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ABSTRACT

Introduction ‘Healthier You’, the National Health Service
(NHS) diabetes prevention programme (DPP) offers adults
in England at high risk of type 2 diabetes (T2DM) an
evidence-based behavioral intervention to prevent or delay
T2DM onset. This study assesses the impact of a pilot
digital stream of the DPP (DDPP) on glycated hemoglobin
(HbA1c) and weight.

Research design and methods A service evaluation
employing prospectively collected data in a prospective
cohort design in nine NHS local pilot areas across England.
Participants were adults with non-diabetic hyperglycemia
(NDH) (HbA1c 42—-47 mmol/mol or fasting plasma glucose
5.5-6.9 mmol/L) in the 12 months prior to referral. The
DDPP comprised five digital health interventions (DHI).
Joint primary outcomes were changes in HbA1c and
weight between baseline and 12 months. HbA1c and
weight readings were recorded at referral (baseline) by
general practices, and then at 12-month postregistration.
Demographic data and service variables were collected
from the DHI providers.

Results 3623 participants with NDH registered for the
DDPP and of these, 2734 (75%) were eligible for inclusion
in the analyses. Final (12-month) follow-up data for HbA1c
were available for 1799 (50%) and for weight 1817 (50%)
of registered participants. Mean change at 12 months
was —3.1 (-3.4 to —2.8) kg, p<0.001 for weight and —1.6
(—1.8 to —1.4) mmol/mol, p<0.001 for HbA1c. Access to
peer support and a website and telephone service was
associated with significantly greater reductions in HbA1c
and weight.

Conclusions Participation in the DDPP was associated
with clinically significant reductions in weight and HbA1c.
Digital diabetes prevention can be an effective and wide-
reaching component of a population-based approach to
addressing type 2 diabetes prevention.

BACKGROUND

Diabetes is a global health priority. The WHO
estimates that diabetes was the seventh leading
cause of death across the world in 2016." Type
2 diabetes (T2DM) is associated with obesity
and lack of physical activity and, for many
people, may be preventable by changes to

Significance of this study
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What is already known about this subject?

= Published reviews provide evidence for diabetes
prevention via lifestyle modifications including di-
etary changes and increasing physical activity.

= Studies of face to face interventions to prevent di-
abetes demonstrate effectiveness in encouraging
weight loss and increasing physical activity, how-
ever, less is known about the role of digital health
interventions in diabetes prevention.

= Recent reviews provide some evidence that digitally
delivered diabetes prevention programs can be suc-
cessful, however, little is known about the effective-
ness of these in real world populations.

What are the new findings?

= This is the first large-scale real-world evaluation of a
digital service that aims to prevent or delay the onset
of type 2 diabetes anywhere internationally.

= Our results show that participation in the digital
service was associated with clinically significant
reductions in both HbA1c and weight at 6 and 12
months (—1.6 mmol/mol and —3.1 kg at 12 months
for HbA1c and weight respectively).

How might these results change the focus of

research or clinical practice?

= Digital diabetes prevention could be viewed as an
effective and wide-reaching component of a popula-
tion-based approach to addressing type 2 diabetes
prevention.

= Digitally delivered diabetes prevention programs can
be operationalised on a national scale.

diet and activity.?® There is high-quality inter-
national evidence that intensive group-based
programs focusing on healthy eating, weight
loss, and increase in exercise can reduce the
risk of progression to T2DM in people at
high risk.*” In the UK, the ‘Healthier You’:
National Health Service (NHS) diabetes
prevention programme (DPP) offers adults
in England at high risk of T2DM an evidence-
based behavioral intervention to prevent
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or delay T2DM onset. Early outcome data indicate that
the DPP, which is delivered via face-to-face sessions, may
lead to reductions in future T2DM incidence among
participants.’

However, group-based programs do not suit everybody.
People who work, have caring responsibilities, or who
do not like groups may find it difficult to participate.®
Digital health interventions (DHI) have been shown to
be effective in increasing physical activity, changing diets
and promoting weight loss in general populations.”™!
There is emerging evidence to suggest that DPPs could
be delivered effectively using digital technologies.'*™*
Digital programs may be more acceptable to some people
than group-based programs, as they may be easier to fit
into busy lifestyles, and may avoid the perceived stigma
associated with attending a group.® " Additional drivers
for the use of DHIs include the potential for scalability
across large populations, as well as some evidence of
their cost-effectiveness.'® !’ However, there are consider-
able uncertainties around these potential advantages and
little evidence of the effectiveness of digitally delivered
DPPs in real world populations. There are also known
challenges with widescale deployment of DHIs, including
repeated failures of implementation,'® concerns around
the digital divide and impact on health inequalities,'’ *’
and a lack of understanding of the most effective digital
components or active ingredients of these interventions.

In light of these uncertainties, the NHS in England
(led by the commissioning organization, NHS England),
commissioned a pilot digital stream of the diabetes
prevention programme (DDPP) with associated evalu-
ation.”! The digital stream offers similar support, assis-
tance and guidance as the DPP but through the use of
digital interventions such as wearable technologies that
monitor levels of exercise, apps which allow users to
access health coaches, online peer support groups, and
the ability to set and monitor goals electronically.

The aim of this paper is to report on the observed
uptake and impact of the DDPP pilot and explore the
extent to which these are influenced by socioeconomic
and other demographic factors, in people found to have
non-diabetic hyperglycemia (NDH) through routine
clinical practice.

RESEARCH DESIGN AND METHODS

Design

A service evaluation employing prospectively collected
data in a prospective cohort design in nine NHS local
pilot areas (LPA) across England.

The protocol for the study has been published
(https://bmjopen.bmj.com/content/9/5/e025903) 2t
A few variations from the protocol are worth noting here.
The protocol cites eight demonstrator sites (referred to
in this paper as LPA); however, nine LPA actually took
partin the pilot. The pilot describes an overweight/obese
cohort (participants who were not eligible for the NDH
cohort and their body mass index (BMI) was 25 or over

(or BMI>23 for those with Asian ethnic backgrounds)).
This cohort was excluded from these analyses due to
small numbers with adequate follow-up data.

Setting

Nine LPA, reflecting nine geographical regions across
England, were selected to achieve geographic and demo-
graphic variation, including rural, semirural, urban, and
metropolitan areas, with widely varying proportions of
people from black and minority ethnic backgrounds,
socioeconomic status and pre-existing levels of digital
readiness and engagement with diabetes prevention.
Fourteen per cent of the total number of General Prac-
tices in England in 2017 (1040 of 7346) were included in
the LPA. The prevalence of NDH across the LPA reflected
that of England as a whole (11%), as did the prevalence
of type 2 diabetes (5%).

Participants

Adults, aged 18 or over, diagnosed with NDH, defined
as having at least one glycated hemoglobin (HbAlc)
reading of 42-47 mmol/mol or at least one fasting blood
glucose reading of 5.5-6.9 mmol/L in the 12 months
prior to referral. People already diagnosed with diabetes,
pregnant women, and people with a BMI below 18 kg/m?
were excluded. The referral pathway into the program
differed across the various LPAs. In most areas, eligible
participants were identified from general practice (GP)
lists or at NHS Health Checks. NHS Health Checks are
offered to people aged 40-74, living in England, who have
not previously been diagnosed with conditions including
heart disease, kidney disease, atrial fibrillation, stroke,
hypertension, or diabetes.”” Participants were informed
they were at high risk of developing T2DM and offered
referral to a DPP. The delivery model varied between
areas, with some offering a choice of a face-to-face or
digital program (choice model), some only offering a
digital program (digital only), and some reserving the
offer of a digital program for people who declined to
attend a face-to-face program (decliners only). Recruit-
ment started in December 2017 and continued for 12
months.

Interventions

Five different DHI providers were included in the pilot.
DHIs offered behavior change support around diet,
weight loss, and increased physical activity, including
information, personalized goal setting, monitoring, and
feedback. These DHIs were required to be delivered
over 12 months, although the intensity of the delivery
varied, with some providing intense support for the first
6 or 12 weeks, followed by less frequent monitoring. The
providers of the DHIs were responsible for receiving
referrals, contacting patients once they were referred,
onboarding them onto the digital program, promoting
engagement with the program and obtaining outcome
data. The five DHIs varied in terms of their inclusion of
wearables (eg, accelerometers, wireless weighing scales),
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Table 1 Digital health intervention features
Provider 1 Provider 2 Provider 3 Provider 4 Provider 5
Peer support v 4
Wearable v/ v
Telephone service and website v
Text service and smartphone app v/ v 4 v/

the amount of human support provided (ranging from a
brief onboarding phone call to weekly coaching phone
calls), and the delivery platform (smart phone app,
website)—see table 1 for a summary of DHI features and
see the study protocol®! for a full description of each of
the DHIs.

Outcomes and data collection

The primary outcomes were change in HbAlc and weight
between baseline and 12 months for all participants with
complete case data, who provided 12-month HbAlc and
weight data between 10 and 14 months postbaseline.
Secondary outcomes included the proportion of those
referred who registered with the program (conversion
rate) and change in HbAlc and weight between baseline
and 6 months for participants with complete case data,
who provided 6-month HbAlc and weight data between
4 and 8 months postbaseline.

HbAlc and weight readings were recorded at referral
(baseline) by GP practices, and then at the 6-month and
12-month postregistration points, usually by GP prac-
tices. The DHI providers were responsible for collecting
outcome data, including data on the numbers referred,
numbers registered on the digital program, baseline and
follow-up weights and HbAlc values, and demographic
data. The providers encouraged patients to return to
primary care to have follow-up measures recorded.

HbAIc was assessed on venous blood samples at accred-
ited NHS laboratories. One DHI provider, which spanned
two LPAs, used home tests to assess HbAlc. Validation
of these tests was conducted to ensure consistency with
venous tests and that samples did not degrade. Where
possible, weights were independently recorded on cali-
brated scales (eg, at the patient’s general practice or a
local chemist). Where this was not possible, weights that
were submitted by participants via Wi-Fi enabled weighing
scales were accepted. The majority of weight recordings
for one provider (provider 4) were measured by patients
on wireless scales.

Demographic data on age, sex, ethnicity, highest level
of educational attainment, and postcode were collected
as part of the referral and onboarding processes by the
providers of the 5 DHIs using a standardized data collec-
tion form (the Participant Monitoring Data Form). Age
was grouped into 18-44 years, 45-54 years, 55—64 years,
65-74 years, and 75+ years. Sex was grouped into male,
female, or indeterminate. Ethnicity was grouped as
Asian, black, mixed, other, or white. Social deprivation

was defined by the Index of Multiple Deprivation 2019
associated with the lower layer super output area (LSOA)
derived from the patient’s postcode and grouped into
quintile (from l=most deprived to b=least deprived).
LSOA was used to derive the Local Authority District
Code, which was then used to derive six Rural /Urban clas-
sification categories (1=Mainly rural (population >80%
rural), 2=Largely rural (population 50%-79% rural),
3=Urban with significant rural (population 26%-49%
rural), 4=Urban (population <26% rural) with city and
town, 5=Urban (population <26% rural) with minor
conurbation, and 6=Urban (population <26% rural) with
major conurbation).” Baseline BMI readings were calcu-
lated at referral (baseline) by GP practices and partici-
pants were classified into categories of healthy-weight,
overweight, or obese defined according to their reported
ethnicity (or if their ethnicity was unknown, according
to the white ethnicity group) in-line with UK National
Institute for Health and Care Excellence guidelines.**
Highest education level was grouped into no qualifica-
tions, school leaver, and higher education.

For ethical and information governance reasons, only
those responsible for providing care (ie, the referring
clinicians and the DHI providers) had access to identi-
fiable data. Pseudonymized data, including LSOA codes,
but not postcodes or other identifiable data, were trans-
ferred to the evaluation team for analysis.

Sample size and data analysis

The commissioner of the program, NHS England, set the
target size for the cohort of people with NDH as 3500. It
was calculated that this fixed sample size, assuming a 25%
retention rate at 12 months, would provide 90% power
at a 5% significance level to detect standardized effect
sizes of d=0.11 (equivalent to mean changes in HbAlc
and weight of 0.3 mmol/mol and 2.2 kg, respectively),
assuming clustering by LPA was ignorable (ie, assuming
a lack of correlation between outcomes for individuals
sampled within the same LPA). A further power analysis
allowing for clustering effects by LPA (with an intraclass
correlation coefficient of 0.02) gave a minimum detect-
able effect size of 0.18. For the purpose of analysis, reten-
tion was defined as obtaining data on weight and HbAlc
at 12 months.

A statistical analysis plan was approved by NHS England
before data collection was completed. The primary anal-
ysis focused on determining the impact of the program
on the two primary outcomes of HbAlc and weight at
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12 months. The change from baseline to 12 months for
each individual was calculated and the mean change for
the whole cohort presented. Paired t-tests were used to
test for the significance of observed changes. The impact
of regression to the mean was accounted for by anal-
ysis of covariance (ANCOVA),” whereby each patient’s
follow-up measurement was adjusted according to their
baseline measurement. Secondary analyses examined the
change from baseline to 6 months. Multivariable linear
regression models were used to assess whether changes
in outcomes were associated with demographic factors
(age, sex, ethnicity, deprivation, BMI, and highest educa-
tion level) and digital features (peer support, wearables,
telephone service provided and text service, website, and
app) adjusting for baseline outcome scores. Two-level
and three-level models, clustering by LPA and GP prac-
tice within LPA, respectively, were considered.

An assumption was made that participants who were
engaged with the program would be more likely to
provide follow-up data and more likely to show benefit
than those who had dropped out of the program, and so
it was considered unlikely that the follow-up data would
be missing completely at random or missing at random
(MAR). To investigate this, sensitivity analyses were
conducted by weighting the observed data according to
the probability of drop-out in order to reduce the poten-
tial for selection bias due to non-random attrition.”® This
involved fitting a logistic regression model to account
for drop-out on the basis of baseline characteristics and
then using inverse probability weighting (IPW) based
on the inverse of the predicted scores from the logit
model to fit the treatment effectiveness model. IPW is
recommended in the literature for dealing with unit
nonresponse in a longitudinal design that is missing not
at random.”® However, this approach may not remove
drop-out bias in variables that are unobserved. Addi-
tional sensitivity analyses were conducted using multiple
imputation, employing multivariate chained equations to
impute missing covariate and outcome data, under the
MAR assumption, and then comparing the results to the
primary analyses.

RESULTS

Over the 12-month period, 5053 people with NDH were
referred to the DDPP. Of these, 3623 (64%) registered
with a digital provider. The conversion rate from referral
to registration differed according to delivery model.
In areas where the only DPP offered was a digital one
(digital only), the conversion rate was 74% (2424 refer-
rals, yielding 1783 registrations). In areas where people
could choose between a digital or face-to-face provider
(choice), the conversion rate to digital was 62% (2,267
referrals, 1412 registrations) and in areas where only
those who had declined a face-to-face program were
offered a digital program (decliners only), the conver-
sion rate was 55% (779 referrals, 428 registrations).

The characteristics of participants who registered with
one of the five DHI providers are presented in table 2;
49% of participants were male, the mean (SD) age was
58 (12.4) years and 16% were of Asian ethnicity, 5% of
black ethnicity, and 68% of white ethnicity. There were
higher proportions from the most deprived quintile
compared with the least deprived quintile, 21% vs 15%,
respectively, with the majority of participants from mainly
urban areas. Nearly one-third (29%) of participants had
a higher education qualification. The mean weight at
start of the program was 87.7 kg and the mean BMI 31.1
kg/mQ. The mean HbAlc was 43.4 mmol/mol.

Of the 3623 participants who registered with the
program, 2734 (75%) participants provided at least one
weight or HbAlc measurement at 6 or 12 months; 2195
(61%) a 6-month weight measurement, 2104 (58%) a
6-month HbAlc measurement, 1817 (50%) a 12-month
weight measurement, and 1799 (50%) a 12-month HbAlc
measurement. Of those who provided at least one weight
or HbAlc measurement, 2225 (81%) participants had
no missing or unknown baseline data. Data were missing
for age (<0.1%), sex (0.2%), ethnicity (6%), depriva-
tion (0.1%), highest education level (17%), rural/urban
(<1%), and BMI (<0.1%). There were no missing data
from provider, location, or digital features.

Univariate analyses of primary outcomes are provided
in table 3.

The mean baseline weight for participants with a
12-month weight measurement was 86.7 kg with a mean
weight change at 12 months of -3.1 (-3.4 to -2.8) kg,
p<0.001 (table 3). ANCOVA, involving adjustment for
baseline weight, gave an identical estimate of mean
weight change at 12 months to 1 decimal place, indicating
that any effect of regression to the mean was negligible.
Results of the multivariable regression analyses showed
that for each 1 kg higher baseline weight, there was an
additional 0.05 kg weight loss (online supplemental
material S1). Having access to peer support, wearables
and telephone service was associated with a significantly
greater reduction in weight from baseline to 12 months
compared with not having access to these features.
Whether or not participants had access to a text service
and smartphone app had no differential impact on the
12-month weight change. Older participants, those with a
higher education qualification and from the second least
deprived deprivation quintile lost more weight compared
with those who were younger, with no qualifications and
from the most deprived quintile, respectively. There were
no significant differences for the other characteristics
(online supplemental material S1).

The mean baseline HbAlc for participants with a
12-month HbAlc measurement was 43.2 mmol/mol
with a HbAlc change at 12 months of -1.6 (-1.8 to
-1.4) mmol/mol, p<0.001 (table 3). ANCOVA, involving
adjustment for baseline HbAlc, gave an estimate of mean
HbAlc change at 12 months of -1.6 (-1.7 to -1.5), indi-
cating that any effect of regression to the mean was negli-
gible. Results of the multivariable regression analyses
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Table 2 Baseline demographic and clinical characteristics
of the overall registered population

N Percentage
Total 3623 100
Age 18-24 21 1
25-34 128 4
35-44 416 11
45-54 784 22
55-64 1105 30
65-74 914 25
75+ 253 7
Unknown 2 0.1
Mean (SD) age 57.8(12.4) -
Sex Male 1791 49
Female 1826 50
Indeterminate/unknown 6 0.2
Ethnicity Asian 569 16
Black 186 5
Mixed 98 3
Other 15 0.4
White 2470 68
unknown 285 8
Deprivation IMD 1 (most deprived) 754 21
IMD 2 768 21
IMD 3 828 23
IMD 4 710 20
IMD 5 (least deprived) 559 15
Unknown 4 0.1
Highest No qualifications 326 9
education level
School leaver 1460 40
Higher Education 1068 29
Unknown 769 21
Rural/urban Mainly rural 403 11
Largely rural 651 18
Urban with significant 261 7
rural
Urban with city and town 803 22
Urban with major 1501 41
conurbation
unknown 4 0
BMI Healthy 383 11
Overweight 1250 B5)
Obese 1975 655
unknown 15 0.4
Provider Provider 1 384 11
Provider 2 930 26
Provider 3 813 22
Provider 4 494 14
Provider 5 1002 28
Location Location 1 282 8
Location 2 200 6
Continued

Table 2 Continued

N Percentage
Location 3 304 8
Location 4 307 8
Location 5 309 9
Location 6 594 16
Location 7 882 24
Location 8 621 17
Location 9 124 3
Mean (SD) BMI Male 30.7 (5.8) -
(kg/m?)
Female 31.5(6.9) -
Overall 31.1(6.3) -
Mean (SD) Male 89.6 (19.4) -
weight (kg)
Female 85.9 (20.5) -
Overall 87.7 (20.0) -
Mean (SD) Male 43.3 (2.4) -
HbA1c (mmol/
mol)
Female 43.4 (2.3) -
Overall 43.4 (2.4) -

BMI, body mass index; HbA1c, glycated hemoglobin; IMD, Index of Multiple
Deprivation.

(online supplemental materials S1) showed that for
each 1 mmol/mol higher baseline HbAlc, there was an
additional 0.382 mmol/mol decrease in HbAlc. Having
access to peer support and telephone service was associ-
ated with a significantly greater decrease in HbAlc from
baseline to 12 months compared with not having access
to these features, while having access to text service
and smartphone app was associated with a significantly
smaller decrease in HbAlc. Whether or not participants
had access to wearables had no differential impact on the
12-month HbAlc change. Participants from largely rural
areas and from urban areas had significantly smaller
HbAlc reductions compared with those from mainly
rural areas. There were no significant differences for
other characteristics. Of the DHI features, peer support
had the largest effect size for both HbAlc -1.51 (-2.40
to —0.62) mmol/mol, p<0.001 and weight change —4.47
(-6.30 to —2.64) kg, p<0.001, at 12 months.

Univariate analyses of secondary outcomes are
provided in in the online supplemental material S2. The
mean baseline weight was 87.2 kg with a mean weight
change at 6 months of -3.5 (3.7 to -3.3) kg, p<0.001.
The mean baseline HbAlc was 43.2 mmol/mol with a
mean HbAlc change at 6 months of 1.8 (-2.0 to —1.7)
mmol/mol, p<0.001. ANCOVA gave identical estimates
for both weight and HbAlc change at 6 months. Regres-
sion analyses showed that there were some differences
in the characteristics of participants and digital features
associated with secondary outcomes compared with
primary outcomes (online supplemental material S3). For
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6-month weight change, there were no significant differ-
ences by age or deprivation, while for 12-month weight
change, older participants and those from the second
least deprived quintile, had greater weight change. Black
participants and those from urban with city and town and
urban with major and conurbation areas lost less weight
at 6 months while there were no significant differences
at 12 months. There were consistent findings for sex,
highest education level, BMI grouping, and all digital
features. For 6-month HbAlc change, there was no signif-
icant difference for participants from urban areas with
major conurbation, while for 12-month HbAlc change,
they had smaller HbAlc decreases. There were smaller
HbAlc decreases for older participants and black partici-
pants at 6 months, while there were no significant differ-
ences at 12-month HbAlc change. There were consistent
findings for sex, highest education level, deprivation, and
BMI grouping. For digital features, there were inconsis-
tent findings for text service and smartphone app, but
consistent findings for all other digital features.

Multilevel regression analyses were considered but gave
inconsistent results; clustering by LPA and clustering by
GP practice within LPA, both had a significant effect
for HbAlc change, but not for weight change. For this
reason, only single-level models are presented. Sensitivity
analyses using propensity score models and multiple
imputation, showed no substantive changes in the direc-
tion and magnitude of the associations.

DISCUSSION
This is the first evaluation, to our knowledge, of a
national digital program for the prevention of type 2
diabetes anywhere internationally. Findings suggest that
the digital interventions were associated with clinically
significant reductions in both HbAlc and weight at 6 and
12 months (-1.6 mmol/mol and -3.1 kg at 12 months
for HbAlc and weight respectively). These reductions
appear robust across all prespecified sensitivity anal-
yses, and were not dependent on participant baseline
HbAlc levels, sex, ethnicity, or BMI. However, other
demographic characteristics were associated with greater
weight loss (those who are older, with higher education,
and from the second least deprived group) and greater
reductions in HbAlc (those from mainly rural areas).
Despite emerging evidence to suggest that DPP could
be delivered effectively using digital technologies,'*"*
there has been to date little evidence of effectiveness
of these in real world populations. This study provides
evidence to support widespread implementation of a
DDPP, with findings suggesting that a digitally delivered
DPP can be operationalized on a national scale and can
achieve comparable changes in HbAlc and weight loss as
face-to-face group-based sessions.® Significant reductions
in HbAlc and weight across a population level could
translate into considerable population benefit, partic-
ularly as these digitally delivered interventions can be
delivered at scale.

Although a formal comparison of the effectiveness
of different interventions was out of scope, this study
suggests that specific features of the different interven-
tions were associated with impact. Peer support, a desig-
nated website, and telephone service (as features of the
digital programs) had the biggest effect on both HbAlc
and weight reduction, and access to wearables also influ-
enced weight loss. The role of peer support in disease
prevention and management has long been recog-
nized,””* and group based face-to-face sessions comprise
a core part of the NHS DPP. However, whether the bene-
fits of peer support can be replicated digitally remains
relatively unexplored in the literature. This study suggests
that DHI which contain an element of peer support may
be particularly effective in reducing the risk of diabetes,
although this needs further exploration.

Those with higher education and from the second
least deprived group achieved the greatest weight loss;
however, no differences for education or deprivation
level were observed for HbAlc outcomes. It is notable
that there was no observed digital divide for the older
population. In fact, older participants achieved greater
weight loss at 12 months than younger participants. A
smaller reduction in HbAlc was observed for those from
largely rural and urban areas compared with those from
mainly rural areas. There was also no effect of ethnicity
on outcomes at 12 months, unlike comparable face to
face programs that have observed those from ethnic
minorities lose less weight and see smaller reductions
in HbAlc.® Taken together, the findings of this study
provide supporting evidence for a full-scale national roll
out of a DDPP.

Strengths and limitations

This study has many strengths. This was the first large-
scale real-world evaluation of a digital service that aims to
prevent or delay the onset of type 2 diabetes implemented
in different localities. It includes objective measures of
weight, HbAlc, individual participant data, and assesses
the impact on health inequalities. There was equitable
access to the program across different groups, evidenced
by the demographic diversity in the study population,
which was broadly representative of local NDH popula-
tions. Intervention features were also assessed for their
impact on outcome, contributing to the sparse literature
on what the ‘active ingredients” of DHI might be.

The uncontrolled nature of this analysis means that
external confounders cannot be excluded, and there
may have been other factors leading to weight loss and
HbAlc reductions. The glycemic trigger for study eligi-
bility was up to 12 months prior to DDPP referral; thus,
it is possible some participants may have already reduced
weight and HbAlc prior to study entry, and some partici-
pants may have embarked on behavior change following
a NDH diagnosis, unrelated to intervention use. Also,
diagnosis of NDH in routine clinical practice is based on
a single test value within the NDH range, and a degree of
discordance with a second test value has been reported

BMJ Open Diab Res Care 2022;10:¢002736. doi:10.1136/bmjdrc-2021-002736

1ybuAdoo
Ag peosioid sedines Arelqi] 10N e 220z ‘8 Aen uo /wodfwqg-oip//:dny woly papeojumod ‘ZZ0zZ AN € Uo 9£/Z00-TZ0Z-24plwag/9eTT 0T Se paysignd 1suy :a1ed say geld uado rINg


http://drc.bmj.com/

a Cardiovascular and metabolic risk

in clinical trial settings.”” However, ANCOVA showed that
regression to the mean resulting from random error in
the distributions of HbAlc and weight was unlikely to be
a cause of the observed improvements.

There were some missing data both in terms of base-
line covariates and outcomes at 6-month and 12-month
follow-up. A principled and pragmatic approach was
taken to consider the effects on data interpretation. For
the missing covariates, a multiple imputation analysis
was conducted under the assumption that the data were
MAR. However, this assumption may not hold for the
missing follow-up data, as participants who were engaged
with the program may be more likely to provide follow-up
data than those who dropped out. We carried out a sensi-
tivity analysis in which the observed data were weighted
according to the probability of drop-out using an
approach that that has been recommended for reducing
the potential for selection bias due to non-random attri-
tion. The sensitivity analyses do not vary in terms of the
direction and broad magnitude of the findings in the
primary analyses, providing some reassurance that the
missing data have not appreciably biased the conclusions.

There is also the potential, as with any new digital tech-
nology, that a novelty effect’’ has been observed whereby
adoption and use of the DHI is influenced by the newness
of the technology, which may not reflect patterns of use
once the technology ceases to be new. Longer term
follow-up could add to the evidence of this phenomenon
for DHIs.

CONCLUSION

This digitally delivered DPP achieved clinically signifi-
cant HbAlc and weight reduction in a national popula-
tion with NDH. Effects of the digital divide and health
inequalities were not observed for age or ethnicity.
Digital diabetes prevention could be viewed as an effec-
tive and wide-reaching component of a population-based
approach to addressing type 2 diabetes prevention.
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S1: Linear regression analyses for primary outcomes (weight change and HbA1c change) at 12 months for participants with complete case data

Weight change (N=1,534)

HbA1c change (N=1,502)

95% Cl | 95% Cl 95% Cl | 95% Cl
Coefficient lower upper | Pvalue | Coefficient lower upper P value
Baseline weight/HbA1c -0.05 -0.08 -0.03 | <0.001 -0.38 -0.44 -0.32 | <0.001
Peer support No
Yes -4.47 -6.30 -2.64 | <0.001 -1.51 -2.40 -0.62 0.001
Wearables provided No
Yes -3.36 -4.72 -2.01 <0.001 -0.49 -1.16 0.18 0.153
Telephone service No
Yes -3.69 -5.67 -1.71 | <0.001 -1.04 -2.00 -0.08 0.034
Text service No
Yes 0.74 -0.35 1.82 0.182 0.67 0.15 1.19 0.011
Age group 18-44
45-54 -0.39 -1.57 0.78 0.515 0.19 -0.40 0.77 0.534
55-64 -1.75 -2.90 -0.61 0.003 0.12 -0.45 0.70 0.669
65-74 -1.74 -2.96 -0.53 0.005 -0.03 -0.63 0.58 0.934
75+ -1.83 -3.34 -0.32 0.017 0.35 -0.40 1.09 0.361
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Weight change (N=1,534) HbA1c change (N=1,502)
95% Cl | 95% Cl 95% Cl | 95% ClI
Coefficient lower upper | Pvalue | Coefficient | lower upper | Pvalue
Sex Male
Female -0.22 -0.82 0.38 0.468 -0.01 -0.30 0.28 0.936
Indeterminate -0.77 | -12.43 10.88 0.897 -0.87 -6.47 4.74 0.761
Ethnicity White
Mixed 0.83 -0.96 2.62 0.363 -0.05 -0.93 0.83 0.918
Asian 0.36 -0.73 1.44 0.519 -0.22 -0.72 0.28 0.398
black 0.10 -1.59 1.79 0.910 0.40 -0.45 1.25 0.359
other 0.57 -3.87 5.02 0.800 1.48 -0.82 3.78 0.207
Highest education level No Qualifications
School leaver -0.60 -1.59 0.39 0.232 -0.33 -0.80 0.15 0.181
Degree level -1.03 -2.06 -0.01 0.048 -0.28 -0.78 0.22 0.268
Deprivation quintile IMD 1 (most deprived)
IMD 2 0.22 -0.86 1.29 0.693 0.26 -0.26 0.79 0.321
IMD 3 0.37 -0.73 1.46 0.509 0.13 -0.40 0.66 0.632
IMD 4 -1.08 -2.16 -0.01 0.048 0.11 -0.41 0.64 0.670
IMD 5 (least deprived) 0.62 -0.53 1.77 0.289 -0.13 -0.70 0.43 0.637
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Weight change (N=1,534) HbA1c change (N=1,502)
95% Cl | 95% CI 95% Cl | 95% CI
Coefficient lower upper | Pvalue | Coefficient | lower upper | Pvalue
Rural/urban Mainly rural
Largely rural -0.17 -1.24 0.89 0.753 1.59 1.09 2.09 | <0.001
Urban with significant rural -0.62 -1.87 0.64 0.335 1.00 0.41 1.59 0.001
Urban with city and town 0.45 -0.88 1.79 0.506 0.71 0.08 1.33 0.028
Urban with major and conurbation 0.87 -0.28 2.03 0.136 0.66 0.11 1.20 0.019
BMI grouping Healthy
Overweight -0.80 -1.83 0.24 0.130 0.17 -0.31 0.65 0.485
Obese -0.77 -1.99 0.45 0.217 0.41 -0.06 0.89 0.086
constant 3.19 0.52 5.87 0.019 -1.92 -3.22 -0.61 0.004

*Provider and Location not included due to multicollinearity
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S2: Secondary outcomes (weight change and HbA1c change) at 6 months for participants with complete case data

Weight change (N=1,811) HbA1c change (N=1,696)
Mean Mean
Mean weight  95%  95% Mean HbA1c 95%  95%
N baseline change Cl Cl " N baseline change  Cl Cl "
value* value*
weight at6 lower upper HbA1c até lower upper
months months
Overall 1,811 87.2 -3.5 -3.7 -3.3 n/a | 1,696 43.2 -1.8 -2.0 -1.7 n/a
Age 18-44 210 89.1 27 -36 -19 0.0777 | 204 43.2 1.9 -24 14 0.4563
45-54 338 92.2 -3.2 -3.7 -2.6 335 43.3 -1.7 -2.0 -1.4
55-64 591 87.3 -3.8 -4.2 -3.4 543 43.1 -1.9 -2.1 -1.6
65-74 522 85.0 -3.6 -4.0 -3.1 487 43.3 -2.0 2.2 -1.7
75+ 150 80.3 -3.9 -4.6 -3.2 127 43.4 -1.4 -2.0 -0.9
Sex Male 895 87.6 -34 -38 -3.0 0.6741 841 43.2 -1.9 21 -1.7  0.7690
Female 915 86.8 -36 -39 -383 854 43.3 -18 -20 -16
Indeterminate 1 73.0 -6.0 1 46.0 -1.0
Ethnicity White 1,413 89.1 -4.0 -4.3 -3.7 <0.0001 | 1,289 43.2 -1.9 -2.1 -1.8  0.0202
Mixed 51 84.6 30 42 -18 53 42.9 -2.1 29 -13
Asian 267 76.7 -1.5 -1.9 -1.1 265 43.3 -1.6 -2.0 -1.2
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Weight change (N=1,811) HbA1c change (N=1,696)
Mean Mean
Mean weight 95%  95% Mean HbA1c 95%  95%
N baseline change Cl Cl " N baseline change CI Cl i
value* value*
weight at6 lower upper HbA1c at6 lower upper
months months

black 71 89.7 -1.2 -2.3 0.0 80 43.7 -1.0 -1.6 -0.3
other 9 85.4 -1.7 -5.6 23 9 42.7 -0.4 -3.2 2.4

Deprivation IMD 1 (most deprived) 294 88.8 -31  -38 -25 0.0002 | 311 43.5 19 22 -16 0.1912
IMD 2 355 88.4 -2.7 -3.3 2.2 337 43.3 -1.8 -2.1 -1.5
IMD 3 435 86.9 -3.2 -3.7 -2.7 386 43.3 -1.7 -2.0 -1.4
IMD 4 390 86.6 -4.2 -4.7 -3.7 358 43.1 -1.7 -2.0 -1.4
IMD 5 (least deprived) 337 85.4 -4.2 -4.7 -3.6 304 42.9 -2.2 -2.6 -1.8

Highest education No Qualifications 207 86.7 -28 -35 -21  0.0261 193 43.4 15 -19 -11 0.2783
School leaver 910 87.5 -34 3.7 -3.0 875 43.3 -19 -21 -1.7
Degree level 694 86.9 -39 42 -3.5 628 43.1 -1.9 22 -1.7

BMI Healthy 204 65.7 -2.3 -2.8 -1.8  0.0002 198 43.0 -2.2 -2.6 -1.8 0.1857
Obese 953 98.1 -39 43 35 897 43.4 -18 20 -16
Overweight 654 77.9 -3.3 -3.6 -3.0 601 43.1 -1.8 -2.1 -1.6
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Weight change (N=1,811) HbA1c change (N=1,696)
Mean Mean
Mean weight 95%  95% Mean HbA1c 95% 95%
N baseline change Cl Cl " N baseline change CI Cl i
value* value*
weight at6 lower upper HbA1c at6 lower upper
months months

Rural/urban Mainly rural 233 88.5 -3.9 -4.7 -3.2 <0.0001 210 43.7 -2.3 -2.7 -1.9  0.0003
Largely rural 379 88.9 -3.4 -3.9 -2.9 320 43.3 -1.5 -1.8 -1.2
Urban with significant rural 180 87.2 -4.1 -4.9 -3.3 160 42.3 -14 19 -0.9
Urban with city and town 473 86.9 -4.9 -5.4 -4.4 387 43.2 -2.3 -2.6 -2.0

Urban with major and

conurbation 546 85.6 20 -24 -16 619 43.3 1.7 20 -15

Peer support No 1,171 86.9 -3.0 -3.2 -2.7 <0.0001 | 1,134 43.1 -1.8 -1.9 -1.6  0.1556
Yes 640 87.7 -4.4 -4.9 -4.0 562 43.5 -2.0 -2.3 -1.7

Wearables <0.0001 0.0002
provided No 1,362 86.5 -2.7 -3.0 -2.5 1,363 43.2 -1.7 -1.9 -1.5
Yes 449 89.2 -5.8 -6.4 -5.3 333 43.3 -2.4 -2.8 -2.0

Telephone service No 759 88.5 -43 -48 -3.9 <0.0001 681 43.6 20 22 -1.7  0.2335
Yes 1,052 86.2 -2.9 -3.2 -2.6 1,015 43.0 -1.8 -2.0 -1.6
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Weight change (N=1,811) HbA1c change (N=1,696)
Mean Mean
Mean weight 95%  95% Mean HbA1c 95%  95%
N baseline change Cl Cl " N baseline change CI Cl i

value* value*

weight at6 lower upper HbA1c at6 lower upper
months months

Text service No 330 86.3 -2.9 -3.4 -24  0.0294 379 43.7 -2.3 -2.6 -2.0 0.0013
Yes 1,481 87.4 -3.6 -3.9 -3.3 1,317 43.1 -1.7 -1.9 -1.5

Provider Provider 1 119 92.6 -38 48 -29 <0.0001 119 441 -1.8 23 -1.2 <0.0001
Provider 2 330 86.3 -2.9 -3.4 2.4 379 43.7 -2.3 -2.6 -2.0
Provider 3 310 87.5 2.2 -2.8 -1.6 348 43.9 -1.5 -1.8 -1.2
Provider 4 330 87.9 -6.6 -7.2 -5.9 214 42.8 -2.8 -3.3 -2.3
Provider 5 722 86.2 -2.9 -3.2 -25 636 42.6 -15 -1.7 -1.2

Location Location 1 204 85.5 64 -72 -57 <0.0001 153 43.2 -3.1 -3.7  -24 <0.0001
Location 2 158 89.3 -3.3 -4.1 2.4 159 41.4 -1.3 -1.8 -0.9
Location 3 189 82.6 -1.4 -1.9 -0.8 184 41.7 -1.1 -1.7 -0.5
Location 4 168 88.7 -3.8 -4.7 -3.0 141 43.4 -1.8 -2.3 -1.4
Location 5 159 85.7 -3.0 -3.6 -2.3 159 43.5 -2.0 -2.4 -1.6
Location 6 189 87.8 -1.8 -2.6 -141 220 441 -15 -1.9 -1.1
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Weight change (N=1,811) HbA1c change (N=1,696)
Mean Mean
Mean weight 95%  95% Mean HbA1c 95%  95%
N baseline change Cl Cl " N baseline change CI Cl i
value* value*
weight at6 lower upper HbA1c at6 lower upper
months months
Location 7 494 88.1 -3.5 -4.0 -3.1 412 43.9 -1.8 -2.0 -1.5
Location 8 171 86.8 -2.9 -3.6 2.2 220 43.8 25 -2.9 -2.2
Location 9 79 911 -7.0 -8.3 -5.6 48 41.3 -1.5 2.2 -0.7

*Analysis of Variance

Ross JAD, et al. BMJ Open Diab Res Care 2022; 10:e002736. doi: 10.1136/bmjdrc-2021-002736



Supplemental material

BMJ Publlshlr] Grou |m|ted FBMe%t

|ssupp

isclaims all |iabi
material whc

het Been

Shared by A

from any reliance

or(s)

BMJ Open Diab Res Care

S3: Linear regression analyses for secondary outcomes (weight change and HbA1c change) at 6 months for participants with complete case data

Weight change (N=1,811) HbA1c change (N=1,696)
95% Cl | 95% Cl 95% Cl | 95% Cl
Coefficient lower upper P value Coefficient lower upper P value
Baseline weight/HbA1c -0.05 -0.07 -0.03 <0.001 -0.35 -0.40 -0.29 | <0.001
Peer support No
Yes -3.58 -4.84 -2.33 <0.001 -1.41 -2.22 -0.61 | <0.001
Wearables provided No
Yes -3.92 -4.85 -2.99 <0.001 -1.55 -2.15 -0.95 | <0.001
Telephone service No
Yes -3.48 -4.84 -2.13 <0.001 -1.79 -2.65 -0.93 | <0.001
Text service No
Yes 0.55 -0.27 1.37 0.191 0.35 -0.15 0.85 0.172
Age group 18-44
45-54 -0.03 -0.90 0.84 0.952 0.33 -0.20 0.86 0.220
55-64 -0.75 -1.58 0.08 0.077 0.25 -0.25 0.76 0.327
65-74 -0.62 -1.51 0.27 0.173 0.29 -0.25 0.83 0.291
75+ -1.04 -2.17 0.09 0.070 0.94 0.23 1.64 0.010
Sex Male
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Weight change (N=1,811) HbA1c change (N=1,696)
95% Cl | 95% Cl 95% Cl | 95% Cl
Coefficient | lower upper P value Coefficient lower upper | Pvalue
Female -0.42 -0.87 0.04 0.072 0.05 -0.23 0.34 0.706
Indeterminate -4.67 | -14.26 4.93 0.340 1.58 -4.21 7.37 0.593
Ethnicity White
Mixed 0.50 -0.91 1.91 0.488 -0.19 -1.02 0.64 0.654
Asian 0.83 0.00 1.65 0.050 0.29 -0.18 0.77 0.229
black 1.81 0.55 3.07 0.005 1.04 0.32 1.77 0.005
other 1.36 -1.87 4.58 0.410 1.34 -0.61 3.28 0.179
Highest education level No Qualifications
School leaver -0.41 -1.15 0.34 0.282 -0.35 -0.81 0.12 0.142
Degree level -0.83 -1.61 -0.05 0.036 -0.45 -0.94 0.03 0.068
Deprivation quintile IMD 1 (most deprived)
IMD 2 0.52 -0.27 1.30 0.195 0.04 -0.43 0.52 0.853
IMD 3 0.39 -0.41 1.19 0.342 0.17 -0.32 0.66 0.497
IMD 4 -0.33 -1.13 0.46 0.415 0.15 -0.33 0.63 0.544
IMD 5 (least deprived) 0.42 -0.43 1.27 0.331 -0.25 -0.77 0.27 0.345

Rural/urban

Mainly rural
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Weight change (N=1,811) HbA1c change (N=1,696)
95% Cl | 95% Cl 95% Cl | 95% Cl
Coefficient | lower upper P value Coefficient lower upper | Pvalue
Largely rural 0.82 0.01 1.63 0.048 0.67 0.15 1.19 0.012
Urban with significant rural 0.15 -0.83 1.13 0.764 0.66 0.03 1.29 0.039
Urban with city and town 1.18 0.19 217 0.020 0.55 -0.07 1.18 0.080
Urban with major and conurbation 1.22 0.32 212 0.008 0.32 -0.24 0.88 0.266
BMI grouping Healthy
Overweight -0.62 -1.42 0.18 0.129 0.27 -0.20 0.75 0.259
Obese -0.59 -1.52 0.34 0.214 0.41 -0.06 0.87 0.086
constant 0.83 -1.11 2.77 0.402 -1.13 -2.35 0.09 0.069

*Provider and Location not included due to multicollinearity
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