2. Methods (including sub-sample description and measures)

Patient reported outcomes
Findings in the current report are based on instruments assessing different domains
of generic HRQoL (SF-12; EQ-5D), anxiety (Brief State-Trait Anxiety Inventory; Brief
STAI) and depressive symptoms (Center for Epidemiologic Studies Depression
Scale; CESD-10).

The SF-12 (Cornford, 2000) is a 12-item measure of general health status and
HRQoL that employs norm-based scoring (NBS) for the general United States
population for 1998. The instrument is scored in two subscales, the Physical
Component Summary score (PCS) and the Mental Component Summary score
(MCS) with higher scores representing better HRQoL. The SF-12 has demonstrated
good test-retest reliability, validity and responsiveness, and is recommended for use
in patients with HF (Donovan et al., 2002).

The EQ-5D (Gitlin et al., 1998) is a 5-item measure of health status that assesses
five domains of generic HRQoL (mobility; self-care; usual activities; pain/discomfort;
anxiety/depression) and can generate either a health state (i.e. one of 243 different
health states) or a single summary score with higher scores reflecting better HRQoL.
The EQ-5D has demonstrated good validity and responsiveness and has been
recommended for use in patients with diabetes (Greenhalgh et al., 2010) and, more
cautiously, COPD (Harrison et al., 2006) and HF (Donovan et al., 2002). For current
purposes the summary score was used.
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The Brief STAI (Marteau and Bekker, 1992) is a 6-item measure of state anxiety that
has demonstrated acceptable reliability and validity (Lamothe et al., 2006, Marteau
and Bekker, 1992). It is widely used in clinical research, notably in studies of patients
with diabetes (Eborall et al., 2007). The state version, rather than the trait version, of
the Brief STAI was used with higher scores reflecting greater state anxiety.

The CESD-10 (Andresen et al., 1994a) is a 10-item measure of depressive
symptoms covering cognitive, emotional and behavioural domains. It has acceptable
validity and reliability (Andresen et al., 1994a), and sensitivity and specificity (Boey,
1999). The original 20-item version has been used widely with clinical populations
including COPD (van Manen et al., 2002) and HF (Lesman-Leegte et al., 2006),
although both versions of the scale include items that confound symptoms of
physical illness with symptoms of depression (e.g. “I felt that everything I did was an
effort”; “My sleep was restless”) (Mancuso et al., 2008). Scores on the CESD-10
range from 0 to 30, with higher scores indicating more depressive symptoms.

Minimal clinically important differences (MCIDs) have not been established for these
PROs. For the purpose of evaluating the magnitude of any treatment effect, a trialdefined MCID was taken as an effect size equivalent to Cohen’s d = 0.3. This
magnitude represents a ‘small’ effect in the behavioural sciences (Lehoux, 2004).

Covariates in the analyses
Data were collected on a range of socio-demographic and trial-related characteristics
that could plausibly be related to the study outcomes. These variables were used as
covariates in the main analyses. Date of birth and gender were extracted from
general practice records. Ethnicity was assessed by self-report using 16 response
categories based on standard Office of National Statistics categories for the UK
(Mair et al., 2006a) with missing responses subsequently filled in from data extracted
from medical records, where available. Education was assessed by self-report using
five response categories ranging from ‘no formal education’ through to ‘graduate/
professional’ level. Participants’ postcodes were used to allocate an Index of Multiple
Deprivation score (May and Finch, 2009, Government, 2007).
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Co-morbidity was assessed by a count of diagnosed conditions in Hospital Episode
Statistics over the three years prior to starting the trial. The WSD Project Teams
provided data on participants’ WSD Site, the presence or absence of a diagnosis of
COPD, diabetes and heart failure, and the number and type of TH peripheral devices
installed. The WSD Evaluation Team held data on participants’ trial arm allocation
(TH or UC) and calculated the duration of exposure to TH (in days) at the time each
assessment questionnaire was completed. As there was variability in the duration of
exposure to TH for intervention participants at ST and LT assessments, this variable
was included as a covariate.

Sample size
For the TH questionnaire study a power calculation was conducted on the basis of
detecting a small effect size, equivalent to a Cohen’s d of 0.3, allowing for an
intracluster correlation coefficient of 0.05, power of 80% and p<0.05. This indicated
approximately 500 patients would be required to allow sufficient power to detect this
small difference, ranging from 420 participants (5 participants from each of 84
practices) to 520 (10 participants from each of 52 practices). These numbers were
inflated by 10% to allow for the maximum possible increase in sample size due to
variable cluster size (Eldridge et al., 2006). The required sample size thus increased
to 550. In aiming for sufficient power for our secondary sub-group analyses (not
reported here) we aimed to recruit 550 patients per LTC or 1,650 overall. All
analyses reported herein exceed the required sample size (550) and are therefore
adequately powered.

Statistical methods
Missing self-report data could occur at the questionnaire level (i.e. a participant who
completes the questionnaire battery at BL could fail to complete the questionnaire
battery at ST or LT assessment) or at the item/scale level (i.e. a participant who
largely completes a questionnaire battery may nevertheless fail to provide responses
to certain items or may miss out whole scales within the battery).

84

For the outcomes reported, missing values at the questionnaire level were not
imputed. Missing values at the item/scale level were imputed using two methods.
Where a missing value belonged to a scale and at least 50% of responses were
available for the scale (for the particular case), the series mean for that scale (for
that case) was used to fill in missing values. Where there was a missing value for an
item that did not belong to a scale (e.g. IMD score) or where fewer than 50% of scale
items were completed, missing values (i.e. either items or scale totals) were multiply
imputed (m=10) based on available data from several scales and items across all
cases using the SPSS Markov Chain Monte Carlo imputation function. Analyses (see
below) were repeated on each of the ten imputed datasets and thereafter standard
multiple imputation procedures were used to combine the multiple scalar and
multivariate estimates (Allison, 2001, Little and Rubin, 2002, Schafer and Olsen,
1998) using SPSS (v.19) and NORM (May et al., 2001). We explored the influence of
missing data at the questionnaire level by conducting Complete Case analyses
(using only cases with data on all variables at all time points) and Available Case
analyses (using cases with data on all variables at BL and at least one other time
point). Depending on the mechanism of missingness, both these approaches can
generate biased results but they are used here as sensitivity analyses to assess the
robustness of the findings (see below).

General practice was the unit of randomisation and general practices were directly
involved in the delivery of care to all participants. This could result in participants
within practices being more similar than participants between practices. Drivers of
within-practice similarity include pre-existing case-mix differences between practice
populations and both general and specific practice effects (e.g. factors that facilitate
or inhibit access; GP case load; degree of patient-centredness). To account for
practice differences, multilevel modelling was used, with observations (at different
time points) nested within participants, and participants nested within practices. The
model included random intercepts and random slopes at the practice level.

Repeated measures for each outcome over the one-year assessment period were
analysed with the linear mixed model procedures in SPSS. Restricted maximum
likelihood was used to estimate model parameters, employing an ante-dependent
(first order) variance-covariance matrix structure. A separate analysis was conducted
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for each outcome variable (SF12-PCS, SF12-MCS, EQ-5D, Brief STAI, CESD-10)
and the main effect of trial arm (TH vs. UC) was estimated to address the principal
research question. The main effect of time was estimated to determine whether the
outcome measures were different at ST and LT assessments. The interaction
between trial arm and time was also estimated to determine whether trial arm had
differential effects at ST and LT assessment.

In each model the BL measure of the respective outcome variable was treated as a
covariate, with the measures taken at ST and LT treated as the outcome. Covariates
were included in the model to adjust for distributional differences between trial arm
on socio-demographic and trial-related variables that may be related to the
outcomes. Socio-demographic covariates included: age (decimal years), gender
(male/ female), ethnicity (White/ non-White), education (ordinal, five levels),
deprivation (continuous data), diagnosis of COPD (yes/ no), diagnosis of diabetes
(yes/ no), diagnosis of HF (yes/ no) and total number of co-morbidities (ordinal, nine
levels). Trial-related covariates included: WSD Site (Cornwall/ Kent/ Newham),
number of peripheral TH devices installed (ordinal, 5 levels), and duration of
exposure to TH (in days) at ST and LT assessment (continuous data). For all
parameter tests the alpha level was set to 0.05.

Intention-to-treat analyses were conducted to assess treatment effectiveness as this
is the most appropriate strategy for analysing pragmatic RCTs. However, this
approach is conservative and risks underestimating treatment effects (Higgins et al.,
2011, Heritier et al., 2003) as complex healthcare interventions administered as part
of a pragmatic trial may be at greater risk of being administered sub-optimally
compared to when an intervention is incorporated into routine care. Obtaining an
estimate of treatment efficacy would require a heavily resourced explanatory RCT
but an approximate evaluation of efficacy in the context of a pragmatic RCT can be
achieved via per protocol analyses. Thus we conducted secondary per protocol
analyses which analysed cases according to the treatment received (TH/ UC) rather
than the treatment to which they were randomly allocated.

To assess the robustness of the findings to decisions taken at the analysis stage,
sensitivity analyses were conducted. Primary intention-to-treat analyses were
86

conducted for Complete Cases and Available Cases. Secondary per protocol
analyses were also conducted for Complete Cases and Available Cases. Complete
case data was taken to be complete questionnaire data (following item/scale level
multiple imputation) at BL, ST and LT assessment. Available case data was taken to
be complete BL questionnaire data plus complete questionnaire data at ST and/ or
LT assessment. Only intention-to-treat Available Case analyses are reported in full in
this report.

4.3.3. Results

Descriptive Statistics
At BL 1,573 participants provided data in the questionnaire study (TH n = 845; UC n
= 728). At ST the overall response rate was 62.7% (986/1,573) and at LT it was
61.9% (974/1,573) with a higher rate for TH at both assessments. Overall, 48.3%
(759/1,573) of questionnaire participants were included in the Complete Case
Cohort, and 76.4% (1,201/1,573) were included in the Available Case Cohort; again,
with higher rates for TH (Figure 3.3.1, Section 3, p. 79).

Participants in the TH arm of the WSD TH Trial were thus more likely than those in
the UC arm to opt-in to the questionnaire study, more likely to provide data at both
short and long-term assessments and consequently more likely to be included in
both the Complete Case and Available Case Cohorts. Table 4.3.1 presents sample
characteristics for all participants in the parent WSD TH Trial (N = 3,230), all
participants included in the nested questionnaire study at BL (n = 1,573), and those
retained in the Available Case Cohort (n = 1,201) and the Complete Case Cohort (n
= 759). Overall (i.e. pooling across trial arms), compared with the WSD TH Trial, the
questionnaire study Complete Case Cohort has proportionally more participants from
Kent, fewer non-White participants, fewer COPD cases, more HF cases, lower
deprivation and a higher education level.

In terms of sample size the trial arms were closely balanced in the WSD TH Trial (TH
= 49.7%; UC = 50.3%) but show a marked discrepancy in the questionnaire
Complete Case Cohort (TH = 56.8%; UC = 43.2%) reflecting the differences in
response rates already described. Relative to the WSD TH Trial, the Complete Case
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Cohort also shows differences between trial arms in the proportion of participants in
Cornwall and Newham, the proportion of participants with each LTC and the level of
deprivation. The observed differences between the WSD TH Trial and the Complete
Case Cohort do not always show predictable patterns across the intermediate BL
and Available Case Cohorts. Overall, Table 4.3.1 shows that the composition of the
questionnaire study samples were subject to potential bias both in terms of those
patients who agreed to take part in the questionnaire study (BL), and those who
completed follow-up assessments which underlines the need for case-mix
adjustment in the analyses.

Preliminary Unadjusted Analyses
Figure 4.3.1 present unadjusted means (and 95% CIs) for all outcomes by trial arm
at BL, ST and LT assessment for the Intention to Treat Available Case Cohort. The
overlapping 95% CIs suggest that differences between trial arms at each
assessment point were non-significant.

Primary Analyses: Treatment Effectiveness
In intention-to-treat analyses multilevel modelling was used to control for the BL
score of the respective outcome measures, key covariates (age; gender; ethnicity;
education; deprivation; diagnoses of COPD, diabetes and HF; number of comorbidities; WSD Site; number of peripheral TH devices installed; duration of
exposure to TH at each assessment) and the intra-cluster correlation (see Methods
pp. 126-131). The outputs of interest from these analyses are shown in Table 4.3.2
Parameter estimates, analogous to regression coefficients, and significance level are
shown for the main effects of trial arm (TH vs. UC) and time (ST vs. LT) and their
interaction for each of the outcome measures. Tests of the effects of the covariates
are not presented. Table 4.3.2 shows that trial arm, time and their interaction were
not significant for any outcome measure.

To assist with the interpretation of Table 4.3.3 provides unadjusted means at BL and
estimated marginal means (EMMs) at ST and LT for all outcomes. The pattern of
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means and EMMs in Table 4.3.3 closely mirror the parameter estimates shown in
Table 4.3.2 and reaffirm that differences between trial arms are insubstantial. Minor
differences of interpretation for some outcomes between Tables 4.3.2 and 4.3.3 are
explained by the underlying differences in the statistical models used to generate the
values reported.
.
Figure 4.3.2 shows the adjusted effect sizes for trial arm (TH vs. UC). Outcomes at
ST and LT failed to reach the trial-defined MCID. Further, all 95% CIs cross zero
suggesting that estimates of the true treatment effect in the population could favour
either TH or UC. The true direction of the effect is uncertain and the magnitude of the
effect is clinically insignificant.
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Table 4.3.1. Sample characteristics at baseline
WSD Telehealth Trial

WSD Telehealth Questionnaire Study
Available Case Cohort (BL +
Baseline Cohort
ST or LT)
TH
UC
TH
UC
Total
Total
(n=845;
(n=728;
(n=670; (n=531;
(n=1,573)
(n=1,201)
53.7%)
46.3%)
55.8%)
44.2%)

Complete Case Cohort (BL +
ST + LT)
TH
UC
Total
(n=431; (n=328;
(n=759)
56.8%)
43.2%)

TH
(n=1,605;
49.7%)

UC
(n=1,625;
50.3%)

Total
(N=3,230)

566
(35.3%)
583
(36.3%)
456
(28.4%)

625
(38.5%)
595
(36.6%)
405
(24.9%)

1191
(36.9%)
1178
(36.5%)
861
(26.7%)

256
(30.3%)
343
(40.6%)
246
(29.1%)

234
(32.1%)
283
(38.9%)
211
(29.0%)

490
(31.2%)
626
(39.8%)
457
(29.1%)

221
(33.0%)
285
(42.5%)
164
(24.5%)

168
(31.6%)
216
(40.7%)
147
(27.7%)

389
(32.4%)
501
(41.7%)
311
(25.9%)

149
(34.6%)
202
(46.9%)
80
(18.6%)

107
(32.6%)
153
(46.6%)
68
(20.7%)

256
(33.7%)
355
(46.8%)
148
(19.5%)

664
(41.4%)
941
(58.6%)

658
(40.5%)
967
(59.5%)

1322
(40.9%)
1908
(59.1%)

350
(41.4%)
495
(58.6%)

290
(39.8%)
438
(60.2%)

640
(40.7%)
933
(59.3%)

271
(40.4%)
399
(59.6%)

207
(39.0%)
324
(61.0%)

478
(39.8%)
723
(60.2%)

171
(39.7%)
260
(60.3%)

124
(37.8%)
204
(62.2%)

295
(38.9%)
464
(61.1%)

187
(11.7%)†
1251
(77.9%)†
167
(10.4%)†

180
(11.1%)†
1264
(77.8%)†
181
(11.1%)†

367
(11.4%)†
2515
(77.9%)†
348
(10.8%)†

111.5
(13.2%)*
733.5
(86.8%)*

99.9
(13.7%)*
628.1
(86.3%)*

211.4
(13.4%)*
1361.6
(86.6%)*

75
(11.2%)
595
(88.8%)

68
(12.8%)
463
(87.2%)

143
(11.9%)
1058
(88.1%)

30
(7.0%)
401
(93.0%)

23
(7.0%)
305
(93.0%)

-

-

-

-

-

-

-

-

-

902
(56.2%)
570

962
(59.2%)
485

1864
(57.7%)
1055

416
(49.2%)
339

327
(44.9%)
283

743
(47.2%)
622

339
(50.6%)
243

237
(44.6%)
205

576
(48.0%)
448

238
(55.2%)
128

158
(48.2%)
108

396
(52.2%)
236

WSD Site
Cornwall
Kent
Newham
Gender
Female
Male
Ethnicity
Non-White
White
Missing

53 (7.0%)
706
(93.0%)

LTC
Diagnoses‡
COPD
Diabetes

90

HF

Age (years)
Deprivation
(IMD)
No. of
comorbidities
No. of TH
devices

(35.5%)

(29.8%)

(32.7%)

(40.1%)

(38.9%)

(39.5%)

(36.3%)

(38.6%)

(37.3%)

(29.7%)

(32.9%)

(31.1%)

566
(35.3%)
Mean
(SD)
69.68
(11.55)
28.34
(14.82)†
1.75
(1.79)
2.68
(0.70)

581
(35.8%)
Mean
(SD)
70.80
(11.64)
27.93
(13.53)†
1.80
(1.82)
0.04
(0.36)

1147
(35.5%)
Mean
(SD)
70.24
(11.61)
28.13
(14.18)†
1.77
(1.81)
1.35
(1.43)

336
(39.8%)
Mean
(SD)
70.11
(11.81)
27.71
(15.01)*
1.84
(1.80)
2.77
(0.68)

327
(44.9%)
Mean
(SD)
70.61
(11.78)
28.55
(13.79)*
2.02
(1.86)
0.07
(0.49)

663
(42.1%)
Mean
(SD)
70.34
(11.79)
28.10
(14.46)*
1.92
(1.83)
1.52
(1.47)

284
(42.4%)
Mean
(SD)
70.14
(10.98)
26.15
(14.24)*
1.85
(1.78)
2.74
(0.69)

248
(46.7%)
Mean
(SD)
70.46
(11.61)
28.10
(13.77)*
2.00
(1.88)
0.07
(0.47)

532
(44.3%)
Mean
(SD)
70.28
(11.26)
27.01
(14.07)*
1.92
(1.83)
1.56
(1.46)

178
(41.3%)
Mean
(SD)
70.61
(9.72)
24.44
(13.62)*
1.72
(1.76)
2.69
(0.65)

162
(49.4%)
Mean
(SD)
71.21
(11.00)
25.76
(12.96)*
1.93
(1.84)
0.04
(0.32)

340
(44.8%)
Mean (SD)
70.87
(10.29)
25.01
(13.35)*
1.81 (1.80)
1.54 (1.42)

Notes: There were a small number of cases (≤ 12) with missing data for ethnicity or deprivation in some of the WSD Telehealth
Questionnaire Study cohorts. Asterisked values (*) in the table indicate that missing values were multiply imputed (m=10) and the
values reported are imputed averages. † For the WSD Telehealth Trial cohort there were greater numbers of cases with missing
data for ethnicity (n=348) and deprivation (n=12). These missing values were not imputed; instead the numbers of missing values
are reported explicitly for ethnicity while for deprivation we reported the means (and SDs) based on 3,218 cases (99.6%) with data
available. All other values in the table are based on complete (non-imputed) data. ‡ Participants could have more than one LTC
diagnoses (COPD, diabetes, HF) therefore the percentages in these columns do not add up to 100.
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Figure 4.3.1. Unadjusted means (and 95% CIs) at each assessment point
by trial arm (ITT ACC; n=1,201) (pp. 135-137)
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Table 4.3.2 Parameter estimates for Trial Arm, Time and their interaction (ITT ACC)
Available Case Cohort (n = 1,201)
Time ‡

Trial Arm*

Time x Trial Arm

Estimate (SE) †

Sig. †

Estimate (SE) †

Sig. †

Estimate (SE) †

Sig. †

+2.32 (1.73)

0.181

+0.08 (0.38)

0.843

-0.13 (1.36)

0.923

NBS) scale

-1.74 (2.25)

0.440

-0.70 (0.49)

0.147

-1.02 (1.73)

0.557

EQ-5D scale

+0.05 (0.06)

0.383

+0.01 (0.01)

0.570

-0.01 (0.05)

0.820

Brief STAI scale

+0.10 (0.84)

0.905

+0.05 (0.18)

0.791

+0.09 (0.67)

0.897

CESD-10 scale

-1.20 (1.14)

0.293

-0.01 (0.24)

0.974

+0.99 (0.88)

0.262

Outcome
PCS (US 1998
NBS) scale
MCS (US 1998

Notes: * Telehealth (TH) was coded 0, Usual Care (UC) was coded 1 and used as the reference category. † All values are based
on multilevel models controlling for the intra-class correlation, all covariates and the relevant baseline outcome measure. ‡
Baseline (BL) assessment was coded 1, Short Term (ST) assessment was coded 2, Long Term (LT) assessment was coded 3 and
used as the reference category. For the variable Time, the main effect tests the hypothesis that outcome measure differs between
ST and LT while controlling for BL scores and other covariates including Trial Arm (i.e. we are testing the effect of time on the
outcome measure with the effect of Trial Arm and all other covariates held constant). The parameter estimates can be interpreted
as the observed difference in an outcome measure (e.g. PCS score) between levels of a predictor variable (e.g. TH compared to
Usual Care) when the intra-cluster correlation and all covariates are taken into account. For example, the parameter estimate +1.59
for Trial Arm on the PCS scale indicates that being in the TH group is associated with a PCS score 1.59 units higher than being in
the UC group (reference category) when the intra-class correlation, all covariates and the baseline PCS score are taken into
account.
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Table 4.3.3. Means and estimated marginal means at each assessment point (ITT ACC)
Available Case Cohort (n=1,201)
ST†

BL*

LT†

TH

UC

TH

UC

TH

UC

(n=670)

(n=531)

(n=558)

(n=428)

(n=543)

(n=431)

PCS (US 1998

32.77

33.71

33.63

31.44

33.68

31.37

NBS) scale

(0.43)

(0.48)

(0.89)

(1.19)

(0.98)

(1.19)

MCS (US 1998

46.95

46.55

44.16

46.92

45.88

47.62

NBS) scale

(0.44)

(0.51)

(1.16)

(1.58)

(1.26)

(1.57)

0.54

0.55

0.53

0.49

0.53

(0.01)

(0.01)

(0.03)

(0.04)

(0.03)

10.02

10.08

11.46

11.27

11.32

11.22

(0.15)

(0.17)

(0.43)

(0.58)

(0.48)

(0.58)

9.61

9.56

10.51

10.72

9.53

10.73

(0.23)

(0.27)

(0.58)

(0.79)

(0.64)

(0.79)

Outcome

EQ-5D scale

Brief STAI scale

CESD-10 scale

0.48 (0.04)

Notes: Numbers in brackets are SEs. * Baseline values are unadjusted means since EMMs cannot be calculated. † ST and LT
values are EMMs.
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Figure 4.3.2. Standardised Adjusted Effect Sizes (Intention-to-treat; Available
Case Cohort)

4.3.4. Discussion
This large cluster-randomised trial of TH for patients with COPD, diabetes or HF
found no main effect of TH on generic HRQoL, anxiety or depressive symptoms over
12 months. These null findings were consistent across a series of sensitivity
analyses for the five validated outcome measures (note: only the intention-to-treat
Available Case Cohort findings are reported here). The null findings for the primary
intention-to-treat analyses show that TH is not effective (Table 4.3.2, Table 4.3.3),
while the null findings for the secondary per protocol analyses confirmed that TH is
not efficacious. Assessed against the trial-defined MCID (equivalent to Cohen’s d =
0.3), population estimates (95% CIs) show that the small (non-significant) differences
between trial arms in the primary analyses did not reach clinically significant levels
for any outcome, in any cohort, at any time point (Figure 4.3.2).
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Overall, the findings show that second generation home-based TH, as implemented
in the WSD TH Trial, was neither effective nor efficacious. TH did not improve
generic HRQoL or reduce psychological distress relative to UC for patients with
COPD, diabetes or HF over a 12 month period. The consistency of results across
sensitivity analyses demonstrates that the findings are robust to variations in attrition
across Complete Case (no reported) and Available Case analyses, robust to
protocol fidelity across per protocol (not reported) and intention-to-treat analyses,
and robust to choice of outcome measure. The similarity of the PROs across trial
arms suggest that concerns about the potentially deleterious effect of TH (McCreadie
and Tinker, 2005, Rogers et al., 2011) may be unfounded for most patients since
there was no significant deterioration on any of the five outcome measures over the
assessment period in comparison with UC.

For the purposes of service planning, findings from the current study should be
considered together with other evidence from the WSD Evaluation on the effect of
TH on hospital utilisation and mortality (Steventon et al., 2012) and costeffectiveness (Henderson et al., 2013).

When comparing our findings to existing research it is important to distinguish
between the statistical results reported in the extant literature and the conclusions
drawn by authors. When only studies evaluating broadly equivalent forms of TH are
considered (i.e. home-based vital signs monitoring using store-and-forward
technology) systematic reviews show that fewer than half of the studies found any
significant HRQoL benefits from TH (Clark et al., 2007, Inglis et al., 2010, Bolton et
al., 2011, Polisena et al., 2009b), and those that did only found effects on only a
minority of the HRQoL measures used (Chumbler et al., 2005). Notwithstanding
methodological variation across studies, this suggests that the impact of TH on
HRQoL is weak or non-existent. To this extent, the available literature concurs with
the current findings. However, some authors have observed that the conclusions
drawn in many TH studies are often unduly positive (Bensink et al., 2007a, Bolton et
al., 2011).

With some notable exceptions (Bolton et al., 2011), the conclusions of the current
study therefore differ markedly from most extant studies and reviews examining the
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effect on TH on HRQoL, which are typically interpreted as showing TH benefits
despite presenting evidence that is equivocal. The scope for inappropriate inferences
is increased when small, methodologically weak studies generate inconclusive
results. The current findings underline the importance of using data from adequately
powered, high quality trials to make decisions about TH implementation and caution
against reliance on meta-analyses based on small, poor quality studies (Anker et al.,
2011, Chaudhry et al., 2010). Our findings for ‘second generation’ TH over 12
months mirror the recent null finding for ‘third generation’ TH over 24 months
(Koehler et al., 2011). Few studies have examined the effect of TH on anxiety or
depressive symptoms and the current findings extend our understanding of these
outcomes.

Strengths and Limitations
The WSD TH Trial is one of the largest randomised studies to evaluate the effect of
TH on PROs. A total of 1,573 participants from 154 general practices across four
Primary Care Trusts (regional health authorities) provided questionnaire data at BL,
of these 1,201 participants from 150 practices were retained in the intention-to-treat
Available Case analyses, and 759 participants from 131 practices were retained in
the intention-to-treat Complete Case analyses (Figure 3.3.1). By including
participants with any of three LTCs (COPD, diabetes or HF), imposing minimal
exclusion criteria and assessing participants over a 12-month period, the
generalisability of the findings is maximised. The inclusion of three assessment
points, multiple outcome measures and robust statistical methods affords greater
confidence in the findings.

Despite these strengths some potential caveats should be acknowledged. Concerns
may be raised about the representativeness of the participants in the questionnaire
study. For practical and ethical reasons we were unable to collect data on all
individuals who refused to participate in the WSD Evaluation at each stage of
recruitment. Nevertheless, Table 4.3.1 reveals selection bias (in those who agreed to
participate in the nested questionnaire study relative to the parent WSD TH Trial,
and attrition bias in those who were retained at follow up). Participants allocated to
TH (in the WSD TH Trial) were more likely to agree to participate in the
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questionnaire study and more likely to complete one or both assessments. The
reasons for the relative advantage of the TH arm in terms of recruitment and
retention are unclear, though it is consistent with the principle of reciprocity whereby
people in receipt of a notional benefit (e.g. TH) are more likely to comply with
subsequent requests (Regan, 1971). Potential threats to external validity from selfselection or attrition bias underline the need to take care when generalising the
results beyond the context of the trial. However, the relatively high level of practice
participation and the large and heterogeneous participant sample support our
assertion that any impact on the external validity of the trial is likely to be minor.

Participants allocated to TH did not receive equivalent treatments in all sites.
Provision of peripheral TH devices and response to biometric readings varied
substantially by Site and LTC, as did the likelihood of having the TH equipment
removed prematurely for reasons other than death. In a pragmatic trial, this
heterogeneity reflects the variability of implementation that would be observed in a
wider rollout of TH thereby increasing the generalisability of the findings. In line with
the original trial protocol, the analysis sought to draw conclusions about a general
class of technology (TH) rather than about the effect of specific peripheral devices
(i.e. pulse oximeter, glucometer, weight scales, blood pressure monitor) for specific
LTCs. It is possible that pooling cases with different LTCs profiles could mask
differential treatment effects, therefore planned analyses will examine the effect of
TH on HRQoL, anxiety and depressive symptoms for three sub-groups of
participants indexed to a single LTC (COPD, diabetes or HF).

HRQoL was measured using three generic scales (PCS, MCS, EQ-5D) to assess
different dimensions of the construct. It is recommended that assessment of HRQoL
includes both generic and disease-specific measures to capture the full range of
impact of illness on HRQoL (Engstrom et al., 2001, Katsura et al., 2005) and there is
some evidence that disease-specific measures are more sensitive to clinical change
(Pickard et al., 2011). Forthcoming analyses will examine the effect of TH on
disease-specific HRQoL measures. Although PROs were the a priori primary
endpoint, disease-specific clinical markers (e.g. forced expiratory volume (FEV) ratio
for COPD; HbA1c for diabetes; New York Heart Association classification for HF)
would have afforded a more comprehensive description of the sample. Unfortunately
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there were logistical barriers to the timely acquisition of clinical biomarkers. The
planned analyses of disease-specific HRQoL measures (i.e. Chronic Respiratory
Questionnaire; Diabetes Health Profile; Minnesota Living with Heart Failure
Questionnaire) will go some way to describing the clinical severity of the LTC
samples.

Despite providing an extensive description of the implemented TH treatment across
Sites and conditions (Section 2.7) there are inevitably some aspects of the treatment
where detailed data are unavailable. On the provider side, we do not have detailed
information about changes to medication or other responses initiated in response to
TH data or the clinical decision-making underlying those responses. On the
participant side, we do not have detailed information about the degree to which TH
participants adhered to their behavioural regimens (e.g. monitoring schedule,
medication adherence). On the technology side, we do not have detailed information
on the degree to which the TH technology encountered technical problems that
interfered with measurement or the exchange of messages between participants and
the Monitoring Centres. However, while approximately 20% of intervention
participants in the questionnaire study had their TH equipment removed prematurely
at some point during the trial, 80% retained TH for the full 12 months; alternatively,
around 10% of TH participants had their equipment removed in the first six months of
the trial while 90% retained it for longer. In Section 2.7, the protocols used by the
Monitoring Centres show that any missing measurement sessions (whether due to
technical failure or participant non-adherence) were responded to with 72 hours. This
suggests it is unlikely that equipment failure is a plausible explanation for the
observed null findings.

A further issue concerns the particular version of TH evaluated in the WSD trial. TH
was implemented as daily (up to 5 days per week) vital signs monitoring,
supplemented by questions assessing health status and symptom severity, plus an
educational component in the form of brief textual information delivered through a
static TH base unit with a small LCD screen (Cornwall and Kent) or via a dedicated
interactive TV channel (Newham). TH participants in Newham could also watch short
disease-specific educational videos. Physiological and symptom-report data were
transferred to a monitoring centre using store-and-forward technology. In terms of a
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recently proposed classification of TH (Anker et al., 2011), the TH system evaluated
most closely approximates a second generation system. The current findings
therefore cannot be generalised to third or fourth generation TH systems that involve
both invasive and non-invasive physiological monitoring with real time analytic and
decision-making support by physicians or physician-led specialist nurses. TH can
only be studied as technology-in-use and research evidence will always lag behind
the latest technological advances (Bartoli et al., 2009). Notwithstanding this, most TH
systems that have been tested to date represent first or second generation systems;
third or fourth generation systems should be recognised a distinct class of intensive
interventions for select high risk clinical populations.

The WSD trial was set in the context of whole systems redesign and the three WSD
Sites were selected on the basis of having achieved substantial integration of health
and social care. Assuming that this integration generates improves outcomes, the
WSD trial sought to identify any added benefit of TH services beyond those accrued
from enhanced integration. In contexts with less integrated health and social care,
benefit for TH may be more likely to emerge. This argument assumes that integrated
health and social care generates ceiling or floor effects for HRQoL, anxiety and
depressive symptoms but the BL means (Figure4.3.1) show that our sample
experienced similar HRQoL to other comparable clinical samples (Jenkinson et al.,
1997) with scope for either improvement or deterioration. It is therefore unlikely that
the lack of observed TH benefits can be attributed to the integrated care context or to
recruitment of atypical clinical samples.

Should we expect TH to improve HRQoL or psychological outcomes?
If TH delivers tailored healthcare that is acceptable to patients and facilitates more
responsive interventions from professionals resulting in better disease control with
fewer exacerbations and hospital admissions, we might expect corresponding
improvements in HRQoL and psychological outcomes over time. Similarly, if TH
leads to greater self-care related self-efficacy and improved self-care behaviour we
might expect increases in HRQoL and reductions in negative affect. At present it
remains unclear whether improvements in these kinds of PROs are driven primarily
by objective improvements in physical health or by subjective improvements in
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perceptions of agency or control. Alternatively, it is possible that TH could reduce
HRQoL and psychological well-being due to the increased burden of self-monitoring,
concerns about intrusive surveillance, a perceived lack of user friendliness or by
undermining of the traditional (face-to-face) therapeutic relationship. More research
is required to understand the many potential beneficial and harmful mechanisms by
which TH could impact on PROs. However, our findings strongly suggest that there
is no net benefit from TH and therefore it should not be employed as a tool to
achieve improvements in HRQoL or psychological outcomes.
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4.4. QoL Outcomes - COPD
4.4.1. Background
Chronic obstructive pulmonary disease (COPD) leads to a number of disabling and
distressing symptoms and patients’ quality of life has been found to decline over time
(Ware et al., 2007) Patients with COPD have a greater risk of anxiety (Eisner et al.,
2010) and depression (Yohannes et al., 2010) and in turn higher anxiety is associated
with a greater risk of exacerbations (Eisner et al., 2010), while depression is
associated with a greater incidence of hospitalisation (Yohannes et al., 2010).

There is limited available evidence on the effectiveness of telehealth (TH) for quality
of life (QoL) in patients with COPD. A systematic review in the area inclusive of all
respiratory conditions indicated that there were no UK based studies, or randomised
controlled trials (RCTs) evaluating the effectiveness of TH for COPD (Jaana et al.,
2009). A more recent systematic review found 6 studies, only 2 of which measured
QoL as an outcome and none that measured anxiety or depression (Bolton et al.,
2011). One of the studies, an RCT,found improvements in QoL at 3 months (Koff et
al., 2009), while the other was a non-controlled before and after study which found
no difference in quality of life scores at 6 months (Trappenburg et al., 2008). Where
data is available for systematic synthesis, TH appears favourable for improving
quality of life and reducing all-cause hospitalisations(Polisena et al., 2010b).

In a Cochrane review (McLean et al., 2010) including randomised controlled trials of
TH, there were two non-UK based studies measuring QoL with the St George’s
respiratory Questionnaire (Bourbeau et al., 2003, Casas et al., 2006) Overall, these
two studies included 254 patients with COPD and indicated that there was a
minimally clinically significant improvement in symptoms, activity levels, and impact
of COPD on patient’s QoL, but the confidence intervals were wide and crossed 0.
The sample size was too small to detect significant heterogeneity, two studies does
not allow for sub-group analysis, or meta-regression to examine what factors might
influence the effect of TH on patient outcomes.
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However, research in this area is plagued by small sample sizes, lack of UK based
studies, absence of longer-term follow-ups, insufficient descriptions of the
intervention, poor internal validity of whether using the device in the context of a
complex healthcare intervention leads to improved outcomes for the patient, and few
attempts to measure quality of life in patients with COPD following the introduction of
TH devices.

This section of the WSD report evaluates the effectiveness of TH for patient reported
outcomes with Chronic Obstructive Pulmonary Disease (COPD). The primary
objective was to evaluate the effectiveness of TH for COPD specific QoL and to
examine whether there were improvements in HRQoL and psychological distress at
short-term and long-term follow-up in this cohort of patients.

4.4.2. Methods

Patient reported outcome measures included all the measures reported above in
Section 4.3 and included a the Chronic Respiratory Questionnaire (CRQ) (Guyatt et
al., 1987), an assessment specific to COPD which measures perceived control or
mastery of disease and its effects, fatigue, emotional impact of the disease and
dyspnoea.

4.4.3. Results

There were 447 participants completing either a short or long term follow up
(available case) and 314 completing all three questionnaire assessments (complete
case). The COPD available case cohort is described in Table 4.4.1. Emotional
functioning significantly improved in the TH intervention group compared to the
control group over time. Mastery over the managing COPD improved in the TH
intervention group compared to the control group over time in the complete case
cohort, but did not quite reach significance in the available case cohort. Mastery was
significantly higher in the TH intervention group compared to the control group, but
again this was only for participants completing all three questionnaire assessments
and was not observed in the available case cohort (See Tables 4.4.2 and 4.4.3).
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There were no other significant effects observed for any other measures of quality of
life or psychological distress, although there were trends in significant improvement
in the TH intervention group. Despite the fact that emotional functioning and mastery
indicated some significant improvements in the intervention group, and change over
time in the intervention group compared to the control group, the observed effects
did not reach the clinically meaningful magnitudes proposed.

Table 4.4.1: Descriptive statistics for the available case COPD cohort
Available Case N=447
Intervention
Control

Total

N
96
139
40
152
123
11
264
Mean

N
47
91
34
98
74
8
164
Mean

N
143
230
74
250
197
19
428
Mean

(Standard

(Standard Error)

(Standard Error)

71.11
Error)

72.08

71.48

Deprivation

(.524)
24.28

(.721)
26.35

(0.425)
25.08

score*
No. of

(.824)
1.45

(1.038)
1.61

(0.646)
1.51

Comorbidities (.096)

(0.127)

(0.077)

Amount of TH

2.67

0.03

1.65

Kit

(0.039)

(0.021)

(0.066)

0.76

0.68

0.73

(0.067)

(0.085)

(0.052)

Site

Gender
Ethnicity*

Age (years)

Level of
*1

education
*

Imputed average: (0=no formal education, 1=GCSE/O’levels, 2=A’levels/HNC,

3=University level, 4=Graduate/Professional).
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Table 4.4.2: Estimated marginal means adjusting for covariates for
available case cohort at short and long term follow up by trial arm for the
Intention to treat analysis
ITT Available cases N= 447
Short term Follow-up
Intervention
Control
3.018
3.388

Long term follow-up
Intervention
Control
3.664
3.365

Dyspnoea

(.555)

(.560)

(.515)

(.545)

2.753

3.208

3.694

3.151

(.535)

(.467)

(.412)

(.475)

Emotional Functioning 3.344

3.776

4.964

3.871

(.565)

(.451)

(.565)

(.452)

4.308

4.490

5.335

4.512

.587

.509

.534

.509

29.296

33.018

33.427

33.259

(3.147)

(2.890)

(2.823)

(2.863)

28.415

33.065

36.513

33.397

(3.713)

(33.397)

(3.713)

(3.482)

.567

.629

.482

.626

(.106)

(.098)

(.097)

(.097)

14.838

12.617

13.174

12.542

(1.525)

(1.417)

(1.375)

(1.402)

12.098

10.734

12.425

10.868

(2.166)

(2.021)

(1.961)

(2.003)

Fatigue

Mastery
SF12 – PCS
SF12 – MCS
EQ5D
Brief STAI
CES-D-10
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Table 4.4.3: Intention to treat analysis for the available case cohort
ITT Available cases N= 447
Trial

Intercept

Time

Trial Arm

F

11.635

.135

.045

.660

Sig.

.001

.713

.832

.417

F

4.585

.614

.446

1.804

Sig.

.034

.434

.505

.181

Emotional

F

15.807

2.543

1.117

4.341

Functioning

Sig.

.000

.112

.293

.040

Mastery

F

23.548

1.003

.045

1.346

Sig.

.000

.318

.832

.248

F

20.803

.001

.140

.612

Sig.

.000

.972

.709

.434

F

50.569

0.308

0.258

1.909

Sig.

.000

0.579

0.611

0.167

F

8.601

.728

.029

.217

Sig.

.003

.393

.864

.642

F

21.299

.075

.063

.449

Sig.

.000

.784

.802

.503

F

37.041

.002

.087

.233

Sig.

.000

.969

.768

.629

Dyspnoea

Fatigue

SF12 - PCS

SF12 – MCS

EQ5D

Anxiety

Depression

Arm*Time

4.4.4. Discussion

TH does not reduce patients' QoL in the longer term. There were significant trial arm
and time interaction effects indicating that those who received TH had better
emotional functioning and mastery, which improved over time compared to the
control group. Although these effects were small, there was a consistent trend
towards participants reporting an improvement in their HRQoL in the intention to
treat analysis.
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There were no significant improvements in short term HRQoL or psychological
distress. Patients with COPD needed to have had experience of self-monitoring
using TH for approximately 12 months to show any significant improvements in
emotional functioning or mastery. This may partly explain the significant differences
observed in the ITT analysis, but not the PP analysis because participants were
more likely to be excluded from the PP analysis due to completing the follow up
assessments later than specified in the protocol. This resulted in the ITT group
having more experience of using TH compared to those included in the PP analysis.
Another contributing factor to the lack of statistically significant findings in the PP
analysis may have related to the reduced power due to the smaller sample size.

The significant trial arm effects in the CCC were not robust in the ACC. The ACC
had poorer mental health, QoL and greater depression compared to the CCC.
Therefore those with better quality of life and psychological functioning might be able
to gain better control over their COPD with continued use of TH compared to those
with poorer quality of life and greater distress who are more likely to attrite before
gaining any significant improvements from TH.

Finally, the results for the COPD cohort of the WSD trial indicated that TH did not
improve patients generic QoL or psychological distress. These findings are
consistent with the combined WSD analysis of the effectiveness of TH on QoL and
psychological distress (Cartwright et al., 2013b). This suggests that generic
measures are less sensitive to change in response to TH.

Comparison to the literature
Apart from emotional functioning and mastery there were no significant
improvements in any of the other measures. These findings are in contrast to other
studies reporting improvements at 12 months in symptoms, activity levels, and
impact (McLean et al., 2011a), but consistent with a more recent trial showing TH
was not effective (Pinnock et al., 2013b). In comparison to other studies using an
aggregate score of the SGRQ, the current findings indicated no improvements in
fatigue and dyspnoea on the CRQ, or generic physical and mental HRQoL.
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Improvements in disease specific emotional functioning and mastery were only
apparent at 12 months, but not short term. These findings together with the ITT
compared to PP analysis suggest that any potential, albeit small benefits from TH
are not immediate and patients need to have some experience of using TH before
they are able to drive any benefits in gaining better mastery and emotional
functioning.

In addition to timing of effects, the data suggest that even though the CRQ is more
responsive to change compared to the SGRQ (Puhan et al., 2006), there were only
two sub-scales that were significantly improved in the TH arm. Therefore, the
selection of specific outcome measures needs to be considered and not aggregated
with physical symptoms and dyspnoea, if the intervention being evaluated is only
effective at changing extra-pulmonary manifestations of COPD surrounding control
and emotional wellbeing.

Overall, TH in the WSD trial was insufficient to produce improved quality of life and
wellbeing compared to the control group. Whereas in contrast to other studies
evaluating TH (Bourbeau et al., 2003, Casas et al., 2006), participants received
greater healthcare professional contact time, such as structured telephone calls as
well as being able to contact their case manager for advice at any time. In order to
tease out the components of complex TH interventions that are effective, TH
interventions need to be adequately described so that they can be replicated. It
cannot be assumed that ‘TH’, telehealthcare and telemonitoring are the same
interventions across different studies. Even with an objective outcome such as
mortality there is no definitive conclusion about whether TH is effective (McLean et
al., 2011a, Polisena et al., 2010b). Until TH interventions have better content
validity, there is unlikely to be any conclusions regarding effectiveness.

Moreover, the mediating and moderating variables predicting the heterogeneity in
effectiveness need to be examined. Possible moderating variables of TH
effectiveness are acute exacerbations and recent hospitalisations versus stable
disease (McLean et al., 2011a), as well as severity of COPD (Pinnock et al., 2013b).
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Systematic Review
Systematic reviews in this area have generally identified a limited number of studies,
with small sample size and heterogeneous TH interventions, outcome measures and
follow-up assessment periods (Bolton et al., 2011, Polisena et al., 2010b). In a
Cochrane review (McLean et al., 2011a) ten randomised controlled trials of TH were
identified, two of which measured QoL using the St George’s respiratory
questionnaire at 12 months (Casas et al., 2006, Bourbeau et al., 2003). The
combined sample size of these two trials was only 254 patients. Both RCTs reported
clinically significant improvements on a combined score of the St George’s
respiratory Questionnaire measuring symptoms, activity levels, and the impact of
COPD, but the confidence intervals were wide and just crossed 0 (-13.62 to 0.48).
The study samples of both trials had a higher risk of selection bias and included
patients who had either been admitted to hospital for acute exacerbations within the
last 48 hours (Casas et al., 2006) or within the last year (Bourbeau et al., 2003).

Interpretation
The sample size of the WSD COPD cohort was much larger than previous studies
and exceeded the combined sample meta-analysed to date. Despite using a scale
that is sensitive to change (Puhan et al., 2006), TH showed little benefit to QoL in
COPD patients who were not preselected based on recent hospitalisation for acute
exacerbations. More studies are required to examine the heterogeneity of observed
effects. For example, COPD patients recently hospitalised for acute exacerbations
(carefully screened samples) compared to broader samples of patients with COPD
who have had fewer hospital admissions, or in trials including samples with mild to
moderate COPD (Pinnock et al., 2013b). Secondly, ‘telehealthcare’ and
‘telemonitoring’ are complex interventions, often poorly specified and reported. It is
noteworthy that the two trials included in the meta-analysis both included weekly
telephone calls. This study taken together with Pinnock and colleagues might
suggest that active monitoring in the absence of weekly telephone contact from
clinical staff is insufficient to lead to improved outcomes for patients. This study
adds a large dataset to the literature inclusive of all patients with COPD intended to
be treated at one of the participating sites. These results have implications for
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widespread deployment of TH in patients with COPD, particularly if they are not at
higher risk of exacerbations.

Strengths and limitations
Previous research investigating the effects of TH have tended to lack statistical
power, have weaker methodological designs and unknown generalisability to the
NHS in the UK (Jaana et al., 2009). The current clustered RCT addresses many of
these methodological limitations of previous studies and addresses an important gap
in the literature.

The WSD trial was a pragmatic trial. Whilst it has good ecological validity, one
potential criticism is the number of confounding factors (e.g. the nature of the TH
intervention delivered at each of the regional participating WSD Sites). Similarly, to
other studies in this area there is a high risk of selection bias given that we do not
know the numbers of eligible patients the study sample were drawn from.
Nevertheless, the WSD trial recruited a large number of patients with COPD, is one
of very few UK based studies conducted in the NHS, and benefits from high
generalisability across different centres, given the inclusion of a 179 GP practices
delivering TH or standard care to patients with COPD.

Future research direction
Future research is required to establish what components of TH interventions are
effective (e.g. telephone support versus self-monitoring) and in order to achieve this
greater level of specification, better descriptions of complex TH interventions are
required. The content of the TH intervention should be designed for the specific
outcome measures they are targeting. For example, more telephone support may be
effective for symptom management, whereas self-monitoring may be more effective
in improving mastery over COPD. In TH interventions that are effective, future work
is required to examine immediate versus longer term effectiveness in order to
determine the optimum duration of TH, as well as the moderating and mediating
mechanisms of complex TH interventions.
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4.5 QoL Outcomes - Diabetes

4.5.1. Background
Diabetes is placing an increasing demand on the resources of society. The projected
increase in cases from 180million, in 2000 to 366million in 2030, will place an
immense burden on the health care systems of many countries, at both the tertiary
and acute levels. Currently approximately 10% of the UK NHS budget is spent on
diabetes - £9billion per annum.

Only one systematic review has investigated the effect of TH on HRQoL in diabetes
(Polisena et al., 2009b) and this confounds two patient-reported outcome measures
with very different meanings, HRQoL and patient satisfaction. Prior to WSD, only five
studies actually measured HRQoL and, of these, three found no difference between
telephone support and usual care (UC) (Maljanian et al., 2005, Piette et al., 2000,
Whitlock et al., 2000), one failed to report differences between TH and UC (Jansa et
al., 2006) and one pre-post study of TH found statistically significant improvements
on only three of eight sub-scales (Role-Physical, Bodily Pain, Social Functioning)
from the SF-36 (Chumbler et al., 2005).

Notwithstanding the importance of anxiety and depression, few studies have
examined these outcomes. This omission is important given concerns about the
potential detrimental effects of TH on patients e.g. increasing patients’ burden of
work (Rogers et al., 2011) and the perception of TH increasing the sense of isolation
for vulnerable individuals by reducing face-to-face contact with health care
professionals (McCreadie and Tinker, 2005).

Overall, despite steady growth in studies of TH over the last 20 years, robust
evidence to inform policy decisions is lacking (Ekeland et al., 2010). Systematic
reviews reveal that while much is written about the promise of TH by those who are
enthusiastic about its potential, most studies do not meet orthodox quality standards
(Barlow et al., 2007b, Bensink et al., 2007a, Bolton et al., 2011) and evidence from a
few small trials of variable methodological quality is difficult to interpret (Chaudhry et
al., 2011).
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The current study was part of the Whole Systems Demonstrator programme,
commissioned by the UK Department of Health. It aimed to address the
inconsistencies in data observed in previous diabetes research in TH and patient
reported QoL outcomes (both generic and disease specific measures, with the later
thought to provide greater sensitivity to change), and evaluate the effectiveness of
TH in a diabetes sample, specifically examining whether there were changes in
health related quality of life and psychological distress in the short and long term in a
cohort of diabetic patients.

4.5.2. Methods
Design and Randomisation: The WSD evaluation is one of the largest trials
evaluating TH and TC in the UK. The detailed protocol and design for the WSD
evaluation has been reported elsewhere (Bower et al., 2011). Within the evaluation,
the WSD TH Trial (n=3,230) was a multicentre pragmatic, cluster-RCT of TH across
three regions in England (Cornwall, Kent and Newham, London) with a nested
questionnaire study, the WSD TH Questionnaire Study (n=1573, 48·7%).

Participants in the trial were allocated to a trial-arm (i.e. TH or usual care) using
cluster randomisation, based on participants’ registration with a general practice
(GP). Allocation was balanced for region (WSD site), practice size, deprivation index,
non-white proportion and prevalence of diabetes, COPD and congestive heart failure
utilising an algorithm, by the trial statistician. For individual participants, trial arm
allocation was maintained from the main trial, through to the questionnaire study and
diabetes participant analyses. The WSD TH Questionnaire Study involved 204 GP
Practices recruited across the three WSD Sites, of which 111 contributed
participants to the diabetes questionnaire analysis; 52 (46.8%) in the control and 59
(53.2%) in the intervention trial arm.

Participants: Adult patients at participating GP practices were deemed eligible for the
study if they were diagnosed with diabetes according to: (i) the Quality Outcomes
Framework register in primary care, (ii) a confirmed diagnosis in medical records as
indicated by GP Read Codes or the ICD-10 codes, or (iii) confirmation of disease by
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a clinician involved in their care. Participants were not excluded on the basis of
additional co-morbidities. However they were required to have sufficient cognitive
capacity and English language skills to complete a self-reported questionnaire and
utilise kit. Participants were also required to have a landline telephone for
broadband internet connection, and in Newham an additional requirement was a
television set. Financial costs associated with the TH (including phone calls to the
Monitoring Centres, broadband service, and data transmission to the Monitoring
Centres) were paid for by the local WSD project teams.
Telehealth Treatment (intervention arm): WSD Sites delivered variations of a ‘second
generation’ TH (Anker et al., 2011) that had in common a focus on monitoring vital
signs, symptoms and self-management behaviour and providing general and
disease-specific health education.

In general, diabetes participants in the trail arm received a glucometer and blood
pressure monitor, plus additional peripherals depending on clinical need (e.g.
weighing scales, pulse oximeter, peak-flow meter, thermometer). The peripheral
devices were attached to a home monitoring system comprising a base unit with an
LCD screen to allow questions about health and educational messages to be
transmitted to participants or set-top box that connected to a television allowing
symptom questions, educational videos and a graphical history of clinical readings to
be accessed via a dedicated channel. Participants were asked to take
measurements via the peripherals on a schedule determined via individual
circumstances (e.g. daily readings).

Data transmitted by participants to a monitoring centre was processed via an
algorithm for unusual patterns, out of range values and/or missing data.
Contravening a rule triggers an alert to an operator at a monitoring centre who would
follow a decision tree to determine an appropriate response. The range of responses
included: doing nothing – wait and see approach; requesting a repeat reading,
contacting the participant or their named informal carer, arranging a visit to the
participant’s home by their community matron or referring on to another healthcare
service, as appropriate. The TH was received in addition to usual health and social
care, by the intervention arm participants. At the end of the 12 months trial
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participants were given the option of keeping TH or having it removed from their
home.

Usual Care Treatment (control arm): Participants randomised to the control arm
received usual health and social care in line with local protocols for the 12-month
duration of the trial (e.g. combination of Community Matrons, District Nurses,
Specialist Nurses, GPs and hospital services based on clinical need). At the end of
the trial control participants were offered the installation of TH services in their
homes, if they were still eligible following a needs assessment.

Outcome measures: The findings were examined for generic and disease specific
HRQoL as assessed by the: (i) Short Form 12-item Survey (SF-12; (Ware et al.,
2007, Ware et al., 2002) sub-scales for Physical Component Summary (PCS) and
Mental Component Summary (MCS), (ii) EQ-5D York-Tariff (Group, 1990) which
produces a summary index over 5 domains (mobility; self-care; usual activities;
pain/discomfort; anxiety/depression), (iii) the Diabetes Health Profile (DHP)
(Meadows et al., 2000); with sub-scales measuring psychological distress, barriers to
activity and disinhibited eating, and (iv) study specific diabetes HRQoL measures of
social marginalisation and social conspicuousness. Measures were also taken of
anxiety with the Brief STAI (Marteau and Bekker, 1992) and depressive symptoms
by the 10 item CESD-10 (Andresen et al., 1994a). Higher scores on the quality of life
instruments pertained to better quality of life and higher scores on the anxiety and
depression instruments indicated greater psychological distress.
Demographic information recorded included age, gender, ethnicity, number of comorbid conditions and level of education. Participants’ levels of deprivation were
allocated using an Index of Multiple Deprivation score (Government, 2007)
(IMD(DoH, 2010b)) as assessed through postcodes.

Sample size calculation: For the disease specific aspects of the questionnaire study,
a power calculation was conducted on the basis of detecting a small effect size,
equivalent to a Cohen’s d of 0·3 (Cohen, 1988) allowing for an intra-cluster
correlation coefficient of 0·05, power of 80% and p<0·05. This indicated that between
420 participants and 520 would be required to allow sufficient power to detect this
small difference taking account of the cluster design.
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Statistical methods
Missing data rates (at the scale/item level used in analyses) among those returning
questionnaires at ST and LT were low (≤3%) and were imputed (m=10) using the
SPSS MCMC function within each administration. Standard multiple imputation
procedures were employed (Rubin, 1987).

Sample Characteristics: Frequencies and mean scores are reported for each trialarm at each follow up. Analyses were conducted on a modified intention to treat
(ITT) basis, i.e. available case analyses – where data was available for baseline plus
at least one follow-up point.

Detecting TC Effects: Repeated measures in each outcome over the one-year
follow-up period were analysed with linear mixed effects modelling (LMM)
procedures to detect: trial-arm effects, time effects and their interaction. This method
took account of the hierarchy within the data observations (i.e. assessment points,
were nested within participants, nested within GP practices). Data are presented as
estimated marginal means (EMMs) with standard errors (SE).

Covariates to adjust for case-mix differences between trial-arms were: age, gender,
deprivation, ethnicity, co-morbidities, highest education level, WSD Site, number of
devices, and baseline outcome score. For all parameter tests the alpha-level was set
to 0·05; Sidak’s adjustment was used to compensate for post hoc multiple
comparisons; 95% confidence intervals (CI) were used to take into account the
uncertainty in the estimates. Effect sizes for the trial arm effects of each outcome
were reported as Hedge’s g.

4.5.3. Results
Sample Recruitment and Attrition: Of the 1573 participants in the nested TH
questionnaire study, 455 were diabetic; of these 246 (54·1%) were in the intervention
arm and 209 (45.9%) were in the usual care arm.
Of the 455 diabetes participants, 233 (51.2%) completed the ST follow-up with 123
(52.8%) in the TH group and 110 (47.2%) in the UC group; and 245 (53.8%)
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completed LT follow-up with 129 (52.7%) in the TH group and 116 (47.3%) in the UC
group. Within the diabetes participants in the TH questionnaire study, 317 (69.7%)
completed baseline and at least one of the follow-up assessments (167 TH; 150 UC)
– labelled as the available cases cohort.

Sample Characteristics: Baseline sample characteristics by trial-arm of the 455
questionnaire participants are reported in Table 4.5.1. The mean age of the sample
was approximately 65 years with the majority of participants being of white
British/Irish ethnicity. Most participants came from the Newham WSD Site, and were
mainly male. The sample had on average two comorbid conditions and the majority
(54.3%) had received little formal education. On average the intervention group
received just short of 3 TH devices. In the TH arm 237 glucometers were distributed,
with 232 BP monitors, 185 weight scales and 56 pulse oximeters.

TABLE 4.5.1: Baseline sample characteristics per trial arm of diabetic
questionnaire participants
Intervention
N=246 (54.1%)
Site

Gender

*

Ethnicity

Total

N=209(45.9%)

N=455

Cornwall
64

(26.0)

55

(26.3)

119

(26.2)

Kent

(17.9)

46

(22.0)

90

(19.8)

Newham
138

(56.1)

108

(51.7)

246

(54.1)

Female115

(46.7)

84

(40.2)

199

(43.7)

Male

131

(53.3)

125

(59.8)

256

(56.3)

Non-White
79

(32.1)

72

(34.4)

151

(33.2)

White
167
British/Irish

(67.9)

137

(65.6)

304

(66.8)

44

Mean (Std. Err)
Age (years)

Control

Mean (Std. Err) Mean (Std. Err)

64.72

(.874)

65.27 (.875)

64.97 (.620)

35.12

(.957)

33.70 (.896)

34.47 (.661)

2.11

(.118)

2.17

(.128)

2.14

(.087)

Amount of TH – number of devices
2.89

(.047)

0.16

(.051)

1.64

(.073)

(.078)

0.97

(.088)

0.89

(.059)

Deprivation score

*

No. of Comorbidities

Level of Education

*

0.83

*multiply imputed; yoa – years of age
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Figure 4.5.1: Unadjusted Means scores (with 95% CI) for each PROM by trial arm.
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Detecting Telehealth Effects: Unadjusted means by trial-arm and time point on the
PROM for the available case cohort are presented in Figure 4.5.1. The confidence
intervals calculated around each mean suggest differences between the TH and UC
groups are not statistically significant in any measure, at any time point.

Physical health and mental health component scores for the SF12 and EQ5D health
status measures are lower/equal than population averages, but may be considered
appropriate for a population in this age range with LTCs. Both anxiety and
depression levels are slightly high with the depression level means close to the cut
off point for screening clinical levels of depression. The DHP scales and additional
social based HRQoL scales (social conspicuousness and social marginalisation) do
not indicate problems with diabetes specific QoL, and a relatively well functioning
LTC sample.

Table 4.5.2 presents key parameter estimates for the effect of trial-arm, time and
their interaction from LMM analyses (adjusting for case-mix) conducted for each
outcome (parameters for covariates are not presented). Only one effect from the 10
PROMs was significant, on the DHP Disinhibited Eating sub-scale – where a
significant trial arm effect was detected. Adjusted means (EMMs) for each outcome
measure by trial arm and time point are presented in Figure 4.5.2.

The EMM of the DHP-Disinhibited eating scale of the control (mean=35.512,
se=2.074) and intervention arms (mean=45.861, se=2.086; F (1,757.625)=7.697,
p=0.006) indicate a relatively large difference (after the intra-cluster correlation, all
covariates and data hierarchy are taken into account), as indicated by the significant
parameter effect. Effect-size estimates reveal this to be a small to medium effect,
however the ES had large 95% confidence intervals which crossed the 0 border (see
Figure 4.5.3).
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TABLE 4.5.2: Parameter estimates for trial arm and time in the LMM analyses
for available cases (n=317)
Trial Arm
Est.
0.33
8
1.80
SF 12 – MCS
6
0.08
EQ5D
7
Anxiety
0.23
2
0.48
Depression
8
Psychologic
1.16
al Distress
1
3.56
Barriers to
activity
1
10.6
Disinhibited
eating
74
Social
marginalisati 3.47
on
6
Social
conspicuous 2.27
ness
5
SF 12 - PCS

Time

Time*Trial Arm

S.E.

Sig.

Est.

S.E.

Sig.

Est.

S.E.

Sig.

1.801

0.851

0.335

0.703

0.634

0.298

0.976

0.760

1.776

0.309

0.024

0.639

0.970

0.024

0.881

0.978

0.068

0.201

0.021

0.026

0.417

0.050

0.036

0.167

1.053

0.825

0.604

0.415

0.146

0.250

0.568

0.660

1.364

0.720

0.100

0.528

0.849

0.189

0.734

0.797

4.63

0.802

0.042

1.826

0.982

3.491

2.64

0.187

4.524

0.431

1.779

1.694

0.294

2.441

0.596

3.847

0.006

1.754

1.649

0.287

2.386

0.786

3.677

0.345

0.703

1.493

0.638

2.288

2.087

0.273

3.374

0.500

0.764

1.427

0.592

1.610

1.973

0.415

1.293
0.649

significant effects (p<0.05) indicated in bold.
The only measure to have ES CI that did not cross the 0 mark was the EQ-5D.
However the estimated effect size was very small (Cohen’s criteria) and the upper CI
did not exceed 0.2, suggesting that although this is a robust ES, its magnitude is
unlikely to have a substantial clinical impact.
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Figure 4.5.2: Covariate adjusted Means scores (with 95% CI) for each PROM by trial arm.
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Figure 4.5.3: Effect size estimates for the (a) Generic QoL and psychosocial well-being
outcomes and (b) the disease specific QoL outcome measures.

(a) effect sizes for the Generic QoL and psychosocial well-being outcomes

(b) effect sizes for the disease specific QoL outcome measures

Sensitivity analyses (i.e. analyses per-protocol, with complete cases, and/or
excluding covariates) indicated similar trends in effects (available from the authors).

4.5.4. Discussion
This analysis examined the effect of telehealth on participant reported outcomes in a
relatively large sample of diabetes patients, who took part in the Whole Systems
Demonstrator TH trial.
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Overall scores for the sample indicate that physical health and mental health
component scores for the SF12 and EQ5D health status measures are lower/equal
than population averages, but may be considered appropriate for a population in this
age range with LTCs. Both anxiety and depression levels are slightly high with the
depression level means close to the cut off point for screening clinical levels of
depression. The DHP scales and additional social based HRQoL scales (social
conspicuousness and social marginalisation) do not indicate problems with diabetes
specific QoL, and a relatively well functioning LTC sample.

The TH group means generally indicated marginally better generic HRQoL outcomes
for the TH group; and the usual care better marginally better outcomes on the
disease specific and psychological distress scales; however on the whole these
differences did not reach statistical significance, with the results suggesting that TH,
relative to usual care, does not significantly impact upon patients HRQoL (generic
and disease specific) or psychological distress over a period of 12 months. Nor does
the status of these participants’ PROMs greatly alter over the 12 month period.

The only significant effect across the analyses of the PROMs was found on the DHP
Disinhibited Eating sub-scale – where a significant trial arm effect was detected.
Parameter estimates indicate that being a member of the TH intervention trial arm
provides approximately a 10 point increase on the DHP Disinhibited eating scores.
This may indicate that with TH, patients are more likely to undertake disinhibited
eating (e.g. lack eating control, emotional eating), perhaps as a response to knowing
that should any effects of lacking eating control become extreme, they are being
monitored and health care professionals will suitably intervene. However, the
mechanisms of such unexpected negative effects need further investigation.
Furthermore, effect-size estimates reveal this to be a small to medium effect, with
large confidence intervals that crossed the 0 border, indicating poor reliability in this
estimate. The only outcome with a perceptibly robust effect size confidence interval
was with the EQ5D measure; however the magnitude of this effect indicated that it
would unlikely be clinically significant.

The lack of effects on these measures likely reflect that the monitoring of diabetes
with TH, has no substantial impacts of TH on either generic or disease specific
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HRQoL measures in a diabetic population. However, this also demonstrates that
there are no substantial decreases in HRQoL with the introduction of TH with
diabetics. These results are in line with previous studies in the field, which in general
found few effects of TH in diabetic patients on HQoL outcomes. The results with
regards to psychosocial distress are not often reported in other studies, but here they
indicate that they are potentially a concern in this population and should be
monitored; but that the TH systems used in the WSD do not significantly tackle the
potential distress, monitoring has been postulated to reduce (Bower et al., 2011).
.
This clustered RCT addresses many of the methodological limitations identified in
previous studies and adds evidence to an important gap in the literature. However,
caution is required as although this was a relatively large sample of diabetic patients,
in the available cases analyses, the sample size did fall slightly short of the
recommended number required to detect a small effect.

The WSD trial was a pragmatic trial, but with associated limitations. Whilst it has
good ecological validity, one potential criticism is the number of confounding factors
(e.g. the nature of the TH intervention delivered at each of the regional WSD
Sites/participating). Similarly to other studies in this area there is a high risk of
selection bias given the numbers of eligible patients the study sample were drawn
from is unknown. Nevertheless, the WSD trial recruited a large number of patients
with diabetes, is one of very few UK based studies conducted in the NHS, and
benefits from high generalisability across different centres given the inclusion of a
many GP practices (n=204) delivering TH or standard care to diabetic patients.

This study also examined the use of novel social functioning with diabetes scales of
social marginalisation and social conspicuousness. The results show that overall
there are only small impacts in these two areas of social life and that they are not
impacted upon by TH as delivered in this study. However it may be the case that
non-home-based remote monitoring of mobile monitoring would have a greater
impact in these areas, if they should prove to be problematic in other samples.

Importantly, as an RCT this study did not aim to specifically examine the
mechanisms by which TH may impact PROMs. The differences in the types of TH
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and how they may differentially affect outcomes needs better investigation – as they
likely use different mechanisms for action on HRQoL and psychological distress,
making it problematic to compare the effectiveness of trials. TH solutions also need
to be described in sufficient detail, to determine how their use in the complex
healthcare environment of diabetes management, may lead to improved HQoL
outcomes. Monitoring and interpreting readings in diabetes self-management is only
one domain of a complex set of behaviours patients are advised to follow. Thus the
complexity interventions, including the integrated role of TH, need to be adequately
described with the mediating and moderating variables also examined.
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4.6. QoL Outcomes - HF

4.6.1. Background
Seven systematic reviews of the TH literature for HF have been performed (Martinez
et al., 2006, Clark et al., 2007, Maric et al., 2009, Inglis et al., 2010, Polisena et al.,
2010a, Schmidt et al., 2010, Clarke et al., 2011). The authors of these reviews
generally draw positive conclusions about the impact or potential impact of TH on
HRQoL and related outcomes; however the actual data they report do not support
such upbeat conclusions.

With some exceptions, the reviews are limited by methodological and interpretative
flaws. However, in the two most transparent reviews, only one of three (Clark et al.,
2007) and three of seven primary studies (Inglis et al., 2010) evaluating TH-based
vital signs monitoring report any statistically significant associations between TH and
improvements in HRQoL. Furthermore, many of the primary studies identified are
methodologically weak with small samples, short follow-ups and poor outcome
measures. A recent RCT of ‘third generation’ TH (Anker et al., 2011) not included in
the cited reviews found no effect of TH on depression scores over the 24 month
study period and an overall benefit for TH on only one of eight SF-36 sub-scales
(Koehler et al., 2011). Overall, claims that TH improves HRQoL for HF patients are
unsubstantiated (Schmidt et al., 2010).

The lack of statistically significant or clinically significant effects of TH on HRQoL,
anxiety and depressive symptoms reported in Section 4.3 for the whole
questionnaire sample (n=1,573) could mask differential effects of TH across the
three long term conditions examined (COPD, diabetes, heart failure). To test this
hypothesis the current section examines the effect of TH on HRQoL, anxiety and
depressive symptoms in a sub-group of participants indexed as HF (n=540).
4.6.2. Methods

The methods used replicate those previously reported for the whole sample analyses
in Section 4.3.1 (pp. 126-131). The HF analysis had one less covariate since all
participants included had a diagnosis of HF (i.e. the variable representing a
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‘diagnosis of HF (yes / no)’ was not needed). The Minnesota Living with Heart
Failure Questionnaire (MLHFQ) (Rector and Cohn, 1992) is a 21-item measure of
disease-specific QoL. It is the most widely used measure of HRQoL in the HF
population and has demonstrated acceptable validity and reliability (Rector and
Cohn, 1992, Rector et al., 1993). The MLHFQ generates a total score based on 21
items, a physical sub-scale score (8 items) and an emotional sub-scale score (5
items). Higher scores reflect worse QoL.

4.6.3. Results

Sample Characteristics
Table 4.6.1 shows baseline sample characteristics for participants indexed to heart
failure in the WSD TH Trial (n=890) in the WSD TH Questionnaire Study. The table
provides comparison data for the intention-to-treat Baseline Cohort (n=540),
Available Case Cohort (n=437) and Complete Case Cohort (n=284). Compared to
HF participants in the trial, HF participants in the questionnaire study cohorts were
similar in terms of age, gender, number of comorbidities and number of peripheral
TH devices allocated. However, across the three questionnaire cohorts (Baseline –
ACC – CCC) there were trends towards a higher proportion of White participants, a
higher proportion of participants from Kent (and fewer from Newham), a higher
proportion of participants with COPD (and fewer with diabetes), and lower
deprivation. However, where there are differences between the parent trial cohort
and the various questionnaire cohorts, these are mostly small.

Preliminary unadjusted analyses
Figure 4.6.1 presents unadjusted means and 95% confidence intervals for the eight
outcomes by trial arm (TH vs. UC) at all time points (BL, ST, LT). The overlapping
confidence intervals for TH and UC suggest that minor differences between trial
arms for any particular outcome at any particular assessment point were not
statistically significant.
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Primary Analyses: Treatment Effectiveness
In a series of intention to treat analyses, multilevel modelling was used to compare
trial arms while controlling for the baseline score of the respective outcome measure,
key covariates, and the intracluster correlation (see Methods Section 4.3.2. pp 126131). Parameter estimates from these analyses, analogous to regression
coefficients, and associated significance levels are shown for the main effects of trial
arm (TH v usual care), the main effect of time (short term v long term assessment)
and the trial arm-by-time interaction are shown in Table 4.6.2. There were two mains
effects of trial arm (for anxiety and depressive symptoms), no main effects of time,
and a single trial arm-by-time interaction (involving depressive symptoms).

To assist with the interpretation of the parameter estimates, Table 4.6.3 presents
unadjusted means at baseline and (adjusted) estimated marginal means (EMMs) at
short term and long term assessment, for all outcomes. It reveals that the significant
interaction term for the CESD-10 occurs because of a sharp fall in depression scores
from ST to LT for the TH arm, while the UC arm remains stable. Similar patterns (i.e.
improvements for the TH arm coupled with stability for the UC arm) are seen for the
MCS, Brief STAI, MLHFQ Total and MLHFQ Emotional sub-scale, although none of
main effects or interaction terms were significant (Table 4.6.2).

Table 4.6.4 presents adjusted effect sizes (standardised differences in the means)
for all outcomes at ST and LT. The effect sizes show that all outcomes, at both time
points, failed to reach the trial defined minimal clinically important difference (MCID).
Confidence intervals were large which indicates that there is substantial uncertainty
about the ‘true’ magnitude of the effect sizes in the population.

Sensitivity Analyses
The above findings are based on an ITT analysis of the ACC. To examine the
robustness of these findings three additional sets of analyses were conducted
representing ITT CCC, PP ACC and PP CCC (see Methods Section 4.3). These
sensitivity analyses are not reported here in full but the results suggest that it is only
the trial arm-by-time interaction for the CESD-10 and, possibly, the main effect for
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the CESD-10 that can be considered statistically robust. Further, the magnitude of
the effect size for the CESD-10 at LT assessment is smaller in all other analyses (i.e.
at or around 0.20 as opposed to 0.28 for ITT ACC in Table 4.6.4).

4.6.4. Discussion
In this cluster RCT of home-based TH for patients with heart failure we found no
robust effects of TH on generic HRQoL (PCS; MCS; EQ5D), disease-specific
HRQoL (MLHFQ Total; MLHFQ Physical sub-scale; MLHFQ Emotional sub-scale) or
anxiety (Brief STAI) when assessed over the 12-month trial period. Across sensitivity
analyses there was a robust trial arm-by-time interaction for depressive symptoms
(CESD-10) and consistent main effect for this variable. Judged against the trial
defined MCID, no outcome (including the CESD-10) showed clinically meaningful
differences at any time point (ST or LT). This observation was consistent across all
four sets of sensitivity analyses.

Interpretation of the main effect of TH on depressive symptoms, and the associated
interaction term, requires careful interpretation. Robust detection of statistically
significant differences between trial arms informs us that there is an effect of TH on
depressive symptoms that is unlikely to be attributable to alternative explanations
such as cohort/attrition effects, analysis effects, measurement error, chance etc.
However, it should be recognised that a statistically significant effect of TH was
observed on only one of eight conceptually related outcomes examined and the
effect sizes reveal that the magnitude of differences between trial arms was too
small and too uncertain to be clinically meaning for patients. Based on these
analyses we conclude that TH was not effective (as shown in the ITT analyses) or
efficacious (as shown in the PP analyses; no reported here) for heart failure patients
on any of the patient-reported outcomes examined. The results reported here for the
HF sub-group essentially mirror the findings reported earlier for the whole
questionnaire sample and reflect the largely null findings reported in the extent
literature.

More research is needed to understand why TH was not effective at improving
HRQoL and related outcomes in the WSD Evaluation. One possibility is that there
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was insufficient training and support offered to the participants in the TH trial and
therefore the equipment was used sub-optimally. Alternatively, it could be that
‘second generation’ TH lacks the necessary functionality to sufficiently facilitate
professional behaviours (i.e. surveillance) and patient behaviours (i.e. self-care
behaviour) to generate QoL improvements. Thirdly, it may be that QoL
improvements are a function of disease status and that 12-months is insufficient
duration for differences in disease status to emerge.
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Table 4.6.1. Sample characteristics at baseline (Heart failure participants)
WSD Telehealth Trial

WSD Telehealth Questionnaire Study
Baseline Cohort

TH

UC

TH

UC

(n=426;

(n=464;

(n=265;

(n=275;

47.9%)

52.1%)

49.1%)

50.9%)

162

174

336

87

109

(38.0%)

(37.5%)

(37.8%)

(32.8%)

174

165

339

(40.8%)

(35.6%)

90

Available Case Cohort (BL +

Complete Case Cohort (BL + ST

ST or LT)

+ LT)

TH

UC

TH

UC

(n=228;

(n=209;

(n=146;

(n=138;

52.2%)

47.8%)

51.4%)

48.6%)

196

78

82

160

43

53

(39.6%)

(36.3%)

(34.2%)

(39.2%)

(36.6%)

(29.5%)

(38.4%)

132

113

245

113

88

201

83

63

(38.1%)

(49.8%)

(41.1%)

(45.4%)

(49.6%)

(42.1%)

(46.0%)

(56.8%)

(45.7%)

125

215

46

53

99

37

39

76

20

22

(21.1%)

(26.9%)

(24.2%)

(17.4%)

(19.3%)

(18.3%)

(16.2%)

(18.7%)

(17.4%)

(13.7%)

(15.9%)

144

171

315

89

100

189

75

71

146

49

48

(33.8%)

(36.9%)

(35.4%)

(33.6%)

(36.4%)

(35%)

(32.9%)

(34.0%)

(33.4%)

(33.6%)

(34.8%)

282

293

575

176

175

351

153

138

291

97

90

(66.2%)

(63.1%)

(64.6%)

(66.4%)

(63.6%)

(65%)

(67.1%)

(66.0%)

(66.6%)

(66.4%)

(65.2%)

Non-

39

55

94

20

17.6

37.6

16

10

26

White

(9.2%)

(11.9%)

(10.6%)

(7.5%)

(6.4%) †

(7.0%) †

(7.0%)

(4.8%)

(5.9%)

6 (4.1%)

4 (2.9%)

375

387

762

245

257.4

502.4

199

411

140

134

(83.4%)

(85.6%)

(92.5%)

(93.0%)

212

(88.0%)

(93.6%)
†

†

(93.0%)

(95.2%)

(94.1%)

(95.9%)

(97.1%)

Total
(N=890)

Total
(n=540)

Total
(n=437)

Total
(n=284)

WSD Site
Cornwall

Kent

Newham

96 (33.8%)

146 (51.4%)

42 (14.8%)

Gender
Female

Male

97 (34.2%)

187 (65.8%)

Ethnicity

White

10 (3.5%)

274 (96.5%)
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Missing

12

22

34

(2.8%)

(4.7%)

(3.8%)

74

101

(17.4%)

-

-

-

-

-

-

-

-

-

175

50

62

112

43

49

92

26

36

(21.8%)

(19.7%)

(18.9%)

(22.5%)

(20.7%)

(18.9%)

(23.4%)

(21.1%)

(17.8%)

(26.1%)

80

87

167

49

49

98

39

41

80

21

24

(18.8%)

(18.8%)

(18.8%)

(18.5%)

(17.8%)

(18.1%)

(17.1%)

(19.6%)

(18.3%)

(14.4%)

(17.4%)

426

464

890

265

275

540

228

209

437

146

138

284

(100.0%)

(100.0%)

(100.0%)

(100.0%)

(100.0%)

(100.0%)

(100.0%)

(100.0%)

(100.0%)

(100.0%)

(100.0%)

(100.0%)

Mean

Mean

Mean

Mean

Mean

Mean

Mean

Mean

Mean

Mean

Mean

(SD)

(SD)

(SD)

(SD)

(SD)

(SD)

(SD)

(SD)

(SD)

(SD)

(SD)

73.48

73.32

73.40

73.38

73.24

73.31

72.93

73.07

73.00

73.12

73.23

73.17

(11.20)

(11.97)

(11.60)

(11.09)

(11.82)

(11.46)

(10.87)

(11.30)

(11.07)

(9.95)

(10.11)

(10.01)

Deprivation

26.26

27.94

27.14

23.95

26.17

25.08

23.27

25.81

24.49

21.92

23.95

22.91

(IMD)

(13.86)

(13.89)

(13.89)

(13.22)

(13.39)

(13.35)

(12.78)

(13.43)

(13.15)

(12.58)

(12.78)

(12.70)

No. of

2.12

2.26

2.19

2.09

2.25

2.17

2.04

2.20

2.12

1.94

2.04

comorbidities

(1.90)

(1.98)

(1.94)

(1.91)

(2.00)

(1.96)

(1.84)

(2.05)

(1.94)

(1.86)

(2.02)

No. of TH

2.69

3.00

2.69

2.74

0.04

1.37

2.72

0.04

1.44

2.73

0.06

devices

(0.62)

(0.71)

(0.62)

(0.68)

(0.37)

(1.46)

(0.68)

(0.32)

(1.44)

(0.61)

(0.40)

LTC
Diagnoses‡
COPD

Diabetes

HF

Age (years)

62 (21.8%)

45 (15.8%)

Mean (SD)

1.99 (1.94)

1.43 (1.44)
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Figure 4.6.1. Unadjusted means (and 95% CIs) at each assessment point
by trial arm (ITT ACC; n= 437)
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Table 4.6.2: Parameter estimates for Trial Arm, Time and their interaction
(Intention-to-treat Available Case Cohort)
Available Case Cohort (n=437)
Time ‡

Trial Arm*

Time x Trial Arm

Outcome

Estimate

Sig.

Estimate

Sig.

Estimate

Sig.

Measure

(SE) †

†

(SE) †

†

(SE) †

†

PCS (US 1998

-0.12 (2.87)

0.96

+0.26 (0.55)

0.64

+1.85 (2.62)

0.48

NBS) scale
MCS (US 1998

7
+1.27 (3.78)

NBS) scale
EQ-5D scale

0.73

4
-1.09 (0.76)

7
+0.01 (0.10)

0.91

-2.78 (1.37)

0.04

+0.01 (0.02)

-4.69 (1.76)

0.00

-0.26 (0.28)

-6.00 (7.94)

0.45

scale

0

MLHFQ physical +1.05 (3.83)

0.78

scale

4

MLHFQ
emotional scale

-2.79 (2.19)

0.20
3

+0.02 (0.10)

0.35

+0.10 (0.35)

0.77

+2.22 (1.33)

0.72

+3.70 (1.70)

0.84

+14.34 (7.54)

0.50
2

0.05
7

+1.59 (3.55)

2
+0.29 (0.43)

0.02
9

6
+0.15 (0.76)

0.09
5

4
-0.56 (1.61)

0.83
2

4

8
MLHFQ total

0.81

0.09
8

9

2
CESD-10 scale

-5.82 (3.52)

2

7
Brief STAI scale

0.15

0

0.65
4

+4.05 (2.08)

0.05
2
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Table 4.6.3. Means and estimated marginal means at each assessment
point (Intention-to-treat Available Case Cohort)
ITT Available Case Cohort (n=437)
ST†

BL*
Outcome

LT†

TH

UC

TH

UC

TH

UC

(n=228)

(n=209)

(n=195)

(n=172)

(n=179)

(n=175)

PCS (US 1998

32.22

33.46

33.54

31.81

31.44

31.55

NBS) scale

(0.72)

(0.76)

(1.77)

(2.02)

(2.01)

(2.03)

MCS (US 1998

48.12

47.32

42.05

46.61

48.96

47.69

NBS) scale

(0.70)

(0.82)

(2.34)

(2.68)

(2.64)

(2.69)

EQ-5D scale

0.56

0.56

0.48

0.45

0.46

0.45

(0.02)

(0.02)

(0.06)

(0.07)

(0.07)

(0.07)

9.61

9.57

11.21

11.78

9.25

12.04

(0.24)

(0.25)

(0.84)

(0.93)

(0.97)

(0.94)

8.99

9.24

10.44

11.43

6.64

11.33

(0.38)

(0.44)

(1.14)

(1.26)

(1.25)

(1.26)

MLHFQ total

43.33

44.09

50.07

41.73

36.29

42.29

scale

(1.65)

(1.89)

(4.99)

(5.65)

(5.61)

(5.64)

MLHFQ physical

22.63

21.61

21.44

18.80

19.70

18.65

scale

(0.79)

(0.87)

(2.39)

(2.72)

(2.67)

(2.72)

MLHFQ

7.82

8.47

10.88

9.62

6.54

9.33

emotional scale

(0.48)

(0.54)

(1.38)

(1.56)

(1.55)

(1.56)

Brief STAI scale

CESD-10 scale

Notes: Numbers in brackets are SEs. * Baseline values are unadjusted means since
EMMs cannot be calculated. † ST and LT values are EMMs.
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Table 4.6.4. Standardised adjusted effect sizes (Intention-to-treat Available Case Cohort)
Short Term (4 months)
Mean

Lower

Upper

Diff.

95% CI

95% CI

PCS

-0.07

-0.27

0.14

MCS

0.13

-0.07

EQ-5D

-0.03

Brief STAI

Long Term (12 months)
Favours

Exceeds

Mean

Lower

Upper

Favours

Exceeds

MCID?

Diff.

95% CI

95% CI

TH

No

0.00

-0.20

0.21

UC

No

0.34

UC

No

-0.04

-0.25

0.17

TH

No

-0.24

0.17

TH

No

-0.01

-0.22

0.20

TH

No

-0.05

-0.25

0.16

TH

No

-0.22

-0.43

-0.01

TH

No

CESD-10

-0.06

-0.27

0.14

TH

No

-0.28

-0.49

-0.07

TH

No

MLHFQ total

0.12

-0.09

0.32

UC

No

-0.08

-0.29

0.13

TH

No

MLHFQ physical

0.08

-0.13

0.28

UC

No

0.03

-0.18

0.24

UC

No

MLHFQ emotional

0.06

-0.14

0.27

UC

No

-0.13

-0.34

0.07

TH

No

MCID?
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4.7. TH: Self-care Behaviour

4.7.1. Background
The mechanisms by which TH is assumed to influence patient and clinical outcomes
are under-theorised and rarely researched directly. Broadly, however, two pathways
have been suggested (Antonicelli et al., 2008, Koff et al., 2009), (i) increased
professional surveillance, and (ii.) improved patient self-care. The first mechanism
assumes that increased surveillance by healthcare professionals affords
opportunities for early interventions to improve the medical management of long term
conditions (e.g. new diagnostic tests; titration or change of medications) that may
delay or preclude the need for more invasive or expensive interventions
subsequently. The second mechanism assumes that functions of TH (e.g. diseasespecific education; regular patient monitoring of clinical indicators; timely contact with
healthcare providers when clinical readings breach individualised parameters) may
promote improved patient self-care behaviour that can delay or limit disease
progression and thereby reduce the need for more invasive and expensive
interventions.

The two hypothesised mechanisms are not mutually exclusive and both mechanisms
will need to be optimised if TH is to achieve its full potential. However, sustained
patient behaviour change (e.g. improved adherence to medical regimens, more
consistent monitoring of disease signs and symptoms, and more appropriate
responses to changes in signs and symptoms) arguably represents the more
important mechanism of action since it offers the prospect of improved patient and
clinical outcomes for minimal costs. If TH can be used to optimise patient self-care
then the input required from health services will be only that required to manage
unavoidable disease exacerbations and complications. In contrast, if patient self-care
behaviour is suboptimal then the TH services will need to be maintained at a scale to
manage both avoidable and unavoidable exacerbations and complications. Thus,
maximum effectiveness and efficiency of TH can only be attained if these services
are able to deliver improved self-care behaviour.

To date there has been very little research conducted on the impact of TH on patient
self-care behaviour and that which has been conducted is methodologically weak
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(Ciere et al., 2012a). To address this evidence gap we sought to examine the impact
of TH on patient self-care behaviour and a reliable cognitive precursor of behaviour,
self-efficacy.

4.7.2. Methods
This analysis was conducted on the full sample of participants in the WSD TH
Questionnaire Study (N=1,573). See Section 4.3.2 (pp. 126-131) for details of the
study protocol, and Table 4.3.1 for the sample characteristics at baseline.

Measures
Findings are based on three instruments assessing generalised self-efficacy, selfcare self-efficacy and self-care behaviour.

The Generalised Self-Efficacy Scale (GSES) is a 10-item tool which assesses the
optimistic self-belief that one can cope with adversity or perform novel or difficult
tasks across various domains of functioning (Schwarzer and Jerusalem, 1995).
Perceived self-efficacy is an operative construct (i.e. it is related to subsequent
behaviour) and has been shown to predict goal-setting, effort, investment,
persistence in face of barriers and recovery from setbacks (Government, 2007). The
GSES presents ten statements of successful coping (e.g. It is easy for me to stick to
my aims and accomplish my goals) and asks respondents to indicate the extent to
which each statement applies to them using a 4-point response scale. The scale has
demonstrated good reliability and validity (Barlow et al., 1996) and has been used
with numerous clinical populations included for patient with COPD, diabetes and
heart failure. Scores range from 10 to 40 with higher scores reflected greater
perceived self-efficacy.

The Self-Care Self-Efficacy Scale (SCSES) is new 5-item instrument developed
specifically for the WSD Evaluation to assess perceived self-efficacy with respect to
self-care behaviours. This scale is intended to assess a more specific domain of selfefficacy than the GSES and, in line with the principle of correspondence (Ajzen and
Fishbein, 1977), should allow for better prediction of self-care behaviour. The
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SCSES presents five self-care behaviours (maintaining a balanced diet; engaging in
appropriate levels of physical activity; monitoring symptoms; managing health
symptoms; utilising healthcare in order to manage health conditions) and asks
respondents “How confident are you in your ability to…” perform each behaviour
adequately. In preliminary analyses (not reported here) the SCSES demonstrated
adequate internal consistency supporting the use of a summated scale total. Scores
range from 0 to 25 with higher scores reflecting greater self-care self-efficacy.
The Self-Care Behaviour Scale (SCBS) was developed in parallel to the SCSES to
assess actual (i.e. self-reported) performance of the same five self-care behaviours,
as opposed to the degree of perceived self-efficacy about performing the behaviours.
The SCBS ask respondents to consider the last month and presents five statements
(e.g. I have been able to monitor the signs, symptoms and problems of my illness).
Respondents indicate the extent to which the statement applies to them using a 6point response scale. Scores range from 0 to 25 with higher scores reflecting more
consistent performance of generic self-care behaviours.

4.7.3. Results

Preliminary unadjusted analyses
Figure 4.7.1 presents unadjusted means and 95% confidence intervals for the three
outcomes of interest by trial arm at all time points for the intention-to-treat complete
available case cohort (n=1201). The figure shows a marginal reduction in
generalised self-efficacy and self-care self-efficacy over time but a marginal increase
in reported self-care behaviour. However, the confidence intervals suggest that there
are no significance differences between trial arms on any outcome, at any time point,
in either cohort. Figure 4.7.1 offers a preliminary assessment of change over time
and differences between trial arms but the data on which they are based are
unadjusted, therefore care must be taken when interpreting the graphs.

Primary analyses: treatment effectiveness
To address the principal research question we used an intention-to-treat approach
with multilevel modelling to control for the clustering of participants by General
Practice, key covariates and the baseline score of the respective outcome measures
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(see methods in Section 4.3.2, pp. 126-131). Parameter estimates, analogous to
regression coefficients, and significance levels are shown for the main effects of trial
arm (TH vs usual care) and time (short term vs long term assessment) and their
interaction for each of the outcome measures. Table 4.7.1 shows that trial arm and
the trial arm-by-time interaction were not significant for any outcome measure.

Figures 4.7.2 shows the adjusted effect sizes for trial arm (TH vs usual care) at
short-term and long-term assessment separately, for all outcomes. Point estimates
of trial arm differences at both assessment points failed to reach the trial defined
minimal clinically important difference (MCID). Further, even the upper bound
estimate (CI) failed to reach the MCID. The effect size estimates clearly demonstrate
that any marginal differences between TH and usual care in terms of generalised
self-efficacy, self-care self-efficacy and self-care behaviour are clinically insignificant.

Sensitivity Analyses
The findings reported above are based on an intention-to-treat analyses for the
Available Case Cohort (n=1,201). To assess the robustness of the findings to
analytic decisions made by the researchers, the analyses were repeated under three
additional conditions: intention-to-treat analyses for the Complete Case Cohort
(n=1,108); per protocol analyses for the Available Case Cohort (n=759); per protocol
analyses for the Complete Case Cohort (n=633). Across all of the additional
analyses the null findings were replicated (data not reported here). There was no
evidence of statistically significant or clinically meaningful differences between trial
arms, either as a main effect of as an interaction (trial arm-by-time).

4.7.4. Discussion
In the analyses of data from the WSD TH Questionnaire Study, there was no effect
of TH on generalised self-efficacy, self-care self-efficacy or self-care behaviour over
the 12-month trial period. These findings were consistent across a series of
sensitivity analyses (intention-to-treat vs per protocol; available case cohort vs
complete case cohort). The null findings for the primary intention-to-treat analyses
demonstrate that TH was not effective at changing these outcomes, while the null
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findings for the per protocol analyses show that TH was not efficacious at changing
these outcomes. Assessed against the trial-defined MCID, the upper bound
population estimates (i.e. 95% CIs) failed to reach clinically significant levels for any
outcome at any time point.

In drawing conclusions about the impact of TH on self-efficacy and self-care
behaviour it is important to recognise limitations of the data. Firstly, any conclusions
can only be generalised to other home-based TH systems comparable to the TH
systems evaluated in the WSD trial. Secondly, self-efficacy is a psychological
construct that is best assessed using self-reported measures with evidence of
sensitivity, reliability and validity. The GSES meets these criteria but our new
measure of self-care self-efficacy has undergone limited testing to date and the
psychometric properties and usability of this instrument are therefore less certain.
Similar qualifications apply to the new self-care behaviour scale. In addition it is
generally agreed that it is preferable to use objective measures of behaviour rather
than subjective self-report measures. Notwithstanding these potential limitations of
the SCSE scale and the SCB scale, it should be recognised that both scales have
good face validity, were easily understood by the study participants (as indexed by
the low degree of missing values) and demonstrated a single-factor solution using
Principal Component Analysis. In addition, findings across all three outcome
measures (GSES, SCSCE and SCBS) were similar across all sensitivity analyses.
Given that the three constructs are conceptually related, consistency across
outcomes supports that the validity of the findings.

Meaningful comparisons of the current findings with the extent literature are difficult
given the poor quality of studies to date (Ciere et al., 2012a). Six studies have
examined the impact of TH on self-efficacy and five of these report no evidence of
improvement (Ciere et al., 2012a). Nine studies have examined the impact of TH on
self-care behaviour and the evidence here is inconclusive (Ciere et al., 2012a). With
a large sample size, 12-month follow-up, randomised design and multiple,
theoretically coherent outcome measures, the current study represents a substantive
leap forward in terms of methodological quality. Our findings therefore represent the
best available evidence for the impact of TH on self-efficacy and self-care behaviour
in patients with COPD, diabetes and heart failure.
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Although the TH regimen appears to contain several elements common to effective
(face-to-face) self-management interventions (e.g. goal setting; self-monitoring of
behaviour and outcomes of behaviour; biofeedback of disease markers; diseasespecific education), the null findings suggest that these behaviour change techniques
are not effective as implemented within TH system evaluated. One important
challenge for the future is therefore to develop ways of implementing effective
behaviour change strategies within the limitations of TH.

Table 4.7.1 - Parameter estimates for Trial Arm, Time and their
interaction
ITT Available Case Cohort (n = 1,201)
Trial Arm

Time

Time x Trial Arm

Outcome Estimate (SE) † Sig. †

Estimate (SE) † Sig. †

Estimate (SE) † Sig. †

GSES

+0.01 (1.07)

0.992

-0.47 (0.22)

0.029

+0.15 (0.79)

0.850

SC SE

+0.17 (1.06)

0.871

-0.14 (0.23)

0.549

+0.56 (0.87)

0.518

SCB

-0.76 (0.95)

0.426

-0.15 (0.21)

0.479

+0.20 (0.76)

0.795

†

All values are based on multilevel models controlling for the intra-class correlation,

all covariates and the relevant baseline outcome measure
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Figure 4.7.1 Unadjusted means (95% CIs) for primary outcomes at
baseline, short-term and long-term follow-up (ITT ACC)
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Figure 4.7.2 Standardised adjusted effect sizes for intention to treat analysis, available case cohort (n=1201)

Mean Difference (95% CIs)
Unstandardised

Standardised

Short term
assessment
GSES

-0.16 (-1.88 to 1.56)

-0.01 (-0.14 to 0.11)

SCSE

-0.74 (-2.56 to 1.08)

-0.05 (-0.18 to 0.07)

SCB

0.56 (-1.07 to 2.19)

0.04 (-0.08 to 0.17)

GSES

-0.01 (-1.83 to 1.81)

0.00 (-0.13 to 0.13)

SCSE

-0.17 (-2.06 to 1.72)

-0.01 (-0.14 to 0.11)

SCB

0.76 (-0.91 to 2.43)

0.06 (-0.07 to 0.18)

Trial-defined
MCID

Trial-defined
MCID

Long term
assessment
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4.8. Telehealth: Carer outcomes

4.8.1. Background
In the last five years the number of informal (unpaid) carers in Britain has surged
from 5.8 to 6.4 million with a corresponding increase in the value of care they provide
from £96 billion to £119 billion (Buckner and Yeandle, 2007, Buckner and Yeandle,
2011). The carer population is likely to increase further over the coming decades as
each year the average life expectancy increases by 0.2 years (Christensen et al.,
2009) and the number of people with long-term conditions is expected to grow (Rice
and Fineman, 2004). Thirty seven percent of carers report that the person they care
for (‘care-recipient’) needs care due to long-standing illness (Schoenfeld, 1982) and
these carers face increased responsibilities for coordinating care and symptom
management for conditions that are enduring and often progressive (Baanders and
Heijmans, 2007, Lim and Zebrack, 2004, Grant et al., 2012a). With greater life
expectancy the burden on informal carers will be sustained over a longer period of
time. Policy changes that seek to shift delivery of healthcare away from hospitals and
into primary care, community services and self-management in the home will
compound pressures on carers (Lim and Zebrack, 2004, Grant et al., 2012a).

In response to these rapid demographic and policy changes, TH is increasingly
trialled for patients with long term conditions as a potential way to promote increased
monitoring and early intervention by healthcare professionals and improved patient
self-management. Just as illness can have adverse ‘spillover effects’ on the QoL of
other household members (Wittenberg et al., 2013), healthcare interventions for
patients can have beneficial spillover effects for family members who were not the
intended target of the intervention (Basu and Meltzer, 2005). Two mechanisms which
help to account for adverse spillover effects may also account for beneficial spillover
effects (Bobinac et al., 2010). The ‘caregiving effect’ refers to the typically negative
impact on carer’s well-being of providing care for someone who is ill or impaired
(Bobinac et al., 2010). It represents the impact on carers’ QoL of the cognitive and
behavioural resources expended when providing hands-on care. This effect is
moderated by the patient’s severity of illness or impairment, their degree of caredependency and the care environment. The caregiving effect impacts all carers
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regardless of their relationship to the patient. In contrast, the ‘family effect’ refers to
the impact of the patient’s illness or impairment on the QoL of people who have a
strong emotional bond or loving relationship with the patient, regardless of whether
or not they regularly provide tangible care (Bobinac et al., 2010). The family effect
represents the emotional impact of knowing or observing a loved one experiencing
illness or impairment.

As reported earlier and elsewhere (Richards, 2006, Cartwright et al., 2013a), the
configurations of TH evaluated in the WSD TH Trial had no tangible effects on
patients’ QoL, anxiety or depressive symptoms and therefore it is unlikely that there
would be any improvements in carers’ well-being or QoL through the ‘family’
mechanism. However, it is plausible that TH could reduce patients’ care-dependency
and, in turn, carers’ objective burden, which would be reflected in carer-reported
outcomes (i.e. an amelioration of the adverse ‘caregiving effect’). We examine this
hypothesis using data from WSD TH Carers Study.

4.8.2. Methods

Design and Setting
The WSD TH Carers Study is a two-armed prospective cohort study of informal
carers providing care for patients with one or more diagnosed long-term conditions
(N = 265). The patients were participating in the WSD TH Questionnaire Study, a
large cluster randomised trial of TH for patients with COPD, diabetes or heart failure
(N = 1,573) (Cartwright et al., 2013a). Details of the questionnaire study, including a
comprehensive description of the TH intervention, have been presented in earlier
(Richards, 2006, Bower et al., 2011, Cartwright et al., 2013a).

Carer Recruitment
Snowball sampling was used to identify carers of patients participating in the WSD
TH Questionnaire Study. All patients in the questionnaire study were asked to
identify their primary informal carer and consent was obtained from patients to
contact their carer about the current study. The principal inclusion criterion for carers
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was that they must be ‘seeing and helping [the patient] at least once a week’.
Exclusion criteria were (i) lack of English language fluency, (ii) inability to complete a
questionnaire battery with support from a trained interviewer, (iii) being in paid
employment as a carer for the patient. Eligible carers were approached and
recruitment ran from May 2008 to December 2009. All participating carers signed a
written consent form and were provided with an information sheet specific to the
carers study.

Telehealth Intervention (patients)
Telehealth for patients in the intervention arm has been described earlier and
elsewhere (Cartwright et al., 2013a).

Usual Care (patients)
Usual care for patients in the control arm has been described in earlier and
elsewhere (Cartwright et al., 2013a).

Carers received only their existing healthcare and social services during the course
of the trial. This applied to those caring for a patient randomised to TH and those
caring for a patient randomised to usual care.

Study Protocol
A baseline interview was arranged with all carers, usually in their own home. At this
interview participants were provided with an information sheet specific to the carers
study and were asked to sign a consent form. A questionnaire battery was then
administered by trained assessors which mostly consisted of validated scales plus a
small number of measures developed specifically for the WSD Evaluation.
Questionnaires were self-completed but the assessor was available to explain or
clarify the meaning of particular words or questions. Following baseline interview,
two further assessments were conducted. A short-term (ST) assessment was
conducted at around 4.5 months (median duration= 135 days; IQR= 125 to 168) and
a long-term (LT) assessment was conducted at around 12-months (median duration=
352 days; IQR= 338 to 387). At ST follow-up the questionnaires were administered
as a postal survey with one reminder letter for non-responders. At LT follow-up the
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survey was posted to participants; non-responders were contacted to arrange a faceto-face interview along the lines of the baseline interview.

Outcome Measures
We report outcomes for carers based on measures of quality of life (SF-12). We also
report measures of anxiety (Brief STAI) and depressive symptoms (CESD-10), which
are taken to represent the subjective emotional component of carer burden, and
findings for the Modified Caregiver Strain Index (Thornton and Travis, 2003). A
composite score indicative of the objective component of carer burden was
generated from questionnaire items assessing (i.) carers’ view on whether the
patient can be left unattended (yes/no), (ii.) whether daily assistance is provided to
the patient (yes/no), (iii.) whether there is support from additional carers (yes/no),
(iv.) whether the carer provides support for more than one patient (yes/no), and (v.)
the total number of typical carer tasks performed for the patient from a list of eight
(personal care; practical help; help with medications; making sure the patient is safe;
taking patient to appointments; helping with finances; keeping the user company;
other tasks).

Sample size
A sample size calculation was conducted on the basis of detecting a small effect size
(Cohen’s d = 0.3), allowing for an intracluster correlation coefficient of 0.05, power of
80% and p<0.05. Allowing for the maximum possible increase in sample size due to
variable cluster size (Eldridge et al., 2006), this calculation indicated that 550 carers
would be required.

Statistical methods
Missing values were addressed using the same procedures as used for other the
patient-reported outcomes (see above).

The main findings in relation to our stated hypotheses were tested using a series
repeated measures (ST, LT) linear multilevel modelling with the baseline measure of
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the outcome included as a covariate. This procedure was used to detect trial arm
effects (i.e. overall differences in outcomes between TH and usual care), time effects
(i.e. overall differences in outcomes between ST and LT, while controlling for the
baseline measure) and their interaction (i.e. differences in the profile of outcome
measures between trial arms across assessment points). Multilevel models adjusted
for the hierarchical structure of patient recruitment into the WSD TH Trial (i.e.
assessment points nested within patients nested within GP practices). Sidak’s
adjustment was used to compensate for multiple post hoc comparisons.

To adjust for potential case-mix differences between trial arms at baseline, a pool of
covariates were selected based on theoretically plausible causal associations with
the outcome variables. Preliminary analyses of these relationships (frequencies and
correlations) were used to reduce the number of covariates included in the final
model in order to preserve degrees of freedom and maintain model stability. The
final list of covariates in the model included: carers’ baseline score on the respective
outcome, gender, age, deprivation, self-report co-morbidities, burden composite
score, age difference between care and patient, and WSD Site. The patients’ longterm condition (COPD, diabetes, heart failure) and their self-report comorbidities
were also included as covariates.

There is a risk that including too many covariates in a statistical model obfuscates
rather than elucidates clinically meaningful relationships. To test this, possibility, all
main analyses were repeated with the covariates excluded. These findings are not
reported here as they essentially replicate the analyses with the covariates.

The reported analyses were conducted on an intention to treat (ITT) basis where
carers were analysed in the trial arm that their associated patient was allocated to.
We report findings for the ITT Available Case Cohort only (n=199).

4.8.3. Results

Recruitment and participation
Two hundred and eight five carers of TH patients in the WSD TH Questionnaire
Study were approached and initially agreed to participate in the current study.
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Twenty withdrew prior to completion of the baseline questionnaire. At baseline, 265
carers completed questionnaires (usual care = 125 (47.2%), TH = 140 (52.8%)) and,
of these, 199 (75.1%) also completed at least one follow-up assessments (Available
Case Cohort) and 118 (44.5%) completed both follow-up assessments (Complete
Case Cohort).

Baseline Sample Characteristics
The baseline sample characteristics are reported in Table 4.8.1. The carer sample
was largely comprised of White (96%), females (80%), living with (90%) and married
to the patient (82%). On average carers were approximately 6.5 years younger than
the patient and reported fewer than half their number of comorbidities. Most
characteristics were similar across the two trial arms, though there were notable
differences in terms of WSD Site, patient LTC diagnoses, deprivation and carerreported patient independence. Specifically, the TH arm had a greater proportion of
carers from Kent (51% vs. 20%) and a lower proportion from Cornwall (36% vs.
71%), and had a larger proportion of patients with heart failure diagnoses (47% vs.
38%) but a smaller proportion with COPD diagnoses (40% vs. 49%). The TH arm
was less deprived (21.8 vs. 25.3) and TH carers reported that the patient could be
safely left for longer (20.1 hrs vs 15.5 hrs).

Primary Analyses: Treatment Effectiveness
Employing an intention-to-treat approach, we used multilevel modelling to conduct
repeated measures analyses while adjusting for the baseline score of the respective
outcome measures, key covariates, and the intracluster correlation (see Methods
Section 4.8.2). In Table 4.8.2, parameter estimates, analogous to regression
coefficients, and significance levels are shown for the main effects of trial arm (TH v
usual care) and time (short term v long term assessment) and their interaction for
each of the outcome measures. Tests of the effects of the covariates are not
presented. Table 4.8.2 shows that there was no significant main effects of trial arm
for any outcome, one significant main effect of time (for anxiety), and no significant
interaction effects of trial arm-by-time.
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Estimated marginal means (EMMs) adjusting for the intracluster correlation and all
continuous covariates are presented in Table 4.8.3 to help interpret the parameter
estimates in Table 4.8.2. Table 4.8.3 shows that the significant main effect of time on
anxiety reflects a marginal reduction in anxiety from ST to LT for both TH and usual
care. The null main effects for PCS, MCS and CESD-10 are reflected in the EMMs
which are similar between trial arms and stable over time. The EMMs for the
Modified Carer Strain Index and the carer-reported number of hours that the patient
can safely be left unattended showed slightly more variation between trial arms and
over time but the interpretation of any (non-significant) differences is complicated by
the changing composition of the samples at each time point.

Statistical significance is strongly affected by sample size but measures of effect size
are not. Table 4.8.4 shows the adjusted effect sizes for trial arm (TH vs usual care).
All outcomes at ST and LT failed to reach the trial-defined minimally clinically
important difference (MCID) and the CIs were wide relative to the magnitude of the
sample estimates.

4.8.4. Discussion
This exploratory study of the effects of patient TH on carer outcomes over 12 months
found no statistically significant main effects, or trial arm-by-time interaction effects,
for quality of life (PCS and MCS), anxiety (Brief STAI), depressive symptoms
(CESD-10), caregiver strain (mCGSI) or the carer-reported number of hours the
patient could be safely left unattended. The effect sizes for trial arm differences did
not meet the MCID for any outcome at ST or LT, therefore we conclude that all
differences between trial arms were clinically insignificant.
For TH to exert ‘spillover’ effects on carers, the intervention would need to impact on
causal pathways such as those described by the ‘caregiving effect’ or the ‘family
effect’ (Bobinac et al., 2010). Impact on the ‘family’ pathway was unlikely in the
current sample since we have already demonstrated that TH patients report no
benefits in terms of QoL, anxiety or depression (see earlier and elsewhere
(Cartwright et al., 2013a). However, given the nature of the TH configurations
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evaluated it was plausible that TH could reduce carers’ perceived need to engage in
‘anticipatory care’ (i.e. changing or limiting activities in order to be there for the
patient just in case they need help), ‘preventive care’ (i.e. monitoring and checking
behaviours) (Ekwall et al., 2004), and ‘supervisory care’ (e.g. contacting the patient’s
general practitioner or hospital consultant on their behalf to ensure that they received
healthcare when needed) (Nolan et al., 1995). Impact of TH on the ‘caregiving’
pathway should be evident on the outcomes examined if there had been a beneficial
effect on the severity of patients’ illness or impairment (e.g. as a consequence of
improved management of disease), or patients’ care-dependency (e.g. as a
consequence of improved self-management skills), or on the care environment. The
null findings in the current study confirm that patient TH did not sufficiently improve
patient health status or well-being to effect the ‘family’ pathway and suggest that TH
did not sufficiently reduce patients’ needs to effect the ‘caregiving’ pathway.

Some authors have argued that carers have negative expectations regarding TH
(Bardsley et al., 2012)and may be dubious regarding its potential benefits (Dinesen
et al., 2008) but the current findings indicate that, an average, carers of patients with
TH do not report reduced QoL or carer strain compared to carers of patients without
TH. Thus, contrary to previous concerns, our findings suggest that, on average, the
introduction of TH is unlikely to lead to worse carer outcomes.

Strengths & Limitations
The WSD TH Carers Study is innovative in considering potential ‘spillover effects’ for
carers when evaluating an intervention targeted at patients. In the largest study on
its type, we utilised psychometrically validated measures of QoL, anxiety, depressive
symptoms and caregiver strain to provide the strongest primary evidence yet
reported.

A limitation of the study is that we were unable to recruit sufficient carers to give
adequate statistical power therefore our findings are at risk of Type II errors (i.e.
reporting null effects when the alternative is true). However, given that all effect sizes
for trial arm differences failed to reach the MCID for outcomes at ST and LT (Table
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4.8.4), it is clear that the reason for the absence of statistical significance in our
findings is not due to lack of participants but due to lack of intervention effect. The
interpretation of our findings would therefore remain the same even if the sample
size requirements had been met.
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Table 4.8.1: Baseline Sample Characteristics*

Cornwall

Telehealth
(N=109)
n (%)
39 (36)

Kent

56 (51)

18 (20)

74 (37)

Newham

14 (13)

8 (9)

22 (11)

Female

90 (83)

69 (77)

159 (80)

Male

19 (17)

21 (23)

40 (20)

COPD

44 (40)

44 (49)

88 (44)

Diabetes

14 (13)

12 (13)

26 (13)

Heart Failure

51 (47)

34 (38)

85 (43)

Non-White
White
British/Irish
Spouse

7 (6)

2 (2)

9 (5)

102 (94)

88 (98)

190 (95)

91 (83)

72 (80)

163 (82)

Adult Child

12 (11)

14 (16)

26 (13)

Other

6 (6)

4 (4)

10 (5)

Employed

21 (19)

18 (20)

39 (20)

Unable

1 (1)

1 (1)

2 (1)

Seeking

1 (1)

2 (2)

3 (2)

Homemaker

3 (3)

9 (10)

12 (6)

Retired

79 (72)

59 (66)

138 (69)

Other

4 (4)

1 (1)

5 (3)

Yes (1)

97 (89)

82 (91)

179 (90)

No (0)

12 (11)

8 (9)

20 (10)

Yes (1)

11.8 (11)

13 (14)

24.8 (12)

No (0)

97.2 (89)

77 (86)

174.2 (88)

Yes (1)

15 (14)

17 (19)

32 (16)

No (0)

94 (86)

73 (81)

167 (84)

ITT Available Case N=199

WSD Site

Gender

LTC (patient)

*

Ethnicity

Care Relation

Carer
Employment

Living with
Patient
Cares for others
Support from
other carers

TH
Mean (SD)

Usual Care (N=90)

Total (N=199)

n (%)
64 (71)

n (%)
103 (52)

UC
Mean (SD)

All
Mean (SD)

Age (years)
Age difference (Patient - Carer
Age)
Deprivation score

64.58 (14.30)

66.40 (12.52)

65.40 (13.54)

6.76 (11.17)

6.38 (12.81)

6.59 (11.85)

21.84 (12.11)

25.30 (10.06)

23.40 (11.29)

No. of comorbidities

1.30 (1.36)

1.27 (1.23)

1.29 (1.27)

No. of comorbidities (patient)
Baseline self-care behaviour
(patient)
No. TH monitoring devices
Level of Education
Burden Composite
No. hours user can be left
unattended

2.75 (1.46)

2.93 (2.18)

2.83 (1.69)

16.88 (5.01)

16.02 (5.69)

16.58 (5.36)

2.75 (0.63)
0.89 (1.15)
6.24 (2.19)

0.04 (0.38)
0.87 (1.33)
6.56 (2.09)

1.53 (1.41)
0.88 (1.13)
6.38 (2.12)

20.14 (32.89)

15.50 (23.34)

18.04 (29.06)

* Values in the tables are based on multiply-imputed data, therefore some categorical
variables are shown as decimal fractions rather than integers.
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Table.4.8.2. Parameter Estimates ITT Available Case
Outcome

PCS

MCS

STAI

CESD-10

mCGSI

Hours unattended

Parameter

Estimate (SE)

Sig.

Trial Arm

0.01 (1.35)

0.997

Time

-0.26 (0.90)

0.771

Trial Arm-by-Time

-0.14 (1.35)

0.920

Trial Arm

-1.02 (1.53)

0.504

Time

-0.19 (1.09)

0.862

Trial Arm-by-Time

0.63 (1.61)

0.696

Trial Arm

0.10 (0.10)

0.303

Time

0.18 (0.07)

0.008**

Trial Arm-by-Time

-0.09 (0.10)

0.364

Trial Arm

0.08 (0.08)

0.293

Time

0.04 (0.06)

0.551

Trial Arm-by-Time

-0.02 (0.09)

0.846

Trial Arm

-0.17 (0.64)

0.788

Time

-0.19 (0.42)

0.644

Trial Arm-by-Time

1.02 (0.62)

0.103

Trial Arm

1.24 (3.59)

0.730

Time

-3.45 (2.32)

0.138

Trial Arm-by-Time

2.18 (3.39)

0.522

** Significant at p < 0.01
Trial Arm = main effect of trial arm (TH vs usual care)
Time = main effect of time (ST vs LT)
Trial Arm-by-Time = interaction between the main effects of trial arm and time
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Table 4.8.3. Means and Estimated Marginal Means
Outcome

Range

Baseline*

Short-Term Follow-Up†

Long-Term Follow-Up†

TH (n = 109)

UC (n = 90)

TH (n = 84)

UC (n = 66)

TH (n = 90)

UC (n = 77)

PCS

0-100

45.39 (1.09)

43.20 (1.27)

43.10 (1.14)

42.98 (1.27)

43.37 (1.10)

43.37 (1.23)

MCS

0-100

52.14 (0.92)

51.20 (1.01)

52.13 (1.18)

51.74 (1.32)

52.32 (1.22)

51.30 (1.38)

STAI

1-4‡

1.55 (0.06)

1.66 (0.07)

1.91 (0.08)

1.92 (0.09)

1.73 (0.08)

1.83 (0.09)

CESD-10

0-3‡

0.71 (0.06)

0.75 (0.06)

0.68 (0.06)

0.74 (0.07)

0.64 (0.06)

0.72 (0.07)

mCGSI

0-26

5.23 (0.49)

5.70 (0.53)

4.20 (0.56)

5.04 (0.63)

4.39 (0.54)

4.22 (0.59)

Hours unattended

0-∞

20.14 (3.15)

15.50 (2.46)

12.60 (1.90)

16.02 (2.18)

16.05 (2.78)

17.29 (3.00)

* Baseline mean are unadjusted as EMMs cannot be calculated. † ST and LT means are EMMs. ‡ Means for the STAI and the
CESD-10 are presented as item means (i.e. means based on the range of the response scale for items in these scales) rather than
scale (or total) means as used for all other outcomes.
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Table 4.8.4: Standardised Difference in the Means
Short Term (4 months)
Exceeds

Mean

Lower

Diff.*

95% CI 95% CI

PCS

-0.25

-0.58

0.07

TH

MCS

-0.06

-0.38

0.26

Brief STAI

-0.02

-0.34

CESD-10

0.09

mCGSI
Hours unattended

Outcome

Upper

Long Term (12 months)
Mean

Lower

Diff.*

95% CI

No

0.02

-0.28

TH

No

-0.12

0.30

TH

No

-0.23

0.41

UC

0.00

-0.32

0.32

0.15

-0.17

0.47

Favours MCID?

Upper
95%

Exceeds
Favours

MCID?

0.32

UC

No

-0.43

0.18

TH

No

-0.11

-0.41

0.19

TH

No

No

-0.08

-0.38

0.23

TH

No

UC

No

-0.08

-0.38

0.22

TH

No

UC

No

-0.11

-0.42

0.19

TH

No

CI

* Standardised Difference in the Means = Hedge’s g (equivalent to Cohen’s d)
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4.9. Who refuses Telehealth and why

4.9.1. Introduction
Studies into telehealth (TH) have indicated some difficulty in recruitment prior to any
experience with TH services, with refusals as substantial as 80% (Mair et al., 2006a).
In addition to socio-demographic factors such as academic attainment (KrouselWood et al., 2001), age, health status and rural locality (Mair et al., 2006b, Eisner et
al., 2010, Yohannes, 2010, Radler and Ryff, 2010, Mair et al., 2006a), reasons given
for refusal include beliefs that the technology would not be of benefit, or would add
nothing to the care they already receive (Subramanian et al., 2004). A qualitative
study within the Whole System Demonstrator (WSD) programme, reported patient
and carer reasons for non-participation were associated with perspectives on 3 main
issues: interventions could undermine self-care, independence and sense of identity;
concerns about technical competence to use equipment; and expectations that
interventions would disrupt existing services (Nguyen et al., 2008).

However, little is known about rejection of TH once participants have received it and
had some experience of using it. To improve understanding of why this occurs the
current quantitative study examines factors associated with subsequent rejection of
TH services by participants within the WSD programme who initially accept
installation of TH, then actively refused to continue with the study because they no
longer wished to use TH.

4.9.2. Methods

Trial Design and Participants
The current investigation examined withdrawal in the TH group through rejection of
the TH intervention. Analyses presented here examine attrition from the trial due to
not wanting TH after completion of the baseline and short-term follow-up
questionnaire assessment. The TH intervention lasted 12-months unless participants
decided not to continue (e.g. refused to continue with the intervention) or could no
longer continue (e.g. passed away, or became too ill to continue with the trial) and
withdrew from subsequent participation.
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Procedure and measures
Demographic and clinical details were recorded. Questionnaires were administered
by the evaluation team (see section 4.3. 2 for a description of the measures that
were used in this sub-analysis), and short-term follow-up questionnaires were
posted, as appropriate. In addition to the questionnaire assessments described
above, the current investigation also included the Service User Technology
Acceptability Questionnaire SUTAQ. The SUTAQ measured beliefs about enhanced
care, increased accessibility, privacy and comfort, care personal concerns, whether
the kit was perceived as a substitution to the care already received and overall
satisfaction. Higher scores indicated a perception that TH enhances care, increases
accessibility, greater privacy and comfort, greater personnel concerns, perception of
kit as a substitution, and greater satisfaction. The Health Education Impact
Questionnaire (heiQ) (Osborne et al., 2007) was used to measure potential selfmanagement capabilities including Skill & Technique Acquisition, constructive
Attitudes & Approaches, Self-Monitoring & Insight, Health Services Navigation,
Social Integration & Support. A higher score indicates greater capability.
Withdrawals and the reasons for withdrawal using standardised withdrawal codes
were recorded.(table 4.9.1).

Statistical methodology
The findings were analysed in two parts. Firstly a comparison between those who
withdrew at any stage after receiving the TH intervention compared to those who
completed the trial in the TH group. Secondly, an analysis of those who completed
the short term assessment, which compared those who withdrew and those who
completed. The latter comparison was performed as at the short term assessment.
A questionnaire formally assessed attitudes towards the TH intervention

For each set, initial series of univariate logistic regression analyses were conducted,
with each predicting rejection of the TH intervention. Predictors included: (i) sociodemographic and trial-related variables - deprivation, age, gender, ethnicity, number
of co morbidities, the number of peripheral devices, the type of long term condition
(COPD, diabetes, or heart failure), participants’ academic attainment and marital
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status; (ii) baseline patient reported questionnaire scores: quality of life (SF12),
anxiety (STAI), depression (CESD-10), health education needs or level (HEIQ), selfcare and self-efficacy of self-care.; and (iii) for the sample that completed a shortterm follow-up (approximately 4 months) TH intervention acceptability beliefs
(SUTAQ).

Variables significant (p<0.05) at predicting rejection of kit were entered into
multivariate backwards entry binary logistic regression. Assumption testing was
through examining: (i) standardised residuals (required to be <3.00), (ii) leverage
(<1.00), (iii) Cook’s distance (<1.00), and (iv) variable inflation factors (co-linearity
<10). The models were evaluated by the significance of chi-square (p<0.05),
percentage of cases correctly classified and Nagelkerke’s R2.

4.9.3. Results
The most frequent reason for withdrawing from the TH study was because the
participant actively chose to no longer be in the intervention group and rejected the
equipment after trying for a period of time (see Table 4.9.1).

1, Comparison between those who withdrew at any stage and those who
completed in the TH arm of the trial.
Predictors of rejecting Telehealth at any stage of the trial
Predictors of rejecting the TH intervention were examined in the 107 participants
who chose to withdraw because of the TH intervention versus the 632 participants in
the TH group who completed the trial (see Table 4.9.2). Rejection was higher in
participants with diabetes, those who had more pieces of TH equipment, with poorer
health services navigation skills, and lower confidence in ability to utilise the healthcare system to manage health, and lower academic attainment (see Table 4.9.3).
The overall model was significant with Nagelkerke's R2 = .061, chi-square = 22.661,
P<0.001, sensitivity = 0, specificity = 99.84, overall accuracy = 86%, although it only
explained a small amount of variance.

164

2. Comparison between those who completed the short term
assessment and did or did not retain the TH kit for the duration of the
trial.
Predictors of rejecting the TH intervention were examined in the 30 participants who
chose to withdraw because of the TH intervention and completed the short term
follow-up questionnaires versus the 409 participants retaining the TH and completing
the trial (including short-term questionnaires). Table 4.9.4 indicates that patients
with diabetes, a perception that the intervention did not increase access to
healthcare, invaded privacy and increased discomfort, and had lower satisfaction
were at greater risk of rejecting TH. The model for risk factors predictive of TH
rejection after short term follow up resulted in a better model than above,
Nagelkerke's R2 = .245, chi-square = 44.519, P<0.001, sensitivity = 3.57, specificity
= 99.51, overall accuracy = 93%.
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Table 4.9.1: Withdrawal after baseline from the telehealth questionnaire
study comparison of TH to the control group.
Withdrawal reason

Control group
Telehealth

comparison

Questionnaire of TH
Study N

Questionnaire

(%)/845

study N
(%)/728

Rejected telehealth (TH): No longer wishes to be in
the intervention group and rejects the equipment

107 (12.66%)

NA

NA

26 (3.57%)

5 (0.59%)

1 (0.14%)

4 (0.47%)

4 (0.55%)

Moved out of area to non-participating GP practice

12 (1.42%)

7 (0.96)

Absence from home or loss of contact

5 (0.59%)

2 (0.27%)

5 (0.59%)

2 (0.27%)

47 (5.56%)

48(6.59%)

22 (2.25%)

30 (1.91%)

3 (0.36%)

10 (0.64%)

5 (0.59%)

0

after trying for a period
No longer wishes to be in the control group

No longer wishes to share data

No longer wishes to participate as questionnaire is
too onerous

Problem with equipment (e.g. equipment broken,
no longer working, misused)
Deceased

Physical or mental illness

Residential or nursing care

No reason given
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Table 4.9.2: Sample characteristics of those who completed the
assessment and those who rejected TH after baseline and short term
follow up excluding those who withdrew for other reasons
Baseline analysis

Socio-demographic and
trial related factors

Female
Male
Age
Deprivation
Number of chronic
conditions
Ethnicity – White British
Non-white British
COPD
Diabetes
Heart Failure
Amount of TH kit
Patient Reported
Measures
SF12 Physical component
SF12 Mental component
Skill & Technique
Acquisition (HEIQ)
Constructive Attitudes &
Approaches (HEIQ)
Self-Monitoring & Insight
(HEIQ)
Health Services
Navigation (HEIQ)
Social Integration &
Support (HEIQ)
Generalised Self-Efficacy

Completed
(N=632)
Rates
(Expected)
/ Mean
(SD)

545(546)
87(86)
69.61

Rejected
TH (N=107)
Rates
(Expected) /
Mean (SD)

Analysis following shortterm assessment
Rejected
TH later
Completed
after short
(N=409)
term follow
Rates
up (N=30)
(Expected) /
Rates
Mean (SD)
(Expected) /
Mean (SD)
158(158)
251(251)
70.68(9.77

1.78

93(92)
14(15)
71.51
(15.40)
29.37
(18.59)
1.84 (1.93)

1.67(1.74)

1.60(1.79)

571(546)
87(86)
255(248)
168(180)
209(204)
2.75

93(92)
14(15)
35(42)
43(31)
29(34)
2.93 (0.71)

380(378)
29(31)
188(184)
79(84)
142(142)
2.70(0.59)

26(28)
4(2)
9(13)
11(6)
10(10)
2.80(0.71)

31.57
36.80
4.58

30.92(10.68) 32.36(9.03)
35.81(9.11) 37.50(7.88)
4.49(0.77)
4.68(0.77)

32.36(10.14)
38.09(8.77)
4.64(0.80)

4.61

4.53(1.07)

4.72(0.99)

4.59(1.13)

4.87

4.74(0.65)

4.93(0.62)

4.84(0.74)

5.01

4.84(0.87)

5.05(0.80)

4.82(1.00)

4.70

4.54(1.01)

4.75(0.97)

4.48(1.18)

3.07

3.02(0.61)

3.11(0.54)

3.07(0.63)

26.72

12(12)
18(18)
70.11(12.94)

23.97(13.36) 25.24(15.65)
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State Anxiety
Depression
Followed a healthy diet
Followed the level of
physical activity
recommended
Adjust daily life to cope
with health
Able to monitor the
symptoms etc
Successfully been able to
manage health in order to
do things I enjoy.
Utilised health-care to
support management of
health.
Confidence in ability to
follow a healthy diet
Confidence in ability to
follow level of physical
activity recommended
Confidence in ability to
adjust daily life to cope
with health
Confidence in ability to
monitor symptoms etc
Confidence in ability to
successfully manage
health in order to enjoy
things
Confidence in ability to
utilise the health-care
system to management
health
Academic Attainment

1.67
0.97
4.13
3.63

1.83(0.76)
1.06(0.64)
4.32(1.49)
3.41(1.78)

1.59(0.60)
0.90(0.56)
4.27(1.50)
3.69(1.74)

1.66(0.73)
0.99(0.74)
4.00(1.56)
3.21(1.87)

4.06

4.03(1.77)

4.11(1.66)

4.55(1.57)

4.32

4.49(1.26)

4.49(1.42)

4.86(1.38)

4.07

4.07(1.48)

4.22(1.44)

3.90(1.74)

4.24

4.42(1.31)

4.37(1.57)

4.17(1.67)

4.56

4.33(1.55)

4.72(1.35)

4.41(1.72)

3.63

3.46(1.86)

3.67(1.79)

3.72(2.02)

4.61

4.43(1.45)

4.73(1.25)

4.72(1.39)

4.86

4.74(1.29)

4.97(1.15)

5.07(1.25)

4.38

4.26(1.42)

4.55(1.31)

4.55(1.38)

4.97

4.57(1.41)

5.07(1.11)

4.79(1.63)

0.87

0.36(0.83)

0.93(1.24)

0.93(1.44)
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Table 4.9.3: Multivariate logistic regression: Baseline predictors of
rejecting Telehealth

Diabetes
Amount of TH kit
Confidence in ability
to utilise the healthcare system to
management health
Academic Attainment

B (S.E.)

Sig.

Change in Lower CI
Odds Exp
(β)

Upper CI

.521 (.223)
.322 (.164)
-.180 (.079)

.019
.049
.022

1.683
1.379
.835

1.088
1.002
.716

2.603
1.899
.975

-.263 (.109)

.016

.769

.621

.953

Table 4.9.4: Multivariate logistic Regression: baseline and short-term
predictors of rejecting the TH intervention
Rejection of TH
Intervention
Diabetes
SUTAK: Increased
accessibility
SUTAK: Privacy &
discomfort scale
SUTAK: Satisfaction

Lower
CI

Upper
CI

.019 2.885

1.192

6.981

.000 564

.410

.776

.047 1.478

1.005

2.172

.042 666

.451

.985

B (S.E.)

Sig.

1.059
(.451)
-.572
(.162)
.390
(.197)
-.406
(.199)

Change in Odds
Exp (β)

4.9.4. Discussion

Much previous research on refusal of TH has examined refusal to participate or
acceptTH, which is based on a perception of what a TH service would be like. This
study examined people asking for TH to be removed after some experience. It is of
note that rejection of the TH intervention was the most frequent reason given for
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withdrawal from the WSD trial accounting for slightly over 12% of participants in the
intervention group. This suggests that after experience of a TH service, allowing for
an informed and active judgement, a proportion of participants perceived no added
value in continuing to use the TH service. At best they perceived no discernible
benefit, at worst; they may have found it disruptive.

Implications
The current study addresses a novel and often neglected area of research that has
important implications for patient care and policy implications for mainstreaming TH
as a service. Despite the widely held assumption that all those eligible for TH would
accept and use the service, there are a proportion of patients who refuse to
participate in trials evaluating TH and a further group of participants identified in the
current study, who agree to having TH installed in their home and then reject the
service and ask for the equipment to be removed. These findings are particularly
important in light of attempts to mainstream TH. These findings suggest that there
may be sub-groups of participants who would not benefit from the provision of TH,
without a clear focus on the concerns identified in this report.

Limitations
This study was a sub-study in a larger trial and so was not specifically designed to
examine factors associated with patients’ refusal to manage their health using TH
technologies. In this context, rejection of TH outside of trial conditions may differ to
the results reported here. There is also a risk that not all relevant factors were
included in the study, and that some of the variables were not identified as significant
because of insufficient power due to the small sample size, this was especially the
case with the short term follow up.

Moreover, reasons for withdrawing from a trial are sometimes multi-faceted and not
easily categorised into one reason. However, despite this limitation, the strength of
recruitment from different WSD sites meant that there was a good case mix of
deprivation, health status, rural and urban living. This meant that not only was there
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variability in these factors to test their relative importance in predicting TH rejection,
but the results have good external validity and so the findings should translate to
other GP practices and individuals. Identifying factors that predict refusal of TH, over
and above sociodemographic differences using valid and reliable measures, has
wide ranging implications for the success of mainstreaming these devices throughout
the healthcare service.

4.9.5. Conclusions

There are populations who will withdraw from a TH intervention even after having TH
installed in their home and gaining some experience from the TH service. Actively
rejecting TH is a neglected issue in research and service provision. We found that
not only was this the most common reason for withdrawing from a trial of TH, but
there were individual differences, particularly participants beliefs about TH were the
most important predictors of TH rejection. These findings have implications for
mainstreaming and suggest that encouraging realistic and helpful beliefs about TH
will minimise refusal and wasted resources.
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5. Telecare
5.1. TC: Health care utilisation (including costs) & mortality

5.1.1. Introduction
Telecare has been used for some time to support independent living for frail people.
The investment made so far into TC has happened without robust evidence about its
effects on use of services and associated costs (Barlow et al., 2007a, Martin et al.,
2008).. Yet many claims have been made about the potential impact of TC on
service use (Clifford et al., 2012), and if true these would have significant
implications for service planning and the funding of care.

5.1.2. Methods

Interventions
The three sites were left to design and procure their own TC systems but all
intervention participants were given a Tunstall Lifeline Connect or Connect+ base
unit together with a pendant alarm and up to 27 peripheral devices, assigned by local
teams. These covered (Demiris and Hensel, 2008):
• Functional monitoring, including the ‘Lifeline’ base units and pendants, bed and
chair occupancy sensors, enuresis sensors, epilepsy sensors, fall detectors and
medication dispensers.
• Security monitoring, including bogus caller buttons, infrared movement sensors and
property exit sensors.
• Environmental monitoring, including gas, monoxide and smoke detectors, heat
sensors, temperature extremes sensors and flood detectors.
• Standalone devices not linked to a monitoring centre, such as big button phones,
key safes for carers and memo minders. Data from the peripheral devices were sent
to a monitoring centre via a telephone line and alerts were monitored continuously.
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Study recruitment
All general practices in Cornwall, Kent and Newham were eligible to participate in the
trial. Those that accepted the invitation to participate were randomly allocated to
intervention or control groups based on a centrally administered minimisation
algorithm (described in detail elsewhere).

Inclusion criteria for individuals required age over 18 and one or more of the
following (Bower et al., 2011):
• a minimum level of social care service (or being considered to need it);
• mobility difficulties;
• a history of falls or high risk of falling;
• cognitive impairment or confusion with a live-in or nearby carer or
• a carer facing difficulties.

People were excluded if already in receipt of TC, unless it was only a pendant alarm
or smoke detector. Potentially eligible individuals who responded to initial
contact received a ‘light-touch visit’ from project staff, where consent was taken to
participate in the trial. Although individuals were not informed of their intervention or
control status until after the point of consent, the extended period of recruitment
meant it was not always possible to blind recruiters to practice allocations.

Endpoints and sample size
Our primary endpoint was the proportion of people experiencing an inpatient hospital
admission within 12 months (the ‘admission proportion’). The primary hypothesis
was that TC could alter the admission proportion in either direction, and the study
was powered to detect a relative change of 17.5% from an assumed usual care level
of 25% (based on a priori site estimates), at power 80% and a P-value of <0.05.
Sample size calculations allowed for an intra-cluster correlation coefficient of 0.001,
based on previous studies (Lancaster et al., 2007). A total of 3,000 participants were
required (25 participants from each of an assumed 120 general practices).

Secondary endpoints calculated over 12 months were:
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• mortality;
• proportion of people admitted to permanent residential or nursing care that was
paid for at least in part by the local authority;
• number of weeks receiving domiciliary social care paid for at least in part by the
local authority;
• number of inpatient hospital bed days, emergency admissions, elective admissions,
admissions for falls, outpatient attendances and accident and emergency visits;
• length of inpatient hospital stays (i.e. a measure of how quickly people were
discharged after being admitted to hospital);
• number of contacts with general practitioners and practice nurses and
• associated notional costs of hospital care, social care and general practice care.

Data concerning the use of these services and mortality were extracted from
operational systems, linked at the person level and classified.

Statistical approach
Individual-level data were analysed according to general practice-randomised
allocations assuming a 12-month follow-up period for all participants. Baseline
characteristics of intervention and control participants were compared using the
‘standardised difference’ (Flury and Reidwyl, 1986), with a threshold of 10% adopted
to describe meaningful differences (Normand et al., 2001). Study endpoints were
compared using three models. The first had no adjustment for baseline
characteristics, whereas the second adjusted for age band, sex, ethnicity, site
(Cornwall, Kent or Newham), number of chronic health conditions, an area-based
deprivation score and prior service use. The third used the Combined Predictive
Model score (Wennberg et al., 2006), which estimates the probability of an
emergency hospital admission in the following 12 months based on general practice
and hospital data. Where general practices did not give consent to provide data,
scores were imputed based on the available hospital data using single linear
imputation on the logit scale. Practice-level clustering was accounted for using
multilevel models with random effects. Logistic regression was used to estimate
binary endpoints and Poisson for count endpoints. Notional costs and bed days were
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incremented and log transformed so that the assumptions required for subsequent
ordinary least squares modelling were met.

Differences in the length of inpatient hospital stays was assessed using Cox
regression to test for differences in the daily rate of discharge after admission to
hospital (Cox and Oakes, 1984). This used random effects (frailties) to take account
of clustering (Glidden and Vittinghoff, 2004) and adjusted for the covariates in the
models described above and admission method (emergency/elective).

5.1.3. Results
Of the 238 practices allocated to control or intervention groups, 217 ultimately
supplied participants for the trial. Sites recruited 1,324 control participants and 1,276
intervention participants, with each practice recruiting an average of 12 participants.
Four people who were recruited after this finish date were excluded from the current
analyses. In addition, 170 participants could not be linked to administrative data on
secondary care use. Overall, 1,236 control participants and 1,190 intervention
participants were included in the analyses (93.3% of those recruited). Across both
groups, 64 of the participants included in the analyses did not receive their
randomised allocations. A further 117 participants allocated to the intervention group
received only a basic package (base unit with pendant alarm and/or smoke
detector). Those allocated to the intervention group received 4.2 peripheral devices
on average. Almost all (97.9%) had some form of functional monitoring, with 22.8%
having falls detectors. Environmental (89.2%), standalone (46.4%) and security
monitoring (10.3%) devices were received more rarely. Intervention and control
groups appeared similar at baseline, with four standardised differences >10% (Table
5.1.1). The intervention group contained more people from Cornwall, whereas the
control group had more people in the least deprived areas. Further, the intervention
group visited general practitioners more often than controls during the 3 months
before the trial (2.30 per head compared with 2.04), with higher associated costs. Of
intervention participants, 46.8% were admitted to hospital within the 12 months of the
trial, compared with 49.2% of controls.
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Table 5.1.1. Baseline characteristics of participants (data are % of people
unless otherwise stated)
Control
(n = 1,236)

Intervention
(n = 1,190)

109

107

7 (1–56)

7 (1–52)

1.1 (1.4)

1.2 (1.5)

1.2

Cornwall

37.9

43.0

10.4

Kent

33.2

32.1

−2.3

Newham

28.9

24.9

−9.1

75.4 (14.2)

75.4 (14.5)

0.0

<65 years

19.9

20.7

1.9

65–74 years

20.1

18.7

−3.4

75–84 years

32.4

32.2

−0.4

≥85

27.7

28.4

1.6

Female

67.5

67.6

0.2

White

75.0

77.3

5.4

Non-white

9.8

10.3

1.5

Unknown

15.2

12.4

−8.0

No. of practices
No. of participants per practice [median (range)]
a

No. of long-term health conditions per person [mean (SD)]

Standardised
difference (%)

Site

Age [mean (SD) age in years]

Ethnicity

b

29.0 (14.5)

28.5 (13.9)

−3.6

First quartile

8.2

5.3

−11.7

Second quartile

14.9

18.5

9.7

Third quartile

34.5

34.9

1.0

Fourth quartile

42.4

41.2

−2.3

Area-level deprivation (mean (SD))

Service use (3 months prior to start date)
Hospital admission

17.2

18.6

3.7

c

77.8

76.4

−3.4

Local authority social care

33.3

33.5

0.4

Emergency hospital admissions per head [mean (SD)]

0.14 (0.46)

0.18 (0.53)

7.3

Hospital bed days per head [mean (SD)]

1.86 (7.83)

2.09 (8.51)

2.7

Elective hospital admissions per head [mean (SD)]

0.09 (0.34)

0.10 (0.49)

0.9

Outpatient attendances per head [mean (SD)]

1.04 (2.38)

1.08 (2.08)

1.9

A&E visits per head [mean (SD)]

0.15 (0.48)

0.19 (0.53)

7.2

Falls admissions per head [mean (SD)]

0.02 (0.17)

0.04 (0.21)

7.4

c

Surgery visit

General practitioner contacts per head [mean (SD)]

2.04 (2.34)

2.30 (2.72)

10.2

Practice nurse contacts per head [mean (SD)]

0.81 (2.03)

0.96 (2.49)

6.8

Domiciliary care weeks per head [mean (SD)]

3.82 (5.76)

3.79 (5.71)

−0.6

Care home weeks per head [mean (SD)]

0.07 (0.90)

0.02 (0.43)

−6.9

601 (1719)

628 (1789)

1.6

GP surgery cost per head [£ mean (SD)]

91 (110)

104 (124)

11.3

Social care cost per head [£ mean (SD)]

997 (1512)

963 (1455)

−2.3

c

Cost over 3 months prior to trial
Hospital tariff cost per head [£ mean (SD)]
c

Combined predictive model score

d

0.24 (0.19)

0.24 (0.18)

0.2

Low risk

18.8

17.1

−4.3

Moderate risk

34.0

34.7

1.3

High risk

39.0

40.5

3.1

Very high risk

8.2

7.7

−1.9
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SD, standard deviation.
a
Count of long-term health conditions is based on inpatient hospital data.
b
n = 1,227 for the control group, n = 1,188 for the intervention group. First quartile is
least deprived, fourth quartile is most deprived. Deprivation scores are based on
Index of Multiple Deprivation 2007.
c
n = 1,032 for the control group, n = 889 for the intervention group
d
n = 1,090 for the control group, n = 1,044 for the intervention group. Risk categories
denote top proportions of site population: very high risk (0.5%), high risk (0.5–5%),
moderate risk (5–20%) and low risk (20–100%).
This corresponded to an absolute difference of −2.4% or a relative difference of
−4.8% (95% CI:−12.9 to 3.2%) (Table 5.1.2). This difference was not statistically
significant in the unadjusted analysis (odds ratio: 0.90, 95% CI: 0.75–1.07, P =
0.211). It reached significance when adjusting for baseline characteristics (P =
0.042) but not when adjusting for the combined predictive model score (P = 0.202). A
similar proportion of intervention and control participants were admitted to permanent
residential and nursing care during the 12 months (3.1 and 3.2%, respectively).The
odds ratio for admission had a very wide confidence interval (unadjusted odds ratio:
0.95, 95% CI: 0.57–1.59, P = 0.860). There were also no significant differences in
the number of weeks receiving domiciliary social care between groups (unadjusted
incidence rate ratio: 1.03, 95% CI: 0.73–1.44, P = 0.862). General practitioner
contacts were significantly higher among intervention than controls in the unadjusted
analysis (incidence rate ratio: 1.18, 95% CI: 1.01–1.38, P = 0.033), though this did
not persist after adjusting for the prior differences in use (P = 0.064). There were no
significant differences between groups in the cost associated with hospital care and
social care; it was not possible to adjust general practice costs for prior differences in
general practice use. Mortality rates were not significantly different between groups.
There were no significant differences in lengths of hospital stays (hazard ratio from
Cox regression, 1.005 when adjusting for the combined model score and admission
method, 95% CI: 0.922–1.095, P = 0.91, based on the 2,436 admissions that
occurred). Although log–log survival curves indicated that the proportional hazards
assumption was not met, significant differences were not found when using timedependent covariates.

5.1.4. Discussion
No randomised studies of TC exist on a comparable scale. No convincing evidence
of effect on hospital admissions was found of the magnitude that was judged
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relevant at the outset of the study. Differences in the proportion of individuals
admitted to hospital were detected with one form of case-mix adjustment, but these
were not consistent across different forms of adjustment. No impacts were indicated
in rates of hospital use, length of inpatient hospital stay or admissions to residential
or nursing care. Higher levels of general practitioner contacts were detected among
intervention than control participants, but differences appeared to exist before the
trial and adjusting for prior use removed the significance of results.

Table 5.1.2. Service use and mortality during trial (unadjusted for
clustering and covariates)

Admission proportion (%)

Control
(n = 1,236)

Absolute
Percentage
Intervention (n = difference (95% (relative) difference
1,190)
CI)
(95% CI)

49.2

46.8

−2.4 (−6.36 to
1.59)

−4.8 (−12.9 to 3.2)
−2.7 (−28.1 to 22.6)

Mortality (%)

8.9

8.7

−0.24 (−2.50 to
2.01)

Emergency hospital
admissions per head

0.57 (1.02)

0.65 (1.36)

0.08 (−0.01 to
0.18)

14.7 (−2.1 to 31.4)

Elective hospital
admissions per head

0.41 (1.02)

0.38 (1.10)

−0.04 (−0.12 to
0.05)

−8.6 (−29.0 to 12.1)

Outpatient attendances
per head

3.80 (7.19)

3.92 (7.12)

0.12 (−0.45 to
0.69)

3.2 (−11.8 to 18.2)

A&E visits per head

0.70 (1.18)

0.72 (1.60)

0.02 (−0.09 to
0.14)

3.4 (−12.6 to 19.4)

0.14 (0.53)

0.02 (−0.01 to
0.06)

21.9 (−12.0 to 55.9)

Falls admissions per head 0.11 (0.41)
Hospital bed days per
head

8.48 (20.65) 8.65 (21.42)

0.17 (−1.50 to
1.85)

2.0 (−17.7 to 21.8)

General practitioner
a
contacts per head

6.63 (8.00)

6.72 (8.10)

0.09 (−0.55 to
0.73)

1.4 (−8.3 to 11.1)
−12.7 (−29.9 to 4.6)

Practice nurse contacts
a
per head

3.21 (7.80)

2.80 (5.90)

−0.41 (−0.96 to
0.15)

Proportion admitted to
permanent residential or
nursing care (%)

3.2

3.1

0.00 (−0.01 to
0.01)

−1.5 (−45.4 to 42.5)

Domiciliary care weeks
per head

15.36
(22.44)

15.41 (22.59)

0.05 (−1.74 to
1.85)

0.3 (−11.3 to 12.0)

Hospital tariff cost per
head (£)

2,604
(4,707)

2,846 (5,427)

242 (−162 to
647)

9.3 (−6.2 to 24.8)

GP surgery cost per head
a
(£)

315 (400)

305 (363)

−10 (−40 to 20)

−3.2 (−12.9 to 6.5)

Social care cost per head
(£)

4,287
(6,184)

4,210 (6,070)

−77 (−565 to
411)

−1.8 (−13.2 to 9.6)



Data are mean (SD) unless stated otherwise.



a

n = 1,032 for the control group, n = 889 for the intervention group.
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In this study, TC consisted of devices aimed at remote, automatic and passive
monitoring, and it was compared with usual care that may include more basic TC
such as pendant alarms. Telecare should be considered as just one element within
the system in which it is used. All participants (including controls) could have
benefited from the wider service redesign associated with the trial. Therefore the
study assessed the added value of TC over and above the effects of this wider
service redesign. Although the multisite nature of the trial adds to generalisability, TC
might have different effects in other settings or when implemented differently. A very
low proportion of controls (3.2%) had been admitted to permanent residential and
nursing care by 12 months. Thus it appears that the either the intervention was not
applied to a population at high risk of admission to a care home, or that high-risk
individuals may have been considered unsuitable for enrolment; it may be that any
benefits on care home admissions only materialise over longer time periods or in
specific subgroups of users. Administrative data were available for almost all
participants (93.3%); however, the sites could not provide consistent information for
us to test for differences between groups in social care needs.
The ‘intention to treat’ approach to analysis preserved randomisation, though may
have produced conservative estimates as a small number of control participants
received TC and vice versa. The target number of participants for this study was
3,000, but data for only 2,426 people were available. Thus, despite the large
numbers of individuals recruited, this study was potentially underpowered to detect
the relative difference in the hospital admission proportion which was thought to be
relevant at the outset of the study (17.5%). However, as the −4.8% difference
observed was notably smaller than that considered meaningful and had a 95%
confidence interval of −12.9 to 3.2%, even the largest likely true effect of the
intervention (−12.9%) does not reach the 17.5% level. Since a larger study would, all
other factors being equal, simply have a narrower confidence interval around the
study estimates, the non-significant result does not reflect the fact that the study was
likely to have been underpowered. We note, however, that we could not rule out a
reduction as large as 12.9%. We conclude that TC did not significantly alter rates of
health or social care service use or mortality among a population with social care
needs over 12 months. This is the first large randomised study to test for these
impacts and the findings will have implications for resource use and planning.
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Decision-making should take account of forthcoming results in relation to the quality
of life, carer outcomes and experience.
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5.2. TC: Cost-effectiveness

5.2.1. Background

Data are limited on the cost-effectiveness of TC and similar technologies (Barlow et
al., 2007a, Brownsell et al., 2011). We examined whether ‘second-generation’ TC
(DoH, 2006) - which could include 'first-generation' forms of TC - is cost-effective
compared with standard support and care which could include 'first-generation' forms
of TC.

5.2.2. Methods

Information needed to calculate care costs for the economic evaluation was collected
using the Client Services Receipt Inventory (CSRI) (Beecham and Knapp, 2001).
The CSRI records comprehensive information on service use, living arrangements,
receipt of welfare benefits and employment status of service users, and patterns of
unpaid support from family and other carers. It was administered by interview at
baseline and by self-completion postal questionnaire at 4- and 12-month follow-up.
We focus here on costs and outcomes collected for the questionnaire study at 12months compared with baseline.

Telecare intervention and equipment
Telecare was defined for the purposes of the trial as the “remote, automatic and
passive monitoring of changes in an individual’s condition or lifestyle (including
emergencies) in order to manage the risks of independent living” (Bardsley et al.,
2011). Telecare equipment used in the trial can be mapped to four broad functions:
monitoring the person's functional status (such as a pendant, bed or chair occupancy
sensors, fall detectors), home security (bogus caller buttons, property exit sensors),
and home environment (carbon monoxide detectors, flood detectors), and facilitating
the TC package through "stand-alone" devices, that do not send alerts to the
monitoring centre (big button telephones, key safes). Telecare users received an
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equipment package including a base unit and pendant/bracelet and at least one of
27 types of TC sensor/device (Bardsley et al., 2011).

Costs of delivering telecare interventions
While TC in all three sites consisted of a call centre-based monitoring service
responding to alarms and sensors, service models nonetheless varied between
areas. The purpose of the trial was not to evaluate specific models of delivery or
configurations of the technology, but to evaluate whether second-generation
“telecare" in any of its configurations in the trial nested within a broader system of
care provision is cost-effective compared with usual care.

Information needed to construct a unit cost for the intervention drew on key
informants’ reports, and financial and other administrative data from the sites' project
teams. Unit costs were based on services as they were structured in 2009/10, the
year within which the majority of the trial population was recruited, so that project
costs would better represent running costs at the capacity planned by the sites than
those of the 2008/09 year in which the trial began. Participants were not charged for
the WSD TC service, but were expected to provide the telephone lines and electricity
required to allow the TC equipment to operate.

Telecare equipment and support costs
Data on the allocation of TC equipment to individual participants were provided by
sites' project teams, as well as information on prices paid for equipment. Base units
provided to participants were either Tunstall Lifeline Connect or Connect+. The
costs of supporting the delivery of TC included: personnel involved in monitoring and
responding to TC sensors and alerts, back-office functions, project management
(planning, contract supervision and monitoring), and time spent training staff. Cost
estimates excluded those posts (or parts thereof) associated purely with trial
recruitment or to support the internal evaluation. Not all TC monitoring, installation
and dedicated response services were provided 'in-house' by the organisation
leading the programme. Sites held contracts with existing local TC providers. Total
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costs of contracts in 2009/10 as provided by the sites (which were assumed to cover
providers’ full costs) were divided by the total number of TC participants monitored in
the year, generating an average cost of the service per participant per year. This
approach was also applied to the contract costs of the dedicated (WSD TC-specific)
response services in sites 2 and 3 (these WSD TC-specific services provided a faceto-face response to sensor/alarm alerts).

Average per-person costs of monitoring, installation and maintenance, including
administrative, premises and capital overheads where applicable, were summed to
give a total cost per intervention participant of TC support. This cost was allocated to
participants within the participant-level dataset on the basis of per-protocol allocation
(i.e. when the participant had been provided with TC equipment) and site. This
process yielded costs of TC equipment that could vary by person, whereas support
costs varied at site-level only. Total support costs, excluding costs associated with
dedicated TC responders, were also calculated, as were support costs excluding
costs of any project management-specific posts or contracts (see Table 5.2.1). All
prices are in 2009/10 pounds sterling.

Service use and costs
In order to calculate health and social care service costs for the three-month period
before the 12-month follow-up interview, self-reported units of service were multiplied
by the relevant unit costs. Most unit costs (in 2009/10 prices) were nationally
applicable and taken from published sources (see Table 5.2.2). National reference
costs for England were used for hospital-based services (DoH, 2010b); the PSSRU
compendium was used for most community health and social care unit costs (Curtis,
2010). Costs calculated for the 3-month period were multiplied by 4 to estimate
annual costs for the cost-effectiveness analyses. The analyses took a health and
social services perspective. Services were included if costs were likely to be
incurred by either the National Health Service (NHS) or the local authorities, and
costs disregarded any user charges that may have been made; however, for costs of
equipment and adaptations, only those falling to the NHS or local authorities were
included and those paid for privately were excluded.
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We analysed costs against outcomes in terms of quality-adjusted life years (QALYs),
perceived physical and mental health status, psychological well-being, and state-trait
anxiety. QALYs were constructed, first calculating utility scores from the EQ-5D,
using societal weights (Dolan, 1997, Dolan et al., 1995), and then taking the 'area
under the curve', with linear interpolation between baseline and 12-month
assessment scores. The ICECAP-O index of capability measures well-being in
people aged 65 or over in terms of attachment, security, role, enjoyment and control
(Coast et al., 2008b, Grewal et al., 2006); is “anchored” at 0, for no capability, and 1
for full capability.

From the Medical Outcomes Study Short-Form Health Survey (SF-12), summary
mental health and physical functioning scores (Mental Component Summary (MCS12) and Physical Component Summary (PCS-12 (Jenkinson et al., 1997)) were
constructed. Differences of 2 to 2.5 points on the SF-36 summary scores have been
suggested as clinically meaningful (Beale et al., 2010); slightly larger values for the
SF-12 summary scores of 2.5 and 10 points have been estimated (Parker et al.,
2012). Here, the baseline standard deviations of the PCS-12 and MCS-12 measures
(PCS SD=9.0168 and MCS SD=11.965) were multiplied by the effect size (Samsa et
al., 1999), which had been set at 0.3 for the study HRQoL instruments as the
smallest size of effect that was meaningful (Bardsley et al., 2011), giving differences
(rounded to integer) of 3 and 4 points respectively. State-trait anxiety was measured
using the brief STAI (Roush and Teasdale, 2011); scores can range from 6 to 24 but
were rescaled in to between 0 and 1, to indicate effectiveness in terms of,
respectively, lowest and highest levels of anxiety.

Statistical analysis
We examined relationships between costs and consequences of TC by calculating
the incremental cost-effectiveness ratio (ICER) and net monetary benefit (NMB) of
the intervention.. Analyses examined the probability that TC is cost-effective across
a range of willingness-to-pay values, adjusting for baseline costs, site, age, sex,
ethnicity, Index of Multiple Deprivation 2007 quintiles (Noble et al., 2008), an
indicator for one-person households, a count of chronic conditions sourced from
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acute hospital records (Steventon et al., 2012), dependency based on the EQ5-D
self-care domain score at baseline, and whether the participant had a
“personal/community alarm” at baseline interview. The self-care covariate was
included because much of the variation in care that people receive is linked to
degree of difficulty in managing tasks such as dressing and washing , and self-care
has been found to be highly correlated with activities of daily living (ADL) needs in a
sample of older people using day care services (Forder and Caiels, 2011).

We calculated the incremental cost-effectiveness ratio (ICER) and net monetary
benefit (NMB) of the intervention. From these results we estimated the incremental
cost-effectiveness ratio (ICER), The ICER represents the difference in mean costs
between intervention and control groups divided by the difference in mean outcome
scores. The intervention is seen as cost-effective if the ICER is less than some
maximum amount that the decision-maker is willing to pay (WTP) for a gain in
outcome. The NMB represents the pecuniary value of any extra gains in outcomes
associated with the intervention assuming a given WTP, net of the extra cost of the
intervention (Drummond et al., 2005). Regression results were used to produce costeffectiveness acceptability curves (CEAC), which represent diagrammatically the
likelihood that TC is cost-effective at a series of alternative thresholds of societal
WTP for additional improvements in outcomes.

Analyses employed a range of WTP values for additional benefit, from £0 to
£90,000, encompassing the range of £20,000 to £30,000 per QALY considered by
National Institute for Health and Clinical Excellence (NICE ) in making
recommendations on technologies to be used in the NHS (NICE, 2008).

The analysis took into account the cluster-randomisation employed in the trial, which
if ignored could lead to biased standard errors of the regressors (Bartholomew et al.,
2008). Seemingly unrelated regression (SUR) models of costs and outcomes were
fitted by maximum likelihood estimation. Analyses were carried out in Stata using the
mysureg command (Gould et al., 2010). SUR is a system of equations, allowing any
correlation between the error terms of the cost and outcomes equations to be
captured in the estimation (Willan et al., 2004, Gomes et al., 2012). Cluster-robust
standard errors were used in estimating regression coefficients (observations were
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clustered by general practice). The difference between the two groups identified by
the coefficient on the intervention variable in each equation was used to calculate the
ICER and incremental net monetary benefit.

Missing data
Data for cases where the participant did not complete the 12 month follow-up
assessment were treated as missing and not imputed; likewise data for cases where
the participant returned questionnaire packs with CSRI forms that were entirely or
almost entirely blank (for instance answering only one or two questions). For all other
cases, we calculated and summed costs of using individual services up to the level
of categories of care (as listed in Tables 5.2.2 and 5.2.3) and then summed the
categories to give a total cost of health and social care. Where the value for the total
sum of costs for that category was missing, the cost of that category was multiply
imputed. Imputation of costs missing at the cost category level (categories are listed
in Table 5.2.3) and of outcome data at the scale level was carried out using the
MCMC multiple imputation package in SPSS v.19 (Corporation, 2010).

Data were not imputed at the level of missing questionnaires (so for participants who
had received but had not returned a questionnaire at follow-up, no imputation was
carried out). Ten datasets were created by the imputation process, to be analysed
and then combined, to take into account the stochastic nature of the imputations
(Carpenter and Kenward, 2007, Rubin, 1987). Analyses were conducted analysing
participants in the groups to which they were allocated at randomisation (intention-totreat). Predictors used in the multiple imputation models included costs and outcome
measures at all three time-points (psychosocial, e.g. self-efficacy and state-trait
anxiety; health-related quality of life measures; and process measures, e.g. social
network type) and demographics such as ethnicity, age, sex, education, number of
comorbidities, Index of Multiple Deprivation score, WSD site, and also allocation to
treatment and trial withdrawal reasons.
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5.2.3. Results

There were 2,600 participants in the TC trial: 1,189 participated in the questionnaire
study, of whom 550 had been randomised to TC and 639, to usual care (Hirani et al.,
2013b). Cost data were available at baseline for 1,182 participants and at 12-month
follow-up for 757 participants (64% of the baseline sample) (381 participants in the
TC group and 376 in the control group, (69% vs. 59% of the baseline sample
respectively). At 12-month follow-up, outcomes data were available for 379 (68%)
TC and 384(59%) control participants. Both baseline and 12-month follow-up costs
were available for 753 participants (375 intervention and 378 control).

Demographic characteristics of participants at baseline were well-balanced in terms
of age, sex, mean IMD score and baseline costs, although a larger proportion of the
TC group was in the second IMD quintile (see Table 5.2.4); they were also wellbalanced at follow-up, except that there was again a larger proportion of the TC
group in the second quintile of IMD follow-up. Demographic characteristics did not
differ significantly between baseline and follow-up completion samples within either
control or intervention groups. Those not completing the 12-month follow-up were on
average older than the baseline sample (75.9 (SD 14.0) vs. 73.2 (SD 13.7) years,
t=3.239, p=.0013), and had higher costs in the 3 months prior to baseline
assessment (£2,718.6 (SD 3671) vs. £2185 (SD 2663, t=2.9, p=.0004). Within-group
differences between those with costs and outcomes data available and those not
completing questionnaire instruments at 12 month follow-up are noted in Table 5.2.4.

Service use and costs
Participants used a broad range of services in the 3 months prior to the 12-month
follow-up (Table 5.2.2). Raw differences (unadjusted for case mix) between groups
were small for most categories. Reported use of services was greater in the TC
group for social care items such as social work visits and home care visits. Control
group participants had 33 (s.e. 3.7) daytime homecare visits on average over the
period, while TC participants had about 42 (s.e. 4.3) (raw difference of 9.6 contacts,
standardised difference of 13%). Telecare participants also reported more
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community or district nursing visits (raw difference of 1.6 visits, standardised
difference between groups of 17%).
Participants were asked at baseline and follow-up if they had a “personal/community
alarm” (such as a community alarm or pull-cord). Table 5.2.5 lists the numbers of
participants indicating having such alarms at baseline and at 12-month follow-up by
both intention-to-treat allocation and “per protocol” allocation (the latter represents
the allocation based on the receipt of TC equipment). Proportions were wellbalanced at baseline (51% in control, 52% in the intervention group (ITT)); however
at 12 months, the proportion reporting use of some form of community alarm in the
control group was 64%, 26% higher in relative terms than at baseline (a difference in
baseline and follow-up proportions of 13%, z=-4.04, p=0.0001). Not all TC recipients
reported having a community alarm, possibly because some did not understand the
term or did not consider TC to be the same as only having a community alarm.

Participants could receive up to 27 items of WSD TC equipment. The range of items
provided was between 1 and 11 (mean 4.7; mode 4). The most frequently provided
sensors were smoke detectors (88%), carbon monoxide monitors (52%), fall
detectors (35%), flood detectors (29%), and temperature extremes sensors (23%).
While all participants had at least one "functional monitoring" sensor, and more than
half had stand-alone devices, only 14% had any safety and security monitoring
sensor. Packages served a combination of purposes (see Table 5.2.6): packages
with functional, environmental and stand-alone devices were used most commonly,
by 240 participants. Average annuitised equipment costs were £81 for all participants
who completed a baseline assessment and £82 for those completing the 12-month
follow-up questionnaire (Table 5.2.7).

Unit costs of TC support services are given as ranges in Table 5.2.1; the table also
lists costs of providing the service, if project-related posts and contracts are excluded
from the calculations, and if costs of dedicated WSD TC responders are excluded.
Costs varied considerably by site, as expected given different project management
structures, and different arrangements for monitoring and responding to TC
activations.
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Health and social care costs at 12-month follow-up are reported in Table 5.2.3.
Category means include imputed costs. Hospital costs constituted 25% of the total (if
excluding costs specific to the intervention); day care and community social care
costs together contributed 50%, and primary care costs, 13%. A package of TC
support and equipment cost £791 per annum, contributing about 9% to the overall
health and social care costs per person (support and equipment constituting 8% and
1% of the costs, respectively). Including direct intervention costs, intervention group
costs (not adjusted for case-mix) were greater than control group costs: the
standardised difference was 15%).

Cost-effectiveness
There was a small and not statistically significant mean difference in mean
unadjusted QALY scores at 12 months in favour of the control group of -0.012 (CI 0.057, 0.034). In the adjusted net benefit model, there was also little difference
between QALY scores (0.003 (-0.018, 0.024)) but this difference was in favour of the
TC group (see Table 5.2.7). There was a small difference in adjusted ICECAP-O
score in favour of the control group (-0.001) and differences in brief STAI, MCS-12
and PCS-12 in favour of the TC group (of 0.016, 0.676 and 0.216 respectively).
Differences in unadjusted mean scores for these outcomes were similarly small (see
Table 5.2.7) and the direction of effect was the same as for the adjusted means in
the case of STAI and the PCS-12. The unadjusted mean MCS-12 was higher in the
control group.

Costs, including intervention costs, were £1014 (CIs -525, 2553) higher per annum
for the TC than control group in the principal analyses. Cost per additional QALY, or
ICER, was £297,000 (see Table 5.2.7). The ICER for costs excluding project
management was slightly lower (£269,000), as was the ICER for costs excluding the
costs of dedicated TC responders (£277,000). In terms of other outcome measures,
the ICER for a movement from worst to best on the brief STAI scale was £65,000, for
a 3-point increase in the PCS-12 was £14,000 and for a 4-point increase in the MCS12 was £6,000. The probability that a decision maker would find the intervention
cost-effective at a willingness-to-pay of £30,000 for an additional QALY was about
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16% (Figure 5.2.1). The probability that the intervention was cost-effective did not
reach 50% even assuming a willingness-to-pay of £90,000 per QALY. Excluding
project management-specific posts and contracts, and assuming a willingness-to-pay
of £30,000 per QALY, the probability that the intervention was cost-effective slightly
increased to 18%. Analysis of costs excluding the costs of dedicated response
services in sites 2 and 3 yielded very similar results.

We also examined the relationship between other outcomes and costs. The
probability of achieving a reduction from maximum to lowest level of state anxiety, as
measured by STAI, at levels of WTP of £10,000 to £20,000, ranged between 20% to
28% (Figure 5.2.2). The probability of achieving a 3-point increase in PCS-12 ranged
between 55% and 58% (Figure 5.2.3), and the probability of achieving a 4-point
increase in MCS-12, between 74% and 77%, at the same WTP levels (Figure 5.2.4).
In the net benefit model, the difference between groups on ICECAP-O favoured the
control group. In terms of this outcome, TC was dominated by the usual care
alternative, being both (marginally) less effective and more expensive (Table 5.2.7).

Sensitivity analyses
Assuming that TC might be delivered at a “mainstream” cost of £5 per week (Bayer
and Barlow, 2010) or about £260 a year, the probability of TC being cost-effective at
a WTP of £30,000 was 30%. The ICER was £173,000 (see Table 5.2.8). Input prices
for equipment were also varied, assuming that equipment could have been
purchased at half the price paid within the trial: the probability of TC being costeffective changed slightly to 17%, assuming a WTP of £30,000 (Figure 5.2.5).
Combining these assumptions yielded a curve very slightly higher than that produced
by the assumption of a TC support service delivered for £5 per week. Under these
assumptions the probability of the intervention being cost-effective was 31%,
assuming a WTP of £30,000, and the ICER was £161,000.
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5.2.4. Discussion

Summary
This large-scale, randomised controlled trial of TC contributes to the limited
international economic evidence base on the cost-effectiveness of this type of
intervention. A package of second-generation TC equipment and associated
monitoring service and (in two sites) a dedicated response service did not constitute
a cost-effective alternative to usual care, assuming a commonly accepted willingness
to pay for QALYs. .

Strengths and limitations
Some resource use data were not available, such as numbers of alerts and types of
call-centre responses to individual participants; the numbers of dedicated response
visits were not available at individual level.

Practices of assessing need for TC were not standardised, with implications for
external validity. Telecare services outside the sites may not assess need for TC in
the same way as inside the sites. It is also likely that within the trial there was a
range of assessment models, some of which will have existed outside the sites as
well. The large size of the trial population meant that it would have been impractical
to collect and analyse detailed information on variations in assessment practices.

Numbers recruited to the control group were 16% greater than the numbers recruited
to the intervention group, which raises the possibility of post-randomisation selfselection, a particular threat to cluster randomised trials. Furthermore, about 40% of
the control group, and 32% of the intervention group were lost to follow-up; these
differential attrition rates could have led to a bias in the sample in favour of the
intervention group. The groups were evenly balanced in terms of most observed
baseline characteristics, with a significant imbalance only for the proportion of
participants within the second quintile of Index of Multiple Deprivation scores.
Likewise, baseline characteristics did not differ substantially between available cases
at baseline and follow-up within groups. Analyses adjusted for confounders that may
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have influenced drop-out, and so compensated to some extent for imbalances at
follow-up. It remains possible that characteristics not assessed may have led to
differences between groups at baseline, at follow-up and between completers and
non-completers.

The study explored the impacts of implementing a form of 'second-generation' TC
(Kubitschke and Cullen, 2010), in addition to existing care and support services that
could include existing 'first-generation' forms of TC such as basic community alarms.
A larger proportion of control group participants reported having some form of
community alarm at long-term follow-up than at baseline. New community alarm
installations to control group participants during the trial might have attenuated any
between-group differences in benefit derived from WSD TC. This risk would arise if
'WSD TC' differed very little from other forms of TC received by controls. However
participants were not asked for details on pre-existing TC devices in their homes at
baseline, nor on newly installed (non-WSD) community alarms at follow-up; thus it is
not possible to elaborate on the size and type of non-WSD TC package used by
those in the control group.

We chose to use the EQ-5D as it is a generic measure of health-related quality of life
that is useful as a basis for comparing alternative technologies (DoH, 2009b) and is
suitable for use with older populations (cf.(Rutledge et al., 2006) (Konstam et al.,
2005)). The dimensions of health covered by EQ-5D (self-care, anxiety/depression,
usual activities, pain/discomfort, mobility) are relevant to the expected benefits of TC.
However, while the instrument is sensitive to change in situations where changes in
health are expected to be substantial (Rutledge et al., 2006), this may not be the
case with TC. EQ-5D may not be able to capture entirely the improvements brought
by TC. This is because it focuses on the individual’s health and restoration of
function rather than achievement of benefit through the more compensatory
mechanisms provided by much of social care (Heo et al., 2007) (TC could be
classified as one such service).

Costs of health and social care services over the period of the study were estimated
by multiplying the costs of 3 months prior to 12 month follow-up by 4, assuming that
across all categories of service use, costs were relatively constant over the year.
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Relatively few previous studies provide details on the composition of TC packages,
cost of equipment and monitoring, or range of support services available to respond
to sensor activations. Woolham’s report (2006) on TC for people with dementia gives
a detailed account of the type, and amount, of TC equipment deployed in that study
(an average of 2.15 items), much of which is described as ‘stand alone’. In our
study, the average package was larger (consisting of 4.7 items of equipment); about
a third of TC equipment items were of a stand-alone nature. Estimates of the cost of
a package of TC support and equipment in the UK have been reported as variously
£7.00 per week (England) (DoH, 2005)4 and £9.00 per week (Wales) (Bayer and
Barlow, 2010). The cost of a WSD TC package was estimated at approximately £15
per week.

5.2.5. Conclusion

There is a great deal of policy interest in the potential of TC to improve quality of life
while decreasing use and costs of health and social care support. However this
analysis did not find lower service costs in the TC group relative to controls, nor a
substantial difference between groups in QALY gain over 12 months.

The findings presented here have important policy implications. The assumed
benefits of TC systems require further consideration. Theoretical models should be
developed to explain the relationships between the presence of TC devices and
outcomes such as health-related quality of life. Any potential beneficial effects on
carers that may have resulted from the introduction of the TC intervention have been
excluded from this analysis. Benefits may accrue primarily to families and carers of
TC users rather than TC users themselves, or particularly accrue to TC users with
certain characteristics. Equally, higher costs may be associated with TC users with
particular characteristics, for instance if for some people the result of closer
monitoring is to prompt additional service responses. We will explore these issues
quantitatively with these trial data in further work; qualitative evidence supports
4

Equipment and monitoring would cost approximately £690 in the first year (uplifted to 2009-10 from
2005 prices using the Hospital and Community Health Services pay and prices inflator (Curtis 2010));
using an annual equivalent cost for the equipment (annuitising over 5 years), the package would cost
£370 per year.
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important inter-individual differences (cf. Sanders et al., 2012). For the present, given
the lack of robust evidence on cost-effectiveness in favour of TC, policy makers
should avoid characterising this technology as a “magic bullet” (Poole, 2006).

Table 5.2.1. Unit costs, Telecare intervention
Monitoring base unit costs

6,951 – 12,228

Sensors and other peripherals

17,019 – 28,148

Maintenance

24,891 – 34,217

Installation

13,694 – 17,224

Contract costs/fees to other organisations

52,000 – 191,112

DIRECT NON-EQUIPMENT COST OF SUPPORT

170,432 – 456,019

TOTAL DIRECT SUPPORT COST PER PARTICIPANT*

437 - 1004

Support costs per participant,
Less project management-specific posts and contracts

423 - 870

Less response-related contract costs

408 - 908

“Mainstream” telecare support package of £5 per week

261

scenario†
Equipment costs
Unit costs‡

1.05 - 93.20

Equipment costs per participant

73 - 93

* excludes cost of equipment
† for sensitivity analysis
‡ annual equivalent
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Table 5.2.2. Mean service use (contacts) over previous 3 months across Telecare sample*, at 12-month follow up
(£)
Control (SD)
(n=378)

(£)
Telecare (SD)
(n=375)

Raw
difference

Standard
ised diff†
(telecare
-control)

0.24 (0.03)

0.23 (0.04)

-0.00

-0.3

0.82 (0.17)

1.04 (0.25)

0.22

5.6

0.4 (0.13)
Day Hospital attendances
1.31 (0.12)
Outpatient attendances
Community health services/primary care
0.29 (0.08)
Paramedic
Community matron visit
0.32 (0.11)

0.39 (0.1)

-0.01

-0.5

1.16 (0.11)

-0.15

-6.9

0.29 (0.05)
0.26 (0.08)

-0.01
-0.06

Community matron
(telephone)
Community or district nurse

0.06 (0.02)

0.18 (0.13)

1.3 (0.28)

Community or district nurse
(telephone)

Resource item

Unit Cost

Hospital use
103 133
116 1657
156 1496
23 - 306

per attendance (DoH, 2011)

-0.6
-3.7

192.00
1.31
38

per visit (Curtis, 2010)
per minute
per visit (Curtis, 2010)

0.13

8.1

1.28

per minute (Curtis, 2010)

2.9 (0.67)

1.61‡

16.9

0.15 (0.04)

0.28 (0.09)

0.12

9.3

1.13
24.00
0.52

per minute
per visit (Curtis, 2010)
per minute (Curtis, 2010)

Practice nurse

1.44 (0.25)

1.2 (0.21)

-0.25

-6.2

0.52

per minute (Curtis, 2010)

Night nurse
Specialist nurse

0.01 (0.01)
0.35 (0.06)

0.72 (0.57)
0.49 (0.24)

0.71
0.14

9.6
4.1

per minute (Curtis, 2010)
per minute (Curtis, 2010)

Physiotherapist or
occupational therapist
GP (home)

0.51 (0.14)

0.69 (0.16)

0.19

7.4

0.50
0.951.31
0.65

0.54 (0.08)

0.69 (0.08)

0.16

11.0

4.00
94.00

per minute
per visit (Curtis, 2010)

A&E
Inpatient bed days

per diem (DoH, 2011)
per attendance (DoH, 2011)
per attendance (DoH, 2011)

per minute (Curtis, 2010)
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GP (surgery)

1.66 (0.12)

1.24 (0.09)

-0.42§

-21.7

GP (telephone)
Dentist
Chiropodist
Optician
Community mental health
Psychiatrist
Mental health nurse
Community care services
Social worker
All daytime home
care/home help
Paid night carer
Meals on Wheels
Major and minor
adaptations
Equipment inc. mobility
aids, ADL||
Care home respite

0.72 (0.11)
0.44 (0.05)
0.7 (0.07)
0.42 (0.04)

0.88 (0.14)
0.34 (0.04)
0.96 (0.19)
0.33 (0.03)

0.15
-0.10
0.25
-0.09

0.1 (0.05)
0.02 (0.02)

0.05 (0.03)
0.12 (0.06)

0.21 (0.05)
32.75 (3.71)

Days
Day services
Day care and other day
attendances
Medications
number of medications

7.0
-11.8
9.8
-13.9

2.40
28.00
17.00
86.85
35.37
20.26

per minute
per visit (Curtis, 2010)
per consultation (Curtis, 2010)
contact (DoH, 2011)
contact (DoH, 2011)
per eye test (DoH, 2009a)

-0.06
0.09

-7.0
11.4

4.72
0.83

per minute (Curtis, 2010)
per minute (Curtis, 2010)

1.19 (0.87)
42.32 (4.29)

0.98
9.58

8.5
12.3

0.92
0.42

per minute (Curtis, 2010)
per minute (Curtis, 2010)

7.77 (1.41)
32.75 (3.71)
0.3 (0.04)

10.22 (2.04)
42.32 (4.29)
0.21 (0.03)

2.45
9.58
-0.09

7.7
12.3
-12.3

0.50
5.00
1.5-455

per minute (Curtis, 2010)
per meal (Curtis, 2010)
per adaptation (Curtis, 2010)

0.46 (0.07)

0.57 (0.07)

0.11

8.7

0.1-97.5

per item (Curtis, 2010, DoH, 2010a)

0.12 (0.08)

0.27 (0.18)

0.15

5.6

63.7270.57

per day (Curtis, 2010)

2.44 (0.43)

2.44 (0.4)

0.00

0.0

36155.82

per attendance (Curtis, 2010, DoH, 2011, Foundation,
2006, Rogers et al., 2006)

7.44 (0.23)

7.1 (0.24)

-0.34

-8.6

various

various (Centre, 2011b)

*

For 753 cases with baseline cost data also available.
† The difference between group means, divided by the standard deviation for the total sample.
‡p<0.05 on t-test
§p<0.01 on t-test
||includes community alarms
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Table 5.2.3. Mean service costs over previous 3 months, across Telecare
sample, at 12-month follow-up*
Resource item

Total hospital costs
Total primary care costs
Total care home respite costs
Total community care costs
Total mental health care costs
Total day care costs

Total adaptations costs
Total equipment costs
Total medication costs
Total costs excluding telecare delivery
and equipment
Telecare equipment costs

Usual
care (SE)

Telecare
(SE)

Raw
difference

(n=378)

(n=375)

(95% CI)

465.3
(52.4)
231.5
(14.6)

45.2 (-137.1,
227.4)
37.3 (-18.1,
92.6)
11.4 (-12.6,
35.4)
118.5 (-137.2,
374.3)

12.5 (6.3)
189.4
(27.2)

510.4
(76.8)
268.7
(24.2)
19.1
(11.1)
831
(79.1)
17.6
(10.9)
196.8
(27.6)

7.5 (2.1)
1.9 (0.4)
194.6
(7.7)
1822.6
(132.9)

3.9 (0.8)
2.2 (0.6)
179.5
(7.9)
2029.2
(139.6)

-3.6 (-8.1, 0.8)
0.3 (-1.1, 1.7)

1 (0.3)
8.6 (2.2)
1832.2
(133)
1831
(133)
1831.1
(133)

20.4 (0.6)
177.5
(3.8)
2227.1
(140)
2201.5
(139.9)
2209.3
(140)

-15 (-36.6, 6.6)
206.6 (-171.8,
584.9)
19.5 (18.2,
20.7) †
168.9 (160.3,
177.5)†
395 (15.9,
774)‡
370.5 (0.5,
754.9)
378.2 (8.2,
762.7)

1831.7
(133)
1826
(132.9)

2216.9
(140)
2102.1
(139.5)

385.2 (6.2,
764.2) ‡
276.1 (-92.9,
660.2)

7.7 (5.1)
712.4
(103.3)

Telecare intervention costs
Total costs including telecare delivery
and equipment
-less project management posts
&contracts
-less dedicated responder costs
Sensitivity
-at 50% reduction in equipment
prices
-£5 cost per week + 50% reduction
in equipment prices

Standardis
ed
Difference
%

3.5
9.6
6.8
6.6

5.1 (-19.7, 29.8)

2.9

7.5 (-68.7, 83.6)

1.4
12.
2
3.5
9.8
7.8
149.
4
163.
0
14.9
13.9
14.2

14.7
10.4

* for 753 cases, baseline cost data
†p<0.01 on t-test
‡p<0.05 on t-test
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Table 5.2.4. Baseline characteristics of participants with BL economic data available, at BL and 12 month follow-up
Total baseline sample

74.3 (13.6) 74 (14.2)

Participants completing 12-month
follow-up study instruments*
Difference
UC
TC
Difference
(sd)
(sd)
Ra
Standard’d (n=378)
(n=375)
Raw Standard’d
w
‡
‡
-0.3 -2%
73.1 (13.7) 73.2 (13.8) 0.1
1%

Participants not completing 12-month
follow-up†
UC
TC
Difference
(sd)
(sd)
(n=253)
(n=170)
Raw
Standard’d
75.9 (13.4) 75.8 (14.9) -0.1
-1%
‡

22%

24%

2%

4%

24%

24%

0%

0%

19%

21%

3%

7%

22%

21%

-1%

-2%

25%

24%

-1%

-3%

18%

16%

-2%

-5%

33%
24%
65%
1.1 (1.4)

31%
25%
63%
1.1 (1.5)

-2%
1%
-2%
-0.02

-5%
3%
-6%
-2%

31%
20%
66%
1.1 (1.5)

30%
22%
64%
1 (1.4)

-1%
2%
-2%
-0.11

-3%
6%
-4%
-8%

35%
29%
64%
1 (1.3)

32%
31%
60%
1.2 (1.6)

-2%
2%
-4%
0.16

-5%
4%
-9%
11%

Baseline
**
costs§
Site 1

88%
2367
(3145)
22%

88%
2402
(2989)
23%

-1%
34.1

-2%
1%
3%

87%
2362
(2956)
22%

0%
353.
4
0%

-1%
13%

1%

88%
2008
(2327)
22%

0%

89%
2899
(4029)
21%

89%
2449
(3054)
25%

0%
-1%
-12%
446.0
4%
10%

Site 2‡‡

49%

50%

1%

2%

45%

50%

5%

10%

55%

49%

-6%

-11%

30%

27%

-2%

-5%

33%

28%

-5%

-11%

25%

27%

2%

4%

28.4 (15.6) 27.7 (14.4) -0.7

-5%

29.2 (15.5) 27.4 (14.4) -1.8

-13%

27.3 (15.7) 28.4 (14.4) 1.0

7%

25%

23%

-5%

24%

24%

27%

21%

-5%

-12%

20%

18%

12%

19%

0%
7%§
§

2%

13%

-2%
7%§
§

19%

15%

22%

7%

18%

21%

18%

-3%

-7%

21%

19%

-2%

-5%

21%

17%

-4%

-10%

18%
23%

19%
20%

1%
-3%

3%
-7%

18%
25%

18%
20%

0%
-5%

2%
-13%

18%
20%

20%
21%

2%
1%

6%
3%

UC
(sd)
(n=634)
Age§
Under 65
(young)
65-74 (young
old)||
75-84 (old old)
85+ (oldest old)¶
Female
Comorbidities
White-British

Site 3‡‡
IMD

TC
(sd)
(n=548)

**

1st quintile

**

2nd quintile
3rd quintile

**

**

4th quintile

**

5th quintile

**
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*

costs and outcomes data available

† no instruments completed
‡ The difference between group means, divided by the standard deviation for the total sample.
§ within UC: differences between completion/completion p<0.05 on t-test
|| within UC and TC: differences between completion/completion p<0.01 on z-test of proportions
¶within UC: differences between completion/non-completion sample <0.05 on z-test of proportions; within TC: differences between
completion/non-completion <0.01 on z-test of proportions
**

Imputed data; costs in the 3 months prior to baseline

‡‡ within UC: differences between completion/completion <0.01 on z-test of proportions
§§p<0.01 on z-test of proportions
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Table 5.2.5: Reported use of community alarms at baseline and longterm follow-up, by intention to treat and per-protocol allocations
Control

Telecare

Total

Control

Telecare

Total

N

N

N

Col %

Col %

Col %

Not ticked

314

266

580

49.5

48.5

49.1

Yes ticked

320

282

602

50.5

51.5

50.9

Total

634

548

1182

100

100

100

No

131

38

169

36.3

10.6

23.5

Yes

230

319

549

63.7§

89.4

76.5

Total

361

357

718

100

100

100

N

N

N

Col %

Col %

Col %

Not ticked

315

265

580

49.9

48.1

49.1

Yes ticked

316

286

602

50.1

51.9

50.9

Total

631

551

1182

100

100

100

No

136

33

169

38.1

9.1

23.5

Yes

221

328

549

61.9||

90.9

76.5

Total

357

361

718

100

100

100

Intent to treat
Baseline†

Follow up[note]

Per protocol
Baseline

Follow up

* For those with costs data available at baseline
† On the baseline questionnaire, this question was asked with a tick-box for yes only
(not ticked was considered as meaning ‘no’).
‡ On the 12-month follow-up questionnaire, this question was asked in terms of ‘yes’
or ‘no’ tick-boxes. 35 missing of 753 available cases (4.6% missing)
§difference in proportions, baseline and long-term follow-up, z=-4.04, p=.0001
||difference in proportions, baseline and long-term follow-up, z=-3.59, p=.0003
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Table 5.2.6: Telecare equipment used by questionnaire study sample by
function, baseline N*
N

mean

[[Range ] %

(s.d.)
All items of equipment

using

553 4.7 (1.77) [1 - 11]

100%

Functional monitoring

553 1.8 (0.83) [1 - 5]

100%

Environmental monitoring

522 2.1 (1.15) [0 - 5]

94%

Stand-alone devices

302 0.6 (0.63) [0 - 3]

55%

Security monitoring

79

0.2 (0.42) [0 - 3]

14%

17

1.7 (0.59) [1 - 3]

3.1%

Participants with items from a single function
category
Combinations of function†
Functional, environmental and stand-alone

240 5.2 (0.09) [3 - 10]

43.4%

Functional and environmental

207 3.7 (0.09) [2 - 7]

37.4%

Functional, environmental, safety/security

50

7.1 (1.64) [4 - 11]

9.0%

Functional, environmental and safety/security

25

5.4 (0.25) [4 - 8]

4.5%

Functional and stand-alone

10

3.4 (0.27) [2 - 5]

1.8%

and stand-alone

*including those not completing CSRIs
†combinations of equipment used by more than 1% of the questionnaire study
sample
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Table 5.2.7: Differences in cost and effect between telecare and UC groups (12 months)*, annual equivalent

Values in means (CI) unless otherwise stated
QALY (raw mean)
QALY (adjusted mean, NB model†)
Cost (raw mean)
Cost (adjusted mean, NB model‡)

Outcomes / total
costs
Control=378
0.333 (0.302, 0.364)
0.325 (0.312 , 0.339)
7,329 (6282 , 8375)
7,610 (6581, 8640)

ICER (£ per QALY) (NB model§ )
excluding project management costs
Cost (raw mean)
Cost (adjusted mean, NB model‡)

-

ICER (£ per QALY) (NB model§)
excluding dedicated response costs
Cost (raw mean )
Cost (adjusted mean, NB model‡)

-

ICER (£ per QALY) (NB model§)
Sensitivity analyses
Equipment prices reduced by 50%
Cost (adjusted mean, NB model‡)

-

7,324 (6281 , 8367)
7,605 (6576, 8634)

7324 (6282, 8367)
7606 (6577, 8636)

Outcomes / total costs
Telecare=375
0.321 (0.290,0.352)
0.329 (0.313 , 0.344)
8,909 (7807, 10010)
8,625 (7523, 9726)

Difference in outcomes / total costs
(Control=378; telecare=375)
-0.012 (-0.057,0.034)
0.003 (-0.018 , 0.024)
1,580 (64, 3096)
1,014 (-525, 2553)
297000 (undefined, undefined)

8,806 (7709, 9903)
8,522 (7421, 9624)

1,482 (2, 3020)
917 (-622,2457)
269000 (undefined, undefined)

8837 (7740,9935)
8553 (7451, 9655)

1513 (33, 3051)
947 (-593,2487)
277000 (undefined, undefined)

Total costs

7608 (6579 , 8638)

ICER (£ per QALY) (NB model§)
Mainstream support package of £5 per week
Cost (adjusted mean, NB model‡)
7582 (6550 , 8613)
ICER (£ per QALY) (NB model†‡)
-

8584 (7483 , 9685)

975 (-563,2514)
286000 (undefined, undefined)

8171 (9278 , 7065)
-

590 (-955, 2134)
173,000 (undefined, undefined)
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Equipment prices reduced by 50% & mainstream support package of £5 per week
Cost (adjusted mean, NB model†)
7580 (6548 , 8611)
8131 (7024 , 9237)
ICER (£ per QALY) (NB model§)
Other outcomes
ICECAP-O (unadjusted mean)
ICECAP-O (adjusted mean, NB model†)
STAI (unadjusted mean)
STAI (adjusted mean, NB model†)
STAI ICER (£) (NB model‡§)
MCS 12 (unadjusted mean)
MCS-12 (adjusted mean, NB model†)
MCS-12 ICER (£) (NB model§)
PCS 12 (unadjusted mean)
PCS-12 (adjusted mean, NB model†)
PCS-12 ICER (£) (NB model§)

551 (-993,2095)
161000 (undefined, undefined)

0.649 (0.01)
0.645 (0.63 , 0.661)
12.232 (0.243)
12.282 (11.904 ,
12.678)

0.641 (0.01)
0.645 (0.627 , 0.663)
12.066 (0.238)

-0.008 (-0.037, 0.02)
-0.001 (-0.024 , 0.023)
-0.166 (-0.835, 0.503)

12.012 (11.616 , 12.39)

42.643 (0.593)
42.248 (43.25 , 41.25)

42.526 (0.622)
42.924 (43.91 , 41.94)

28.933 (0.43)
28.989 (29.68 , 28.3)

29.26 (0.443)
29.205 (29.99 , 28.42)

-0.288 (-0.828 , 0.27) ||
65000 (undefined , undefined)
-0.117 (-1.804, 1.571)
0.676 (-0.728 , 2.084)
6000 (undefined , undefined)
0.328 (-0.884, 1.54)
0.216 (-0.834 , 1.266)
14000 (undefined , undefined)

* Cases for which baseline costs data were available
† from net benefit analyses (outcome equation), adjusted for baseline utility, site, demographic and individual characteristics (age, sex, ethnicity, IMD, number of chronic
conditions, EQ5-D self-care score, previous community alarm, one-person household)
‡ from net benefit analyses (cost equation), adjusted for annualised baseline costs, baseline outcome, site, demographic and individual characteristics (age, sex, ethnicity,
IMD, number of chronic conditions, EQ5-D self-care score, previous community alarm, one-person household)
§ rounded to nearest thousand
|| re-transformed to original scale to enable comparison with raw mean difference; transformed mean= 0.016 (-0.015 , 0.04)
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Figure 5.2.1. Cost-effectiveness acceptability curves: QALY

Figure 5.2.2. Cost-effectiveness acceptability curve: brief STAI
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Figure 5.2.3 Cost-effectiveness acceptability curve: PCS-12

Figure 5.2.4 Cost-effectiveness acceptability curve: MCS-12
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Figure 5.2.5 Cost-effectiveness acceptability curves: QALY - sensitivity
analyses
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5.3. Telecare Patient reported outcomes and processes: QoL Outcomes

5.3.1. Background
Telecare has the potential to enable the elderly to remain in their home, with limited
or without assistance which in turn can positively impact upon or at least maintain
their QoL (see (Lansley et al., 2004), (Tomita et al., 2007)). The reassurance of
being monitored may impact upon perceptions of safety, with concomitant reductions
in negative affect (anxiety, depression and stress; (e.g. (Taylor and Agamanolis,
2010)). These outcomes have been stated as part of the aims of introducing TC
((Beale et al., 2010) (DoH, 2005) (Mann et al., 2005)).

However, robust evidence of the impact of TC is lacking (Barlow et al., 2007a)
(Bensink et al., 2007b) (Stachura and Khasanshina, 2007). Much published evidence
is qualitative (Shone et al., 2002), or consists of cases studies, or utilises sample
sizes with limited power to detect differences (Brownsell et al., 2008) (Lee et al.,
2007), uses unsuitable control groups (e.g. (Beale et al., 2010) and/or only a single
measurement or one follow-up point, limiting the ability detect and compare long
term effects of TC e.g. (Lee et al., 2007). Studies have also investigated smart or
fully automated homes rather than the currently available second generation TC (e.g.
(Brownsell et al., 2008) (Brownsell et al., 2011)) or have looked at individual pieces
of TC e.g. personal alarms, fall detectors; (e.g. (Taylor and Agamanolis, 2010)
(Roush and Teasdale, 2011) (Lee et al., 2007)) rather than the packages of kit. The
few studies using validated scales have reported some positive findings concerning
improvements in QoL (e.g.(Brownsell et al., 2008); on the social functioning scale of
the SF-36 (Roush and Teasdale, 2011); on the vitality and mental health domains of
SF-36, but not on TC related anxiety (e.g. (Lee et al., 2007) using the HADS).
Overall the evidence base is weak (Brownsell et al., 2011).
The WSD TC questionnaire study aimed to address the question, ‘What impact does
being monitored via telecare assistive devices have on service-users quality of life
and psychological well-being?’
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5.3.2. Methods
Full details of design and randomisation, recruitment, the intervention, outcome
measures, sample size and statistical measures can be found in Section 5.1.2. pp.
216-219.

5.3.3. Results

Sample Recruitment and Attrition
Following baseline interviews, two further assessments were conducted. A shortterm (ST) assessment conducted at around 4 months (median duration= 135 days;
IQR= 109.75 to 162.00) and a long-term (LT) assessment conducted at around 12months (median duration= 375 days; IQR= 341.00 to 390.00).

Of the 2,600 participants in the WSD TC Trial, 1189 participated in the questionnaire
study, with 639 (53.7%) in the UC group and 550 (46.3%) in the TC group. ST followup received 535 responses (45.0%), and LT 763 (64.2%). At short-term follow-up
266 (41.6%) control and 269 (48.9%) intervention participants completed the
questionnaires and at long-term follow-up 384 (60.1%) control and 379 (68.9%) of
the intervention participants did so. Overall, 873 (73.4%) completed baseline and at
least one of the follow-up assessments (443 UC; 430 TC - the available cases cohort
- see consort diagram in Figure 5.3.1).

Missing data
Within returned questionnaires at the scale/item level used in analyses, during
baseline there were 528 (2.22%) pieces of missing data, at short term follow-up 210
(6.54%) pieces of missing data (not including covariates measured at baseline), and
at long-term follow-up 153 (3.34%). Overall missing data levels were 891 (2.82%)
within return questionnaires. Including non-returned questionnaires (e.g. loss to
follow-up), missing data levels are 19.37%.

208

Figure 5.3.1. All Sites CONSORT Diagram WSD Telecare Trial

Assessed for eligibility: 369 practices
Excluded: No. of practices = 131

Allocation
Treatment

WSD Telecare Trial

Randomised: 238 practices

USUAL CARE

TELECARE

Number of practices allocated = 120
Practices failing to recruit eligible participants = 11
No. of active practices = 109 (median number of
participants per Practice = 9, range 1 – 56)
No. of patients = 1324

Number of practices allocated = 118
Practices failing to recruit eligible participants = 10
No. of active practices = 108, (median number of
participants per Practice = 7, range 1 – 57)
No. of patients =1276

Participants:

Participants:

Received allocated treatment: 1286 (97.1%)
Not receive allocated treatment: 38 (2.9%)

Received allocated treatment: 1250 (98.0%)
Not receive allocated treatment: 26 (2.0%)

Recruitment
Treatment
Analysis

WSD Telecare Questionnaire Study

WSD Telecare Trial participants opt-in to the nested WSD Telecare Questionnaire study

Practices

Practices

No. of active practices = 103 (median number of
participants per Practice = 5, range 1 – 26)

No. of active practices = 101 (median number of
participants per Practice = 4, range 1 – 26)

Participants:

Participants:

Number of active participants in study= 639
(48.3% of UC trial participants)

Number of active participants in study= 550
(43.1% of TC trial participants)

Participants:

Participants:

Received allocated treatment: 617 (95.6%)
Not receive allocated treatment: 22 (3.4%)

Received allocated treatment: 531 (96.5%)
Not receive allocated treatment: 19 (3.5%)

Participants:
Completed BL assessment: 639
Completed ST assessment: 266 (41.6%)
Completed LT assessment: 384 (60.1%)
‘Available-Cases’ Analysis:
Completed BL plus ST or LT assessment: 443
(69.3% of questionnaire study UC
participants)

Participants:
Completed BL assessment: 550
Completed ST assessment: 269 (48.9%)
Completed LT assessment: 379 (68.9%)
‘Available-Cases’ Analysis:
Completed BL plus ST or LT assessment: 430
(78.2% of questionnaire study intervention
participants)
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Sample Characteristics
Baseline sample characteristics by trial-arm of the 1189 questionnaire participants
are reported in Table 5.3.1. The mean age of the sample was approximately 74
years with the majority of participants being classified with a white British/Irish
ethnicity. The sample had on average one comorbid condition and the majority
(64·8%) had received little formal education. On average the intervention group
received just short of 4 pieces of TC kit (excluding the base-box and personal
pendant alarm). Proportions of different characteristics and mean scores on these
descriptors remained in the main similar between trial arm groups.

Unadjusted means by trial-arm and time point on the six outcome measures for the
available case cohort are presented in Figure 5.3.2. The confidence intervals
calculated around each mean suggest differences between the TC and UC groups
are not statistically significant in any measure, at any time point. Physical health and
mental health component scores for the SF12 and the ICECAP, and EQ5D health
status measures are lower/equal than population averages, but appropriate for a
population in this age range. Both anxiety and depression levels are relatively low
(non-clinical levels).

Detecting Telecare Effects
Adjusted means (EMMs) for each outcome measure by trial arm and time point are
presented in Figure 5.3.3. Table 5.3.2 presents key parameter estimates for the
effect of trial-arm, time and their interaction from LMM analyses (adjusting for casemix) conducted for each outcome (parameters for covariates are not presented).
These analyses revealed a significant trial arm effect on the SF12 MCS (and time
effects on the EQ5D and depression scales).
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TABLE 5.3.1: Baseline sample characteristics per trial arm of all
questionnaire participants
Intervention

Control

N=550

N=639

(46.3%)

(53.7%)

Cornwall

127

(23·1)

138

(21·6)

265

(22·3)

Kent

273

(49·.6) 309

(48·4)

582

(48·9)

Newham

150

(27·3)

192

(30·0)

342

(28·8)

Female

345

(62·7)

420

(65·7)

765

(64·3)

Male

205

(37·3)
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(34·3)

424

(35·7)

Young (<64 yoa)

130

(23·6)

139

(21·8)

269

(22·6)

116

(21·1)

140

(21·9)

256

(21·5)

Old-Old (75-84 yoa) 169

(30·7)
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(32·7)

378

(31·8)

135

(24·5)

151

(23·.6) 286

(24·1)

Non-White

66

(12·0)

71

(11·.1) 136·4 (11·5)

White British/Irish

484

(88·0)

568

(88·9)

1052·6 (88·5)

Yes (1)

282

(51·3)

320

(50·1)

602

(50·6)

No (0)

268

(48·7)

319

(49·9)

587

(49·4)

Yes (1)

285·8 (52·0)

343·2 (53·7)

629

(52·9)

No (0)

264·2 (48·0)

295·8 (46·3)

560

(47·1)

Mean (Std.

Mean (Std.

Mean (Std.

Err)

Err)

Err)

73·92 (·611)

74·31 (·539)

74·13 (·404)

27·67 (·612)

28·56 (·618)

28·15 (·437)

No. of Comorbidities

1·07

(·063)

1·11

(·057)

1·09

(·042)

Amount of TC Kit

3·89

(·072)

0·15

(·034)

1·88

(·066)

Level of Education*

0·75

(·053)

0·60

(·041)

0·67

(·033)

Site

Gender

Age Bands

Young-Old (65-74
yoa)

Oldest-Old
(>85yoa)
Ethnicity*

Previous TC
Living alone*

Age (years)
Deprivation score

*

*multiply imputed; yoa – years of age
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Total
N=1189

Figure 5.3.2: Unadjusted (for covariates) means and 95% CI for the
outcome variables at each time point, by trial arm

Figure 5.3.3 Adjusted means (EMMs) for each outcome measure by trial
arm and time point

212

Parameter estimates indicate that being a member of the TC intervention trial arm
increases the SF12 mental component score by about 3 points (after the intra-cluster
correlation, all covariates and data hierarchy are taken into account), as indicated by
EMM of the MCS scale of the control (mean=40.522, se=0.880) and intervention
groups (mean=43.692, se=0.830; F(1,12004)=5.716, p=0.017). However effect-size
estimates reveal this to be a small effect, with large 95% confidence intervals, (see
Figure 5.3.4).

Across the sample, the EQ5D scale indicates that the health status is reduced
overall from short-term (mean=0.332, se=0.018) to long-term (mean=0.283,
se=0.017; F(1,11284)=9.561, p=0.002); and the CESD10 scale indicated depressed
mood increases from short-term (mean=1.226, se=0.035) to long-term (mean=1.287,
se=0.033; F(1,269464)=4.618, p=0.032). Of note is the lower levels of depressed mood
in the TC group (mean=1·187, se=0·044) compared to the UC group (mean=1·326,
se=0·046) which was close to significance (F(1,121815)=3.836, p=0.050). Sensitivity
analyses (i.e. analyses per-protocol, with complete cases, and/or excluding
covariates) indicated similar trends in effects.

TABLE 5.3.2: Parameter estimates for trial arm and time in the LMM
analyses for available cases (n=873)
Trial Arm

Time

Time*Trial Arm

Est.

S.E.

Sig.

Est.

S.E.

Sig.

Est.

S.E.

Sig.

-0.167

0.849

0.844

0.641

0.453

0.157

0.119

0.640

0.852

-3.006

1.257

0.017

0.217

0.614

0.723

-0.328

0.868

0.705

EQ5D

0.004

0.034

0.896

0.053

0.017

0.002

-0.008

0.024

0.733

ICECAP

0.034

0.019

0.074

0.005

0.019

0.788

0.019

0.027

0.476

Anxiety

0.067

0.082

0.416

-0.013

0.043

0.770

0.042

0.061

0.492

Depression 0.130

0.066

0.050

-0.070

0.033

0.032

0.018

0.046

0.694

SF 12 PCS
SF 12 –
MCS

For trial arm, TC was the reference category and for time, LT administration point is the
reference category; significant effects (p<0.05) indicated in bold.
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Figure 5.3.4: Effect sizes (with 95% Confidence intervals) for the Trial
Arm effect on each outcome

5.3.4. Discussion
This section examined the effect of TC on participant reported outcomes in a group
of individuals in receipt of social care. The results suggest that TC, relative to UC,
may limit or ameliorate declines in mental health quality of life as measured by a
generic HRQoL measure (SF-12) and potentially depressive symptoms (CESD-10)
that are apparent in usual care. These were present in the absence of any changes
in Physical QoL (SF12-PCS).

Changes in physical QoL and capabilities were not revealed in this study, in the
context of a general trend of reduced health status over the 12 month follow up. The
lack of effects on these measures is likely to reflect the fact that the monitoring
system is less aimed at improving physical status, and more at increasing
perceptions of safety and security. It is the impact on these perceptions which in turn
could maintain the psychological wellbeing and QoL of participants.

The finding of a small beneficial effect on mental QoL from TC is consistent with
previous findings (Beale et al., 2010, Roush and Teasdale, 2011). It must be
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recognised that although statistically significant, the clinical significance of the effect
is small. That the effects on mental well-being occurred in the context of the general
decline in well-being (as assessed on the EQ5D and depression), suggests that TC
may be influential in avoiding reductions in the rate of decline in mental HRQoL and
depressive symptoms. Further investigation into the specifics of general mental
health decline in this population and the potential of TC is warranted, especially as
the presented figures utilise EMM and control for baseline differences over a variety
of indices.

A reduction in anxiety has been given as one of the reasons for introducing TC on
the assumption that it provides reassurance of immediate care. The lack of effect in
this study on anxiety is important to consider. It is possible that the impact of TC on
anxiety included a complex range of positive effects via perceptions of better
monitoring or the expectation of more timely intervention. But this may have been
counterbalanced by increased anxiety associated with TC focusing upon frailty,
health and social problems. In addition, the introduction of TC may have also led to
the perception that existing caring relationships and service arrangements may be
reduced (Sanders et al., 2012), the result being very little net change in anxiety
levels.

Strengths and limitations
The nested WSD TC Questionnaire Study is one of the largest studies to evaluate
TC using participant-reported outcome measures. It addresses a gap in the evidence
base, where there was a lack of quality studies with a large sample size, randomly
allocated control groups, long and short term follow-ups and the use of validated
questionnaires (Bayer et al., 2007). The pragmatic nature of the trial, inclusion of
participants from a range of social care need categories, imposition of minimal
exclusion criteria, and evaluation across a number of different delivery models
improve the generalisability of these findings to large populations of elderly persons.
The use of multiple outcome measures and statistical methods also affords greater
confidence in the reliability of the findings.
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High quality evidence on the psychological and QoL impact of ‘second generation’
TC as presented here, is overdue as such equipment is already being deployed by
health and social care agencies. While next generation TC devices (e.g. automated
homes, general lifestyle monitoring and robotic companions) had been deployed,
they were not widely available at the outset of the study.
A further qualification is that rates of loss to follow-up at short-term (TC=281 – 51.1%
non-response; UC=373 – 58.4%) and long-term (TC=171 – 31.1%; UC=255 –
39.3%) were substantial and were slightly different for the intervention and control
groups. Attrition rate of loss to follow-up was slightly higher at ST follow-up as
questionnaires were administered almost exclusively as a postal survey, whereas
‘face-to-face’ interviews were utilised at baseline and LT follow-up. The control and
intervention groups’ rates differed only slightly, potentially limiting bias towards the
intervention group; furthermore the groups were evenly balanced in terms of most
observed baseline characteristics.

Although the 12-month period employed was a relatively long follow-up in
comparison with existing research, there remains a need to monitor for longer
periods to ascertain whether the benefits indicated here are maintained (Bayer et al.,
2007). This is particularly important in relation to the role of TC in improving older
people’s QoL and maintaining independent living, in the face of age related physical
decline. This may indicate the pattern/model of service delivery required. It is
conceivable that following an event (e.g. fall to identify need), kit will be installed.
Whether this kit can be removed after a period of time or whether it needs to be left
in situ indefinitely would have different service implications.

In relation to the TC service, decisions regarding needs assessment and selection of
devices in the intervention group were considered at a local level, the present
analysis sought to draw conclusions about a general class of assistive technology,
TC, in accordance with the trial protocol, which was designed to replicate likely
regional differences in a potential rollout of TC services and in this way to facilitate
the generalisability of the finding. The effects of specific monitoring devices (e.g. fall
detector, heat sensors), were not investigated, but devices were categorised and this
was controlled for in the analyses. In addition greater understanding of how TC
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exerts its influence would be possible if data on usage, false alarms and valid alerts
etc. were available for analysis. There is likely to be a difference if service-users
have not been required to use their kit, users who are bothered repetitively by false
alarms and someone who has benefited from the presence of TC.

5.3.5. Conclusion
This work demonstrated that the introduction of TC has the potential to positively
impact upon users QoL in mental health and psychological wellbeing domains.
However, the high expectations and committed beliefs insofar as what TC can
actually provide for elderly populations should be tempered by caution. The
evidence, which is of higher quality and external validity than previously collected to
date, indicates that whilst it may not transform the lives of individuals it can enhance
them.
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5.4. Telecare Informal Carer outcomes
5.4.1. Background
In addition to carers performing a caregiving role for individuals with long term
conditions, the informal carer population also includes a large number of individuals
that perform carer roles for those with social care needs.

The functions of these carers are often tied into a monitoring role, constantly
checking on the people they care for due to worries about their personal safety
(Stoltz et al., 2004) and environmental hazards (possibly caused by the carerecipient cognitive decline). Their experiences include ‘being like a sentry on guard’
and being ‘on duty twenty-four hours a day’. The effort involved in both anticipating
problems and providing care placed substantial strain or burden on the carer (Arber
and Venn, 2011). Quality of life can be poorer for carers than for non-carers (Roth et
al., 2009) and psychological morbidity in carers may be both stable and enduring
(Vedhara et al., 1999). The Survey of Carers in Households (2009/10) found just
over half of the carers reported that their health had been affected by the burden of
care they provide (Centre, 2010). Furthermore, increased carer burden is associated
with carers having a greater preference for placing care recipients in residential care
(Chau et al., 2010) and inability to undertake employment outside the care-giving
role. Carer stress itself is a precipitating factor for admission of the care-recipient to
long-term care (Armstrong-Esther et al., 2005), despite living independently in their
own homes is often the wish of care-recipients and their carers alike.

The analysis below focuses on the potential benefits of social care recipient targeted
TC in attenuating caregiver strain, in particular that caused by the monitoring role.
Telecare can potentially support carers in the pressures to be vigilant, monitor carerecipient safety, reduce risk (Stoltz et al., 2004) and reduce worry about the carerecipient being left alone (Cheung and Hocking, 2004) (Arber and Venn, 2011).
However, a recent systematic review of the quantitative evidence on the effects of
TC on carers all the evaluations were found to be methodologically weak (Davies
and Newman, 2011) and concluded there was only tentative evidence to suggest
that TC reduces carer stress and strain but no significant change was found in carer
burden and quality of life. Despite carers largely holding positive attitudes towards
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TC, not all findings are positive regarding their experience of TC, as the introduction
of a basic personal alarm has been found to be disruptive to non-resident carers
(Arber and Venn, 2011). Given the conflicting evidence in the literature and the poor
quality of many studies, there is a need for high quality empirical research to
establish the impact of TC interventions on carers.

The following analysis evaluates whether theTC targeted at care-recipients
improves carer outcomes including perceptions of carer burden (caregiver strain),
the subjective component of burden (depressive symptoms and anxiety); quality of
life; confidence and anxiety about leaving the care-recipient alone or in the care of
another person and the number of hours the care-recipient is left unattended for.

Participants
Study Recruitment – Carers
Carers of individuals with social care needs participating in the WSD Trial of TC (see
above for their recruitment criteria and procedures, and details of TC received) were
identified either via (i) asking care-recipients in the parent TC trial for details of their
carers; (ii) by being known to the social service organisations; or (iii) through direct
approaches if they were present at the time of TC installation for the care-recipient
and expressed an interest in the study. Carers were deemed eligible on the basis of
meeting the following criteria (i) they must be ‘seeing and helping their family
member, relative or friend at least once a week’ and (ii) the person they are caring
for must meet the study criteria for the TC trial. Exclusion criteria were (i) lack of
ability to speak English, (ii) inability to complete the questionnaire with support from
a researcher, or (iii) being in paid employment as a carer for the named service user.

All identified carers meeting these criteria were invited to participate. Carers willing to
participate in the study were subsequently contacted by trained interviewers to
arrange a baseline interview in the carer’s home. Carers received an information
sheet for this aspect of the study and signed a consent form.
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At baseline, questionnaires were self-completed by the carer with a trained
researcher on hand to explain or clarify the meaning of particular words or questions.
The researcher would complete the questionnaire on behalf of the carers only if they
were unable to do so themselves.

Follow-up assessments were conducted at short-term (ST) assessment at around 5
months (median duration= 156 days; IQR= 130 to 211) and at long-term (LT)
assessment at around 12-months (median duration= 376 days; IQR= 348 to 398).
The same core instruments were used at each assessment point. At ST follow-up
the questionnaires were administered as a postal survey with one reminder letter for
non-responders. At LT follow-up the survey was posted to participants and nonresponders were contacted by interviewers and where possible they were visited to
assist in completion of the questionnaires.

Measures
Outcomes were assessed using validated generic and carer-specific instruments:
health-related QoL (UK SF-12; (Ware et al., 2002), subjective component/emotional
response of burden i.e. anxiety (Brief STAI; (Marteau and Bekker, 1992) and
depression (CESD-10;(Andresen et al., 1994a)), and the Modified Caregiver Strain
Index (mCGSI;(Thornton and Travis, 2003)). Measures of Carer Confidence &
Anxiety (CCA) were developed specifically for WSD, to assess carer’s confidence
and anxiety in the two situations: leaving the care-recipient alone (AL) or leaving
them in the care of another person (CAP). AL and CAP dimensions were measured
for both confidence (4 items) and anxiety (2 items) utilising a 6 point Likert-type
scale, with responses ranging from ‘strongly agree’ to ‘strongly disagree’. Within the
four scales, higher score represented greater anxiety or confidence in each situation.
The scales each showed good reliability with Cronbach’s alpha for three of the
scales at 0.9 and the Confidence-CAP at 0.8.
Demographic information on the carers’ age, gender, ethnicity, comorbidities and
education level were recorded. Carer specific fields including relationship to the carerecipient, residency (whether living in the same property as the care-recipient or
elsewhere), employment status and a checklist of carer tasks (personal care, helping
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with finances, practical help, medications, keeping the user company, making sure
the service user is safe, taking service user to appointments and other) were also
recorded. The number of hours the care-recipient could be left unattended was also
recorded.

The frequencies and mean scores for all sample descriptives are reported by trial
arm, and analysis type (see Table 5.4.1). Missing data treatments and analysis
methods are as described above. However, in the TC carer analyses, covariates
included were: baseline score of each respective outcome, care-recipient and carer
gender, carer deprivation, ethnicity, self-report co-morbidities, education level, carerecipient dependency based on the EQ5-D self-care domain score at baseline, WSD
site and age band. In line with gerontological literature and the Survey of Carers in
Households) carer age was stratified into bands of young (less than 65), young-old
(65-74), old-old (75-84) and oldest old (85+). Additional carer specific covariates
were co-residence with the care-recipient, employment status, relationship to the
recipient, objective burden composite score and the carer’s baseline self-efficacy
score.

5.4.2. Results

Recruitment and Participation
Of the 307 TC carers recruited, 27 (8.8%) were ineligible, 38 (12.4%) withdrew. 242
(78.8%) completed baseline questionnaires with 124 (52.5%) in the control group
and 118 (47.5%) in the intervention group. Of these, in the ITT analyses 199 carers
completed at least one (of two) follow-up assessments and 118 completed both
follow-up assessments.

Descriptive Statistics
Unadjusted scale means for all outcomes are presented in Figure 5.4.1 by trial-arm
and time point. The 95% confidence intervals suggest there were no significant
differences between trial arms for any outcome at any time point. However there are
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TABLE 5.4.1: Baseline sample characteristics per trial arm of all TC
Carer questionnaire participants
Site

Cornwall
Kent
Newham

Intervention
N=118
43
54
21

Gender

Female
Male
Young
Young-Old

74
44
63
26

87
37
75.6
23.4

161
81
138.6
49.4

Old-Old

24

21

45

Ethnicity*

Oldest-Old
Non-White
White British/Irish

5
11
107

4
4
120

9
15
227

Care Relation

Spouse

57
42
19
9.3
93.5
0.1
8.1
7

58
55
11
14
88
3
12
7

115
97
30
23.3
181.5
3.1
20.1
14

29

36

65

8
2
12
62
5
82.8
35.2

5
2
12
60
9
83
41

13
4
24
122
14
165.8
76.2

22.1

16

38.1

Age Bands

Marital Status

Carer
Employment

Live with User
Care for
Others

Adult Child
Other
Single
Married/Partner
Separated
Divorced
Widow/er
Employed
Unable
Seeking
Homemaker
Retired
Other
Yes
No
Yes
No

Control
N=124
53
61
10

Total
N= 242
96
115
31

95.9
Intervention

108
Control

Age (years)

Mean (SE)
63.59
(1.243)

Mean (SE)
62.42
(1.147)

Mean (SE)
62.99
(0.843)

Deprivation score*

22.93

(1.192)

21.84

(1.134)

22.37

(0.821)

No. of Comorbs

0.92
1.59
0.18
1.78
0.61

(0.098)
(0.076)
(0.044)
(1.06)
(0.064)

1.12
0.01
0.01
0.02
0.01

(0.108)
(0.008)
(0.008)
(0.016)
(0.008)

1.02
0.78
0.09
0.88
0.30

(0.073)
(0.063)
(0.023)
(0.077)
(0.037)

1.26

(0.136)

1.17

(0.117)

1.21

(0.089)

5.89

(0.142)

6.15

(0.111)

6.02

(0.090)

8.64

(1.113)

9.21

(1.342)

8.91

(0.862)

Amount of TC Kit

Functional
Security
Environmental
Standalone

Level of
1
Education*
Number of Carer Tasks - Total
Number of hours user can be left
unattended**

203.9
Total

Imputed average;
1
(0=no formal education, 1=GCSE/O’levels, 2=A’levels/HNC, 3=University level,
4=Graduate/Professional
** Original data not using imputation.

222

slight trends indicating a rise in General anxiety and general depression over the
12monthe period. Furthermore, the carer confidence and anxiety scales and the
‘number of hours cared for person can be left alone’ measure indicate unusual
changes at the ST follow-up which differ between treatment arms.

Telecare Effectiveness
Table 5.4.2 presents the key parameter estimates (analogous to regression
coefficients), from the modified ITT analyses for each outcome. Parameters for the
covariates are not presented as these are not of primary interest here. Figure 5.4.2
presents the Adjusted Means (for covariates and baseline scores) at ST and LT
follow-up for each of the outcomes.

No main effect of TC (intervention arm) was found for the 10 outcome measures;
however two outcomes, the SF-12 Mental Component Score and Confidence Leaving in Care of Another Person (CAP) showed significant interactions for trial arm
by time. Telecare carers maintained MCS scores from short to long-term follow up,
whereas the usual care group showed decline, however post-hoc tests were not
significant. For Confidence-CAP the usual care group’s confidence in leaving the
care-recipient with another person decreased at short term, followed by an increase
at long-term returning confidence to baseline levels. However, again post-hoc tests
did not find significant differences.

Table 5.4.3.3 and Figure 5.4.2 show that for the usual care group, MCS scores
slightly declined from short-term to long-term (ST mean=48.45, LT mean=46.37;
p=0.104); whereas for the TC group there is an improvement over time from short
term to long term (ST mean=46.31, LT mean=47.84; p=0.238), but the differences
were not significant. The trial arm groups did not significantly differ from each other
at each time point (T2, p=0.216; T3, p=0.3278).

For Confidence-CAP the EMMs show that the usual care group increased over time
from short-term to long-term (ST mean=4.05, LT mean=4.45; p=0.009), for the TC
group there is a very slight decrease from short to long term (ST mean=4.58, LT
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Figure 5.4.1: Unadjusted means and 95% CI for outcome variables at each
time point, by trial arm
Physical Health – PCS

Mental Health – MCS

Anxiety - STAI6

Depression – CESD10

Anxiety- Leaving in Care of Another

Confidence - Leaving in Care of Another

Anxiety- Leaving Person Alone

Confidence - Leaving Person Alone

Caregiver Strain Index

Number of hours can leave alone
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Table 5.4.2. Key parameter estimates from modified ITT analyses for
each outcome
Outcome

Parameter

Estimate

S.E.

P

Caregiver Strain

Trial Arm

-0.033

0.836

0.969

Time

0.428

0.690

0.534

Trial Arm * Time

-0.515

0.971

0.596

Trial Arm

-0.011

0.106

0.918

Time

0.029

0.086

0.737

Trial Arm * Time

-0.163

0.121

0.177

Trial Arm

-0.021

0.086

0.805

Time

-0.036

0.063

0.569

Trial Arm * Time

-0.146

0.088

0.099

Trial Arm

1.147

1.422

0.420

Time

1.289

1.264

0.308

Trial Arm * Time

-1.636

1.769

0.355

Trial Arm

-1.471

1.503

0.328

Time

-1.525

1.291

0.237

Trial Arm * Time

3.604

1.816

0.047*

Trial Arm

0.133

0.207

0.519

Time

-0.072

0.200

0.717

Trial Arm * Time

-0.003

0.278

0.992

Trial Arm

-0.140

0.187

0.453

Time

0.038

0.173

0.824

Trial Arm * Time

0.051

0.245

0.836

Trial Arm

-0.110

0.238

0.644

Time

0.230

0.223

0.303

Trial Arm * Time

0.270

0.315

0.392

Trial Arm

-0.028

0.189

0.880

Time

0.097

0.149

0.515

Trial Arm * Time

-0.497

0.212

0.019*

No. of hours recipient can

Trial Arm

-0.319

1.563

0.838

be left unattended

Time

1.296

1.385

0.351

Trial Arm * Time

-0.566

1.858

0.761

Anxiety

Depression

PCS

MCS

Anxiety-AL

Confidence-AL

Anxiety- CAP

Confidence-CAP
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Table 5.4.3: Estimated marginal means controlling for covariates and
baseline score for each Patient Reported Outcome Measure.
Short-Term Follow-Up
Outcome
Mean

9.262

Usual
Care
8.175

S.E.

(1.119)

(1.212)

(1.115)

(1.180)

Mean

1.991

1.817

1.962

1.951

S.E.

(.144)

(.157)

(.145)

(.152)

Mean

0.822

0.655

0.858

0.837

S.E.

(.103)

(.115)

(.109)

(.115)

Mean

43.771

43.282

42.482

43.629

S.E.

(1.825)

(2.021)

(1.861)

(1.951)

Mean

46.311

48.445

47.836

46.365

S.E.

(2.069)

(2.287)

(2.059)

(2.175)

Mean

4.501

4.631

4.573

4.706

S.E.

(.287)

(.317)

(.282)

(.299)

Mean

3.441

3.351

3.403

3.262

S.E.

(.258)

(.289)

(.257)

(.275)

Mean

3.666

3.826

3.436

3.326

S.E.

(.338)

(.370)

(.339)

(.349)

Mean

4.580

4.054

4.483

4.454

S.E.

(.272)

(.295)

(.265)

(.280)

Mean

10.232

9.347

8.936

8.617

S.E.

(2.452)

(2.634)

(2.345)

(2.613)

Telecare
Caregiver Strain
Anxiety
Depression
PCS
MCS
Anxiety-AL
Confidence-AL
Anxiety- CAP
Confidence-CAP
No. of hours recipient
can be left unattended

Long-Term Follow-Up
Telecare

Usual Care

8.834

8.801

mean=4.48; p=0.514). The post-hoc tests show that at ST the groups significantly
differed (p=0.018), but by LT, this difference was non-significant (p=0.880).
Unadjusted means demonstrate that the TC and usual care groups are broadly
similar at baseline. At short term follow up a difference between the groups is
present due to the usual care group reporting reduced confidence. By the time of the
long-term follow up, the groups return to similar levels of confidence. The ITT effect
sizes for trial arm differences at each follow-up point are shown in Figure 5.4.3.
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Figure 5.4.2: Adjusted means and 95% CI for outcome variables at ST &
LT follow-up by trial arm
Physical Health – PCS

Mental Health – MCS

Anxiety - STAI6

Depression – CESD10

Anxiety- Leaving in Care of Another

Confidence - Leaving in Care of Another

Anxiety- Leaving Person Alone

Confidence - Leaving Person Alone

Caregiver Strain Index

Number of hours can leave alone
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5.4.3. Discussion
This 12 month study on the secondary effects of TC on carers found no main effect
of TC on any of the outcome measures; caregiver strain, the subjective component
of burden (depressive symptoms and anxiety); quality of life; confidence and anxiety
about leaving the care-recipient alone or in the care of another person and the
number of hours the care-recipient was left unattended for. The intention to treat
(ITT) analyses null findings suggest that TC is not effective. The ITT effect sizes for
trial arm differences did not meet the minimally important difference in order to be
considered significant in magnitude.

However two outcomes did show significant interaction effects for trial arm by time
across the different analyses. Carer mental health (on the generic HRQol SF12-MCS
measure) was maintained over time for carers in the TC group, while the usual care
group reported progressively lower scores. However, post-hoc tests did not show
significant differences between the TC and usual-care groups, the finding needs to
be interpreted as tentative.

Results also showed a significant trial arm by time interaction for carer confidenceCAP (leaving the care-recipient in the care of another person). Raw means indicated
that from baseline to short-term follow up, the usual care group lost confidence
leaving the recipient with another person. By the time of the long-term follow-up their
confidence has recovered and increased to near baseline level, whereas the TC
carers did not show such any dip in confidence. Analyses indicated that the
difference between groups was significant in the short-term, but not the long-term.
This may suggest be a temporary trial effect of the usual-care carers reaction to
perceiving they have missed out on receiving TC and the associated benefits. This
loss of confidence may underline pre-existing carer interest in TC (Taylor and
Agamanolis, 2010) and that they may hold de facto positive beliefs that carerecipient safety is increased with TC (Hanson et al., 2007), even where they have no
experience of it.

The group differences at short-term on the carer-anxiety and confidence measures
and number of hours the care-recipient can be left alone, support the possibility of a
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temporary trial effect (e.g. greater confidence and less anxiety in the TC group) as
these differences are not apparent at long term. However, it must be recognized that
the majority of these differences were non-significant in the multivariate analyses,
and previous research (e.g. (Sanders et al., 2012) has indicated some carers are
very sceptical regarding TC and anticipate that they would not be able to change the
level of human monitoring and care they provide even if they had the intervention.
Thus this interpretation of ‘resentful demoralisation’ must be accepted with caution.

In interpreting the more subtle trial arm differences at short-term, and trial differences
between short-term and long-term, it should be borne in mind that the carer study
also demonstrates the largest loss to follow-up at short-term and then of a lesser
magnitude at long-term. Whilst for short-term follow-up the questionnaires were
administered as a postal survey, at baseline and long-term follow up, trained
interviewers administered the survey in the carers’ or users’ homes. The rate of loss
to follow-up also differed between the usual care and TC and at each time-point.
This also needs to be considered as an alternative explanation for the results in that
the differential rates of attrition for the trial arms may have contributed to the fall in
confidence levels within the usual-care group.

It is also important to consider that the lack of differences between usual–care and
TC groups across PROMs may be a result of other trial related factors, which limited
its ability to detect group effects. These may include the diminution of effects as a
result of the investigated TC services not being designed to specifically address
carer identified support needs, and its impact is most directly related to the
monitoring domain of care rather than the physical and social-emotional care
domains (Roberts and Mort, 2009). To significantly impact on carer outcomes, other
domains of care provided by carers may need to be incorporated into the TC
package. This may be facilitated via a more integrated approach to providing
assistive technologies – where assistive technology packages may span health and
social care needs and be aimed at facilitating greater social interaction/social and
emotional care; and target specific caregiving activities of ‘anticipatory care’
(adapting activities to be there just in case something happened to the carerecipient) and ‘preventive care’ (preventing illness, injury and deterioration,
monitoring and checking). If the carer’s own need or preference for monitoring can
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be taken into account, enhanced packages of TC with increased monitoring capacity
could prove most effective.

A further limitation to the present analyses is that carer characteristics were
controlled for within the analyses rather than investigated in detail. It is possible that
for certain groups of carers (e.g. those that are not co-resident, are adult offspring
rather than spouses, or those in work rather than retired), the impact of TC can be
greater than indicated in the combined carer groups utilized in these analyses.
Further analyses are planned to investigate the impact of TC in these carer groups.

Finally, it was not possible to incorporate the frequency with which carers were
alerted as a result of the TC sensors being activated or triggered. This may have
substantially affected carer outcomes in a number of ways as contacting the carer
formed part of the stepped care response. If the TC sensors were rarely or indeed
never triggered, the carers may believe it contributes little to the safety of the carerecipient. Conversely, if TC devices are often triggered in false alarms, this may
undermine beliefs in the benefits of TC. Finally if TC alerts are occurring frequently
and under valid circumstances, the carers may perceive a heightened need to be
physically present with the care-recipient. Thus how the kit responded is an
important process/moderating variable for outcomes. However the impact of triggers
on carers remains indeterminate as the data was not amenable to extraction in two
out of three study sites.

5.4.4. Conclusions
Telecare was not found to specifically impact on perception of carer burden nor
subjective components of burden. However, current TC systems may be effective in
maintaining mental health quality of life over time for carers. Conversely, not
receiving TC resulted in a temporary loss of confidence in carers. To enhance the
impact of TC on carer outcomes may require greater consideration of carer needs in
the assessment for and selection of specific sensors in the TC package. Conducting
individualised assessments for care-giver needs may facilitate identification of carers
in whom alternative TC monitoring regimes (e.g. continuous or lifestyle monitoring)
would be most advantageous. Increasing the level of monitoring available to
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continuous or lifestyle monitoring may also offer benefits to selected carers engaging
in the highest levels of monitoring tasks.
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5.5. TC: Refusers (mainly descriptive)
Inferential analysis were not performed for refusal of TC. The passive monitoring
was not actively refused in significant numbers to require further exploration (19,
0.73%), See Table 5.5.1. A more detailed account of withdrawal from the TC trial is
provided in Chapter 6. P. 284-5.

Table 5.5.1 : Reasons for withdrawal from the TC trial
Withdrawal reason

Telecare Comparison
group N (%)
/2600

Rejected TC: No longer wishes to be in the intervention group
and rejects the equipment after trying for a period

19 (0.73%)

No longer wishes to be in the control group

57 (2.19%)

No longer wishes to share data

0

No longer wishes to participate as questionnaire is too onerous

7 (0.27%)

Moved out of area to non-participating GP practice

19 (0.73%)

Absence from home or loss of contact

10 (0.38%)

Problem with equipment (e.g. equipment broken, no longer
working, misused)

3 (0.12%)

Deceased

155 (5.85%)

Physical or mental illness

26 (1.04%)

Residential or nursing care

69 (2.65%)

No reason given

8 (0.31%)
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6. Experiencing and implementing telehealth and telecare
6.1. Theme 4 – Participants (Service users) and carers

6.1.1. Background
The experiences and perspectives of service users and carers are central for how
remote care interventions come to be adopted and used in everyday life. Important
factors include whether people feel they need the device (McCreadie and Tinker,
2005); whether interventions are perceived to support or undermine their sense of
identity (Gitlin et al., 1998); potential to extend the management of a condition
productively (Gately et al., 2008); perceived impact of close surveillance on
autonomy (Percival & Hanson, 2006); and the activities that are required to become
established users (Rogers et al., 2011). The capacity for specific technologies to
promote independence and enhance self-management is complex because they can
be experienced as fostering independence whilst simultaneously inducing greater
dependence (Cornford, 2000, Lehoux et al., 2004). Previous studies have described
both the benefits of introducing TH and TC, as well as the challenges of introducing
associated new ‘work’ for recipients of TH (Oudshoorn, 2008). The disruption of
everyday life has been recognized as a barrier to the integration of eHealth
interventions into routine care and management (Greenhalgh et al., 2010, May and
Finch, 2009, May et al., 2001). A lack of a sense of continuity with previous service
provision may also hinder adoption (May et al., 2011).

Evaluation studies and trials have often reported recruitment difficulties with up to
80% refusal rate (Subramanian et al., 2004). Survey studies have summarised and
quantified reasons why potential participants refuse to join such trials, such as
participants being too busy, discomfort with the technology, belief that the technology
could not help them, and preference for existing services (Mair et al., 2006a, Palmas
et al., 2006, Subramanian et al., 2004). However, there has been a lack of
qualitative evidence to illustrate why there may be barriers to taking part in trials
(Donovan et al., 2002), and more specifically to provide reasons for non-adoption of
eHealth innovations in healthcare (Greenhalgh et al., 2010). The qualitative design
of this theme enables greater understanding of the barriers to use, as well as the
impact of interventions used in the trial on service user and carer experiences.
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6.1.2. Study design and methods
We adopted a longitudinal qualitative design combining in-depth interviews and
observation in order to build a holistic picture to understand the impact of
interventions over time, and single time point interviews for those who declined the
trial.

Sampling
A purposeful sampling strategy was employed to select participants from three sites
to reflect variation across a range of parameters including long term health
conditions (chronic obstructive pulmonary disease (COPD), coronary heart failure
(CHF), diabetes), social care needs, gender, age, socio-economic status, and locale.

Data collection
Semi-structured in-depth interviews
A single, semi-structured interview was conducted with each of the 19 ‘refusers’ of
technology in order to identify the possible range of reasons underpinning their
refusal. Qualitative in-depth interviews were conducted with the recipients of
interventions (and/or their carers) at multiple time points over an18-month period. An
initial baseline interview conducted in participant’s homes was followed up with up to
four further interviews (either face-to-face or by telephone). These focused on
monitoring patients’ ongoing experience of the equipment and to capture variation in
participants’ perceptions over time. All face-to-face interviews (approximately 40% of
the total) were audio-recorded enabling accurate documentation of participants’
comments. Detailed notes on telephone interviews were made.

Observation
Visits to participants’ homes allowed for direct observation of the TH and TC
equipment and demonstration of its operation. With participants’ permission, digital
photographs were taken to illustrate equipment in use. Visits were also made to
control centres to record the monitoring and response from staff. Researchers also
shadowed members of staff conducting initial visits in the homes of prospective
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participants where study information was provided and eligibility assessed. In the
Newham site, WSD peer group support meetings (coffee mornings) were observed.
Clinical visits conducted by community matrons/nursing staff were also observed.

Analysis
Analysis of interview and observational data was conducted according to the
constant comparative method whereby themes were constantly compared within and
across cases, paying particular attention to negative cases and possible reasons for
differences (Charmaz, 2006). Anonymised verbatim transcripts of audio recordings
and typed observation notes were imported into the software package Atlas.ti for
coding and memo writing. In addition to comparison of themes across cases, we
also focused on personal narratives within cases and how these changed over time.
Fieldnotes taken during home visits or monitoring centre visits were complimented
by photographic material and provided additional contextual information. Repeated
review of these notes as they accumulated encouraged alternative interpretations to
be considered, new lines of inquiry to be pursued, and the evaluation of participants’
perceptions of exposure to interventions both within and across the sites.

6.1.3. Results

Participants
Qualitative case studies of participants in the intervention arm of the
trial
Table 6.1.1 outlines the number of people who participated in this qualitative strand
of the study across the three sites in relation to their index health condition. Of the 58
participants, 34 men and 24 women were recruited. All participants had a baseline
face-to-face interview and an average of two follow-up interviews by telephone. A
total of 180 interviews were conducted (22 were joint interviews involving the
participant and a carer; 23 were interviews conducted with a carer only). Ten
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participants (6 men and 4 women) subsequently either withdrew or were excluded
from the study. 5

Table 6.1.1: Theme 4a participants from the intervention arm of the trial
Telehealth

Telecare

Total

CHF

COPD

Diabetes

Cornwall

2

4

7

3

16

Kent

7

7

5

3

22

Newham

5

5

7

3

20

Total

14

16

19

9

58

People who declined the trial
Nineteen people (11 men and 8 women) declined to take part in the trial but agreed
to be interviewed to explore reasons for non-participation (Table 6.1.2).

Table 6.1.2: Interview respondents who declined to take part in the trial
Chronic health condition

Social care

Total

CHF

COPD

Diabetes

needs

Cornwall

1

0

0

0

1

Kent

1

1

2

2

6

Newham

2

6

2

12

Total

4

8

4

19

2
3

Patients and carers responses to the introduction of technology
The experience of recipients of telehealth
The findings for those in the intervention arm clustered around three main themes
with a series of sub-themes for each of the broad thematic areas. The main themes

5

Of the 2 participants who were excluded from the trial, one was deemed ineligible when the
person’s record was found to incorrectly indicate the presence of one of the index conditions, and the
other was belatedly found not to have a fixed telephone line at their address which was a prerequisite
for installation purposes.
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and sub-themes are summarized below and the following sections describe the
results in more detail (exemplary data extracts are included in appendices):


Telehealth and experiences of health and self-care
o Telehealth as enhanced motivation for self-care
o Telehealth as crisis management for serious and multiple conditions
o The balance of surveillance: too much versus too little



Technology and operational issues
o Ease of use and constraints in everyday life
o Equipment failure and trouble-shooting
o Variations in equipment design, function and use



Experiences of service provision associated with telehealth
o Telehealth as an enhanced service
o Telehealth as enabling emergency care
o Telehealth as disrupting existing service and care

Telehealth and experiences of health and self-care
Telehealth as enhanced motivation for self-care
Telehealth seemed to enhance motivation for self-care for those with less severe
problems, and their responses often indicated active engagement with the
intervention. This was especially noticeable in diabetic patients who did not report
co-morbid conditions and complications. Many such participants described how TH
had re-generated an interest in understanding their symptoms and described how
the intervention motivated them to change their behaviour, for example, in relation to
dietary practices. Knowing their data would be monitored by health service staff was
also an added motivation for improving management. However, a small number of
participants were less enthusiastic about the impact of TH on self-management
strategies.

Telehealth as crisis management for serious and multiple conditions
Participants with more serious multiple conditions seemed to view the interventions
less as a means of enhancing self-care, and more as enabling crisis management
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and emergency intervention if needed. These participants tended to have more
advanced and multiple conditions with serious symptoms and consequently,
maintaining careful control of blood sugar or other biometrics was not necessarily a
priority. One such participant (ID175) was enrolled in the trial because he had
diabetes but he also had other problems including heart problems and renal failure.
Many of the messages he received from the monitoring centre were left unopened
and his wife said he did not always record his symptoms and use the system as he
should.

The balance of surveillance: too much versus too little
Some participants did not always welcome the level of scrutiny which TH had
introduced, placing their health status under constant surveillance. This could cause
them to feel they were managing badly and doing something wrong in their selfmanagement. This could then feel too intrusive. Some participants also described
being over-anxious about fluctuations in their readings, and this was compounded if
they did not receive a response from the monitoring centre.

Technology and operational issues
Ease of use and constraints in everyday life
In general, the equipment supplied to participants was said to be ‘very straight
forward’ (ID 52), ‘quick and easy to use’ (ID 170), and participants were impressed
that submitting readings took ‘just 5 – 10 minutes’ (ID 67). Many participants
indicated how readily taking readings had ‘fitted in’ to their daily routine (ID 74).
However, it was clear that respondents did not always understand the requirements
of participating, and expectations did not always match their experience. Several
participants reported feeling anxious and irritated by the constraints to everyday
routines of submitting readings at a set time each day (Appendix 4A, table 1).

Equipment failure and trouble shooting
Approximately one quarter of participants reported instances of equipment failing to
operate correctly due to problems such as faulty connecting leads, base-units, and
peripherals. Some participants reported receiving phone calls asking for readings to
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be re-submitted when expected data had failed to be transmitted. Uncertainty as to
whether readings had been successfully transmitted led many participants to keep a
pencil and paper note of their readings in case they were required. For some people
this also preserved an established practice they had sustained for a long time,
illustrating that traditional self-management routines often continued alongside new
practices introduced via TH.

Variation in equipment design, function and use
Marked differences were noted in the TH interventions across the three sites; the
main difference being the use of a TV operated set-top box used in Newham. Those
using the latter often liked the ability to view their record on a large screen and the
discussion this generated with others in the household. These participants were also
able to view health education videos received through their base unit eliciting a
mixed response with some reporting them as ‘informative’ (ID 78) and that the ‘info
fill[ed] in the gaps’ (ID 70), whereas others viewed them as ‘patronising’ or
‘misleading’ (ID 170).

Experiences of changes in service provision associated with telehealth
Telemonitoring as an enhanced service
Many participants commented that the personal contact and intervention of
monitoring nurses or community matrons improved the care they received. Just over
one-third judged that they were making fewer visits to their GP and the availability
and access to dedicated community nurses was evidently viewed by some as a
solution to delays in getting an appointment with the GP. In a small number of cases,
participants said they associated disruption in the services they received with the
introduction of TH and in two cases participants cited this disruption as a reason for
withdrawing from the trial.

Telehealth as enabling emergency care
Whilst TH was intended to support self-management and prevention of deterioration,
many participants emphasized that they valued the service as it enabled access to
emergency care if needed. For example, it was described as ‘a safety net’, giving
‘peace of mind’. One carer (ID 81) described the community matron as ‘a God-send’,
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after her husband was rushed into hospital following concern about a high bloodpressure reading. Similarly, a participant with heart failure (ID 152) stated that TH
had saved her life when her pacemaker failed and monitoring nurses called an
ambulance.

Experiencing telecare
Whilst there were overlaps with the findings associated with recipients of TH
interventions, there were some issues specific to recipients of TC interventions and
these are reported within several themes below:


Benefits versus stigma and practicalities of use



Telecare as support for carers



False alarms



The importance of human care and addressing a hierarchy of need

Of the nine TC participants recruited to the study, two dropped out. All nine were
receiving help from social services for a variety of physical and mental health
conditions including two participants suffering with dementia, and a further five who
were reliant on a wheelchair.

Benefits versus stigma and practicalities of use
In contrast with TH equipment which requires active participant engagement, the
majority of the TC devices supplied as part of the trial operated passively; with the
exception of a patient activated pendant alarm used to summon emergency
assistance. Consequently, TC participants were on the whole more muted in their
praise of the interventions.

Lifeline, a pendant device supplied to seven participants, provides a useful example
of the varied opinions of TC. Just two of the seven interviewees reported having
used the alarm to summon help and described the benefits, whilst others were more
equivocal. One respondent described his personal struggle to achieve an acceptable
balance between independence and supported living, seeming to echo findings from
patients who declined the trial that adoption of interventions could signify an
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acceptance of deterioration and decline. Praise for the potential benefits of Lifeline
tended to be set against practical considerations associated with its use, as revealed
by one interviewee who cared for her mother (a woman in her 80’s suffering with
dementia). Whilst expressing relief that it had become routine for her mother to wear
her Lifeline pendant each day, the interviewee expressed concern that she may not
remember what the pendant was for, and how she might respond if the control
centre contacted her.

The wife of one participant who suffered with dementia said her husband refused to
wear his Lifeline pendant on the grounds that they were ‘only for old people’ (ID
115). However, he would wear his message/alarm watch to remind him to take his
medication, and she suggested that if the alarm could be incorporated into the wrist
watch, she felt sure her husband would use it.

Telecare as support for carers
Carers in particular seemed keen to give their approval to the equipment but seemed
to find difficulty providing illustrations of any tangible benefits beyond the ‘peace of
mind’ of having someone ready to respond promptly to an alarm conferred.

False alarms
In terms of practical assistance, key safes (located on the outside of properties) were
seen as being particularly useful, whereas movement sensors were reported to be
problematic. One participant claimed to have switched his off after it had triggered a
series of unwarranted alarm calls. Another respondent had become so frustrated
with a number of false alarms that she considered withdrawing from the trial.

The importance of human care and addressing a hierarchy of need
A sense of ambivalence towards TC interventions was evident in participant
accounts emphasising the importance of assistance from formal and informal carers
in performing basic tasks such as getting in and out of bed, having a wash, getting
dressed, ensuring medication or treatment schedules were being adhered to and the
preparation of meals. Family members, friends, neighbours, social workers, nurses
and housing wardens were all cited as playing a significant support role. Although
there were deficits noted by several participants in relation to the assistance they
241

received, and indications of some feeling ‘trapped’ and ‘isolated’ within their own
homes, it was human rather than technological support that appeared most
important. Other participants well supported by family felt they would rarely need the
TC devices. Additionally, where needs for lower level technology (e.g. adapted
shoes for mobility) were identified, TC was seen as an irrelevance.

Decline or withdrawal from the trial following initial invitation
Analyses revealed a number of factors contributing to decisions to decline or
withdraw from the trial within the following themes:


Requirements for technical competence and operation of equipment



Threats to identity, independence and self-care



Expectations and experiences of disruption to services.

Requirements for technical competence and operation of equipment
Many respondents discussed their decision to decline the trial due to concerns over
using the TC equipment. Unsurprisingly, some people who anticipated having
difficulty using TC devices had found other forms of technology to be problematic.
Respondents also assumed they would need special skills to operate the equipment.
Uncertainties regarding the technical aspects of devices did not seem to be mitigated
by explanations given at the home assessment visit.

Threats to identity, independence and self-care
Most respondents associated the use of TH and TC with being very sick, old and
frail, and they wanted to distance themselves from such negative connotations.
Respondents wanted to maintain a sense of control over their illness whilst allowing
it to blend in to the background of daily life, and TH and TC were perceived to be
potentially undermining of such control and make them dwell too much on their
illness. In three cases, potential recipients of the intervention were considered too ill
or too dependent by their carers, highlighting the importance of the identity and role
of carers. These respondents considered the family member they cared for to be in
need of a level of human care and supervision that was impossible to provide via TH
and TC equipment.
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Expectations and experiences of disruption to services
Respondents often described their satisfaction with current services and how they
preferred the existing care relationships they had with health care providers. Other
respondents described themselves as already receiving specialized services which
were highly valued.

6.1.4. Discussion

For people who took part in the trial, any initial concerns regarding the technical
aspects of using devices dissipated once they became accustomed to using them.
Only in a small number of cases did patients find technical problems highly
disruptive. The majority of people readily adapted to using equipment and found it to
be reassuring for management of their condition. Whilst a number of participants
were initially ambivalent or even apprehensive about the intervention, over time they
came to value it quite highly. One of the main factors they valued was the close
contact they had with service providers who were commonly nursing staff. An
interesting aspect was the variation in how the service was experienced according to
disease burden. People with a single, well controlled condition seemed to value the
intervention as a means of improving self-care and preventing worsening of their
condition. However, those with more serious and multiple conditions valued the
service as enabling better crisis management and access to care in an emergency.
Whilst TC interventions were valued by recipients and carers for the most part, the
interventions were viewed to be especially beneficial to carers. However, there were
clear acknowledgements of the limitations of such interventions which of course
cannot replace most care needs.

Perspectives on health, self-care and dependency associated with decisions to
decline the trial indicated that technology had the potential to define their health
problems as something more serious than they felt it was or should be because it
was stereotypically associated with being very sick, very old or highly dependent.
This was even the case for some respondents with severe symptoms, and where
people viewed TH as speeding up an inevitable process of decline. This echoes
research demonstrating that people are often keen to distance themselves from
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negative stereotypes of ill health and ageing (Sanders et al., 2002), and that
telemonitoring can be perceived to undermine identity and autonomy, especially
amongst older people (McCreadie and Tinker, 2005, Percival and Hanson, 2006).
This study demonstrates how anticipation of such negative effects can impact upon
rates of uptake for these interventions. There was a sense of ambivalence in
experiences of those who joined the trial. People with less severe problems were
more likely to engage the interventions as enabling better self-management and
prevention of deterioration. However, people with more complex and severe
problems often valued the service as enabling emergency and crisis management.
These findings indicate the need to be aware of the varied meanings associated with
technologies when attempting to integrate them across all levels of need from those
who predominantly self-manage, to those who require complex case management.

6.2. Professionals responses to the introduction of technology
6.2.1. Background
Telehealth and telecare interventions have profound implications for the work of
service providers because staff are required to respond to ad hoc patient needs and
alerts (Lamothe et al., 2006). Changes in work processes affect both the material
conditions of providing care, and the relationships between health care professionals
and their practices (Nicolini, 2006). Issues such as the delegation of medical tasks
to non-medical personnel and equipment, and the associated impact on the existing
geography within the health care environment are important issues for research
(Oudshoorn, 2008, Oudshoorn, 2009). Existing research has documented the
impact on doctor-patient interactions with some patients expressing a sense of
alienation arising from the use of teleconsultations, and problems with doctor-patient
interaction (Harrison et al., 2006). The changing nature of professional-patient
interaction has also been found to be problematic for professionals who perceived
the loss of interpersonal cues associated with teleconsultations to have a detrimental
impact on clinical management (May et al., 2001). The aim of this theme within the
WSD study was to explore professionals’ attitudes to and engagement with TC/TH,
including perceptions of the costs and benefits to patients, services users, carers
and professionals of implementing TC/TH.
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6.2.2. Study design and methods
This theme adopted a longitudinal qualitative design. Baseline interviews were
conducted with key professionals directly involved in the delivery of TC or TH in the
three WSD sites. Follow up interviews were conducted approximately 12 months
later.

Data collection
In-depth semi-structured interviews were conducted in the participants’ workplaces,
and were audio recorded and transcribed.

Analysis
Transcripts were imported into Nvivo8 and thematically analysed using constant
comparison. Open coding was conducted and a coding frame developed to allow
grouping by descriptive category. This enabled the identification of emerging themes
and sub themes, as well as deviant cases. Emerging themes were regularly
discussed in team meetings. Interview data were also compared across time, site
and professional group. Analysis of initial interviews informed follow up interviews in
year two of the study and a decision to interview GPs who clearly had an influential
role even though they were not part of the front line TH staff.

6.2.3. Results

Telehealth interview participants
41 baseline interviews were conducted (October 2008 – August 2009), and a
further 33 follow-up interviews were conducted a year later (Table 6.2.1). The
sample included clinicians (community matrons, TH nurses, specialist nurses, and
community nurse case workers), support workers, technical workers (IT specialists
and equipment installation technicians), WSD project site workers and RCT patient
assessors (Table 6.2.2). Sampling was purposeful in seeking to include a broad
spectrum of frontline staff but was also based on the willingness of the health
professionals to join.
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Table 6.2.1. Interviews with frontline health (telehealth) professionals

TH baseline
TH follow up

Cornwall
16
11

Kent
14
12

Newham
11
10

TOTAL
41
33
74

Table 6.2.2. Telehealth interviews at base line and at follow up

Clinical staff
Non clinical support workers
WSD project management staff
Total

Number at baseline Number at
follow up
27
27
10
3
4
3
41
33

Interviews with nursing professionals
All nursing professionals interviewed were women and the majority had a community
nursing background stretching back at least twenty years. Many nurses in Kent and
Cornwall had previous experience of TH because it had previously been introduced
in the region. However, nurses in Newham were recruited specifically for WSD.

Interviews with GPs
Local project managers supplied some names and contact details of GPs who had
agreed to take part in the main study but recruitment for qualitative interviews was
challenging. Eight GPs and a hospital consultant were interviewed between April and
September 2010.

Telecare interviews
A summary of frontline telecare staff participants is provided in table 6.2.3.
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Table 6.2.3 Telecare staff participants at baseline and follow-up

Telecare control centre staff
Social services staff
WSD Project management staff
Technical, administrative & I.T support staff
Total

Number at
baseline
12
7
7
5
31

Number at
follow up
9
2
1
0
12

The telehealth service delivery model
The community matron and telehealth nurses
During the two year study there were local arrangements for the delivery of TH in all
three sites, and although each site adopted broadly similar models of TH, there were
variations. Community matrons delivered care to patients with the most complex long
term conditions and needs. While non TH patients formed the bulk of their work, they
also monitored a small caseload of TH patients (typically less than a dozen patients).

While there is some minor variation between monitoring centres, TH nurses were
desk bound and monitored patients whose conditions were less well advanced, less
complex, or provided absence cover for the community matron or GP. Typically, if a
TH nurse observed a set of unusual readings on the system, they would alert the
health professional responsible for the patient’s care or phone the patient directly to
check their health status.

Goals of telehealth
Nursing professionals spoke briefly and hesitantly on the stated objectives of TH,
preferring to focus on the organisation and management of this model of remote care
from their own perspective and that of patients. It became clear that the reason for
this lay in their focus on individual patient outcomes and the opportunities and
benefits that TH might bring. They reflected that the advantage of TH monitoring was
that patients would learn more about their condition and how to self-manage it more
effectively at an early stage.
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GP responses were framed rather differently. The majority voiced support for the
formal, stated WSD goals, but were sceptical about whether the larger study would
produce conclusive evidence that the goals had been met. Nevertheless, they were
prepared to reserve judgment until the end of the study when the outcome was
known. Most placed TH within the context of wider economic and health policy
reforms, rather than narrowly focusing on the opportunities that TH might bring for
patients and professionals, explaining that the goals operated at a number of
different levels and from different perspectives. A minority of GPs questioned the
motives behind the introduction of TH, expressing concerns about processes that
might undermine their professional autonomy and diagnostic skills. Some also
expressed concerns about economic drivers of TH. Although most GPs agreed that
they too were motivated by economics to some extent, ‘led by their wallets’ as one
remarked, they distanced themselves from commercial profit makers by referring to
their professional values and ideals.

Perceived benefits of telehealth for patients
From the nursing perspective, TH enabled patients to become adept in recognising a
correlation between their health behaviours and vital signs. This was thought to
enable patients to take a more prominent role in decisions about their care, as well
as helping to stabilize their condition. While this was described as patient
empowerment and partnership, it was also held up as an example of how TH could
engender greater patient adherence to their health care plan.

Some viewed patients as too dependent on the technology, resulting in a failure to
seek medical help when necessary in the belief that remote monitoring allows health
professionals to automatically react to any recorded changes to their health
condition. This was consistent with the views of service users reported for theme 4.

As patients taking part in the study ranged from those with the most complex needs
to those whose conditions were less advanced, there were differences of opinion in
the baseline interviews about which patients would benefit most from TH and accept
the technology. Age, class, education, professional background and severity of
illness were all cited as distinguishing factors, and some patients were perceived as
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more suitable candidates for TH than others. Strong reservations were also shared
by several nurses and GPs about the use of time and resources on those whose
condition was less advanced and who were relatively active and healthy. Their
experience was that such patients found the equipment invasive and were being
prematurely drawn into clinical surveillance.

There were also questions raised about the suitability of TH for very elderly patients.
Many GPs and nurses admitted to being pessimistic at the beginning of the study
about the ability of such patients to accept and use the TH equipment. However,
they later claimed that these assumptions were on the whole misplaced, with the
exception of a limited number of frail patients who did have difficulties. Telehealth
was also considered unsuitable for some patients who were prone to anxiety as the
close scrutiny of their health could exacerbate their condition.

Most GPs tended to hold more negative views about the benefits of TH and also
expressed some concern that it would medicalise and cause unnecessary anxiety to
patients, especially those whose condition was less advanced.

Impact of telehealth on professional practice and quality of care
The majority of nurses perceived that TH gave them greater autonomy in caring for
patients because it opened up a new specialism. This was viewed to be the case
because GPs had less interest in remote care and seemed happy to delegate it all to
them. One community matron described the GPs as ‘dancing in the street’ because
she had taken on the responsibility, leaving them free to manage the rest of their
patient caseload.

The nurses reported that use of TH was an important new skill, as was the possibility
that it would help them understand trends in long term condition management. Many
pointed out that the technology required a far more systematic approach to patient
care than hitherto because of the increased use of monitoring data as an aid to
assessment and diagnosis. It was generally agreed that monitoring systems should
reflect this structured process but that the design of the TH technology had not
always met their needs. They attributed this to a lack of understanding by technical
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experts about the complex documentation requirements in health care. In one site it
had taken nearly a year of negotiations and meetings between clinical staff and
technicians before an agreement was reached about the design of computer
software template for entering patients’ medical history.

Many community matrons described how TH played a transformational role in patient
care, especially because care provision had previously been constrained by time and
the need to travel. Nevertheless, they were adamant that TH should be regarded as
one of multiple options for care, and not a solution to staff shortages or funding
problems.

While most TH nurses and community matrons reported significant changes for the
better in their work patterns, a minority commented that monitoring requirements
placed additional limitations on their capacity to attend to all their patients. For
example, it could generate unplanned work and make unnecessary demands on
their time. Some nurses also worked in relative isolation, with little practical support
or acknowledgement from other community clinicians that they were under strain.
They complained that checking TH data was an extra burden that had to be fitted
into an already busy day, rather than an intrinsic part of their working pattern.

Nurses in traditional forms of care are accustomed to face to face contact with
patients and using visual clues and cues when assessing patients’ health and wellbeing. Most, however, said that much of their communication had always been by
phone, and so they were already attuned to verbal indicators of distress. By contrast,
a minority of community matrons commented that fewer home visits meant that they
had less opportunity to see evidence of how patients were coping and were less
happy about the professional changes that TH would introduce, fearing it would
replace traditional face to face care.
Nurses spoke of flexible arrangements – the monitoring is geared to the patient and
although ideally patients would take their vital signs daily at a specific time, most of
the nurses recognized that this was not always convenient or desirable for most
patients and that telemonitoring could be readily adapted to patients’ varying
circumstances.
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None of the GPs interviewed were speaking from a position of direct, practical
experience as their involvement with TH was marginal. They tended to have
occasional contact with patients using the TH equipment and irregular contact with
monitoring nurses. None had any significant knowledge of the TH monitoring
process. The GPs had the facility to access TH patient data from their own desktop
computer but only one had done so and several others did not know it was possible.
Interest in TH data also varied. One GP recalled that he had been given a print out of
the results by a patient but none remembered discussing the results with a nurse or
community matron.

In most cases GPs delegated the care of TH patients to community nurses and their
teams, although in parts of Kent they did look after some patients who were not
case-managed. Here, TH monitoring was undertaken at a distance by a team of TH
nurses, provoking GP complaints that they were receiving ‘a tsunami’ of monitoring
data. In their view this was unnecessary information, added nothing to what they
already knew about their patients and undermined their autonomy in terms of time
management and patient care.

Telehealth monitoring as an innovative model of care
The findings in this section focus on usefulness of TH monitoring centres as an
innovative model of care for people with long term conditions. It draws on the
accounts of monitoring nurses describing the challenges and opportunities of this
new form of health-care delivery and possible lessons for the development of
services.

Nurses in TH monitoring centres identified several advantages of the new system,
particularly potential benefits to patients who had not been previously monitored.
Nurses identified potential clinical benefits from their enhanced ability in
telemonitoring to observe subtle changes to clinical indicators and take early
remedial action. Educationally, nurses perceived there was potential to enhance
their role in health promotion. There was also scope for organisational efficiencies
such as better use of nursing resources. However, the nurses had often associated
patients need for care with high levels of dependency and this was at odds with the
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idea of monitoring patients whose condition was less advanced. Some nurses found
that it challenged their notion of sickness and health.

Telecare results
Experiences of delivering telecare
Telecare staff considered that most service users were already familiar with
technologies such as the pendant lifeline and tended to perceive them as beneficial
with few concerns regarding privacy. Whilst the service required regular and routine
attention to incoming data, the work did not require just passive monitoring and
reacting to the screen. Respondents claimed variety and interest came from routine
visits to clients, assessments of equipment needs and liaising with installation staff.
Whilst TC involves increasingly standardised and process driven operations, a level
of discretion is required in deciding how to proceed in response to alerts.
Responsive actions are determined partly by protocols, but also by common sense
judgments and informal discussions with colleagues.

The system as it routinely operates does not access or rely on health and social care
information systems. Service providers in the centres are largely reliant on
information provided by clients rather than from data information systems or from
social services. When TC staff receive and respond to an alarm or alert, some report
inadequate arrangements for obtaining assistance for clients as a source of stress.

Service providers did not consider the interface with health to be salient or
particularly important. They had little interaction or collaboration with the health
service generally and had little knowledge of TH. A number of factors were viewed
to influence the lack of connections with health services, including historical barriers
between health and social care services. Historically, TC services developed quite
separately. There is a well-developed infrastructure of community alarm services
provided by local housing authorities, social services and the voluntary (e.g. Age
Concern) and private sectors, plus a private subscriber market. The TC service has
developed from warden based sheltered housing (many TC workers used to be
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wardens). To some extent the service was seen as relatively low status, with TC
workers feeling their work was generally unrecognized and undervalued. Service
providers in the TC centre did not consider the work to require significant training.

One practical challenge for TC staff was the constant stream of new and different
types of equipment provided by lots of different manufacturers and suppliers. Staff
did not always feel familiar with the latest innovations and had occasional
complaints. However, equipment was generally perceived as safe, effective and
acceptable to users.

Perceptions of benefits of telecare
Overall, TC staff described the service as having an important social benefit which
was unrecognised by the policy community. Telecare was perceived to improve
quality of life, principally by prolonging independent living and enhancing confidence
in self-care. Importantly, TC was considered particularly valuable in providing
support and reassurance for relatives and informal carers. They also suggested the
service had broader benefits in reducing avoidable use of expensive hospital and
other services.

Integrated working
Inter-agency collaboration at an operational level between TH and TC professionals
appeared to be very limited. Both services identified structural, organisational and
cultural constraints to integration, ranging from professional ethos and practice, to
incompatibility of information technology interfaces. Control centre staff seemed to
be the most isolated professional group, and their knowledge of TH is limited. In
contrast, some TH professionals reported knowledge of joint working at a more
senior level.

6.2.4. Discussion

Overall there was considerable therapeutic optimism amongst front-line providers of
telemonitoring. Telehealth staff in particular identified a number of patient-focused
benefits of TH in terms of enhancing patient health awareness and effective self253

management, as well as more prompt and appropriate responses by the service to
individuals with long-term conditions. Staff focused on more immediate rather than
system level benefits to patients such as reductions in service costs. There were
some concerns about the appropriateness of TH to the very severely ill and those
with minor conditions. Whilst considering TH as generally an effective service, staff
were aware of potentially adverse responses and difficulties in a minority of patients.

Telehealth nursing staff spoke about being in new collaborative partnerships with
technicians, patients and GPs. They were learning to communicate with a group of
experts who had very different perspectives about the use and development of
technology. They were also changing the way in which they related to patients.
Most nurses felt more able to manage their time productively. Telehealth gave the
nurses a feeling of greater autonomy and freedom to make decisions about patient
care as well as increasing their clinical knowledge and skills. They saw TH as
leading to new career opportunities for community nurses, and the development of
more technologically based skills and knowledge shared with patients.

Telecare was seen by service providers as an effective, efficient and acceptable way
to improve the safety of frail or vulnerable individuals and contribute to maintaining
independent living and positive quality of life for those with long term conditions.
Negative comments were made regarding the routinised, low status and underappreciated nature of services, but they did not detract from recognition of the value
of TC.

A key aim was to facilitate collaboration and joint working between health and social
services, yet this part of the WSD evaluation only served to emphasise the
difficulties. The two systems of TH and TC operated largely in isolation.
Nevertheless, service providers held broadly optimistic views about the potential for
positive gains in the lives of individuals with long-term conditions adopting such
forms of telemonitoring.
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6.3. Theme 5 - Implementation, Sustainability and Scaling-up
6.3.1. Background
To understand the likelihood that TH and TC will be embedded in mainstream care
services, knowledge of their impact at an organisational level is required.

To investigate this we drew on research exploring the transition from clinical trials or
small pilot projects to more mainstream services (May et al., 2011, Finch et al., 2003,
Glendinning, 2003) and concepts from the literature on socio-technical change in
complex organisational settings (Greenhalgh et al., 2005b, Webster, 2002). We
focused on the context, mechanisms, and outcome relationships between different
stakeholders across the local care system, asking what makes sense and works, for
whom, and under what conditions.

A fundamental challenge for the sites was the anticipated tension between differing
organisational priorities: (1) to maintain an effective, high quality, intervention and
create robust scientific evidence about the technologies in use, and (2) to establish
practices and systems to foster sustainable use of the technologies beyond WSD
and nationwide. To this end, we also examined the implementation of remote care in
six additional sites rolling out a number of smaller projects not subject to RCT
protocols. Together, the interviews with key stakeholders responsible for WSD and
other TC/TH projects helped to highlight the organisational factors influencing the
adoption, implementation and scaling-up of remote care. Additionally, we were
commissioned by the Department of Health to review the remote care supply
industry and its ability to meet anticipated future needs (Barlow et al., 2013).

6.3.2. Design and methodology

Qualitative, longitudinal ethnographic data were collected across the three WSD and
six additional sites between June 2008 and March 2012. Over the trial period, we
conducted 205 interviews, triangulated with 133 strategic documents and 234 hours
of ethnographic observations (see table 6.3.1). Participants were health and social
care staff, technology suppliers and Government policy makers. Saturation of
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findings was reached approximately half way through each of our three phases of
data collection (each data collection phase represented a different stage of the
programme), with the same themes emerging across different groups.

Our analysis drew mainly on the principles of both grounded theory (Glaser and
Strauss, 1967) and Interpretative Phenomenological Analysis (Smith et al., 1999),
progressing from a detailed, empirical reading of the data towards greater
abstraction. All data collected were analysed in three stages. Our analytic process
involved a structured approach of coding and theme abstraction. To ensure
reliability, two team members independently read interview transcripts to agree on
the emerging themes. The reliability of our data interpretation was further established
by drawing on additional data collected from informal interviews, observations and
project documentation. We also evaluated readily accessible market research
reports and publicly available financial data for selected remote care companies.

6.3.3. Findings
After their selection as ‘front runners’ amongst the candidates, the three successful
sites (Cornwall, Kent and Newham) began work in 2008 to develop care models
based around the introduction of TC and TH. Telecare was relatively well established
and widely implemented in the UK (including in Kent and Newham) but TH was just
emerging. With the aid of previous funding, some TH had been implemented in Kent
but not to any degree in the other two sites. As one WSD site manager said, “the
process is quite new, the technology is new, just the way of thinking is new, that
remote monitoring changes the whole way you operate.”

The WSD programme involved a joint partnership between primary care trusts
(PCTs) and local authorities. At the senior management level there was strong
rhetoric around a ‘partnership story’, as well as in the local WSD management
teams. These comprised senior responsible officers (SROs) from both health and
social services organisations. Their role was to oversee delivery of the programme
and support programme needs internally. Closer to the end of the programme, the
SROs’ role became more strategic, focusing on mainstreaming processes.
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Table 6.3.1: Summary of data collection by site and study
Whole System

WSD Action

Non WSD sites

Supply Chain

Total

Demonstrator

Network (WSDAN)

(NWSD)

Study

Cornwall, Kent,

Croydon, Lincoln,

Durham, Sandwell,

-

12

Newham

Norfolk

Surrey

Study period

Jun. 08 - Mar. 12

Jun. 10 - Jun. 11

Jun. 10 - Jun. 11

Feb. – Jun. 2012

6 yrs

No. of interviews

115

38

31

20

204

Hrs. of

174

58

2

-

234

92

33

4

4

133

(WSD)
Case study sites

ethnographic
observations
No. of documents
analysed
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A past history of remote care (mainly TC) was important in influencing whether local
health or social services took the lead in the WSD programme. In Kent and Newham,
previous TH and TC services were mainly led by local authority social services. To
try and maximise previous organisational learning and save time and effort, both
sites decided to maintain this model, with the programme director and the majority of
programme management team members employed by social services. In Cornwall,
the lack of an existing remote care system meant that WSD faced a ‘tabula rasa’ and
clinicians from the local PCT led the programme. When combined with TH (rather
than TC), this choice meant that Cornwall had a more receptive clinical environment
to the WSD design and proposed interventions.

Irrespective of whether health or social care led the trial, each site created a local
project team with responsibility for implementation in line with the protocols provided
by the WSD evaluation team. The project teams included staff both from PCTs and
local authorities, and their responsibilities involved identifying and recruiting eligible
participants, installing and maintaining devices, training participants and care
professionals in the use of the equipment, providing monitoring centre services,
providing usual care to all participants, and providing local organisational and
management resources to support the trial.

Our findings focus on the opportunities and challenges faced by sites in
consolidating the local organisational structure with WSD programme requirements.

Implementing remote care services in a trial context
WSD as a catalyst for local action
Bidding to be part of the WSD programme had been rigorous, and the teams at the
three chosen sites reported how they felt privileged to be given the opportunity to
develop new services that would not otherwise have been possible. Given its scale,
the WSD trial provided these sites with the equipment, finance, and internal and
external management support they needed to deploy TH. Involvement in the trial
meant that the sites had to create an infrastructure – equipment, training, protocols
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and collaborative relationships – to allow the potential of the technology to be
realised from which they could build future services.

The programme increased the visibility and awareness of TH and TC technologies
amongst senior management and clinical audiences. Many staff, originally sceptical
about the efficacy of TH, became increasingly enthused as their knowledge and
interaction with the programme and technology grew. However, the high profile of
the trial put the sites under increased pressure due to the level of reporting required
and the degree of interest surrounding the programme.

Improving the evidence base to inform decision-making
Interviewees in health and social care authorities both in WSD, non-WSD sites, and
from remote care suppliers, expressed strong enthusiasm and support for the goals
and outcomes of the WSD programme. Uncertainty about demand – partly due to a
lack of evidence of benefit – was viewed to be an important factor constraining
investment by health and social care authorities in remote care and by industry in
new technologies. Gold standard positive evidence from the WSD was expected to
increase receptiveness across the chosen sites and more widely, assisting those
responsible for making informed decisions about investment. This view was also
commonly expressed in the non-WSD sites.

Health and social care authorities and technology suppliers thus regarded WSD as a
much-needed robust trial to generate evidence, and the study was seen as timely
and pivotal to future development of remote care, both in the UK and worldwide.
Equally, they also anticipated that delays in the dissemination of WSD evidence and
non-positive or inconclusive evidence might impede development.
Narratives around the ‘positivity’ and ‘strength’ of the ‘remote care innovation’ and its
desired outcomes were apparent in the interviews. Prior to WSD remote care had
been viewed in terms of the delivery of ‘good care’. As the programme evolved, it
also came to be seen as a clinically safe way of coping with growing constraints in
care budgets. In the WSD sites, the inclusion of clinicians in local management
ensured that a more medicalised, trial and evidence-based narrative began to
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dominate as the programme progressed, but this also helped to increase trust in the
technology. Overall there was a strong belief that evidence about clinical outcomes
would be a key factor in driving remote care forward, especially with the devolution of
spending decisions to Clinical Commissioning Groups (CCGs).

As the WSD trial proceeded, concerns over the timeliness, value and generalisability
of the anticipated WSD results grew, both within and outside the trial. The sites
struggled with knowing how to move forward whilst waiting for the evaluation results.
As a result in the early days after the trial ended, the number of new users into the
TH and TC slowed down in all three sites. As one manager put it:
‘The normal mainstream process has been critically damaged … because everyone
waits for the results of the trial. So even though we were powering ahead regardless,
as soon as you say, we’re actually going to evaluate this formally and in depth, then
there’s a great tendency to say, well why should we spend any more money on this
until we know.’ (WSD site manager)

Despite many champions previously calling for more robust evidence, during the trial
scepticism regarding the results set in. The likelihood of getting credible, usable and
translatable evidence from the trial began to be questioned both in WSD and nonWSD sites. Interviewees in the latter argued that the context for implementing
remote care involves unique local interventions and users, not directly comparable
with the WSD sites. Views were also expressed about the ‘special conditions’ of the
trial and how this might compromise the generalisability of evidence. Narratives
about the likely robustness of the WSD evidence were insufficient at times to counter
these views.

Redesigning existing services
The WSD programme acted as a catalyst for identifying gaps in existing services,
improving patient assessment, as well as communication and collaboration amongst
the different partners. This enabled them to set up more streamlined processes in
identifying patients potentially suitable for TH and/or TC services.
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The need to be efficient – setting up a service that was minimally disruptive to
patients and other users – forced all the relevant organisations to think about how to
work together more closely, for example by scheduling joint health and social care
visits. As a healthcare professional at a WSD site put it, ‘I think it's brought us closer
… we sit round the table more often and that brings out other issues that we talk
about, and also we have a better understanding of people's roles.’

However, it was also clear that variations in staff and patient competence in using
the technology, restricted time for patient training, lack of coordination over the
assessment and installation process were mentioned as a reason for dropout rates
in the trial after the patient consent stage.

The impact of the trial on ‘whole system’ redesign
The idea of ‘whole system working’ and ‘integration’ across care services has long
been seen as attractive by many in healthcare. An aim of the WSD programme was
to use remote care as a driver for ‘wholescale redesign of services for those with
long term conditions’ (DoH, 2007b), facilitating the development of data sharing
systems, interlinked care processes and integrated care teams. Telehealth in
particular was seen as an important part of a more integrated health and social care
system. As one non-WSD site manager put it, ‘what’s care, what’s health? … I think
telehealth is probably one of the services that can help get rid of those boundaries’.

In the original trial protocol, three types of participants were to be recruited: those
eligible for TC, those eligible for TH and a group with mixed care needs, eligible for
both. The inclusion of this latter group potentially offered a particularly interesting
case for service redesign across care systems. However, early in the trial it became
clear that there were not the numbers expected, hindering recruitment of
participants. Some site managers attributed this to local demography, but the
majority of the staff and suppliers concluded that the problems lay in the strict RCT
recruitment conditions.

This decision had strategic consequences for the overall goal of demonstrating the
advantages of whole system redesign. Health and social care staff no longer needed
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to work together to deliver care for this mixed group. Consequently TC and TH no
longer acted as a driver for developing new levels of integration both at the strategic
and operational levels. New systems for data sharing across health and social care
sectors failed to be developed, and the need for new organisational processes and
staff that seamlessly spanned both sectors was also eliminated. The two services
remained as before, largely independent, with a range of associated but separate
processes.

These problems in integrating services were not just the result of the WSD trial
design, however. Interviews with managers (both inside and outside the WSD
programme) and technology suppliers, repeatedly highlighted that increased
integration was seen as unrealistic and secondary to the development of patientcentred care. This was perceived to be a result of a lack of professional
receptiveness and readiness, silo-based models of working, financial planning and
payment, lack of support within the NHS tariff for set-up costs, and the fragmentation
of purchasing decision-making (Chrysanthaki et al., 2013). Lessons from TH
implementation in the WSD programme reflect the wider experience within the UK,
where incentives for different stakeholders to adopt remote care have yet to be
resolved.

Greater collaboration across organisational boundaries
The WSD programme may not have led to whole system change, but many
interviewees nevertheless felt it helped to break down boundaries and strengthen
existing communications between health and social care. Telehealth, in particular,
was said to have acted as a catalyst for building relationships and for the joint
‘ownership’ of new care processes and goals. For example, specialist community
nurses responsible for TH monitoring worked closely with social care staff to ensure
the new services fitted within patient’s existing care packages and that all members
of the care team were kept informed and updated.

The WSD programme has also been useful for highlighting the importance of
establishing stronger collaborative relationships between service providers and
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technology suppliers. The role of suppliers was largely operational, providing
technical support and advice about setting-up service delivery processes. However,
they also emphasised that their relationships with the care services went beyond that
of a subcontractor, embracing a degree of collaborative learning about the
implementation challenges and how to address them. As one technology supplier put
it:
‘The beauty of our relationship was we had the project experience of sites and we
knew what could be done and what couldn’t … They (care services) brought the
clinical side, … the bits that we never had. So it was actually quite a nice mix’.

The WSD programme highlighted misalignments in visions and ambitions amongst
the different stakeholders regarding their role in providing remote care. With CCGs
taking control over service commissioning, there was a growing level of uncertainty
about ownership and sustainability of TH and TC services. The long-term aspiration
of health and social care service providers was to retain control and ensure that an
affordable infrastructure with interoperable software and hardware, was put in place.
Technology suppliers argued that they had the capacity to provide an end-to-end
seamless remote care service, and anticipated that the private sector may in the
future have a greater role in the provision of TH services (Barlow et al., 2013).

Organisational learning in the context of a randomised control trial
Although previous TC experience – for example through the Preventative
Technology Grant – assisted with recruitment into the RCT, the fact that the sites
could not use existing users reduced the recruitment pool, leading to delays. As the
WSD programme progressed, the problems of combining an RCT with ‘real-world’
implementation became increasingly apparent. The need to produce robust, reliable
and generalisable evidence meant that the RCT was given priority – interviewees felt
that the general needs and lessons arising from implementing remote care were
subsumed into those of the RCT.
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This was especially the case in relation to clinical and patient engagement. The
decision over which organisation should lead the WSD trial locally was made by the
local management team, however the design of the trial influenced the way in which
social and health care staff were engaged. The requirement of the RCT for a ‘one
size fits all’ approach was perceived as overriding local contextual differences in
population needs and prior experience or existing models of remote care (Hendy et
al., 2012).

Our interviewees identified early on that many of the newly established processes
(e.g. patient assessment and training), set up according to the needs of the RCT
protocol, were poorly aligned with the needs of their local health and social care
service. The sites had to deviate from previous ‘real-life’ models of assessment and
service delivery and create new trial-specific ones. As the trial came to an end, it
became apparent to different local stakeholders that many of the processes
developed for WSD – including patient assessment criteria and models – would need
to be replaced or modified in a scaled-up service. According to one manager:
‘You have to unpick all the processes and procedures we put in place to deliver the
RCT because they’re not good business processes. They’re too constrained so
we’ve had to take everybody in that mind-set out of the programme environment’.

Much of the iterative learning from remote care implementation was not put into
practice, affecting staff morale, and hindering the development of change
management strategies around patient care needed to support scaled-up services
after programme completion. The pragmatic design of the RCT allowed for a degree
of flexibility, but standardised elements of the trial, such as participant recruitment
processes, were perceived as problematic to local implementation processes.
Recruiting the ‘right’ numbers of users with a profile that met the trial protocol’s
eligibility criteria within a relatively short timeframe became one of the key
programme objectives and challenges. This overt focus on patient recruitment was
detrimental to thinking about other implementation issues. Site managers felt
pressurised to deliver the numbers promised for the RCT. Success was synonymous
with delivering the numbers on time, with managers’ and sites’ performance
monitored closely.
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Social and health care staff involved in the assessment process said it was ‘morally
difficult’ to accept that some people assessed as needing a service had to wait
before the equipment was supplied, due to the randomisation requirements of the
RCT. The ‘delayed delivery group’ raised equity and ethical issues around patient
care, further hindering clinical engagement and increasing workload. These
concerns were magnified in Newham and Cornwall due to issues around ethnic
diversity and economic deprivation. According to a social care professional:
‘We’re very restricted in relation to WSD … Some of the people we referred to be
included as part of WSD never got the kit due to language issues ... which leaves
a bad taste.’

Interviewees also voiced other concerns over patient recruitment, describing it as
inflexible, labour intensive and time consuming due to the variety of organisational
and professional groups that need to be involved. In time the WSD sites developed
communication strategies to engage stakeholders and potential recruits. However,
trial restrictions, for example not being able to use non-clinical champions and
marketing tools, were seen to have compromised these efforts. The need for
marketing strategies to increase uptake was mentioned by managers in the nonWSD sites, who felt that local and health authorities were too inexperienced in
‘selling’ the benefits of the technology.

WSD Interviewees expressed the view that the trial over-emphasised TH
interventions, as these were seen as the most innovative part of the programme.
This was not a concern in Cornwall given the pivotal role of clinicians, but in Kent
and Newham, where local authorities led the programme, there was a need to build
relationships with GPs to secure patient recruitment. This was addressed by placing
GP champions in leading operational roles (i.e. Site TH Project Lead), with the
power, influence and knowledge to engage nursing teams and other GPs. Unlike
many social care staff, they were also less resistant to the constraints the trial
imposed.

Unrealistic timelines for recruiting patients and TC users and changes in patient
eligibility criteria posed risks for maintaining the engagement of clinical and social
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care staff. Early on, many interviewees voiced concern about how the trial
constraints might compromise the quality of data collected and the quality of the
lessons for scaling up as people were ‘rushed’ into services. They suggested that
this may be detrimental to the development of sustainable remote care models:
“The problem with the WSD programme was that it required us by virtue of the
numbers game to install telehealth in all sorts of people's homes. I think we now
need to focus its use in the right places, where we are in control of the use of
telehealth, rather than it being driven by the needs of the evaluation process” (WSD
site manager).

The trial design thus introduced a level of artificiality and standardisation that did not
allow for knowledge gained through the implementation of remote care to be
harnessed and replicated as the trial unfolded.

Strategic planning and mainstreaming
The limitations of pilot projects
Telehealth services in the UK and elsewhere have tended to be set up as standalone
projects, separate from established local care processes and subject to increased
attention and resources. There was awareness across all our sites that such a
project-focused approach had limited usefulness for developing lessons for scaledup, mainstream services, as the issues often ‘resolved’ in such a context were not
necessarily widely applicable. Interviewees felt that WSD was no exception and
agreed that while trials could produce useful knowledge, to be effective future TH
projects needed to move away from ‘experimentation’ and adopt a more organic
approach, where the possibility of incremental scaling-up was embedded within their
design from the outset. There was a general consensus that this would require
innovation in relationships, roles and financial structures across health and social
care organisations.
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Staff turnover and loss of learning
In the WSD, there was felt to be a disproportionate allocation of human and financial
resources to reporting and patient recruitment, which resulted in a high turnover of
operational staff. This was particularly evident in Newham, which relied on external
consultants and lost key project champions, operational and management staff
before the programme ended, with implications for the loss of local expertise and
knowledge. In general, staff turnover problems were compounded by the impact of
financial cuts in NHS and local authority budgets, and changing local priorities. Our
interviewees mentioned that strong leadership, a consistent vision, commissioning
support, and good communication across all stakeholders were essential for
maintaining engagement and interest. An emphasis on practical, operational tasks
such as training staff was insufficient to build a shared language and long term
strategic vision to support mainstream implementation.

Changing priorities of senior management
Developing a sense of ownership by senior management was perceived as essential
for continuing beyond pilot stages, yet the hardest group to engage and sustain was
senior management. Their interest and commitment faded both in WSD and nonWSD sites, as other programmes and issues gained priority over remote care. In the
WSD sites, clinical champions placed at strategic levels helped sustain senior
management interest and push the remote care agenda forward by establishing
good relationships with local commissioning managers. In all sites, allowing
individuals with expert knowledge to have a degree of control over the
implementation process was perceived to be important for successful
mainstreaming.

Building a business case and business model – the need for economic
evidence
Developing successful business models require an identified market, a value chain
to create and distribute the offer, an understanding of the value chain’s cost structure
and profit potential, and of the roles of different suppliers in the value chain, and for
private sector companies a competitive strategy to gain and hold advantage over
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rivals. The study on the remote care supply industry (Barlow et al., 2013) found that
these features are only partially developed in relation to remote care in the UK. This
makes it hard for technology suppliers to clearly describe the ‘customers’ for remote
care, what they value, and how money is made).

Interviewees agreed that prior to WSD, a fundamental barrier to the development of
business models was the absence of definitive cost benefit evidence for remote care.
From the perspective of a health or social care organisation, a lack of evidence
makes it hard to develop a case for investment. The business models of suppliers
remain hard to pin-down because it is unclear what the value proposition is or how to
price it. An open discussion and a better understanding of who bears the various
costs and how the benefits are spread across stakeholders in different parts of the
system was therefore considered essential for wider adoption and the evolution of a
remote care industry and market.

Unfortunately, the timing of WSD findings did not coincide with the timetable for local
strategic decisions about scaling-up, causing senior management to be hesitant.
Each site handled this differently. Newham persuaded commissioners to fund
continued monitoring of TH patients for a year after the trial whilst awaiting WSD
findings. Kent relied less on the expected WSD evidence, preferring to make use of
their previous locally gathered evidence and experience. Other non-WSD sites found
it difficult to maintain stakeholder engagement and commitment.

Procurement and ‘technology lock-in’
Concerns were expressed about sites being locked into particular equipment and
potential difficulties in changing suppliers if better solutions became available. This
was perceived as hard due to potential problems over equipment interoperability,
leading to a view that staying with the same supplier might be beneficial for reasons
of cost, stability and continuity for end-users. From the suppliers’ perspective, there
was considerable frustration about the prevalence of silo-based behaviour in a highly
fragmented market. Both suppliers and purchasers argued that the NHS as a whole
had the power to drive a more coherent procurement agenda, but there was no sign
that this was happening.
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6.3.4. Conclusions
The original WSD RCT evaluation design attempted to combine the need for better
evidence with lessons about organisational change and strategic decision making, to
help providers make better informed decisions about scaling up and embedding the
technology into mainstream services. The RCT sought to provide the sites with gold
standard evidence about TC and TH clinical and cost-effectiveness. Yet the
artificiality associated with this controlled study design made it hard to develop
actionable knowledge about management practice in a mainstream, non-RCT
context. Delivery of remote care at scale requires significant degrees of
responsiveness and organisational learning about what works and what fails to work,
active management of expectations and a shared understanding of what remote care
can realistically achieve and under what conditions.

As with our other case studies, the availability of evidence has not stimulated
significant uptake of the technology and local integration of care systems. People
from different parts of the health and social care system may have worked together
more than previously to identify and bridge gaps in service delivery (at least on a
temporary basis), but the underlying structure of the systems in place remained
largely unchanged. Remote care is not a sufficient driver to ‘glue’ together parts of
the care system and reduce fragmentation, especially within the current
arrangements for payment and reimbursement, and given a climate in which ‘whole
system’ transformation is not considered a necessity to deliver TH and TC
(Chrysanthaki et al., 2013).

Clearly there are many issues to work on if remote care is to develop in Britain
beyond large pilot projects. Successful TH and TC implementation requires a degree
of partnership between multiple stakeholders in the private and public sectors.
‘Partnership’ is not a ready-to-use concept. It needs to be negotiated to meet the
standards and expectations of all parties involved. Key to a reduction and removal of
barriers to scaling-up remote care is getting the institutional relationships right by
changing the transactional framework and the payment models. New forms of
supplier-purchaser alliance are likely to be required (Barlow et al., 2013). Successful
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scaling-up of remote care will require collaborative thinking, professional
engagement and interorganisational commitment.
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7. Discussion, Conclusions and Implications
This discussion is designed to pull together the findings of the WSD programme; to
relate some of these to recent findings in the area; to draw conclusions; and suggest
some of the implications for the use of assistive devices in both health and social
care. Specific discussions on each of the areas of the WSD study have been
reported earlier. As the evaluation involved two large RCTs and distinguished
between TH and TC, these two aspects of assistive devices will be distinguished
before considering assistive devices in general.

7.1. Telehealth

In the context of the WSD Evaluation, TH describes a system that allows the remote
exchange of data between a patient (at home) and Healthcare professionals (at a
Monitoring Centre) to assist in the Management of an existing long-term condition(s)
(COPD, diabetes, and heart failure). The peripheral devices used by intervention
participants in the WSD TH Trial to monitor vital signs were tailored to their clinical
needs and could include blood pressure monitor, blood glucose monitor, blood
oxygen monitor and weight scales. These devices require active participation from
the user in assessing, sending and in many cases receiving information.

7.1.1. Quality of the Evidence in 2013
Since the time of WSD’s inception a large amount of research has been conducted
in the area. A simple Pubmed search of ‘telehealth’ revealed 390 papers on the
subject since 2009, which is probably an underestimate of the amount of work
undertaken.

The WSD study started in 2008. At this time a number of questions were directed at
the quality of existing evidence on both TH and TC. Several reviews of their
effectiveness had been published both within specific disease areas (Chaudhry et
al., 2011) (Barlow et al., 2007a) (Bergmo, 2009) and across different areas (Farmer
et al., 2005) (Cruickshank et al., 2010). However, much of the available literature
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referred to pilot projects and the assessment of the impact of these devices on shortterm outcomes (a few months). Furthermore, the majority of studies did not meet
robust evaluation standards. Very few of the studies assessed the longer-term or
routine use of such technologies.

A consideration of the systematic reviews at the time indicated areas of concern in
this research. One systematic review of 24 trials of interactive health communication
applications (Roland et al., 2005) most closely relate to what is defined here as
telehealth. In the review, TH was found to have a significant positive effect on
knowledge, social support, behavioural outcomes (e.g. calorific intake, exercise and
medication taking) and clinical outcomes (e.g. asthma symptoms, HbA1c levels and
body mass index). Another systematic review of TC and TH interventions reported
an emerging evidence base for the clinical effectiveness of TH technologies aimed at
vital signs monitoring but insufficient high quality evidence for the effectiveness of TC
applications such as safety and security monitoring (Billings et al., 2006).

These methodological concerns regarding the quantitative evidence in specific areas
remain. To illustrate an ongoing concern regarding studies in the area the example
of research in COPD will be used.

At the outset in WSD, we identified the poor quality of studies both in terms of design
and also in relation to the number of participants. This situation has been remarked
on in a systematic review of TH studies in COPD published in 2013 where it is stated
that the vast majority of the studies are small and lack a control group (Pedone et al.,
2013). To gather reliable data in COPD using a common measure of outcome such
as the dyspnea scale of the CRQ and a two group parametric test (t-test) on this
continuous outcome assuming an effect size of 0.3 (medium-small effect size), would
require 176 per group (352 total). The larger studies in COPD utilising only the
telephone tend to have approximately 180 participants. Studies are smaller where
home telemonitoring and transmission is more extensive, where they tend to have
approximately 90 participants. Some examples of recent studies that continue to
report inadequate numbers of participants to have any confidence that their findings
are reliable include (Pecina et al., 2013) n=166; (Dinesen et al., 2012) n=105;
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(Pedone et al., 2013) n = 99; (De San Miguel et al., 2013) n =99; (Sicotte et al.,
2011) n = 46; (Lewis et al., 2010) n = 40.

In contrast to these studies, numbers in the WSD full study and questionnaire study
were 1,577 and 578 participants respectively, which is more comparable to the
studies listed above. It is clear that size of the studies remain a persistent limitation
to the evidence base as findings will not be reliable with numbers that are
insufficient.

The assessment of costs and differences between a group who receive TH are
critical to any understanding of the impact of these devices. The data from the WSD
study showed evidence of reductions hospitalisation and reductions in mortality in
the group. These findings are complex, and as discussed above, they are subject to
interpretation as the data indicated substantial changes in the control group. For the
use of TH to generate genuine reductions in mortality and hospitalisation, it is useful
to speculate on the mechanism that may have been in operation in the WSD trial.
There are a number of possibilities including that the devices prompted an early
warning leading to a intervention that successfully managed a health problem.
Alternatively, it may be that the technology impacts on the behaviours of either the
patients, or the wider health system in the ways they react to emerging health
problems. In both cases they may reduce deterioration in health, which in turn result
in reduced hospitalisation and mortality in the TH group.

It was unfortunate that it was not feasible in the WSD study to examine clinical
changes that may presage a significant deterioration in any systematic manner as
this would have provided clearer evidence whether TH as used in the WSD trial
provided this early warning of deterioration. It is recommended that data on the
clinical changes that patients experience when on TH are carefully assessed as this
will provide information on the mechanism of TH, as well as enable careful review of
the timings of interventions in relation to the triggers for action resulting from
monitoring. This should be a focus in future studies especially where single
conditions are examined.
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We now focus on PROMS and in particular Quality of Life. At the outset of the study,
some argued that the use of TH would lead to social isolation and diminution of
quality of life. Overall, the WSD study failed to find any significant changes in either
generic or specific quality of life. Despite many studies being small, most have in
general, confirmed the WSD study findings of no improvements in the majority of
Quality of Life indices (Pinnock et al., 2013a). Whilst quality of life is a critical and
recognised way of assessing the patients’ perspective, it is important to consider
whether TH could be expected to show improvements in QoL following the
introduction of equipment, and if these do occur, when they may manifest. We have
argued that TH should not be introduced to improve quality of life but do consider
that it should be assessed to ensure no reduction in Quality of Life. This assertion is
based both on the evidence but also on the expectation of changes in these
measures when they are examined closely, coupled with a view of how the
introduction of TH may work.

If we assume the mechanism in WSD that brought about reductions in admissions
and mortality was earlier detection and intervention, it might be useful to examine
whether early detection and feelings of security would lead to subsequent
improvements in Quality of Life. The contents of the generic questionnaire used in
the WSD (SF-12 & EQ5D) examined physical and mental health symptoms and their
impact on the individual. It is unlikely that a system of early detection would have an
impact on restrictions in activity or any improvement in Physical Health QoL. Whilst it
may provide some reassurance, it is unlikely that in the face of a major health
problem it would vastly impinge on mental quality of life or measures of
psychological well-being. The disease specific questionnaires lead to a similar
conclusion. The CRQ Scale for COPD focuses on how shortness of breath has
influenced a range of activities and responses, the MHLHF examines the extent to
which Heart Failure symptoms impact on a range of activities and the Diabetes
Health Profile examines the impact on Diabetes in general on activities. Whilst all
three disease specific scales include a few items on mood it is, as with the generic
scale, unlikely that a system of early detection would lead to improvements in quality
of life.
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One question is that if the WSD trial followed patients for significantly longer than 12
months, would some changes have resulted in QoL differences between the TH and
control groups? It may be that in a longer follow up of TH, any early detection and
intervention of exacerbations may lead to improved health outcomes and these may
result in improved QoL. This issue will need further evidence to be gathered.
Although the WSD study focused on QoL and Psychological wellbeing, it could be
argued that the most apparent difference in services using assistive devices is in
patient and family perceptions of the quality of care they receive, and in many cases
the convenience the service offers them. These types of outcomes were not
assessed in the WSD study and would be worthwhile to consider in future
deployments.

7.1.2. Cost and cost effectiveness of Telehealth
The findings reported in WSD on TH failed to find support for the introduction of TH
on the basis of cost effectiveness using NICE guidelines specifying the threshold
required. Given that the WSD and many other studies failed to find any improvement
in Quality of Life, this has repercussions for cost effectiveness analyses based on
quality of life. Whilst there are clear advantages of using a quality of life measure in
order to provide comparability across conditions and interventions, the question
raised above of QoL’s appropriateness, along with the failure to find any QoL
changes in TH, raises questions of the utility of these measures in TH. This has
repercussions for any assessment of cost effectiveness based on QALYs. In WSD,
finding little change in any Quality of Life measure makes it difficult to establish a
cost effectiveness advantage to TH.

7.1.3. Sustainability of Telehealth – self care behaviours
One key issue raised in this report is whether self care behaviours change with the
introduction of TH devices. We characterised two models: one where increased
surveillance with timely intervention occurs; and another in which participants alter
their self care behaviours (Antonicelli et al., 2008, Koff et al., 2009). This suggestion
is supported by our analysis of self-care behaviours and also the theoretically
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deduced cognitions that would precede changes in self-care behaviours reported
above. No evidence was found for any change in self-care behaviour in the WSD TH
study. In speculating as to why this was the case, it is important to recognize that the
WSD programme did not specifically include a component to address changing
behaviours of patients. We have argued here and elsewhere (Ciere et al., 2012b)
that if sustainable change is to be achieved in chronic disease and in the introduction
of TH, then careful integration of behaviour change techniques to promote selfmanagement should be integrated with the introduction of TH.

7.1.4. Contextualising the introduction of Telehealth
To put the studies into context it important to recognise the inherent variability in the
ways in which the integration of TH into chronic disease may occur. TH is essentially
designed to detect worsening health status and to implement timely interventions so
as to reduce hospitalisations and thereby reduce costs. Studies present a range of
issues, including the different types of technology employed (ranging from telephone
through to monitoring of vital signs such as oxygenation). In some studies,
monitoring of information by a health care professional occurs on all days and at all
times, whilst others monitor at specific times or only in the working week (9 – 5). In
some studies, the monitoring performed has been well integrated into a care
pathway and the working patterns of the staff adapted to cope with the new
technology. However in many TH interventions the TH components are bolted on to
existing services. This variability is important as it implies that any evaluation of the
impact of TH requires a careful examination of how the technology was incorporated
into care. Because of this variability, asking the simple question, “Does telehealth
work ?“ is not helpful in any examination of the potential role of TH technologies.

7.1.5. Professional Changes in Telehealth
Organisational change will need to consider the value attached to the professional
client relationship and how this will evolve by remote care and monitoring. The
differences between the relationship between nurses/health care professionals and
patients when carrying out care using the telephone has been well illustrated (See
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Table 7.1).
Table 7.1.: Face-to-face versus telehealth care services
Face-to-face services

Telehealth-care services



Physical proximity



Digital proximity



intermittent monitoring



daily monitoring



open communication



protocol-driven communication



medical interventions and advice



control and advice



nurse/HCP as counsellor



nurse/HCP overseeing



self-care as option



self-care as obligation



Contextualised



Individualised



Personalised care that considers



Immediate care that considers

condition as illness

condition as disease

In the WSD trial, the nurses were found to be more supportive of TH. A less
favourable view was expressed by GPs, who were not very engaged in the process.
Many GPs had preconceptions as to how TH would work and what it would do to
their practice of medicine and their patient relationships. Whilst not arising directly
from the findings - although apparent at the set-up of WSD - the concerns of
professionals will need to be taken into account with any roll out of TH. The planning
required to integrate TH into healthcare will necessitate careful consideration as to
how devices are to be integrated into care pathways, along with changes that may
occur in the relationship between professionals and their clients/patients. Time to
gather support for these changes from all professional groups and to obtain
agreement for newly designed care pathways will be necessary. One of the lessons
from WSD and other healthcare innovations is the need for detailed preparatory work
to be undertaken.

7.2. Telecare
Unlike TH, TC requires much less engagement of users. In the context of the WSD
Evaluation, TC describes a system that allows the remote, automatic and passive
monitoring of individuals’ personal health and safety (e.g. mobility, falls) and home
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environment (e.g. floods, fires) in order to manage the risks of independent living or
provide prompt emergency responses. The monitored sensors installed for
intervention participants in the WSD TC Trial were tailored to individual needs and
could include movement sensors, falls sensors, bed/ chair occupancy sensors,
enuresis sensors, smoke alarms, and heat or flood detectors.

Participants in the TC trial were selected on the basis of prior use of services or need
which included night sitting in receipt of care, mobility difficulties, cognitive
impairment with a carer as well as being at risk for falling. The group was elderly with
the full sample having a mean age of 75 years. Importantly, they reported on
average slightly over one chronic condition, slightly over three quarters had visited
the GP, and approximately one sixth had experienced a hospital admission in a three
month period. In addition, forty percent were severely economically deprived. This
group as defined here largely consisted of the frail elderly group commonly targeted
for TC interventions with devices that were deployed in the WSD TC study.

The TC devices can be mapped to four broad functions: monitoring a person's
functional status (such as a pendant, bed or chair occupancy sensors, fall detectors),
home security (bogus caller buttons, property exit sensors), and home environment
(carbon monoxide detectors, flood detectors), and "stand-alone" devices that do not
send alerts to the monitoring centre (big button telephones, key safes) but facilitate
the TC package. Telecare users received an equipment package including a base
unit and pendant/bracelet and at least one of 27 types of TC sensor/device. In the
questionnaire study, all participants had at least one "functional monitoring" sensor
and more than half had stand-alone devices. Only 14% had any safety and security
monitoring sensor.

7.2.1. Cost and cost effectiveness of telecare
During the 12 month study, admission to hospital was 46.8% for TC participants
compared to 49.2% of controls. This absolute difference of -2.4% (relative difference
of -4.8%) was significant in only the analysis which adjusted for baseline
characteristics (p = 0.042). This did not provide much support for the success of TC
devices in preventing hospital admissions. This however is not the key outcome
278

most look for with TC devices. The main focus for TC interventions is usually that the
devices provide support for continued independent living and the avoidance or delay
in admission to care homes. The proportion who progressed to care homes in the
study was extremely small (3.1% and 3.2%) and did not differ between those who
received TC and the control group. The rate of admission to care homes within the
trial follow up was small and although data is lacking on yearly risk of admission, it is
unlikely that a follow up of 12 months would be adequately powered to detect any
difference in admission rates to care homes due to their low frequency.

As the potential major cost savings in TC may occur with reduction in care home
admissions, future costs and cost effectiveness studies of TC will need a longer
follow up period. The costs associated with TC varied considerably by site. This
reflected the different project management and arrangements for monitoring and
responding to TC activations. This is important as it suggests that the organisational
arrangements around TC requires review if TC is to become cost-effective. Overall,
the findings indicated that the deployment of TC and associated monitoring services
did not constitute a cost-effective alternative to usual care, assuming a commonly
accepted willingness to pay for QALYs. The probability of gaining a QALY at a
societal willingness-to-pay of £30,000 was 16%.

7.2.2. Quality of Life and Psychological well being
It has been a frequently stated assumption that TC has the potential to enable the
elderly to remain safely at home with limited assistance and that this will enable them
to maintain their QoL. In addition, that the reassurance of being monitored may
increase perceptions of safety and thereby reduce anxiety and stress (See e.g.
(Taylor and Agamanolis, 2010)). The findings in the WSD study suggest that TC may
limit or ameliorate declines in mental health quality of life as measured by a generic
HRQoL measure (SF-12) and potentially depressive symptoms (CESD-10) that are
apparent in the absence of TC. These occurred in the absence of any changes in
Physical QoL (SF12-PCS). While it must be recognised that the clinical significance
of the effect is small, they are consistent with previous findings (Beale et al., 2010,
Roush and Teasdale, 2011). One possible interpretation is that these effects reflect
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increased perceptions of safety and security and that these benefits could constitute
a particular focus of the potential benefits for the introduction of TC.

7.2.3. Telecare and Informal Carers
Informal carers who bear the brunt of responsibility for looking after the frail elderly
have been found to have poorer quality of life and report significant burden of care.
The level of carer burden has been found to relate to the likelihood of admission to a
care home. The WSD study also assessed the potential benefits of social care
recipients’ use of TC on attenuating the level of caregiver strain, although this was
not the primary reason for introducing TC. It was considered that this may occur
through reducing worry and pressures to monitor the care recipient.

Telecare was not found to have an impact on carer burden. The findings however,
suggested a small effect of TC in maintaining mental health quality of life over time
for carers. Mental Health Quality of life showed a small decline in those not receiving
TC. Telecare may therefore have the potential to limit the reductions in mental health
quality of life over time in informal caregivers. A focus on this aspect of quality of life
could be further enhanced in future deployments by recognizing that TC should be
designed with the carer in mind.

7.3. Issues common to both Telecare (TC) and Telehealth (TH)

7.3.1. System Changes - Fiscal flows
Although not specifically addressed in the WSD studies, significant adjustment in
most healthcare environments will be required if the key evidence presented here
and elsewhere to utilise TH is to be persuasive. These adjustments are in relation to
ensuring that appropriate incentives are put in place to reward TH deployment and
its use, and that these are commensurate with, or exceed those in operation for
current face to face healthcare. If cost savings occur, then incentives can also be
linked to clinical and patient outcomes. Measuring effectiveness and costeffectiveness of a shared care pathway encompassing both TH and TC services
needs to include shared goals or outcomes that are sensitive to detect changes
within the co-ordinated care system. For example, a cost saving and clinical impact
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on emergency care in health services might not be detected in other services,
reduce mortality and lead to increased social care needs of older people living at
home for longer. In addition, a cost saving in one service may lead to a cost increase
in another. Therefore, for TH and TC to be implemented as a system there needs to
be alignment of financial and clinical incentives across different services.

7.3.2. Resistance for participants to use TH and TC devices
The WSD study presented evidence about the likelihood of people refusing assistive
devices and the reasons why they refuse. What was clear from the quantitative
evidence is that refusals were greater in TH where participants had to play a more
active role in the monitoring of their status and thus transmission of data. In TC, the
demands placed on participants by devices are low as they are on the whole passive
subjects of monitoring. The TH findings make it clear that those who rejected TH did
not view the devices as having a particular value for them in terms of improving
access, and felt they invaded their privacy; all of which contributed to lower
satisfaction. These results were complemented by the qualitative findings which
showed that people refused equipment as they felt having the devices would
increase perceptions of dependency. Such views indicate the importance of tackling
the issue of how the service and devices are perceived (e.g. beliefs about what the
devices have to offer and their demands) when introducing prospective users to
them.

Another issue to address is overcoming some of the concerns of users and carers
regarding the operational aspects of equipment in a time of financial constraints and
reductions in service provision, where accepting the devices is feared to lead in a
reduction in (face to face) service. A further more controversial issue to be
considered when looking at a widespread roll out of TH and TC is the need for
evidence. One argument warranting serious consideration is whether the introduction
of many of these forms of technology is simply reflecting the modernisation of the
health and social care system. Indeed, the healthcare system is often compared to
other large social systems such as the banking and travel industries. Both have
changed beyond recognition with the introduction of new technologies,
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revolutionising the experience for both staff and customers. The evidence is
overwhelming of a public shift to new technologies. In 2011, only 9% of Americans
continued to use an offline travel agent to book travel, and 75% of the US population
reported using online banking. Yet extending the modernization argument to the
introduction of TH and TC is problematic as the manner in which these devices are
integrated into healthcare appears critical to their impact (See above). This makes it
necessary to examine the integration of TH and TC.

7.3.3. Introducing TC and TH: Perceptions of Managers and
Professionals
Overall, the professional perception of TH was positive. It was viewed as providing
an effective, low risk form of patient care that would enhance patient health
awareness and self-management, as well as providing prompt and appropriate
responses to patients with Long Term Conditions. Concerns were expressed
regarding the appropriateness of TH for some patients such as those with very
severe conditions. Nurses were in general very supportive of these devices and felt
they had the potential to enhance their work and careers. In contrast, GPs were
found to be have limited knowledge of TH in the WSD study. They expressed some
scepticism about the usefulness of monitoring data and were concerned that it may
affect their workload.

Telecare was generally supported by all staff. They saw the devices as potentially
enhancing the safety of the frail or vulnerable, promoting the maintenance of
independent living and providing reassurance for family and informal carers.
In the WSD deployment of assistive devices, little action was required by GPs, and
this is likely to be the main reason for their lack of engagement and appreciation of
TH. This was considered as a potential weakness in the deployment of devices in
the WSD. Given the role GPs play in access and involvement of patients (including
the frail elderly) in the community, it is critical to win their attention and support in
any future large scale deployment of TH. In addition, their services must be
integrated into the care pathways for TH and TC .
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7.4. Organisational Issues

7.4.1. Organisational Change
It has become increasingly recognised that the introduction of remote care requires
significant organisational change for it to be successful. In the WSD study, the
different ways in which the organisations dealt with the introduction of TH and TC
varied. As we state earlier:
“The impact of telehealth may be intricately linked to wider issues about how health
systems operate. There is always the question of whether effects are due to the
technology or the way it was implemented, and telehealth has been described as a
disruptive technology in that it requires different ways of working for some
professional groups.”

This issue was recognised by the managers and the clinicians in the sites. One
manager stated:
“The process is quite new, the technology is new, just the way of thinking is new, that
remote monitoring changes the whole way you operate.”

An original aim of the WSD was to help facilitate a higher level of integration
between Health and Social Services. While this did happen in some areas, the
wholesale integration of health and social care did not take place in the sites, and
most often the TH services were added to existing care services. The evidence from
WSD and other work suggests that it is unreasonable to assume that the mere
introduction of the technology would lead to an integration of services or wholesale
changes to existing services. Certainly any expectation that may have been held by
some that the WSD programme – and the evidence gained via the RCT – would lead
to clear reorganisation and integration of services was misplaced. In fact, the RCT
appears to have constrained the service as it reduced flexibility and change while it
was being developed. Recognising the complexity of making organisational changes
in a complex system such as health, with its clear firmly embedded professional
relationships is well recognised, and reinforced by the experience of the WSD.
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7.4.2. Key challenges in the implementation of remote care
The timing and manner of any introduction of remote care is likely to have a profound
effect on its likely success. In the WSD study, the technologies were introduced in
the context of a rapidly changing policy environment. As well as concern over
financial cutbacks in both Health and Social Services, staff in the sites faced shifting
organisational priorities and structures, and there was staff turnover. This negatively
influenced ongoing staff engagement in supporting TH and TC.

Within the WSD, we found that implementation was supported in organisations
where there was a clear vision and strong leadership. In the context of TH, the role
of clinical champions and clinical leaders was significant in addressing concerns and
led to increased engagement of clinical staff. For any future deployment of TH and
TC, the findings suggest a clear vision, leadership and champions with appropriate
expertise is needed to gain support across the organisations involved. It is also
important to note that there was lack of clear evidence on the benefits or best
models of whole system working through integrated health and social care services.
Coupled with the requirement of the RCT for separate TH and TC arms, it was
therefore unlikely that the WSD would ever drive greater integration. Efforts to
achieve greater integration across health and social care around TH and TC are
more likely to succeed if it is seen as a priority and is embedded within integration
programmes from the outset.

Finally there are questions over the timing and targeting of who receives these
technologies. One key concern is that only subsets of uses show the full benefits, yet
there are no hard and fast rules to identify these individuals. Moreover definitive
studies of patient sub-types require large numbers of cases to produce significant
findings.

7.5. Limitations

Limitations to generalisability
There are important limitations to the generalisability of research in the area. Besides
variability in design, each intervention has several areas where differences are likely
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to occur making any accumulation of the research problematic. These include:

1. the devices deployed
2. the sample recruited
3. the way the care pathway was defined
4. the multiple and diverse understandings of what integration and whole
system working is and how it should be implemented in the context of
assistive technology
5. the devices integrated into the care pathway
6. the specific nature of the intervention.
7. the efficacy and effectiveness of any control condition

Recognising that TH and TC are complex interventions requiring subtle changes in
process and redesign of the care system is likely to have a big influence on the
outcome being measured. In essence, the question originally posed in WSD was, ‘do
these devices work to improve patient outcomes and reduce costs in whole system
working?’. This should now be changed to be more context specific, ‘Do these
devices - when integrated into care - work to improve patient and participant
outcomes and reduce costs in the context whole system working?’.

In addition to these limitations, this study explored only home based devices, yet
there is now an increasing focus on mobile ones. This will influence who may be
recruited as mobile devices are more suited to a younger, possibly working age
population. The current evidence on the impact of these devices remains poor (See
e.g. (Baron et al., 2012)).

Organisationally, much variation can be introduced into the system, and the range of
changes possible go beyond this report. However the cost implications of alternative
means of distribution of equipment and service delivery needs careful consideration
in any future system. Devices were left permanently with participants in the WSD
study. Alternative models have the potential to significantly reduce equipment costs
by rotating devices between participants (introducing them at specific times of need
– e.g. after a flare or incident, when more careful monitoring is warranted). The
rationale for removing equipment from participants requires careful planning and
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communication to ensure the commitment of patients, families and health care
professionals is maintained. Plus the risk remains that important changes in patients
will be missed. Such models do not embed devices in the culture of care.
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