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The enclosed documents were considered by the NICE medical technologies
advisory committee (MTAC) when making their draft recommendations:

1. EAC assessment report — an independent report produced by an
external assessment centre (EAC) who have reviewed and critiqued the
available evidence.

2. Assessment report overview — an overview produced by the NICE
technical lead which highlights the key issues and uncertainties in the
company’s submission and assessment report.

3. Scope of evaluation — the framework for assessing the technology,
taking into account how it works, its comparator(s), the relevant patient
population(s), and its effect on clinical and system outcomes. The scope
is based on the company's case for adoption.

4. Adoption scoping report — produced by the adoption team at NICE to
provide a summary of levers and barriers to adoption of the technology
within the NHS in England.

5. Company submission of evidence — the evidence submitted to NICE by
the notifying company.

6. Expert questionnaires — expert commentary gathered by the NICE team
on the technology.

7. EAC correspondence log — a log of all correspondence between the
EAC and the company and/or experts during the course of the
development of the assessment report.

8. Company fact check comments — the company’s response following a
factual accuracy check of the assessment report.

9. Additional EAC analysis — the EAC undertook additional work following
the initial MTAC discussion. It obtained access to the patient level data
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and conducted an independent statistical analysis of it. It also did some
additional economic modelling.

ﬂ Please use the above links and bookmarks included in this PDF file to
navigate to each of the above documents.
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Purpose of the assessment report

The purpose of this External Assessment Centre (EAC) report is to review and
critically evaluate the company’s clinical and economic evidence presented in the
submission to support their case for adoption in the NHS. The report may also
include additional analysis of the submitted evidence or new clinical and/or economic
evidence. NICE has commissioned this work and provided the template for the
report. The report forms part of the papers considered by the Medical Technologies
Advisory Committee when it is making decisions about the guidance.
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Abbreviations

Term Definition

Al Artificial Intelligence

BAI Beck Anxiety Inventory

CBT Cognitive Behavioural Therapy

CBT-l Cognitive Behavioural Therapy for Insomnia

Cl Confidence interval

CIS Coronavirus Impact Scale

DHSC Department of Health and Social Care

DSM-5 Diagnostic Statistical Manual 5

EAC External Assessment Centre

GPTS Green Paranoid Thoughts Scale

i0S iPhone Operating System

IPD Individual patient data

IQR Interquartile range

ISI Insomnia Severity Index

MAUDE Manufacturer and User Facility Device Experience

MHRA Medicines & Healthcare products Regulatory Agency

MTEP Medical Technologies Evaluation Programme

NHS National Health Service

NICE National Institute for Health and Care Excellence

NICE CG NICE clinical guideline

NICE MTG NICE medical technology guidance

NICE QS NICE quality standard

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-
Analyses

PSQl Pittsburgh Sleep Quality Index

QUORUM Quality of Reporting of Meta-analyses

RCT Randomised controlled trial

RR Rate Ratio

SClI Sleep Condition Indicator

SD Standard deviation

SOL Sleep Onset Latency

SPEQ Specific Psychotic Experiences Questionnaire

Vs Versus

WASO Wake After Sleep Onset
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Executive summary

The company included 26 published fulltext studies in their clinical submission
(including 12 RCTs and 6 follow-up analyses). The EAC excluded 1 non-randomised
study due to the population being under 18 years old (Cliffe et al. 2020). An
independent review of evidence found no additional published studies. The fulltext of
2 unpublished real-world retrospective cohort studies (Stott et al. and Studd et al.)
was provided by the company and deemed relevant include in the clinical evidence.
One abstract (Drake et al. 2019) was included as it described the impact of Sleepio

on sleep medication use.

There is an extensive evidence base for Sleepio, including well-designed and
reported RCTs. There are 4 UK RCTs (Espie et al. 2012, Freeman et al. 2017, Denis
et al. 2020 and Kyle et al. 2020) and 1 multinational RCT including populations from
UK, US and Australia (Espie et al. 2019) which may help generalisability to the NHS
setting. Populations varied widely, including students with mean age < 25 years,
pregnant women, employees from a Fortune 500 company and people who reported

symptoms of depression.

Standard care included treatment as usual, waiting list or sleep hygiene education.
Various outcomes were measured, such as insomnia, psychological wellbeing,
productivity using various indices (such as DSM-5, IS| and SCI [which assesses

against DSM-5 criteria] for insomnia).

High study heterogeneity due to differences in population and outcome
measurement resulted in diverse effect sizes between studies. Most studies included
participants who had self-referred and self-reported outcomes rather than been
formally assessed. None of the studies compared Sleepio with face-to-face CBT for
insomnia. Clinical experts suggested that Sleepio may be most appropriate for adults
over 25 years old with chronic (>3 months) mild to moderate insomnia symptoms
and that caution should be urged before referring CBT-I for certain populations such
as pregnant women and people under 25 years old to rule out other insomnia
mimics. The EAC notes that there is evidence into both populations under 25 (such
as Freeman et al. 2017) and in pregnant women (such as Felder et al. 2020) that

indicates Sleepio is more effective than control for improving insomnia symptoms.
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Despite the variation in effect size, the results from the comparative studies
consistently indicate that Sleepio has the potential to have a positive impact for
adults with insomnia symptoms compared with standard care or a placebo. One
study Luik et al. (2020) provided long-term follow-up data from Espie et al. (2019)
indicating that results were maintained at 48 weeks, albeit the positive outcome was

observed for a fraction of the participants due to low engagement rates.

There were high rates of loss to follow up, particularly from the Sleepio arm of the
RCTs, however 10 studies were analysed as intention to treat (ITT) to account for

missing data

The EAC believes that the estimate in the company’s economic submission of the
proportion of general practice populations that might benefit from Sleepio is a best
case scenario. The EAC modified this parameter and applied the estimate of 0.58%
based on uptake reported for Buckinghamshire in Sampson et al. (2021). This is
lower than 0.94% reported in the 9 general practices from which patient level data
were taken, but Sampson et al. (2021) indicates that these practices received
additional tailored promotional material. It also seems likely that the GPs in the nine
sample practices were highly motivated to refer. Following the change in the uptake
parameter to 0.58% Sleepio becomes cost incurring at a cost of £20.09 per patient
over one year. The EAC also notes that cost savings in the current model assume
that use of Sleepio in future years will be maintained at the same proportion of the
adult population as that estimated for the first year. The EAC considers it likely that
the proportion of users in subsequent years will not be as high as the proportion
recorded in the first year and reported in Sampson et al. (2021). Under a favourable
assumption of annual uptake of 0.58% of the population each year, overall costs are
positive and grow over time. The EAC believes it is likely that uptake will fall in
subsequent years. For these reasons the EAC’s cost estimate for the first cohort
represents an optimistic assessment of the longer term cost impact of Sleepio.
Consequently, the EAC concludes that it is highly likely the Sleepio will be cost
incurring at a price per head of £0.90 per year.
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The EAC believes that, overall, Sleepio may be clinically beneficial for adults over 25
years old with chronic (> 3 months), mild-to-moderate insomnia compared with
treatment as usual or sleep hygiene education. However, at the current EAC
estimated base case uptake of 0.58%, Sleepio is cost incurring and therefore the
EAC believes the case for adopting the technology is not supported for insomnia in
adults. Sensitivity analyses indicate that Sleepio becomes cost neutral when uptake
is between 0.6 and 0.7%, therefore adequate uptake is key to recommending the
adoption of Sleepio. It is unclear whether engagement at this level is likely in
practice. The evidence base would benefit from adequately powered multicentre
RCTs comparing long-term effectiveness of Sleepio with face-to-face CBT in
targeted populations to address uncertainties. Adequate patient uptake and
engagement are crucial to seeing benefits of Sleepio in the health system, therefore,

investigating how to optimise patient selection and engagement would be valuable.
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Decision problem

Scope issued by Variation from Rationale for EAC
NICE scope (if variation comment
applicable)
Population Adults with difficulty | Adults with Addresses Experts
sleeping insomnia insomnia as a described
symptoms (18 yr specific sleep insomnia
plus; no upper age | disorder, addresses | as difficulty
limit) effectiveness falling
across entire adult | asleep and
age range staying
asleep that
affects
health the
following
day.
They also
noted that
numerous
other
conditions
can mimic
insomnia.
Intervention Sleepio None None None
Comparator(s) | Sleep hygiene Omitted digitally- Lack of The EAC
; facilitated CBT for | comparative would still
Hypnotic drugs insomnia studies include this
Face'tO'face CBT Comparator
for insomnia in the
Digitally-facilitated scope if it is
CBT for insomnia a relevant
comparator
(e.g. to
include as
part of the
search
strategy
that may
need to be
repeated
later).
Outcomes Sleep related To add: We include None
outcomes Insomnia related validated cl(ijn_icatnlh
: scores used in the
e Sleep quality | Qutcomes assessment and
e Sleep * Sleep , management of
: Condition ; ;
quanhty Insomnia
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Sleep-related
satisfaction
and quality of
life

Health
related
quality of life
measures

Symptoms of
comorbid
health
conditions
(mental and
physical)
directly
impacted by
difficulty
sleeping

System related
outcomes

Access to
CBT for
insomnia
Waiting time
for CBT for
insomnia

Number of
primary care
appointments

Hypnotic
drug
prescription
Incidence of
comorbid
health
conditions

Device related
outcomes

Device-
related
adverse
events

Indicator
(SCI)

Insomnia
Severity
Index (ISI)
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Cost analysis

Costs will be
considered from an
NHS and personal
social services
perspective.

The cost modelling
should reflect the
business model the
company is
proposing to use in
the NHS, for
example if a regional
approach is adopted
the intervention cost
should reflect that
rather than the
intervention cost
when the technology
is being purchased
per patient.

The time horizon for
the cost analysis will
be long enough to
reflect differences in
costs and
consequences
between the
technologies being
compared.
Sensitivity analysis
will be undertaken to
address
uncertainties in the
model parameters,
which will include
scenarios in which
different numbers
and combinations of
devices are needed.

None

None

None

Subgroups to
be considered

e Pregnant
women

o People who
have not had
an insomnia
diagnosis

e People with
short term
insomnia
(symptoms
present for

People with
long term
insomnia
(symptoms
present for
3 months or
longer)
People with
insomnia
and a
comorbid
mental

The list has been
reordered to reflect
the likely
prevalence of the
subgroups.

People may have
mental or physical
health
comorbidities so
these have been
separated.
Clarification that
there are people

None
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less than 3 health with insomnia who
months) condition have no ‘formal’
e People with « People with diag.n.osis.
insomnia Clarification that we
long term )
, , and a are referring to
iInsomnia comorbid pregnant women
(symptoms physical with problems
present for 3 health sleeping
months or condition
longer) e People who
. have not
o F’eople .Wlth had a
insomnia and formal
a comorbid insomnia
condition diagnosis
e People with
short term
insomnia
(symptoms
present for
less than 3
months)
e Pregnant
women with
problems
sleeping
Functional N/A None None
classification
and risk
category
Special Patient-facing digital | None None None
considerations, | health technologies
including such as Sleepio may
issues related | be unsuitable for
to equality people with visual or
cognitive
impairment,
problems with
manual dexterity or
learning disabilities.
Disability is a
protected
characteristic under
the Equality Act.
Sleepio is not
suitable for those
hard of hearing or
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where English is not
well understood.

Access to internet-
enabled devices,
access to the
internet and user
engagement with
the technology may
be more difficult for
the people in
deprived
communities. Socio-
economic status is
not a protected
characteristic and so
is not protected
under the Equality
Act 2010 but factors
affecting access to
care delivered using
digital devices
should be
considered.

The technology can
be used in pregnant
women that are
contraindicated for
hypnotic medication.
Pregnancy and
maternity are
protected
characteristics of the
equality Act 2010.

External Assessment Centre report: MT443 Sleepio for adults with poor sleep

Date: February 2021

14 of 173




2 Overview of the technology

Sleepio (Big Health) is a self-help sleep improvement programme based on
cognitive behavioural therapy for insomnia (CBT-I). It is accessed through a
website, with some features available on an app for iOS mobile devices.

Sleepio can be used as a standalone treatment and does not require clinical

input.

Sleepio consists of six, 15-20 minute sessions that cover a number of topics
and techniques for sleep improvement. The company states that the
programme uses artificial intelligence (Al) to personalise components of the
CBT-I programme for patients. A core component of Sleepio is completion of
the sleep diary. It is recommended that patients complete the sleep diary

every morning upon waking.

It can link to a compatible wearable fitness tracker to monitor sleep (currently

Fitbit and any other device that uses Apple's Healthkit).

The company states that there have been no substantive changes to the

CBT-I content since launch.

Sleepio has been CE marked as a class | technology since October 2018.

3 Clinical context

The NICE clinical knowledge summary on insomnia states that good sleep

hygiene should be established in all people with insomnia. Hypnotic
medication should be avoided, if possible, due to potential for significant
adverse effects. CBT-l is recommended for treatment of both short- and long-
term insomnia in adults because, unlike medication, benefits associated with

CBT-I persist on completion of treatment.

The NICE guidelines on depression in adults with a chronic physical health

problem state that advice on good sleep hygiene should be offered if needed.

NICE technology appraisal guidance on zaleplon, zolpidem and zopiclone for
the short-term management of insomnia states that the choice of
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management strategy depends on the presenting symptoms. Non-
pharmacological interventions such as CBT-I have been shown to be effective
in managing persistent insomnia. However, in practice, access to many of
these therapies is restricted through a combination of a lack of trained

providers, cost and a poor understanding of available options.

The company submission describes the current care pathway in primary care
(the company notes this is based on NICE guidance) for acute (< 3 months)
and chronic (>3 months) insomnia. The company suggests that Sleepio could
be prescribed instead of sleep hygiene advice, and prescription of a short
course of hypnotics or melatonin in the case of acute insomnia. In cases of
chronic insomnia it could be prescribed instead of sleep hygiene advice and
either referral to CBT, prescription of hypnotics or other medication, or referral
to IAPT if symptoms of depression and anxiety are present.). The company
note that in instances where someone may be offered face-to-face CBT for
insomnia may currently be rare and there are long waiting times for in-person

treatment.

Special considerations, including issues related to equality

The company notes that there is a growing body of evidence that links poor
sleep and insomnia with populations with lower socioeconomic status and
with racial and ethnic minorities (such as Johnson, et al., 2019). The company
claims that providing digital CBT-I would improve access to CBT services, for
example, providing a CBT service for insomnia where face-to-face CBT is not
available or has long waiting times. Clinical experts noted that long waiting

times for face-to-face CBT for insomnia are a significant challenge.

Patient-facing digital health technologies such as Sleepio may be unsuitable
for people with visual or cognitive impairment, problems with manual dexterity
or learning disabilities. Disability is a protected characteristic under the

Equality Act.

Sleepio is not suitable for those hard of hearing or where English is not well

understood.
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Sleepio can only be used by people who have regular and reliable access to
the website, however the company claims that Sleepio has been made
available to people without mobile or web devices in community settings
through library or practice computers. The Sleepio app is currently only
available for iOS mobile devices, however, the company states that it is

intending to expand the technology to Android devices.
4 Clinical evidence selection

4.1 Evidence search strategy and study selection
The EAC reviewed the company’s search strategy using the Peer-Review of

Electronic Search Strategy (PRESS) and PRISMA-Search guidelines, noting
that the search did not contain controlled vocabularies and was limited to a
single source (PubMed) without using truncation to cover variations of
Sleepio* including SleepioR or SleepioTM. The EAC carried out a new search
and expanded the search to include Embase, PubMed, MEDLINE, Cochrane
Library databases, EconLit, INAHTA, ClinicalTrials.Gov and WHO ICTRP.
The EAC removed the limitation to language and document type (full journal
article) to enable the possibility of finding independent studies and
ongoing/completed but unpublished studies (registered trial). The results from

the clinical evidence search were filtered in EndNote and reviewed separately.

The search revealed 1595 records and following deduplication there were 767
records. The titles and abstracts of these records were evaluated by 2
reviewers and sifted for relevance. Following the first sift, there were 62
records remaining. The full-text versions of the remaining records were sifted
against the inclusion and exclusion criteria and following this second sift, 26
studies were included (plus 1 cost-effectiveness analysis — Darden et al.
2020). The fulltext of 2 unpublished UK studies (Stott et al. and Studd et al.)
were included in addition to 1 abstract (Drake et al. 2019); these studies were
provided by the company. The search strategies and a PRISMA flow diagram
is included in Appendix A. The EAC considered the company’s inclusion

criteria to be appropriate.
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The company included 26 published fulltext studies in their clinical
submission. The EAC agreed with all but 1 study (Cliffe 2020), that was

excluded due to population being out of scope.

The company included 12 studies in their economic submission. Following
application of cost and economic filters, the EAC searches retrieved 89
abstracts related to economic evidence. After sifting 3 studies were deemed

relevant to scope (see section 9.1).

4.2 Included and excluded studies

Table 1: Studies selected by the EAC as the evidence base
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RCTs

Table 1.1 Randomised controlled trials

Study name

and location

Espie et al.
(2012)

UK

The software
and web
development
for this study
was supported
by Sleepio
Limited. Lead
author is co-
founder and
shareholder in
Big Health
(Sleepio) Ltd.

Design and

intervention(s)

3-arm RCT comparing
online web-based CBT
(Sleepio), imagery
relief therapy (IRT)

(placebo) and

treatment as usual

(TAU).

TAU participants
comprised, effectively,
a wait-list group who

completed measures

but received no

additional help for their

insomnia

Participants and setting

164 adults (120 women, mean
age 49 years (18-78)) with
insomnia who had completed
the online Great British Sleep
Survey (GBSS), and who met
proposed DSM-5 criteria for

chronic (>3 months) insomnia.

Lost to follow-up:
Sleepio — 15
IRT —17

TAU -4
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Outcomes

Primary outcome - sleep
efficiency (SE) (total time
asleep expressed as a
percentage of the total time

spent in bed):

a) Post treatment increase in
SE

Sleepio - 19.5% (95%Cl, 15.3
to 23.7)

IRT - 5.7% (95%Cl, 2.79 to
8.52)

19 of 173

EAC comments

Assignment to groups was
blinded

UK study so may be more
generalisable to NHS

population.

Analysed as intention-to-

treat.

Population with chronic

insomnia symptoms.

Participants were recruited by
online survey and may

represent a cohort unusually


https://pubmed.ncbi.nlm.nih.gov/22654196/
https://pubmed.ncbi.nlm.nih.gov/22654196/
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Analysed as intention- @

to-treat.

Participants in all 3
groups were followed

up for 8 weeks.

TAU - 6.4% (95%Cl, 2.88 to
9.86) in TAU

b) 8-weeks post-treatment

increase in SE:

Sleepio - 20% (95%Cl, 15.7
to 23.6)

IRT - 7% (95%Cl, 4.53 to
10.1)

TAU - 9% (95%Cl, 4.89 to
13.7)

Participants receiving Sleepio
experienced a >2-fold
improvement in insomnia
symptoms (SCI-8), with a
large between-group effect
compared with TAU (d=1.20)

at post-intervention and

20 of 173

interested in addressing

sleep problems.

The inclusion of healthcare
providers in the study design
limits the generalisability of
the results to the self-referral

setting.

One expert noted that the
primary outcome (SE) may
be considered a measure of
adherence rather than

improvement.

Authors acknowledged that
selection of SE as the
primary endpoint could have
unduly favoured CBT
because the sleep restriction
component of CBT can lead



Pillai et al.
(2015) USA.

The software
and web

development
for this study

RCT comparing
Sleepio with
Information Control
(IC) comprising weekly

‘sleep tips’ and general

32 adults (62.5% women, mean

age ranged from 44.0 to 53.2
years) with chronic insomnia
recruited from previous

insomnia research studies.

Participants were eligible if they
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follow-up (d=1.11). The
equivalent effects for Sleepio
compared to placebo were
d=0.95 and d=0.77

respectively.

Sleepio group showed
significantly larger reductions
in Beck Anxiety Inventory
(BAI) scores (t = 2.6; p < .05;
Cohen’s d = 0.8) and

Insomnia Severity Index (I1SI)
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to improved SE, in the

absence of other evidence.

The study was designed to
have 80% power to detect a
medium effect size. EAC
confirmed that this study is

well powered.

Similar numbers lost to follow
up in Sleepio and placebo

groups.

Small sample size with no

power calculation provided.

One week follow up is
inadequate to assess long-

term effectiveness.


https://eprints.soton.ac.uk/396019/
https://eprints.soton.ac.uk/396019/

was supported  sleep hygiene met diagnostic criteria for DSM-  scores (t = 2.1; p < .05;
by Big Health

> = education 5 based insomnia and had no Cohen’s d = .9) at 1 week
Limited

history of other sleep disorders. follow-up than did the IC

Per-protocol analysis
group.
Per DSM-5 diagnostic criteria,

Participants were . . . .
participants earned an insomnia Improvements in sleep onset
followed up for 1 week
P diagnosis if they reported latency (SOL) from baseline

following treatment.
g experiencing one or more sleep (62.3+44.0 minutes) to follow-

o complaints (e.g., ‘have you up (22.3+14.4 minutes) in the
® experienced difficulty falling Sleepio group were also
asleep?’; ‘have you significantly greater (t=2.3; p

experienced difficulty staying <.05; Cohen’s d = .9) than in
asleep?’) for at least 3 nights a  the IC group (baseline:
week for a period of three 55.0+44.2 minutes; follow-up:

months or longer. 50.£60.2 minutes).

Randomised to Sleepio (n =19, @
mean age 53.2 years) group or
an IC (n =13, mean age 44

years) group
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Lost to follow-up:
Sleepio — 4

Sleep hygiene education

control — 2
®
RCT comparing 270 (180 men: mean age 33.6

Bostock et al.
(2%81 gc) Ug : Sleepio with waiting list years (23 to 56 years)) self-

. control (WL, no identified insomnia (as per
One authorisa _ _ L .
cofounder of intervention or advice) DSM-5 criteria) recruited from a
and Fortune 500 company.

shareholder in  |ntention-to-treat

the company.
pany analysis. Lost to follow-up:

External Assessment Centre report: MT443 Sleepio for adults with poor sleep
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8 weeks post treatment:
Sleep Condition Indicator
(SCI) scores were
significantly higher for the
Sleepio group compared with
control (F (1,485) = 15.63, p <
0.0001], representing

23 of 173

Participants self-identified as
being poor sleepers; although
DSM-5 criteria were used to
promote the trial, the
participants were not formally
evaluated.


https://pubmed.ncbi.nlm.nih.gov/27257747/
https://pubmed.ncbi.nlm.nih.gov/27257747/

Sleepio group were
followed up at 22
weeks after allocation,
while the Control
Group were followed

up at 16 weeks.

Sleepio
37 at week 8 post-intervention

52 at week 22

Waitlist
19 at week 8 post-intervention

51 at week 16 post-intervention

(after receiving Sleepio.
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Cohen's d of 1.10 following
Sleepio (d = 0.34 for WL).

Work Productivity and
Impairment questionnaire:
“presenteeism” demonstrated
significant improvements
following Sleepio compared
with control [F(1,485) = 10.99,
P =0.001:d = 0.64 for dCBT,
d = 0.09 for WL]. There was
no significant difference
between Sleepio and control
for “abseenteeism” (p =
0.101).
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The study presents data from
a single company (that did
not wish to be identified) and
therefore this may affect

generalisability.

The study was planned with
80% power to detect an effect
size = 0.4, thus requiring a
minimum sample of 200 (n =
100 per group) at P-value
less than 0.05. The EAC
confirm that this study is
powered to detect an effect
size of d = 0.4.

The study did not include
formal screening of other
disorders of sleep, so it is
unknown if patients had sleep



External Assessment Centre report: MT443 Sleepio for adults with poor sleep
Date: February 2021

250f 173

breathing or sleep motor

problems.

Incentives (aside from the
treatment) were used to
retain participants in the

study.



Barnes et al.

(2017) USA.

One author is an
employee and
shareholder in
the company.

RCT comparing
Sleepio with a waiting
list (control - no
intervention or advice).
Patients in this group
completed all major
assessments for the
trial and were offered
Sleepio 10 weeks after

the study period.

Per-protocol analysis.
Analyses were carried
out to confirm no
significant
demographic or focal
differences between

missing data groups.

223 participants (145 women,
mean age 39.95) with self-
reported insomnia (per World

Sleep Survey and Jenkins’

Questionnaire (1988)), recruited

online.

Randomly assigned to either

the treatment (n = 117) or wait-

list control condition (n= 106).

Lost to follow-up
Sleepio: 64

Waitlist control: 38
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Significantly greater
improvements were found in
the Sleepio groups compared

with the control:

Insomnia: Sleepio t(51) = -
8.15, p<0.001. No significant

change in control condition.

Mood: Sleepio t(52) = - 3.2,
p<0.001. No significant

change in control condition.

Job satisfaction: Sleepio t(52)
= 1.65, p<0.05. No significant

change in control condition.

Self-control: Sleepio t(52) =
6.49, p<0.001. Control t(67) =
2.31,p=0.024
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However, the analyses were
within individuals. Thus,
distortions such as response
biases that occur at the
person-level of analysis were

statistically controlled for.

No placebo to rule out

placebo effect.

No measure of insomnia

severity.

Participants self-referred.
No power calculation.

No information on funding.

No follow-up period reported.


https://pubmed.ncbi.nlm.nih.gov/27690480/
https://pubmed.ncbi.nlm.nih.gov/27690480/

® No significant differences

® were observed between
Sleepio participants and
control on measures of
organisational citizenship
behaviour or interpersonal

deviance.

Sleep efficiency was
improved by 26% and 28% in
the Sleepio and control group,

respectively.
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McGrath et al.
(2017) Ireland.

One author is
the Clinical and
Scientific
Director and a
shareholder of
the company.

RCT comparing
Sleepio with standard
care (vascular risk

factor education)

Single-centre,

Investigator Blinded
Per-protocol analysis.

Patients were followed
up at 8 weeks (unclear
whether this was after
starting or finishing

treatment).

134 participants aged 18 years
or over with mean blood
pressure readings of 130-
160/<110mmHg and self-
reported sleeping difficulties
were randomised 1:1 into 2

groups of 67.

54 participants in Sleepio
group, and 67 in control group

were included in the analysis.

13 participants in Sleepio group

were excluded from the
analysis as they did not

complete at least 1 session.

6 participants in the Sleepio

group and 1 in the control group

were lost to follow up.
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Mean change in 24 hour
ambulatory SBP over 8
weeks was not significantly
different between the 2

groups (p=0.95).

Participants in the Sleepio
group had greater mean
improvements in measures of

sleep quality:

PSQI: 1.1 (p=0.04; 95% CI:
0.1-2.2)

ISI: 2.8 (p<0.001; 95% CI: 1.3
-4.4)

SCI: 0.8 (p=0.01; 95% Cl: 0.2
—1.4)
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To minimise “contamination”
of control participants (i.e.,
seeking an intervention for
sleep), consent forms and
information leaflets stated
that the trial was evaluating a
multicomponent behavioural
lifestyle intervention (face-to-
face and web-delivered
components) without detailing
the sleep intervention. In
addition, the control group
received an educational
intervention on
cardiovascular risk factor

modification.

Sample size calculation
reported that the study
required 62 participants per


https://pubmed.ncbi.nlm.nih.gov/28391289/
https://pubmed.ncbi.nlm.nih.gov/28391289/

61% female, mean age 59

years.
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Sleep efficiency: 4.6 (p=0.2;
95% CI: 0.7 — 8.5)

Improvement in sleep quality
was greatest in a subgroup of
participants who completed 3

or more sessions (p<0.001).

Antihypertensive drugs were
used by 25 (37.3%) of the
control group and 19 (28.4%)

in the Sleepio group.

50% of the Sleepio group
(before exclusions) completed

all 6 sessions.
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group for 80% power, (a =
0.05). Study groups were
unbalanced in the analysis
and the Sleepio group was
underpowered. The EAC
calculated that the post-hoc

power of this study is just 6%.

Baseline characteristics are
reported for the 2 groups
prior to exclusion of 13

participants



Freeman et al.

(2017) UK.

Sleepio was
provided to all
the trial
participants at no
cost by the
company.

Single blind RCT
comparing Sleepio
with TAU (“treatment
input was likely to be
minimal, with
prescription of
medication for a small

proportion”)
1:1 randomisation.

Follow up at weeks 3,
10, and 22

Intention-to-

treat analyses.

26 UK universities.

3755 adults who had a positive
screen for insomnia, as
indicated by a score of 16 or

lower on the SCI.

71-72% female, mean age
24.6-24.8

Lost to follow-up

Sleepio - 1,158
TAU - 772
o
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Sleep treatment was
associated with significant
reductions, at all timepoints,
in insomnia (SCI-8), paranoia
(GPTS), and hallucinations
(SPEQ) compared with the
control group (all p<0.0001)
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UK study.

Population was primarily
students with mean age <25
years. Clinical experts noted
that normative delayed sleep
phase paterns can still affect
people up to the age of 25
and therefore may mimic

insomnia symptoms.

Based on the SDs observed
from a previous study
(Freeman et al. 2014) for the
GPTS (SD 10.4), a total
sample size of 2614
participants (i.e, 1307 per
group) would provide 90%
power to detect a small effect

size in paranoia, with a


https://www.sciencedirect.com/science/article/pii/S2215036617303280
https://www.sciencedirect.com/science/article/pii/S2215036617303280
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standardised mean difference
of 0.15, while accounting for
a high amount of expected
attrition (40%).

The sample size calculation
was revised because the
dropout rate was greater than
expected. The EAC could not
confirm whether this study

was adequately powered.

Bias in the outcome results
will have been introduced
because of the high dropout
rate, especially in the

treatment group.



Cheng et al.
(2019a) USA.

One author is
co-founder of the
company.

Single blind RCT
comparing Sleepio
with sleep hygiene (six
weekly e-mails based
on the National
Institutes of Health

guide to healthy sleep)

Follow up at pre- and
post-treatment, with
the latter occurring
approximately 1 week
following the final

Sleepio session

Per-protocol analysis
conducted on 658
participants (Sleepio —
358; Sleep hygiene

1,385 adults with self-reported

insomnia as per DSM-5

Participants were randomised

to the Sleepio group at a 2:1

ratio due to a higher anticipated

attrition rate for an active

versus a control condition

The follow-up sample included

358 patients for Sleepio and

300 patients in the online sleep

education condition.

External Assessment Centre report: MT443 Sleepio for adults with poor sleep

Date: February 2021

Sleepio was superior to sleep
hygiene education at
improving insomnia
symptoms (p<0.001) with the
average decrease in IS| in
Sleepio (-10.0 points + 5.7
S.D.) being twice that of the
decrease in the sleep
education condition (-4.4
4.6).

Similarly, insomnia remission
was significantly higher for
Sleepio compared to sleep
hygiene (53.9% vs 14.0%;
p<0.0001).
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Depression and insomnia
were self-reported and did
not use clinician-evaluated

diagnosis.
Short term follow up.
Per-protocol analysis.

The majority of individuals
had mild depressive
symptoms at baseline and
therefore, findings may not be
generalisable to more severe

groups.

Power analyses indicated
that the final sample size
achieved 80% power to

detect a small effect size


https://www.cambridge.org/core/journals/psychological-medicine/article/efficacy-of-digital-cbt-for-insomnia-to-reduce-depression-across-demographic-groups-a-randomized-trial/FF45FDFB5774AE60E1E4D3E1252676A4
https://www.cambridge.org/core/journals/psychological-medicine/article/efficacy-of-digital-cbt-for-insomnia-to-reduce-depression-across-demographic-groups-a-randomized-trial/FF45FDFB5774AE60E1E4D3E1252676A4

education control — (0.16) for a three-way

300). interaction.
o
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Espie et al.
(2019) UK, USA,
Australia.

A number of
authors are co-
founders or have
received
payment from
the company.

RCT comparing
Sleepio with sleep
hygiene education
(website and a
downloadable booklet
plus treatment as

usual)

Assessments took
place at 0 (baseline), 4
(mid-treatment), 8
(post-treatment), and

24 (follow-up) weeks.

Intention to treat

analysis.

1711 adults with self-reported
symptoms of insomnia
(according to DSM-5)

1329 (77.7%) were female,
mean (SD) age was 48.0 (13.8)

years

Online assessments took place
at 0 (baseline), 4 (mid-
treatment), 8 (post-treatment),

and 24 (follow-up) weeks.

Lost to follow-up

Sleepio

Post-intervention (week 8) - 385

Follow-up (week 24) — 442
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Primary outcomes.

Sleepio was associated with
improved outcomes on the

following measures:

Functional health (Patient-
Reported Outcomes
Measurement Information
System: Global Health Scale):
(Cohen d for week 4, 0.16;
week 8, 0.31; and week 24,
0.31)

Psychological well-being
(Warwick-Edinburgh Mental
Well-being Scale): (Cohend
for week 4, 0.13; week 8,
0.35; and week 24, 0.38)
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Measures were self-reported.

Participants self-referred and
were not drawn from patient
groups or health care

services.

There was a substantial
dropout from treatment (58%
of participants completed =24
Sleepio sessions); however,
intention-to-treat analyses still
identified significant

improvements.

The authors suggested that
the increase in reported
adverse events in the Sleepio

group may result from the


https://pubmed.ncbi.nlm.nih.gov/30264137/
https://pubmed.ncbi.nlm.nih.gov/30264137/

413 participants (48.4%)

completed all 6 sessions

Sleep hygiene education

control

Post-intervention (week 8) —
341

Follow-up (week 24) — 363

Sleep hygiene education was
accessed at least once by 759
of 858 participants (88.5%)

External Assessment Centre report: MT443 Sleepio for adults with poor sleep
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Sleep-related quality of life
(Glasgow Sleep Impact
Index): Cohen d for week 4, —
0.69; week 8, —1.38; and
week 24, —1.46)

Linear mixed-effects models
found that results at 8 and 24
weeks were mediated by
improvements in insomnia at
week 4 and 8, respectively
(range mediated, 45.5%-
84.0%)

Adverse events:

There was 1 serious adverse
event reported, which was
unrelated to the use of

Sleepio.
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sleep restriction component

of the programme.

According to the original
protocol, a sample size of
433 participants per
treatment group was required
to detect a standardized
effect size of 0.25 with 90%
power, assuming a
significance level of

p <.01667 (corrected for 3
primary outcomes), and to
detect a large mediation
effect with more than 80%
power. EAC calculations
confirm that this study is

sufficiently powered.



Participants in the Sleepio
group reported significantly
higher incidents of a number
of adverse events. Most
significantly fatigue, extreme
sleepiness, difficulty

concentrating (p<0.0001)

External Assessment Centre report: MT443 Sleepio for adults with poor sleep
Date: February 2021 36 of 173



Denis et al.

Pilot RCT comparing
(2020) UK.

Sleepio with puzzle

One author is based attention

co-founder of the
company.

control.

Assessments were
performed baseline
and then 3-weeks, 6-

weeks, and 6-months.

Analysed as intention-

to-treat.

199 women: adult university
students (mean age 20+5
years) meeting DSM-5 criteria

for insomnia (self-reported).

Assessments were carried out
online at 3 weeks (mid-
intervention), 6 weeks (end of
intervention), and 6 months
after starting the intervention

(follow-up).

Lost to follow-up
Sleepio
Post-intervention — 32

6 month follow-up - 52
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Sleepio led to significant
improvements in insomnia
symptoms (per SCI-8)
compared with attention
control (t (140) = 2.51,
p=0.013; d=0.42). The effect
was similar when looking only
at those who met the
threshold requirement for
subclinical insomnia at
baseline (t (95) = 2.49,
p=0.015; d=0.51).

Treatment acceptability score
was 33.61 (4.82), theoretical
range 6—42) at end of
intervention. Significantly
more people in the control
group completed all six

weekly sessions (puzzles)
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Pilot study into participation
rates. Unclear if adequately

powered.

Only recruited female
university students and
therefore may not be
generalisable to other groups.
Clinical experts noted that
people under the age of 25
may still experience
normative delayed sleep
phase pattern which may

mimic insomnia.


https://pubmed.ncbi.nlm.nih.gov/31901759/
https://pubmed.ncbi.nlm.nih.gov/31901759/

Control than in the intervention group;

X2 (1)>4.82, p =0.028
Post-intervention — 22

6 month follow-up — 38
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Felder et al.
(2020) USA.

One author
received voucher
codes for
Sleepio.

RCT comparing
Sleepio with TAU
(comprising a range of
non-study treatments,
including sleep, pain,
and antidepressant
medications (both
prescribed and over-
the-counter);
alternative therapy or
herbal supplements;
psychotherapy or
counselling; and

support groups)

Randomised 1:1 to
either Sleepio or
Standard Care
(comprising a range of

non-study treatments,

208 pregnant women (up to 28
weeks’ gestation) with elevated
insomnia symptom severity or
who met criteria for insomnia
caseness by self-reported
questionnaire (met the DSM-5
criteria for insomnia disorder,
as determined by the SCI)

Mean age 33.6 years, mean

gestational age 17.6 weeks.
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105 patients were
randomised to the Sleepio
group. 68 women (64.8%)
completed all 6 sessions
(mean completion time 7.97

weeks).
Reduction in ISI:
Sleepio: -0.59
Control: -0.23

(Time-by-group interaction,
difference = -0.36; 95%Cl,
-0.48 t0 -0.23; x2=29.8; P <
0.001; d = -1.03).
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Outcomes are self-reported

and subjective.

Study statistician remained
blinded to condition
assignments for all primary

analyses.

A sample of 208 patients
(104 per group) was
calculated to be necessary
for 80% power and an effect
size of d=0.3, a=0.01. EAC
calculations confirmed that
this study was adequately

powered for this effect size.

Clinical experts noted that
pregnant women can
experience conditions which

mimic insomnia (such as


https://pubmed.ncbi.nlm.nih.gov/31968068/
https://pubmed.ncbi.nlm.nih.gov/31968068/
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including medications,
alternative therapies,
psychotherapy and
support groups).

Participants were
followed up for 18
weeks after

randomisation

Analysed as intention-

to-treat.
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restless legs), and these
commonly resolve post-

partum.



Kyle et al. (2020)

UK.

One author is
co-founder of the
company

Single blind RCT
comparing Sleepio
with a waiting list

control

Assessments were
carried out online at
baseline, and 10 and
24 weeks post-

randomisation.
Randomised 1:1

Analysed as intention-

to-treat.

410 adults (25 years old +) from
the Sleepio online community
with insomnia disorder) met
DSM-5 criteria for insomnia
disorder according to the SCI)
and self-reported difficulties

with concentration or memory.

87% female, 52.4 years, SD =
11.5; range 26-82)

Retention was 82% at 10
weeks and 74% at 24 weeks,
and differed by group, with the
Sleepio group less likely to
provide outcome data than
control (at 10 weeks: 76% for
dCBT vs. 88% for control; at 24
weeks: 66% for Sleepio vs.
81% in control).
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Self-reported cognitive
impairment (British Columbia
Cognitive Complaints
Inventory; BC-CCI).

At 10 weeks post-
randomization the estimated
adjusted mean difference for
the BC-CCl was -3.03 (95%
Cl: -3.60, -2.47; p < 0.0001, d
= -0.86), indicating that
participants in the Sleepio
group reported less cognitive
impairment than the control
group. These effects were
maintained at 24 weeks (d = -
0.96) and were mediated, in

part, via reductions in
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UK study

The study was powered at
90% to detect a minimum
standardized effect size of
0.42 at post-treatment (week
10) at a 5% level of
significance, accounting for
40% attrition from baseline.
The EAC confirmed that this
study is adequately powered

to detect this effect size.

The waiting list control arm
may slightly inflate effect size
differences compared to a
minimally active arm (e.g.
sleep hygiene education), or

behavioural placebo.


https://pubmed.ncbi.nlm.nih.gov/32128593/
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insomnia severity and

increased sleep efficiency.

Secondary outcome:
Insomnia severity (I1Sl) at 10
weeks (d = -1.57) and 24
weeks (d = —-1.60), and for
sleep efficiency at 10 weeks
(d =0.91) and 24 weeks (d =
0.72), with the Sleepio group
reporting less insomnia
symptoms and higher sleep

efficiency scores.
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Sample was recruited online
and may not be
representative of treatment-
seeking patients in clinical

practice.

The study required
participants to report
cognitive complaints to enter
the trial, which may have
resulted in an over-
representation of participants
concerned about the effects
of sleep disruption on

cognitive function.

Study sample was over 25
years old (a group that does

not tend to experience



normative delayed sleep

phase pattern).
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Kalmbach et al.
(2020) USA.

Unclear if there
were conflicts of
interest.

RCT comparing
Sleepio with sleep
hygiene education
active control (six
weekly emails based
on the National
Institutes of Health
guide to healthy

sleep).

Assessment before
treatment and after
treatment during
pregnancy, then 6
weeks after childbirth

Analysed as intention-

to-treat.

91 pregnant women (29.03 +

4.16 years) nearing/entering the

third trimester who screened

positive for clinical insomnia on

the Insomnia Severity Index
(I1SI)

Results were collected before
treatment and after treatment
during pregnancy, then six
weeks after childbirth.
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From pre-intervention to post-
intervention, Sleepio was
associated with significant
reductions in insomnia
severity (ISI, -4.91 points,
t(45) = -5.61, p<0.001,
Cohen's d = 0.86), no
significant change was

observed in the control group.

Paired samples t-tests
showed that PSQI scores
significantly decreased in the
Sleepio group by 2.98 points
[t(45) = —6.31, p < 0.001,
Cohen's d = 0.93], whereas
no significant change in PSQ

was observed in the control

group.
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Power analyses indicated
that with an anticipated
sample size of n = 90 and
anticipating medium-large
post-treatment group
differences in insomnia
outcomes (Cohen's d = 0.65),
the study would have 0.86
power to detect effects at a
significance level of a = 0.05.
The EAC confirmed that this
study is adequately powered

to detect this effect size.

Relatively short-term follow-
up and therefore the limited

effects on sleep post-partum
may be due to lack of stable

sleep for the infant.


https://pubmed.ncbi.nlm.nih.gov/32559716/
https://pubmed.ncbi.nlm.nih.gov/32559716/

Sleepio was associated with
increases in sleep duration by
32 minutes (p=0.008).
Participants receiving sleep
hygiene education did not

experience any change.

After childbirth, Sleepio
participants slept longer by 40
min per night (p = 0.01)

relative to controls.
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Non-RCTs

Table 1.2 Non-randomised studies

Study name and  Design and
location intervention(s)
Espie et al.

(2014) Espie 2012 data to

evaluate the impact

UK of Sleepio upon
attributions for sleep
disturbance
(measured with the
Sleep Disturbance
Questionnaire
(SDQ)), night-time
thought content
(measured with the
Glasgow Content of
Thoughts Inventory
(GCTI)), and stress,
depression and
anxiety

Participants and setting

Follow up analysis of Same as Espie 2012.
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Outcomes EAC comments

Sleepio had a greater effect See Espie 2012.
on attribution and cognition

than IRT (average d = -0.32).

Sleepio had a greater effect
on attribution and cognition
than TAU (d = -0.65.,
moderate to large effect).

Treatment effects were
observed for all SDQ domains
(e.g., Sleepio vs. IRT: relative
effect size was d = 0.76 for
‘trying too hard’). Similar
magnitude of effects were
maintained at 8 weeks.

Thought content (Glasgow
Content of Thoughts
Inventory; GCTI).
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https://pubmed.ncbi.nlm.nih.gov/24791643/

Luik et al. 2017 Prospective audit

UK (real-world data)
One author is co-
founder of the
company

Sleepio

No comparator

98 participants (mean age 44.9

years, SD 15.2, 66% female)

who experienced poor sleep in

addition to comorbid symptoms

of depression or anxiety
IAPT service

87 clients (89%) experienced

clinical insomnia (ISI > 14)

Of the 98 clients included in this

evaluation, 72 finished the
treatment (73%). Another 15
clients completed between 4
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CBT was also superior to IRT
on the GCTI (e.g., ‘rehearsal

and planning’, d = 0.62; ‘sleep

and sleeplessness’, d = 0.74).
CBT vs. TAU comparisons
yielded larger effects.

Depression (mean difference-
5.7,t(70) = 12.5, p < 0.001)
and anxiety [Generalized
Anxiety Disorder-7 (GAD-7),
Mean difference-4.1, t(70) =
8.0, p < 0.001] were reduced
following supported Sleepio
for insomnia. This translated
into an IAPT recovery rate of
68% for depression and

anxiety.

Effects on anxiety and

depressive symptoms

48 of 173

UK study

All clients received six calls
from an eTherapy
coordinator to support the
self-help component. This is
not typical of the Sleepio

service.


https://pubmed.ncbi.nlm.nih.gov/27456542/

Elison et al. (2017) Before and after

UK. design comparing
Sleepio with 2 other
One author is co-
founder of the
company

online therapies

-Living Life to the

Full Interactive,

-Breaking Free

Online

and 6 sessions and 11 dropped

out before session 4.

1068 adult IAPT service users

referred for mental health

difficulties.

85 (8%) having accessed

Sleepio. Engagement time: 29—

148 days (4.19-21.08 weeks)
with a median of 66.35 days
(IQR=39.06)

866 (81%) accessed Living Life

to the Full Interactive,
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remained significant when
accounting for missing data
(p<0.001). Significant
reductions were also
observed in insomnia

symptoms (p<0.001).

Data indicated baseline
differences, with the Breaking
Free Online group having
higher scores for depression
and anxiety than the Living
Life to the Full Interactive
(depression Cl 1.27 to 3.21,
p<0.0001; anxiety CI 077 to
1.72, p<0.0001) and Sleepio
(depression Cl 1.19 to 4.52,
p<0.0001; anxiety Cl 2.16 to
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UK study

The sample sizes across
the three programmes
varied, with the Living Life to
the Full Interactive (the most
established programme)
group being considerably
larger than the Sleepio and
Breaking Free Online

groups.


https://pubmed.ncbi.nlm.nih.gov/28729322/

engagement time 4-288 days
(0.64—41.14 weeks) median of
66.29 days (IQR=43.06)

117 (11%) accessed Breaking

Free Online
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5.23, p<0.0001) groups.
Promising improvements in
mental health scores were
found within all three groups
(all p<0.0001), as were
significant reductions in
numbers of service users
reaching clinical threshold
scores for mental health
difficulties (p<0.0001). Living
Life to the Full Interactive
mean=11.32, Cl. 077 to 1.72,
p<0.0001; Sleepio
mean=8.49, Cl 2.16 to 5.23,
p<0.0001).
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There was no randomisation

or control group.

There is a lack of follow-up

data from participants.

Service users engaged with
the eTherapy programmes
for varying lengths of time,
between 4 days and 288
days. Regression analyses
indicated that number of
days of engagement did not
appear to be associated
with degree of change in
scores for depression,
anxiety and social
impairment, from baseline to
treatment assessment, for
the Living Life to the Full



Luik et al. (2018)
USA and UK.

One author is co-
founder of the
company

Before and after

design
Sleepio

No comparator

3551 users (63% female, mean
age 44.50 + 14.78 years), 378

users (10.6%) used a device.

62.9% female, mean age
4450 +14.78.

Within-subject, pre-therapy to
post-therapy, the Sleep
Condition Indicator (SCI, 7
Items) was used to assess

insomnia.

The post treatment test was
completed with a median of 42
days (IQR: 37-54) after the

start of session 1.
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For all participants, insomnia
symptoms significantly
improved following Sleepio
(t(3504) = 83.33, p < 0.001;
Cohen's d = 1.45), as did
depression and anxiety
symptoms, perceived stress,
life satisfaction and work

productivity.

Those who did not connect a
device reported better sleep
and less affected work
productivity (all p<.001) than
those who did connect a
device at baseline and post-

treatment.
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Interactive and Sleepio

users.

Data were from participants
who completed Sleepio and
therefore, this sample may
comprise more motivated

individuals.

The underlying
characteristics of individuals
who connected a device
may have differed
compared to those who did

not connect a device.


https://pubmed.ncbi.nlm.nih.gov/31304289/

Espie et al.,
2018, USA.

A number of the
authors are
employed by the
company.

Before-and-after

study
Sleepio

Sleep tips

214 employees of a large US

company were recruited

90 had insomnia symptoms and

were provided with access to

Sleepio (mean age 50.8 years;

69% male) with insomnia

symptoms.

124 reported good sleep and

were given access to sleep tips

(mean age 50.0 years; 69%

male).
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SCI improved significantly in
the sleep tips group (5.36
(3.28) t0 6.01 (3.22), t(123) =
-3.02, P = 0.003).

SCI also improved
significantly in the Sleepio
group (3.08 (2.24) to 6.03
(2.97); 1(89) = -8.40, P <
.001).
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The groups are not
comparable due to the
differences in baseline sleep

quality.

The population may not be

generalisable.



https://www.sciencedirect.com/science/article/abs/pii/S2352721818300421
https://www.sciencedirect.com/science/article/abs/pii/S2352721818300421

Miller et al., 2018, Retrospective cohort
Australia and
New Zealand.

study
Sleepio

No comparator

Cheng et al., 1 year follow up
2019b, USA. analysis of Cheng
2019a.
®

96 participants with insomnia
(53 with I-NSD, 43 with I-SSD)
were recruited from registry

data.

Mean age 41.4 years, 64%

female.

39 participants completed post-
treatment ISI assessment (I-
NSD, n = 20; I-SSD, n = 19).

From 1358 participants with
insomnia, 358 (26.4%, mean
age 44.5 years, 78% female) in
the dCBT-I group completed 1-
year follow up, along with 300

(22.1%, mean age 57.7 years,
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In those who completed post-

treatment IS| Assessment,
mean ISI| was reduced from
17.4 to 10.8 (p<0.01).

Change in ISI differed
significantly post-treatment
between the groups, shown
by a linear mixed model (t
(656) = -13.6, p<0.001).

Mean decrease in ISI:
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Acceptability and tolerability
were the primary outcomes
in this study but these are
considered to be out of

scope.

Efficacy was reported for a
sub-group who completed

follow-up.

The authors state that no
statistical differences were
detected at baseline
between the patient groups.
However, it is unclear if this
refers to baseline in the

initial trial or for the sub-


https://pubmed.ncbi.nlm.nih.gov/29703951/
https://www.psych.ox.ac.uk/publications/1055842
https://www.psych.ox.ac.uk/publications/1055842

80% female) in Online Sleep

Education group.

External Assessment Centre report: MT443 Sleepio for adults with poor sleep
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Sleepio: -10 £ 5.7
Control: -4.4 +4.6

Response and Remission
rates were higher in the
Sleepio group, 65.1% vs
22.3%, respectively
(p<0.0001).

Demographics (household
income, education level, race
and sex) did not significantly
moderate the efficacy of

Sleepio.
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groups reported in this
analysis. P-values are not
reported. This may be
important in relation to the
demographic outcomes

reported.

Higher lost to follow-up
rates in the Sleepio relative
to the control group;
however, both statistical and
clinical significance were
detected using intention-to-
treat analysis (the
depression rate in the
control condition was set to
zero (i.e. all individuals lost
to follow-up in the control
condition were assumed to

be non-depressed),



Luik et al., 2020,
UK, USA,
Australia.

Follow-up analysis of
an RCT (Espie
2019).

Compared Sleepio
to sleep hygiene
education (website
and a downloadable
booklet plus

treatment as usual).

The setting was the same as
Espie 2019. From 1,711
participants, 906 participants
(52.9%) contributed data at
week 24, and 365 participants
(21.3%) contributed data at
week 48.
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At week 24, ITT analysis
showed Sleepio reduced use
of prescription (adjusted RR:
0.64, 95% CI: 0.42; 0.97,p =
0.037) and non-prescription
sleep medication (adjusted
RR: 0.52, 95% CI: 0.37; 0.74,
p < 0.0001).

At week 48, mean SCI score
had increased by 9.80 (95%
Cl: 9.29, 10.31; Cohen d:
1.54).
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whereas the depression rate
in the Sleepio group was
estimated using maximum
likelihood via a generalised

linear mixed-effects model).

ITT Analysis.



https://onlinelibrary.wiley.com/doi/10.1111/jsr.13018

Crawford et al.,
2020, USA.

Cheng et al.,
2020a, USA.

Prospective
observational cohort
study (multiple

baseline design).

Participants were
randomised to
receive Sleepio after
2, 4 or 6 weeks of
completing baseline

sleep diaries.

42 women with chronic

migraines and insomnia.

Mean age 42.0 years.

Follow-up analysis of 658 participants with insomnia

Cheng et al. 2019a
comparing Sleepio

to Sleep Education.

disorder.

Sleepio group: n=358, mean
age 44.5, 78% female.
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35 (83.3%) completed the ITT Analysis.

sessions within 12 weeks.

Insomnia severity was
reduced at post-treatment (ISl
mean = 7.7, SD = 4.1)
compared to baseline (ISI
mean = 17.6, SD = 4.0, mean
difference = -9.9; 95% CI =

-11.7; -8).
o
The Sleepio group showed Per protocol analysis.

greater improvements in post-
treatment IS| compared to the

SE control group (p<0.001).
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https://pubmed.ncbi.nlm.nih.gov/32112436/
https://pubmed.ncbi.nlm.nih.gov/32560938/

® Sleep Education Group: n=300,

mean age 45.7, 80% female).

o
Henry et al., Sub-analysis of 2 3,352 (61.5% of original Adjusted mean difference in ITT Analysis
%' t_JK’ USA, RCTs (Espie et al. combined trial sample) insomnia symptoms (SCI-8)
ustralia.
2019 and Freeman participants with probable at:
et al. 2017). insomnia disorder and a PHQ-9
8-10 weeks: 5.19 (95% CI
Score 2 10.
® 4.63 -5.75, g=0.76)
Mean age:
22-24 weeks: 5.15 (95% CI
Sleepio: 29.6 years 4.47 - 5.83, g=0.69)
Control: 29.4 years. Intervention effects were not

moderated by age, gender, or

Both groups were 76% female. o ,
by baseline insomnia or

There were no significant depressive symptoms

differences in insomnia

symptoms (p=0.97) or
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https://pubmed.ncbi.nlm.nih.gov/32810921/
https://pubmed.ncbi.nlm.nih.gov/32810921/

depressive symptoms (p=0.84) @

at baseline.
o
Cheng et al., Follow-up analysis of From 1358 participants, 102 67.3% of participants reported Results of this study are
2020b, USA. Cheng et al. 2019a (7.5%) in the Sleepio group and = direct impact from Covid-19;  unlikely to be generalisable
comparing Sleepio 106 (7.8%) in the Online Sleep  26.4% reported living alone. to the wider population
to Sleep Education.  Education Group were during a non-pandemic
, Similar levels of disruption o
included. situation.
o were reported in both groups
Mean age; sex: on the Coronavirus Impact

Scale (CIS).
Sleepio: 44.6 years; 72.5%.

Those in the control group

Control: 44.7 years; 84.0%. reported that the pandemic
had a greater impact on their
sleep compared to the
Sleepio group using the CIS
(2.0 vs 1.5, respectively;

p=0.009).
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https://pubmed.ncbi.nlm.nih.gov/33249492/
https://pubmed.ncbi.nlm.nih.gov/33249492/

Coulson (2016)

UK.

Qualitative survey
into reasons for
using Sleepio online
community, and any

benefits and issues.

100 Sleepio users recruited

from the Sleepio community.

(70/100, 70% female; mean
age 51 years, range 26-82

years)
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ISI scores were 2.9 points

lower in the Sleepio group.

Analysis revealed 5 initial
drivers for engagement: (1)
the desire to connect with
people facing similar issues,
(2) seeking personalised
advice, (3) curiosity, (4) being
invited by other members,
and (5) wanting to use all
available sleep improvement

tools.
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Intervention focusses on
one aspect of Sleepio - the
online community -, rather

than the tool itself.

Provides information on

engagement.



https://eprints.soton.ac.uk/396021/

Drake et al. 2019, Secondary analysis 1232 individuals with insomnia  Prescription medication use in Abstract only, therefore
USA [Abstract

of RCT comparing (DSM-5 diagnostic criteria) the control group increased cannot assess the details of
only] Sleepio with online from 16.5% to 18.0% at post-  the study.

sleep education treatment, prescription

control in reducing medication use in the Sleepio

sleep medication group decreased from 17.8%  primary study and patient

use to 14.6%. odds of prescription characteristics unclear.

medication was significantly
¢ lower following Sleepio
() compared to control

(OR=0.09, 95%CI[0.02, 0.34])

Abbreviations: BAI: Beck Anxiety Inventory;Cl: Confidence Interval; CIS: Coronavirus Impact Scale (CIS); g-value: Hedge’s g; I-NSD: Insomnia with
Normal Sleep Duration; ISI: Insomnia Severity Index; ISS: Insomnia Symptom Severity; I-SSD: Insomnia with Short-Sleep Duration; PSQI: Pittsburgh
Sleep Quality Index; RR: Rate Ratio; SCI: Sleep Condition Indicator; SD: Standard Deviation; SOL: Sleep Onset Latency
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Unpublished studies
The EAC was provided access to the fulltext of the following unpublished studies.

Table 2: Unpublished Studies

External Assessment Centre report: MT443 Sleepio for adults with poor sleep
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Study name and

location

Stott
(unpublished) UK

Design and

intervention(s)

Participants and setting

External Assessment Centre report: MT443 Sleepio for adults with poor sleep
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Outcomes
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EAC comments
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Study name and  Design and Participants and setting Outcomes EAC comments

location intervention(s)

Abbreviations IAPT: Increasing Access to Psychological Therapies ; GAD-7: Generalized Anxiety Disorder 7; PHQ-9: Patient Health Questionnaire-
Depression scale; SCI: Sleep Condition Indicator; WSAS: Work and Social Adjustment Scale

Table 3: Studies included by company and excluded by the EAC

Study name Design and Participants Outcomes EAC comments
and location intervention(s)
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Cliffe 2020,
UK.

Prospective
Cohort study.

Sleepio

No comparator
o

39 young people
aged between 14

and 17 years.

Acceptability of Sleepio. Insomnia
severity (ISI). Insomnia symptoms (SClI-

8). Anxiety symptoms (Revised Child

Anxiety and Depression Scale; RCADS).

Depressive symptoms (Mood and ®

Feelings Questionnaire; MFQ).
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Population outside of scope.


https://pubmed.ncbi.nlm.nih.gov/32134720/

5 Clinical evidence review

5.1 Overview of methodologies of all included studies
The EAC notes that there is an extensive evidence base for Sleepio. The EAC

included 12 RCTs (and 6 secondary analyses), 6 non-randomised studies and
1 abstract. Additionally, the company provided the EAC with 2 unpublished,

real-world evidence studies which were relevant to the scope.

There were 4 UK RCTs (Espie et al. 2012, Freeman et al. 2017, Denis et al.
2020 and Kyle et al. 2020) and 1 multinational RCT including populations
from UK, US and Australia (Espie et al. 2019) which may help generalisability
to the NHS setting. There were 2 UK based non-randomised studies and 3

multinational studies that included UK populations.

The studies were heterogeneous in terms of study design, population and
comparator. Study design ranged from pilot studies to adequately powered
RCTs (e.g. Espie et al. 2012) and larger more pragmatic real-world
effectiveness studies (e.g. Freeman et al. 2017, Luik et al. 2018, | Gz
I Follow up times for insomnia symptoms ranged from 1 week
(Pillai et al. 2015) to 48 weeks (Luik et al. 2020). Median follow up time for
Sleepio in RCTs that reported it was 18 weeks. Cheng et al. 2019b included a

follow up time of 1 year for symptoms of depression.

Study participants included people with sleep difficulty with or without medical
and mental health comorbidities, pregnant women, and those with differing
durations of insomnia symptoms and insomnia diagnoses. There was a lack
of formal assessment of insomnia in studies; participants self-reported
themselves as being poor sleepers according to different measures, including
DSM-5 (e.g. Espie et al. 2012), SCI (e.g. Freeman et al. 2017) and ISl (e.g.
Kalmbach et al. 2020). Comparators varied and included standard care

(which was non-standardised), placebo and attention control. Standard care
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may also vary significantly. It is unclear whether standard care in studies may
have included elements of CBT or hypnotic use, and what was included in

sleep hygiene education.

The company highlights a key limitation in the body of evidence being that
there is a lack of evidence directly comparing Sleepio with individual face-to-
face or guided CBT for insomnia because it is not routinely available on the
NHS and is not scalable to the UK population. The EAC agrees that this is a

key limitation.

5.2 Critical appraisal of studies and review of company’s
critical appraisal

The company’s submission did not contain a formal critical appraisal of the
evidence. The submission does contain an overall outline of the strengths and
limitations (section 9) and for each of the selected studies (within section 5.2

of company submission).

Overall, the EAC agreed with the key strengths and limitations raised in the
company’s appraisal of individual studies. The EAC would add that missing
data has been assumed to be missing at random, which may not be the case
given that experts suggest that engagement may be significantly higher in

face-to-face CBT programmes compared to online CBT.

Key strengths outlined for individual studies in the company’s submission

included:

e Most were well-designed RCTs that comprised of Sleepio compared

with standard care or a placebo.

e Ten RCTs were analysed as intention-to-treat (ITT) to account for the
relatively high number of participants lost to follow up. Two RCTs (Pillai
2015, Cheng 2019a) were analysed as per-protocol (PP). In a
secondary analysis, Cheng 2019b analysed the results as ITT to

account for the participants who dropped out.

Key limitations outlined for individual studies in the submission included:
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e Most studies recruited participants who self-referred online and
therefore the cohort may be more interested and motivated to address

their sleep problems.

e Potential generalisability of results due to specific study population e.g.
Bostock et al. 2016 (people from a single Fortune 500 company),
Freeman et al. 2017 and Denis et al. 2020 (UK students), milder

comorbid symptoms in Pillai et al. 2015 (anxiety) and Cheng et al.

2019a (depression), N

e High dropout rate e.g. Freeman et al. 2017 (but noting that most

studies were analysed as ITT).

e Length of follow up in some studies being relatively short e.g. Pillai et
al. 2015 (1 week), Barnes et al. 2017 (10 weeks from randomisation),
McGrath et al. 2017 (8 weeks), Kalmbach et al. 2020 (6 weeks).

The EAC carried out an independent critical appraisal of the RCTs and non-
randomised studies. The RCTs were assessed using the Cochrane Risk of
Bias 2 (RoB2) tool. Non-randomised studies were assessed using a checklist

based on the NICE checklist for cohort studies (see Appendix B). Figures 1a

and 1b illustrates the overall judgement of risk for the RCTs analysed as ITT

and PP respectively.

Five studies were deemed to have an overall low risk of bias (Espie et al.
2012, Bostock et al. 2016, Freeman et al. 2017, Kyle et al. 2020 and
Kalmbach et al. 2020), although some concerns were raised about loss to
follow up and differing baseline characteristics between populations in 2 of
these studies respectively (Freeman et al. 2017 and Kalmbach et al. 2020).
Six studies raised some concerns overall (Barnes et al. 2017, McGrath et al.
2017, Espie et al. 2019, Denis et al. 2020, Felder et al. 2020 and Cheng et al.
2019a). One RCT was deemed to have an overall high risk of bias (Pillai et
al. 2015).
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Study ID D3 Overall
Espie 2012 .
Bostock 2016 .

1

Barnes 2017

McGrath 2017

Freeman 2017

Espie 2019

Denis 2020 (pilot)

Felder 2020

Kyle 2020

- 00 -000000;
900000000,
9000 -0-000;

0900000000 0;
un

X JOICIOX JONOX X

Kalmbach 2020

Figure la Risk of bias for ITT RCTS. + Low risk; ! Some concerns, - High risk. DI Randomisation process; D2
Deviations from the intended outcomes; D3 Missing outcome data; D4 Measurement of the outcome, D5 Selection
of the reported result.

Study ID D1 D2 D3 D4 D5 Overall
s 10 @ 1 @ @
Pillai 2015

v @ 0 O
Cheng 2019a

Figure 1b Risk of bias for PP RCTs + Low risk; ! Some concerns; - High risk. D1 Randomisation process; D2
Deviations from the intended outcomes; D3 Missing outcome data; D4 Measurement of the outcome, D5 Selection
of the reported result.

5.3 Results from the evidence base

Table 4: Results
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Study Sleep Efficiency ISI
Espie 2012  Post therapy increase: NR

Sleepio - 19.5%
(95%Cl, 15.3 to 23.7)

IRT - 5.7% (95%Cl,
2.79 to 8.52)

TAU - 6.4% (95%Cl,
2.88 10 9.86) in TAU

8-weeks post-
treatment:

Sleepio - 20%
(95%Cl, 15.7 to 23.6)

IRT - 7% (95%Cl,
453 t0 10.1)

TAU - 9% (95%Cl,
4.89to 13.7

Espie 2014 NR NR

SCI PSaQl

Participants NR
receiving Sleepio
experienced a >2-
fold improvement
in insomnia
symptoms (SCI-
8), with a large
between-group
effect compared
with TAU
(d=1.20) at post-
intervention and
follow-up
(d=1.11). The
equivalent effects
for Sleepio
compared to
placebo were
d=0.95 and
d=0.77
respectively.

SCIl improvement = NR
was attributed to
cognitive factors
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GCTI Medication Use

NR NR

Sleepio was | NR
superior to

IRT,d =

0.62; ‘sleep
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Comorbidities

NR

NR



following Sleepio
(R?=0.21-0.27).

Pillai 2015 NR Greater reduction NR NR
in Sleepio group (t
=2.1;p<.05;
Cohen’s d = .9) at
1 week follow up.

Bostock 8 weeks post

2016 treatment:
Sleepio group
significantly

higher compared
with control (F
(1,485) = 15.63, p
< 0.0001],
representing
Cohen's d of 1.10
following Sleepio
(d =0.34 for WL).

Barnes Sleep efficiency was NR NR NR
2017 improved by 26% and
28% in the Sleepio
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and
sleeplessne
ss’,d=
0.74).

NR

NR
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NR

NR

NR

NR




McGrath
2017

Freeman
2017

Cheng
2019a

and control group
respectively,

Greater mean
increase in Sleepio
group by 4.6 (p=0.2;
95% CI: 0.7 — 8.5)

NR

Greater mean
increase in Sleepio
group by 2.8
(p<0.001; 95% CI:
1.3-4.4)

NR

NR

Greater mean
improvement in
symptoms in
Sleepio group by
0.8 (p=0.01; 95%
Cl:0.2-1.4)

Sleepio group
showed
significant
reduction in
symptoms at all
time points.

NR
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Greatermean ' NR
increase in
Sleepio group

by 1.1 (p=0.04;

95% CI: 0.1-

2.2)

NR NR

NR NR
72 of 173

Antihypertensive
drugs were used by
25 (37.3%) of the
control group and
19 (28.4%) in the
Sleepio group.

NR

NR

NR

NR

High comorbidity
between insomnia and
depression was
observed, with
approximately half the
sample reporting
moderate-to-severe
depression (QIDS-SR16
= 11) at baseline (dCBT-
I: 48.3%, 95% CI [43.1 to



Espie 2019 | NR NR NR NR
Denis 2020 NR NR Sleepio group NR
improved

significantly more
(t (140) = 2.51,
p=0.013; d=0.42).

Sleepio did not
offer an
advantage in
those with
subclinical
insomnia at
baseline (t (95) =
2.49, p=0.015;
d=0.51).

Felder 2020 @ Reduction: NR NR NR
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Cohendfor NR
week 4, —

0.69; week

8, —-1.38;

and week

24, —-1.46)

NR NR

NR NR
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53.5], control: 48.7%,
95% CI [43.0t0 54.5], p
=0.99).

NR

NR

NR




Sleepio: -0.59
Control: -0.23

Time-by-group
interaction, difference
= -0.36; 95%Cl,
-0.48t0 -0.23; x2 =
29.8; P <0.001;d =
-1.03).

Kyle 2020 Reductions in

Cognitive Impairment
were mediated, in
part, by increased
sleep efficiency.

Kalmbach NR

2020
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Cognitive

Impairment were
mediated, in part,

by reductions in
Insomnia severity.

From pre- NR
intervention to
post-intervention,
Sleepio was

associated with
significant

reductions ( -4.91

points, t(45) = —

5.61, p<0.001,

NR NR NR
Significant NR NR
decreases
seen in the

Sleepio group
by 2.98 points
[t(45) = -6.31,
p < 0.001,
Cohen's d =
0.93], no

74 of 173

NR

NR




Cohen's d = 0.86),
no significant
change was
observed in the
control group.

Non-RCTs

Luik 2017 NR Significant NR
reductions were
also observed
(p<0.001).

Elison 2017 | NR NR NR
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Depression (M
difference-5.7, t(70) =
12.5, p < 0.001) and
anxiety [Generalized
Anxiety Disorder-7
(GAD-7), M difference-
4.1,170)=8.0,p<
0.001] were reduced
following supported
dCBT for insomnia.

This translated into an
IAPT recovery rate of
68% for depression and
anxiety.

Data indicated baseline
differences, with the
Breaking Free Online
group having higher
scores for depression
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and anxiety than the
Living Life to the Full
Interactive (depression
Cl 1.27 to 3.21,
p<0.0001; anxiety CI 077
to 1.72, p<0.0001) and
Sleepio (depression Cl
1.19 t0 4.52, p<0.0001;
anxiety Cl 2.16 to 5.23,
p<0.0001) groups.

Promising
improvements in
mental health scores
were found within all
three groups (all
p<0.0001), as were
significant reductions
in numbers of service
users reaching clinical
threshold scores for
mental health
difficulties (p<0.0001).
Living Life to the Full
Interactive
mean=11.32, Cl. 077
to 1.72, p<0.0001;
Sleepio mean=8.49, Cl
2.16 10 5.23,



Luik 2018

Espie 2018

NR

NR

Significant
improvements
following Sleepio
(t(3504) = 83.33, p
< 0.001; Cohen's d
= 1.45)

NR

Improvements NR NR
were seen in the
sleep tips group
(5.36 (3.28) to
6.01 (3.22), t(123)
=-3.02,P=
0.003) and in the
Sleepio group
(3.08 (2.24) to
6.03 (2.97); t(89)
=-840,P<
.001).
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p<0.0001) (Cl unclear,
may be reported
incorrectly).

Significant improvements
following Sleepio in
depression and anxiety
symptoms (Depression,
Z=-26.81, p <0.001;
Anxiety, Z = -29.51, p <
0.001).

NR



Miller 2018

Cheng
2019b

Luik 2020

Crawford
2020

NR

NR

NR

NR

Mean was reduced
from 17.4 to 10.8
(p<0.01).

Mean decrease
(p<0.0001):

Sleepio: -10 £ 5.7
Control: -4.4 + 4.6.

NR

Insomnia severity
was reduced at
post-treatment (1SI
mean =7.7,SD =
4.1) compared to
baseline (ISI mean
=17.6, SD =4.0,

NR NR

NR NR

At week 48, mean NR
SCI score had
increased by 9.80
(95% CI: 9.29,

10.31; Cohen d:

1.54).

NR NR
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NR

NR

At week 24, ITT
analysis showed
Sleepio reduced use
of prescription
(adjusted RR: 0.64,
95% Cl: 0.42; 0.97,
p = 0.037) and non-
prescription sleep
medication
(adjusted RR: 0.52,
95% CI: 0.37; 0.74,
p < 0.0001).

NR

NR

NR

NR

NR



Cheng NR
2020a

Henry 2020 | NR

Cheng NR
2020b

mean difference =
-9.9; 95% CI =
-11.7; -8).

The Sleepio group
showed greater
improvements in
post-treatment IS|
compared to the
Sleep Education
control group
(p<0.001).

NR

Scores were 2.9
points lower in the
Sleepio group,

NR NR

Adjusted mean NR
difference in

insomnia

symptoms (SCI-

8) at:

8-10 weeks: 5.19
(95% Cl1 4.63 —
5.75, g=0.76)

22-24 weeks:
5.15 (95% CI
4.47 —5.83,
g=0.69)

NR NR
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Intervention effects were
not moderated by
baseline depressive
symptoms.

NR



compared to Sleep
Education.

Clinical experts noted that the ISl is currently the preferred measure for insomnia symptoms. The SCI (which assesses against
DSM-5 criteria) is increasingly used as a measure but it currently does not have the same level of benchmarking evidence as the
ISI. The PSQI is often used within industry due to no costs being associated with its use, but experts noted it was not a true
measure of insomnia. One expert noted that these measures are primarily used in research and secondary care settings. More

subjective information is used in primary care in terms of the impact on people’s lives.
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6 Adverse events

The EAC searched the MHRA and FDA (MAUDE) databases on the 25" of
January 2021, using the search terms ‘Big Health’ and ‘Sleepio’ and found no

adverse events associated with the technology.

Espie et al. (2019) reported 1 SAE, however this was unrelated to the
intervention. Using a questionnaire of 12 potential adverse symptoms,
participants in the Sleepio group reported a significantly higher number of
adverse events. The most significant were fatigue, extreme sleepiness, and
difficulty concentrating. The authors suggested that this may have been due

to the sleep restriction component of the Sleepio programme.

Felder et al. (2020) reported 3 AEs in each group. In the control group, these
were 1 stillbirth and 2 miscarriages; the events were determined to be
unrelated to study participation. In the Sleepio group, 3 miscarriages were
reported. Although it was impossible to rule out a connection between the
adverse event and study participation, it is unlikely to be a causal link. One of

the participants experienced a miscarriage prior to beginning the programme.

Kyle et al. (2020) reported that there were no statistically significant
differences in adverse events between the Sleepio group and the wait list,

using the same questionnaire that was used in Espie et al. (2019).

7 Evidence synthesis and meta-analysis

The company described results from an ongoing (unpublished) pre-registered
individual participant data (IPD) meta-analysis including 12 RCTs into Sleepio
(see table 1.1 in section 4.2). The protocol is available at: PROSPERO 2019
CRD42019105424.
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The EAC did not carry out an additional study level meta-analysis as the
company has provided results of a meta-analysis at the IPD level (which is a

higher standard of analysis than aggregated study level analysis).

8 Interpretation of the clinical evidence

Overall, the EAC believes that there is good quality clinical evidence that
Sleepio improves sleep in people with self-reported insomnia symptoms
(according to DSM-5, SCI and ISI measures). Most RCTs are relatively small
compared with the potential reach of Sleepio, but in general are adequately
powered, well-designed and reported. Results consistently indicate that
Sleepio is more effective at treating insomnia symptoms than standard care
(waiting list, sleep hygiene education) or specific placebos. The EAC believes
these results are generalisable to the NHS population. There are 4 UK based
RCTs (Espie 2012, Freeman 2017, Denis 2020 (pilot study), Kyle 2020) that
all concluded that Sleepio was more effective in reducing insomnia symptoms
than treatment as usual/waiting list (Espie et. al 2012, Freeman 2017, Kyle
2020), or a placebo (imagery relief therapy in Espie 2012) or attention control
in (Denis 2020). Several US-based RCTs (Pillai 2015, Cheng 20193,
Kalmbach 2020) and 1 multinational RCT (UK, US and Australia in Espie
2019) compared Sleepio with sleep hygiene education. All found that Sleepio
was significantly more effective than sleep hygiene education in improving
insomnia symptoms (noting that the powering of the studies in Pillai et al.
2015, Barnes et al. 2017 is unclear).

Though the finding is consistent, there is heterogeneity between studies.

Studies were carried out in various populations including pregnant women
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(Felder et al. 2020, Kalmbach et al. 2020), student populations with mean age
< 25 years (Freeman 2017), and people with self-reported depression (Cheng
et al. 2019a). Baseline measures of population characteristics varied between
studies. For example, sleep efficiency (SE) varied between studies. Patients
in Espie (2012) had close to 60% SE at baseline, whereas Bostock (2016)
and McGrath (2016) reported baseline SE rates of 76% and 81% respectively.

Some populations may require more caution before referring for treatment
with Sleepio. For example, clinical experts felt that pregnant women may not
be appropriate for Sleepio (for example, insomnia symptoms may be due to
restless legs) and problems may resolve post-partum. In addition, people
under the age of 25 years may be still experiencing a normative delayed sleep
phase pattern, rather than insomnia, and therefore these insomnia mimics
should be ruled out before referral to Sleepio. The EAC notes that in most
studies participants were not formally diagnosed with insomnia; populations
were self-referred, and measures were self-reported and therefore may not

be, for example, a typical population in primary care.

There is a lack of clarity and likely heterogeneity in terms of what the standard
care condition included, as treatment as usual and sleep hygiene education
are unstandardised. Clinical experts noted that elements of CBT may be
incorporated in sleep hygiene education. No studies were found comparing
Sleepio with face-to-face CBT. A meta-analysis by Soh et al. (2020) indicated,
in an indirect comparison, that face-to-face CBT-I produced greater
improvement in ISI compared with digital CBT-I (3.07 (95% CI 1.18 t0 4.95, p
< 0.001)) but that this was within the non-inferiority interval of 4 points. One
clinical expert felt it may be plausible to assume similar results from Sleepio
compared with face-to-face CBT on the basis of results in Soh et al. (2020),
however noted that this was not the same as having identical effects. Another
expert felt that there was not enough head-to-head evidence comparing digital
CBT-I with face-to-face CBT-I to assume similar results. Two experts noted
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that in their experience, people prefer to have face-to-face sessions compared

with online treatment.

Another area of heterogeneity is that various outcomes are measured, such
as insomnia, psychological wellbeing, productivity using various indices (such
as DSM-5, ISI and SCI [which assesses against DSM-5 criteria] for insomnia).
Other specific measures include SE, SOL, WASO etc. Comorbidities were
also assessed using anxiety and depression scales. One study also
measured blood pressure so physiological outcomes. These were assessed
over various follow-up time points from 1 week (Pillai 2015) to 48 weeks Luik
et al. (2020). The median fellow-up time was 18 weeks in RCTs. Experts
suggested follow up of at least 3 to 6 months after treatment would be needed
to assess whether results were maintained. One expert noted that clinical
review is usually at 3 months, therefore if results were not maintained at this
point then a GP would refer a patient to secondary care. Luik et al. (2020)
carried out a long-term analysis on Espie et al. (2019) data indicating that
results were maintained at 48 weeks, albeit the positive outcome was
observed for a fraction of the participants due to low engagement rates. The
results in Luik (2020, based on Espie 2019 data) suggest that if a participant
engages with the programme improvements in insomnia symptoms (per SCI)
may be maintained in the longer term. Sleepio also led to significant
reductions in prescription and non-prescription medication use at 24-weeks,

with this effect maintained for non-prescription medication at 48-weeks.

Effect size varied over studies, for example, Espie et al. (2012) reported a
20% improvement in sleep efficiency (SE) from baseline after Sleepio,
whereas Bostock et al. (2016) and McGrath et al. (2017) reported an increase
in SE of only 10% (noting that experts suggested that SE was more a
measure of sleep adherence rather than sleep quality). Effect size for change
in SCI varied from d=0.42 in Denis (2020) (compared with attention control) to
d=1.2 in Espie 2012 (compared with TAU).

|
I T hiis may

reflect the difference in populations, measurement tools and time of follow up.
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The company suggests that the consistent results in favour of Sleepio
indicates the generalisability of its impact. The EAC agrees that this indicates
that Sleepio is consistently effective compared with standard care, or sleep
hygiene education or certain types of placebo but notes that effect size varies
significantly between studies and raises challenges for pooling data in a meta-

analysis.

Studies, in general, demonstrated a high loss to follow-up for Sleepio
compared with controls. Experts noted that this high dropout is typical for

online CBT tools. In addition, Clinical experts noted that it may be a minority

of patients that may initially engage (as low as 20%).

The company confirmed that the same version of Sleepio is used in all
studies. There have been no modifications content-wise and any
modifications are technical, relating to access, for example, linking to a

wearable device.

Almost all of the studies include an author who is involved with the company,

which may be a source of bias.

8.1 Integration into the NHS
Four of the RCTs were done in the UK. All concluded that Sleepio was more

effective in reducing insomnia symptoms than treatment as usual/waiting list,
or a placebo, or attention control. Participants in the RCTs self-referred and
self-reported insomnia or insomnia symptoms, rather than being referred
through primary care or an IAPT. The reported outcomes on sleep
improvement, psychological wellbeing, improved labour market participation
and productivity, and reduced prescribing of hypnotics are all relevant to the
NHS care pathway.
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Clinical experts highlighted the importance of patient selection and patient
choice in increasing engagement and benefits of the Sleepio tool. According
to experts, patient eligibility criteria should include people over 25 who present
in primary care with chronic (> 3 months) mild to moderate insomnia. Experts
noted that caution should be urged before referring CBT-I for certain
populations such as pregnant women and people under 25 years old to rule
out other insomnia mimics (such as restless legs and normative delayed sleep
phase patterns respectively). The EAC notes that there is evidence into both
populations under 25 (such as Freeman et al. 2017) and in pregnant women
(such as Felder et al. 2020) that indicates Sleepio is more effective that
control for improving insomnia symptoms. One expert highlighted that the
preferred measure for insomnia is the I1SI. Experts highlighted that remission
of symptoms in acute insomnia is common, suggesting approximately 50 to
70% of people presenting with acute insomnia experience remission without
treatment. Experts also highlighted that patient selection should consider
excluding people with high average sleep propensity in daily life (using
Epworth sleepiness score), high risk for sleep apnoea (that is untreated) or
moderate or severe restless legs. Specific sleep disorders such as narcolepsy

and parasomnias may be contra-indicated.

Clinical experts discussed insomnia in people who have co-morbidities such
as depression and anxiety. One expert suggested in milder cases of
depression, for example, insomnia may be treated first as it may have
consequent effects on the symptoms of depression. Another, however, noted
that people with depression may be less likely to engage with treatment. One
expert noted that treating depression often results in sleep pattern
improvement without CBT for insomnia and that medical factors may be

addressed first as this may also alleviate insomnia.

Clinical experts suggested that engagement may be predicted by a number of
factors, for example whether the patient has self-referred (as a patient may be
more motivated to address the condition), or factors such as educational
status, health locus of control, access to IT, absence of severe depression,
ethnicity, age or poor vision or use of hands. One real-world study into
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Sleepio (Coulson et al. 2016) suggested that the following 5 self-reported
factors were drivers of engagement 1) the desire to connect with people
facing similar issues, 2) seeking personalised advice, 3) curiosity, 4) being
invited by other members, and 5) wanting to use all available sleep

improvement tools.

The company states that it expects that Sleepio will primarily be used in place
of sleep hygiene education and that Sleepio may be used in place of face-to-

face CBT for insomnia if the latter is difficult to access. .

The company states that launching Sleepio in a healthcare setting will require
clinicians and healthcare providers to attend a 30 minute - 1 hour training
session on 1) how to manage poor sleep and insomnia, 2) how Sleepio works
and how to describe it to patients and 2) how to prescribe Sleepio through the
electronic patient record system. Experts noted that providing feedback to
referrers such as GPs on the number of people registered to use Sleepio and
those in remission would be helpful for understanding outcomes and inform
further referral and training. In general, clinical experts noted that insomnia
training in primary care is currently inconsistent. Some basic training in
insomnia as a condition may be beneficial, for example, to rule out other sleep

conditions that are not insomnia.
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8.2 Ongoing studies

The EAC identified 10 ongoing studies (see also appendix D).

Table 5 — Ongoing Studies

Study Code, Title & | Date Date of First Date of Target | Eligibility Comparator | Study Design Primary

Location Registered | Enrolment Expected Final | Sample Outcome
Enrolment Size

ACTRN12619001539 | 17/11/2019 | 25/09/2020 01/03/2022 375 Over 18 years. | 3 groups Non-randomised | Change in

123 based on no | controlled trial. number of

Online Cognitive and medication, a sleeping pill

Behavioural Therapy single prescriptions.

for Insomnia in medication or

Australian General 2 or more

Practice: An medications

Implementation Trial at baseline

Australia

ACTRN12620001075 | 19/10/2020 | 11/01/2021 Not Reported. | 650 18 years and TAU. RCT. Difference in

976 over. rate of external

A pragmatic trial
seeking to implement
an improved model of
care for people with
insomnia and
obstructive sleep
apnoea (OSA) within

Sleep
Condition
Indicator (SCI)
questionnaire
score of less

medical
referrals.
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an Australian primary
care setting, in order
to increase access to

than or equal
to 16.

evidence-based With

therapies Obstructive
Sleep Apneoa.

Australia

NCT03109210 12/04/2017 | 15/04/2017 14/04/2021 384 21 years and Standard RCT Insomnia
older Care - This Severity Index

Therapist-Directed VS will include (ISI) score

Online Therapy for Diagnosis of routine change

Insomnia Co-Occuring OSA with an assessment

With Sleep Apnea AHI>50na and
diagnostic adjustment of

us polysomnogra | PAP therapy,

m and
instruction in

ISI score > 10 | proper sleep
hygiene.

ISRCTN70652461 08/08/2019 | 01/04/2018 31/12/2020 60 Men and Wait List RCT Insomnia

Sleep and cognition (Retrospectively women aged severity at the

following digital registered) 25 to 65 with end of

cognitive behavioral poor sleep, treatment

therapy for insomnia who do not (week 10)

(CBTi) - the SCOTIA currently take

study medication for
their sleep or

UK mental health.

NCT03322774 26/10/2017 | 09/03/2018 30/04/2023 1000 18 years and Sleep RCT Improvement
over, ISI > 14, | hygiene in Depression
no major education and Insomnia
depressive severity and
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Sleep To Reduce
Incident Depression
Effectively (STRIDE)

symptoms at
baseline.

Reduction in
Rumination.

us
NCT03688763 28/09/2018" | 05/02/2018 Dec 2020 10 18 years and None. Single-group Changes in the
over, with Assignment. Insomnia
A Pilot Study of Digital DSM-5 criteria Severity Index
Cognitive Behavioral defined (ISI)
Therapy for Veterans insomnia
disorder and
USA on a stable
dose of
prescription
medication
and have
comorbid
psychopatholo
gy.
NCT03724305 30/10/2018 | 01/09/2020 01/12/2023 1100 18 years or Sleep RCT Severity of
over Hygiene Insomnia
Reduce Emotional Determination | Education. Symptoms -
Symptoms of of insomnia Acute Post
Insomnia With Smart (ISI>10) Treatment (ISI)
Treatment (RESIST). No depression
(Patient Health
USA Questionnaire-
9)
NCT04180709 27/11/2019 | 30/10/2020 20/11/2022 44 18 years or TAU. RCT Change from
older. baseline Work
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CBT to Reduce

Insomnia and Improve

Social Recovery in
Early Psychosis

SCI-8 =16

First Episode

and Social
Adjustment
Scale (WSAS)
score at week

(CRISP) of Psychosis in 9 of study.
past 5 years.

UK

NCT04272892 17/02/2020 | 14/02/2020 Jan 2021 86 18 years or Sleep RCT Change in SCI
older. Hygiene score

Improving Sleep in Information.

Rehabilitation After 3 months post-

Stroke (INSPIRES) stroke.

UK In stable
health.

NCT03532282 22/05/2018 | 01/02/2019 30/06/2023 240 50 years or Stepped- Stepped-wedge Change in the
older. treatment RCT Insomnia

The RESTING starting with Severity Index

Insomnia Study: Insomnia either (ISI).

Randomized disorder. Sleepio or

Controlled Study on therapist-led

Effectiveness of cognitive

Stepped-Care Sleep behavioral

Therapy (RESTING) therapy for

insomnia
us
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9 Economic evidence

9.1 Published economic evidence
Search strategy and selection

A search for economic evidence was carried out by the company on PubMed.
The search strategy was designed to capture economic evidence relating to
Sleepio and other comparable dCBT-I interventions using the following terms
(Sleep OR Insomnia) AND (digital CBT OR digital CBTI OR dCBT* OR
internet CBT OR internet CBTI OR iCBT* OR web CBT OR web CBTI OR
Sleepio) AND (econ* OR cost* OR resource* OR productiv OR workplace*
OR "sleep medication use"). This resulted in the selection of 12 papers. The
EAC considers the search strategy used by the company to be appropriate,
but felt that more databases should have been included in the search. The
EAC conducted its own search (see section 4.1 and Appendix A). The EAC
included the following databases in its search; Embase, MEDLINE, PubMed,
ClinicalTrials, WHO ICTR, Cochrane Database of Systematic Reviews,
Cochrane Central Register of Controlled Trials, INAHTA Database, and
EconLit. Following the application of cost and economic filters, the EAC
confirmed that no economic evidence in addition to the studies submitted by

the company was available.

Specific inclusion and exclusion criteria were applied for study selection in the
company’s search. The inclusion criteria were: adults over the age of 16 with
difficulty sleeping; interventions included dCBT-I delivered using Sleepio or
dCBT-I delivered using another digital technology; comparators included sleep
hygiene, hypnotic drugs, face-to-face CBT for insomnia, usual care, or digitally
facilitated CBT for insomnia; and outcomes included health care resource use,
(e.g. medication / prescriptions, primary care attendances) or work
productivity. Non-English language studies were excluded. The EAC used a
similar inclusion and exclusion criteria but excluded all dCBT -l delivered

using another digital technology which was not relevant for the evaluation of
Sleepio technology.

There were 12 studies (Darden et al., 2020, De Bruin et al, 2016, Thiart et al.,
2016, Kjgrstad et al., 2020, Shaffer et al, 2020 Behrendt et al, 2020, Blom et
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al, 2016, Luik et al, 2020 Moloney et al, 2020, Stott t al. (upublished), Stokes
(unpublished), Sampson et al. 2021)_identified as relevant to the decision
problem by the company, of which 3 were unpublished studies and 9 were
published studies. De Bruin et al, 2016 provided evidence generally on online
CBT vs group CBT. Only 3 studies (Darden et al., 2020 & Samposon et al
2021, Luik et al 2020) provided economic evidence related to Sleepio
technology and were considered by the EAC. Luik et al 2020 did not report
costs, but did report resource use (prescribed and non-prescribed medication
and health care utilisation (visit to GPs and/or specialist doctors) for Sleepio

vs Sleep hygiene.

Of the studies excluded by the EAC: Thiart et al (2016), Shaffer et al. (2020)
and Moloney et al. (2020) were for other technologies (Shuti and Get.on
Recovery); Kjgrstad et al. (2020) reported the impact on presenteeism and
absenteeism of digital vs face to face CBT; and Behrendt et al. (2020), Blom

et al, (2016) reported impact of digital CBT on insomnia severity scores.

I <)ortcd clinical benefits, but not economic

outcomes

Published economic evidence review

Darden et al. (2020) simulated a decision Markov model of 100,000
individuals using parameters calibrated from the literature including direct and
indirect treatment costs (e.g. insomnia-related healthcare expenditure and lost
workplace productivity) to one of 5 arms; dCBT-I (Sleepio), Pharmacotherapy,
Individual CBT-I, Group CBT-I, and No treatment. The cohort was partitioned
in a decision tree between remission and insomnia at 6 months’ time horizon
and utility weights were assigned. The study focused on a 6-month time
horizon because there is little information on repeated treatment exposure and
longer term remission rates. Health utility estimates were converted into
quality-adjusted life years (QALYs) and one QALY was valued at $50,000.
Direct costs associated with pharmacotherapy was defined as a 100-day
course of generic zolpidem, at a cost of $144.10, and the cost of two

physician office visits, estimated at $114.40 each. The direct cost of Sleepio
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was modelled as a one-time payment of $400 for 12-months access). The
cost of 6-months of individual CBT assumed six visits at $174 each (total
$1,044). The cost of group CBT was $172.50 per individual using an average
(across locations in the US) current procedural terminology (CPT) code rate of
$28.75 multiplied by six visits. For each session of face-to-face CBT
(individual and group CBT), the authors also included costs of two hours of
pay for time spent away from work using the median hourly wage ($27.96)
taken from the US Bureau of Labor Statistics. The analysis assumed that
most face-to-face sessions are delivered during work time. Individual costs
such as travel costs for patients to access face-to-face CBT were not

included.

Sleepio was the most cost-effective insomnia treatment followed by group
CBT, pharmacotherapy, and individual CBT. Digital CBT was cost beneficial
when compared with no insomnia treatment and had a positive net monetary
benefit (NMB) of $681.06 (per individual over 6 months). Bootstrap sensitivity

analysis demonstrated that the NMB was positive in 94.7% of simulations.

The unpublished Sampson et al. (2021) paper reports a quasi-experimental
design, using an interrupted time series to compare the trend in primary care
costs before and after the rollout of Sleepio in UK. Primary care costs include
general practice contacts and prescriptions. Segmented regression analysis
was used to estimate the impact of the introduction of Sleepio on costs and on
prescriptions for insomnia. The study was conducted in the Thames Valley
region of England, where access to Sleepio was made freely available to all
residents between October 2018 and January 2020. Patients were included
from 9 practices if they met one of the following four criteria: diagnosis of
anxiety or depression; diagnosis of insomnia; prescription of hypnotic or
anxiolytic drugs; referral to Sleepio. From a population of 129,865, 10,704
patients were included in the study. The total saving over the 65-week follow-
up period was £71,027. This corresponds to £6.64 per person in the sample,
or around £70.44 per Sleepio user. Secondary analyses suggest that savings
may be driven primarily by reductions in prescriptions. Savings of a similar
magnitude were estimated in years 2 and 3 after extrapolating the trend in
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costs observed in the observation period. The 2 year savings per user were

estimated at £88 and the 3 year savings at £140.

Sensitivity analyses included the impact of the introduction of Sleepio on
prescriptions of drugs commonly given for insomnia and a comparison of
costs in patient referred to Sleepio with those not referred. The majority of
sensitivity analysis confirmed a reduction in resource use following the
introduction of Sleepio, but notably, the comparison of patients referred to
Sleepio with those not referred found higher costs in referred patients. This
sensitivity analysis is not described in detail and the authors dismiss the
findings as a product of selection bias. The analysis appears to have been
robustly implemented, but the description of the patient cohort is limited. For
instance, it is not clear if any restrictions were placed on the duration of time

since the trigger entry criteria (such as a diagnosis of insomnia) was recorded.

Luik et al. 2020 reported the use of sleep medication and healthcare use for
Sleepio as compared to Sleep hygiene. Intention-to-treat analyses
demonstrated that Sleepio reduced use of prescription (adjusted rate ratio
[RR]: 0.64, 95% CI: 0.42; 0.97) and non-prescription sleep medication
(adjusted RR: 0.52, 95% CI: 0.37; 0.74). Uncontrolled follow-up suggests that
these effects were sustained for non-prescribed sleep medication (week 48:
rate ratio 0.52, 95% CI: 0.40; 0.67), but not for prescribed medication (week
48: rate ratio 0.78, 95% CI: 0.58; 1.05). No effect of Sleepio on the number of
visits to GPs or specialist doctors was observed. The results support the
conclusions by Sampson et al. (2021) that savings come from reduced
prescription cost, which is around 60% less for Sleepio compared to Sleep

Hygiene.

Results from the economic evidence

Darden et al. (2020) reports that Sleepio was the most cost-effective insomnia
treatment followed by group CBT, pharmacotherapy, and individual CBT. This
is further supported generally by economic literature (De Bruin et al, 2016)
which reports that Internet CBT-l is a cost-effective treatment compared to
group CBT-I for adolescents. The unpublished Sampson et al. (2021) paper

also reports lower primary care costs across nine practices in the UK over one
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year following introduction of Sleepio. Secondary analyses suggest that
savings were driven primarily by reductions in prescriptions, a result similar to
Luik et al 2020. The evidence in Sampson et al. (2021) is derived from a
cohort of patients who were identified as having sleep problems and given
access to Sleepio. The data does not distinguish costs for patients who
accessed Sleepio and those that did not, which weakens attribution of the

change in costs to Sleepio use.

9.2 Company de novo cost analysis
Economic model structure

The company’s economic analysis models a population of adults with
insomnia symptoms, which includes people without a formal diagnosis. The
model includes a simple one stage decision tree using remission status after
treatment initiation (figure 3). However, costs are not a function of remission
status and hence the decision tree model plays no role in the analysis of
costs. The model compares Sleepio to 2 comparators: treatment as usual,
which includes sleep hygiene and sleep medication; and face-to-face CBT for
insomnia. The first (and primary) comparator is treatment as usual in England,
which is poorly defined, but often involves non-evidence-based treatments. It
is most commonly managed by a general practitioner (GP) through verbal
advice (100%), sleep hygiene education (89%), and by sleep promoting
medication (Everitt et al. 2014). Sleep promoting medication alone as a
distinct comparator is not included, since sleep medication is unsafe and
generally not recommended for the long-term treatment of insomnia, and
there is a lack of evidence comparing Sleepio (or other forms of CBT) to sleep
medication. There are clinical trials demonstrating the superiority of Sleepio
over sleep hygiene education (Pillai et al, 2015; Cheng et al., 2019, Espie et
al, 2019; Henry et al, 2020, Luik et al., 2020, Kalmbach et al., 2020). The
second comparator is individual face-to-face CBT for insomnia. This
comparator is recommended for the treatment of insomnia, but may have

limited availability in parts of the UK.

External Assessment Centre report: MT443 Sleepio for adults with poor sleep
Date: February 2021 98 of 173



The company’s economic analysis estimates the overall cost of providing
access to Sleepio to a large population of patients. Technology costs are a
function of the total population size. Access to Sleepio is assumed to reduce
primary care costs in patients accessing it. The size of the reduction in annual
costs and the proportion of patients accessing Sleepio are based on data from
Sampson et al. 2021. Sampson et al. 2021 reports the overall impact on
primary care costs of providing access to Sleepio for a cohort of patients
identified from records as potentially suffering from insomnia. The study does
not differentiate resource use and cost implications according to rates of
uptake and engagement, or in relation to remission status. The analysis
includes the cost of the technology and comparators and the changes in
primary care resource use costs (based on Sampson et al 2021) extrapolated

over a 3-year time horizon.

There is some evidence that post-treatment improvements in insomnia and
decreases in sleep medication usage are sustained over a 36-month period.
These changes were maintained over a three year follow-up period with the
use of digital CBT-I in Blom et al. (2016). Luik et al. (2020) found that benefits
(improvements in insomnia symptoms as per SCI) were maintained 48-weeks
after receiving Sleepio (using Espie 2019 data). The EAC thinks the
comparators, outcomes and time-horizon are reasonable for this evaluation.
The EAC accepts the structure of the economic analysis presented by the
company. This structure is appropriate as Sampson et al. (2021) represents
the best available evidence on the cost impact of Sleepio in a UK setting,
despite the aggregate nature of the data. The EAC regards the decision tree
component submitted by the company to be extraneous. The data on the
differential cost of Sleepio users achieving remission is not available,

rendering the decision tree redundant.
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Remission

Intervention: Sleepio Treatment initiation
No remission
Remission
Comparator: treatment as usual Treatment initiation
No remission
Remission
Comparator: face-to-face CBT Treatment initiation
No remission

Figure 3 Company model structure

The analysis makes the following assumptions:

e The difference in costs before and after introduction of Sleepio for the
cohort identified as having insomnia, reported in Sampson et al. (2021),
represents the cost savings in this cohort arising from access to

Sleepio. The EAC considers this assumption acceptable.

e The data on resource use observed in the 65 weeks following
introduction of Sleepio can be extrapolated over a period of three years
and represents the total cost savings for the cohort accessing Sleepio
over 3 years. This assumption is concerning. It is possible that cost
savings from access to Sleepio will persist for many years after access.
However, data over 65 weeks from Sampson is of insufficient duration

to be confident of this.

e The analysis implicitly assumes that the cohort accessing Sleepio in
Sampson et al. (2021) represents the annual incidence of patients with
insomnia. The EAC considers this assumption to be highly optimistic.
The cohort in Sampson appears to be a prevalence cohort of patients

with insomnia, some of whom have presumably suffered for many
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years. The EAC considers it highly unlikely that the cohort observed in
Sampson et al. (2021) will be replaced by a similar sized cohort of new

users in each subsequent year.

Sleepio is equivalent to other forms of face-to-face CBT in terms of
both remission and its impact on resource use. This is based on a
meta-analysis of clinical outcomes by Soh et al. (2020), which supports

this assumption for the group of digital CBT technologies for insomnia.

|
I The

EAC could not access the Derose et al. manuscript. The Manber et al.

is still in recruitment phase.

Based on clinical non-inferiority of Sleepio, there is no difference in
primary care resource use for patients treated with Sleepio compared
to patients treated with face-to-face CBT. The EAC thinks this is an

acceptable assumption, due to the lack of data.

Economic model parameters

Clinical parameters and variables

The company estimates uptake of 24,000 people starting CBT with
Sleepio, based on the Thames Valley roll-out. This assumes a 1%
uptake amongst adults with access to Sleepio for a population of 2.4m.
This parameter has been calculated by first estimating the proportion of
patients who commence using Sleepio from the proportion recorded as
referred by the GP in the data in Sampson et al. (2021). This figure is
then scaled up to account for the estimate that the proportion
accessing Sleepio via GP referral is 24.5% of all patients accessing
Sleepio (giving 1283 patients or 0.99% of the practice population). The
resulting estimate is a little higher than the estimated number of
patients from the nine GP practices reported to have accessed Sleepio
in Sampson et al. (2021) (1220, 0.94%). Sampson et al. (2021) also

report an estimate of Sleepio uptake of 0.58% in Buckinghamshire, and
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0.54% in the Thames Valley. Notably, Sampson also indicates the
company made significant efforts to promote Sleepio within the nine
practices, stating “In Buckinghamshire ...the Sleepio team work(ed)
closely with the selected general practices to offer Sleepio to patients
most likely to benefit.” The company examined a lower bound on
uptake of 0.7% in a scenario analysis. The EAC is unclear why the
proportion of users required estimation rather than using the figures
reported in Sampson et al. (2021). The EAC further believes that the
figure used for estimation of GP referrals from the 9 GP practices may
be incorrect. The company has used a figure reported in Samson et al.
2021 for the ‘estimated patients based on Sleepio data’ of 1220. The
EAC considers this to be the estimate of the overall users of Sleepio in
the nine GP practices (0.94% of the practice population). The EAC
believes the number of GP referrals on which the company should
have based their calculation is given by the data reported as ‘estimated
patients based on EMIS data’, which was 1,008. If the latter figure had

been used the estimated proportion of Sleepio users is 0.81%.

¢ Remission from insomnia in the treatment group receiving Sleepio is
assumed to be 53.9% in the base case. The source of this estimate is
Cheng et al. 2019, which is the only study that reports remission rates
for Sleepio across a sample potentially generalisable to the whole
treated population. Using the 95% confidence interval, a best case
(59.1%) and worst case (48.7%) is also used. The EAC notes that
Cheng et al. (2019) includes patients with insomnia and depression.
Given that there is no other evidence related to remission, this estimate
is considered reasonable by the EAC. However, the EAC notes that
cost savings are not estimated as a function of remission status

in the company model.

e The percentage of patients experiencing post-treatment remission from
insomnia for the first comparator (treatment as usual sleep hygiene) is
estimated to be 14.0% and used in the base case (Cheng et al. 2019).

Using the 95% interval, a best case (17.6%) and worst case (10.4%) is

External Assessment Centre report: MT443 Sleepio for adults with poor sleep
Date: February 2021 102 of 173



also used. As above, the EAC notes that Cheng et al. 2019 study
includes patients with insomnia and depression. Given that there is no
other evidence related to remission, this estimate is considered
reasonable by the EAC. Again, the EAC notes that remission status

is not used to estimate costs.

e Sleepio is considered non-inferior to face-to-face CBT. The percentage
of patients experiencing post-treatment remission from insomnia in the
comparator (face-to-face CBT) is assumed to be the same as in the

intervention group. The company supports this assumption from the

literature (Cheng et al. 2019, [ GGG < EAC
could not access the unpublished | G Ch<g

al. 2019 includes patients with insomnia and depression, which raises
concerns that the populations are not equivalent. Hence, the EAC
considers it plausible to assume similar results, but notes weaknesses

in the supporting evidence.

Table 6: Clinical parameters used in the company’s model and any
changes made by the EAC

Variable Company Source EAC value | EAC comment

value

Cohort size

in year one | 24000 13920 The EAC believes that the
figure for Buckinghamshire
reported in Sampson is
more appropriate than the
figure for the nine practices
which provided data for the

evaluation.

Sampson et al.
2021

Cohort size

in
subsequent
years

24000

Assumption

13920/4800

The EAC tested an
assumption that Sleepio
use remained at the initial
rate of 0.58% and an
assumption that it fell to
0.2%.

e The EAC regards the reported uptake of Sleepio in Sampson et al.

2021 of 0.58% for Buckinghamshire to be a better estimate of uptake in
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the first year of access to Sleepio than that calculated by the company,
or the figure reported in Sampson et al. (2021) across9 GP practices
(0.94%). These 9 GP practices appear to have received bespoke
support to provide Sleepio to their practice populations and are likely to
have been more highly motivated to prescribe than other practices in
Buckinghamshire, which were not providing patient data for the study.
Therefore, the EAC amended the company’s analysis to use an uptake

figure of 0.58% in the first year.

The company’s submission implicitly assumes that uptake in subsequent
years will remain at the same level as that observed in the first 65 weeks in
the study in Sampson et al. (2021). The EAC notes that data were selected on
a prevalent cohort of patients meeting criteria for insomnia in Sampson et al.
(2021). The duration of symptoms are not reported. However, the EAC
considers it highly unlikely that uptake in subsequent years will be maintained
at the same rate as the first year. In further analysis, the EAC considered an
optimistic scenario in which uptake was maintained at the figure reported in
Sampson et al. 2021 for Buckinghamshire (0.58%). In a pessimistic scenario,
the EAC assumed that uptake in subsequent years falls to 0.2%. The EAC is
unaware of any data upon which to base uptake of Sleepio beyond the first
year.

Resource identification, measurement and valuation

e Sleepio is provided to NHS systems in a block funding model, whereby
the system pays a fixed price per adult per year in their population to
cover unlimited access to Sleepio. The pricing table below shows the

price per adult charged at different population sizes.

Table 7: Sleepio pricing model

Number of adults in the NHS system Price per adult p.a.
population
0 - 250,000 £1.00
250,001 - 500,000 £0.98
500,001 - 750,000 £0.96
750,001 - 1,000,000 £0.93
1,000,001 + £0.90
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e The company analysis assumes the total population given access to

Sleepio is 2,400,000, hence the technology price is £ 0.90 per head per

year.

e The cost of face-to-face CBT-I uses the generic cost of CBT (Curtis

2013). Thus, one session of individual in-person CBT-I has an
estimated cost to the NHS of £31 - £133. Taking the midpoint of the
PSSRU estimate, the cost of six sessions comparable to the Sleepio
programme is £82 x 6 = £492. The PSSRU cost uses 2012 prices; after

inflation the cost of face-to-face CBT is estimated to be £542 (range

£205 and £878).

e There is a reduction in primary care resource use per Sleepio user in

year 1 of £49.52 (Sampson et al. 2021), and the estimated cost saving

for year 2 and 3 is £45.04 per year. The EAC has some concerns on

the validity of extrapolating the data reported in Sampson et al. 2021

over three years, but accepts the values reported in Sampson et al.

2021, in the absence of other evidence.

Table 8: Cost parameters used in the company’s model and changes

made by the EAC

user (year 3)

Parameter Company EAC Source
value value
£ 0.90 per
Technology price adult in the Same Company submission
population
Comparator (Sleep hygiene) £0 Same
Company estimates
Comparator (face to face CBT) £492 £542 inflated to current
prices
Primary care resource use per £49.52 Same Sampson et al. 2021
user (year 1)
Primary care resource use per Sampson et al. 2021,
user (year 2) £43.52 Same discounted at 3.5%
Primary care resource use per £42.05 Same Sampson et al. 2021,

discounted at 3.5%
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Sensitivity analysis
The base case analysis assumes uptake of 1%, based on data reported in

Sampson et al. (2021) for the 9 practices providing the cohort. The company

has presented a scenario analysis in which uptake is estimated to be 0.7%,

and hence the cohort size is reduced to 16000. Sensitivity analyses are

conducted on the basis of best- and worst-case scenarios based on

confidence intervals for cost savings associated with Sleepio users and the

likelihood of remission. The latter sensitivity analysis is redundant as the cost

impact of Sleepio in the company’s analysis is not a function of remission.

9.3

Base case results

Table 9: Summary of base case results

Comparison with face to face CBT

Results from the economic modelling

Company’s results (per patient)

EAC'’s results, single cohort analysis

(per patient)
Technology Comparator | Cost Technology | Comparator | Cost
saving per saving per
(Face to face | patient (Face to patient
CBT) face CBT)
Consumables £90* £492 £402 £155.17* £542 £386.83
Primary care
cost savings -£49.52 -£49.52 £0 -£49.52 -£49.52 £0
(Year 1)
Primary care
cost savings -£85.56 -£85.56 £0 -£85.56 -£85.56 £0
(Year 2&3)
Total (Year 1) £40.48 £442 .48 £402 £105.65 £492.48 £389.83
Total (3 -£45.08 £356.92 £402 £20.09 £406.92 | £386.83
Years)
*Technology cost per person is calculated as the population cost divided by the
estimated number of users
Comparison with usual care
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Company’s results (per patient)

EAC'’s results single cohort analysis

(per patient)
Technology Comparator | Cost Technology | Comparator | Cost
saving per saving per

(usual care) patient (usual care) | patient
Consumables £90 £0 -£90 £155.17* £0 -£155.17
Primary care
cost savings -£49.52 £0 £49.52 -£49.52 £0 £49.52
(Year 1)
Primary care
cost savings -£85.56 £0 £85.56 -£85.56 £0 £85.56
(Year 2&3)
Total (Year 1) 40.48 £0 -£40.48 £105.65 £0 -£105.65
Total (3 £45.08 £0 £45.08 | £20.09 £0 £20.09
Years)

*Technology cost per person is calculated as the population cost divided by the
estimated number of users

Sensitivity analysis results

The company’s analysis of best and worst-case scenarios on remission rates

show no impact on costs. This is because their analysis does not differentiate

costs by remission status. In scenario analysis, the company considered a

lower uptake rate of 0.7%. This reduced the patient cohort using Sleepio to

16,800 from 24000. Primary care cost savings, which are estimated per

Sleepio user are decreased. The overall cost of Sleepio remains negative, but
increases from -£45.08 to -£6.51.

The EAC undertook additional analysis comparing the cost of Sleepio with

usual care. This sensitivity analysis examined the proportion of patients

accessing Sleepio, the cost of Sleepio and the duration of reductions in

primary care resource use following access. Table 10 reports the incremental

cost of Sleepio compared to usual care over three years for the first year’s

cohort as a function of uptake after varying this parameter between 0.5% and

1.0%. Cost savings fall as the proportion of users reduces due to the
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associated fall in cost savings. The breakeven rate for the first year’s cohort is

0.666%.

Table 10
Sleepio Sleepio Equivalent Primary care | Cost saving
uptake cost per Sleepio cost | cost savings | per patient

head per user (three years)

0.5% £0.90 £180 £135.08 -£44.92
0.6% £0.90 £150 £135.08 -£14.92
0.7% £0.90 £128.57 £135.08 £6.51
0.8% £0.90 £112.50 £135.08 £22.58
0.9% £0.90 £100 £135.08 £35.08
1.0% £0.90 £90 £135.08 £45.08

Table 11 reports the incremental cost of Sleepio compared to usual care over

3 years for the first year’s cohort as a function of the cost of Sleepio per user

and the cost per head of population on an assumptions that 0.58% of the

relevant population accesses Sleepio. Sleepio becomes cost saving when the

cost saving per head falls to £0.78.

Table 11
Sleepio Sleepio Equivalent Primary care | Cost saving
uptake cost per Sleepio cost | cost savings per patient
head per user (three years)
0.58% £1.00 £172.41 £135.08 -£37.33
0.58% £0.90 £155.17 £135.08 -£20.09
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0.58% £0.80 £137.91 £135.08 -£2.83
0.58% £0.70 £120.69 £135.08 £14.39
0.58% £0.60 £103.45 £135.08 £31.63
0.58% £0.50 £86.21 £135.08 £48.87

Table 12 reports the incremental cost of Sleepio compared to usual care for
the first year’s cohort after varying the duration of cost savings with Sleepio
from one year to six years. Sleepio becomes cost saving at a 0.58% uptake if

cost savings over 65 weeks observed in Sampson et al. 2021 are maintained

for four years in total.

Table 12
Sleepio Sleepio Equivalent Primary care | Cost saving
uptake cost per Sleepio cost | cost savings | per patient
head per user (varying

years)

0.58% £0.90 £155.17 £49.52 -£105.65
(one year)

0.58% £0.90 £155.17 £93.04 -£62.13
(two years)

0.58% £0.90 £155.17 £135.08 -£20.09
(three years)

0.58% £0.90 £155.17 £175.71 £20.54
(four years)

0.58% £0.90 £155.17 £214.96 £59.79
(five years)
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0.58% £0.90 £155.17 £252.88

(six years)

£97.71

Additional results

The company’s analysis modelled a single cohort over 3 years based on
extrapolation of costs observed over 65 weeks in Sampson et al. (2021). In
practice, NHS providers would be expected to pay a fee per capita per annum
for ongoing access to Sleepio for their populations. Hence, in practice each
subsequent year beyond the first will accrue additional costs for the provision
of Sleepio and additional savings. Savings consist of primary care resources
reduced for patients accessing Sleepio in that year and also the extrapolated

ongoing savings for previous years’ cohorts who accessed Sleepio.

The EAC undertook additional analysis to quantify the rolling total costs since
inception for 1, 3, 5, 10 and 20 years after commencing provision of Sleepio
for a population of 2,400,00. The EAC assumed cost savings over 3 years as
in the company’s base case submission. The EAC assumed uptake of 0.58%
of the population in the first year as for the EAC’s single cohort analysis. The
EAC compared 2 scenarios for uptake in the years after the first year of
provision of Sleepio. In the optimistic analysis the EAC assumed that uptake
was maintained at 0.58% of the population (per year). In the pessimistic
analysis the EAC assumed that uptake fell to 0.2% of the population for each
year beyond the first year of rollout. In both scenarios, the overall cost of

provision rises over time.

Optimistic scenario

Years Sleepio cost | Primary care | Overall cost
costs averted | saving

1 £2,160,000 £689,318 -£1,420,948

3 £6,263,340 £3,775,110 -£2,404,087
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5 £10,093,851 | £7,221,208 | -£2,775,500

10 £18,592,603 |£14,867,063 |-£3,599,556

20 £31,773,249 | £26,724,958 | -£4,877,576
Pessimistic scenario

Years Sleepio cost | Primary care | Overall cost

costs averted | saving

1 £2,160,000 |£689,318 -£1,420,948

3 £6,263,340 |£2,533,712 |-£3,603,505

5 £10,093,851 |£3,722,022 |-£6,156,357

10 £18,592,603 | £6,692,681 -£11,497,509

20 £31,773,249 | £11,547,712 | -£19,541,582
94 The EAC’s interpretation of the economic evidence

The cost impact of Sleepio is based on three components: the cost of access,
which is a function of population size; the relevant population with insomnia
who might be expected to access Sleepio; and the impact on primary care
costs of using Sleepio. The first component is transparently estimated from

the company’s pricing system. The second component has been estimated by
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the company on the basis of data in Sampson et al. 2021. The third

component is taken from the Sampson publication results.

The EAC has concerns regarding the estimation that 1% of general practice
populations will access Sleepio in the first year and hence reduce their
primary care resource use. The EAC believes the figure may have been
calculated incorrectly. The EAC further believes that the figures for Sleepio
users reported in Sampson et al. (2021) as ‘Estimated patients based on
Sleepio data’ to provide a better estimate of Sleepio users. Finally, the EAC
believes that the estimated Sleepio users reported for Buckinghamshre
(0.58%) is a better indicator of uptake than the value of 0.94% for the 9 GP
practices from which EMIS data were obtained. Sampson et al. (2021) notes
that these practices received targeted support and promotional material from
the company. The extent of this support is not clearly described. It is also
likely that these practices were more highly motivated to recall and refer
patients. This appears to have translated into a much higher usage of Sleepio

in the 9 practices than the rest of Buckinghamshire.

The company’s analysis implicitly assumes that 1% of patients will be referred
to Sleepio every year. In the absence of such a pattern, cost savings from
Sleepio would quickly fall, whereas the cost of the device is a fixed per annum
charge based on population size. The EAC thinks this assumption is highly
unlikely to hold. The EAC notes a lack of available data upon which to

estimate the fall off in access to Sleepio over time.

The EAC accepts the evidence from Sampson et al. 2021 on the cost savings
following the introduction of Sleepio. Notwithstanding, the EAC notes that
such an analysis is an unusual basis for a technology appraisal. The study
has a number of strengths. The sample is large and is representative of the
relevant patient population. The data represent resource use in routine
primary care avoiding contamination with artefacts of trial protocols. The
analysis appears to be robust. The model specification is transparent and the
use of linear trends gives confidence that the results are not an artefact of the

model specification.
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The application of this evidence to the estimation of the cost impact of Sleepio
also highlights limitations. Observations over 65 weeks give some confidence
that cost savings are likely beyond the 65 week period, but the EAC believes
the data cannot be extrapolated to 3 years with confidence. The possibility
remains that other factors rather than Sleepio may have been responsible for
the change in the trend of primary care costs. Inference on causation would
have been greatly strengthened by the inclusion of control data for the same
period. Finally, such designs are susceptible to regression to the mean; it
would not be a surprise to find a reduction in prescribing over time in a sample

of patients selected on the basis of prescription of short term sleep agents.

The EAC considers the company’s model of remission from insomnia to offer
no insight into the cost impact of Sleepio, over and above that provided by the
Sampson et al. (2021) study. The EAC notes that the company’s cost
estimates are based on data drawn from Sampson et al. (2021). The EAC
accepts this study as the basis of the estimate of the impact on primary care
costs of access to Sleepio. However, the EAC believes the proportion of
patients likely to use Sleepio is lower than either the base estimate or the

value used in sensitivity analysis in the company’s submission.

The EAC revised the company’s model to consider a base case uptake of
0.58% of the adult population, based on the data from Buckinghamshire
reported in Sampson et al. 2021. After this revision the cost savings per
Sleepio use, as estimated in Sampson et al. 2021 and extrapolated over 3
years are insufficient to offset the cost of Sleepio. The EAC considers the
extrapolation of cost savings from Sampson et al. 2021 to be an optimistic

estimate of the long term cost savings derived from the use of Sleepio.

The EAC also notes that cost savings in the current model assume that use of
Sleepio in future years will be maintained at the same proportion of the adult
population as that estimated for the first year. The EAC considers it likely that
the proportion of users in subsequent years will not be as high as the
proportion recorded in the first year and reported in Sampson et al.
(2021).The EAC undertook additional analysis in which it estimated the
cumulative overall cost of the provision of Sleepio over varying time periods
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for a population of 2,400,000. This analysis retained the company’s original
assumptions regarding the cost savings (over 3 years) attributable to the use
of Sleepio. Under a favourable assumption of annual uptake of 0.58% of the

population each year, overall costs are positive and grow over time.

The EAC believes the pessimistic model to offer a more realistic scenario
regarding uptake of Sleepio beyond the first year. In this scenario, costs are
£1.4m after one year rising to £6.1m for the net present value of the overall
costs over five years. On the basis of these projections the EAC concludes
that Sleepio is highly unlikely to be cost saving at a price per head of £0.90

per annum per year.

The EAC revised the company’s single year comparison of Sleepio with face-
to-face CBT. The result was a modest increase in costs for Sleepio users, but
Sleepio remained far cheaper than face-to-face CBT. The EAC has not
included face-to-face CBT in its multiple year population model. It is plausible
that Sleepio will reduce referral for face-to-face CBT. If this were to occur
there would be additional cost savings associated with the provision of
Sleepio. The EAC notes that existing provision of face-to-face CBT for
insomnia is poor in some areas. Consequently, any reduction is unlikely to
generate considerable additional savings. On the assumption that referral is
capacity constrained, it is possible that no reduction in referral will occur.
Hence, the EAC does not consider the exclusion of face-to-face CBT to have

significantly impacted its overall cost estimates.

10 Conclusions

10.1 Conclusions from the clinical evidence

The company included 26 published fulltext studies in their clinical submission
(including 12 RCTs and 6 secondary analysis papers). The EAC excluded 1
non-randomised study due the population being under 18 year (Cliffe 2020).
The evidence shows that Sleepio is consistently superior to standard care for
reducing symptoms of insomnia, however high heterogeneity among studies

(in terms of population and outcome measurement) raises challenges pooling
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data and providing a definitive conclusion in terms of how effective Sleepio is
compared with standard care. There were no studies comparing Sleepio with
face-to-face CBT.

The EAC concludes that there is good quality clinical evidence that Sleepio
improves sleep. Results favour Sleepio over waiting list, sleep hygiene
education or placebo (e.g. Espie 2012 imaginary relief therapy) in people who
have self-reported insomnia symptoms. One secondary analysis into longer
term outcomes (Luik et al. 2020) found that improvements in insomnia
symptoms were maintained at 48 weeks, indicating that improvements due to
use of Sleepio may be maintained over the longer term, albeit this was
observed for a fraction of the participants due to low engagement rates. The
reported outcomes on sleep improvement, psychological wellbeing, improved
labour market participation and productivity, and reduced prescribing of

hypnotics are all relevant to the NHS care pathway.

There was high loss to follow up in most studies (higher in the Sleepio than
the control arm), however most RCTs were analysed as ITT to account for
missing data. Clinical experts noted that uptake and engagement is typically
low with online CBT for insomnia, leading to high loss to follow up (compared
with standard care) and highlighted the importance of appropriate patient

selection for using Sleepio.

10.2 Conclusions from the economic evidence
The EAC considers the unpublished Sampson et al. (2021) study to provide

the most relevant data on the impact of Sleepio on primary care costs. Those
data indicate an overall reduction in the first year following access to Sleepio
of around £50 for a prevalent cohort with evidence of insomnia and in whom
some will have accessed Sleepio. The EAC has reservations regarding the
period over which these savings can be extrapolated beyond the 65 week
observation window, although it accepts that the trend to lower costs following
access to Sleepio was observed over the 65 week follow-up. The EAC
believes that the company’s estimate of the proportion of general practice

populations that might benefit from Sleepio is a best case scenario. The EAC
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modified this parameter and applied the estimate of 0.58% based on uptake
reported for Buckinghamshire in Sampson et al. 2021. This is lower than the
0.94% reported in the 9 general practices from which patient level data were
taken, but Sampson indicates that these practices received additional tailored
promotional material. It also seems likely that the GPs in the9 sample
practices were highly motivated to refer. Following the change in the uptake
parameter to 0.58% Sleepio becomes cost incurring at a cost of £20.09 per

patient in a single patient cohort analysis.

This estimate of £20.09 per patient captures the cost of providing Sleepio for 1
year and the projected savings for that cohort over 3 years. Savings lag the
ongoing cost of provision of Sleepio. If uptake in subsequent years is the
same as the uptake in the first year then the accumulated cost per patient
accessing Sleepio will asymptotically approach the cost for the first cohort as
the time horizon for the analysis increases. However, the EAC notes that the
uptake estimate from Sampson et al. (2021) represents the first year of
access for all patients. It seems likely that uptake will fall in subsequent years.
In that scenario the cost per patient will asymptotically approach the cost per
patient cohort at the estimated steady state uptake rate. For these reasons
the EAC’s cost estimate for the first cohort represents an optimistic
assessment of the longer term cost impact of Sleepio. Consequently, the EAC
concludes that it is highly likely the Sleepio will be cost incurring at a price per

head of £0.90 per year.

11 Summary of the combined clinical and

economic sections

The EAC believes that, overall, Sleepio may be clinically beneficial for adults
over 25 years old with chronic (> 3 months), mild-to-moderate insomnia
compared with treatment as usual or sleep hygiene education. There is
evidence that Sleepio is better than control for improving insomnia symptoms
in people under 25 years old and in pregnant women, but clinical experts

noted that insomnia mimics in these groups are common and should be ruled
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out before referral. The benefits at the health system level are dependent on
patients engaging with the programme. The EAC believes that the estimate in
the company’s economic submission of the proportion of general practice
populations that might benefit from Sleepio is a best case scenario. To
understand the economic impact, the EAC applied the estimated uptake of
0.58% based on uptake reported for Buckinghamshire in Sampson et al.
2021. This is lower than 0.94% reported in the 9 general practices from which
patient level data were taken, as the EAC believes this figure is more realistic.
Following the change in the uptake parameter to 0.58% Sleepio becomes cost
incurring at a cost of £20.09 per patient over one year. Therefore, at this level
of uptake the EAC believes the case for adopting the technology is not
supported for insomnia in adults. Sensitivity analyses indicate that Sleepio
becomes cost neutral when uptake is between 0.6 and 0.7%, therefore
adequate uptake is key to recommending the adoption of Sleepio. It is unclear
whether engagement at this level is likely in practice. Adequate uptake and
engagement are crucial to seeing benefits of Sleepio in the health system,
therefore, investigating how to optimise patient selection, uptake and

engagement would be valuable.

12 Implications for research

The evidence base may be further strengthened by addressing the following

uncertainties:

¢ Head-to-head evidence to clarify how Sleepio compares with
traditional face-to-face CBT. How does engagement and

effectiveness compare in the long term?

e Evidence on patient selection, in terms of who is more likely to
engage with Sleepio and who is likely to benefit most, is an

important consideration when assessing health system benefits.
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e Populations in these studies were self-reporting symptoms.
Outcomes may differ in a population with a formal clinical evaluation

of insomnia.

e There are currently RCTs that indicate that Sleepio is beneficial in
the longer term (at least 3 to 6 months) for insomnia symptoms.
Future studies, for example into different population subgroups,
would also benefit from including longer term follow up as part of

their study design.
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14 Appendices

Use the appendices to describe additional data and information as needed —
we've given some examples as a guide.

List the titles of the appendices here.

Appendix A

Clinical data search strategy.
Search date: 11 January 2021
List of the searches recourses
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Cochrane Library including 384
e Cochrane Database of Systematic Reviews

e Cochrane Central Register of Controlled Trials (CENTRAL)

Embase <1974 to 2021 Week 01> (via Ovid SP) 490
Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non- 286
Indexed Citations and Daily <1946 to January 08, 2021>

PubMed 316
ClinicalTrials.Gov 110
WHO ICTRP 9
INAHTA 0
Econlit via Proquest 0

Cochran Library

Date Run: 11/01/2021 17:14:58

#1 | (Imh "Sleep Initiation and Maintenance Disorders"] or Insomnia:ti,ab) AND (Sleepio* 384
or (([mh Internet] or [mh "Online Systems"] or [mh Telemedicine] or [mh "Therapy,
Computer-Assisted"] or (Digital or Internet or Online or Web):ti,ab) AND ([mh
"Cognitive Behavioral Therapy"] or (Cognitive Behavi* Therapy or CBT):ti,ab)))

Embase

1 Sleep Disorder/ or Insomnia.ti,ab. (99404)

2 Sleepio*.af. (39)

3 Internet/ or Online System/ or Telemedicine/ or Computer Assisted Therapy/ or (Digital or
Internet or Online or Web).ti,ab. (604191)

4 Cognitive Behavioral Therapy/ or (Cognitive Behavi?or* Therapy or CBT).ti,ab. (32499)

5 3and4(3732)

6 2o0or5(3742)

7 1and 6(490)

MEDLINE

1 "Sleep Initiation and Maintenance Disorders"/ or Insomnia.ti,ab. (26474)

2 Sleepio*.af. (15)

3 Internet/ or Online Systems/ or Telemedicine/ or Therapy, Computer-Assisted/ or (Digital or
Internet or Online or Web).ti,ab. (453859)

4 Cognitive Behavioral Therapy/ or (Cognitive Behavi?or* Therapy or CBT).ti,ab. (33686)

5 3and 4 (3555)

6 20r5(3562)

7 1and 6(286)

PubMed

("Sleep Initiation and Maintenance Disorders"[MH] OR Insomnia[TIAB]) AND | 316
(Sleepio*[ALL] OR ((InternetfMH] OR "Online Systems"[MH] OR Telemedicine[MH]
OR "Therapy, Computer-Assisted"[MH] OR Digital[TIAB] OR Internet[TIAB] OR
Online[TIAB] OR Web[TIAB]) AND ("Cognitive Behavioral Therapy'[MH] OR
Cognitive Behavior Therapy[TIAB] OR Cognitive Behavioral Therapy[TIAB] OR
Cognitive Behaviour Therapy[TIAB] OR Cognitive Behavioural Therapy[TIAB] OR
CBTI[TIAB])))

ClinicalTrials.Gov
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Advanced Search

Condition or disease: Sleep Initiation and Maintenance Disorders OR Insomnia
Intervention/treatment: Sleepio OR ((Cognitive OR CBT) AND (Digital OR Internet OR
Online OR Web))

WHO ICTRP*

| Sleepio

* Advanced search was inaccessible at search date.

INAHTA

| Sleepio

Econlit

| Sleepio*
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Appendix B

Cochrane Risk of Bias 2 for randomised studies

Intention to treat

deviations from

Unique ID A1 Study ID Espie 2012
assignment to intervention (the 'intention-
Ref or Label Espie 2012 Aim to-treat' effect)
. i Placebo and control

Experimental Sleepio Comparator

Outcome Sleep efficiency Results

Domain Signalling question Response
1.1 Was the allocation sequence random? Y

fB'as ?':'smg 1.2 Was the allocation sequence concealed until participants were enrolled and assigned to interventions? PY

rom the

randomization , o : . . L

process 1.3 Did baseline differences between intervention groups suggest a problem with the randomization process? PN
Risk of bias judgement Low

Bias due to 2.1.Were participants aware of their assigned intervention during the trial? PY

External Assessment Centre report: MT443 Sleepio for adults with poor sleep

Date: February 2021

126 of 173




intended

interventions 2.2.Were carers and people delivering the interventions aware of participants' assigned intervention during the trial PY
2.3. If Y/PYINI to 2.1 or 2.2: Were there deviations from the intended intervention that arose because of the experimental PN
context?
2.4 If Y/PY to 2.3: Were these deviations likely to have affected the outcome? NA
2.5. If Y/PYINI to 2.4: Were these deviations from intended intervention balanced between groups? NA
2.6 Was an appropriate analysis used to estimate the effect of assignment to intervention? Y
2.7 If N/PN/NI to 2.6: Was there potential for a substantial impact (on the result) of the failure to analyse participants in the NA
group to which they were randomized?
Risk of bias judgement Low
3.1 Were data for this outcome available for all, or nearly all, participants randomized? PN
3.2 If N/PN/NI to 3.1: Is there evidence that result was not biased by missing outcome data? Y
Bias due to
missing 3.3 If N/PN to 3.2: Could missingness in the outcome depend on its true value? NA
outcome data
3.4 If Y/PY/NI to 3.3: Is it likely that missingness in the outcome depended on its true value? NA
Risk of bias judgement Low
4.1 Was the method of measuring the outcome inappropriate? PN
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4.2 Could measurement or ascertainment of the outcome have differed between intervention groups? PN
4.3 Were outcome assessors aware of the intervention received by study participants? PY
Bias in
measurement of | 4.4 If Y/PY/NI to 4.3: Could assessment of the outcome have been influenced by knowledge of intervention received? PN
the outcome
4.5 If Y/IPY/INI to 4.4: Is it likely that assessment of the outcome was influenced by knowledge of intervention received? NA
Risk of bias judgement Low
5.1 Were the data that produced this result analysed in accordance with a pre-specified analysis plan that was finalized before v
unblinded outcome data were available for analysis?
Bias in selection | 5.2 ... multiple eligible outcome measurements (e.g. scales, definitions, time points) within the outcome domain? PN
of the reported
result 5.3 ... multiple eligible analyses of the data? PN
Risk of bias judgement Low
Overall bias Risk of bias judgement Low
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Unique ID A3 Study ID Bostock 2016

assignment to intervention (the 'intention-

Ref or Label Bostock 2016 Aim to-treat' effect)
] _ Waiting list

Experimental Sleepio Comparator

Outcome Sleep problem and work productivity Results

Domain Signalling question Response
1.1 Was the allocation sequence random? Y

Bias arising 1.2 Was the allocation sequence concealed until participants were enrolled and assigned to interventions? PY

from the

randomization , o . . : L

process 1.3 Did baseline differences between intervention groups suggest a problem with the randomization process? PN
Risk of bias judgement Low

. 2.1.Were participants aware of their assigned intervention during the trial? PY

Bias due to

?net\e":(tif:s from 2.2.Were carers and people delivering the interventions aware of participants' assigned intervention during the trial? PY

interventions 2.3. If Y/PY/NI to 2.1 or 2.2: Were there deviations from the intended intervention that arose because of the experimental PN
context?
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2.4 If Y/PY to 2.3: Were these deviations likely to have affected the outcome? NA
2.5. If Y/PY/NI to 2.4: Were these deviations from intended intervention balanced between groups? NA
2.6 Was an appropriate analysis used to estimate the effect of assignment to intervention? Y
2.7 If N/PN/NI to 2.6: Was there potential for a substantial impact (on the result) of the failure to analyse participants in the NA
group to which they were randomized?
Risk of bias judgement Low
3.1 Were data for this outcome available for all, or nearly all, participants randomized? PY
3.2 If N/PN/NI to 3.1: Is there evidence that result was not biased by missing outcome data? NA
Bias due to
missing 3.3 If N/PN to 3.2: Could missingness in the outcome depend on its true value? NA
outcome data
3.4 If Y/PY/NI to 3.3: Is it likely that missingness in the outcome depended on its true value? NA
Risk of bias judgement Low
4.1 Was the method of measuring the outcome inappropriate? PN
Bias in
measurement of | 4.2 Could measurement or ascertainment of the outcome have differed between intervention groups? PN
the outcome
4.3 Were outcome assessors aware of the intervention received by study participants? PY
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4.4 If Y/IPYINI to 4.3: Could assessment of the outcome have been influenced by knowledge of intervention received? PN
4.5 If Y/IPY/NI to 4.4: Is it likely that assessment of the outcome was influenced by knowledge of intervention received? NA
Risk of bias judgement Low
5.1 Were the data that produced this result analysed in accordance with a pre-specified analysis plan that was finalized before v
unblinded outcome data were available for analysis?

Bias in selection | 5.2 ... multiple eligible outcome measurements (e.g. scales, definitions, time points) within the outcome domain? PN

of the reported

result 5.3 ... multiple eligible analyses of the data? PN
Risk of bias judgement Low

Overall bias Risk of bias judgement Low

Unique ID A4 Study ID Barnes 2017

assignment to intervention (the 'intention-
Ref or Label Barnes 2017 Aim to-treat' effect)
] _ Waiting list
Experimental Sleepio Comparator
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Outcome Insomnia, mood, job satisfaction Results Waiting list

Domain Signalling question Response
1.1 Was the allocation sequence random? Y

Bias arising 1.2 Was the allocation sequence concealed until participants were enrolled and assigned to interventions? PY

from the

randomization

process 1.3 Did baseline differences between intervention groups suggest a problem with the randomization process? PN
Risk of bias judgement Low
2.1.Were participants aware of their assigned intervention during the trial? PY
2.2.Were carers and people delivering the interventions aware of participants' assigned intervention during the trial? PY
2.3. If Y/PYINI to 2.1 or 2.2: Were there deviations from the intended intervention that arose because of the experimental PN

Bias due to context?

fjeVIatlons from 2.4 If Y/PY to 2.3: Were these deviations likely to have affected the outcome? NA

intended

interventions
2.5. If Y/PYINI to 2.4: Were these deviations from intended intervention balanced between groups? NA
2.6 Was an appropriate analysis used to estimate the effect of assignment to intervention? PY
2.7 If N/PN/NI to 2.6: Was there potential for a substantial impact (on the result) of the failure to analyse participants in the NA

group to which they were randomized?
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unblinded outcome data were available for analysis?

Risk of bias judgement Low
3.1 Were data for this outcome available for all, or nearly all, participants randomized? PN
3.2 If N/PN/NI to 3.1: Is there evidence that result was not biased by missing outcome data? PN
Bias due to
missing 3.3 If N/PN to 3.2: Could missingness in the outcome depend on its true value? NI
outcome data
3.4 If Y/PY/NI to 3.3: Is it likely that missingness in the outcome depended on its true value?
Risk of bias judgement el
concerns
4.1 Was the method of measuring the outcome inappropriate? PN
4.2 Could measurement or ascertainment of the outcome have differed between intervention groups? PN
Bias in 4.3 Were outcome assessors aware of the intervention received by study participants? PY
measurement of
the outcome 4.4 If YIPYINI to 4.3: Could assessment of the outcome have been influenced by knowledge of intervention received? PN
4.5 If Y/IPY/INI to 4.4: Is it likely that assessment of the outcome was influenced by knowledge of intervention received? NA
Risk of bias judgement Low
5.1 Were the data that produced this result analysed in accordance with a pre-specified analysis plan that was finalized before PY
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5.2 ... multiple eligible outcome measurements (e.g. scales, definitions, time points) within the outcome domain? PN
Bias in selection
of the reported | 5.3 ... multiple eligible analyses of the data? PN
result

Risk of bias judgement Low

. . .. Some
Overall bias Risk of bias judgement CONCerns
Unique ID A5 Study ID McGrath 2017
assignment to intervention (the 'intention-
Ref or Label McGrath 2017 Aim to-treat' effect)
. _ Standard care (vascular risk factor

Experimental Sleepio Comparator education)
Outcome Ambulatory SBP, sleep quality Results

Signalling question Response
Bias arising 1.1 Was the allocation sequence random? Y
from the
randomization _ . - . : ,
process 1.2 Was the allocation sequence concealed until participants were enrolled and assigned to interventions? Y
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1.3 Did baseline differences between intervention groups suggest a problem with the randomization process?

Risk of bias judgement Low
2.1.Were participants aware of their assigned intervention during the trial? PY
2.2.Were carers and people delivering the interventions aware of participants' assigned intervention during the trial? PN
2.3. If Y/PY/NI to 2.1 or 2.2: Were there deviations from the intended intervention that arose because of the experimental PN
context?
B'a§ d_ue to 2.4 If Y/IPY to 2.3: Were these deviations likely to have affected the outcome? NA
deviations from
intended 2.5. If Y/PY/INI to 2.4: Were th deviati fi intended int tion bal d bet ? NA
interventions 5. 0 2.4: Were these deviations from intended intervention balanced between groups”
2.6 Was an appropriate analysis used to estimate the effect of assignment to intervention? PY
2.7 If N/PN/NI to 2.6: Was there potential for a substantial impact (on the result) of the failure to analyse participants in the NA
group to which they were randomized?
Risk of bias judgement Low
3.1 Were data for this outcome available for all, or nearly all, participants randomized? PN
Bias due to
missing 3.2 If N/PN/NI to 3.1: Is there evidence that result was not biased by missing outcome data? PN
outcome data
3.3 If N/PN to 3.2: Could missingness in the outcome depend on its true value? PY
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3.4 If Y/PY/NI to 3.3: Is it likely that missingness in the outcome depended on its true value? PN
Risk of bias judgement SO
concerns
4.1 Was the method of measuring the outcome inappropriate? PN
4.2 Could measurement or ascertainment of the outcome have differed between intervention groups? NI
Bias in 4.3 Were outcome assessors aware of the intervention received by study participants? N
measurement of
the outcome 4.4 If Y/IPY/NI to 4.3: Could assessment of the outcome have been influenced by knowledge of intervention received? NA
4.5 1f YIPY/NI to 4.4: Is it likely that assessment of the outcome was influenced by knowledge of intervention received? NA
Risk of bias judgement Some
concerns
5.1 Were the data that produced this result analysed in accordance with a pre-specified analysis plan that was finalized before v
unblinded outcome data were available for analysis?
Bias in selection | 5.2 ... multiple eligible outcome measurements (e.g. scales, definitions, time points) within the outcome domain? PN
of the reported
result 5.3 ... multiple eligible analyses of the data? PN
Risk of bias judgement Low
Overall bias Risk of bias judgement Some
concerns
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Unique ID A6 Study ID Freeman 2017

assignment to intervention (the 'intention-

Ref or Label Freeman 2017 Aim to-treat' effect)
. , Treatment as usual

Experimental Sleepio Comparator

Outcome insomnia, paranoia, and hallucinations Results

Domain Signalling question Response
1.1 Was the allocation sequence random? Y

Bias arising 1.2 Was the allocation sequence concealed until participants were enrolled and assigned to interventions? PY

from the

randomization , o : . . L

process 1.3 Did baseline differences between intervention groups suggest a problem with the randomization process? PN
Risk of bias judgement Low

B'a§ d_ue to 2.1.Were participants aware of their assigned intervention during the trial? PY

deviations from

intended 2.2.W d le delivering the int ti f participants' igned int tion during the trial? PN

interventions .2.Were carers and people delivering the interventions aware of participants' assigned interventio g :
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2.3. If Y/PY/NI to 2.1 or 2.2: Were there deviations from the intended intervention that arose because of the experimental

context? PN
2.4 If Y/PY to 2.3: Were these deviations likely to have affected the outcome? NA
2.5. If Y/PYINI to 2.4: Were these deviations from intended intervention balanced between groups? NA
2.6 Was an appropriate analysis used to estimate the effect of assignment to intervention? PY
2.7 If N/PN/NI to 2.6: Was there potential for a substantial impact (on the result) of the failure to analyse participants in the NA
group to which they were randomized?
Risk of bias judgement Low
3.1 Were data for this outcome available for all, or nearly all, participants randomized? PN
3.2 If N/PN/NI to 3.1: Is there evidence that result was not biased by missing outcome data? PY
Bias due to
missing 3.3 If N/PN to 3.2: Could missingness in the outcome depend on its true value? NA
outcome data
3.4 If Y/PY/NI to 3.3: Is it likely that missingness in the outcome depended on its true value? NA
Risk of bias judgement Sl
concerns
Bias in 4.1 Was the method of measuring the outcome inappropriate? PN
measurement of
the outcome 4.2 Could measurement or ascertainment of the outcome have differed between intervention groups? PN
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4.3 Were outcome assessors aware of the intervention received by study participants? N
4.4 If Y/IPY/NI to 4.3: Could assessment of the outcome have been influenced by knowledge of intervention received? NA
4.5 If Y/IPY/INI to 4.4: Is it likely that assessment of the outcome was influenced by knowledge of intervention received? NA
Risk of bias judgement Low
5.1 Were the data that produced this result analysed in accordance with a pre-specified analysis plan that was finalized before PY
unblinded outcome data were available for analysis?

Bias in selection | 5.2 ... multiple eligible outcome measurements (e.g. scales, definitions, time points) within the outcome domain? PN

of the reported

result 5.3 ... multiple eligible analyses of the data? PN
Risk of bias judgement Low

Overall bias Risk of bias judgement Low
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Unique ID A8 Study ID Espie 2019
assignment to intervention (the 'intention-
Ref or Label Espie 2019 Aim to-treat' effect)

Experimental

, Sleep hygiene education
Sleepio Comparator

Functional health, psychological wellbeing,

Outcome Results
sleep related qol
Domain Signalling question Response
1.1 Was the allocation sequence random? Y
Bias arising 1.2 Was the allocation sequence concealed until participants were enrolled and assigned to interventions? PY
from the
randomization _ L , _ _ L
process 1.3 Did baseline differences between intervention groups suggest a problem with the randomization process? N
Risk of bias judgement Low
2.1.Were participants aware of their assigned intervention during the trial? PY
B'a§ d_ue to 2.2.Were carers and people delivering the interventions aware of participants' assigned intervention during the trial? PN
deviations from
intended 2.3. If Y/PY/NI to 2.1 or 2.2: Were there deviations from the intended intervention that arose because of the experimental PN
interventions context?
2.4 If Y/PY to 2.3: Were these deviations likely to have affected the outcome? NA
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2.5. If Y/PY/INI to 2.4: Were these deviations from intended intervention balanced between groups?

NA

2.6 Was an appropriate analysis used to estimate the effect of assignment to intervention? PY
2.7 If N/PN/NI to 2.6: Was there potential for a substantial impact (on the result) of the failure to analyse participants in the NA
group to which they were randomized?
Risk of bias judgement Low
3.1 Were data for this outcome available for all, or nearly all, participants randomized? PN
3.2 If N/PN/NI to 3.1: Is there evidence that result was not biased by missing outcome data? PN
Bias due to
missing 3.3 If N/PN to 3.2: Could missingness in the outcome depend on its true value? NI
outcome data
3.4 If Y/PY/NI to 3.3: Is it likely that missingness in the outcome depended on its true value? PN
Risk of bias judgement S
concerns
4.1 Was the method of measuring the outcome inappropriate? PN
Bias in 4.2 Could measurement or ascertainment of the outcome have differed between intervention groups? NI
measurement of
the outcome 4.3 Were outcome assessors aware of the intervention received by study participants? PN
4.4 1f Y/PY/INI to 4.3: Could assessment of the outcome have been influenced by knowledge of intervention received? NA
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4.5 If Y/IPY/NI to 4.4: Is it likely that assessment of the outcome was influenced by knowledge of intervention received? NA
Risk of bias judgement Some
concerns
5.1 Were the data that produced this result analysed in accordance with a pre-specified analysis plan that was finalized before v
unblinded outcome data were available for analysis?
Bias in selection | 5.2 ... multiple eligible outcome measurements (e.g. scales, definitions, time points) within the outcome domain? PN
of the reported
result 5.3 ... multiple eligible analyses of the data? PN
Risk of bias judgement Low
. . .. Some
Overall bias Risk of bias judgement CONCerns
Unique ID A9 Study ID Denis 2020 (pilot)
assignment to intervention (the 'intention-
Ref or Label Denis 2020 (pilot study) Aim to-treat' effect)
. ) Puzzle based attention control
Experimental Sleepio Comparator
Outcome Acceptability, adherence, insomnia Results
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Signalling question Response
1.1 Was the allocation sequence random? Y
Bias arising 1.2 Was the allocation sequence concealed until participants were enrolled and assigned to interventions? PY
from the
randomization _ o : . . L
process 1.3 Did baseline differences between intervention groups suggest a problem with the randomization process? PY
. .. Some
Risk of bias judgement concerns
2.1.Were participants aware of their assigned intervention during the trial? PY
2.2.Were carers and people delivering the interventions aware of participants' assigned intervention during the trial? NI
2.3. If Y/PYINI to 2.1 or 2.2: Were there deviations from the intended intervention that arose because of the experimental PN
context?
B'a§ d_ue to 2.4 If YIPY to 2.3: Were these deviations likely to have affected the outcome? NA
deviations from
intended 2.5. If Y/PY/INI to 2.4: Were th deviati fi intended int tion bal d bet ? NA
interventions 5. 0 2.4: Were these deviations from intended intervention balanced between groups”
2.6 Was an appropriate analysis used to estimate the effect of assignment to intervention? PY
2.7 If N/PN/NI to 2.6: Was there potential for a substantial impact (on the result) of the failure to analyse participants in the NA
group to which they were randomized?
Risk of bias judgement Low
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3.1 Were data for this outcome available for all, or nearly all, participants randomized? PN
3.2 If N/PN/NI to 3.1: Is there evidence that result was not biased by missing outcome data? PY
Bias due to
missing 3.3 If N/PN to 3.2: Could missingness in the outcome depend on its true value? NA
outcome data
3.4 If Y/PY/NI to 3.3: Is it likely that missingness in the outcome depended on its true value? NA
Risk of bias judgement el
concerns
4.1 Was the method of measuring the outcome inappropriate? PN
4.2 Could measurement or ascertainment of the outcome have differed between intervention groups? PN
Bias in 4.3 Were outcome assessors aware of the intervention received by study participants? NI
measurement of
the outcome 4.4 1f Y/IPYINI to 4.3: Could assessment of the outcome have been influenced by knowledge of intervention received? PN
4.5 1f Y/IPY/INI to 4.4: |s it likely that assessment of the outcome was influenced by knowledge of intervention received? NA
Risk of bias judgement Low
.. . 5.1 Were the data that produced this result analysed in accordance with a pre-specified analysis plan that was finalized before Y
Bias in selection unblinded outcome data were available for analysis?
of the reported
result 5.2 ... multiple eligible outcome measurements (e.g. scales, definitions, time points) within the outcome domain? PN
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5.3 ... multiple eligible analyses of the data? PN

Risk of bias judgement Low
. . .. Some
Overall bias Risk of bias judgement CONCErns
Unique ID A10 Study ID Felder 2020
assignment to intervention (the 'intention-
Ref or Label Felder 2020 Aim to-treat' effect)
. _ Treatment as usual (comprising a range of
Experimental Sleepio Comparator non-study treatments)
Outcome Insomnia severity, sleep efficiency Results
Domain Signalling question Response
. L. 1.1 Was the allocation sequence random? Y
Bias arising
from the . . - . . :
... 1.2 Was the allocation sequence concealed until participants were enrolled and assigned to interventions? PY
randomization
process
1.3 Did baseline differences between intervention groups suggest a problem with the randomization process? PN
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Risk of bias judgement Low
2.1.Were participants aware of their assigned intervention during the trial? PY
2.2.Were carers and people delivering the interventions aware of participants' assigned intervention during the trial? PN
2.3. If Y/PYINI to 2.1 or 2.2: Were there deviations from the intended intervention that arose because of the experimental PN
context?
B'a§ d_ue to 2.4 If Y/PY to 2.3: Were these deviations likely to have affected the outcome? NA
deviations from
intended 2.5. If Y/PY/NI to 2.4: Were th deviati fi intended int tion bal d bet ? NA
interventions 5. 0 2.4: Were these deviations from intended intervention balanced between groups”
2.6 Was an appropriate analysis used to estimate the effect of assignment to intervention? PY
2.7 If N/PN/NI to 2.6: Was there potential for a substantial impact (on the result) of the failure to analyse participants in the NA
group to which they were randomized?
Risk of bias judgement Low
3.1 Were data for this outcome available for all, or nearly all, participants randomized? PN
Bias due to 3.2 If N/PN/NI to 3.1: Is there evidence that result was not biased by missing outcome data? PN
missing
outcome data 3.3 If N/PN to 3.2: Could missingness in the outcome depend on its true value? NI
3.4 If Y/PY/INI to 3.3: Is it likely that missingness in the outcome depended on its true value? PN

External Assessment Centre report: MT443 Sleepio for adults with poor sleep

Date: February 2021

146 of 173




Risk of bias judgement

Some

concerns
4.1 Was the method of measuring the outcome inappropriate? PN
4.2 Could measurement or ascertainment of the outcome have differed between intervention groups? PN
Bias in 4.3 Were outcome assessors aware of the intervention received by study participants? N
measurement of
the outcome 4.4 1f Y/PY/NI to 4.3: Could assessment of the outcome have been influenced by knowledge of intervention received? NA
4.5 1f Y/IPYINI to 4.4: Is it likely that assessment of the outcome was influenced by knowledge of intervention received? NA
Risk of bias judgement Low
5.1 Were the data that produced this result analysed in accordance with a pre-specified analysis plan that was finalized before PY
unblinded outcome data were available for analysis?
Bias in selection | 5.2 ... multiple eligible outcome measurements (e.g. scales, definitions, time points) within the outcome domain? PN
of the reported
result 5.3 ... multiple eligible analyses of the data? PN
Risk of bias judgement Low
. . .. Some
Overall bias Risk of bias judgement concerns
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Unique ID A11 Study ID Kyle 2020

assignment to intervention (the 'intention-

Ref or Label Kyle 2020 Aim to-treat' effect)
] _ Waiting list

Experimental Sleepio Comparator

Outcome Cognitive impairment Results

Domain Signalling question Response
1.1 Was the allocation sequence random? Y

Bias arising 1.2 Was the allocation sequence concealed until participants were enrolled and assigned to interventions? PY

from the

randomization , o . : . L

process 1.3 Did baseline differences between intervention groups suggest a problem with the randomization process? N
Risk of bias judgement Low

. 2.1.Were participants aware of their assigned intervention during the trial? PY

Bias due to

?net\e":(tif:s from 2.2.Were carers and people delivering the interventions aware of participants' assigned intervention during the trial? PN

interventions 2.3. If Y/PY/NI to 2.1 or 2.2: Were there deviations from the intended intervention that arose because of the experimental PN
context?
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2.4 If Y/PY to 2.3: Were these deviations likely to have affected the outcome? NA
2.5. If Y/PY/NI to 2.4: Were these deviations from intended intervention balanced between groups? NA
2.6 Was an appropriate analysis used to estimate the effect of assignment to intervention? PY
2.7 If N/PN/NI to 2.6: Was there potential for a substantial impact (on the result) of the failure to analyse participants in the NA
group to which they were randomized?
Risk of bias judgement Low
3.1 Were data for this outcome available for all, or nearly all, participants randomized? PN
3.2 If N/PN/NI to 3.1: Is there evidence that result was not biased by missing outcome data? PY
Bias due to
missing 3.3 If N/PN to 3.2: Could missingness in the outcome depend on its true value? NA
outcome data
3.4 If Y/PY/NI to 3.3: Is it likely that missingness in the outcome depended on its true value? NA
Risk of bias judgement Low
4.1 Was the method of measuring the outcome inappropriate? PN
Bias in
measurement of | 4.2 Could measurement or ascertainment of the outcome have differed between intervention groups? PN
the outcome
4.3 Were outcome assessors aware of the intervention received by study participants? N
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4.4 If Y/IPY/NI to 4.3: Could assessment of the outcome have been influenced by knowledge of intervention received? NA
4.5 If Y/IPY/NI to 4.4: Is it likely that assessment of the outcome was influenced by knowledge of intervention received? NA
Risk of bias judgement Low
5.1 Were the data that produced this result analysed in accordance with a pre-specified analysis plan that was finalized before PY
unblinded outcome data were available for analysis?

Bias in selection | 5.2 ... multiple eligible outcome measurements (e.g. scales, definitions, time points) within the outcome domain? PN

of the reported

result 5.3 ... multiple eligible analyses of the data? PN
Risk of bias judgement Low

Overall bias Risk of bias judgement Low

Unique ID A12 Study ID Kalmbach 2020

assignment to intervention (the 'intention-
Ref or Label Kalmbach 2020 Aim to-treat' effect)
. _ Sleep hygiene education
Experimental Sleepio Comparator
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Outcome

Insomnia, sleep quality Results

group to which they were randomized?

Domain Signalling question Response
1.1 Was the allocation sequence random? Y
Bias arising 1.2 Was the allocation sequence concealed until participants were enrolled and assigned to interventions? PY
from the
randomization
process 1.3 Did baseline differences between intervention groups suggest a problem with the randomization process? PY
. .. Some
Risk of bias judgement Concerns
2.1.Were participants aware of their assigned intervention during the trial? PY
2.2.Were carers and people delivering the interventions aware of participants' assigned intervention during the trial? NI
2.3. If Y/PYINI to 2.1 or 2.2: Were there deviations from the intended intervention that arose because of the experimental PN
Bias due to context?
fjeVIatlons from 2.4 If Y/PY to 2.3: Were these deviations likely to have affected the outcome? NA
intended
interventions
2.5. If Y/PYINI to 2.4: Were these deviations from intended intervention balanced between groups? NA
2.6 Was an appropriate analysis used to estimate the effect of assignment to intervention? PY
2.7 If N/PN/NI to 2.6: Was there potential for a substantial impact (on the result) of the failure to analyse participants in the NA
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unblinded outcome data were available for analysis?

Risk of bias judgement Low
3.1 Were data for this outcome available for all, or nearly all, participants randomized? Y
3.2 If N/PN/NI to 3.1: Is there evidence that result was not biased by missing outcome data? NA
Bias due to
missing 3.3 If N/PN to 3.2: Could missingness in the outcome depend on its true value? NA
outcome data
3.4 If Y/PY/NI to 3.3: Is it likely that missingness in the outcome depended on its true value? NA
Risk of bias judgement Low
4.1 Was the method of measuring the outcome inappropriate? PN
4.2 Could measurement or ascertainment of the outcome have differed between intervention groups? PN
Bias in 4.3 Were outcome assessors aware of the intervention received by study participants? PY
measurement of
the outcome 4.4 If YIPYINI to 4.3: Could assessment of the outcome have been influenced by knowledge of intervention received? PN
4.5 If Y/IPY/INI to 4.4: Is it likely that assessment of the outcome was influenced by knowledge of intervention received? NA
Risk of bias judgement Low
5.1 Were the data that produced this result analysed in accordance with a pre-specified analysis plan that was finalized before PY
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5.2 ... multiple eligible outcome measurements (e.g. scales, definitions, time points) within the outcome domain? PN
Bias in selection
of the reported | 5.3 ... multiple eligible analyses of the data? PN
result

Risk of bias judgement Low
Overall bias Risk of bias judgement Low

Per protocol
Unique ID A2 Study ID Pillai 2015
S . adhering to intervention (the 'per-

Ref or Label Pillai 2015 Aim orotocol effect)
Experimental Sleepio Comparator Sleep education
Outcome Sleep onset latency and anxiety Results
Domain Signalling question Response
Bias arising 1.1 Was the allocation sequence random? Y
from the
randomization _ . - . : .
process 1.2 Was the allocation sequence concealed until participants were enrolled and assigned to interventions? NI
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1.3 Did baseline differences between intervention groups suggest a problem with the randomization process?

PN

. .. Some
Risk of bias judgement concerns
2.1 Were participants aware of their assigned intervention during the trial? PY
2.2 Were carers and people delivering the interventions aware of participants' assigned intervention during the trial? PY
. 2.3. [If applicable:] If Y/PY/NI to 2.1 or 2.2: Were important non-protocol interventions balanced across intervention groups? NA
Bias due to
:jnet‘::ctif:s from 2.4. [If applicable:] Were there failures in implementing the intervention that could have affected the outcome? NA
interventions 2.5. [If applicable:] Was there non-adherence to the assigned intervention regimen that could have affected participants’ PY
outcomes?
2.6. If N/PN/NI to 2.3, or Y/PY/NI to 2.4 or 2.5: Was an appropriate analysis used to estimate the effect of adhering to the PN
intervention?
. .. Some
Risk of bias judgement CONCErns
3.1 Were data for this outcome available for all, or nearly all, participants randomized? Y
Bias due to 3.2 If N/PN/NI to 3.1: Is there evidence that result was not biased by missing outcome data? NA
missing
outcome data 3.3 If N/PN to 3.2: Could missingness in the outcome depend on its true value? NA
3.4 If Y/PY/INI to 3.3: Is it likely that missingness in the outcome depended on its true value? NA
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Risk of bias judgement Low
4.1 Was the method of measuring the outcome inappropriate? PY
4.2 Could measurement or ascertainment of the outcome have differed between intervention groups? PN
Bias in 4.3 Were outcome assessors aware of the intervention received by study participants? NA
measurement of
the outcome 4.4 1f Y/PY/NI to 4.3: Could assessment of the outcome have been influenced by knowledge of intervention received? NA
4.5 1f Y/IPYINI to 4.4: Is it likely that assessment of the outcome was influenced by knowledge of intervention received? NA
Risk of bias judgement Some
concerns
5.1 Were the data that produced this result analysed in accordance with a pre-specified analysis plan that was finalized PY
before unblinded outcome data were available for analysis?
Bias in selection | 5.2 ... multiple eligible outcome measurements (e.g. scales, definitions, time points) within the outcome domain? PN
of the reported
result 5.3 ... multiple eligible analyses of the data? PN
Risk of bias judgement Low
. . .. Some
Overall bias Risk of bias judgement concerns
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Unique ID A7 Study ID Cheng 2019a

. adhering to intervention (the 'per-

Ref or Label Cheng 2019a Aim protocol' effect)
Experimental Sleepio Comparator Sleep hygiene education
Outcome Depresssion severity Results
Domain Signalling question Response

1.1 Was the allocation sequence random? PY
Bias arising 1.2 Was the allocation sequence concealed until participants were enrolled and assigned to interventions? PY
from the
randomization
process 1.3 Did baseline differences between intervention groups suggest a problem with the randomization process? PN

. .. Some

Risk of bias judgement CONCErns
B'a§ d_ue to 2.1 Were participants aware of their assigned intervention during the trial? PY
deviations from
intended 2.2 Wer rers and le delivering the interventions aware of participants' assigned intervention during the trial? N
interventions .2 Were carers and people delivering p p g g ?
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2.3. [If applicable:] If Y/PY/NI to 2.1 or 2.2: Were important non-protocol interventions balanced across intervention groups? NA
2.4. [If applicable:] Were there failures in implementing the intervention that could have affected the outcome? NA
2.5. [If applicable:] Was there non-adherence to the assigned intervention regimen that could have affected participants’ NI
outcomes?
2.6. If N/PN/NI to 2.3, or Y/PY/NI to 2.4 or 2.5: Was an appropriate analysis used to estimate the effect of adhering to the PY
intervention?
. .. Some
Risk of bias judgement CONCerns
3.1 Were data for this outcome available for all, or nearly all, participants randomized? PN
3.2 If N/PN/NI to 3.1: Is there evidence that result was not biased by missing outcome data? PN
Bias due to
missing 3.3 If N/PN to 3.2: Could missingness in the outcome depend on its true value? NI
outcome data
3.4 If Y/PY/NI to 3.3: Is it likely that missingness in the outcome depended on its true value? PN
Risk of bias judgement Sl
concerns
4.1 Was the method of measuring the outcome inappropriate? N
Bias in
measurement of | 4.2 Could measurement or ascertainment of the outcome have differed between intervention groups? PN
the outcome
4.3 Were outcome assessors aware of the intervention received by study participants? N
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4.4 If Y/PY/NI to 4.3: Could assessment of the outcome have been influenced by knowledge of intervention received? NA
4.5 If Y/IPY/NI to 4.4: Is it likely that assessment of the outcome was influenced by knowledge of intervention received? NA
Risk of bias judgement Low
5.1 Were the data that produced this result analysed in accordance with a pre-specified analysis plan that was finalized v
before unblinded outcome data were available for analysis?

Bias in selection | 5.2 ... multiple eligible outcome measurements (e.g. scales, definitions, time points) within the outcome domain? PN

of the reported

result 5.3 ... multiple eligible analyses of the data? PN
Risk of bias judgement Low

. . C Some
Overall bias Risk of bias judgement CONCerns
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Summary of the strengths and weaknesses (internal and external validity) — non-randomised studies

Luik 2017 Strengths Weaknesses
Study Prospective Service Audit. Provides Real-world data. Non-comparative.
design
All clients received six support calls from an eTherapy
coordinator to support self-help — this is unlikely to be typical of
the service in practice, limiting the validity of the results.
Patient UK population. Inclusion and exclusion criteria are not explicit.
selection
Patient Reasons for patient withdrawal documented. None.
attrition
Reporting None. Primary outcomes concern depression and anxiety symptoms,
of not insomnia.
outcomes
All self-reported.
Statistical None. No sample size calculation (as this was an audit).
analysis
Study Three lead investigators declared no conflict of interest. Three lead authors are employees of Big Health, while a fourth
company is a paid consultant for the company.
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EXMAPLE | Strengths Weaknesses
2017
Study Prospective Service Audit. Provides Real-world data. Non-comparative.
design
All clients received six support calls from an eTherapy
coordinator to support self-help — this is unlikely to be typical of
the service in practice, limiting the validity of the results.
Patient Might not reflect UK population
selection Selection limited to uncomplicated disease
Presence and absence of complications not clearly documented.
Risk of spectrum bias.
Randomisa | Randomisation performed with adequate concealment of Randomisation lost due to drop-outs post randomisation.
tion allocation.
Low risk of selection bias.
Blinding Independent and blinded audit controls. Blinded statistical Not feasible to blind patients or treating/assessing clinicians.
assessment. Subjective primary outcome.
Moderate to high risk of performance bias.
Patient Reasons for patient withdrawal documented. High withdrawal from prior to surgery led to uneven groups.
attrition

Withdrawal low following surgery and evenly spread between
arms.

Modified ITT analysis appropriate (but weaker evidence).

Low number of eligible patients reporting data at 24 months, so
poor confidence in longer term results and risk of bias in results

High risk of attrition bias.
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Reporting Primary analysis pre-specified in protocol. Second “primary outcome” may not generalise to NHS care and
of Outcome X directly related to patient benefit. was not pre-specified in research protocol.
outcomes Extensive reporting of secondary outcomes with appropriate | Outcomes limited to 24 months (in a small cohort of patients
control for multiple comparisons. only).
Outcome X is subjective primary outcome and could be
influenced by participants’ perceptions.
Statistical Power calculation for sample size for primary outcome Sample size requirement for follow-up procedure not clear.
analysis performed.
Correction for multiple comparisons performed.
Low potential for reporting bias.
Study Three lead investigators declared no conflict of interest. Study was funded by company.
company Two lead investigators paid consultants of company.

External Assessment Centre report: MT443 Sleepio for adults with poor sleep
Date: February 2021

161 of 173




Withdrawal low following surgery and evenly spread between
arms.

Modified ITT analysis appropriate (but weaker evidence).

Elison 2017 | Strengths Weaknesses
Study Before-after assessment of Sleepio and 2 other online Non-comparative.
design therapies.
All clients received six support calls from an eTherapy
coordinator to support self-help — this is unlikely to be typical of
the service in practice, limiting the validity of the results.
Patient Might not reflect UK population
selection Selection limited to uncomplicated disease
Presence and absence of complications not clearly documented.
Risk of spectrum bias.
Randomisa | Randomisation performed with adequate concealment of Randomisation lost due to drop-outs post randomisation.
tion allocation.
Low risk of selection bias.
Blinding Independent and blinded audit controls. Blinded statistical Not feasible to blind patients or treating/assessing clinicians.
assessment. Subjective primary outcome.
Moderate to high risk of performance bias.
Patient Reasons for patient withdrawal documented. High withdrawal from prior to surgery led to uneven groups.
attrition

Low number of eligible patients reporting data at 24 months, so
poor confidence in longer term results and risk of bias in results

High risk of attrition bias.
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Reporting Primary analysis pre-specified in protocol. Second “primary outcome” may not generalise to NHS care and
of Outcome X directly related to patient benefit. was not pre-specified in research protocol.
outcomes Extensive reporting of secondary outcomes with appropriate | Qutcomes limited to 24 months (in a small cohort of patients
control for multiple comparisons. only).
Outcome X is subjective primary outcome and could be
influenced by participants’ perceptions.
Statistical Power calculation for sample size for primary outcome Sample size requirement for follow-up procedure not clear.
analysis performed.
Correction for multiple comparisons performed.
Low potential for reporting bias.
Study Three lead investigators declared no conflict of interest. Study was funded by company.
company Two lead investigators paid consultants of company.
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Withdrawal low following surgery and evenly spread between
arms.

Modified ITT analysis appropriate (but weaker evidence).

Luik 2018 Strengths Weaknesses
Study Before-after assessment of Sleepio and 2 other online Non-comparative.
design therapies.
All clients received six support calls from an eTherapy
coordinator to support self-help — this is unlikely to be typical of
the service in practice, limiting the validity of the results.
Patient Might not reflect UK population
selection Selection limited to uncomplicated disease
Presence and absence of complications not clearly documented.
Risk of spectrum bias.
Randomisa | Randomisation performed with adequate concealment of Randomisation lost due to drop-outs post randomisation.
tion allocation.
Low risk of selection bias.
Blinding Independent and blinded audit controls. Blinded statistical Not feasible to blind patients or treating/assessing clinicians.
assessment. Subjective primary outcome.
Moderate to high risk of performance bias.
Patient Reasons for patient withdrawal documented. High withdrawal from prior to surgery led to uneven groups.
attrition

Low number of eligible patients reporting data at 24 months, so
poor confidence in longer term results and risk of bias in results

High risk of attrition bias.
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Reporting Primary analysis pre-specified in protocol. Second “primary outcome” may not generalise to NHS care and
of Outcome X directly related to patient benefit. was not pre-specified in research protocol.
outcomes Extensive reporting of secondary outcomes with appropriate | Outcomes limited to 24 months (in a small cohort of patients
control for multiple comparisons. only).
Outcome X is subjective primary outcome and could be
influenced by participants’ perceptions.
Statistical Power calculation for sample size for primary outcome Sample size requirement for follow-up procedure not clear.
analysis performed.
Correction for multiple comparisons performed.
Low potential for reporting bias.
Study Three lead investigators declared no conflict of interest. Study was funded by company.
company Two lead investigators paid consultants of company.
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Withdrawal low following surgery and evenly spread between
arms.

Modified ITT analysis appropriate (but weaker evidence).

Espie 2018 | Strengths Weaknesses
Study Before-after assessment of Sleepio and 2 other online Non-comparative.
design therapies.
All clients received six support calls from an eTherapy
coordinator to support self-help — this is unlikely to be typical of
the service in practice, limiting the validity of the results.
Patient Might not reflect UK population
selection Selection limited to uncomplicated disease
Presence and absence of complications not clearly documented.
Risk of spectrum bias.
Randomisa | Randomisation performed with adequate concealment of Randomisation lost due to drop-outs post randomisation.
tion allocation.
Low risk of selection bias.
Blinding Independent and blinded audit controls. Blinded statistical Not feasible to blind patients or treating/assessing clinicians.
assessment. Subjective primary outcome.
Moderate to high risk of performance bias.
Patient Reasons for patient withdrawal documented. High withdrawal from prior to surgery led to uneven groups.
attrition

Low number of eligible patients reporting data at 24 months, so
poor confidence in longer term results and risk of bias in results

High risk of attrition bias.
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Reporting
of

Primary analysis pre-specified in protocol.
Outcome X directly related to patient benefit.

Second “primary outcome” may not generalise to NHS care and
was not pre-specified in research protocol.

outcomes | g tensive reporting of secondary outcomes with appropriate | Qutcomes limited to 24 months (in a small cohort of patients
control for multiple comparisons. only).
Outcome X is subjective primary outcome and could be
influenced by participants’ perceptions.
Statistical Power calculation for sample size for primary outcome Sample size requirement for follow-up procedure not clear.
analysis performed.
Correction for multiple comparisons performed.
Low potential for reporting bias.
Study Three lead investigators declared no conflict of interest. Study was funded by company.
company Two lead investigators paid consultants of company.
Miller 2018 | Strengths Weaknesses
Study None Retrospective study. Non-comparative.
design
Patient Included patients with an objective insomnia subtype through | Non-UK study and may not reflect UK population or pathway.
selection Polysomnography.
Retrospective patient identification.
Randomisa | None. Non-randomised.
tion
Blinding None. Not feasible to blind — retrospective.
Patient No drop-outs. None.
attrition
Reporting None. Majority of outcomes are outside of scope.
of All self-reported.
outcomes
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Statistical None. No sample size.

analysis

Study Study not industry funded. Two lead authors are employees of Big Health and 1 of those is

company the co-founder.

Crawford Strengths Weaknesses

2020

Study Before-after assessment of Sleepio and 2 other online Non-comparative.

design therapies.
All clients received six support calls from an eTherapy
coordinator to support self-help — this is unlikely to be typical of
the service in practice, limiting the validity of the results.

Patient Might not reflect UK population

selection Selection limited to uncomplicated disease
Presence and absence of complications not clearly documented.
Risk of spectrum bias.

Randomisa | Randomisation performed with adequate concealment of Randomisation lost due to drop-outs post randomisation.

tion allocation.

Low risk of selection bias.
Blinding Independent and blinded audit controls. Blinded statistical Not feasible to blind patients or treating/assessing clinicians.
assessment. Subjective primary outcome.

Moderate to high risk of performance bias.

Patient Reasons for patient withdrawal documented. High withdrawal from prior to surgery led to uneven groups.

attrition

Withdrawal low following surgery and evenly spread between
arms.

Modified ITT analysis appropriate (but weaker evidence).

Low number of eligible patients reporting data at 24 months, so
poor confidence in longer term results and risk of bias in results

High risk of attrition bias.
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Reporting Primary analysis pre-specified in protocol. Second “primary outcome” may not generalise to NHS care and
of Outcome X directly related to patient benefit. was not pre-specified in research protocol.
outcomes Extensive reporting of secondary outcomes with appropriate | Outcomes limited to 24 months (in a small cohort of patients
control for multiple comparisons. only).
Outcome X is subjective primary outcome and could be
influenced by participants’ perceptions.
Statistical Power calculation for sample size for primary outcome Sample size requirement for follow-up procedure not clear.
analysis performed.
Correction for multiple comparisons performed.
Low potential for reporting bias.
Study Three lead investigators declared no conflict of interest. Study was funded by company.
company Two lead investigators paid consultants of company.

Include or attach any competed validated checklists in this section.
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Appendix C

Ongoing studies

ACTRN12619001539123. Online Insomnia Treatment in Australian General
Practice. https://anzctrorgau/ACTRN12619001539123aspx 2019.

ACTRN12620001075976. A pragmatic trial seeking to implement an improved
model of care for people with insomnia and obstructive sleep apnoea (OSA)
within an Australian primary care setting, in order to increase access to
evidence-based therapies.

http://wwwwhoint/trialsearch/Trial2aspx?Trial D=ACTRN12620001075976
2020.

Edinger JD, Simmons B, Goelz K, Bostock S, Espie CA. A pilot test of an
online cognitive-behavioral insomnia therapy for patients with comorbid
insomnia and sleep apnea. Sleep. 2015;38(SUPPL. 1):A236.

ISRCTN70652461. Sleep and cognition following digital cognitive behavioral
therapy for insomnia (CBTi) - the SCOTIA study.
http://www.who.int/trialsearch/Trial2aspx?TrialID=ISRCTN70652461 2019.

Kyle SD, Madigan C, Begum N, Abel L, Armstrong S, Aveyard P, et al.
Primary care treatment of insomnia: study protocol for a pragmatic,
multicentre, randomised controlled trial comparing nurse-delivered sleep
restriction therapy to sleep hygiene (the HABIT trial). BMJ Open.
2020;10(3):e036248. [ISRCTN42499563]

NCT03322774. Sleep To Reduce Incident Depression Effectively.
https://ClinicalTrialsgov/show/NCT03322774 2018.

NCT03688763. A Pilot Study of Digital Cognitive Behavioral Therapy for
Veterans. https://ClinicalTrialsgov/show/NCT03688763 2018.

NCT03724305. Reduce Emotional Symptoms of Insomnia With Smart
Treatment. https://ClinicalTrialsgov/show/NCT03724305 2020.
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NCT04180709. CBT to Reduce Insomnia and Improve Social Recovery in
Early Psychosis. https://ClinicalTrialsgov/show/NCT04180709 2020.

NCT04272892. Improving Sleep in Rehabilitation After Stroke.
https://ClinicalTrialsgov/show/NCT04272892 2020.

Terminated study

NCT02571595. A Sleep Program to Improve Sleep Quality in People With
HIV. https://ClinicalTrialsgov/show/NCT02571595 2015.

Completed but not reported or unknown status

ISRCTN13837516. The Effects of Sleep Improvement on Emotion Regulation
(SLEEPER).
http://wwwwhoint/trialsearch/Trial2aspx?TrialID=ISRCTN13837516 2018.

ISRCTN58986139. Sleep Matters Trial.
http://wwwwhoint/trialsearch/Trial2aspx?TrialID=ISRCTN58986139 2015.

Conference Abstracts with no full text

Espie CA, Gollancz R, Hames P, Espie A, Creanor V, Kyle SD. Integrating
social networking into online CBT for insomnia: A descriptive analysis of user
behavior and user benefits. Sleep. 2013;36(SUPPL. 1):A209.

Espie CA, Kyle SD, Gollancz R, Hames P. What components of online CBT
do people with insomnia use in practice? Sleep. 2013;36(SUPPL. 1):A231.

Sampson C, Cole A, Hampson G, Rose J, Stott R. PMH47 THE IMPACT OF
A DIGITAL SLEEP-IMPROVEMENT PROGRAM ON HEALTH CARE COSTS.
Value in Health. 2019;22(Supplement 3):S689.

Appendix D

Qutcome Measures

¢ BAI: Beck Anxiety Inventory
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o 0-21=Low Anxiety
o 22 - 35 = moderate anxiety
o 36 or more = potentially concerning levels of anxiety

¢ CIS: Coronavirus Impact Scale (CIS) - Measures degree of change
across multiple domains of daily life on a four-point Likert scale

o 0 =nochange
o 1=mild

o 2 =moderate
o 3 =severe.

¢ GAD-7: Generalized Anxiety Disorder 7 (action is required for a score of
10 or greater.

o 5-9=Mid
o 10 - 14 = Moderate
o 15+ =Severe
¢|SI: Insomnia Severity Index
o 0 -7 =no clinically significant insomnia
o 8 — 14 = subthreshold insomnia
o 15-21 = moderate severity clinical insomnia
o 22 -28 = severe clinical insomnia
¢ PSQI: Pittsburgh Sleep Quality Index

o Ranges from 0 - 21 indicating difficulty sleeping (21 is the most
severe difficulty).

¢ PHQ-9: Patient Health Questionnaire-Depression scale

o Ranges from 0 - 27 indicating severity of depression (27 is the
most severe).

¢ SCI: Sleep Condition Indicator (correlates inversely with ISI and PSQI)
o Ranges from 0 — 32 with higher values denoting better sleep.
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¢ WSAS: Work and Social Adjustment Scale

o Ranges from 0 to 40, higher scores indicate more difficulty in
completing day-to-day tasks.

o A score of 20 or above suggests moderate to severe
psychopathology.
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CONFIDENTIAL

NATIONAL INSTITUTE FOR HEALTH AND CARE
EXCELLENCE

Medical technology guidance

Assessment report overview

MT443 Sleepio for adults with poor sleep

This assessment report overview has been prepared by the Medical
Technologies Evaluation Programme team to highlight the significant findings
of the External Assessment Centre (EAC) report. It includes brief descriptions
of the key features of the evidence base and the cost analysis, any additional
analysis carried out, and additional information, uncertainties and key issues
the Committee may wish to discuss. It should be read along with the company
submission of evidence and with the EAC assessment report. The overview
forms part of the information received by the Medical Technologies Advisory

Committee when it develops its recommendations on the technology.

Key issues for consideration by the Committee are described in section 6,

following the brief summaries of the clinical and cost evidence.

This report contains information that has been supplied in confidence and will
be redacted before publication. This information is highlighted in[| il This

overview also contains:

e Appendix A: Sources of evidence
¢ Appendix B: Comments from professional bodies

¢ Appendix C: Comments from patient organisations

Assessment report overview: Sleepio for adults with poor sleep
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1 The technology

Sleepio (Big Health) is a self-help sleep improvement programme based on
cognitive behavioural therapy for insomnia (CBT-I). It is accessed through a
website or an app for iOS mobile devices, and can link to a compatible
wearable fitness tracker to monitor sleep (currently Fitbit and any other device

that uses Apple's Healthkit). It is available in the NHS apps library.

The programme is structured around a sleep test, weekly interactive CBT-I
sessions, and regular sleep diary entries. The sessions are focussed on
identifying thoughts, feelings and behaviours that are contributing to the
symptoms of insomnia. Cognitive interventions aim to improve the way a
person thinks about sleep and behavioural interventions aim to promote a
healthy sleep routine. Although the programme can be completed in 6 weeks
users can access the programme for 12 months from registration. They can
also access electronic library articles, online tools and the online Sleepio user
community. A daily sleep diary helps users track their progress and the
programme tailors advice to individuals. Users can fill in the diary manually or
the data may be automatically uploaded from a compatible wearable tracking

device. The programme does not share the users’ data.

Sleepio is accessed via self-referral on the product website or through referral
by a health care professional in regions of the NHS where it is commissioned.
For patients with mental health conditions managed in routine care, use of

Sleepio may benefit from the involvement of a healthcare professional.
2 Proposed use of the technology

2.1 Disease or condition

Around one third of adults in Western countries experience sleep problems at
least once a week with 6-10% fulfilling the criteria for insomnia disorder (NICE

Insomnia clinical knowledge summary, last updated 2020). Insomnia is

diagnosed when symptoms have a negative impact on a person’s ability to

carry out daily tasks. The International classification of diseases -10 (ICD-10)
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defines the criteria for insomnia as being difficulty sleeping three times a week
or more for at least 1 month. The Diagnostic and Statistical Manual of mental
health disorders-5 (DSM-5) defines insomnia disorder as an unhappiness with
the quality and quantity of sleep for 3 times a week or more for at least 3
months. Both diagnoses require that the symptoms of insomnia have an

impact on a person’s ability to carry out daily tasks.

2.2 Patient group

Sleepio is intended for use by people with symptoms of insomnia or that have
been diagnosed with insomnia. Insomnia is characterised by symptoms of
difficulty initiating or maintaining sleep, with subsequent daytime functional

impairment (e.g. mood, fatigue, cognitive impairment).

The prevalence of people that have symptoms of insomnia in the population
varies widely from 5 to 50% depending on the definition used. Short term
insomnia typically lasts less than 3 months; long-term insomnia lasts 3 months
or longer. Prevalence of insomnia is higher in people with comorbid conditions
and around half of all people with diagnosed insomnia have a comorbid

psychiatric disorder such as depression or anxiety (Wilson, 2019).

2.3 Current management

Current management of insomnia is described in guidelines published by the

British Association of Psychopharmacology published in 2010 and updated in

2019. Current treatment options for adults with poor sleep is dependent on the
duration of the symptoms. People that present with symptoms of insomnia are
offered advice about sleep hygiene. If sleep hygiene fails and daytime
impairment is severe and causing significant distress, a short course (3-7
days) of a non-benzodiazepine hypnotic medication may be prescribed.
Hypnotic medication should only be considered if symptoms are likely to
resolve soon (for example being because of a short-term stressor). If
symptoms are unlikely to resolve soon, face-to-face or digital cognitive
behavioural therapy for insomnia (CBT-I) should be offered. A short-term
course of hypnotic medication can be offered in addition to CBT-I but should

not be offered routinely and only for a short period of time. People should be
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offered regular follow up consultations to review the symptoms. Follow up

visits should be between every 2 and 4 weeks.

NICE’s Insomnia clinical knowledge summary presents a summary of the

latest, evidence-based information on the management of insomnia in primary
care. Management is summarised according to short term insomnia (< 3
months) and long term insomnia (> 3 months). For both short term and long
term insomnia the advice is to consider the need for referral to a sleep clinic or
neurology if symptoms of another sleep disorder are present, and to address
any triggers or causal factors for insomnia. In addition, advice is to ensure
comorbidities (such as anxiety and depression) are optimally managed. The
advice regarding sleep hygiene, use of hypnotic medication and use of CBT-I
is in line with the recommendations described above by the British Association

of Psychopharmacology guideline.

People with insomnia often present with a comorbid psychiatric condition.
NICE’s clinical guideline for common mental health problems (CG123)
recommends that people are assessed using the improving access to
psychological therapies (IAPT) screening tools and validated scales.
Treatment for common mental health problems is dependent on the severity
of their symptoms. This approach is referred to as a stepped-care model.
Education and monitoring are recommended for people with mild symptoms,
computerised and group CBT are offered to people with moderate symptoms

and CBT and medication are offered to people with severe symptoms.

2.4 Proposed management with new technology

Sleepio is primarily intended for use as a first line treatment, in place of sleep
hygiene education and may be used in place of face-to-face CBT for insomnia
if the latter is difficult to access. People can access Sleepio via self-referral or

referral through primary care or through IAPT services.

Where Sleepio is launched in a healthcare setting, the company offer training

to clinicians on:

¢ Management of poor sleep and insomnia
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e How Sleepio works and how it should be described to patients

e How to prescribe Sleepio through electronic health records

Clinical experts highlighted the importance of patient selection and patient

choice in increasing the adherence to and benefits of Sleepio. Additionally,

experts suggested that providing feedback to referrers, such as GPs, about

the number of people that registered to use Sleepio and those in remission

would be helpful for understanding outcomes and inform further referral and

training.

3 Company claimed benefits and the decision

problem

These are described in the scope here (link to Appendix E). Table 1 described

the company’s proposed changes to the decision problem.

Table 1Proposed changes to the decision problem

Decision problem Variation proposed by | EAC view of the
company variation
Population - Adults with Adults with insomnia Experts described
difficulty sleeping symptoms (18 yr plus; no | insomnia as difficulty
upper age limit) falling asleep and staying
asleep that affects health
the following day. They
also noted that numerous
other conditions can
mimic insomnia.
Comparator Omitted digitally facilitated | The EAC would still
CBT for insomnia include this comparator in
the scope ifitis a
relevant comparator (e.g.
to include as part of the
search strategy that may
need to be repeated later)
Outcomes Wishes to add insomnia The EAC did not
related outcomes comment on this variation
including sleep condition
indicator (SCI) and
insomnia severity index
(IS)
Subgroups — The list has been The EAC did not
e Pregnant women reordered to reflect the comment on this variation
likely prevalence of the
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People who have not
had an insomnia
diagnosis

People with short term
insomnia (symptoms
present for less than 3
months)

People with long term
insomnia (symptoms
present for 3 months
or longer)

People with insomnia
and a comorbid

subgroups and
clarification.

People with long term
insomnia (symptoms
present for 3 months
or longer)

People with insomnia
and a comorbid
mental health
condition

People with insomnia
and a comorbid
physical health

e People who have not
had a formal insomnia
diagnosis

o People with short term
insomnia (symptoms
present for less than 3
months)

e Pregnant women with
problems sleeping

4 The evidence
4.1 Summary of evidence of clinical benefit

The company identified 26 full text publications from its literature search. The

company also included 1 abstract and 2 unpublished reports.

The EAC undertook its own literature search (see section 4.1 of the EAC’s
assessment report). The EAC agreed with the company’s inclusion criteria
and excluded only 1 of the studies from the assessment report (Cliffe 2020).
The rationale for selection of these studies is in section 4.1 and 4.2 of the
EAC assessment report. Of the included studies, 22 studies were comparative
(12 RCTs, 7 secondary analyses of RCT data [including 1 abstract], 2 before
and after studies and 1 retrospective case controlled study) and 6 were non-
comparative (1 retrospective cohort study, 1 before and after study [no
comparator arm], 2 real-world evidence studies, 1 prospective observational

study and 1 qualitative survey).
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Table 2 Studies included and excluded from the assessment

Studies included in the assessment

Publication 28 studies included by both:
and study e 12 RCTs (Espie et al., 2012; Pillai et al. (2015); Bostock
design et al. (2016): Barnes et al. (2017): McGrath et al.

(2017); Freeman et al. (2017); Cheng et al. (2019a);
Espie et al. (2019); Denis et al. (2020); Felder et al.
(2020); Kyle et al. (2020); Kalmbach et al. (2020)

e 6 secondary analyses - Espie et al. (2014); Cheng et al.
(2019b); Luik et al. (2020); Cheng et al. (2020a); Henry
et al. (2020); Cheng et al. (2020b);

e 3 before and after studies - Elison et al. (2017); Luik et
al. 2017; Espie et al. (2018)

e 1 prospective observational study - Crawford et al.
(2020)

e 1 retrospective cohort study - Miller et al. (2018)

e 1 prospective real-world audit - Luik et al. 2017;

¢ 1 qualitative survey - Coulson (2016)

e 1 abstract - Drake et al. 2019

e 2 unpublished studies (AiC) — Stott (unpublished); Studd
(unpublished)

Studies excluded from the assessment

Publication and e 1 prospective observational — Cliffe (2020)

study design The study was deemed out of scope as it included people aged
between 14 and 17 years

The evidence base for Sleepio is extensive and includes a wide range of
studies that range in design from RCTs to unpublished real-world evidence.
Overall, there is good quality evidence that Sleepio improves sleep in people
with self-reported insomnia symptoms (according to DSM-5, SCI and ISI
measures). The most robust evidence for Sleepio comprises 12 RCTs, 10 of
which used intention to treat analyses to control for high drop rates. The
studies are small relative to the potential reach of Sleepio but are adequately

powered and well reported.

The UK population is well represented in the evidence base for Sleepio which
includes 7 studies that were done in the UK and an additional 4 multinational
studies that included UK populations. Four of the studies done in the UK were
RCTs (Espie 2012, Freeman 2017, Denis 2020 [pilot study], Kyle 2020); all

concluded that Sleepio was more effective in reducing insomnia symptoms
Assessment report overview: Sleepio for adults with poor sleep

March 2021
© NICE 2021. All rights reserved. Subject to Notice of rights. Page 7 of 34


https://www.nice.org.uk/terms-and-conditions
https://eprints.soton.ac.uk/396019/
https://pubmed.ncbi.nlm.nih.gov/27257747/
https://pubmed.ncbi.nlm.nih.gov/27257747/
https://pubmed.ncbi.nlm.nih.gov/27690480/
https://pubmed.ncbi.nlm.nih.gov/28391289/
https://pubmed.ncbi.nlm.nih.gov/28391289/
https://www.sciencedirect.com/science/article/pii/S2215036617303280
https://www.cambridge.org/core/journals/psychological-medicine/article/efficacy-of-digital-cbt-for-insomnia-to-reduce-depression-across-demographic-groups-a-randomized-trial/FF45FDFB5774AE60E1E4D3E1252676A4
https://pubmed.ncbi.nlm.nih.gov/30264137/
https://pubmed.ncbi.nlm.nih.gov/31901759/
https://pubmed.ncbi.nlm.nih.gov/31968068/
https://pubmed.ncbi.nlm.nih.gov/31968068/
https://pubmed.ncbi.nlm.nih.gov/32128593/
https://pubmed.ncbi.nlm.nih.gov/32559716/
https://pubmed.ncbi.nlm.nih.gov/24791643/
https://www.psych.ox.ac.uk/publications/1055842
https://www.psych.ox.ac.uk/publications/1055842
https://onlinelibrary.wiley.com/doi/10.1111/jsr.13018
https://pubmed.ncbi.nlm.nih.gov/32560938/
https://pubmed.ncbi.nlm.nih.gov/32810921/
https://pubmed.ncbi.nlm.nih.gov/32810921/
https://pubmed.ncbi.nlm.nih.gov/33249492/
https://pubmed.ncbi.nlm.nih.gov/28729322/
https://pubmed.ncbi.nlm.nih.gov/27456542/
https://pubmed.ncbi.nlm.nih.gov/27456542/
https://www.sciencedirect.com/science/article/abs/pii/S2352721818300421
https://pubmed.ncbi.nlm.nih.gov/32112436/
https://pubmed.ncbi.nlm.nih.gov/32112436/
https://pubmed.ncbi.nlm.nih.gov/29703951/
https://pubmed.ncbi.nlm.nih.gov/27456542/
https://eprints.soton.ac.uk/396021/
https://scholarlycommons.henryford.com/sleepmedicine_mtgabstracts/34/

CONFIDENTIAL

than standard care or waiting list (Espie et. al 2012, Freeman 2017, Kyle
2020), placebo (Espie et al., 2012) or attention control (Denis, 2020). These
findings are consistent with RCTs done outside of the UK and indicate that, in

general, the evidence base is generalizable to the UK NHS population.

The key limitation of the evidence is that there are no studies directly
comparing Sleepio with face-to-face CBT-l. The company acknowledge this
limitation and state this is because face-to-face CBT-I for insomnia is not
routinely available on the NHS and is not scalable to the UK population. A
meta-analysis by Soh et al. (2020) indicated, in an indirect comparison, that
face-to-face CBT-I produced greater improvement in ISI compared with digital
CBT-1 (3.07 (95% CIl 1.18 t0 4.95, p < 0.001)) but that this was within the non-
inferiority interval of 4 points. Experts had mixed responses to the relevance
of the indirect comparison; one expert felt it was plausible to assume Sleepio
results would be similar, whereas another expert felt more head to head

comparison data was necessary.

In general, there is notable heterogeneity in design, population, outcome
measures and comparators used across the Sleepio evidence base. Study
participants included people with sleeping difficulty with or without medical
and mental health comorbidities, and those with differing durations of
insomnia. Some studies included pregnant women and other studies included
adults under the age of 25; experts advised that Sleepio might be less
appropriate in these populations as symptoms of insomnia might be due to
other causes (restless leg syndrome and normative delayed sleep phase
patterns, respectively), however, the evidence shows Sleepio is more effective
than control in these populations. The comparator differed between studies
and often the description of standard care lacked clarity. It was unclear
whether standard care included aspects of CBT-I and/or the prescription of
hypnotics and there was little information about what was offered as sleep
hygiene education. There is also a high drop-out rate in the studies. Experts
noted that this high drop-out is typical for online CBT tools. The EAC also

noted most studies were analysed as intention to treat.
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The results of an ongoing pre-registered individual participant data (IPD)
meta-analysis including 12 RCTs was described by the company. The
protocol is available at PROSPERO 2019 CRD42019105424.
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Study a Participants/ | Intervention | Outcome Results Withdrawals | Funding Comments
population & measures and
comparator | follow up
Pivotal studies done in the UK
Espie et al. 164 adults Primary SE post Lost to The This is a well designed
(2012) (120 women, | |ntervention | outcome - sleep | treatment: follow-up: software and | blinded RCT that was done
(Follow up mean age Sleepio efficiency (SE) | Sleepio - 19.5% | gleepio — 15 | web in the UK so may be
analvsi 49) who (total time (95%CI, 15.3 to development | generalisable to an NHS
ysis IRT —17 .
Espie et al complgted asleep 23.7). TAU —4 for the study | population. The study was
70% the onhng Comparators | expressedasa | |RT-5.7% - was adequately ppwered to
(2014) Great British | |magery percentage of | (95%Cl, 2.79 to supported detect a medium effect
Sleep Survey | relief therapy | the total time 8.52) by the size.
and metthe | (IRT spent in bed) TAU - 6.4% company The population is relevant,
Brg&?zed [placebo]) (95%Cl, 2.88 to all patients were .
oritorm for Treatlm_?;\Las Follow up 9.86)., randomlse_d apd mgluded in
Shront usual ( ) analysis to SE at 8 week :P:aia)nalysm (intention to
insomnia evaluate the post treatment: :
' impact of : o People were recruited via
. Sleepio - 20% : . .
Sleepio on o online surveys which might
o (95%Cl, 15.7 to .
attributions for 23.6) represent a population of
sleep : o people more interested in
disturbance 'RTO' 7% addressing sleep problems.
(measured with (95%Cl, 4.53 to The inclusion of healthcare
the Sleep 10.1) providers in the study may
Disturbance
Questionnaire
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(SDQ)), night-
time thought
content
(measured with
the Glasgow
Content of
Thoughts
Inventory
(GCTI)), and
stress,
depression and
anxiety.

TAU - 9%
(95%Cl, 4.89 to
13.7)

People in the
Sleepio group
experienced a
>2 fold
improvement in
insomnia
symptoms
(SCI-8) with a
large between-
group effect of
d=1.20 and
0.95 compared
to TAU and
placebo,
respectively, at
post
intervention and
d=1.11 and
d=0.77 at 8
week follow up.

2014 follow up
analysis results
- Sleepio had a
greater effect
on attribution
and cognition
than IRT

(average

limit generisability to self-
referral cohorts.

The use of SE as a primary
outcome may unduly favor
CBT because the sleep
restriction component of
CBT can lea d to improved
SE. Similarly, an expert
noted that SE may be a
measure of adherence to
CBT rather than
improvement.
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d=-0.32).
Sleepio had a
greater effect
on attribution
and cognition
than TAU
(d=-0.65,,
moderate to
large effect).

Espie et al.
(2019)

Follow up
analysis_Luik
et al., 2020

1,711 adults
(77.7% were
female, mean
age 48
years) with
self-reported
symptoms of
insomnia, s
per DSM-5

Intervention:
Sleepio

Comparator:
Sleep
hygiene
education
(website and
downloadable
booklet plus
TAU)

Functional
health (Patient-
Reported
Outcomes
Measurement
Information
System: Global
Health Scale),
psychological
well-being
(Warwick-
Edinburgh
Mental Well-
being Scale)
and sleep
related quality
of life (Glasgow
Sleep Impact
Index) at
baseline and
weeks 4, 8 and
24,

Sleepio was
associated with
improved:

- functional
health (Cohen d
for week 4,
0.16; week 8,
0.31; and week
24, 0.31)

- psychological
wellbeing
(Cohen d for
week 4, 0.13;
week 8, 0.35;
and week 24,
0.38)

- Sleep-related
quality of life
Cohen d for
week 4, —0.69;
week 8, —1.38;

Lost to
follow-up.
Sleepio - 413
participants
(48.4%)
completed all
6 sessions.

Sleep
hygiene
education
was
accessed at
least once by
759 of 858
participants
(88.5%)

This is a multi-national
RCT that includes Sleepio
users in the UK, USA and
Australia. Analyses were
intention to treat.

Participants were self-
referred and outcome
measures were self-
reported.

The EAC confirmed the
study is adequately
powered to detect a
standardized effect size of
0.25 with 90% power.

The authors recognized
that there were more
adverse events in the
Sleepio group and believed
this may be related to the
sleep restriction component
of CBTi.
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Compared
Sleepio to sleep
hygiene
education
(website and a
downloadable
booklet plus
treatment as
usual).

and week 24, —
1.46)

Linear mixed-
effects models
found that
results at 8 and
24 weeks were
mediated by
improvements
in insomnia at
week 4 and 8,
respectively
(range
mediated,
45.5%-84.0%)

Follow up
analysis results:

Atweek 24, ITT
analysis
showed Sleepio
reduced use of
prescription
(adjusted RR:
0.64, 95% ClI:
0.42;0.97,p=
0.037) and non-
prescription
sleep
medication
(adjusted RR:

A number of authors
expressed conflicts of
interest including being co-
founders of the company or
receiving payment from the
company.
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0.52, 95% CI:
0.37;0.74,p <
0.0001).

At week 48,
mean SCI
score had
increased by
9.80 (95% CI:
9.29, 10.31;
Cohen d: 1.54).

Kyle et al.
(2020)

410 adults
over 25 (87%
female, 52.4
years) from
Sleepio
online
community
with insomnia
disorder (met
DSM-5
criteria or
insomnia
disorder) and
self-reported
difficulties
with
concentration
or memory

Intervention:

Sleepio

Comparator:
Waiting list
control

Self-reported
cognitive
impairment
(British
Columbia
Cognitive
Complaints;
BC-CCI) at
baseline and
10- and 24-
weeks post
randomisation

At 10 weeks
post-
randomization
the estimated
adjusted mean
difference for
the BC-CCI
was -3.03 (95%
Cl: -3.60, -2.47;
p <0.0001,d =
-0.86),
indicating that
participants in
the Sleepio
group reported
less cognitive
impairment
than the control
group. These
effects were

maintained at

Lost to follow
up.

At 10 weeks:
Sleepio
retained 76%
of
participants
compared to
88% for
control.

At 24 weeks
Sleepio
retained:
66% of
participants
compared to.
81% in
control.

This is a single blind RCT
down in the UK.

The EAC confirm the study
is adequately powered to
detect a minimum
standardized effect size of
0.42 at post treatment (10
weeks) at a 5% level of
significance.

The waiting list control arm
may slightly inflate effect
size compared to a
minimally active arm (e.g.,
sleep hygiene education).

The study recruited people
online which may not be
reflective of people seeking
treatment in a clinical
setting. The self-reported
outcomes patients to report
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24 weeks (d = -
0.96) and were
mediated, in
part, via
reductions in
insomnia
severity and
increased sleep

cognitive complains for
inclusion which may have
resulted in an over
representation of
participants concerned
about sleep.

One author is co-founder of
the company

insomnia. This
translated into
an IAPT
recovery rate of

68% for

efficiency
Luik et al. 98 Intervention: | Effects on Depression Of the 98 Prospective UK audit.
2017 participants | gleepio depression and | (mean clients Al clients received six calls
Prospective (mean age anxiety difference-5.7, | included in from an eTherapy
audit (real- 44.9 years, | IAPT recovery | ((70)=12.5,p<|this coordinator to support the
world data) | SD 15.2, ° rate 0.001) and evaluation, self-help component. This
66% female) | comparator anxiety 72 finished is not typical of the Sleepio
who [Generalized the treatment service.
experienced Anxiety (73%). ,
poor sleep in Disorder-7 Another 15 ggeciggzgg;s co-founder of
addition to (GAD-7), Mean | clients
comorbid difference-4.1, completed
symptoms of t(70)=8.0,p < | between 4
depression or 0.001] were and 6
anxiety reduced sessions and
following 11 dropped
supported out before
Sleepio for session 4
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Studd
(unpublished)
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Effects on
anxiety and
depressive
symptoms
remained
significant when
accounting for
missing data
(p<0.001).
Significant
reductions were
also observed
in insomnia
symptoms
(p<0.001).
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4.2 Summary of economic evidence

The company included 12 studies in their economic submission. The EAC
conducted its own search (see section 4.1 of the EAC’s assessment report)
and found no additional economic evidence. Three studies provided economic
evidence related to Sleepio technology and were included by the EAC
(Darden et al., 2020; Sampson et al. 2021; Luki et al., 2020). The remaining 9

studies were excluded.

The 3 included studies included 2 full text publications (Darden 2020; Luik,
2020), an unpublished study (Sampson et al., 2021).

Darden 2020 simulated a decision Markov model of 100,000 individuals with a
6-month time horizon. Five arms were compared in the model, dCBT-I
(Sleepio), pharmacotherapy, individual CBT-Il, group CBT-I and no treatment.
cohort were partitioned based on remission or insomnia at 6 months and a
health utility weighting was assigned (one QALY was valued at $50,000).
Indirect and direct cost parameters were based on the literature. The results
of the model reported that Sleepio was the most cost-effective insomnia
treatment followed by group CBT-I, pharmacotherapy and individual CBT-I.
The study was done in the US.

The unpublished study (Sampson et al., 2021) reports a quasi-experimental
design, using an uninterrupted time series to compare the trend in primary
care costs before and after the rollout of Sleepio in the UK. Primary care costs
include general practitioner contacts and prescription. From 9 practices in the
Thames Valley region of England, 10,704 people met the inclusion criteria
(diagnosis of anxiety, depression, or insomnia, prescription of hypnotic drugs
[or anxiolytic drugs] or referral to Sleepio). The total saving over a 65-week
follow up period was £6.64 per person in the sample or £70.44 per Sleepio

user.

Luik et al. (2020) reported the impact of using Sleepio on sleep medication

and healthcare resource use compared with sleep hygiene. The results
Assessment report overview: Sleepio for adults with poor sleep

March 2021
© NICE 2021. All rights reserved. Subject to Notice of rights. Page 18 of 34


https://www.nice.org.uk/terms-and-conditions

CONFIDENTIAL

support the conclusions of the unpublished study by Sampson et al. (2021)
that savings come from reduced prescription cost, which is around 60% less

for Sleepio compared to sleep hygiene education.

De novo analysis

The company’s economic analysis models a population of adults with
insomnia symptoms. It is a simple one-stage decision tree model using
remission status after treatment initiation; however, cost savings are not
estimated as a function of remission status and thus remission status has no
impact on the model results. The model compares Sleepio to 2 comparators.
The first comparator (described by the company as the ‘primary’ comparator)
is treatment as usual (TAU). The second comparator is face to face CBT-I.
TAU is poorly defined but includes sleep hygiene and sleep medication and is
commonly managed by the GP. The second comparator of face to face CBT-I

is recommended for treatment of insomnia in NICE’s Insomnia clinical

knowledge summary, but availability is limited in the UK.

The company’s analysis estimates the overall cost of providing access to
Sleepio to a large population. The cost impact and proportion of patients
accessing Sleepio are based on data from the unpublished study by Sampson
et al., 2021. The EAC accepts the structure of the economic model and thinks

the comparators, outcomes and time-horizon are reasonable.
The base case analysis assumes:

e The cost savings reported in Sampson et al (2021) resulted from

patient access to Sleepio. The EAC accepted this assumption.

e The data on resource use observed at 65 weeks following the
introduction of Sleepio can be extrapolated over a 3-year period. The
EAC do not think that 65 weeks is sufficiently long enough to support
this assumption.
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e The cohort accessing Sleepio in Sampson et al. (2021) is reflective of
an annual incidence of patients with insomnia. The EAC felt this was

optimistic.

e Sleepio is equivalent to face to face CBT-I in terms of remission and

impact on resource use.

e Based on clinical non-inferiority of Sleepio, there is no difference in
primary care resource use for patients treated with Sleepio compared
to patients treated with face-to-face CBT-I. The EAC thinks this is an

acceptable assumption, due to the lack of data.
Model parameters

Clinical parameters

The clinical parameters included in the economic modelling were:

e The estimated uptake of Sleepio as a percentage of the population (the
number of people that started session 1 of Sleepio). The company
estimates Sleepio is used by 24,000 people from a population of 2.4
million. This assumes an uptake of 1% _and is calculated based on the
GP referrals across 9 GP practices included in the Thames Valley roll
out reported in Sampson et al (2021), in combination with self-referrals
and people that were referred through an IAPT service. The EAC noted
that Sampson et al. (2021) also reports an uptake of 0.58% and 0.54%
in Buckinghamshire and Thames Valley, respectively. The EAC
changed the estimated uptake of Sleepio to 13,920 in a population of

2.4 million based on an uptake of 0.58% (Sampson et al., 2021).

e The company’s submission assumes that the uptake for subsequent
years will remain at the same level as the uptake observed in year 1.
The EAC considers this to be unrealistic and used sensitivity analyses
to explore the impact of a reduction in uptake in subsequent years.
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The main costs used in the modelling were the cost of the technology (per

adult in the NHS population and per user in year 1, 2 and 3) and the cost of

face-to-face CBT-Il. The cost of Sleepio per adult varies with the NHS

population size as described in table 4. The cost parameters used in the

company’s model and changes made by the EAC are described in table 5.

Table 4 Company pricing model

Number of adults in the NHS system
population

Price per adult p.a.

0 -250,000

£1.00

250,001 - 500,000

£0.98

500,001 - 750,000

£0.96

750,001 - 1,000,000

£0.93

1,000,001 +

£0.90

Table 5 Cost parameters used in the economic model and EAC changes.

EAC
value

Company

Parameter
value

Source

£ 0.90 per
adult in the
population
The company
assumed a
population
size of 2.4
million, based
on company
pricing model
Sleepio costs
£0.90 per
adult

Technology price Same

Company submission

Comparator (Sleep hygiene) £0 Same

£492

Based on the
midpoint of
PSSRU costs
for individual
CBT (£82)
multiped by 6
to account for
6 sessions.

Comparator (face to face CBT) £542

prices

Company estimates
inflated to current
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Primary care resource use per

£49.52 Same Sampson et al. 2021
user (year 1)
Primary care resource use per Sampson et al. 2021,
user (year 2) £43.52 Same discounted at 3.5%
Primary care resource use per £42 05 Same Sampson et al. 2021,

user (year 3)

discounted at 3.5%

Results

The EAC’s revised base case shows compared with face-to-face CBT-| using

Sleepio results in a cost saving of £386.83 per patient after 3 years.

Compared with TAU using Sleepio costs an additional £20.09 per patient after

3 years. These results differ to the company’s submission which reported

Sleepio to cost saving after 3 years compared with both face-to-face CBT and

TAU by £402 and £45.08, respectively.
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Company’s base-case (per patient)

EAC’s base-case (per patient)

Cost category Device Comparator Cost saving Device Comparator Cost saving per
(face to face per patient* (face to face patient*
CBT-l) CBT)

Consumables £90 £492 £402 £155.17 £542 £386.83

Primary care cost savings (year | £-49.52 £49.52 £0 -£49.52 -£49.52 £0

1)

Primary care cost savings (year | £-85.56 £-85.56 £0 -£85.56 -£85.56 £0

2 and 3)

Total (year 1) £40.48 £442.48 £402 £105.65 £492.48 £389.83

Total (3 years) £-45.08 £356.92 £402 £20.09 £406.92 £386.83

* A minus sign indicates device is more expensive than the comparator in this cost category.

Table 7 Sleepio compared to usual care

Company’s base-case (per patient)

EAC’s base-case (per patient)

Cost category Device Comparator Cost saving Device Comparator Cost saving per
(treatment as per patient* (treatment as | patient*
usual) usual)

Consumables £90 £0 £-90 £155.17 £0 -£155.17

Primary care cost savings (year | -£49.52 £0 £49.52 -£49.52 £0 £49.52

1)

Primary care cost savings (year | -£85.56 £0 £85.56 -£85.56 £0 £85.56

2 and 3)
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Total (year 1) £40.48 £0 -£40.48

£105.65

£0

-£105.65

Total (3 years) -£45.08 £0 £45.08

£20.09

£0

-£20.09

* A minus sign indicates device is more expensive than the comparator in this cost category.
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Sensitivity analyses

The company presented best- and worst-case scenario analysis on remission
rates, however, these results had no impact on the cost saving results
because changing the remission rates in the model does not impact on any of
the costs. The company also explored the impact of changing the proportion
of the population that start session 1 of Sleepio (percentage uptake) on the
results and reported that reducing the uptake percentage to 0.7%, reduced
the patient cohort to 16,800 and did not change the direction of the result but

reduced the magnitude of the cost-savings.

The EAC undertook additional sensitivity analysis comparing the cost of
Sleepio with usual care. The analysis examined uptake rate, the cost of
Sleepio and the duration of reductions in resource use. Table 8 shows the
impact of percentage uptake on the cost of Sleepio. Cost savings fall as the
proportion of users reduces, the breakeven rate for the first year’s cohort is
0.666%.

Table 8 Impact percentage uptake on the cost of Sleepio per user, per patient and net cost after 3 years

Sleepio Sleepio Equivalent Primary care | Cost saving

uptake cost per Sleepio cost | cost savings | per patient
head per user (three years)

0.5% £0.90 £180 £135.08 -£44.92

0.6% £0.90 £150 £135.08 -£14.92

0.7% £0.90 £128.57 £135.08 £6.51

0.8% £0.90 £112.50 £135.08 £22.58

0.9% £0.90 £100 £135.08 £35.08

1.0% £0.90 £90 £135.08 £45.08
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Further analysis reported the impact of varying the initial cost of the
technology. The results, reported in full in section 9.3 of the EAC’s
assessment report, showed that with an uptake of 0.58% Sleepio, compared
to TAU, becomes cost saving at a cost of £0.78 per adult per population. At a
cost of 0.90 per adult per population, with a percentage uptake of 0.58%,

Sleepio becomes cost saving after 4 years, compared to TAU.

The company’s analysis modelled a single cohort over 3 years based on
extrapolation of costs observed over 65 weeks in Sampson et al. (2021). The
EAC undertook additional analyses to quantify the rolling cost of Sleepio
considering subsequent cohorts of patients accessing Sleepio. The EAC

modelled 2 scenarios. In both scenarios, the overall cost rises over time:

e The uptake of Sleepio was maintained at 0.58% of the population (per

year). At year 5, the rolling cost of providing Sleepio is £2,775,500.

e The uptake of Sleepio fell to 0.2% of the population for year beyond
the first year of rollout. At year 5, the rolling cost of providing Sleepio is
£6,156,357.

The EAC highlighted that the company’s model does not offer any further
insight into the cost impact of Sleepio over and above that provided by the
Sampson et al. (2021) study. It accepts that this study is based on a large
sample, representative of the patient population and reflects resource use in
routine primary care. The EAC considered that the analysis appears robust,
the model specification is transparent and the use of linear trends gives
confidence that the results are not an artefact of model specification.
However, the EAC does not agree that the 65 weeks follow up data can be
extrapolated to 3 years with confidence and there may be other factors

affecting the trend of primary care costs after the introduction of Sleepio.

The company considers TAU to be the primary comparator. The EAC
concluded that Sleepio may be clinically beneficial to adults over 25 years old
with chronic (>3 months), mild to moderate insomnia compared with treatment
as usual (including sleep hygiene and medication). The benefits to the health
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system are dependent on patient engagement. Compared to TAU, Sleepio
becomes cost neutral when the level of uptake is between 0.6% and 0.7%.
Compared to face-to-face CBT-I, Sleepio was cost saving by £386.83,
however, this assumes that Sleepio is non-inferior to face to face CBT.
Currently, there are no direct comparative studies including face to face CBT

and Sleepio.

5 Ongoing research

There are 10 ongoing studies, 8 of which are RCTs, 1 is a non-randomised
control trial and 1 is a single arm observational study. See section 8.2 of the

EAC’s assessment report.
6 Issues for consideration by the Committee

Clinical evidence

¢ Given the heterogeneity within the clinical evidence, are the clinical

benefits of Sleepio generalisable?

e Various sleep scales were used to report clinical outcomes. What

reflects a clinically meaningful difference in the sleep scale scores?

¢ In the cost modelling comparison Sleepio is assumed to be equivalent
to other forms of face-to-face CBT-I in terms of both remission and its
impact on resource use. This assumption is supported by a meta-
analysis of clinical outcomes by Soh et al. (2020). Is this assumption
reasonable? Are the results of the indirect comparison of digital CBT

and face to face CBT (Soh et al., 2020) generalisable to Sleepio?
e Are there any groups of people that shouldn’t be offered Sleepio?

Cost evidence

e The company state that treatment as usual (including sleep hygiene
education and short course sleep medication) is the primary

comparator for this evaluation. NICE’s clinical knowledge summary
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recommends that people with chronic insomnia should be offered CBT-

I. Which comparator is more appropriate?

The unpublished Sampson et al (2021) reports lower primary care
costs across 9 UK GP practices after introducing Sleepio, secondary
analysis suggests that savings were related to a reduction in
prescriptions. The data does not distinguish between costs for patients
that accessed Sleepio and those that did not. Is it a reasonable
assumption that the cost-savings were due to the introduction of

Sleepio?

How generalisable are the findings of the unpublished Sampson et al.
(2021) study?

Sleepio requires access to a computer and the internet. What impact
will a region’s socioeconomic impact have on percentage of the
population that are able to access Sleepio? Will the uptake percentage

be consistent across all regions of the UK?

The key cost driver for the cost analysis is the percentage of the
population that start using Sleepio (uptake). Sleepio becomes cost-

neutral at an uptake of 0.666%, is this an achievable figure?

The company estimated the cost impact of Sleepio in year 2 and 3 by
extrapolating 65 weeks follow up data. Is 65 weeks an adequate follow

up period for estimating the cost impact of Sleepio for up to 3 years?

The company assume that the uptake of Sleepio will be consistent for

subsequent cohorts, is this a reasonable assumption?
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Appendix A: Sources of evidence considered in the

preparation of the overview

A Details of assessment report:

e ; Erskine J, Goddard K, et al. Sleepio for adults with poor sleep
B  Submissions from the following sponsors:

e Big Health Ltd.

C Related NICE guidance

e Guidance on the use of zaleplon, zolpidem and zopiclone for the short-term
management of insomnia. NICE technology appraisal guidance 77 (2004).

Available from http://www.nice.org.uk/quidance/TA77

D References

Please see EAC assessment report for full list of references.
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Appendix B: Comments from professional bodies

Expert advice was sought from experts who have been nominated or ratified
by their Specialist Society, Royal College or Professional Body. The advice
received is their individual opinion and does not represent the view of the

society.

Dr Kirsty Anderson

Consultant Neurologist and Sleep Specialist,
Newcastle upon Tyne NHS Hospitals Foundation Trust

Dr Tim Cooper
GP Partner, Chineham Medical Practice, Clinical Lead for Mental Health,
North Hampshire CCG, Clinical Director, Whitewater Loddon PCN

Professor Jason Ellis
Professor in Psychology at Northumbria University and Director of the

Northumbria Centre for Sleep Research

Dr Ari Manuel
Consultant in Sleep and Ventilation, Aintree University Hospital NHS Trust,
Oxford

Dr Georgina Ruddle
Acting associate director mental health, maternity and children, and interim

transforming care partnerships lead, NHS Wiltshire Clinical

Professor Mike Wang

Emeritus Professor of Clinical Psychology, University of Leicester

Please see the clinical expert statements included in the pack for full details.
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Appendix C: Comments from patient organisations

NICE’s public involvement programme posted an online survey between
December 2020 and February 2021 and received 71 responses. The results

of the survey are reported in the Sleepio patient survey report.

The following patient organisations were contacted, and no response was

received.

o Anxiety UK
e British Sleep Society
e Mind
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Appendix E: decision problem from scope

Population Adults with difficulty sleeping
Intervention Sleepio
Comparator(s) e Sleep hygiene
e Hypnotic drugs
e Face-to-face CBT for insomnia
o Digitally-facilitated CBT for insomnia
Outcomes The outcome measures to consider include:

Sleep related outcomes

o Sleep quality

e Sleep quantity

o Sleep-related satisfaction and quality of life
o Health related quality of life measures

e Symptoms of comorbid health conditions (mental and
physical) directly impacted by difficulty sleeping

System related outcomes

o Access to CBT for insomnia

e Waiting time for CBT for insomnia

o Number of primary care appointments

e Hypnotic drug prescription

¢ Incidence of comorbid health conditions

Device related outcomes
e Device-related adverse events

Cost analysis

Costs will be considered from an NHS and personal social
services perspective.

The cost modelling should reflect the business model the
company is proposing to use in the NHS, for example if a regional
approach is adopted the intervention cost should reflect that rather
than the intervention cost when the technology is being purchased
per patient.

The time horizon for the cost analysis will be long enough to
reflect differences in costs and consequences between the
technologies being compared.

Sensitivity analysis will be undertaken to address uncertainties in

the model parameters, which will include scenarios in which
different numbers and combinations of devices are needed.

Subgroups to
be considered

e Pregnant women
e People who have not had an insomnia diagnosis
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o People with short term insomnia (symptoms present for less
than 3 months)

e People with long term insomnia (symptoms present for 3
months or longer)

e People with insomnia and a comorbid condition

Special
considerations,
including those
related to
equality

Patient-facing digital health technologies such as Sleepio may be
unsuitable for people with visual or cognitive impairment,
problems with manual dexterity or learning disabilities. Disability is
a protected characteristic under the Equality Act.

Sleepio is not suitable for those hard of hearing or where English is not
well understood.

Access to internet-enabled devices, access to the internet and
user engagement with the technology may be more difficult for the
people in deprived communities. Socio-economic status is not a
protected characteristic and so is not protected under the Equality
Act 2010 but factors affecting access to care delivered using
digital devices should be considered.

The technology can be used in pregnant women that are
contraindicated for hypnotic medication. Pregnancy and maternity
are protected characteristics of the equality Act 2010.

Special
considerations,
specifically
related to
equality

Are there any people with a protected characteristic for | No
whom this device has a particularly disadvantageous
impact or for whom this device will have a
disproportionate impact on daily living, compared with
people without that protected characteristic?

Are there any changes that need to be considered in No
the scope to eliminate unlawful discrimination and to
promote equality?

Is there anything specific that needs to be done now to | No
ensure the Medical Technologies Advisory Committee
will have relevant information to consider equality
issues when developing guidance?

Any other
special
considerations

Not applicable

Assessment report overview: Sleepio for adults with poor sleep

March 2021

© NICE 2021. All rights reserved. Subject to Notice of rights.

Page 34 of 34



https://www.nice.org.uk/terms-and-conditions

NATIONAL INSTITUTE FOR HEALTH AND CARE
EXCELLENCE

Medical technology guidance scope

Sleepio for adults with difficulty sleeping.

1 Technology

1.1 Description of the technology

Sleepio (Big Health) is a self-help sleep improvement programme based on
cognitive behavioural therapy for insomnia (CBT-I). It is accessed through a
website or an app for iOS mobile devices, and can link to a compatible
wearable fitness tracker to monitor sleep (currently Fitbit and any other device

that uses Apple's Healthkit). It is available in the NHS apps library.

The programme is structured around a sleep test, weekly interactive CBT-I
sessions, and regular sleep diary entries. The sessions are focussed on
identifying thoughts, feelings and behaviours that are contributing to the
symptoms of insomnia. Cognitive interventions aim to improve the way a
person thinks about sleep and behavioural interventions aim to promote a
healthy sleep routine. Although the programme can be completed in 6 weeks
users can access the programme for 12 months from registration. They can
also access electronic library articles, online tools and the online Sleepio user
community. A daily sleep diary helps users track their progress and the
programme tailors advice to individuals. Users can fill in the diary manually or
the data may be automatically uploaded from a compatible wearable tracking

device. The programme does not share the users’ data.

Sleepio is accessed via self-referral on the product website or through referral
by a health care professional in regions of the NHS where it is commissioned.
For patients with mental health conditions managed in routine care, use of

Sleepio may benefit from the involvement of a healthcare professional.
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1.2 Relevant diseases and conditions

Sleepio is intended for use by people that have difficulty sleeping or have
been diagnosed with insomnia. Insomnia is characterised by symptoms of
difficulty initiating or maintaining sleep, with subsequent daytime functional

impairment (e.g. mood, fatigue, cognitive impairment).

The prevalence of people that have symptoms of insomnia in the population
varies widely from 5 to 50% depending on the definition used. Short term
insomnia typically lasts less than 3 months; long-term insomnia lasts 3 months

or longer.

Around one third of adults in Western countries experience sleep problems at
least once a week with 6-10% fulfilling the criteria for insomnia disorder (NICE

Insomnia clinical knowledge summary, last updated 2020). Insomnia is

diagnosed when symptoms have a negative impact on a person’s ability to
carry out daily tasks. The International classification of diseases -10 (ICD-10)
defines the criteria for insomnia as being difficulty sleeping three times a week
or more for at least 1 month. The Diagnostic and Statistical Manual of mental
health disorders-5 (DSM-5) defines insomnia disorder as an unhappiness with
the quality and quantity of sleep for 3 times a week or more for at least 3
months. Both diagnoses require that the symptoms of insomnia have an

impact on a person’s ability to carry out daily tasks.

Prevalence of insomnia is higher in people with comorbid conditions and
around half of all people with diagnosed insomnia have a comorbid psychiatric

disorder such as depression or anxiety (Wilson, 2019)

1.3 Current management

Current management of insomnia is described in guidelines published by the

British Association of Psychopharmacology published in 2010 and updated in

2019. Current treatment options for adults with difficulty sleeping is dependent
on the duration of the symptoms. People that present with symptoms of
insomnia are offered advice about sleep hygiene. If sleep hygiene fails and
daytime impairment is severe and causing significant distress, a short course

(3-7 days) of a non-benzodiazepine hypnotic medication may be prescribed.
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Hypnotic medication should only be considered if symptoms are likely to
resolve soon (for example being because of a short-term stressor). If
symptoms are unlikely to resolve soon, face-to-face or digital cognitive
behavioural therapy for insomnia (CBT-l) should be offered. A short-term
course of hypnotic medication can be offered in addition to CBT-I but should
not be offered routinely and only for a short period of time. People should be
offered regular follow up consultations to review the symptoms. Follow up

visits should be between every 2 and 4 weeks.

NICE’s Insomnia clinical knowledge summary presents a summary of the

latest, evidence-based information on the management of insomnia in primary
care. Management is summarised according to short term insomnia (< 3
months) and long term insomnia (> 3 months). For both short term and long
term insomnia the advice is to consider the need for referral to a sleep clinic or
neurology if symptoms of another sleep disorder are present, and to address
any triggers or causal factors for insomnia. In addition, advice is to ensure
comorbidities (such as anxiety and depression) are optimally managed. The
advice regarding sleep hygiene, use of hypnotic medication and use of CBT-I
is in line with the recommendations described above by the British Association

of Psychopharmacology guideline.

People with insomnia often present with a comorbid psychiatric condition.

NICE’s clinical guideline for common mental health problems (CG123)

recommends that people are assessed using the improving access to
psychological therapies (IAPT) screening tools and validated scales. A
person’s treatment is dependent on the severity of their symptoms. This
approach is referred to as a stepped-care model. Education and monitoring
are recommended for people with mild symptoms, computerised and group
CBTi are offered to people with moderate symptoms and CBTi and medication
are offered to people with severe symptoms.

1.4 Regulatory status

The Sleepio received a CE mark in October 2018 as a class 1 device for

adults with difficulty sleeping or insomnia disorder.
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1.5 Claimed benefits

The benefits to patients claimed by the company are:

¢ Provides effective therapy that directly addresses the behavioural and
cognitive underpinnings of insomnia.

e Improves other salient outcomes, particularly to mental health, wellbeing
and to quality of life.

e Provides access to CBT for people who otherwise would have been
provided with sleep hygiene, non-indicated pharmacotherapy or who would
not have received any treatment at all.

e Provides CBT for insomnia in a stigma free environment.

¢ Eliminates waiting time for CBT for insomnia.

¢ Reduces hypnotic usage and associated risks i.e. dependency, withdrawal,

risk of falls and unresolved insomnia.

The benefits to the healthcare system claimed by the company are:

e Reduces primary care appointments.

e Improves quality of care by enabling primary care to meet clinical
guidelines.

¢ Reduces hypnotic drug prescriptions and associated costs.

¢ Provision of CBT service where face to face CBT is not available or has
long waiting times.

¢ Improves range of treatment options available to primary care prescribers.

e Reduced downstream costs of untreated insomnia.

2 Decision problem
Population Adults with difficulty sleeping
Intervention Sleepio
Comparator(s) e Sleep hygiene

e Hypnotic drugs
e Face-to-face CBT for insomnia
o Digitally-facilitated CBT for insomnia

Outcomes The outcome measures to consider include:
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Sleep related outcomes

o Sleep quality

o Sleep quantity

o Sleep-related satisfaction and quality of life
o Health related quality of life measures

¢ Symptoms of comorbid health conditions (mental and
physical) directly impacted by difficulty sleeping

System related outcomes

e Access to CBT for insomnia

¢ Waiting time for CBT for insomnia

o Number of primary care appointments

¢ Hypnotic drug prescription

¢ Incidence of comorbid health conditions

Device related outcomes
e Device-related adverse events

Cost analysis

Costs will be considered from an NHS and personal social
services perspective.

The cost modelling should reflect the business model the
company is proposing to use in the NHS, for example if a regional
approach is adopted the intervention cost should reflect that rather
than the intervention cost when the technology is being purchased
per patient.

The time horizon for the cost analysis will be long enough to
reflect differences in costs and consequences between the
technologies being compared.

Sensitivity analysis will be undertaken to address uncertainties in
the model parameters, which will include scenarios in which
different numbers and combinations of devices are needed.

Subgroups to
be considered

e Pregnant women
e People who have not had an insomnia diagnosis

e People with short term insomnia (symptoms present for less
than 3 months)

e People with long term insomnia (symptoms present for 3
months or longer)

e People with insomnia and a comorbid condition

Special
considerations,
including those
related to
equality

Patient-facing digital health technologies such as Sleepio may be
unsuitable for people with visual or cognitive impairment,
problems with manual dexterity or learning disabilities. Disability is
a protected characteristic under the Equality Act.

Sleepio is not suitable for those hard of hearing or where English
is not well understood.
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Access to internet-enabled devices, access to the internet and
user engagement with the technology may be more difficult for the
people in deprived communities. Socio-economic status is not a
protected characteristic and so is not protected under the Equality
Act 2010 but factors affecting access to care delivered using
digital devices should be considered.

The technology can be used in pregnant women that are
contraindicated for hypnotic medication. Pregnancy and maternity
are protected characteristics of the equality Act 2010.

Special Are there any people with a protected characteristic for | No
considerations, | whom this device has a particularly disadvantageous
specifically impact or for whom this device will have a
related to disproportionate impact on daily living, compared with
equality people without that protected characteristic?

Are there any changes that need to be considered in No

the scope to eliminate unlawful discrimination and to
promote equality?

Is there anything specific that needs to be done nowto | No
ensure the Medical Technologies Advisory Committee
will have relevant information to consider equality
issues when developing guidance?

Any other Not applicable
special
considerations

3 Related NICE guidance

Published

e Guidance on the use of zaleplon, zolpidem and zopiclone for the short-term

management of insomnia (published 2004, last reviewed 2010) NICE

technology appraisal guidance 77.

4 External organisations

4.1 Professional

The following organisations have been asked to comment on the draft scope:

¢ British Association of Psychotherapists
¢ British Neuropsychiatry Association

e British Psychotherapy Foundation

e Faculty of Public Health Medicine

¢ Institute of Psychiatry
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¢ Royal College of Psychiatrists

4.2 Patient

NICE’s Public Involvement Programme contacted the following organisations

for patient commentary and asked them to comment on the draft scope:

e Anxiety UK
e British Sleep Society
e Mind
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N I (: National Institute for
Health and Care Excellence

Adoption report: MTG Sleepio for adults with poor sleep

Summary

Adoption levers identified by contributors

e There are currently few interventions available to help with poor sleep,
Sleepio provides an additional option.

e Potential to reduce NHS resource use (e.g. GP appointments and cost of
hypnotics).

e People can be easily directed to Sleepio by a variety of health and care
professionals.

e The technology is currently available free of charge for NHS and social
care staff for personal use.

Adoption barriers identified by contributors

e Funding arrangements for use in the NHS.

e Uncertainty about NHS cost savings.

e Significant user commitment and motivation is required.

¢ No clinical awareness of an interface for monitoring.

e Digital self-help programmes may not be suitable for some people.

1 Introduction

The adoption team has collated information from healthcare professionals working
within NHS organisations, 6 of whom have experience of recommending people to
use Sleepio. This report has been developed for the medical technologies advisory
committee (MTAC) to provide context from current practice and an insight into the
potential levers and barriers to adoption. It does not represent the opinion of NICE or
MTAC.

This adoption report includes some of the considerations for routine NHS use of the

technology.
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2 Contributors

Details of contributing individuals are listed in Table 1.

Table 1: Contributors and Sleepio usage

Job title Setting Referring | Commissioning model
for
Sleepio?
GP, head of General Practice | Yes Ongoing company funded pilot
research activities Federation (6 started February 2019 in 6 GP
for the GP GP practices) practices
federation
GP General Practice | Previously | 3-month company funded trial in 1
practice ended July 2020

GP General Practice | No N/A
GP, CCG Clinical General Practice | Yes 6-month company funded CCG
Lead for Mental wide trial started October 2020
Health
High Intensity CBT | IAPT service No N/A
Therapist
Assistant Director Clinical No N/A
Mental Health, Commissioning
Learning Group
Disabilities &
Autism
Community Community long | Yes Available since April 2020 to
navigator term condition people under the care of the

service community service

(Scotland)
Occupational Community One Company offered one-off free
therapist mental health referral access

service

(Scotland)

3 Current practice in clinical area

NICE has produced a health app briefing on Sleepio which describes the current

care pathway. NICE has also produced a clinical knowledge summary on insomnia

which provides primary care practitioners with a readily accessible summary of the
current evidence base and practical guidance on best practice.
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Contributors reported that commonly a person presenting to a GP with poor sleep
will undergo assessment to guide next steps. The assessment will include
consideration of duration of symptoms, impact of symptoms on activities of daily
living and whether the problem is associated with any other conditions. Contributors
said it is common for people presenting with poor sleep to have underlying
conditions such as anxiety, depression or pain. There was a difference in opinion
about the clinical approach to this situation with some adopting a segmented
approach to each issue and others a holistic approach addressing everything at the

same time.

Contributors noted that there are limited treatment options for poor sleep and these
patients often present to primary care services seeking help. Cognitive behavioural
therapy for insomnia (CBT I) is not routinely available, therefore GPs will usually
offer sleep hygiene advice. If the person is in an acute distressed state, a very short
course (1 week) of hypnotic medication (e.g Zopiclone) may be recommended.
There was a concern that when GPs are busy, medication may be used as a quick
solution but that these have other side effects and can lead to longer term

dependence.

When a GP identifies insomnia secondary to an underlying mental health condition

such as anxiety and depression they will usually refer the patient to IAPT services

where sleep support, either CBT-I (although reported to be not routinely available) or
sleep hygiene advice, can be delivered as part of the intervention. This can be face

to face or self-help material (posters, slide sets and online programmes).

All people referred to IAPT services are triaged to identify suitable intervention(s) for
them. Contributors reported that IAPT services are under pressure with capacity
issues, thought to have worsened as a result of the COVID-19 pandemic. They
report waiting times of 3 to 12 months with the longest waits for face to face CBT.
Negative patient experiences with IAPT services in the past, and a reluctance of
people to acknowledge an underlying mental health condition, are barriers to people

accessing these services.
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Although people presenting with insomnia with no underlying condition was reported
to be uncommon, there was an acknowledgement that it might be more common
than previously thought. It was reported that poor sleep is an everyday occurrence

for many people who may not seek medical help for this as a primary complaint.

Poor sleep alone is not a condition treated by IAPT services.

4 Use of Sleepio in practice

The company report that Sleepio is currently available through a sponsored NHS
England South East Programme in Oxfordshire, Berkshire and Buckinghamshire.
The company have also made the product available to all health and social care staff

in England. The Good thinking initiative commissioned Sleepio for all Greater

London residents through London Clinical Commissioning Groups (2017 — 2019) but
no longer provides access. Table 1 shows use of Sleepio among contributors, most

of whom have referred people for Sleepio as part of a company funded trial pilot.

The company report that a laptop or desktop is required to access Sleepio and there
is a supplementary app for iOS. Contributors emphasised the interactivity of Sleepio.
As part of the programme there is a sleep restriction element in week 3. Users have
reported this as challenging, and for some has been the reason they have

discontinued the programme.

Contributors said that data tracking usage, completion, and self-assessment results
of Sleepio among their patient populations could be used to support the case for
adoption locally. People accessing the technology as part of a free trial use a unique
project link which allows the company to identify people in the trial. Some usage data

was available to pilot sites on an ad hoc basis.

The company report that there is a clinician interface where healthcare professionals

can review their patients. Contributors did not refer to this resource during

discussions.

5 Reported benefits

The potential benefits of adopting Sleepio, as reported to the adoption team by the

healthcare professionals using the technology are:
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e Provides an additional tool for a common problem

e Variety of health and care professionals can direct people to Sleepio with no
waiting list

e May reduce sleep medication prescribing

e May reduce the number of GP appointments for insomnia and sleep problems
6 Insights from the NHS

Care pathway

Contributors thought Sleepio would be a useful additional resource to support people
with poor sleep. Where poor sleep is thought to be secondary to other problems,
where it is used in the care pathway is influenced by the clinical approach to

addressing underlying problems.

It was suggested that Sleepio could be offered to people whilst they wait to access
their recommended IAPT interventions. One contributor said that completing the
Sleepio programme could be good preparation for formalised CBT. An IAPT service
professional said planning would be required to decide where Sleepio would fit into

their service.

Some contributors asked if Sleepio could be completed alongside another treatment,
such as another CBT programme. There was some concern that this would increase
the required commitment from the user and could reduce the impact of either

treatment.

Patient selection

Contributors agreed that the technology is suitable for people with poor sleep.
To select appropriate patients and maximise the benefit contributors suggested:

¢ Sleepio should not be used when someone is taking sedating medications but can
be used alongside medications for mental health problems such as anxiety and
depression.

e The programme is challenging, and people need to be motivated to complete it.
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e Access to a suitable device, internet connection and IT literacy.
e Evaluation of the person’s ability to concentrate for the required time
e Personal learning styles and acceptance. Some people will prefer talking therapy

and depending upon personal learning styles the design of Sleepio may not

appeal to all users.

The company highlight that the sleep component of the programme may exacerbate
underlying pathophysiology and risk in some individuals, for example those with
epilepsy, bipolar disorder and at risk of falls. The instructions for use recommend
these people speak with their doctor and only use the program under direct medical

supervision.

Support and follow up

Although Sleepio is a self-directed programme, contributors varied in the amount of
support they provided to users. GPs provided the link to the programme for self-
directed completion and did not routinely follow-up. A long-term conditions service
offered practical and emotional support to Sleepio users throughout the six-week

duration of the programme.

All contributors suggested that it would be useful to be able to access progress data

for individuals and provide support to optimise completion and evaluate.

Patient experience

No contributors have routinely collected feedback from patients. However, ad hoc

feedback is that the programme helped and was easy to use and access.

One contributor thought the app would be more accessible and easier to use than a

desktop programme if there was enhanced functionality.

Clinician confidence/acceptance

In general, there was positive clinician opinion of Sleepio as an additional option for
helping people with poor sleep. There was agreement that it is safe and low risk with

some evidence to support its use. One contributor suggested that evidence of
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outcomes vs CBT-I would help convince clinicians further of its efficacy and support

adoption.

It was acknowledged that online programmes are not suitable for everyone and there
was scepticism from one contributor on the value of self-help programmes, although

this is not specific to Sleepio.

Commissioning and procurement

Access to Sleepio is provided through a free access code developed for a pilot, a
research site or commissioned area. The company’s intended procurement model

for the NHS is for locality or regional commissioning on an annual basis.

All contributors agreed that funding Sleepio in the current NHS climate was a major
barrier to its use. While poor sleep can have significant impact on quality of life for
individuals, it is not considered a priority area in local or national health policy. CCGs
were identified as the likely providers of funding, however contributors were
concerned that the financial savings of using Sleepio in reducing hypnotic
medications and GP appointments were not likely to be significant enough for CCGs

to justify commissioning it, which would be a barrier to adoption.

Clinician familiarisation

All contributors who had experience of referring people for Sleepio had received a
minimum 1-hour familiarisation session delivered by the company with an optional
follow-up question and answer session after 6 weeks. The company have advised
that training is provided free of charge to staff at pilot and research sites and
commissioned areas. Training now includes information to help clinicians explain the

benefits of the sleep restriction which people find challenging at week 3.

Contributors agreed this is useful to assess an individual’s suitability, prepare the
person about what to expect and offer support during the programme if required.
They believed these steps would increase patient compliance and completion of the

programme.
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1 Decision problem

Scope issued by

Variation from

Rationale for

NICE scope (if variation
applicable)
Population Adults with difficulty Adults with insomnia Addresses insomnia as
sleeping symptoms (18 yr plus; a specific sleep
no upper age limit) disorder; addresses
effectiveness across
entire adult age range
Intervention Sleepio None None
Comparator(s) Sleep hygiene Omitted digitally- Lack of comparative
H tic facilitated CBT for studies
ypnotic arugs insomnia
Face-to-face CBT for
insomnia
Digitally-facilitated
CBT for insomnia
Outcomes Sleep related To add: We include validated
outcomes Insomnia related clinical scores used in
_ outcomes the assessment and
o Sleep quality —Sl management of
o eep ; :
e Sleep Condition nsomnia
quantity Indicator (SCI)
e Sleep-related * Insomnia
. . Severity Index
satisfaction (IS1)
and quality of
life
e Health related
quality of life
measures
e Symptoms of
comorbid
health
conditions
(mental and
physical)
directly
impacted by
difficulty
sleeping
System related
outcomes
e Accessto
CBT for
insomnia
Company evidence submission (part 1) for [Sleepio].
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e Waiting time
for CBT for
insomnia

e Number of
primary care
appointments

e Hypnotic drug
prescription

e Incidence of
comorbid
health
conditions

Device related

considered from an
NHS and personal
social services
perspective.

The cost modelling
should reflect the
business model the
company is
proposing to use in
the NHS, for example
if a regional
approach is adopted
the intervention cost
should reflect that
rather than the
intervention cost
when the technology
is being purchased
per patient.

The time horizon for
the cost analysis will
be long enough to
reflect differences in
costs and
consequences
between the
technologies being
compared.

outcomes
e Device-
related
adverse
events
Cost analysis Costs will be None None
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Sensitivity analysis
will be undertaken to
address uncertainties
in the model
parameters, which
will include scenarios
in which different
numbers and
combinations of
devices are needed.

considerations,
including issues
related to
equality

health technologies
such as Sleepio may
be unsuitable for
people with visual or
cognitive impairment,

Subgroups to be e Pregnant e People with The list has been
considered women long term reordered to reflect the
insomnia likely prevalence of the
e People who (symptoms subgroups.
have not had present for 3 People may have
an insomnia months or mental or physical
diaanosis longer) health comorbidities so
9 » People with these have been
e People with insomnia and a | separated. Clarification
comorbid that there are people
short term
. ) mental health | with insomnia who
Insomnia condition have no ‘formal’
(symptoms o People with diagnosis
present for insomnia and a | Clarification that we are
less than 3 comorbid referring to pregnant
physical health | women with problems
months) condition sleeping
e People with e People who
long term have not had a
insomnia formal
¢ insomnia
(symptoms diagnosis
present for 3 «  People with
months or short term
longer) insomnia
) (symptoms
* Feople _W'th present for less
insomnia and than 3 months)
a comorbid e Pregnant
condition women with
problems
sleeping
Functional N/A None None
classification
and risk category
Special Patient-facing digital | None None
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problems with
manual dexterity or
learning disabilities.
Disability is a
protected
characteristic under
the Equality Act.

Sleepio is not
suitable for those
hard of hearing or
where English is not
well understood.

Access to internet-
enabled devices,
access to the internet
and user
engagement with the
technology may be
more difficult for the
people in deprived
communities. Socio-
economic status is
not a protected
characteristic and so
is not protected
under the Equality
Act 2010 but factors
affecting access to
care delivered using
digital devices should
be considered.

The technology can
be used in pregnant
women that are
contraindicated for
hypnotic medication.
Pregnancy and
maternity are
protected
characteristics of the
equality Act 2010.

2 The technology

21 Overview of the technology
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Give the brand name, approved name and details of any different versions of the

same technology (including future versions in development and due to launch within

12 months). Please also provide links to (or send copies of) the instructions for use

for each version of the technology.

Brand name

Sleepio

Approved name

Sleepio

CE mark class and
date of
authorisation

Class | CE Mark — 1 October 2018

Main function

Digital CBT for insomnia software

availability in the
UK

Development In market
stage
Current Available to residents in Buckinghamshire, Oxfordshire, Berkshire

and North Hampshire.
Available to health and social care staff in NHS England, NHS
Scotland and Social Care staff in Wales.

Version(s) Launched | Features
Enter text. Enter text.

Enter text.

Enter text. Enter text. Enter text.

Enter text. Enter text. Enter text.

Enter text. Enter text. Enter text.

Enter text. Enter text. Enter text.

Briefly describe the technology (no more than 1,000 words). Include details on how

the technology works, functionality, integration with other systems, any innovative

features, and if the technology must be used alongside another treatment or

technology. Include diagrams if appropriate.
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Sleepio is a fully automated, personalised digital sleep improvement program delivering
cognitive behavioural therapy for insomnia (CBT-I). Sleepio can be used as a standalone
treatment for insomnia and does not require clinical input. Sleepio is a highly interactive
programme that uses artificial intelligence (Al) to personalise components of the CBT-I
programme for patients.

While typically triggered by a stressful life event, insomnia is maintained by unhelpful
behaviours and thoughts. Over the course of six sessions, a virtual sleep expert - ‘The
Prof - teaches evidence-based cognitive and behavioural interventions, sleep hygiene
education, and relaxation exercises to target these unhelpful behaviours and thoughts.
Reducing these unhelpful behaviours and thoughts leads to a reduction in insomnia
symptoms.

Common behaviours maintaining insomnia include spending an excessive amount of time
awake in bed, sleeping in on the weekends, taking daytime naps, and drinking excessive
caffeine. Sleep restriction (i.e., establishing a regular sleep window based on the actual
amount of time spent asleep), stimulus control (i.e., reducing the amount of time awake in
bed to reassociate the bed with sleep), and sleep hygiene (i.e., education about
behaviours that interfere with sleep) are introduced in Sleepio to target unhelpful
behaviours.

Common thoughts maintaining insomnia include excessive worries about sleep,
dysfunctional beliefs about sleep, and bed-related tension and anxiety. Sleepio identifies,
challenges, and addresses thoughts and worries that contribute to difficulty sleeping using
cognitive therapy such as cognitive restructuring (i.e., identifying and challenging unhelpful
thoughts) and paradoxical intention (i.e., instead of focusing on trying to sleep, focus on
trying to stay awake). Relaxation techniques such as progressive muscle relaxation are
also introduced to help reduce bed-related anxiety and tension.

The Sleepio course

Sleepio consists of six, 15-20 minute sessions. After completion of a session, the next
session is made available one week later. It is recommended that patients complete one
session per week but they can spend as much time as they need between sessions and
can repeat sessions as required.

During the Sleepio sessions, The Prof will teach scientifically backed tools (see below for
a detailed breakdown of each session) to reduce insomnia symptoms. It is recommended
that patients incorporate these tools into their daily routines as instructed. Research
shows that putting in the work between sessions leads to better outcomes.

A core component of Sleepio is completion of the sleep diary. It is recommended that
patients complete the sleep diary every morning upon waking. The diary can be
completed within the Sleepio program. A paper copy can be downloaded and printed
should patients prefer a non-digital option.

Many Sleepio patients start seeing improvements in their sleep by session 2 or 3,
however, to get the full benefit of the program it is recommended that they complete all six
sessions and practice the skills between sessions.

Onboarding

People sign up using a link provided by their healthcare provider, after signing up they will
be asked a series of questions to generate their Sleep Score, after which they can start

Company evidence submission (part 1) for [Sleepio].
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the first session of CBT. A series of Sleep Guides supporting a range of issues e.g. shift
work and pregnancy, are provided to download before starting the session.

What'’s your
Sleep Score?

A science-based approach

program designed p experts and based on
cogritive and behavioral techniques.

Get Your Sleep Score

Weekly CBT sessions

Structure of a Session

Each Sleepio session covers a number of topics and techniques for sleep improvement.
The specific topics in each session are listed during the first few minutes of the session.
Topics must be covered in order and cannot be skipped. At the end of each session there
is a 5-question quiz to test comprehension. The quiz must be completed to finish the
session.

Throughout each session there are interactive elements such as asking questions and
completing exercises that engage the patient. The more a patient engages the better the
outcomes

From Session 2, sessions will begin with a summary of progress, starting with how the
patient slept based on Sleep Diaries. Then, they will answer a few questions about their
week to track your goals and overall progress. From Session 4, they may also receive
feedback on how to adjust sleep schedules.

As each session is completed patients receive an email summary for that session and
new content is added to their Sleepio Case File and Library.

Company evidence submission (part 1) for [Sleepio].
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What do you
want to do?

-

Sleep Diary  suusy i ey — srissy 2o ay

EEH EZH 58 ECH I S 8

e sleep over the last week

Time asleep Sleep Efficiency g Sleep quality
© G omine (= Fr (=

Sleep DIary i s may — Thsdos 2otmbiay Al achios drice. @

AEE =

Last night... | o soep atal

W tme 8 you get it bee? Seiact tmo = @
[T ——— Seiect e < ©
How long did it take you 1o all asieep? Select time ~ @

Hou many timos di you weake up during the night?

What ime was your final awakening?

Please enter your average sleep for last week

19 20 21 22 23 24 25

Last week...

I dide't sleep at il

What time did you get into bed?
What time did you try to go to sleep?

How long did i ake you 1o fall asioap?

Hew many times did you wake up during the night?

i total, how long did these awakenings last?

What time was your final awakening?

What time did you get out of bed for the day?

Haw would yau rate the quality of your sleep?

Session content

Identify the cause of poor sleep and set goals for the programme.
Learn to optimise the daytime for sleep.

Boost the connection between bed and sleep.

Learn a range of techniques that help clear the mind for sleep.

PO~
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5. Grow the toolkit with final techniques tailored to the patient.
6. Assess progress, revisit material, and post questions to the team of Sleep
Experts.

SR

*Review goals
\ * Reinforce
motivation

Depending on priorities..
* Cognitive re-structure
* Autogenic training

* Imagery

* Mindfulness

+Sleep hygiene
(schedule)

*Sleep hygiene

* Formulation (lifestyle & * Stimulus cc.mt.rol » Paradoxical intention
*Goal setting bedroom) *Sleep restriction Y.
* Diary keeping | * Progressive

* Motivational relaxation

contract * Thought checker

Desktop features:

e Onboarding sleep test,

o Sleepio programme,

e Sleep diary,

e Sleepio community,

o Case file and library of Sleep guides,

e Add tracking devices to import sleep data, Sleepio is compatible with FitBit and
iOS Health Kit

e Sleepio clinic (for clinicians only)

App features (iOS only):
o Sleepio programme,
e Sleep diary,
e Help getting to sleep now
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2.2 Claimed benefits of the technology

What are the claimed benefits for patients and the NHS of using the technology for

the decision problem described in Section 1?

Claimed benefit

Supporting
evidence

Rationale

Patient benefits

Provides effective therapy that directly
addresses the behavioural and cognitive
underpinnings of insomnia.

All papers cited are
either fully published
or included as
structured abstracts
in appendix A.

Espie et al., (2012)
Espie et al., (2014)
Pillai et al., (2015)
Barnes et al.,
(2016)

Bostock et al.,
(2016)

Luik et al., (2017)
Elison et al., (2017)
Freeman et al.,
(2017)

Miller et al., (2018)
Cheng et al.,
(2019a)

Espie et al., (2019)
Denis et al., (2020)
Felder et al., (2020)
Luik et al., (2020)
Crawford et al.,
(2020)

Cliffe et al., (2020)
Kyle et al., (2020)
Kalmbach et al.,
(2020)

Cheng et al.,
(2020a)

Henry et al., (2020)
Stott et al., (2020
abstract)

Studd et al., (2020
abstract)

Kanady et al.,
(2020)

Derose et al., (in
review)

Manber et al., (in
progress)

Sleepio is superior
to placebo, to active
comparators and to
treatment as usual
at improving
insomnia symptoms
and is effective in
people with sub-
threshold symptoms
and pregnant
women.

Sleepio is safe and
accepted, and led to
significant
improvements in
insomnia symptoms
in 14-17 year olds.
Patients who had
used Sleepio
experienced
reduced risk of
insomnia relapse
and depressive
symptoms during
the coronavirus
pandemic.
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Improves other salient outcomes,
particularly to mental health, wellbeing and
to quality of life.

Espie et al., (2014)
Pillai et al., (2015)
Bostock et al.,
(2016)

Luik et al., (2017)
Elison et al., (2017)
Freeman et al.,
(2017)

Miller et al., (2018)
Cheng et al.,
(2019a)

Espie et al., (2019)
Denis et al., (2020)
Felder et al., (2020)
Luik et al., (2020)
Crawford et al.,
(2020)

Cliffe et al., (2020)
Kyle et al., (2020)
Kalmbach et al.,
(2020)

Cheng et al.,
(2020a)

Stott et al., (2020)
Henry et al., (2020)
Studd et al., (2020
abstract)

Kanady et al.,
(2020)

Manber et al., (in
progress)

Sleepio is effective
in improving
symptoms of
depression and
anxiety, as well as
other mental health
symptoms including
paranoia. Sleepio is
also effective in
reducing fatigue,
improving wellbeing,
functional health
status and QoL.
Studies show the
above sets of
improvements are
attributable to
Sleepio improving
users’ sleep.
Sleepio has been
shown to be
effective in
improving insomnia
symptoms in
patients with cancer,
cardiometabolic, and
neurological
conditions. Patients
who have used
Sleepio experienced
reduced risk of
insomnia relapse
and depressive
symptoms during
the coronavirus
pandemic.

Provides access to CBT for people who
otherwise would have been provided with
sleep hygiene, non-indicated
pharmacotherapy or who would not have
received any treatment at all.

Luik et al., (2017)
Elison et al., (2017)
Luik et al., (2020)
Cliffe et al., (2020)
Stott et al., (2020
abstract)

Studd et al., (2020
abstract)

Derose et al., (in
review)

Manber et al., (in
progress)

Sleepio improved
IAPT recovery rates
and provided access
to CBT-I for patients
who otherwise
would not have had
their insomnia
treated.
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Provides CBT for insomnia in a stigma free
environment.

Coulson et al.,
(2016)

Luik et al., (2017)
Cliffe et al., (2020)
Stott et al., (2020

Non-judgmental
interactions were
cited as one of the
positive drivers for
engagement with

insomnia

abstract)

Studd et al., (2020
abstract)

Derose et al., (in
review)

abstract) the Sleepio
Studd et al., (2020 community
abstract)
Derose et al., (in
review)

Eliminates waiting time for CBT for Stott et al., (2020 Real world

evaluations of
Sleepio demonstrate
that the programme
was accessible with
no waiting times to
large populations. In
the Thames Valley
Sleepio was
accessed by over
20,000 people and
those who had
completed at least 2
sessions achieved a
58% remission rate
for insomnia.

Reduces hypnotic usage and associated
risks i.e. dependency, withdrawal, risk of
falls and unresolved insomnia.

Luik et al., (2020)
Drake et al., (2020)

Sleepio provides
CBT-I with no
waiting times at
point of care
allowing GPs to
provide
psychological care
instead of
medications. Sleepio
led to significant
reductions in
prescription and
non-prescription
medication use at
24-weeks, with this
effect maintained for
non-prescription
medication at 48-
weeks. Populations
using Sleepio were
likely to have lower
prescription
medication use.

Reduction in
Company evidence submission (part 1) for [Sleepio].
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prescription
medication was
greatest for
antidepressants
followed by
hypnotics.

System benefits

Reduces primary care appointments

Sampson et al.,
(2020)

Derose et al., (in
review)

Sleepio may reduce
people’s need to
engage with primary
care services.
Evidence from
England suggests
that Sleepio rollout
within a population
is associated with
reduced primary
care resource use,
including
prescriptions and
GP attendances.
Sleepio was non-
inferior to face-to-
face group CBT-I,
therefore, if
implemented at
scale, could be cost
effective and reduce
primary care
psychological
resources.

Improves quality of care by enabling
primary care to meet clinical guidelines

Stott et al., (2020
abstract)

Studd et al., (2020
abstract)

Derose et al., (in
review)

When implemented
at scale in the
Thames Valley,
Sleepio was
available
immediately at point
of care, allowing
GPs to prescribe
CBT-I for chronic
insomnia, instead of
medications.

Provision of CBT service where face to face
CBT is not available or has long waiting
times

Stott et al., (2020
abstract)

Studd et al., (2020
abstract)

As above, before
Sleepio the Thames
Valley did not have
a CBT-I service.
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Improves range of treatment options
available to primary care prescribers

Cliffe et al., (2020)
Stott et al., (2020
abstract)

Studd et al., (2020
abstract)

As above, Sleepio
enables GPs to
prescribe CBT-I at
point of care,
therefore, adding
choice to the
currently limited
treatment options
(sleep medications)
in primary care.

Cost benefits

Reduced downstream costs of untreated
insomnia

Hafner et al., (2017)
Cheng et al.,
(2019a)

By reducing the
incidence of
insomnia and its
symptoms, Sleepio
can prevent direct
and indirect costs
associated with
insomnia.

Reduces hypnotic drug prescriptions and
associated costs

Sampson et al.,
(2020)
Darden et al., (2020)

Sleepio is an
effective and less
costly substitute for
hypnotics.

Reduces primary care resource costs

Sampson et al.,
(2020)

Derose et al., (in
review)

Sleepio may reduce
people’s need to
engage with primary
care services.
Evidence from
England suggests
that Sleepio rollout
within a population
is associated with
reduced primary
care resource use,
including
prescriptions and
GP attendances.
Sleepio was non-
inferior to face-to-
face group CBT-I,
therefore, if
implemented at
scale, could be cost
effective and reduce

primary care
psychological
resources.
Company evidence submission (part 1) for [Sleepio].
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Sustainability benefits

Reduced emissions and use of non- Common knowledge | Sleepio avoids the

renewable resources due to reduced need to travel to

travelling hospital once a
referral has been
made to CBT-I
services.

2.3 Other considerations

Describe any training (for healthcare professionals and patients or their carers) that

would be needed if the NHS were to adopt the technology (no more than 500 words).

Staff training is offered by Big Health at no additional cost.
Primary care training

Prescribing Sleepio to your patients (30 mins - 1 hour)
o All training is delivered by a Big Health engagement manager and a Big Health
clinical psychologist/ specialist in Sleep Medicine.
e A group of GP practices, or primary care networks can be trained at the same time
either face to face or through a webinar.
e Training covers:
o Managing insomnia disorder
o Introduction to Sleepio
o How to prescribe Sleepio: patient selection, referral links, and how to
support patients through session 3 sleep restriction, FAQs
o Patient feedback and outcomes reporting
e Follow up materials and a dedicated webpage for training resources are set up for
practice staff to access.

Technical training and set up
e Sleepio can be prescribed through EMIS, SystemOne, AccuRx, MJOG, and other
primary care messaging platforms.
o A Big Health engagement manager provides guides, messaging and walks
clinicians through the digital prescription process at setup.

Briefly describe the environmental impact of adopting the technology across the
NHS, including for example the impact of the manufacturing process and waste
disposal process, and any sustainability considerations (no more than 500 words).

Company evidence submission (part 1) for [Sleepio].
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Sleepio avoids the need to travel to appointments once a referral has been made to CBT-I
services. Sleepio is intended to be a standalone solution that delivers CBT-I to patients at
a time and place most convenient to them. This model reduces the need for healthcare
premises to host CBT-I services, therefore reducing the reliance on non-renewable energy

and resources.

If the technology provides any health information, such as advice to users, briefly
describe how this is aligned with best available sources such as NICE guidance or
guidance from other relevant professional organisations or bodies. Describe how this

is kept up to date and accurate (no more than 500 words).

Company evidence submission (part 1) for [Sleepio].
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Sleepio provides six sessions of CBT-I and has been included in the British Association of
Psychopharmacology (BAP) (Wilson et al., 2019) guidelines as an effective web/mobile-
based solution for insomnia.

The core principles and techniques in CBT-I such as sleep restriction and stimulus control
have remained consistent across the decades. There have been minor changes in adding
relaxation and shortening CBT-I to focus on behavioural interventions only (BBTI), Sleepio
focuses on behavioural interventions. To date there have been no significant updates to
Sleepio content which include sleep restriction, stimulus control and relaxation (see above
for session content). Sleepio is currently undergoing improvements and it is anticipated
that in the near future the programme will be able to support iterations on the content. All
content in Sleepio is monitored and designed by internal and external clinical
psychologists specialising in sleep medicine and evaluated using internal product design
testing and clinical trials.

Summary of guidelines

Three guidelines are relevant to insomnia, the National Institute of Health and Care
Excellence (NICE) guideline for insomnia (Clinical Knowledge Summary Insomnia, 2020),
the British Association of Psychopharmacology (BAP) (Wilson et al., 2019) guidelines and
the European Guideline Summary Recommendation (Riemann et al., 2017).

All three guidelines recommend CBT-I as first-line treatment for chronic insomnia. Sleep
medications e.g. hypnotics or melatonin are indicated in acute insomnia that is likely to
resolve. Sleep medications are limited to a short (3-7 day course) and are not indicated for
pregnant women. Melatonin is recommended for those aged 55 years and over.

BAP guidelines assert the importance of treating all types of insomnia. Insomnia is also
associated with increased risk of poor physical health and conditions that are expensive to
treat and include cardiometabolic and mental health difficulties (Taylor, et al., 2003;
Javaheri, et al., 2017; Lin, et al., 2018; Hertenstein, et al., 2019; Li, et al., 2020).

However insomnia often remains undiagnosed and untreated despite its high prevalence,
and CBT-I can improve symptoms of insomnia and associated sleep difficulty, quality of
life, and daytime functioning (Wilson et al., 2019; Riemann et al., 2017).
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If peer-support or other similar communication functions are available within the
technology please describe what safeguarding measures are in place to ensure the
safety of users, for example user agreements or moderation. Describe who has
access to the platform and their roles and why these people are suitable and

qualified to have access (no more than 500 words).

Big Health has a clinical governance process that is compliant with rigorous medical
device risk management standards (e.g., ISO 13485, ISO 14971 and IEC 62304). This
process involves both (1) setting user expectations before starting Sleepio (by providing
information about suitability and safety during sign-up and asking users to confirm
understanding of suitability) and (2) managing risks during program use.

During program use, users receive customised guidance embedded within Sleepio. For
example, if a user indicates that they have existing health difficulties (i.e., if they respond
to the statement, “in general, would you say your health is...” with the options of “poor” or
“very poor”), if they endorse falling asleep or struggling to stay awake during the day or
they completed fewer than 6 our of 14 diary entries during the first two weeks, their
recommended sleep window for sleep restriction is less constricted (i.e., the sleep window
minimum is increased from 5 to 6 hours). Additionally, individuals who endorse difficulty
staying awake during the day, stopping breathing during their sleep, or snoring are
provided with additional information in their sleep report about sleep apnoea.

Within the program, an email icon on the bottom right corner of the screen allows the user
to email the User Happiness team for technical support. The User Happiness team are the
Big Health customer service team who have undergone training to manage the
community, respond to posts or emails and manage issues. Email communications are
responded to within 24 hours and are subject to manual monitoring for indications of risk
by the User Happiness team. Posts on the Sleepio community board are monitored by the
User Happiness team, as well as by other community members, for inappropriate and/or
risk-related content. Additionally, a list of risk-related and inappropriate words are
automatically flagged for the User Happiness team to review. User free text entry
responses to the question, “What else would you like your Sleepio expert to know?” are
also monitored for risk-related words every month through a combination of automated
and manual processes.

If a concerning email, post, or entry is identified, the User Happiness and Clinical Safety
Officer (CSO) review the content, log the incident, and create a response plan. Responses
do not include direct medical advice, but remind users that the program is self-help only
and to speak to a doctor or local emergency services if they feel their health or wellbeing
is at risk. Emailed replies to concerns of risk come from (or under the directive of) the User
Happiness Manager, after conferring with the Clinical team, which is made up of clinical
researchers, clinical psychologists, and specialists in sleep medicine.

Does the technology use recognised behaviour change techniques or frameworks? If
yes, please provide details of these and provide academic references supporting the
use of these techniques or frameworks. Please state how the principles of these
techniques or frameworks have been incorporated into the technology and how the
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technology will be updated/aligned with best practice going forward (no more than
1,000 words).

CBTH-l is established in clinical guidelines as recommended treatment for non-resolvable
acute insomnia and chronic insomnia. This is stated in NICE guidelines for the
management of insomnia (NICE, 2020) and Sleepio is included in the British Association
of Psychopharmacology guidelines (Wilson et al., 2019).

Wilson et al., summarises three rationales for recommending CBT-I.
1. insomnia is regarded as a psycho-physiological disorder in which mental and
behavioural factors play a predisposing, precipitating, and perpetuating role,
2. CBT-I directly addresses these factors by combining sleep restriction, stimulus
control with cognitive restructuring,
3. there is significant evidence for the safety, efficacy and effectiveness of CBT-I,
whether delivered individually, in a group or through web/mobile intervention.

Sleepio technology delivers CBT-l and is based on cognitive behavioural theory and
practice. Principles of classical and operant conditioning, social modelling, social learning
and reinforcement are integral, as is the use of stimulus control and behavioural shaping.
Cognitive principles derived from recognised sources include the selective attention,
attentional training, attribution theory, cognitive restructuring, paradoxical intention and
articulatory suppression. Sleepio sets attainable goals using SMART principles, with
programmatic prompting, nudging, reminders, and rewards. Goals are in keeping with a
shared formulation based on hypotheses. Progress is quantified, visualised and feedback
to the individual. Motivational models and behavioural contracting encourage successive
steps to shape behaviours towards desired outcomes. A social community helps users on
their journey, with ‘graduates’ acting as support. Sleepio experts answer questions raised
by users. The programme is structured over 6 weeks and delivered by an animated
personal therapist The Prof and his dog, Pavlov.

As above (pg. 21), the core techniques in CBT-I have remained consistent and Sleepio is
aligned with current CBT-I practice.

Does the effectiveness of the technology rely on the use of artificial intelligence
(A? If yes, please describe how Al is embedded into the technology, the type(s) of
Al used and how the technology will be updated/aligned with best practice going
forward (no more than 1,000 words). Provide any relevant references.
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Sleepio displays personalized content generated by the Sleepio Algorithm during the
course of the program to ensure that it is relevant to the user and delivered in the most
suitable order for the user. Before the user can begin the Sleepio treatment sessions, they
must complete the Long Sleep Test (LST). The Sleepio Algorithm utilizes the initial
information gathered during the LST as well as the information collected during the course
of the treatment to personalize content. This approach to therapy personalization allows
Sleepio to maintain its safety and efficacy profile by adjusting the treatment regimen
according to individual needs (e.g., sleep complaints, health status, other treatments). The
Sleepio treatment is personalized to each user in three different ways: content addition,
content ordering, and content modification.

Content Addition:

The user will be introduced to additional relevant session content depending on their
responses within the LST. This approach allows for Sleepio to provide additional support
to users that may need it based upon their lifestyle choices or relevant medication
regimen. For example, if the user indicates drinking alcohol, using nicotine, and/or taking
sleeping pills in the LST, additional information about the alerting and sedating properties
of these behaviors is discussed during the lifestyle section of Sleepio. Understanding the
impact of alcohol, nicotine, and sleeping pills on sleep is an important component of sleep
hygiene for individuals engaging in these behaviors.

Content Ordering:

Therapy personalization is also achieved by introducing certain interventions in order from
most relevant to least relevant for the specific user. More specifically, the six standard,
evidence-based cognitive interventions (Beck, 2011) introduced in sessions 4 and 5 are
sequenced according to how users respond to questions about sleep-interfering thoughts
during the LST. Notably, users are introduced to all six cognitive techniques, regardless of
how they answer LST questions. Rather, the ordering of the techniques is unique and is
based on relevance for the user. This allows users to apply the techniques that are going
to be most effective for them sooner.

Content Modification:

Finally, the Sleepio algorithm is used to modify therapy content. There are many examples
of content modification within the Sleepio program. One of the most important examples is
the calculation of the sleep restriction window.

Sleep restriction is an intervention that reduces time in bed to the amount of time spent
asleep. The Sleepio Algorithm calculates the initial sleep restriction window, introduced
during session 3, from the user’s average total sleep time from the previous two weeks of
sleep diaries (e.g., if the user slept for 6 hours per night on average, their sleep window is
set at 6 hours). By default, the minimum sleep restriction window allowed is 5 hours. Five
hours is the standard minimum sleep restriction window (Espie, 2006; Manber et al., 2014)
and has been safely applied across thousands of participants in CBT-I clinical trials
(Trauer et al., 2015), including trials using Sleepio (Espie et al., 2012; Pillai et al., 2015;
Bostock et al., 2016; Barnes et al., 2017; McGrath et al., 2017; Freeman et al., 2017;
Cheng et al., 2019; Espie et al., 2019; Denis et al., 2020; Felder et al., 2020; Kyle et al.,
2020; Kalmbach et al., 2020). As a precaution, this minimum is raised to 6 hours for
individuals who indicate having “poor” or “very poor” health, excessive daytime sleepiness,
and/or who completed fewer than 6 of 14 diary entries during the first two weeks. This
modification ensures safely applying sleep restriction in individuals who may be more
sensitive to sleep loss. The sleep restriction window is then adjusted from week to week
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based on the previous week of sleep diaries and answers to the weekly check in
questions. More specifically, if the user achieves 90% sleep efficiency (total sleep time /
time in bed), a sleep efficiency increase of 20% or greater, or if the user indicates
“struggling” or “feeling like quitting”, the user is allowed the option to increase the sleep
window by 15 minutes. If the user doesn’t satisfy any of those conditions, the sleep
window stays the same. This approach is very similar to applied sleep restriction via in-
person CBT-I and personalizing the sleep window in this way is important for ensuring
efficacy, safety, and retention.

Another example of content modification is the introduction of the “challenging negative
thoughts” intervention. The Prof models how to apply this skill by communicating with a
virtual character with sleep problems. The content of the conversation is modified based
on users’ answers to LST questions to make this intervention more relevant and
applicable for each individual user.

Other examples of content modification include different emphases on diet and exercise in
the lifestyle section of session 2 depending on users’ LST answers; demonstrating the
progressive muscle relaxation intervention depending on whether the user indicated an
interest in learning this exercise during the session; and the personalized program
progress that is reviewed at the beginning of each session.

Updating the Sleepio Algorithm Going Forward

To date, we make Sleepio algorithm changes with the help of Big Health engineers. We
are currently in the process of migrating Sleepio to a new platform. Once on the new
platform, the Sleepio product team (without the assistance of engineers) will be able to
make quick updates to the program in an effort to further increase program effectiveness
and safety and align with best practices. Any changes to the Sleepio program are
informed by internal and external experts in the behavioral sleep medicine field and/or
internal experimentation.

3 Clinical context

3.1 Clinical care pathways

Describe the existing clinical care pathway(s) and the new clinical care pathway(s)
that includes the proposed use of the technology, ideally using a diagram or
flowchart. If there are multiple options for new care pathways all should be detailed

below.
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Current care pathway

Patient has insomnia
symptoms of any duration

!

Patient self manages ¢ Notes
+ Alcohol : There will be a proportion of people who will
« Coffee % procure hypnotics through an online
« Qver the counter aids (not : pharmacy who are at risk of becoming
recommended in NICE guidelines)

v v

Symptoms Symptoms not
resolve resolved

¢_1

Attends GP practice
- GP takes history
+ Provides sleep hygiene advice

Y

v v

Clinical presentation Clinical presentation
+ Insomnia symptoms less than - Insomnia symptoms less than 3 months,
3 months, di_aytlme functioning sleep hygiene has failed, symptoms
severe, and likely to resolve unlikely to resolve soon
l ........................................ + Insomnia symptoms over 3 months
Notes |
Treatment : There has been evidence :
Given short 3-7 day course of : that some GPs may : * + *
hypnotics, or melatonin if patient : prescribe anxiolytics, : Treatment Treatment
over 55 years old : anti-depressants, : Treatment
T : anti-psychotics and Referral to P ibe h i Referral to IAPT
g ! i melatonin to the under : CBT for rescribe hypnotics if symptoms of
i 55's and/or hypnotics long insomnia lortz_ml}/ Oth.?' b anxiety and
Symptoms Symptoms not : term despite NICE : service if po e"q;?“é’ai;'l(;na © depression
resolve resolved guidance available present
New care pathway
Patient has insomnia symptoms of any duration
Patient self manages
« Alcohol
« Coffee
+ Over the counter aids
Symptoms Symptoms not
resolve resolved
*—‘ Sleepio instructions for use
Attends GP practice + Direct supervision required with: psychotic

spectrum disorders, epilepsy, individuals at
high risk for falls, individuals who have other
unstable or degenerative disorders that may
be exacerbated by sleep restriction.
Pregnant women should be advised to
maintain their sleep window above 6 hours

GP takes history, digital CBT for insomnia indicated for
insomnia symptoms of any duration

Indicated in adults over 18, pregnant women, and those
with sub-clinical symptoms

.

+ Modifications are provided for individuals who
# gresereeessieesennaa s sseees T experience excessive daytime sleepiness,
| « o ! Notes : individuals that are at risk of falls if they get
I bk not Patients should be encouraged to engage out of bed at night, individuals who experience
“.i with Sleepio and apply CBT-I techniques. ; pain when tensing their muscles.

* Clinicians are provided with regular training

: on the management of insomnia and Sleepio
: and the Sleepio team can provide follow up

Notes
Consider 3-7 day Refer to CBT-I : There is emerging evidence to show that H
course of hypnotics service locally or : Sleepio can be effective in improving recovery :
or melatonln if IAPT services if ¢ rates in IAPT. The mediating effects of :
patient over 55 CBT-I service not ¢ improving sleep and insomnia also have
years old available : positive effects on depression and anxiety.
: However, this is not in scope of this review.

Honever
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3.2 Validation of pathways

Provide information for new pathways to demonstrate that UK health/social care
professionals have been involved in the design/development/testing and/or sign-off
of the technology, and that the technology has been successfully piloted or

implemented within the NHS (no more than 500 words).

Delivery of Sleepio at scale has been comprehensively tested in a population level rollout
(n = 21,004 registrations) alongside NHS partners across the Thames Valley (Berkshire,
Buckinghamshire and Oxfordshire) between 2018 - 2020. Development of models of
referral pathways was done in partnership with the local Oxford AHSN and Clinical
Commissioning Groups, as well as with partners in a local Improving Access to
Psychological Therapies (IAPT) service and local primary care teams.

The principal delivery models tested in this project were 1) self-referral, 2) referral through
IAPT services, and 3) referrals through primary care. The self-referral route did not require
the patient to report any difficulties with sleep or to have a diagnosis of insomnia disorder
to register on Sleepio. This route encompassed a broad range of channels that included
employer launches, local broadcasting, public health messaging and digital advertising.
The IAPT route involved training Psychological Wellbeing Practitioners to use a sleep
protocol that introduced Sleepio if symptoms of insomnia were indicated in new patient
screening using the Patient Health Questionnaire (PHQ-9; Kroenke et al., 2001). The
primary care referral route was developed in partnership with fifteen local GP practices
across two waves of implementation (wave 1; n = 9; wave 2; n = 5), at which an induction
session on insomnia and Sleepio was delivered prior to opening the pathway. These
practices were provided with additional engagement material including posters, leaflets
and a silent video for practice waiting rooms. Additionally, electronic ‘prescribing’ was
enabled in these practices through installation of alerts on the practice’s electronic patient
record system, such that GPs were prompted to suggest Sleepio if, for instance, a
prescription for a hypnotic medication was being considered. Outcome reporting was
provided to both IAPT and primary care partners on a quarterly basis to provide feedback
on uptake and clinical outcomes. During regular meetings with these NHS partners,
refinement of the pathways was made. As patients were able to identify their referral
pathway when registering for Sleepio, it was possible to compare uptake and outcomes
across these respective pathways. Of the three routes, the self-referral pathway resulted
in the highest uptake, however clinical channels showed better conversion rates from
registration to starting the treatment. Remission rates for insomnia symptoms were
broadly similar across all referral routes. The next iteration of population rollouts continue
in both North Hampshire, with 15 GP practices (across six different primary care networks)
and in the Western Isles of Scotland, with nine GP practices and in partnership with three
groups of social prescribers.

NHS clinicians specifically involved in the development and validation of the proposed
care pathways include:

Dr Dimitri Gavriloff, Senior Clinical Psychologist, Non-Respiratory Sleep Disorders
Service, Oxford University Hospitals NHS FT and Clinical Course Tutor in Sleep Medicine,
University of Oxford

Dr lan Wood, GP, Clinical Director at EMIS and National First Five Chair and Honorary
Treasurer at the Royal College of General Practitioners
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Dr Michael Mulholland, GP Partner and Vice Chair of the Royal College of General
Practitioners

Dr John Pimm, Consultant Clinical Psychologist and Clinical Lead, Healthy Minds IAPT
service

Dr Richard Stott, Clinical Psychologist and Clinical Senior Lecturer, King’s College
London

Dr Tim Cooper, GP, Clinical Lead for Mental Health, North Hampshire CCG

Professor Colin Espie, Professor of Sleep Medicine, University of Oxford

(The underlined names include links to biographies.)

3.3 System changes

Describe any system changes (for example staff changes, IT infrastructure and
changes to clinical protocols) that would be needed if the NHS were to adopt the

technology (no more than 500 words).
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Sleepio is intended to be used as a first line treatment for patients presenting with
insomnia symptoms. In the new pathway, medications are indicated for those with severe
daytime functioning only and where symptoms have not resolved after using Sleepio,
patients should be referred to IAPT services.

No additional staff or IT resources are required to prescribe Sleepio. Where, in the unlikely
situation that a GP practice is not digitally enabled, the Sleepio link can be distributed via
a leaflet.

Local clinical protocols for the appropriate use of hypnotics in the management of sleep
will need to change in light of this guidance and Sleepio inclusion. Education of how to
manage insomnia will need to be included in local clinical training sessions.

Wider system changes to improve the awareness of insomnia management and to
formalise the treatment of insomnia in primary care will be required. A recent report by the
Mental Health Foundation sets out a number of recommendations:

e The importance and benefits of sleep for both mental and physical health should
be highlighted in national and local public health campaigns, including in schools
and workplaces. New and easily accessible resources should be made available
advising people on what they can do themselves to improve their sleep.

e The Royal College of GPs should provide up to date, evidence-based training and
information for its members on the importance and benefits of sleep for physical
and mental health. GPs should also have access to a diagnostic tool for use in
recognising sleep problems in primary care settings.

e The new Public Health Outcomes Framework should include a specific outcome
on reducing sleep problems across the whole population. Sleep should also be
reflected in new national mental health outcome indicators, including improving
sleep for people who experience significant sleep problems requiring specialist
help.

e The National Institute of Health and Clinical Excellence (NICE) should develop
guidance for the management of insomnia using non-pharmacological therapies, to
complement existing guidance on using pharmacological therapies.

o People with sleep problems should be recognised within the Improving Access to
Psychological Therapies (IAPT) programme, especially regarding access to
Cognitive Behavioural Therapy (CBT). IAPT staff should be suitably trained on
sleep issues.

e Further research should be carried out to establish the effectiveness of low cost,
non-intrusive CBT based interventions for sleep problems, such as self-help books
and online courses.

34 Reducing health inequalities and improving access

Describe any contribution the technology makes to improving health inequalities in
the UK health and social care system, or improving access to care among hard-to-

reach populations (no more than 500 words).

Company evidence submission (part 1) for [Sleepio].

© NICE 2019. All rights reserved. Subject to Notice of rights. 29 of 154


https://www.nice.org.uk/terms-and-conditions
https://www.mentalhealth.org.uk/publications/sleep-report
https://www.mentalhealth.org.uk/publications/sleep-report

Sleep is fundamental to life, and the relationship between insomnia and poor mental
health is established. Poor mental health has a two-way relationship with socioeconomic
status, which can be associated with race. There is a growing body of evidence that links
poor sleep and insomnia with populations with lower socioeconomic status and with racial
and ethnic minorities (Patel, et al, 2010; Grandner, et al., 2016; Johnson, et al., 2019).
Significant health disparities are associated with certain races, ethnicities and lower
socioeconomic groups, including higher rates of cardiovascular disease, poor mental
health and increased morbidity and mortality compared with the general population
(Williams, et al., 2016). Certain ethnic groups and lower socioeconomic groups are more
likely to work night shifts — increasing the risk of poor sleep, and due to societal factors,
may experience increased stress from racism, occupational hazards, unsafe
neighbourhoods, and financial difficulty. Given the primacy of sleep to overall health, the
increased rates of sleep disturbance could explain the higher rates of poor physical health
in these populations. The lack of CBT-l provision only increases the health inequality
gap. In the UK, CBT-I provision is limited to a few acute Trusts and private clinics.
Evidence shows that there is an inverse relationship between socioeconomic status and
health seeking behaviour (Pampel, et al., 2010). Certain racial groups e.g. black and
minority ethnic, perceive significant barriers to mental health services- relating to stigma,
cultural identity and social norms that lead to poor use of mental health services in the
NHS (Memon, et al., 2016). Sleepio is efficacious across a broad range of populations,
mean indices of multiple deprivation (IMD) was 16.7 (SD 11.8) (Espie, et al., 2012). In
Cheng, et al., 2019 there were no differences in treatment effects or attrition between
white or black groups, but there were differences observed with attrition related to
socioeconomic status. When Sleepio is deployed, patients are provided with immediate
access, in a destigmatised environment to effective digital CBT-I. Sleepio’s digital nature
enables it to be downloaded and used at a scale that face-to-face therapy cannot support.
In community settings, Sleepio has been made available to people without mobile or web
devices through library or practice computers. Qualitative studies show that people have a
positive experience with Sleepio’s community, ranging from experiencing acts of altruism,
feeling part of a non-judgmental community to feeling less isolated and being encouraged
by others (Coulson, et al., 2016).

4 Evidence search

Undertake a systematic literature search to identify clinical and economic evidence

on the technology. Also present any unpublished evidence.
Identification and selection of studies
Complete the following information about the number of studies identified.

Please provide a detailed description of the search and study identification strategy

used, and a detailed list of any excluded studies, in appendix A.
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Number of studies identified in a systematic search. 26

Number of clinical studies identified as being relevant to the decision 26
problem.

Number of economic studies identified as being relevant to the decision 3
problem”.

Of the relevant Number of published clinical studies (included in 26
clinical studies table 1).

identified: Number of clinical abstracts, unpublished clinical 6
studies or other clinical data sources (included in
table 2).

Number of clinical ongoing studies (included in table | 6
3).

Of the relevant Number of published economic studies (to be 2
economic included in company submission part 2).

studies identified: "Number of economic abstracts, unpublished 1
economic reports (to be included in company
submission part 2).

Number of economic ongoing studies (to be included | 0
in company submission part 2).

5 Clinical evidence

5.1 List of relevant clinical studies

In the following tables, give brief details of all studies identified as being relevant to

the decision problem.

e Summarise details of published clinical studies in table 1.

e Summarise details of clinical abstracts, unpublished clinical studies and other
clinical data sources in table 2.

e Summarise details of ongoing clinical studies in table 3.

e List the results of all clinical studies and data sources (from tables 1, 2 and 3) in
table 4

Economic studies will be presented in part 2 of the submission. An overview of

economic evidence is required in Section 10.

" Further detail about economic studies is required in Section 10
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For any unpublished clinical studies, please provide a structured abstract in
appendix A. If a structured abstract is not available, you must provide a statement

from the authors to verify the data.

Any data that is submitted in confidence must be correctly highlighted. Please see
section 1 of the user guide for how to highlight confidential information. Include any

confidential information in appendix C.
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Table 1 Summary of all relevant published clinical studies
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Author, year and

Study design

Patient population,

Intervention (and

Comparator(s)

Main outcomes

UK.

of randomised
controlled trial data.

insomnia disorder
recruited online.
Analysed as
intention-to-treat.

and imagery relief
therapy placebo.

location setting, and version(s))
withdrawals/lost to
follow up
Espie et al., 2012, Randomised 164 adults with Sleepio. Treatment as usual Sleep diary
UK. controlled trial. insomnia disorder and imagery relief parameters: sleep
recruited online. therapy placebo. efficiency (SE), sleep
Analysed as onset latency (SOL),
intention-to-treat. wake after sleep
onset (WASO), total
Lost to follow-up: wake time (_TWT)’
. total sleep time (TST)
Sleepio - 15 and sleep quality.
Placebo — 17 Insomnia symptoms
Treatment as usual - (8-item sleep
4 condition indicator;
SCI-8). Two items
assessing daytime
functioning.
Espie et al., 2014, Secondary analysis 164 adults with Sleepio. Treatment as usual Attribution of sleep

difficulties (Sleep
disturbance
questionnaire; SDQ).
Thought content
(Glasgow Content of
Thoughts Inventory;
GCTI).
Psychopathology
(Depression, Anxiety
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and Stress Scale;

USA.

controlled trial.

poor sleepers
recruited from a
Fortune 500
company.
Intention-to-treat
analysis.

Lost to follow-up:
Sleepio

DASS-21).
Pillai et al., 2015, Randomised 22 adults with Sleepio. Sleep hygiene Sleep diary SOL and
USA. controlled trial. insomnia disorder education active TST. Anxiety
recruited from control. symptoms (Beck
previous insomnia Anxiety Inventory;
research studies. BAI). Insomnia
Per-protocol severity (Insomnia
analysis. Severity Index; ISI).
Sleepiness (Epworth
Lost to follow-up: Sleepiness Scale;
. ESS).
Sleepio — 4
Sleep hygiene
education control - 2
Coulson et al., 2016, | Qualitative study. 100 Sleepio users Sleepio. Uncontrolled. N/A
UK. recruited from the
Sleepio community.
Bostock et al., 2016, | Randomised 270 self-identified Sleepio. Wait-list control. Insomnia symptoms

(SCI-8). Workplace
presenteeism and
absenteeism
(Workplace
Productivity and
Activity Impairment
Index; WPAI).
Anxiety symptoms
(2-item Generalized
Anxiety Disorder
questionnaire; GAD-
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37 at week 8 post-
intervention

52 at week 22

Waitlist
19 at week 8 post-
intervention

51 at week 16 post-
intervention (after
receiving Sleepio.

2). Depressive
symptoms (2-item
Patient Health
Questionnaire; PHQ-
2).

USA.

controlled trial.

recruited online who
expressed interest in
taking part in a sleep
improvement study.

Lost to follow-up
Sleepio: 64
Waitlist control: 38

Luik et al., 2017, UK. | Cohort study. 98 adults self- Sleepio. Uncontrolled. Anxiety symptoms
reporting poor sleep (GAD-7). Depressive
in addition to symptoms (PHQ-9).
symptoms of anxiety Insomnia symptoms
or depression within (ISI).

IAPT.
Barnes et al., 2017, Randomised 223 participants Sleepio. Wait-list control. Insomnia severity

(Four questions
adapted from the
Sleep
Questionnaire).
Negative affect (5
negative affect items
from the Positive and
Negative Affect
Scale). Job
Satisfaction (5 items
from the Index of Job
Satisfaction). State
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self-control (5 items
from the State Self-
Control Capacity
Scale).
Organisational
citizenship assessed
using 8-items.
Interpersonal
deviance was
assessed using 7-
items.

McGrath et al., 2017,
Ireland.

Randomised
controlled trial.

134 adults with mild
sleep impairment and
blood pressure
between 130 and
160/<110 mmHg.
Participants were
recruited from
community screening
events and media
advertisements.
Analysed as
intention-to-treat.

Lost to follow-up:

Sleepio — 6
Standard care - 1

Sleepio.

Standard care.

Difference in mean
change in 24-hour
ambulatory systolic
blood pressure,
mean change in 24-
hour ambulatory
diastolic blood
pressure, diurnal and
nocturnal peak and
mean systolic and
diastolic blood
pressure. Insomnia
severity (ISI) and
symptoms (SCI-8).
Sleep quality
(Pittsburgh Sleep
Quality Index; PSQI).
Depressive
symptoms (Beck
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Depression
Inventory; BDI).
Anxiety symptoms
(BAI).

and UK.

Elison et al., 2017, Cohort study. 1,068 IAPT service Sleepio. Uncontrolled. Depressive
UK. users referred for symptoms (PHQ-9).
mental health Anxiety symptoms
difficulties. Of these, (GAD-7). Functioning
85 accessed Sleepio. (Work and Social
Adjustment Scale;
WASAS).
Freeman et al., 2017, | Randomised 3,755 university Sleepio. Usual care waitlist Insomnia symptoms
UK. controlled trial. students with control. (SCI-8). Paranoia
insomnia. Analysed (Green et al Paranoid
as intention-to-treat. Thought Scales;
GPTS).
Lost to follow-up HaIIucllr.1at|ons _
] (Specific Psychotic
Sleepio - 1,158 Experiences
Usual care - 772 Questionnaire-
Hallucinations
subscale; SPEQ).
Luik et al. 2018, USA | Case-control study. 3,551 Sleepio users. | Sleepio. Uncontrolled. Insomnia symptoms

(SCI-8). Depressive
symptoms (PHQ-2).
Anxiety symptoms
(GAD-2). Stress
using a single item
from the Perceived
Stress Scale (PSS).
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Life satisfaction using
a single item, and
workplace
productivity using a
single item based on
the WPAI.
Engagement with
Sleepio assessed by
the number of sleep
diaries completed,
posts in the
community and views
of library material.

treatment modalities
including Sleepio, in-
person CBT, and
Sleep Restriction
Therapy (single CBT
component), either
individually or in
combinations.

Espie et al., 2018, Cohort study. 214 employees from | Sleepio. Uncontrolled. Insomnia symptoms
USA. Goodyear Tire and (SCI-2). Workplace
Rubber. absenteeism and
presenteeism (2
items from the
WPAI). Stress (PSS).
Miller et al., 2018, Cohort study. 96 adults with Self-selected into Uncontrolled. Acceptability was
Australia. insomnia. CBT for insomnia assessed by the

number of
participants starting
treatment.
Tolerability assessed
by the proportion
completing
treatment. Insomnia
severity (I1SI).

Company evidence submission (part 1) for [Sleepio for adults with difficulty sleeping].

© NICE 2019. All rights reserved. Subject to Notice of rights.

39 of 154



https://www.nice.org.uk/terms-and-conditions

UK, USA, Australia.

controlled trial.

insomnia disorder.
Analysed as
intention-to-treat.

Lost to follow-up

Sleepio
Post-intervention
(week 8) - 385

Follow-up (week 24)
- 442

Sleep hygiene
education control
Post-intervention
(week 8) - 341
Follow-up (week 24)
- 363

education active
control.

Cheng et al. 20193, Randomised 1,385 adults with Sleepio. Sleep hygiene Insomnia severity

USA. controlled trial. insomnia disorder education active (ISI). Depression
were randomised. control. severity (Quick
Per-protocol analysis Inventory of
conducted on 658 Depressive
(Sleepio — 358; Sleep Symptomatology;
hygiene education QIDS).
control — 300).

Espie et al., 2019, Randomised 1,711 adults with Sleepio. Sleep hygiene Physical health

(Patient-Reported
Outcomes
Measurement
Information System:
Global Health Scale;
PROMIS-10).
Wellbeing (Warwick-
Edinburgh Mental
Wellbeing Scale;
WEMWBS). Sleep-
related quality of life
and impairments
(Glasgow Sleep
Impact Index; GSII).
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USA.

controlled trial.

with insomnia
disorder. Analysed
as intention-to-treat.

treatment as usual.

Cheng et al., 2019b, | 1-year follow-up data | 658 adults with Sleepio. Sleep hygiene Depression (QIDS).
USA. from a randomised insomnia disorder. education active Clinically significant
controlled trial control. depression was
(Cheng et al., determined using
2019a). validated cut-offs on
the QIDS. Insomnia
severity (ISI).
Denis et al., 2020, Randomised 199 women. Sleepio. Puzzle-based Treatment
UK. controlled trial. Analysed as attention control. acceptability
intention-to-treat. assessed using the
Treatment
Lost to follow-up Accep.tablllty
. Questionnaire (TAQ).
Sleepio Insomnia symptoms
Post-intervention — (SCI-8).
32
6 month follow-up -
52
Control
Post-intervention —
22
6 month follow-up -
38
Felder et al., 2020, Randomised 208 pregnant women | Sleepio. Standard care / Insomnia severity

(ISI). Sleep efficiency
assessed using daily
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Lost to follow-up:

Sleepio
Post-intervention —
14

Follow-up — 16

Standard care
Post-intervention — 9

self-reported sleep
diaries.

USA.

experimental design
study.

chronic migraine and
insomnia symptoms.

Follow-up — 12
Luik et al., 2020, UK, | Long-term follow-up | 1,711 adults with Sleepio. Sleep hygiene Physical health
USA, Australia. from a randomised insomnia disorder. education active (PROMIS-10).
controlled trial (Espie | Analysed as control. Wellbeing
et al., 2019). intention-to-treat. (WEMWBS). Sleep-
related quality of life
and impairments
(GSII).
Crawford et al., 2020, | Single-case 42 women with Sleepio. Uncontrolled. Patient satisfaction

(Patient Satisfaction
Questionnaire Short
Form; PSQSF).
Insomnia severity
(ISI). Self-reported
sleep diary
outcomes. Migraine
impairment (Migraine
Disability
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Assessment;
MIDAS). Feasibility
and acceptability,
defined as
completing all 6
sessions in 12
weeks, and
completion of a
single acceptability
item respectively.

Cliffe et al., 2020,
UK.

Cohort study.

39 adolescents (14-
17 years old) with
insomnia.

Sleepio.

Uncontrolled.

Acceptability of
Sleepio. Insomnia
severity (ISI).
Insomnia symptoms
(SCI-8). Anxiety
symptoms (Revised
Child Anxiety and
Depression Scale;
RCADS). Depressive
symptoms (Mood
and Feelings
Questionnaire;
MFQ).

Kyle et al., 2020, UK.

Randomised
controlled trial.

410 adults (25 years
old +) with insomnia
disorder and self-
reported difficulties
with concentration or
memory. Analysed
as intention-to-treat.

Sleepio.

Waitlist control.

Self-reported
cognitive impairment
(British Columbia
Cognitive Complaints
Inventory; BC-CCI).

Company evidence submission (part 1) for [Sleepio for adults with difficulty sleeping].

© NICE 2019. All rights reserved. Subject to Notice of rights.

43 of 154



https://www.nice.org.uk/terms-and-conditions

Lost to follow-up

Sleepio
Post-intervention: 47
Follow-up: 69

Waitlist control
Post-intervention: 24
Follow-up: 39

Kalmbach et al.,
2020, USA.

Randomised
controlled trial.

91 pregnant women
(near or entering the
third trimester) with
insomnia disorder.
Analysed as
intention-to-treat.

Lost to follow-up

Sleepio
Post-intervention: 0

Follow-up / postnatal:

2

Sleep hygiene
education control

Sleepio.

Sleep hygiene
education active
control.

Insomnia severity
(ISI).
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Post-intervention: 1

Follow-up / postnatal:
3

USA.

of data from a
randomised
controlled trial
(Cheng et al.,
2019a).

previous history of
insomnia disorder.

education active
control.

Cheng et al., 2020a, | Secondary analysis 658 adults with Sleepio. Sleep hygiene Insomnia severity
USA. of data from a insomnia disorder. education active (ISI). Depression
randomised control. (QIDS). Rumination
controlled trial (Perseverative
(Cheng et al., Thinking
2019a). Questionnaire; PTQ).
Henry et al., 2020, Combined sub- 3,352 adults with Sleepio. Sleep hygiene Insomnia symptoms
UK, USA, Australia. analysis of data from | insomnia disorder education active (SCI-8). Depressive
two randomised and clinically control and waitlist symptoms (PHQ-9).
controlled trials significant depressive control.
(Espie et al., 2019 symptoms. Analysed
and Freeman et al., as intention-to-treat.
2017)
Cheng et al., 2020b, | Secondary analysis 208 adults with a Sleepio Sleep hygiene Insomnia severity

(ISI). Depression
(QIDS). General
stress and COVID
related stress
(Impact of Events
Scale COVID-19).
Global health
(Global-10).

Table 2 Summary of all relevant clinical abstracts, unpublished clinical studies or other clinical data sources
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Author, year and
location

Study design

Patient population,
setting, and
withdrawals/lost to
follow up

Intervention (and
version(s))

Comparator(s)

Main outcomes

review), USA.

randomised
controlled trial.

health plan members
with insomnia (a

for insomnia.

Stott et al., (2020), Retrospective 552 Thames Valley Sleepio. Treatment as usual. IAPT collected
UK. observational clinical | IAPT service patients depression (PHQ-9)
case-control cohort who used Sleepio in & anxiety (GAD-7)
study. the UK. 88 lost to questionnaire
follow-up. outcomes.
Studd et al., (2020), Retrospective 21,004 Sleepio users | Sleepio. Uncontrolled / Feasibility, defined
UK. observational clinical | from the Thames treatment as usual. by uptake and
cohort study. Valley region of the enrolment evaluated
UK. by referral pathway
(self-, primary care-,
or IAPT- referral).
Drake et al., (2019), | Secondary analysis 1,232 individuals with | Sleepio Online sleep Use of medications
USA. of a randomised insomnia, from Henry education control. for sleep
controlled trial. Ford Healthcare (prescription and
System, USA. non-prescription).
Kanady et al (2020), | Combined sub- 2,172 individuals with | Sleepio Sleep hygiene Insomnia symptoms
UK, USA, Australia. analysis of data from | insomnia and education active (SCI-8). Anxiety
two randomised clinically significant control and waitlist symptoms (GAD-7).
controlled trials anxiety symptoms. control.
(Espie et al., 2019 Analysed as
and Freeman et al., intention-to-treat.
2017).
Derose et al., (in A pragmatic hybrid 133,402 adult Kaiser | Sleepio In-person group CBT | Dispensed insomnia

medications and
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diagnosis or
insomnia medication
dispensation or at
high-risk of insomnia
(a diagnosis of
depression or
anxiety).

provider encounters.
Sleep parameters.

Smejka et al., (in
review), UK.

A qualitative
examination of the
feasibility of Sleepio
in stroke survivors.

11 community-
dwelling chronic
stroke survivors

Sleepio

Uncontrolled

Feasibility and
accessibility of
Sleepio reported
qualitatively in semi-
structured interviews.

Table 3 Summary of all relevant ongoing clinical studies
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Principal Year (expected Study design Patient Intervention Comparator(s) Outcomes

investigator, and | completion population, (and version(s))

location date) setting, and

[ClinicalTrials withdrawals/lost

Identifier where to follow up

appropriate]

Rachel Manber, 2024 Randomised Older adults Sleepio. Therapist led Insomnia

Stanford, CA, controlled trial. (aged 50+) with cognitive symptom severity

USA. insomnia disorder behavioral measured by the

Clinicaltrials.gov: recruited from therapy for insomnia severity

NCT03532282. General Practice. insomnia. Index; Patient-
Reported
Outcomes
Measurement
Information
System
(PROMIS) - sleep
related
impairment
questionnaire;
The 4 Item
Patient Health
Questionnaire For
Anxiety and
Depression.

Heidi Johansen- March 2021 Randomised Chronic Sleepio. Sleep diary Sleep Condition

Berg, UK. controlled trial community waitlist control. Indicator, sleep

ClinicalTrials.gov dwelling stroke parameters,
Identifier: survivors with anxiety,
NCT04272 sleep difficulty depression,
Company evidence submission (part 1) for [Sleepio for adults with difficulty sleeping].
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stroke specific
quality of life, cost

Identifier:
NCT03688763

Comorbid
Psychopathology
recruited from
Palo Alto
Veterans Institute
for Research.

effectiveness
Jack D Edinger, April 2023 Randomised 384 participants Sleepio. Therapist-directed | Insomnia Severity
USA. controlled trial. with insomnia and cognitive Index, Quebec
ClinicalTrials.gov comorbid behavioural Sleep
Identifier: obstructive sleep therapy and Questionnaire,
NCT03109210 apnoea. standard clinical sleep parameters,
care. Positive Airway
Pressure (PAP)
Therapy
Adherence.
Lesley Fellows, March 2021 Randomised 27 participants Sleepio. Waitlist control. Insomnia, sleep,
Canada. controlled trial. with Insomnia cognitive
ClinicalTrials.gov Disorder and performance,
Identifier: Human Anxiety and
NCT02571595 Immunodeficiency Depression,
Virus aged 35 and quality of life.
above.
Shannon December 2020 Single Group 10 participants Sleepio. None (Open Insomnia, Sleep
McCaslin, USA. Assignment. with Insomnia Label). parameters,
ClinicalTrials.gov Disorder and Participant

Perception of the
Acceptability,
Perceived Value,
and Feasibility of
using a Digital
Modality to Treat
Insomnia
Symptoms,
Posttraumatic
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Stress Disorder,
Depression,
Anxiety, and
Psychosocial
Functioning.

Peter B Jones,
UK.
ClinicalTrials.gov
Identifier:
NCT04180709

November 2022

Randomised
controlled trial.

44 participants
with Insomnia
Disorder and
First Episode of
Psychosis
recruited from
CAMEO Early
Intervention
services.

Sleepio.

Treatment as
usual.

Work and Social
Adjustment, Time
Use Survey,
Depression,
Cognitive
functioning.
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5.2 Details of relevant clinical studies

Please give details of all relevant clinical studies (all studies in tables 1, 2 and 3).
Copy and paste a new table into the document for each study. Please use 1 table

per study.
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Espie et al., 2012

A Randomized, Placebo-Controlled Trial of Online Cognitive Behavioral Therapy for
Chronic Insomnia Disorder Delivered via an Automated Media-Rich Web Application —

How are the findings relevant to the
decision problem?

This study reports a randomised controlled
trial of Sleepio compared to treatment-as-
usual and an imagery relief therapy placebo
control in adults with DSM-5 insomnia
disorder (3 months or longer). Sleepio was
superior to both placebo and treatment-as-
usual conditions for improvements to self-
reported sleep diary outcomes including
sleep efficiency, sleep onset latency, wake
after sleep onset, total sleep time, and also
insomnia symptoms and daytime
functioning.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

Provides effective therapy that directly
addresses the behavioural and cognitive
underpinnings of insomnia.

this evidence?

Is any information from this study likely to Yes
be used in the economic model?
What are the strengths and limitations of Strengths

e This study has a rigorous placebo
control condition in addition to a
treatment as usual control.

o Data were analysed using intention-
to-treat.

e Documents improvements in
standardised measures of sleep and
self-reported sleep diary outcomes.

Limitations

e Participants were recruited online
and therefore may be more
interested and motivated to address
their sleep problems.

¢ Individuals with poor or very poor
physical or mental health were
excluded.

How was the study funded?

None reported.
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Behavioral Therapy — Espie et al., 2014

Attribution, cognition, and psychopathology in persistent Insomnia Disorder: outcome and
mediation analysis from a randomized placebo-controlled trial of online Cognitive

How are the findings relevant to the
decision problem?

This study reports a secondary analysis of
data from the above trial. Findings
demonstrate that Sleepio was superior to
both placebo and TAU at improving
attributions for poor sleep, dysfunctional
beliefs about sleep and depression, stress
and anxiety symptoms. These factors are
thought to maintain insomnia. Improvement
in insomnia symptoms was partially
explained by improvement in attributions
and beliefs about sleep.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

Provides effective therapy that directly
addresses the behavioural and cognitive
underpinnings of insomnia and Improves
other salient outcomes, particularly to
mental health, wellbeing and to quality of
life.

this evidence?

Is any information from this study likely to No
be used in the economic model?
What are the strengths and limitations of Strengths

e This study has a rigorous placebo
control condition in addition to a
treatment as usual control.

o Evaluates improvements in factors
that maintain insomnia disorder.

Limitations

e Participants were recruited online
and therefore may be more
interested and motivated to address
their sleep problems.

¢ Individuals with poor or very poor
physical or mental health were
excluded.

How was the study funded?

None reported.
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a web-delivered protocol — Pillai et al., 2015

The anxiolytic effects of cognitive behavior therapy for insomnia: Preliminary results from

How are the findings relevant to the
decision problem?

This study showed that, in adults with DSM-
5 insomnia disorder (3 months or more),
Sleepio was associated with benefits to
insomnia severity, self-reported sleep onset
latency and anxiety symptoms compared to
sleep hygiene control.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

Provides effective therapy that directly
addresses the behavioural and cognitive
underpinnings of insomnia.

Improves other salient outcomes,
particularly to mental health, wellbeing and
to quality of life.

this evidence?

Is any information from this study likely to Yes
be used in the economic model?
What are the strengths and limitations of Strengths

e An active control condition was used
(Sleep Hygiene Education).

Limitations
¢ Baseline anxiety was mild and
therefore results may not generalise

to individuals with more severe
anxiety.

How was the study funded?

None reported.
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2016

The Pros and Cons of getting engaged in an Online Social Community Embedded Within
Digital Cognitive Behavioral Therapy for Insomnia: Survey Among Users — Coulson et al.,

How are the findings relevant to the
decision problem?

This study documented the advantages and
disadvantages of using the Sleepio
community within real-world Sleepio users.
Participants commented that the Sleepio
community provided continuous support,
reduced feelings of isolation, allowed them
to be part of a non judgemental community
and helped encourage them to keep going.
Some disadvantages that were highlighted
included design and navigation issues,
uncertain quality of user-generated content,
negative comparisons with others, time
commitments and data privacy concerns.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

e Provides CBT for insomnia in a
stigma free environment.

evidence?

Is any information from this study likely to No
be used in the economic model?
What are the strengths and limitations of this | Strengths

e Lived experience of Sleepio
community use in patients with sleep
difficulty.

Limitations
e Participants may have had a more

positive experience than others who
did not participate.

How was the study funded?

None reported.
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Sleep and productivity benefits of digital Cognitive Behavioral Therapy for Insomnia: a
randomized controlled trial conducted in the workplace environment — Bostock et al., 2016

How are the findings relevant to the
decision problem?

This randomised controlled trial shows that
compared to waitlist control, Sleepio results
in benefits to insomnia symptoms,
sleepiness and presenteeism in adults who
self-identified as experiencing poor sleep.

Does this evidence support any of the
claimed benefits for the technology? If so,
which?

Provides effective therapy that directly
addresses the behavioural and cognitive
underpinnings of insomnia.

Improves other salient outcomes,
particularly to mental health, wellbeing and
to quality of life.

this evidence?

Is any information from this study likely to Yes
be used in the economic model?
What are the strengths and limitations of Strengths

e This study is a randomised
controlled trial, examining benefits to
workplace outcomes in individuals
recruited from a Fortune 500
company.

e There was no minimum threshold of
sleep difficulties required for
inclusion.

Limitations
e Sleep diary outcomes were
uncontrolled as this was only
collected for Sleepio participants.

¢ No formal screening of other sleep
disorders.

e As this trial was conducted within
employees from a single company,
results may not be generalisable.

How was the study funded?

None reported.
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Treating depression and anxiety with digital Cognitive Behavioural Therapy for insomnia: a
real world NHS evaluation using standardized outcome measures — Luik et al., 2017

How are the findings relevant to the
decision problem?

This cohort study demonstrates the benefits
Sleepio confers on depression, anxiety and
insomnia symptoms in adults who had
complaints of poor sleep and comorbid
symptoms of depression and/or anxiety and
were eligible for referral to IAPT services
within England.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

e Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

e Provides CBT for insomnia in a
stigma free environment and
improves range of treatment options
available to primary care
prescribers.

e Provides access to CBT for people
who otherwise would have been
provided with sleep hygiene, non-
indicated pharmacotherapy or who
would have not received any
treatment at all.

this evidence?

Is any information from this study likely to Yes
be used in the economic model?
What are the strengths and limitations of Strengths

e This study was a service evaluation
within an IAPT service in
Manchester, thereby providing a
real-world evaluation of Sleepio and
therefore, has high ecological
validity.

e Compares results of Sleepio to
standard IAPT targets.

e Recovery and reliable recovery
rates for Sleepio were above IAPT
targets.

Limitations
e Uncontrolled study.

e Individuals with higher baseline
scores of depression and anxiety did
not complete treatment.
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Treating depression and anxiety with digital Cognitive Behavioural Therapy for insomnia: a
real world NHS evaluation using standardized outcome measures — Luik et al., 2017

How was the study funded? None reported.

Helping employees sleep well: effects of cognitive behavioral therapy for insomnia on
work outcomes — Barnes et al., 2017

How are the findings relevant to the In this randomised controlled trial
decision problem? comparing Sleepio to waitlist control,
Sleepio led to significant benefits in
insomnia symptoms and workplace
outcomes including: negative affect, job
satisfaction and self-control in adults who
self-identified as poor sleepers.

Does this evidence support any of the o Provides effective therapy that

claimed benéefits for the technology? If so, directly addresses the behavioural

which? and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

Is any information from this study likely to No
be used in the economic model?

What are the strengths and limitations of Strengths

this evidence? e This study was a randomised
controlled trial using employees
recruited from a real-world setting.

Limitations
e The study had a waitlist control
group.
e Short-term follow-up (10 weeks from
randomisation).

How was the study funded? None reported.
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Sleep to lower elevated blood pressure: a randomized controlled trial (SLEPT) — McGrath

etal., 2017

How are the findings relevant to the
decision problem?

Findings from this randomised controlled
trial demonstrate that, compared to
standard care, Sleepio led to improvements
in insomnia severity and symptoms, sleep
quality and self-reported sleep efficiency in
adults with hypertension (130-160/<110m,
Hg) who self-reported sleep difficulties in
the previous 3 months. Significant
improvements were also observed in
anxiety and depressive symptoms for
Sleepio participants compared to controls.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

o Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

Is any information from this study likely to Yes
be used in the economic model?
What are the strengths and limitations of Strengths

this evidence?

e This study was a randomised
controlled trial comparing Sleepio to
standard care.

Limitations

e The short-term follow-up did not
permit evaluation of the effects of
Sleepio on long-term outcomes.

e Sample had mild hypertension and
therefore may have reduced the
likelihood to detect changes in blood
pressure associated with improved
sleep.

How was the study funded?

None reported.
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2017

Feasibility of a UK community-based, eTherapy mental health service in Greater
Manchester: repeated-measures and between-groups study of ‘Living life to the Full
Interactive’, ‘Sleepio’ and ‘Breaking Free Online’ at “Self Help Services’ — Elison et al.,

How are the findings relevant to the
decision problem?

This study reports a service evaluation of
feasibility and outcomes of adults referred
either by a healthcare provider or self-
referred to an eTherapy mental health
service within IAPT. Participants receiving
Sleepio experienced significant
improvements in anxiety and depressive
symptoms and work and social functioning.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

e Provides access to CBT for people
who otherwise would have been
provided with sleep hygiene, non-
indicated pharmacotherapy or who
would have not received any
treatment at all.

e Provides CBT for insomnia in a
stigma free environment.

e Improves range of treatment options
available to primary care
prescribers.

this evidence?

Is any information from this study likely to No
be used in the economic model?
What are the strengths and limitations of Strengths

e Study was conducted within IAPT
services, therefore has high
ecological validity.

Limitations
¢ No control group.
¢ No long-term follow-up data.

How was the study funded?

None reported.
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The effects of improving sleep on mental health (OASIS): a randomised controlled trial
with mediation analysis — Freeman et al., 2017

How are the findings relevant to the
decision problem?

Findings from this randomised controlled
trial indicate that, compared to a treatment
as usual control, Sleepio leads to benefits in
insomnia severity and mental health
including paranoia and hallucinations in
university students with DSM-5 insomnia
disorder (assessed using the SCI-8).
Improvements in sleep at mid-intervention
significantly mediated improvements in
paranoia and hallucinations at post-
intervention. Compared to treatment as
usual, Sleepio also led to benefits in
secondary mental health outcomes.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

e Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of

this evidence?

insomnia.
Is any information from this study likely to No
be used in the economic model?
What are the strengths and limitations of Strengths

e Large randomised controlled trial of
3,755 university students.

e Used causal mediation analyses.

e Improvements in paranoia, and
hallucinations were causally
mediated by improvements in sleep.

Limitations

e The study had minimal inclusion
criteria and therefore may have
resulted in a high degree of self-
selection.

e Findings may have limited
generalisability as the sample
comprised university students.

e Outcomes were assessed using
self-report measures.

e High dropout rate, however the
results were robust in sensitivity
analyses.

How was the study funded?

The study was funded by the Wellcome
Trust.
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Delivering digital cognitive behavioral therapy for insomnia at scale: does using a
wearable device to estimate sleep influence therapy? — Luik et al., 2018

How are the findings relevant to the These findings demonstrate that, in real
decision problem? world individuals, the effects of Sleepio on
insomnia symptoms and other outcomes
including anxiety and depressive
symptoms, stress, life satisfaction and work
productivity, do not differ between those
connect a wearable device to Sleepio and
those who do not.

Does this evidence support any of the e Provides effective therapy that

claimed benéefits for the technology? If so, directly addresses the behavioural

which? and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

Is any information from this study likely to Yes
be used in the economic model?

What are the strengths and limitations of Strengths

this evidence? e Examines the effects of Sleepio in a
large (N=3,551) sample of real-
world users.

e Sleepio leads to benefits in insomnia
symptoms and mental health
symptoms which are equivalent for
those who manually enter sleep
diary data and those who use a
wearable device.

Limitations
¢ No randomisation.

¢ No control group of users who do
not receive Sleepio.

o Data were from participants who
completed Sleepio and therefore,
these sample may comprise more
motivated individuals.

e Due to the limited measures,
individuals who connected a device
may have differed compared to
those who did not connect a device
on certain characteristics.

How was the study funded? None reported.

Company evidence submission (part 1) for [Sleepio for adults with difficulty sleeping].
© NICE 2019. All rights reserved. Subject to Notice of rights.

62
of 154


https://www.nice.org.uk/terms-and-conditions

Insomnia symptoms and their association with workplace productivity: cross-sectional and
pre-post intervention analyses from a large multinational manufacturing company — Espie

et al., 2018

How are the findings relevant to the
decision problem?

These findings demonstrate that Sleepio led
to significant improvements in insomnia
symptoms and presenteeism in a real-world
employee population who self-selected to
use Sleepio. These individuals, therefore,
did not require

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

o Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

Is any information from this study likely to Yes
be used in the economic model?
What are the strengths and limitations of Strengths

this evidence?

o Examines the effects of Sleepio in a
real-world environment in a group of
self-selected individuals — no
eligibility criteria were used.

e Documents benefits to workplace
functioning.

Limitations
e No randomisation.

e Data were analysed from individuals
who provided pre- and post-
intervention data.

e Few measures collected to control
for confounders.

How was the study funded?

None reported

Company evidence submission (part 1) for [Sleepio for adults with difficulty sleeping].

© NICE 2019. All rights reserved. Subject to Notice of rights.

of 154

63



https://www.nice.org.uk/terms-and-conditions

Acceptability, tolerability, and potential efficacy of cognitive behavioural therapy for
Insomnia Disorder subtypes defined by polysomnography: A retrospective cohort study —

Miller et al., 2018

How are the findings relevant to the
decision problem?

In this cohort study, Sleepio was shown to
be feasible, acceptable and efficacious at
improving insomnia severity in individuals
with a clinician diagnosis of insomnia
disorder with normal or short sleep duration.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

o Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of

insomnia.
Is any information from this study likely to No
be used in the economic model?
What are the strengths and limitations of Strengths

this evidence?

e Examines the effects of Sleepio in
two insomnia disorder subtypes.

Limitations
e No randomisation.

e Unable to examine reasons for
attrition or non-completion of
therapy.

¢ Not all participants received Sleepio.

How was the study funded?

National Health and Medical Research
Council (NHMRC, Australia) Centre for
Integrated Research Understanding of
Sleep (CIRUS), NeuroSleep, 1060992 and
the Cooperative Research Centre for
Alertness, Safety and Productivity,
Australian Commonwealth Government.
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Efficacy of digital CBT for insomnia to reduce depression across demographic groups: a
randomized controlled trial — Cheng et al., 2019a

How are the findings relevant to the
decision problem?

This randomised controlled trial compared
the effects of Sleepio on insomnia severity
and depressive symptoms compared with
sleep hygiene education in adults with
DSM-5 insomnia disorder (3 months
minimum). Participants receiving Sleepio
experienced significantly greater reductions
in insomnia severity and depressive
symptoms compared to sleep hygiene
education. Depression remission rates were
also significantly greater for Sleepio
compared to sleep hygiene. Importantly,
treatment effects were not moderated by
race, gender, age or socio-economic status.
These results show that Sleepio can
address both insomnia and depression
across different socio-demographic groups.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

e Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

this evidence?

Is any information from this study likely to Yes
be used in the economic model?
What are the strengths and limitations of Strengths

¢ Randomised controlled trial
comparing Sleepio to an active
control (sleep hygiene education).

e Large and diverse sample recruited

(n=658).
e Examined moderators of treatment
effects.
Limitations

e Per-protocol analysis.

e The majority of individuals had mild
depressive symptoms at baseline
and therefore, findings may not be
generalisable to more severe
groups.

How was the study funded?

This trial was funded by the Robert Wood
Johnson Foundation, the National Institute
of Mental Health and the National Heart,
Lung and Blood Institute.
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Effect of Digital Cognitive Behavioral Therapy for Insomnia on Health, Psychological Well-
being and Sleep-Related Quality of Life: A Randomized Clinical Trial — Espie et al., 2019

How are the findings relevant to the
decision problem?

This randomised controlled trial documents
that, compared to sleep hygiene education,
Sleepio leads to significant improvements in
physical health, psychological wellbeing
and sleep-related quality of life in addition to
insomnia symptoms in adults with DSM-5
insomnia disorder (assessed using SCI-8, 3
months or more), many of whom had
comorbidities. Insomnia appears to be a
therapeutic target by which to improve
these outcomes as reductions in insomnia
symptoms mediated improvements in
physical health, psychological wellbeing
and sleep-related quality of life.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

e Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of

this evidence?

insomnia.
Is any information from this study likely to Yes
be used in the economic model?
What are the strengths and limitations of Strengths

e Randomised controlled trial
comparing Sleepio to an active
control (sleep hygiene education).

e Very large sample (N=1,711).

¢ Examined the mediating role of
sleep improvement on primary
outcomes.

¢ Individuals had a range of
comorbidities.
Limitations
o Participants were recruited online

and therefore may not be directly
reflective of the general population.

How was the study funded?

This trial was funded by Big Health Ltd.
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controlled trial — Cheng et al., 2019b

Depression prevention via digital cognitive behavioral therapy for insomnia: a randomized

How are the findings relevant to the
decision problem?

This study provided 1-year follow-up data to
Cheng et al., 2019a. Participants receiving
Sleepio experienced significantly lower
depression severity relative to sleep
hygiene education control at 1-year. Rates
of depression remission were 51% higher in
for Sleepio participants compared to
participants receiving sleep hygiene. There
was a significantly lower incidence rate of
moderate-to-severe depression in the
Sleepio group compared to the sleep
hygiene education control group.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

this evidence?

Is any information from this study likely to Yes
be used in the economic model?
What are the strengths and limitations of Strengths

e Long-term follow-up of the effects of
Sleepio on depression outcomes

e Large sample analysed (n=658).
Limitations

e Self-reported measure of
depression.

e Per-protocol analysis.

¢ Did not examine long-term effects
on insomnia.

e Participants were recruited online
and therefore may not be directly
reflective of the general population.

e The majority of individuals had mild
depressive symptoms at baseline
and therefore, findings may not be
generalisable to more severe
groups.

How was the study funded?

This trial was funded by the Robert Wood
Johnson Foundation, the National Institute
of Mental Health and the National Heart,
Lung and Blood Institute.

Company evidence submission (part 1) for [Sleepio for adults with difficulty sleeping].

© NICE 2019. All rights reserved. Subject to Notice of rights.

of 154

67



https://www.nice.org.uk/terms-and-conditions

insomnia: a pilot RCT — Denis et al., 2020.

Is digital cognitive behavioural therapy for insomnia effective in treating sub-threshold

How are the findings relevant to the
decision problem?

This randomised controlled trial examines
the benefits of Sleepio in female adults
recruited from universities. There was no
specific inclusion criterion for sleep.
Findings demonstrated that compared to an
attention control, participants receiving
Sleepio experienced significant benefits to
insomnia symptoms and in secondary
mental health outcomes (e.g., anxiety
paranoia, perceived stress). Improvements
in insomnia symptoms experienced by
individuals with sub-threshold insomnia
were equivalent to the whole sample.
Improvements in insomnia symptoms were
mediated by changes in beliefs about sleep
and pre-sleep somatic arousal. This study,
therefore, shows that Sleepio can improve
sleep in individuals with sub-threshold
insomnia symptoms.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

¢ Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

this evidence?

Is any information from this study likely to No
be used in the economic model?
What are the strengths and limitations of Strengths

e Minimal inclusion criteria to examine
the effects of Sleepio who do not
have an insomnia diagnosis and
have sub-threshold symptoms.

e Used an attention-matched control.
Limitations

e Only recruited female university
students and therefore may not be
generalisable to other groups.

How was the study funded?

This trial was funded by the NIHR
Biomedical Research Centre at South
London and Maudsley NHS Foundation
Trust and King’s College London.
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Efficacy of Digital Cognitive Behavioral Therapy for the Treatment of Insomnia Symptoms
Among Pregnant Women: A Randomized Clinical Trial — Felder et al., 2020

How are the findings relevant to the
decision problem?

This randomised controlled trial compared
the effects of Sleepio to usual care in
pregnant women who have had insomnia
symptoms for at least 1 month. Compared
to usual care, participants receiving Sleepio
experienced significantly greater
improvements in insomnia severity, sleep
efficiency and sleep quality. Significant
improvements were also observed in
measures of anxiety and depressive
symptoms. Those receiving Sleepio had
significantly lower rates of insomnia
caseness compared to control.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

e Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

this evidence?

Is any information from this study likely to Yes
be used in the economic model?
What are the strengths and limitations of Strengths

¢ Minimal inclusion criteria to examine
the effects of Sleepio who do not
have an insomnia diagnosis and
have sub-threshold symptoms.

Limitations

e Remission outcomes were based on
self-reported measures rather than a
clinical diagnostic interview.

e Sample was predominantly white,
wealthy and highly educated.

How was the study funded?

This trial was supported by the University of
California, San Francisco Preterm Birth
Initiative, Bill and Melinda Gates
Foundation, a donation from Marc and
Lynne Benioff, the National Centre for
Advancing Translational Sciences, National
Center for Complementary and Integrative
Health and the National Heart, Lung and
Blood Institute.
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Long-term benefits of digital cognitive behavioural therapy for insomnia: Follow-up report
from a randomized clinical trial — Luik et al., 2020

How are the findings relevant to the
decision problem?

This study reported long-term follow-up
data from Espie et al., 2019. Findings
demonstrated that benefits to physical
health, wellbeing and sleep-related quality
of life were maintained 48-weeks after
receiving Sleepio. Sleepio also led to
significant reductions in prescription and
non-prescription medication use at 24-
weeks, with this effect maintained for non-
prescription medication at 48-weeks.

Does this evidence support any of the
claimed benefits for the technology? If so,
which?

o Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

e Reduces hypnotic usage and
associated risks i.e. dependency,
withdrawal, risks of falls and
unresolved insomnia.

this evidence?

Is any information from this study likely to Yes
be used in the economic model?
What are the strengths and limitations of Strengths

e Long-term outcome data from a
randomised controlled trial
comparing Sleepio to sleep hygiene
education.

Limitations

¢ The week 48 assessment was
uncontrolled.

How was the study funded?

This trial was funded by Big Health Ltd.
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Crawford et al., 2020

Digital Cognitive Behavioral Therapy for Insomnia in Women with Chronic Migraines —

How are the findings relevant to the
decision problem?

This findings of this study demonstrate the
feasibility, acceptability and preliminary
efficacy of Sleepio to improve insomnia
severity in individuals with chronic
migraines and insomnia symptoms.
Participants also experienced significant
reductions in migraine frequency and
migraine-related disability.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

o Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

this evidence?

Is any information from this study likely to No
be used in the economic model?
What are the strengths and limitations of Strengths

e Provides proof of concept for the
use of Sleepio to treat insomnia in
individuals with chronic migraine
and insomnia symptoms.

o Used a rigorous multiple baseline
design which allows assessment of
changes in outcome when a
treatment is introduced.

Limitations

e Treatment acceptability was
assessed using a single item.

e Only recruited individuals with
chronic migraine, therefore may not
be generalisable to other headache
disorder groups.

e Sample comprised entirely of
females.

How was the study funded?

This trial was funded an award from the
American Sleep Medicine Foundation.
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Digital Cognitive Behavioral Therapy for Insomnia for Adolescents With Mental Health
Problems: Feasibility Open Trial — Cliffe et al., 2020

How are the findings relevant to the
decision problem?

This study evaluated the feasibility of
adding Sleepio to usual care for young
adults aged 14-17 years with mental health
problems and comorbid insomnia
symptoms who attend CAMHS services.
Sleepio was found to be feasible,
acceptable and safe. In addition, Sleepio
led to significant improvements in insomnia
symptoms and severity, and measures of
anxiety and depressive symptoms.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

e Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

e Provides access to CBT for people
who otherwise would have been
provided with sleep hygiene, non-
indicated pharmacotherapy or who
would have not received any
treatment at all.

e Provides CBT for insomnia in a
stigma free environment.

e Improves range of treatment options
available to primary care
prescribers.

Is any information from this study likely to
be used in the economic model?

No

Company evidence submission (part 1) for [Sleepio for adults with difficulty sleeping].

© NICE 2019. All rights reserved. Subject to Notice of rights.

of 154

72



https://www.nice.org.uk/terms-and-conditions

Digital Cognitive Behavioral Therapy for Insomnia for Adolescents With Mental Health
Problems: Feasibility Open Trial — Cliffe et al., 2020

What are the strengths and limitations of
this evidence?

Strengths

Sleepio was found to be feasible,
acceptable and safe within this
young adult age group.

Provides valuable feasibility data for
Sleepio within a young adult sample.

Sleepio can be integrated into
CAMHS services.

Limitations

No control group.

Cannot infer whether improvements
were due to Sleepio or the face-to-
face intervention participants
received.

Support phone calls may have
confounded the results.

Self-selected sample and
participants may have been highly
motivated.

How was the study funded?

This trial was funded by Wiltshire CAMHS
commissioning group.
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The effects of digital cognitive behavioral therapy for insomnia on cognitive function: A
randomized controlled trial — Kyle et al., 2020

How are the findings relevant to the This randomised controlled trial evaluated
decision problem? the effects of Sleepio compared to waitlist
control on cognitive functioning in adults
with DSM-5 insomnia disorder (SCI-8) and
self-reported memory difficulties. At post-
intervention and follow-up, participants
receiving Sleepio experienced significantly
less self-reported cognitive impairment than
control participants. Sleepio also
demonstrated superiority at improving sleep
quality, insomnia severity, fatigue,
sleepiness, cognitive failures, and anxiety
and depressive symptoms compared to
waitlist control. Improvements in self-
reported cognitive impairment was
mediated by improvements in sleep.

Does this evidence support any of the e Provides effective therapy that

claimed benéefits for the technology? If so, directly addresses the behavioural

which? and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

Is any information from this study likely to No
be used in the economic model?

What are the strengths and limitations of Strengths

this evidence? e The sample comprised of individuals
with a range of physical and mental
health comorbidities.

Limitations
e Use of a waitlist control arm.

e The sample was recruited entirely
online and therefore may be a more
motivated sample.

How was the study funded? This study was supported by the NIHR
Oxford Biomedical Research Centre.
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pregnant women — Kalmbach et al., 2020

A randomized controlled trial of digital cognitive behavioral therapy for insomnia in

How are the findings relevant to the
decision problem?

This randomised controlled trial examined
the effects of Sleepio compared to sleep
hygiene education in pregnant women with
insomnia during the third trimester.
Compared to sleep hygiene education,
Sleepio led to significant reductions in
insomnia severity and significant
improvements in sleep quality and sleep
duration. Significant improvements were
maintained for sleep duration post-partum.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

e Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

this evidence?

Is any information from this study likely to Yes
be used in the economic model?
What are the strengths and limitations of Strengths

o Examined the effects of Sleepio
during the third trimester and after
birth.

Limitations
e Use of a waitlist control arm.

¢ Relatively short-term follow-up and
therefore the limited effects on sleep
post-partum may be due to lack of
stable sleep for the infant.

How was the study funded?

This study was funded by the American
Academy of Sleep Medicine.
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mediator? — Cheng et al., 2020a

Depression prevention in digital cognitive behavioral therapy for insomnia: Is rumination a

How are the findings relevant to the
decision problem?

This study was a further follow-up analysis
of data from Cheng et al., 2019a and
examined the role of rumination as a
mediator of improvement in insomnia and
depression following Sleepio. Results
showed that participants in the Sleepio
group experienced significantly greater
reductions in rumination than the sleep
hygiene education group. Reductions in
rumination significantly mediated
improvements in insomnia severity and
depression severity after Sleepio.
Reductions in rumination also medicated
the prevention of clinically significant
depression.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

o Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

this evidence?

Is any information from this study likely to Yes
be used in the economic model?
What are the strengths and limitations of Strengths

¢ Highlighted the role of rumination as
a potential mechanism underlying
both insomnia and depression
improvement following Sleepio.

Limitations

o Depression was assessed using a
self-report measure.

How was the study funded?

This study was supported by the Robert
Wood Johnson Foundation and the
National Institutes of Health.
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Henry et al., 2020

Insomnia as a mediating therapeutic target for depression symptoms: A sub-analysis of
participant data from two large randomized controlled trials of a digital sleep intervention —

How are the findings relevant to the
decision problem?

This study was a combined subanalysis
using data from Freeman et al., 2017 and
Espie et al., 2019. Individuals were included
in this sub-analysis if they had DSM-5
insomnia disorder (assessed using SCI-8)
and clinically significant depressive
symptoms (PHQ-9>=10) at baseline.
Sleepio led to significant improvements in
insomnia and depressive symptoms
compared to control (waitlist or sleep
hygiene education). Sleepio also
significantly reduced the odds of having
clinically significant depressive symptoms.
Reductions in insomnia symptoms
mediated improvements in depressive
symptoms.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

e Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

this evidence?

Is any information from this study likely to Yes
be used in the economic model?
What are the strengths and limitations of Strengths

e Very large sample size (N=3,552)

¢ Examined effects of Sleepio on
insomnia and depressive symptoms
in individuals with insomnia disorder
and clinically significant depressive
symptoms.

e Assessed insomnia symptom
improvement as a mediator of
depression improvement.

Limitations

e Samples were recruited as part of
two RCTs and, based on the original
samples, may not be entirely
generalisable.

e Depression was assessed using a
self-report measure rather than a
clinician assessment.
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Insomnia as a mediating therapeutic target for depression symptoms: A sub-analysis of
participant data from two large randomized controlled trials of a digital sleep intervention —

Henry et al., 2020

How was the study funded? This study was funded by Big Health Ltd.
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Digital Cognitive Behavioral Therapy for Insomnia Promotes Later Health Resilience
During the Coronavirus Disease 19 (COVID-19) Pandemic — Cheng et al., 2020b

How are the findings relevant to the
decision problem?

This study was a further follow-up analysis
of data from Cheng et al., 2019a and
examined the effect of prior use of Sleepio
compared to sleep hygiene education
control on health resilience during the
COVID-19 pandemic. Previous use of
Sleepio was associated with significantly
less severe insomnia symptoms during the
pandemic compared to those who
previously used sleep hygiene. Risk of
resurgent moderate-to-severe insomnia
was lower in those who previously received
Sleepio compared to sleep hygiene. Those
who received Sleepio had significantly
lower depressive symptoms, lower odds of
moderate-to-severe depressive symptoms,
better physical health and fewer COVID-
related cognitive intrusions.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

e Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

this evidence?

Is any information from this study likely to No
be used in the economic model?
What are the strengths and limitations of Strengths

e Demonstrates that Sleepio
increases health resilience and may
prevent development of future
insomnia and mental health
difficulties.

e Direct impact of COVID-19 was
equivalent across both groups.

e Shows long-term benefits conferred
by Sleepio.
Limitations

e Outcomes were assessed using
self-reported measures.

How was the study funded?

This study was supported by the National
Institutes of Health.
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et al., 2020

Adjunctive digital sleep intervention within routine mental health treatment in IAPT — Stott

How are the findings relevant to the
decision problem?

This study shows that Sleepio can be used
adjunctively to help with sleep difficulty in
those attending IAPTs psychological
services for outcomes of depression and
anxiety.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

e Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Provides access to CBT for people
who otherwise would have been
provided with sleep hygiene, non-
indicated pharmacotherapy or who
would not have received any
treatment at all.

e Eliminates waiting time for CBT for
insomnia.

e Provides CBT in a stigma free
environment.

¢ Provision of CBT service where face
to face CBT is not available or has
long waiting times.

e Improves range of treatment options
available to primary care
prescribers.

e Improves quality of care by enabling
primary care to meet clinical

this evidence?

guidelines
Is any information from this study likely to No
be used in the economic model?
What are the strengths and limitations of Strengths

e Real-world clinical sample in
secondary care settings

e Matched control comparison to
similar patients from two clinical
cohorts

e Data collected from IAPT services
Limitations
e Observational long-term follow-up.

How was the study funded?

Innovate UK funding as part of the Thames
Valley project.
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Evaluation of fully-automated digital CBT (Sleepio) for insomnia at scale in the UK: A
retrospective cohort study — Studd et al., 2020

How are the findings relevant to the This paper evaluates the implementation of
decision problem? Sleepio at scale in the Thames Valley in the
UK through three referral pathways: self-
referral, IAPT referral and primary care
referral.

Does this evidence support any of the
claimed benéefits for the technology? If so, o

, Provides effective therapy that
which?

directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Provides access to CBT for people
who otherwise would have been
provided with sleep hygiene, non-
indicated pharmacotherapy or who
would not have received any
treatment at all.

e Eliminates waiting time for CBT for
insomnia.

e Provides CBT in a stigma free
environment.

¢ Provision of CBT service where face
to face CBT is not available or has
long waiting times.

e Improves range of treatment options
available to primary care
prescribers.

e Improves quality of care by enabling
primary care to meet clinical
guidelines
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Evaluation of fully-automated digital CBT (Sleepio) for insomnia at scale in the UK: A
retrospective cohort study — Studd et al., 2020

Is any information from this study likely to No
be used in the economic model?

What are the strengths and limitations of Strengths

this evidence? e Real-world evaluation of the
implementation of Sleepio using
three referral pathways.

e Increases access to and provision of
guideline treatment for insomnia.

Limitations

e Limited capture of socio-economic
variables and ethnicity data,
therefore it is hard to infer whether
implementation in this manner
provides access to underserved
groups.

How was the study funded? This study was funded by Innovate UK.
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Drake et al., 2019

Changes in use of sleep aids following digital cognitive behavioral therapy for insomnia —

How are the findings relevant to the
decision problem?

This study shows that compared to sleep
hygiene education, Sleepio increased the
odds of lower prescription medication use.
Reduction in prescription medication was
greatest for antidepressants followed by
hypnotics.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

¢ Reduces hypnotic usage and
associated risks i.e. dependency,
withdrawal, risk of falls and
unresolved insomnia.

this evidence?

Is any information from this study likely to Yes
be used in the economic model?
What are the strengths and limitations of Strengths

e Provides evidences that a fully-
automated digital CBT intervention
without a medication reduction
component can lead to a reduction
in use of prescription sleep
medication.

Limitations

e The observed reductions in
medication were small.

How was the study funded?

This study was funded by the National
Institute of Mental Health.
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Insomnia as a mediating therapeutic target for anxiety symptoms: A sub-analysis of
participant data from two large randomized controlled trials of a digital sleep intervention —

Kanady et al., 2020

How are the findings relevant to the
decision problem?

This study was a combined subanalysis
using data from Freeman et al., 2017 and
Espie et al., 2019. Individuals were included
in this sub-analysis if they had DSM-5
insomnia disorder (assessed using SCI-8)
and clinically significant anxiety symptoms
(GAD-7>=10) at baseline. Sleepio led to
significant improvements in insomnia and
anxiety symptoms compared to control
(waitlist or sleep hygiene education).
Sleepio also significantly reduced the odds
of having clinically significant anxiety
symptoms. Reductions in insomnia
symptoms mediated improvements in
anxiety symptoms. Reductions in insomnia
symptoms at post-treatment and follow-up
were moderated by insomnia severity at
baseline, with lower baseline SCI-8 scores
associated with greater improvements in
sleep.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

e Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

Is any information from this study likely to
be used in the economic model?

No
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Insomnia as a mediating therapeutic target for anxiety symptoms: A sub-analysis of
participant data from two large randomized controlled trials of a digital sleep intervention —

Kanady et al., 2020

What are the strengths and limitations of
this evidence?

Strengths

Very large sample size (N=2,172)

Examined effects of Sleepio on
insomnia and anxiety symptoms in
individuals with insomnia disorder
and clinically significant anxiety
symptoms.

Assessed insomnia symptom
improvement as a mediator of
anxiety improvement.

Limitations

Samples were recruited as part of
two RCTs and, based on the original
samples, may not be entirely
generalisable.

Anxiety was assessed using self-
report rather than a clinical
assessment.

How was the study funded?

This study was funded by Big Health Ltd.
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A Population Health Approach to Insomnia Using Internet-Based Cognitive Behavioral
Therapy for Insomnia — Derose et al., in review

How are the findings relevant to the
decision problem?

This study shows that compared to in
person delivered group CBT for insomnia,
Sleepio was non-inferior for system related
outcomes of dispensed insomnia
medications and provider healthcare
encounters over 12 months. The Sleepio
group also demonstrated pre-to-post
improvements in sleep-related outcomes.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

o Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Eliminates waiting time for CBT for
insomnia

e Provides access to CBT for people
who otherwise would have been
provided with sleep hygiene, non-
indicated pharmacotherapy or who
would not have received any
treatment at all.

e Provides CBT for insomnia in a
stigma free environment.

e Improves quality of care by enabling
primary care to meet clinical
guidelines.

e Improves range of treatment options
available to primary care
prescribers.

Is any information from this study likely to
be used in the economic model?

Yes
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A Population Health Approach to Insomnia Using Internet-Based Cognitive Behavioral
Therapy for Insomnia — Derose et al., in review

What are the strengths and limitations of
this evidence?

Strengths

e Large population real world
implementation study to evaluate
the effects of Sleepio in comparison
to an active in-person group-based
version of CBT for insomnia.

e OQutcomes consisted of real-world
system related outcomes.
Limitations

e Areal-world randomised controlled
trial included very large numbers
and required a pragmatic hybrid
study design to evaluate between
group outcomes. This included a
matched control group to examine
between group effects at post
treatment.

How was the study funded?

This study was funded by Kaiser
Permanente.
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A qualitative examination of the usability of a digital cognitive behavioural therapy for
insomnia programme in chronic stroke survivors — Smejka et al., in review

How are the findings relevant to the
decision problem?

This study examined the feasibility and
usability of Sleepio within adults chronic
stroke survivors who had an interest in
improving their sleep.

Does this evidence support any of the
claimed benefits for the technology? If so,
which?

e Provides access to CBT for people
who otherwise would have been
provided with sleep hygiene, non-
indicated pharmacotherapy or who
would not have received any
treatment at all.

this evidence?

Is any information from this study likely to No
be used in the economic model?
What are the strengths and limitations of Strengths

e Sleepio was found to be feasible,
however, chronic stroke survivors
may require support.

Limitations

e There was no minimum required
threshold for sleep difficulties,
therefore participants may not have
felt the CBT techniques within
Sleepio were necessary to improve
their sleep.

How was the study funded?

This study was funded by the Wellcome
Trust
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The RESTING Insomnia study: Randomized Controlled study on Effectiveness of
Stepped-Care Therapy — Manber et al. in progress

How are the findings relevant to the
decision problem?

This study is comparing the effectiveness of
two different approaches to treating
insomnia in middle aged and older adults
with insomnia disorder in primary care.
Specifically, Sleepio alone will be compared
to stepped care for insomnia (In-person
CBT only or Sleepio only, followed by in-
person CBT in non-responders).

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

e Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

e Provides access to CBT for people
who otherwise would have been
provided with sleep hygiene, non-
indicated pharmacotherapy or who
would not have received any
treatment at all.

e Improves range of treatment options
available to primary care
prescribers.

this evidence?

Is any information from this study likely to No
be used in the economic model?
What are the strengths and limitations of Strengths

e Examines Sleepio compared to and
in the context of stepped care.

Limitations
¢ Participants are middle-to-older age
and therefore the findings may not

be generalisable to younger
individuals.

How was the study funded?

This study is funded by the National
Institutes of Health.
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An Investigation into the Efficacy of Online Cognitive Behaviour Therapy for Insomnia
(“Sleepio”) for Stroke Survivors — Johansen-Berg et al., in progress

How are the findings relevant to the
decision problem?

This study is examining the effectiveness of
Sleepio compared to sleep monitoring
waitlist control in chronic community
dwelling adult stroke survivors who self-
report sleep difficulties.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

e Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

e Provides access to CBT for people
who otherwise would have been
provided with sleep hygiene, non-
indicated pharmacotherapy or who
would not have received any
treatment at all.

Is any information from this study likely to No
be used in the economic model?
What are the strengths and limitations of Strengths

this evidence?

e Evaluates Sleepio in a comorbid
sample of chronic stroke survivors.

Limitations
e Waitlist control.

How was the study funded?

This study is funded by the Wellcome Trust
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Therapist-Directed vs Online Therapy for Insomnia Co-Occurring with Sleep Apnea —

Edinger et al., in progress

How are the findings relevant to the
decision problem?

This study will compare Sleepio with
therapist-delivered CBT and usual care in
individuals with insomnia disorder and
comorbid sleep apnea.

Does this evidence support any of the
claimed benefits for the technology? If so,
which?

e Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

e Provides access to CBT for people
who otherwise would have been
provided with sleep hygiene, non-
indicated pharmacotherapy or who
would not have received any
treatment at all.

Is any information from this study likely to No
be used in the economic model?
What are the strengths and limitations of Strengths

this evidence?

e Evaluates the effects of Sleepio in a
comorbid sleep apnea sample.

e Evaluates Sleepio in the context of
stepped care.

Limitations

How was the study funded?

This study is funded by the National
Institutes of Health.
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A Sleep Program to Improve Sleep Quality in People with HIV — Fellows et al., in progress

How are the findings relevant to the
decision problem?

This study is examining the effects of
Sleepio on sleep efficiency insomnia
severity, anxiety and depression symptoms
and quality of life in adults with HIV
compared to a waitlist control.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

e Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

e Provides access to CBT for people
who otherwise would have been
provided with sleep hygiene, non-
indicated pharmacotherapy or who
would not have received any
treatment at all.

Is any information from this study likely to No
be used in the economic model?
What are the strengths and limitations of Strengths
this evidence? e Examines Sleepio in individuals with
HIV.
Limitations

How was the study funded?

This study is funded by the Canadian
Institute of Health Research.

Company evidence submission (part 1) for [Sleepio for adults with difficulty sleeping].

© NICE 2019. All rights reserved. Subject to Notice of rights.

of 154

92



https://www.nice.org.uk/terms-and-conditions

progress

A pilot study of Digital Cognitive Behavioral Therapy for Veterans — McCaslin et al. in

How are the findings relevant to the
decision problem?

This single-case experimental design study
is examining the effects of Sleepio on
insomnia severity in veterans with DSM-5
insomnia disorder with comorbid mental
health difficulties (e.g. PTSD symptoms,
anxiety or depression).

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

e Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

e Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

e Provides access to CBT for people
who otherwise would have been
provided with sleep hygiene, non-
indicated pharmacotherapy or who
would not have received any
treatment at all.

this evidence?

Is any information from this study likely to No
be used in the economic model?
What are the strengths and limitations of Strengths

e Examines Sleepio in a sample with
comorbid mental health difficulties.

Limitations
e Small sample size.

How was the study funded?

This study is funded by Big Health Ltd.
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CBT to Reduce Insomnia and Improve Social Recovery in Early Psychosis — Jones et al.,

in progress

How are the findings relevant to the
decision problem?

This randomised controlled trial will
examine the effects of Sleepio compared to
treatment as usual at improving sleep and
social recovery in adults with psychosis and
insomnia disorder (SCI-8) attending early
intervention psychosis services.

Does this evidence support any of the
claimed benéefits for the technology? If so,
which?

Provides effective therapy that
directly addresses the behavioural
and cognitive underpinnings of
insomnia.

Improves other salient outcomes,
particularly to mental health,
wellbeing and to quality of life.

Provides access to CBT for people
who otherwise would have been
provided with sleep hygiene, non-
indicated pharmacotherapy or who
would not have received any
treatment at all.

Is any information from this study likely to No
be used in the economic model?
What are the strengths and limitations of Strengths
this evidence? e Examines Sleepio in the context of
current secondary mental health
services.
Limitations

How was the study funded?

This study is supported in part by
Cambridgeshire Peterborough NHS
Foundation Trust.
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5.3 Results of relevant clinical studies
Table 4 Results of all relevant studies (from tables 1, 2 and 3)

Please provide results of all relevant studies in a table format. Example tables are presented below and can be adapted.
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| Study | Results summary | Company
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Espie et al.
2012

At post-intervention and follow-up Sleepio led to significant increases in sleep efficiency compared to both
placebo and treatment-as-usual (p<0.0001).

Significant reductions were also observed in sleep onset latency (SOL; p<0.001) and wake after sleep onset
(WASO; p<0.0001) at post-intervention and follow-up for Sleepio participants compared to placebo and TAU.
Significant reductions were also observed in total time spent awake during the night for Sleepio participants
compared with placebo and TAU (p<0.001) at post-intervention and follow-up. Similarly, significant increases in
total sleep time (p=0.026) and sleep quality (p=0.003) were observed for Sleepio participants compared to
placebo and TAU at post-intervention and follow-up. Beyond improvements in sleep, Sleepio led to improvements
in daytime and social functioning (both p<0.0001) in adults with insomnia disorder, and that improvements are
superior to both placebo control and treatment-as-usual.

Table 1. Between group effect sizes (Cohen’s d) for each treatment group comparison (CBT = Sleepio; IRT =
Placebo; TAU = Treatment as usual) at post-treatment and follow-up.

Relative effect size (d) Relative effect size (d)
Pre-treatment to post-treatment Pre-treatment to 8-wk Follow-up
Variable CBT-TAU IRT-TAU CBT-IRT CBT-TAU IRT-TAU CBTHRT
Sleep Efficiency, % 095 .06 1.06 069 015 1.00
Sleep Onset Latency, min 045 0.30 086 0.34 027 0.86
Wake Time After Sleep Onset, min -1.03 041 0 077 041 067
Total Wake Time, min 096 0.05 -1.03 081 02 098
Total Sleep Time, h 0.00 024 026 032 026 073
Sleep quality, 0-100 rating 071 0.33 0.37 0.70 032 041
Sleep Condition Indicator 120 033 095 m 034 077
Impact on social functioning, 04 rating 044 010 037 078 053 024
Impact on daytime performance, 04 rating 0.72 040 032 -0.85 £0.72 023

Participants receiving Sleepio experienced a >2-fold improvement in insomnia symptoms (SCI-8), with a large
between-group effect compared with TAU (d=1.20) at post-intervention and follow-up (d=1.11). The equivalent
effects for Sleepio compared to placebo were d=0.95 and d=0.77 respectively.

At post-intervention 76% of participants in the Sleepio group were no longer classified as having poor sleep
(achieved sleep efficiency >80%) which was significantly higher than IRT and TAU (p< 0.001). Similarly, 55% of
Sleepio participants achieved a sleep efficiency of 85% (p<0.001), and approaching 40% achieved sleep
efficiency =2 90% (p=0.001).These benefits were largely maintained during follow-up.

This trial used a
rigorous placebo
control arm in
addition to a
treatment as usual
control. Significant
improvements were
observed in self-
reported sleep diary
outcomes,
insomnia symptoms
and measures of
daytime and social
functioning at post-
intervention. These
effects were
maintained at 8-
week follow-up.
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Espie et al. | Sleepio led to treatment effects for all sleep disturbance questionnaire (SDQ) domains (e.g., Sleepio vs. placebo: | The outcomes
2014 d = 0.76 for ‘trying too hard’). Sleepio was also superior to placebo on the GCTI (e.g., ‘rehearsal and planning’, d | examined in this
= 0.62; ‘sleep and sleeplessness’, d = 0.74). CBT vs. TAU comparisons yielded larger effects, whereas placebo secondary analysis
effects (IRT vs. TAU) were small to moderate. Hierarchical regression demonstrated partial mediation of SCI are proposed
improvement by attributional and cognitive factors (R2 = 21-27%) following CBT. maintaining factors of
insomnia disorder.
Pillai et al., | Sleepio led to significantly greater reductions in anxiety (p<0.05; d = 0.8) and insomnia severity (p<0.05; d = 0.9) | This study
2015 than the sleep hygiene education control group, Similarly, Sleepio significantly reduced sleep onset latency demonstrates that,
compared to control (p<0.05; d = 0.09). No significant differences were observed in sleepiness or total sleep time | compared to sleep
(both p>0.05). hygiene education,
Sleepio has
significantly greater
reductions in anxiety
symptoms and
insomnia severity in
addition to other
sleep outcomes.
Coulson et | 100 Sleepio users completed the online survey. Thematic analysis of responses to open-ended questions This study comprised
al., 2016 revealed five drivers for engagement with the Sleepio community: (1) the desire to connect with people facing 100 real-world

similar issues; (2) seeking personalised advice, (3) curiosity; (4) being invited by other members; and (5) wanting
to use all available sleep improvement tools. Participants described advantages to engaging with the community
which included having continued support; feeling less isolated; being part of a nonjudgemental community;
receiving personalised advice; having positive comparisons with others; receiving encouragement from others to
persist with Sleepio; and altruism. A number of disadvantages were highlighted too including: issues with design
and navigation; uncertainty of the quality of user-generated content; negative comparisons with others; significant
time commitments; and data privacy concerns. Participants attributed their community experiences to
engagement with Sleepio, indicating that the community supported their efforts to improve their sleep and
continue to persist with Sleepio. Despite the disadvantages, participants felt that the Sleepio community was a
valuable resource.

Sleepio users and
describes their
perceptions and
experience of the
Sleepio community —
a feature of the
Sleepio platform
whereby individuals
can engage in
discussions with
other users.
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Bostock et

At post-intervention, participants using Sleepio experienced significantly lower insomnia symptoms (higher SCI-8

This study was

al., 2016 scores) compared to participants in the waitlist control group (p<0.0001), with a large within-group effect size for conducted in a real-
Sleepio (d=1.10) and a small effect size for control (d=0.34). Similarly, Sleepio participants had greater world sample of
improvements in presenteeism at post-intervention compared to control (p=0.001). There were no significant working individuals.
differences in absenteeism between Sleepio and control. Sleepio led to
benefits in insomnia
symptoms and
workplace
presenteeism.
Luik et al., | Sleepio was provided to 98 adults in an IAPT service who experienced poor sleep in addition to comorbid This study
2017 symptoms of depression or anxiety. Of the 98 adults, 72 (73%) completed Sleepio. Significant reductions were documents the

observed in anxiety symptoms (p<0.001) and depressive symptoms (p<0.001), in those who completed post-
intervention assessments. Effects on anxiety and depressive symptoms remained significant when accounting for
missing data (p<0.001). Significant reductions were also observed in insomnia symptoms (p<0.001).

48 of 71 individuals (68%) who scored above caseness thresholds on either the PHQ-9 or GAD-7 at baseline
moved to recovery when the last observation was carried forward. 59% of participants (42 / 71) met criteria for
IAPT reliable recovery. These proportions are above the IAPT target recovery rate of 250% and reliable recovery
rate of 43%.

effects of Sleepio in
individuals with poor
sleep and comorbid
anxiety and/or
depressive symptoms
in IAPT services. This
real-world evaluation
demonstrates that
Sleepio can be
implemented
successfully and lead
to improvements

above IAPT
averages.
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Barnes et

Sleepio was associated with improvements in insomnia symptoms (p<0.001) and a number of benefits in work

Results from this

al., 2017 outcomes including reduced negative affect, increased job satisfaction and self control. No significant differences | study show that
were observed between Sleepio participants and control on measures of organizational citizenship behaviour or Sleepio leads to
interpersonal deviance. benefits in aspects of
workplace functioning
in addition to sleep in
working individuals.
McGrath et | Treatment with Sleepio led to significant improvements in sleep efficiency (p=0.02), sleep quality (p=0.04), Results from this
al., 2017 insomnia severity (p<0.001), insomnia symptoms (p=0.01), depressive (p=0.02) and anxiety symptoms study show that
(p=0.0047) compared to control. There were, however, no significant differences in measures of blood pressure Sleepio is associated
between Sleepio and standard care. with benefits to sleep
and mental health in
individuals with sleep
difficulties and
hypertension.
Elison et Participants using Sleepio engaged for a median of 66.35 days. Significant reductions were observed in anxiety In a real-world
al., 2017 and depressive symptoms (both p<0.0001) and improvements were observed in work and social functioning sample within IAPT,

(p<0.0001) from pre-to-post,

Sleepio led to
significant
improvements in
mental health and

functioning.
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Freeman et
al., 2017

In this large randomised controlled trial of 3,755 participants, Sleepio was superior to usual care control at
improving insomnia severity (d=1.11; p<0.0001), paranoia (d=0.19; p<0.0001), and hallucinations (d=0.24;
p<0.0001). Effects were maintained at 22 weeks for these outcomes [insomnia severity (d=1.12; p<0.0001),
paranoia (d=0.24; p<0.0001), and hallucinations (d=0.23; p<0.0001)].

Improvements in insomnia at mid-intervention (week 3) significantly mediated reductions in paranoia at post-
intervention (week 10) by 29.5%, and change in insomnia over 10 weeks mediated 57.8% of reductions in
paranoia. Improvements in insomnia also significantly mediated reductions in hallucinations, with these figures
20.7% and 38.6% for mid-intervention and post-intervention change in sleep respectively.

We believe this to be
one of the largest
trials ever conducted
of CBT for insomnia.
Significant
improvements were
observed in insomnia
and a number of
areas of mental
health at both post-
intervention (week
10) and follow-up
(week 22).
Improvements in
sleep resulting from
Sleepio causally
explained reductions
in paranoia and
hallucinations.
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Luik et al.,

Users who did not connect a wearable device to estimate their sleep with Sleepio had a significantly better sleep

Users have the

2018 and less sleep affected work productivity than device users both at baseline (p < 0.001) and at posttherapy (both | option of connecting
p < 0.001). Those who did not connect a device had less depressive symptoms at post-therapy than those who a wearable device to
connected a device (p < 0.001). Similar to all users, therapy effects were significant for all variables (insomnia Sleepio. This study
symptoms, depressive symptoms, anxiety symptoms, perceived stress, life satisfaction and work productivity) for | shows that treatment
both those who connected a device and those who did not connect a device (all p < 0.001). Further analyses of effects do not differ
change scores, i.e. post-treatment scores minus baseline scores, demonstrated that the therapy effect did not between those who
differ for change in insomnia between those who connected a device and those who did not. connect a device to

estimate their sleep
and those who do
not.

Espie et Data from 214 participants who completed pre and post assessments were analysed. Of these, 124 individuals This study reported

al., 2018 had relatively good sleep and were provided access to sleep tips. Those with more insomnia symptoms accessed | data from real-world
Sleepio. Those who accessed Sleepio experienced significant improvements in insomnia symptoms (SCI-8; employees who used
p<0.001), and a reduction in sleep’s negative impact upon productivity loss (26.6% to 15.6%, p<0.001). No Sleepio.
significant change was observed in absenteeism.

Miller et al., | CBT was acceptable to 63% of participants (normal-sleep = 31, short sleep = 29), with 28 completing therapy In this study Sleepio

2018 (tolerability: normal-sleep = 11, short-sleep = 17). For potential efficacy, 39 (normal-sleep = 20, short-sleep = 19) | was either delivered

out of 96 participants (41%) completed a follow-up I1SI assessment. In this reduced sample, mean (SD) ISI scores
decreased across both groups (normal-sleep: 18.0 (4.0) to 10.7 (4.6); short-sleep: 16.5 (5.5) to 11.0 (6.3); both P
< 0.01). Those with normal-sleep were more likely to respond (=6-point I1SI reduction) to CBT compared to short-
sleep (70%, n = 14/20 vs. 37%, n = 7/19 respectively, P = 0.038). In this cohort, 60 (63%) of participants
attempted CBT and of those 28 (47%) completed therapy.

alone or combined
with other
psychological
interventions for
insomnia (e.g. face-
to-face CBT for
insomnia, or SRT).
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Cheng et

Sleepio was superior to sleep hygiene education at improving insomnia symptoms (p<0.001) with the average

Sleepio was

al., 2019a | decrease in ISl in Sleepio (—10.0 points + 5.7 S.D.) being twice that of the decrease in the sleep education associated with
condition (-4.4 * 4.6). Significantly more participants in the Sleepio group experienced a clinically significant significant benefits to
treatment response compared to control (65.1% vs 22.3%; p<0.0001). Similarly, insomnia remission was insomnia symptoms
significantly higher for Sleepio compared to sleep hygiene (53.9% vs 14.0%; p<0.0001). and depressive
symptoms.
Secondary outcomes of depressive symptoms also showed improvement such that Sleepio participants had Importantly, effects
significantly lower depressive symptoms than those in the sleep hygiene education control group. The average were equivalent
decrease in depressive symptoms for Sleepio (—4.1 £ 4.7 s.d.) was 2.5 times greater than that of the sleep across different
education condition (-1.6 points + 3.7). This equated to an effect size of g=0.64. demographic and
Socio-economic
Importantly, the effects of Sleepio on insomnia symptoms and depressive symptoms did not differ between groups, highlighting
different demographic and socio-economic groups, highlighting its generalizability. its generalizability to
improve these clinical
outcomes.
Espie et Relative to sleep hygiene education, Sleepio led to significant improvements in functional health (PROMIS-10) at | This randomised
al., 2019 post-intervention (d=0.31, p<0.001) and follow-up (d=0.31, p<0.001). Significant improvements were also controlled trial
observed in psychological well-being (WEMWBS) for Sleepio compared to sleep hygiene education post- comprised a very
intervention (d=0.35, p<0.001) and follow-up (d=0.38, p<0.001). Significant reductions in the negative impact of large sample
sleep on quality of life (GSII; improvements in sleep-related quality of life) were observed for Sleepio compared to | (N=1,711) of adults
sleep hygiene education on individuals’ highest ranked complaint at post-intervention (d=-1.38, p<0.001) and with insomnia
follow-up (d=-1.46, p<0.001). disorder, many of
whom had comorbid
Improvements in insomnia at mid-intervention (week 4) significantly mediated improvements in physical health at | physical and mental
post-intervention (week 8) by 50.5%, and change in insomnia over 8 weeks mediated 83.8% of reductions in health conditions.
paranoia at follow-up (week 24). The respective % mediated for psychological well-being was 47.0% and 74.9%
respectively, and for sleep-related quality of life was 45.9% and 65.9% respectively.
Cheng et At 1-year follow-up, participants who received Sleepio had significantly lower depression severity compared to This study shows that
al.,, 2019b | those who received sleep hygiene education (p<0.001). Incidence of depression was also significantly higher in Sleepio may prevent

sleep hygiene participants compared to Sleepio participants (18,8% vs 9.6%; OR = 0.51, 95% CI [0.26 to 0.81], p
<0.01).

incident depression
at 1 year follow-up.
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Denis et Sleepio led to significant improvements in insomnia symptoms compared with attention control (p=0.013; d=0.42). | Results from this
al., 2020 The effect was similar when looking only at those who met the threshold requirement for subclinical insomnia at RCT show that
baseline (p=0.015; d=0.51). The effect was smaller for those who met insomnia caseness at baseline. Changes Sleepio leads to
in insomnia were explained by changes in thoughts and worries about sleep and physical arousal. benefits in sleep in
individuals with
subthreshold
insomnia symptoms.
Felder et Participants receiving Sleepio experienced significantly greater reductions in insomnia severity than those in the This study shows that
al., 2020 standard care group (p<0.001; d=-1.03). Those receiving Sleepio had significantly greater insomnia remission compared to

(IS1>=7; 44.0% vs 22.3%; p=0.002). Significant improvements were observed in other sleep outcomes including
sleep efficiency (p=0.001; d=-0.51), sleep quality (p<0.001; d=1.04) and in depression (p<0.001; d=-0.39) and
anxiety symptoms (p<0.001; d=-0.42). No significant differences were observed ins sleep duration. These effects
were consistent at 6-month follow-up.

standard care,
Sleepio is superior at
reducing insomnia
severity and
improving other sleep
and mental health
outcomes in pregnant

women with
insomnia.
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Luik et al.,

This study provided 48 week long-term follow-up data for Espie et al., 2019. Participants who initially received

This study examined

2020 sleep hygiene education were provided access to Sleepio at week 25 and therefore analyses at 48 weeks were 48-week follow-up
uncontrolled. Sleepio led to improvements in physical health (d=0.50, p<0.001), psychological wellbeing (d=0.55, | data from a previous
p<0.001) and sleep-related quality of life (d=-1.44, p<0.001) at 48 weeks compared to baseline. RCT of Sleepio.

Importantly, effects
Significant improvements from baseline were also observed for secondary outcomes of anxiety (d=-0.44, vvl?are_malntalrled for
p<0.001) and depressive symptoms (d=-0.75, p<0.001), insomnia symptoms (d=1.54, p<0.001), sleepiness (d=- aReSSItrzagsgu comes.
0.28, p<0.001), fatigue (d=-1.04, p<0.001), relationship satisfaction (d=-0.23, p<0.001), cognitive functioning (d=- | . dicated that Sleepi
0.37, p<0.001), presenteeism (d=-0.72, p<0.001), absenteeism (d=-0.13, p=0.008), and life satisfaction (¢=0.13, | "c'cated that sieepio
p<0.001). No significant improvements were observed in job satisfaction. was as.soutated with
reductions in the use
of both prescription
At week 24, Sleepio was associated with reductions in use of prescription (adjusted rate ratio [RR}: 0.64, 95%CI: | and non prescription
0.42; 0.97, p=0.037) and non-prescription sleep medication (adjusted rate ratio [RR}: 0.52, 95%CI: 0.37; 0.74, sleep medication
p<0.0001). Uncontrolled data at 48 weeks showed that effects were sustained for non-prescription medication
(p<0.001) but not for use of prescription medication (p=0.10). No significant changes were observed for
healthcare utilisation.
Crawford Sleepio was found to be feasible in individuals with chronic migraine and insomnia. Of 42 participants who were The results of this
et al.,, 2020 | randomized to receive Sleepio, 35 (83.3%) completed all six sessions within 12 weeks. The majority of study show that

completers (33; 94.3%) found Sleepio to be acceptable. Of the 35 who completed Sleepio, 23 (65.7%)
demonstrated a clinically meaningful difference on the ISI (>7 change from baseline). 16 (45.7%) were classified
as being in remission (ISI score <8). In addition, 34% of completers reverted from chronic migraine to episodic
migraine.

Sleepio is feasible,
acceptable and
demonstrates
efficacy to improve
insomnia and

migraines.
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Cliffe et al., | Sleepio led to significant improvements in self-reported sleep efficiency (p=0.005) and sleep quality (p=0.001).
2020 Significant reductions were also observed for insomnia severity (p<0.001), insomnia symptoms (p<0.001),
depressive symptoms (p=0.03) and anxiety (p=0.005).

This study was
conducted in a real-
world CAMHS
service in
Oxfordshire. Results
indicate that Sleepio
is feasible,

Kyle et al., | Compared to waitlist control, Sleepio led to significantly less cognitive impairment at 10 weeks post-intervention
2020 (d=-0.86, p<0.0001). These effects were maintained at 24 weeks (d=-0.96) and were significantly mediated by
reductions in insomnia severity (60.4%) and increased sleep efficiency (29.5%) at 10 weeks. Significant treatment
effects for Sleepio were observed at both 10 and 24 weeks for insomnia severity, sleep efficiency, cognitive
failures, fatigue, sleepiness, depressive symptoms and anxiety symptoms (all p<0.0001). There were no
significant between-group effects on objective measures of cognitive functioning.

Sleepio led to
significant
improvements in
cognitive functioning
in addition to
insomnia symptoms
in individuals with
insomnia and
cognitive complaints.
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Kalmbach
et al., 2020

From pre-intervention to post-intervention, Sleepio was associated with significant reductions in insomnia severity
(p<0.001), improvements in sleep quality (p<0.001) and increases in sleep duration by 32 minutes (p=0.008).
Participants receiving sleep hygiene education did not experience any change. Effects were maintained for sleep
duration after birth, with those who used Sleepio sleeping for 40 minutes longer than controls. There were no
significant effects on depression or cognitive arousal before or after birth.

Findings from this
study show that
Sleepio improves
sleep both during and
after pregnancy.
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Cheng et Reductions in rumination significantly mediated the improvement in post-treatment insomnia severity This study shows that
al., 2020a | (proportional effect = 11%) and post-treatment depression severity (proportional effect = 19%) associated with improvements in
the dCBT-I condition. Finally, reductions in rumination also significantly mediated the prevention of clinically insomnia severity and
significant depression via dCBT-I (proportional effect = 42%). depression severity
are explained by
reductions in
rumination
Henry et Compared to control, Sleepio significantly improved insomnia (p<.001; g=0.76) and depressive symptoms This study was a
al., 2020 (p<.001; g=0.48) at post-intervention (weeks 8—10), and increased the odds (OR = 2.9; 95% CIl = 2.34, 3.65) of subanalysis of data

clinically significant improvement in depressive symptoms (PHQ-9 <10). Improvements in insomnia symptoms at
mid-intervention mediated 87% of the effects on depressive symptoms at post-intervention. No variables
moderated effectiveness outcomes on either insomnia or depressive symptoms.

from two large
effectiveness RCTs.
Participants were
included if they had
probable insomnia
disorder (an eligibility
requirement for the
two original trials)
and had clinically
significant depressive
symptoms defined by
a baseline PHQ-9
score =210. This led to
a final included
sample of (N=3,352)
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Cheng et Previous use of Sleepio was associated with less severe insomnia symptoms during the pandemic (b=-2.9 + 0.8 SE, p=0.001 | This study showed
al. 2020b [B =-0.41]). Odds of resurgent moderate-to-severe insomnia (ISI>=15) in those who reported symptom resolution (1SI<8) at that previous use of
1-year follow-up was 51% lower in those who received Sleepio relative to control (OR = 0.49, 95% CI [0.25, 0.96], p<0.001). | Sjeepio was

associated with better
less insomnia
symptoms and better
mental health during
the COVID-19
pandemic.
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6 Ongoing use and data collection

Briefly describe any ongoing or planned data collection which is aimed at
demonstrating the effectiveness of the technology. Provide details of the patients
included and the setting where these data are collected and the planned duration.

Provide details of any NHS partners involved in the data collection.

Briefly describe if data is collected on an ongoing basis to demonstrate usage of the
technology in the target population and improvement in user outcomes or user
satisfaction with the technology, where applicable. Provide details of the patients
included and the setting where these data are collected and comment on whether
ongoing usage data reflects usage required to achieve outcomes reported in the

clinical evidence (no more than 1000 words).

Real-world data collection with Sleepio is currently ongoing in England, Scotland and the
United States. It is anticipated that we will publish future real-world implementation
evidence reports of Sleepio at scale in the academic literature. These reports will be
similar to our current report concerning uptake in the Thames Valley which is in
preparation for submission to a journal. It is anticipated that future research will report on
clinical effects for outcomes of insomnia, sleep and health outcomes for patients with sub-
threshold and full insomnia disorder.

Real-world data are currently being collected from the following locations:

¢ In England, Sleepio is currently available to all residents of the Thames Valley (2.3
million covered lives) and North Hampshire (230,000 covered lives)

¢ In Scotland, Sleepio is available to all residents in the Western Isles (25,000
covered lives) and can be accessed through Social Prescribers (MPower Team)
who respond to members of the population who enquire about S/eepio from online
adverts/news articles.

¢ Inthe United States, Sleepio is further available to employees through employer-
based health plans and employers include large Fortune 500 corporations.
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7 Adverse events

Describe any adverse events and outcomes associated with the technology in
national regulatory databases such as those maintained by the MHRA and FDA
(Maude). Please describe the search in appendix B and provide links and

references.

A search was conducted in the FDA MAUDE database on November 24" 2020 with
search dates from 23 November 2011 to 23 November 2020 using the device category
“Software for Diagnosis/Treatment”, manufacturer as “Big Health” and brand name as
“Sleepio”. No adverse events associated with the technology were found.

Describe any adverse events and outcomes associated with the technology in the

clinical and data usage evidence.

Across the 12 RCTs no serious adverse events have been reported related to Sleepio.
One serious adverse event has been reported (Espie et al., 2019), however this was
unrelated to Sleepio. In another study, 6 adverse events were reported, three within the
control group and three within the Sleepio group (Felder et al., 2020) and were similar
(miscarriages and stillbirths). The investigators of this study state it is likely that these
were caused by factors other than study participation. Adverse effects, captured in a pre-
specified questionnaire of 12 potential unwanted symptoms, have been documented in
two trials of Sleepio. Espie et al., (2019) find that those who received Sleepio reported
higher occurrence of symptoms including headache, fatigue and difficulty with
concentration. Using the same questionnaire, Kyle et al., (2020), found similar rates of
adverse effects for those in both Sleepio and waitlist control groups and were not
statistically different between groups.

8 Evidence synthesis and meta-analysis

If a quantitative evidence synthesis is not considered appropriate, please instead

complete the section on qualitative review.

8.1 Quantitative review

If a quantitative evidence synthesis is appropriate, describe the methods used.

Include a rationale for the studies selected.
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We set out to evaluate the effects of an automated digital cognitive behavioural therapy
program (Sleepio) for the treatment of self-reported insomnia symptoms, sleep-related
outcomes (including sleep quality, quantity, and satisfaction), symptoms of comorbid
health conditions, system-related outcomes (including hypnotic drug prescription and
incidence of comorbid health conditions), and device-related adverse effects.

The systematic review and meta-analysis were based on an ongoing (unpublished) pre-
registered individual participant data meta-analysis including all 12 randomised controlled
trials of Sleepio. Registered as: PROSPERO 2019 CRD42019105424.

For our systematic search, we searched from 2012 onwards, 2012 was the year of the first
published Sleepio trial, and we first identified all publications authored by the review team
members from Big Health and review collaborators external to Big Health. We then re-
conducted and updated a previous systematic search of digital cognitive behavioural
therapy for insomnia published by Zachariae et al., (2016). We searched PubMed for the
clinical evidence, included all types of trials that specifically evaluated the use of Sleepio
in both uncontrolled observational and controlled studies. We included studies that
evaluated effects on the above outcomes for participants reporting either insomnia
disorder (assessed by any recognised diagnostic criteria or self-reported symptoms
captured by a validated questionnaire) or subthreshold insomnia symptoms of insomnia
disorder at study entry.

We did not limit our methods to specific patient populations and specifically included those
studies, which examined the effects of Sleepio in pregnant women, people without a
diagnosis of insomnia and those with acute and chronic insomnia disorder, and those with
insomnia and a comorbid health conditions.
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Report all relevant results, including diagrams if appropriate.

The 12 trials used a range of comparators including waitlist control (Bostock et al., 2016;
Barnes et al., 2017; Kyle et al., 2020); usual care / treatment as usual (Espie et al., 2012;
Felder et al., 2020; Freeman et al., 2017; McGrath et al., 2017), placebo control (Espie et
al., 2012); attention control (Denis et al., 2020); sleep hygiene education active control
(Cheng et al., 2019a; Espie et al., 2020; Kalmbach et al., 2020; Pillai et al., 2020).

For measures of symptoms of insomnia and sleep difficulty (Insomnia Severity Index,
Sleep Condition Indicator), Sleepio demonstrated an overall large and statistically
significant between group effect size (Cohen’s d) of 1.05 when compared with control
conditions (waitlist, treatment as usual, active sleep hygiene education control,
psychological placebo control, attention control) at post treatment (8-12 weeks after
randomization) This overall effect size estimation increased to 1.14 at follow-up (22-24
weeks after randomisation) and remained statistically significant.

For measures of symptoms of depression (Patient Health Questionnaire, Beck Depression
Inventory), Sleepio demonstrated an overall small and statistically significant between
group effect size of 0.28 when compared with control conditions at post treatment. This
overall effect size estimation increased to 0.45 at follow-up and remained statistically
significant.

For measures of symptoms of anxiety (Generalized Anxiety Disorder 7-item questionnaire,
Beck Anxiety Inventory), Sleepio demonstrated an overall small and statistically significant
between group effect size of 0.31 when compared with control conditions at post
treatment. This overall effect size estimation decreased very slightly to 0.30 at follow-up
but remained statistically significant.
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Random effect for study

Effect of digital CBT (Sleepio) vs. control on sleep, depression and anxiety

Digital CBT

Control

%
Study ES (95% CI) Weight
Insomnia outcomes, post-treatment:
Bostock et al. (2016) —— -0.70 (-1.05, -0.34) 9.43
Cheng et al. (2019) - -0.15 (-0.31, 0.00) 10.09
Denis et al. (2020) ——— 0.32(-0.77,0.12) 9.04
Espie etal. (2012) —— -1.93 (-2.36, -1.49) 9.07
Espie etal. (2019) —— -1.69 (-1.76, -1.42) 10.06
Felder et al. (2020) ——— -1.28 (-1.67, -0.89) 9.28
Freeman et al. (2017) = -1.14 (-1.27,-1.02) 10.15
Kalmbach et al_ (2020) —— -1.00 (-1.55, -0.44) 8.46
Kyle et al. (2020) —— -1.69 (-1.88, -1.30) 9.70
McGrath et al. (2017) ——— -0.38 (-0.85, 0.10) 8.88
Pillai et al. (2015) > -1.60 (-2.65, -0.55) 5.84
Subtotal (I-squared = 95.5%, p = 0.000) -_— -1.05 (-1.43, -0.66) 100.00
Insomnia outcomes, follow-up:
Denis et al. (2020) ——— -0.40 (-1.00, 0.21) 11.75
Espie etal. (2012) ——— -1.89 (-2.41, -1.38) 13.04
Espie etal. (2019) e -1.68 (-1.78, -1.37) 17.29
Felder et al. (2020) ——— -0.56 (-1.02, -0.10) 13.86
Freeman et al. (2017) —— -1.18 (-1.34,-1.02) 1772
Kalmbach et al. (2020) ————— -0.37 (-1.03, 0.30) 10.94
Kyle et al. (2020) —— -1.62 (-1.97, -1.26) 15.40
Subtotal (l-squared = 86.2%, p = 0.000) -_ -1.14 (-1.49, -0.80) 100.00
Depression outcomes, post-treatment:
Bames et al. (2017) ——t -0.25 (-0.55, 0.05) 749
Bostock et al. (2016) ——— -0.00 (-0.23, 0.22) 8.81
Cheng et al. (2019) = -0.09 (-0.18, 0.01) 10.78
Denis et al. (2020) —— -0.05 (-0.33, 0.23) 790
Espie etal. (2012) ] -0.27 (-0.55, -0.00) 799
Espie etal. (2019) = -0.40 (-0.51, -0.30) 10.66
Felder et al. (2020) —p— -0.49 (-0.74, -0.25) 8.48
Freeman et al. (2017) -+ -0.47 (-0.55, -0.40) 10.97
Kalmbach et al. (2020) — 0.26 (-0.10, 0.61) 6.60
Kyle et al. (2020) —p— -0.68 (-0.86, -0.50) 9.58
McGrath et al. (2017) —— -0.30 (-0.60, -0.00) 7.60
Pillai et al. (2015) ——— -0.69 (-1.36, -0.01) 315
Subtotal (I-squared = 86.1%, p = 0.000) <> -0.28 (-0.43, -0.14) 100.00
Depression outcomes, follow-up:
Denis et al. (2020) ——— -0.39 (-0.75, -0.03) 8.68
Espie etal. (2012) —— 0.72 (-1.02, -0.43) 11.04
Espie etal. (2019) - -0.39 (-0.51, -0.27) 2142
Felder et al. (2020) —— -0.55 (-0.82, -0.28) 12.34
Freeman et al. (2017) - -0.43 (-0.53, -0.34) 2320
Kalmbach et al. (2020) + 0.16 {-0.23, 0.56) 765
Kyle et al. (2020) —— -0.63 (-0.84, -0.42) 15.68
Subtotal (l-squared = 64.2%, p =0.010) <> -0.45 (-0.58, -0.32) 100.00
Anxiety outcomes, post-treatment:
Bostock et al. (2016) ——t—t -0.17 (-0.38, 0.04) 534
Denis et al. (2020) — -0.28 (-0.54, -0.02) 346
Espie etal. (2012) e -0.25 (-0.51, 0.01) 359
Espie etal. (2019) -~ 027 (-0.37, -0.17) 239
Felder et al. (2020) —— -0.53 (-0.76, -0.30) 4.56
Freeman et al. (2017) L] -0.33 (-0.40, -0.25) 4478
Kalmbach et al. (2020) —— -0.31 (-0.64, 0.02) 220
Kyle et al. (2020) —— -0.39 (-0.56, -0.22) 8.36
McGrath et al. (2017) —— -0.30 (-0.58, -0.03) 3.16
Pillai et al. (2015) — e — -0.13 (-0.75, 0.49) 0.63
Subtotal (I-squared = 0.0%, p = 0.601) [+] -0.31 (-0.36, -0.26) 100.00
Anxiety outcomes, follow-up:
Denis et al. (2020) ——t -0.21 (-0.54, 0.12) 535
Espie etal. (2012) —— -0.34 (-0.62, -0.07) 7.32
Espie etal. (2019) L -0.25 (-0.36, -0.14) 26.71
Felder et al. (2020) ——— -0.58 (-0.83, -0.34) 8.75
Freeman et al. (2017) L] 029 (-0.37, -0.20) 33.96
Kalmbach et al. (2020) —— -0.06 (-0.42, 0.30) 458
Kyle et al. (2020) —p— -0.36 (-0.55, -0.17) 13.34
Subtotal (I-squared = 27 8%, p = 0.216) (o] -0.30 (-0.38, -0.22) 100.00
| 1 | | |
25 2 -15 - -5 0 5
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Figure note: P-values for the subtotal-specific overall effects (testing null hypothesis that
each overall effect is zero): sleep outcomes post-treatment (z=5.31, p<.001), sleep
outcomes follow-up (z=6.50, p<.001), depression outcome post-treatment (z=3.92,
p<.001), depression outcome follow-up (z=6.80, p<.001), anxiety outcomes post-treatment
(z=12.49, p<.001), anxiety outcomes follow-up (z=7.44, p<.001).

Explain the main findings and conclusions drawn from the quantitative evidence

synthesis.

To date, Sleepio has been examined in 12 published gold standard randomised controlled trials. An
individual participant data meta-analysis, which included 7,845 participants from all 12 trials,
demonstrated that Sleepio robustly improves outcomes relating to insomnia symptom severity
(Insomnia Severity Index) and problems relating to sleep difficulty due to insomnia (Sleep Condition
Indicator). Large and clinically meaningful effects were observed at post treatment (at least 8
weeks from randomisation) relative to a range of control conditions. Control conditions included
waitlist, treatment as usual, active sleep hygiene education control, and a psychological placebo
control (Espie et al., 2012). Effects on measures of insomnia symptom severity and sleep difficulty
were sustained at follow-up (at least 22 weeks from randomisation).

Further secondary outcomes relating to comorbid conditions, highly associated with insomnia also
demonstrate clinically meaningful and statically significant improvements for outcomes of
depression and anxiety at both post treatment and follow-up assessments in comparison with
control conditions. Patient populations have included those with insomnia disorder (insomnia
duration longer than 3 months: Cheng et al., 2019a; Espie et al., 2012; Espie et al., 2019), shorter
than 3 months (Felder et al., 2020), difficulty sleeping with no insomnia diagnosis (Bostock et al.,
2016; McGrath et al., 2017; Freeman et al., 2017; Denis et al., 2020), and those with further mental
health and physical health comorbidities (Freeman et al., 2017; Espie et al., 2019; McGrath et al.,
2017) and pregnant women with sleep difficulty (Felder et al., 2020; Kalmbach et al., 2020).

8.2 Qualitative review

Please only complete this section if a quantitative evidence synthesis for all relevant

outcomes is not appropriate.

Explain why a quantitative review is not appropriate for all relevant outcomes.

n/a
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Provide a qualitative review for outcomes where a quantitative review is not
appropriate. This review should summarise the overall results of the individual

studies with reference to the information in Section 5.

Coulson and colleagues (2016), evaluated the use of an online community within Sleepio,
which includes weekly discussions with experts in sleep medicine, peer discussion
forums, and personal message walls. The aim of this qualitative study was to explore the
reasons for why participants engaged with the community, uncover potential benefits and
identify any issues with the community. In total 100 Sleepio participants responded to the
survey. Thematic analysis revealed five drivers for engagement (including: connecting
with people who face similar issues, personalised advice, curiosity, being invited by
others, and wanting to use all of the tools). Advantages included continuous support,
reduced sense of isolation, being part of a community, individual advice and
encouragement. Disadvantages included design and navigation issues, uncertain quality
of user-generated content, negative comparisons with others, excessive time
commitments, and data privacy concerns. Many participants stated the community had
supported their efforts to improve their sleep and adhere to the program. Despite some
concerns, participants overall valued the use of the community.

9 Summary and interpretation of clinical evidence

Summarise the main clinical evidence, highlighting the clinical benefits and any risks

relating to adverse events from the technology.
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Since 2012, 12 randomised controlled trials including 7,845 participants have
established Sleepio to be safe, efficacious and effective in improving insomnia symptoms
for adults. In addition, Sleepio improves symptoms related to poor sleep and insomnia
such as stress, sleep related wellbeing, workplace productivity and mediates mental
health symptoms correlated with insomnia such as depression and anxiety. Sleepio has
been shown to be effective in improving insomnia symptoms in a broad range of patients
with co-morbid conditions including cancer, cardiometabolic, and neurological disorders.
Sleepio offers a treatment solution for insomnia for pregnant women where sleep
medications are contraindicated.

Trial data has been reflected in real world outcomes. Sleepio has scaled to 2.3 million
people in the Thames Valley where over 20,000 patients received Sleepio and those that
had completed at least two sessions had a 58% recovery rate for insomnia. Patients
experienced no waiting times, and could access CBT-I in their own time in a de-
stigmatised environment. Sleepio has been shown to be non-inferior to group facilitated
CBT-I, raising the potential for Sleepio to be cost effective and more accessible than
traditionally delivered CBT-I.

Sleepio also leads to reduced usage of sleep medication, and observed real world cost
data in the Thames Valley showed reduced primary care costs. When extrapolated to
England, Sleepio has the potential to save £49m net over 3 years for the NHS.

Sleepio is effective for all types of insomnia

Sleepio has been found to be beneficial for those with a formal insomnia disorder
diagnosis and for those with self-reported sleep difficulty. Effects from 12 gold standard
randomised controlled trials (RCTs) including 7,845 participants show clinical
improvements for outcomes of insomnia symptom severity, associated sleep
parameters, and symptoms of further mental health conditions including depression and
anxiety. Sleepio is superior in comparison with a range of different control conditions
including a placebo control, wait-list, treatment as usual (sleep hygiene education, sleep
medication, and no insomnia treatment), minimally effective sleep hygiene education,
and non-inferior when compared with in-person group CBT-I (Derose et al., in review).
Overall clinical effects have been found to persist at longer term follow-ups (Cheng et al.,
2020b), with reductions to self-reported use of over the counter and prescription
medications for sleep (Luik et al., 2020).

Sleepio mediates mental health symptoms as a cause of insomnia

Sleepio prevents future incidence of depression (Cheng et al., 2019), and causally
mediates improvements to depression, anxiety, paranoia and hallucinations by way of
improvement to insomnia (Espie et al., 2019; Freeman et al., 2017; Henry et al., 2020;
Kanady et al., 2020).

Sleepio is effective in a broad population of patients

In large and pragmatic effectiveness trials, Sleepio is clinically effective and safe in ‘real-
world’ populations, and this includes younger and older age groups (feasible in 14-16
year olds, effective in 18 year old university students to older aged adults aged 80+),
those with subclinical, and clinically significant comorbid mental health (depression and
anxiety disorders) and long term physical health conditions (cancer, neurological,
cardiovascular and metabolic disorders). Effectiveness trials further demonstrate Sleepio
improves outcomes of insomnia symptom severity and sleep difficulty, global measures
of functional health and wellbeing, and patient-specific measures of sleep-related quality
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of life including diverse demographic groups (Cheng et al., 2018), those at risk of
hypertension (McGrath et al., 2017), those who suffer from migraines (Crawford et al.,
2020), adolescents with significant mental health problems (Cliffe et al., 2020), and in
participants with pre-existing medical and mental health conditions (Espie et al., 2019;
Freeman et al., 2017).

Sleepio is effective in real world settings

Sleepio is a fully automated and standardised treatment, and reduces the need for in-
person visits, which helps save NHS money when implemented in primary care
(Sampson et al., 2020). Real-world clinical service and implementation evaluations have
demonstrated Sleepio to be acceptable, usable and effective at different levels of care
for both insomnia symptoms (Studd et al., 2020) and IAPT rates (Stott et al., 2020).
Sleepio enables destigmatized access to a mental health treatment has been integrated
successfully to both IAPT (Luik et al., 2017; Elison et al., 2017) and Child and
Adolescent Mental Health Services in the NHS in England (Cliffe et al., 2020). When
asked in qualitative feedback reports, patients are keen to engage with many aspects of
the Sleepio programme (Coulson et al., 2016).

Given these benefits, Sleepio is an effective, used and safe intervention, which provides a
scalable first line treatment option for the management of Insomnia Disorder and sleep
difficulties at population scale.
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Briefly discuss the relevance of the evidence base to the decision problem. This
should focus on the claimed benefits proposed by the company and the quality and

quantity of the studies in the evidence base.

Quantitative evidence synthesis and meta-analysis

In an individual participant data meta-analysis of 12 gold standard randomised controlled
trials including 7,845 participants, Sleepio demonstrates large and clinically significant
improvements in sleep difficulty and symptoms of anxiety and depression. This means
Sleepio robustly improves sleep-related and other salient mental health (e.g., anxiety
and depressive symptoms) outcomes in the best possible evaluation of clinical evidence.
These findings show that Sleepio outperforms a range of comparators including waitlist,
placebo and attention controls, treatment as usual (e.g., sleep hygiene, medication, no
treatment) and sleep hygiene education active control.

Subgroups

A wide range of diverse demographic groups and patient populations have been
included in these trials including those with comorbid medical and mental health
conditions, pregnant women, people varying degrees of sleep difficulty including those
without an insomnia diagnosis and those with different lengths of insomnia duration.

Claimed benefits

The findings of our individual participant data meta-analysis and those of our non-RCT
studies show convincing and strong effects on sleep-related outcomes including sleep
quality, sleep quantity, insomnia severity and insomnia symptoms, demonstrating
Sleepio provides effective therapy that directly addresses the behavioural and
cognitive underpinnings of insomnia in broad populations such as pregnant women,
younger people, older adults and for those with underlying chronic conditions.

Studies demonstrate that Sleepio improves other salient outcomes, particularly to
mental health, wellbeing and to quality of life, including anxiety (Pillai et al., 2015)
and depression in both individuals with insomnia (Cheng et al., 2019; 2020a; 2020b) and
insomnia disorder alongside clinically significant depressive symptoms (Henry et al.,
2020). These benefits to anxiety and depression have been observed in patients
attending IAPT services (Luik et al., 2017), and Sleepio improved recovery rates to
above IAPT targets (Stott et al., 2020). A large effectiveness study in 3,755 university
students showed reductions in paranoia and hallucinations following Sleepio, with these
reductions mediated by improvements in sleep (Freeman et al., 2017). Another large
effectiveness study showed that, compared to sleep hygiene education, Sleepio leads to
improvements in wellbeing, physical health and sleep-related quality of life. Reductions
in insomnia symptoms mediated improvements in these outcomes (Espie et al., 2019).

As discussed above, Sleepio’s efficacy has translated to the real world where over
20,000 people in the Thames Valley have had immediate access to CBT-I, eliminating
waiting times for CBT-l and providing a CBT-l service where previously
unavailable. These people would otherwise have been provided with minimally
effective sleep hygiene education, non-indicated pharmacotherapy or who would
have not received any treatment at all. Implementation in primary care in the Thames
Valley meant that GPs had increased treatment options for insomnia beyond sleep
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hygiene and medications. By prescribing Sleepio, GPs could improve quality of care
by enabling primary care to meet clinical guidelines.

Qualitative data from Coulson, et al. shows patients feel they benefit from the Sleepio
community and that support and advice were provided in a non-judgmental space,
therefore, Sleepio provides CBT-l in a stigma free environment.

Sleepio reduces hypnotic usage, and by association, reduction in associated risks.
Long-term follow-up data from Espie et al. 2019 show reductions in the use of both over-
the-counter sleep aids and prescription sleep medication (Luik et al., 2020). Significant
reductions in the use of prescription medication use for sleep was also observed in a
secondary analysis of RCT data following Sleepio (Drake et al., 2019). The greatest
reductions were for antidepressants followed by hypnotics. Sleepio’s Markov model
(Darden, et al., 2020) modelled a significant reduction in downstream costs related to
insomnia which has been observed in the real world. Reductions in sleep medication
costs and primary care resource costs has been documented in real world data taken
from nine GP practices as part of a health economic study in the Thames Valley
(Sampson et al., 2020).

Identify any factors which might be different between the patients in the presented

evidence and patients having routine care in the NHS in England.

Clinical trials of Sleepio span the clinical trial pathway, from efficacy trials, similar to Phase
Il testing (e.g. Espie et al., 2012), through to very large pragmatic effectiveness trials,
equivalent to Phase lll testing (e.g. Espie et al., 2019; Freeman et al., 2017) and
naturalistic real-world studies (e.g. Luik et al., 2017; Cliffe et al., 2020). Indeed, the two
latter studies have been conducted within NHS care pathways for mental health, IAPT and
CAMHS, and therefore are representative of real-world patients who would access
Sleepio. Recently, Sleepio has been evaluated as part of an implementation project within
Thames Valley whereby access was provided through three referral pathways: self-
referral, IAPT referral and GP referral. This project had 21,004 individuals register to use
Sleepio and is the largest examination of the implementation of Sleepio and digital CBT-I
in the UK to date. These data are currently in the process of being analysed and written-
up for submission to a peer-reviewed journal.
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Describe any criteria that would be used in clinical practice to select patients for

whom the technology would be most appropriate.

Sleepio is intended for use by people with insomnia. This includes those with sub-
clinical symptoms as well as patients with chronic insomnia disorder (ICD-10-CM:
F51.01). Criteria for the diagnosis of chronic insomnia disorder according to the
International Classification of Sleep Disorders (3rd Edition; ICSD-3) are:

1. Difficulty initiating sleep, maintaining sleep or waking earlier than desired

2. Associated impairment in daytime function (e.g. fatigue, cognitive
impairment, mood disturbance, daytime sleepiness, dissatisfaction with
sleep, impaired social, family, occupational or academic performance,
reduced motivation)

3. Reported complaint is not due to inadequate opportunity or
circumstances for sleep

4. The sleep disturbance and associated daytime symptoms occur at least
three times a week

5. The sleep disturbance and associated daytime symptoms have been
present for at least three months

6. The sleep disturbance is not better explained by another sleep disorder

However, recent published research and implementation studies in the NHS provide
greater confidence in the extension of use to certain insomnia population sub-groups.

Briefly summarise the strengths and limitations of the clinical evidence for the

technology.

Strengths
A robust clinical evidence-base across different types of clinical trials from an individual

participant meta-analysis of 12 randomized controlled trials. Trials include early stage
efficacy evaluations leading to larger more pragmatic real-world effectiveness studies.
A range of comparators have been evaluated in trials and these include sham-placebo
control, wait-list control and treatment as usual (non-limited access to sleep medication,
sleep hygiene control) control conditions. A diverse range of diverse patient populations
have been included in these trials which included those from subgroups with sleep
difficulty and medical and mental health comorbidities, pregnant women, and those with
differing durations of insomnia symptoms and insomnia diagnoses. In a further 14
observational non randomised controlled trials are reflective of how Sleepio will be
prescribed as a Primary Care treatment in a real-world setting. Studies were also
initiated in both the UK and US by investigators external to Big Health Ltd. and without
funding from Big Health Ltd., limiting potential conflicts of interest.

Limitations

Observational studies lacked randomisation in certain settings. A number of trials were
conducted outside of the UK and in locations where CBT-I is considered the

first line recommended treatment option for sleep difficulty. There are no studies directly
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comparing Sleepio to sleep promoting medication because sleep medication is unsafe
and not recommended for longer term insomnia treatment. There is a lack of trials more
generally which randomise participants to either CBT-I (any modality) or sleep
medication because of safety concerns and a lack of efficacy for medications.

There is a lack of evidence directly comparing Sleepio with individual face-to-face or
guided CBT-I because it is not routinely available on the NHS and is not
scalable to the UK population.
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10 Outline of economic evidence

10.1 Population benefiting

Provide an estimate of the numbers of people likely to benefit from use of the
technology in year 1 and how uptake will change over time to year 5. Explain

assumptions and evidence sources informing your estimate.

Sleepio is accessible free at the point of care if a local NHS system (e.g. CCG, ICS, STP)
has funded access for their patient population.

The estimates below are split into two categories:

1. The number of people with access to Sleepio — this is based on existing
contracts held with NHS systems, contracts in negotiation for 2021, and realistic
commercial assumptions on future interest leading to additional contracts (and
therefore greater numbers of people having access to Sleepio).

2. The number of people starting CBT with Sleepio — this represents anticipated
uptake of the CBT portion of the Sleepio programme among those populations
whose NHS system has funded access (see point 1). Anticipated uptake is
estimated based on current rollouts of Sleepio.

The estimates below refer to England only and assume that Year 1 is Calendar Year
2021.

# people with # people starting | Assumption

access to Sleepio | CBT with Sleepio
Year 1 3,100,000 31,000 n/a
(2021)
Year 2 8,300,000 83,000 4 |CSs procure Sleepio
(2022)
Year 3 16,100,000 160,000 6 ICSs procure Sleepio
(2023)
Year 4 26,500,000 260,000 8 ICSs procure Sleepio
(2024)
Year 5 56,000,000 500,000 National reimbursement
(2025) agreed with NHSE/I

The estimates above are based on the following assumptions:
e Average size of an NHS Integrated Care System (ICS) = England population /
number of ICSs = c. 56m /44 = c. 1.3m
Sources: population size: Office for National Statistics; ICS development: NHSE/I,
King’s Fund)
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10.2 List price of technology

Provide the unit list price(s) for the technology, including all related charges such as
licence fees and subscription charges (all charges excluding VAT). The cost of the
technology used in the base case of the economic modelling must be publicly
available. Companies can present additional economic analyses using other
technology costs to support their case for adoption. Please highlight any confidential

information as explained at the start of the user guide.

The unit list price for Sleepio is a treatment tariff of £70 per patient who begins the CBT
portion of the programme. This price is designed to deliver cost savings to NHS systems
based on the health economic evidence behind Sleepio. Discounts on list price may be
available if systems wish to procure Sleepio at significant scale.

NHS systems have two options when procuring Sleepio:

1. Purchase a discrete number of Sleepio licenses to cover anticipated treatment volumes

2. Take a ‘block funding’ approach, whereby they pay a fixed price per person in their
population to cover unlimited access to Sleepio.

10.3 Value of patient and system benefits

Section 2.2 describes the patient and system benefits. Where possible, provide an
estimate of the impact of these changes on NHS annual costs. Explain assumptions
and evidence sources informing your estimate. If no financial estimate is possible,

describe the anticipated resource savings and related supporting evidence.
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Primary care resource use: primary care appointments and medications

Having access to Sleepio creates an opportunity for patients to substitute digital CBT-I for
more resource-intensive health service use, including primary care contacts and
medications.

An unpublished study by Sampson et al (2020) investigated the impact of a population-
wide rollout of Sleepio in terms of primary care costs in the NHS in England. Costs of GP
contacts and relevant prescriptions were assessed for a sample of 10,704 people from
nine general practices in Buckinghamshire. Inclusion criteria were used to identify people
more likely to use Sleepio: a diagnosis of insomnia, depression, or anxiety; any
prescription of anxiolytics or hypnotics; or referral to Sleepio by a general practitioner.
Over a 65-week follow up period, cost savings were estimated to be £3.50 per person, or
a total of £37,505 across the nine practices. Extrapolated to the population of England,
this implies a potential reduction in primary care costs of around £16 million.

The table below presents projections for the estimates of average cost savings for
different populations over different durations. The projections assume that, beyond the
period of observation (65 weeks), the trend in primary care costs returns to the trend
observed before Sleepio rollout.

We note that the table below represents cost savings only. It does not factor in the price of
providing Sleepio access. See Section 10.2 for pricing and Section 10.6 for net cost
savings.

Sample 1 year 65 weeks 2 years 3 years
Per person £2.36 £3.50 £7.24 £12.22
(95% confidence | (-£0.20 —£4.92) | (-£0.01 —£7.02) | (£0.70 —£13.78) | (£1.64 — £22.80)
interval)

Nine practices £25,273 £37,505 £77,493 £130,811
Buckinghamshire | £105,099 £155,969 £322,264 £543,992
Thames Valley £447,596 £664,240 £1,372,458 £2,316,749
England £10,894,090 £16,167,022 £33,404,436 £56,387,655

Estimate of downstream cost savings

There is strong evidence that insomnia has a significant negative impact on mental and
physical health, including increased risk of anxiety, depression, and cardiometabolic
disease (Taylor, et al., 2003; Javaheri, et al., 2017; Lin, et al., 2018; Hertenstein, et al.,
2019; Li, et al., 2020).

It is reasonable to assume that providing patients with access to safe and effective
treatment for insomnia (such as Sleepio) would reduce NHS costs associated with these
conditions in those instances where they are caused or exacerbated by untreated
insomnia. However, few studies have quantified the health economic impact of insomnia
on the NHS.
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Darden et al recently reported a model-based cost-effectiveness analysis from a US
perspective. The study evaluated the use of Sleepio compared with pharmacotherapy and
face-to-fact CBT, with outcomes driven by the achievement of remission from insomnia.

This study adopted a broader perspective than health and social care services,
incorporating productivity losses. Nevertheless, the researchers reported that Sleepio was
cost-saving in part due to reductions in health care use associated with lower direct costs
of treatment and remission from insomnia. Digital CBT was estimated to dominate all
other interventions with the net monetary benefit of $681.06 per patient over six months
compared with no treatment.

Cost of delivering face-to-face CBT-I

There is currently a severe lack of therapists trained in CBT-l in England (Thomas, et al.,
2016), with only a handful of NHS sleep services offering this treatment.

Building and maintaining a sufficiently large-scale CBT-I service to meet the level of need
across the country is unfeasible in terms of cost and available workforce. However, the
cost required to deliver in-person CBT-I can serve as a reference point when assessing
the economic evidence for Sleepio.

One session of in-person CBT-I has an estimated cost to the NHS of £102-173 (Giriffiths et
al., 2013). Taking the midpoint of this estimate, the cost of six sessions comparable to the
Sleepio programme is £137.50 x 6 = £825. By comparison, the list price of Sleepio is £70
(see 10.2). A meta-analysis of Sleepio suggests digital CBT-I is non-inferior to in person
CBT (Soh, et al., 2020)
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10.4 Training and pathway costs

Section 2.3 describes training requirements, section 3 describes the changes in the
clinical pathway(s) and section 3.3 other system changes associated with the
technology. Where possible provide an estimate of the impact of these changes on
NHS annual costs. Explain assumptions and evidence sources informing this
estimate. If no financial estimate is possible, describe the anticipated resource
changes that will cause costs to increase. Please provide supporting evidence for

any anticipated changes to resource use.

As noted in Section 2.3, launches of Sleepio in a healthcare setting will require clinicians
and HCPs to attend a 30 minute - 1 hour training session to recap on 1) how to manage
poor sleep and insomnia, and 2) how to prescribe Sleepio through their electronic patient
record system, and 3) how Sleepio works and how to describe it for their patients.

In previous launches with the NHS, training sessions have been delivered remotely in
existing meeting forums (e.g. Primary Care Network meetings) or over lunch. This avoids
any cost associated with reduced time to see patients.

As noted in Section 3, Sleepio can integrate with the existing clinical pathway in a way that
does not increase workload for NHS staff. Staff can refer patients to Sleepio by providing
a URL and the programme is fully automated, without the need for ongoing interaction.
This avoids cost to the system.

As noted in Section 3.3, other system changes associated with Sleepio are negligible. The
Big Health team will support with changes to systems (e.g. installing EMIS toaster alerts),
while other changes such as adding Sleepio to primary care practice websites form part of
regular activity for NHS services. Therefore there is no additional cost estimated.
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10.5 Other annual NHS costs and savings

Are there any other material costs or savings which have not been described earlier?
If so, where possible, provide an estimate the impact of these changes on NHS
annual costs. Explain assumptions and evidence sources informing the estimate. If
no financial estimate is possible, describe the anticipated resource changes which
will cause costs to change. Please provide supporting evidence for any anticipated

changes to resource use.

N/A
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10.6 Total costs and savings

Given the responses to section 10.2 to 10.5, where possible estimate the annual
total costs to implement and operate the technology and the associated annual
savings to the NHS. If the total costs and savings will change over time, describe the
expected changes. Conclude with a sentence summarising the expected net lifetime
savings (that is after all costs have been deducted) to the NHS from using this
technology. If no financial estimate is possible please describe the anticipated net

lifetime savings and related supporting evidence.

This response should be the consistent with that used in Section 2.2 ‘Cost benefits’.

It is possible to estimate annual total costs to implement and operate Sleepio, along with
associated annual savings to the NHS, using the three-year health economic profile
outlined in Section 10.3. This represents cost savings associated with Sleepio in primary
care.

We note that Sleepio is likely to be associated with significant additional cost savings to
those shown below. These fall into two categories:

1. Downstream cost savings - i.e. those associated with comorbid conditions outlined
in Section 10.3

2. Cost savings beyond three years - the health economic modelling conducted by
the Office of Health Economics is able to forecast up to a three-year time horizon
but this does not mean no cost savings are realisable beyond this. It is likely that
treating insomnia will continue to be associated with reduce health costs over time

For this submission, we consider only those cost savings backed by health economic
evidence. To do this, we model a three-year contract to align with Section 10.3 and scale
to the total population of England to estimate annual savings to the NHS. Savings are
shown over a five-year period to capture total savings for each year’s cohort of Sleepio
patients.

Year 1 Year 2 Year 3 Year 4 Year 5 TOTAL
Anticipated #
people starting
CBT with Sleepio | 500,000 500,000 500,000 - - 1,500,000
Cost of unlimited
access to
Sleepio £35,000,000 £35,000,000 £35,000,000 - - £105,000,000
Cost savings
(Year 1 cohort) -£9,929,922 -£20,533,058 | -£20,953,818 - - -£51,416,797
Cost savings
(Year 2 cohort) n/a -£9,929,922 -£20,533,058 | -£20,953,818 - -£51,416,797
Cost savings
(Year 3 cohort) n/a n/a -£9,929,922 -£20,533,058 | -£20,953,818 | -£51,416,797
Total cost
savings -£9,929,922 -£30,462,980 | -£51,416,797 | -£41,486,876 | -£20,953,818 | -£154,250,392
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| Net cost | £25,070,078 | £4,537,020 | -£16,416,797 | -£41,486,876 | -£20,953,818 | £49,250,392 |

Therefore the expected total net savings to the NHS of a three-year implementation of
Sleepio are c. £49,250,392.
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10.7 Economic evidence

Summarise any existing economic evidence.

Several studies have evaluated the impact of digital CBT-I in terms of costs and economic
outcomes. However, these studies have tended to focus on a societal or employer cost
perspective (Natsky et al., 2019; De Bruin, van Steensel and Meijer, 2016; Thiart et al.,
2016), rather than a health service perspective, and have used data from outside the UK
(Darden et al., 2020). It is possible that the majority of the cost savings to society
associated with the use of Sleepio would arise from savings outside of the health service.
In part, this is because Sleepio is most likely to be used by patients receiving either no
treatment (e.g. where face-to-face CBT-I is unavailable) or receiving low-cost
pharmacotherapy that does not correspond with clinical guidance. Nevertheless, these
studies suggest that digital CBT-I may be cost-effective from an NHS perspective.

One unpublished study (Sampson, Bell and Cole, 2020) has investigated the impact of
Sleepio in a population-wide rollout in a region of England, focussing on the impact on
primary care costs. Sleepio rollout was associated with a change in the trend of primary
care costs, such that costs were estimated to be £37,509 lower across nine practices over
65 weeks. Extrapolated to the population of England, the estimates imply a potential
reduction in primary care costs of around £16million. The expected impact on primary care
costs in any particular setting will depend on the prevalence of the patient characteristics
identified above and the uptake of Sleepio.

Numerous studies have estimated the excess health care expenditure due to insomnia in
Australia (Hillman, Murphy and Pezzullo, 2006; AlGhanim et al., 2008), Canada (Daley,
2009), France (Leger, Levy and Paillard, 1999), and the US (Ozminkowski, Wang and
Walsh, 2007). However, few studies from the UK can inform estimates of health care
costs attributable to insomnia, with most evidence focussed on productivity and societal
costs (Hafner et al., 2017).
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Summarise the planned economic analysis detailing likely model structure, relevance

to clinical pathway, decision problem and time horizon.

The planned economic analysis will involve development of a cost consequence model,
using a decision tree structure, to identify the relative costs and consequences of Sleepio
as compared to sleep hygiene; hypnotic drugs; and face-to-face CBT (individual and

group).

The decision problem will incorporate treatment choice; uptake levels; and treatment
adherence. A sub analysis for individuals with anxiety and depression may also be
incorporated, if the available evidence allows for it. The time horizon will extend to five
years, with sensitivity analysis varying the time point at which individual’s primary care
resource usage is assumed to return to pre-Sleepio levels.

Though the focus of our model, and the primary analysis, will adopt an NHS cost
perspective, we will also report societal costs and economic outcomes, such as
productivity and absenteeism.

Describe the main parameters in the planned economic analysis and the key

sources of uncertainty.

Parameters for the model will be identified through a separate systematic review (to be
described in the Economic Evidence Submission). The main parameters in the planned
economic analysis will be uptake of and adherence to treatment; cost of delivering
treatment, remission from insomnia; and changes in primary care resource use. Key
sources of uncertainty are the rates of uptake and adherence, and time horizon over
which trends in primary care resource usage are believed to continue post treatment.
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12 Appendices

Appendix A: Study identification for clinical and economic
evidence

Describe the process and methods used to identify and select the studies relevant to
the technology. Include searches for published studies, abstracts and ongoing
studies in separate tables as appropriate. See section 2 of the user guide for full

details of how to complete this section.

Date search conducted: 25" November 2020

Date span of search: 1t January 2012 - 25" November 2020

List the complete search strategies used, including all the search terms: textwords (free
text), subject index headings (for example, MeSH) and the relationship between the
search terms (for example, Boolean). List the databases that were searched.

A search was performed in PubMed from 15t January 2012 until 25" November 2020 using
the following search terms:

(Sleep OR Insomnia) AND (digital CBT OR internet CBT OR web CBT OR Sleepio)

Brief details of any additional searches, such as searches of company or professional
organisation databases (include a description of each database):

As investigators must contact Big Health Ltd. to use Sleepio for research, we had a
database of 26 published studies that had used Sleepio. These were included within the
systematic review and any duplicates sourced as part of the PubMed search were
removed.

Inclusion and exclusion criteria:

1. Using Sleepio

2. Any study design was permitted
3. Atrticles written in English

4. Full published articles

Data abstraction strategy:

The results of the PubMed literature search were downloaded as a csv file in excel.
Details of the 26 published studies of Sleepio were added to those sourced from the
PubMed search. After this, duplicates were highlighted and removed. Titles and abstracts
were then reviewed for each paper and those not meeting the above inclusion criteria
were excluded at that point if eligibility could be determined from either the title or abstract.
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The full text manuscripts were then reviewed for all remaining papers and those that were
not eligible were then removed at this stage.
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Excluded studies

List any excluded studies below. These are studies that were initially considered for

inclusion at the level of full text review, but were later excluded for specific reasons.

Excluded | Design and Rationale for exclusion Company comments
study intervention(s)

Text Text Text Text

Text Text Text Text

Text Text Text Text

Text Text Text Text

Text Text Text Text

Text Text Text Text

Text Text Text Text
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Report the numbers of published studies included and excluded at each stage in an

appropriate format (e.g. PRISMA flow diagram).

Records identified through
database searching
(n = 159)

Additional records identified
through other sources
(n=127)

} {Eligibility } {Screening } [Identification 1

[Included

Company evidence submission (part 1) for [Sleepio for adults with difficulty sleeping].

Records after duplicates removed

(n= 169)

A 4

Records screened
(n= 169)

Full-text articles assessed
for eligibility
(n= 46)

A 4

Records excluded
(n= 123)

l

Studies included in
evidence submission
(h= 26)

A 4

Studies included in
qualitative synthesis
(n=0)

Studies included in
guantitative synthesis
(meta-analysis)

(n= 12)*
*studies for which
individual participant data
were available
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Structured abstracts for unpublished clinical studies

Changes in use of sleep aids following digital cognitive behavioral therapy for insomnia —
Drake et al., (2019), USA.

Cognitive behavioral therapy for insomnia is now recommended as first-line treatment for
chronic insomnia, and can be delivered digitally (dCBT-I) for increased access.
Furthermore, dCBT-I confers an advantage of reduced adverse events relative to
pharmacologic interventions (e.g., hypnotics and other sleep aids).

This study examined if treatment with dCBT-I can also reduce use of sleep aids compared
to an online sleep education control.

1232 individuals with insomnia (DSM-5 diagnostic criteria) were randomized into two
conditions: dCBT-l (N=639), or an online sleep education control (N=593). Use of
medications for sleep (prescription and non-prescription) were assessed pre-treatment
and post-treatment. Responses were categorized into general classes of medications (i.e.
benzodiazepine, hypnotic, antihistamine, etc.), and compared across time points between
the two conditions.

Results from a repeated-measures mixed-effects logistic regression indicated that the
odds of prescription medication was significantly lower following dCBT-I compared to
control (OR=0.09, 95%CI[0.02, 0.34]). Specifically, whereas prescription medication use in
the control group increased from 16.5% to 18.0% at post-treatment, prescription
medication use in the dCBT-I group decreased from 17.8% to 14.6%. Change in
prescription medication use was more pronounced for antidepressants, followed by
hypnotics. No differences were found in use of non-prescription medications.

This study provides preliminary evidence that use of prescription sleep aids may decrease
following completion of dCBT-I. Together, this suggests that a minimally resource
intensive intervention may have a small effect in reducing reliance on prescription sleep
aids.

Published conference abstract. Drake, Christopher L; Cheng, Philip; Tallent, Gabriel;
Atkinson, Rachel; Cuamatzi, Andrea S; et al. Sleep, suppl. 1; Westchester Vol. 42, (Apr
2019): A149. DOI:10.1093/sleep/zsz067.365
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A qualitative examination of the feasibility of a digital cognitive behavioral therapy for
insomnia program in chronic stroke survivors — Smejka et al., in review.

Sleep is commonly impaired after stroke. Current primary treatment for sleep difficulty is
Cognitive Behavioural Therapy for Insomnia (CBT-I). Digital CBT-| offers a novel way to
deliver this treatment at scale. “Sleepio” is effective in insomnia cohorts but has not yet
been tested specifically in stroke survivors.

Before testing the efficacy of Sleepio in this population, we first wanted to explore its
feasibility.

Participants were given access to the digital CBT-I program, Sleepio. Self-reported sleep
measures were recorded at baseline, in addition to participant demographics. Participants
discussed their experiences with the program during a semi-structured interview following
completion. Thematic analysis was used to find common themes within the interview
responses.

Five themes emerged from the interviews: (1) positive experiences led to increased
engagement with the program, (2) motivation to follow the program was related to
perceived severity of sleep problem, (3) impractical advice for stroke survivors, (4)
negative experiences led to reduced engagement with the program and (5) difficulty
operating the program.

In its current form, Sleepio is feasible for most stroke survivors to use. However, stroke
survivors with certain disabilities highlighted issues with some aspects of the program
indicating that not all suggestions were practical for everyone. We therefore suggest
possible adaptations which may make the program more easily usable and engaging for a
stroke survivors with varying impairments.

Manuscript under review at a Neuropsychological Rehabilitation.
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Adjunctive digital sleep intervention within routine mental health treatment in IAPT. — Stott
et al., 2020.

Insomnia is widely recognized as having a bidirectional relationship with broader mental
health functioning, including anxiety and depression. Yet, poor sleep has historically been
neglected as a specific treatment target in mental health programmes (Freeman et al,
2020).

To evaluate the impact on mental health outcomes of routinely introducing an adjunctive
digital sleep intervention into real world care within an English IAPT service.

All patients over a 12 month period entering the IAPT service endorsing a ‘poor sleep’
questionnaire item at intake assessment, were offered a self-guided digital sleep
intervention, Sleepio, in addition to their routine care. Propensity score matching
established a non-Sleepio control group matched on demographic and baseline
measures. Routine IAPT metrics (PHQ-9, GAD-7) were analyzed to compare
standardized outcomes and recovery rates, as well as the total durations of clinical input.

Patients who signed up to Sleepio (n=552) achieved significantly better final outcomes on
PHQ-9 and GAD-7 than the matched controls. At discharge from IAPT, recovery rates
rose to 64.7%, significantly higher than the 58% in the control group. Overall duration of
clinical contact time was marginally elevated in the Sleepio group but the difference
amounted to less than one hour.

This study demonstrated, in a real-world setting, the clinical benefit of a specific focus on
an evidence-based sleep intervention alongside other mental health interventions for
depression and anxiety. The digital and self-guided nature of Sleepio enabled widespread
deployment with immediate availability, and minimal additional clinical time or staff training
requirements. It is argued this approach provides a feasible and highly scalable model for
improving mental health outcomes in clinical services.

Manuscript in preparation for submission to a journal.
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Treatment of insomnia with digital cognitive behavioral therapy (dCBT) reduces anxiety
symptoms: A sub-analysis of participant data from two large randomized controlled trials.
— Kanady et al., 2020.

Insomnia and anxiety are closely related and exhibit a bidirectional association. Worry and
anxiety often precipitate and perpetuate sleep problems and poorer sleep exacerbates
subsequent anxiety symptoms. Previous research suggests that treatment of insomnia
with cognitive behavioral therapy for insomnia (CBT-I) reduces anxiety symptoms.

Here we examine whether a fully automated digital CBT-I intervention (Sleepio) reduces
anxiety and insomnia symptoms. We also examine the mediating role of sleep
improvement on anxiety symptoms and explore possible moderators of treatment effects.

Participants from two previously published randomized controlled trials were included in
the analyses. All participants met criteria for probable insomnia disorder and had clinically
significant anxiety symptoms (GAD-72 10, N= 2,172). Participants were randomized to
digital CBT-I or a control condition and treatment effects were assessed at post-treatment
(weeks 8 and 10) and follow-up (weeks 22 and 24) assessments.

Compared to the control condition, digital CBT-I significantly reduced anxiety and
insomnia symptoms at post-treatment (GAD-7: p< 0.01, g= 0.44; SCI-8: p< 0.01, g= 0.81)
and follow-up (GAD-7: p< 0.01, g= 0.39; SCI-8: p< 0.01, g= 0.77) and increased the odds
of reliable remission from anxiety symptoms (post-treatment: OR= 2.24, 95% Cl= 1.73,
2.89, p< 0.01; follow-up: OR= 2.03, 95% CI= 1.54, 2.68, p< 0.01). Reductions in insomnia
symptoms mediated 84% of the effects on anxiety symptoms at post-treatment.
Reductions in insomnia symptoms at post-treatment and follow-up were moderated by
insomnia severity at baseline, with lower baseline SCI-8 scores associated with greater
improvements in sleep.

Our findings suggest that a fully automated digital CBT-I intervention is effective for the
treatment of insomnia and anxiety symptoms. These findings further underscore the idea
that insomnia may be an important therapeutic target to help manage anxiety symptoms.

Manuscript in preparation for submission to a journal.
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A Population Health Approach to Insomnia Using Internet-Based Cognitive Behavioral
Therapy for Insomnia — Derose et al., in review.

Chronic insomnia is common and contributes to both mental and physical health
problems, and internet-based cognitive behavioural therapy for insomnia has shown to be
an effective treatment. This study evaluated a population health approach to insomnia
using internet-based cognitive behavioural therapy.

To determine if a population health approach to insomnia using internet based
cognitive behavioral therapy for insomnia (ICBT-I) effects dispensed medications and
provider encounters compared to usual care.

A pragmatic hybrid study design was used to evaluate both the implementation strategy
and the long-term effects of ICBT-I on health care utilization in an integrated health
system. Adult members with insomnia (a diagnosis or insomnia medication dispensation)
or at high-risk of insomnia (a diagnosis of depression or anxiety) were randomized to
receive information on either an ICBT-I program (intervention arm) or in-person classes on
insomnia (usual care arm). Outcomes included dispensed insomnia medications and
provider encounters over 12 months. The effectiveness of our implementation of ICBT-I on
the target population was determined by an intention-to-treat analysis and by regression
models comparing those who engaged in ICBT-I to matched usual care arm controls.

136,630 subjects were randomized. 638 (0.96%) accessed the ICBT-I program while 431
(0.66%) attended one or more usual care insomnia classes. Dispensed insomnia
medications and provider encounters were no different in the ICBT-I arm vs the usual care
arm (intention-to-treat) or among those who engaged in ICBT-I vs matched usual care arm
controls.

Since ICBT-I program engagement was low, additional strategies to improve engagement
should be explored. ICBT-I did not result in a reduction in key measures of health care
utilization compared to in-person insomnia classes; nevertheless, it offers an alternative
and accessible approach to managing population insomnia.

Manuscript under review at a Journal of Clinical Sleep Medicine.
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Evaluation of fully-automated digital CBT (Sleepio) for insomnia at scale in the UK: A
retrospective cohort study — Studd et al., 2020.
Cognitive Behavioural Therapy (CBT) for insomnia is the first-line recommended treatment

for insomnia. Barriers, however, prevent widespread access to and provision of CBT at a
national level.

Here we report the uptake and clinical results of a UK-based large-scale implementation
project of a fully automated digital Cognitive Behavioral Therapy (CBT) intervention for
insomnia, Sleepio.

Digital CBT for insomnia (Sleepio) was made available in the Thames Valley (2.7 million
citizens). Individuals could access Sleepio through three referral pathways: (i) self-referral,
(ii) Improving Access to Psychological Therapies (IAPT) service referral, and (iii) primary
care referral. Uptake was examined across and by referral pathways. Improvements in
insomnia symptoms were evaluated before and after Sleepio in those who demonstrated
clinically significant insomnia (measured by the 2-item version of the Sleep Condition
Indicator: SCI-2) at entry and started treatment (completed session 2).

21,004 participants registered for Sleepio (13,650 from self-referral, 2,387 from IAPT and
4,967 from primary care). For clinical effects, 15,615 (74%) scored <2.5 on the SClI,
indicating clinical insomnia symptoms, and of these, 2,723 (17%) completed session 2,
and 2,148 completed session 3 (14%). Of those who were in the clinical range at baseline
and completed session 2, 1,578 (58%) moved out of the clinical range after Sleepio.

Digital CBT for insomnia (Sleepio) can be effectively delivered at scale through self-
referral, IAPT and primary care pathways. Distribution through existing clinical pathways
and self-referral can provide access to a wider population and may help overcome barriers
to accessing evidence-based digital CBT for insomnia

Manuscript in preparation for submission to a journal.

Company evidence submission (part 1) for [Sleepio for adults with difficulty sleeping].
© NICE 2019. All rights reserved. Subject to Notice of rights.

149
of 154


https://www.nice.org.uk/terms-and-conditions

Appendix B: Search strategy for adverse events

Date search conducted: 23 November 2020

Date span of search: 23 November 2011 to 23 November 2020

L