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Abstract

Aims: To assess weight change in the Healthier You: NHS Diabetes Prevention
Programme (NHS DPP) delivered via video conferencing (remote) sessions or deliv-
ered via specific digital interventions through apps or websites, during the COVID-19
pandemic compared to group-based face-to-face interventions, pre-pandemic.
Methods: Prospectively collected national service-level data relating to individu-
als with non-diabetic hyperglycaemia (HbA,, 42-47mmol/mol (6.0%-6.4%) or
fasting plasma glucose 5.5-6.9 mmol/L) referred to the NHS DPP from June 2016
to March 2022.

Results: Between March 2020 and March 2022, 335,961 people were referred
to the programme and were offered a choice of remote or digital intervention.
This was preceded by 556,793 people referred to the face-to-face programme be-
tween June 2016 and February 2022. Uptakes to intervention sessions were 47%
for those offered a choice and 39% for face-to-face. Remote and digital partici-
pants were significantly younger (60 and 56 vs. 65years) and heavier (86.1 kg and
91.0 kg vs. 84.1 kg) compared to face-to-face. Weight change was assessed for
42,407 remote, 7699 digital and 97,205 face-to-face participants with sufficient
time to have finished the programme and no missing data. Mean weight losses
for participants attending at least one intervention session were: 2.40 (2.36-2.44)
kg, 2.59 (2.49-2.68) kg and 2.01 (1.98-2.04) kg for remote, digital and face-to-
face participants respectively. Corresponding mean weight losses for those who
completed the programme were: 3.24 (3.19-3.30) kg, 4.76 (4.60-4.92) kg and 3.04
(3.00-3.07) kg. There were no significant differences in weight change between
interventions by ethnicity and deprivation.

Conclusions: Weight losses achieved through remote and digital interventions
were greater than those previously achieved through face-to-face interventions,

without evidence of exacerbation of health inequalities.
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KEYWORD

Prevention of type 2 diabetes

1 | INTRODUCTION

In 2016, the National Health Service (NHS) in England
established The Healthier You: NHS Diabetes Prevention
Programme (NHS DPP), achieving universal population
coverage 2years later.' The NHS DPP was developed to
prevent or delay the onset of type 2 diabetes in adults
identified with non-diabetic hyperglycaemia (NDH, also
termed prediabetes) (HbA,. 42-47mmol/mol (6.0%-
6.4%) or fasting plasma glucose (FPG) 5.5-6.9 mmol/L),
through group-based face-to-face structured lifestyle in-
terventions. Early analyses found that people completing
the programme had a mean weight loss of 3.3 (95% CI:
3.2-3.4) kg.' Recently, an independent evaluation of the
programme has suggested a 3.7% absolute risk reduction
in type 2 diabetes incidence in those that completed the
programme compared to those that attended the initial as-
sessment but did not complete.”

In 2017, the NHS in England commissioned a pilot
digital diabetes prevention programme. The digital pro-
gramme offered similar support, assistance and guidance
as the face-to-face programme but through the use of dig-
ital platforms that include mobile apps which allow users
to access health coaches, online peer support groups,
wearable technologies that monitor levels of exercise,
and the ability to set and monitor goals electronically.
The pilot demonstrated that weight loss and reduction in
HbA, . were comparable to those achieved through group-
based face-to-face programme delivery.’

On the 16 March 2020, the UK prime minister an-
nounced that all non-essential contact and travel must stop.
This was followed by the announcement of the first UK na-
tional lockdown on the 23 March 2020. Discussions were
immediately held with the providers and commitments
were gained to move to remote delivery via video confer-
encing and digital interventions through apps or websites.
Contract Variation Orders were issued to formally allow
remote and digital delivery using the same service speci-
fication as in-person delivery. While this change presented
significant logistical and operational challenges for provid-
ers, remote and digital delivery was in place and being de-
livered within 3 weeks of the initial announcement.

Using data up to March 2022, we aimed to assess weight
change and programme completion for participants who
accessed remote or digital interventions in the NHS DPP
following pandemic onset, compared to the same out-
comes achieved by participants accessing face-to-face in-
terventions in the NHS DPP prior to the pandemic.

What's new?

« While several clinical trials have demonstrated
the effectiveness of remotely administered life-
style interventions to prevent type 2 diabetes in
those at risk, there are few reports of these in-
terventions implemented at scale in real-world
settings.

« During the COVID-19 pandemic, weight losses
for remote and digital interventions were greater
than previously achieved through group-based
face-to-face interventions and were greater for
digital than for remote interventions. Remote
and digital interventions attracted younger
participants with higher baseline weights than
face-to-face, with no exacerbation of health
inequalities.

« The effectiveness of remotely administered
lifestyle interventions demonstrated in clinical
trials can be realized through delivery in real-
world settings and at scale.

2 | METHODS

2.1 | Study design and intervention

This was a service evaluation in England evaluating the
effectiveness of remote and digital interventions in the
NHS DPP following onset of the COVID-19 pandemic
in comparison to face-to-face delivery prior to pandemic
onset, using prospectively collected national service-level
data relating to those referred from programme launch in
June 2016 to March 2022.

Face-to-face intervention sessions were offered to
adults with NDH between June 2016 and February 2020.
The service was delivered according to a national service
specification by one of five service providers selected
through a national competitive process. Each provider fol-
lowed the same broad structure of an initial assessment,
core sessions and maintenance sessions, with a minimum
total of 13 face-to-face group-based sessions, over at least
9 months, constituting at least 16 h contact time.'*

From March 2020, in response to the social distancing
requirements of the COVID-19 pandemic, programme
delivery across the whole country switched to partici-
pants being offered a choice between remote group-based
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intervention sessions and digital intervention sessions.
Remote intervention sessions mirrored the face-to-face
group-based dynamic and were delivered via video-
conferencing such as Zoom or Microsoft Teams, whereas
digital interventions were delivered to an individual
through apps or websites. Digital interventions con-
sisted of nine engagement periods, each lasting 30days
(270days in total), in addition to digital registration.
Engagement was defined as a minimum of two episodes
of active engagement within at least one of six categories
of engagement in each 30-day period; communication
with a health coach, accessing educational content, log-
ging information against goals, peer support forum, use
of interactive tools and time spent in the app (Data S1).
Weights were recorded at registration, at 90 days, 180 days
and at the end of the digital intervention. Weights were
assigned to subsequent sessions until another weight was
available.

2.2 | Data source

The NHS DPP minimum dataset was used to identify all
those with NDH referred to the NHS DPP between June
2016 and March 2022. Age, sex and postcode are recorded
at the point of referral. Ethnicity, weight and height are
recorded at initial assessment. Between June 2016 and
February 2020 for those on face-to-face interventions,
body weight and height were independently recorded by
coaches employed by the provider in light indoor cloth-
ing at each intervention session using class 3 scales, while
from March 2020, for those on digital and remote inter-
ventions, they were self-reported. All remote and digital
participants were given guidance by providers on correct
self-measurement of weight. This included using the same
scales for each measurement taken, taking measurements
at the same time of day, and taking care to be consistent
with clothing. Weight measurements between 35kg and
300kg were considered valid.

2.3 | Participants

We analysed data from three groups of participants based
on starting date in the programme: participants who at-
tended at least one remote intervention session between
March 2020 and March 2022 (remote); participants who
engaged with at least one digital intervention session
between March 2020 and March 2022 (digital) and par-
ticipants who attended their first face-to-face interven-
tion session between June 2016 and February 2019 (F2F).
Participants who attended a first face-to-face interven-
tion session between March 2019 and February 2020,
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with insufficient time to finish the face-to-face interven-
tion prior to pandemic onset, were excluded from the
F2F group. These people were offered the opportunity to
complete the programme remotely but were also excluded
from the remote group analysed here. Due to data qual-
ity issues identified, data from one provider were not in-
cluded in these analyses.

2.4 | Outcomes

The primary outcome was change in weight for all par-
ticipants who attended at least one intervention session,
who had sufficient time to finish the programme and for
whom there were no missing data for age, sex, ethnicity,
deprivation, height and weight. Secondary outcomes were
“completion” of the programme, defined as attendance
or engagement of at least 60% of sessions, and completer
weight change in this sub-group. Completion rates were
calculated with the number of people who had attended
at least one intervention session as the denominator. For
both primary and secondary outcomes, weight change
was calculated as the difference in weight between the
first and last sessions attended for all participants who
by 31st March 2022 had had time to finish the 9-month
programme. The baseline measurement was defined as
the weight measured at the first intervention session at-
tended. Weight change greater than five standard devia-
tions from the mean was deemed erroneous and recorded
as missing.

2.5 | Covariates

Individual factors (age, sex, ethnicity, socioeconomic
status, baseline BMI, weight and number of sessions at-
tended) and programme factors (provider) were identi-
fied as potential outcome moderators. Sex was recorded
as male, female or indeterminate. Participants were
grouped into 10-year age-bands and self-reported ethnic-
ity as white, Asian, black, mixed or other. Socioeconomic
status was measured using quintiles of Index of Multiple
Deprivation associated with the Lower Super Output
Area derived from participant postcode.> All variables
also include an unknown category where either the
participant declined to give the relevant information,
or a value was not recorded. BMI was calculated and
participants were classified as healthy-weight/under-
weight, overweight or obese, defined according to their
reported ethnicity, or if their ethnicity was not known
or not recorded, according to the white ethnicity group
in-line with the National Institute for Heath and Care
Excellence guidelines.®
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2.6 | Statistical analyses

Linear regression models were used to identify factors
associated with change in weight with adjustment made
for age, sex, ethnicity, baseline BMI grouping, quintile of
deprivation, Provider and baseline weight measurements.
Logistic regression models were used to identify char-
acteristics associated with programme completion with
adjustment made for age, sex, ethnicity, baseline BMI
grouping, quintile of deprivation and Provider. Separate
linear and logistic regression models were run by inter-
vention type (F2F, remote and digital). Differences be-
tween these models were assessed using non-overlapping
confidence intervals.

Statistical significance was defined as p-value <0.05
and confidence intervals (CI) were set at 95%. All data
were analysed using Stata version 16.

2.7 | Data access

This service evaluation involves assessment of an-
onymized data collected during routine service delivery;
NHS England has published an information governance
framework setting out the legal basis for data collection
and data flows, ensuring that the service and its evalu-
ation are delivered in compliance with data protection
legislation.’

3 | RESULTS
Between June 2016 and March 2022, 892,754 people with
NDH were referred into the programme and of those,
473,396 (53%) attended an initial assessment and 373,898
(42%) attended at least one intervention session. With pro-
gramme duration at least 9 months, there were 297,684
participants who had attended at least one intervention
session and who also had sufficient time to finish the
programme before data was extracted. Among these par-
ticipants, 156,902 (53%) attended at least 60% of sessions.
Data S2 outlines the number of participants at each stage
in the programme. Characteristics of participants at each
stage in the programme are shown in Table 1. At each
stage in the programme, there was a greater loss of people
aged under 60years and from the most deprived quintile
(Table 1).

Of those referred, 335,961 (38%) were offered a choice
of a remote or digital intervention between March 2020
and March 2022 and 556,793 (62%) were offered a F2F
intervention between June 2016 and February 2020, with
characteristics of people referred similar between referral
offers (Data S3). Uptakes to the intervention sessions were

47% for those offered a choice of a remote or digital inter-
vention and 39% for F2F. For people offered the remote
or digital intervention, uptake was higher in those aged
30-69years, while uptake for people offered the F2F inter-
vention was higher in older people (Data S4).

Of those that attended at least one intervention session:
131,100 (35%) attended remote sessions, 26,169 (7%) ac-
cessed digital sessions and 119,367 (32%) attended F2F ses-
sions. The remaining 97,262 (26%) participants attended
a first F2F intervention session between March 2019 and
February 2020 with insufficient time to finish the F2F
intervention prior to pandemic onset. These participants
were excluded from further analyses. Characteristics of
participants who accessed remote, digital and F2F are
shown in Table 2: the remote participants and the digi-
tal participants were younger than those in the F2F group
with mean ages (SD) of 60 (13), 56 (13) and 65 (12) years
respectively. Valid weights at baseline were recorded for
71% of remote participants, 89% of digital participants and
96% of F2F participants. The mean baseline weight for re-
mote participants was 86.1 kg, and for digital participants
was 91.0 kg, both significantly heavier than the mean
baseline weight for F2F participants which was 84.1 kg.
After adjustment for differences in age, sex, ethnicity and
deprivation, the mean baseline weight for remote partici-
pants was 0.32 (0.15-0.49) kg, p = 0.0002 greater than the
mean baseline weight for F2F participants while the mean
baseline weight for digital participants was 2.76 (2.49-
3.01) kg, p <0.0001 greater.

Completion and weight change were assessed for par-
ticipants with sufficient time to have finished the pro-
gramme, with no missing or unknown data for age, sex,
ethnicity, deprivation, height and weight, of which there
were 42,407 (52%) remote participants, 7699 (55%) dig-
ital participants and 97,205 (81%) F2F participants. Full
details of missing data can be found in Data S5. Data on
weight were missing at the first or last session attended for
43% of remote participants, 43% of digital participants and
10% of F2F participants. F2F and remote participants with
higher baseline weights were less likely to record an end
weight at their last session attended (Data S6).

Of those with no missing data, 62% of remote partici-
pants and 48% of digital participants completed the pro-
gramme compared to 53% of F2F participants. The number
of sessions attended is shown in Data S7. Univariate
analyses of completion of the programme are shown in
Data S8. Logistic regression analysis showed that after ad-
justment, remote participants had 1.47 (95% CI:1.43-1.51,
p <0.001) odds of completing the programme and digi-
tal participants had 0.81 (0.77-0.85, p <0.001) odds of
completing the programme compared to F2F participants
(Data S9). For remote participants, odds ratios (OR) for
completing the programme for Asian, black, mixed and
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TABLE 1 Characteristics of participants at each stage in the programme between June 2016 and March 2022

Attended initial
Referrals assessment

Overall 892,754 (100%) 473,396 (100%)
18-29 10,973 (1%) 4524 (1%)
30-39 46,329 (5%) 21,250 (4%)
40-49 112,562 (13%) 52,768 (11%)
50-59 201,809 (23%) 102,361 (22%)
60-69 233,429 (26%) 133,343 (28%)
70-79 211,556 (24%) 122,780 (26%)
80+ 75,892 (9%) 36,347 (8%)
Unknown 204 (0%) 23 (0%)
Male 406,414 (46%) 211,915 (45%)
Female 478,282 (54%) 260,404 (55%)
Unknown/ 8058 (1%) 1077 (0%)

indeterminate
Asian N/a 59,189 (13%)
Black N/a 34,778 (7%)
Mixed N/a 8656 (2%)
Other N/a 7453 (2%)
White N/a 334,613 (71%)
Unknown N/a 28,707 (6%)
IMD 1 (most 182,410 (20%) 85,391 (18%)

deprived)
IMD 2 186,879 (21%) 93,415 (20%)
IMD 3 179,764 (20%) 96,610 (20%)
IMD 4 172,190 (19%) 97,673 (21%)
IMD 5 (least 169,230 (19%) 99,545 (21%)

deprived)
Unknown 2281 (0%) 762 (0%)

Attended at least

one intervention
Attended at least session and had time
one intervention to have finished the Completed the
session programme programme
373,898 (100%) 297,684 (100%) 156,902 (100%)
ok 2297 (1%) 601 (0%)
15,921 (4%) 11,704 (4%) 3945 (3%)

40,292 (11%)
80,091 (21%)
108,320 (29%)
98,947 (26%)
27,048 (7%)
o

166,250 (44%)
206,960 (55%)
638 (0%)

45,748 (12%)
28,054 (8%)
6907 (2%)
5508 (1%)
267,392 (72%)
20,289 (5%)
62,458 (17%)

71,263 (19%)
76,692 (21%)
79,631 (21%)
83,466 (22%)

388 (0%)

30,431 (10%)
62,206 (21%)
87,490 (29%)
81,017 (27%)
22,539 (8%)

0 (0%)
132,710 (45%)
164,336 (55%)
638 (0%)

35,640 (12%)
21,132 (7%)
5353 (2%)
4504 (2%)
214,043 (72%)
17,012 (6%)
49,309 (17%)

56,297 (19%)
60,911 (20%)
63,474 (21%)
67,339 (23%)

354 (0%)

12,182 (8%)
30,321 (19%)
50,891 (32%)
48,030 (31%)
10,932 (7%)
0 (0%)
69,988 (45%)
86,544 (55%)
370 (0%)

15,538 (10%)
10,944 (7%)
2588 (2%)
2016 (1%)
118,471 (76%)
7345 (5%)
20,658 (13%)

27,890 (18%)
33,005 (21%)
35,836 (23%)
39,311 (25%)

202 (0%)

**Suppressed due to small numbers

other ethnicities compared to white ethnicity, were higher
than the corresponding ORs for F2F. ORs for remote par-
ticipants aged 80years and over compared to those aged
60-69years and for remote participants from the most
deprived quintile (IMD1) and from IMD 3 compared to
IMD 5 (least deprived) quintile, were lower than the corre-
sponding ORs for F2F (Data S10). For digital participants,
ORs for those of Asian and black ethnicity compared to
white ethnicity, were higher than the corresponding ORs
for F2F while ORs for men compared to women were
lower than the corresponding ORs for F2F participants
(Data S10).

For all participants who attended at least one interven-
tion session with no missing data and sufficient time to fin-
ish the programme, the mean baseline weight was 85.5 kg

for remote participants, 91.9 kg for digital participants and
83.9 kg for F2F participants with mean weight changes of
—2.40 (—2.44 to —2.36) kg for remote participants, —2.59
(—2.68 to —2.49) kg for digital participants and —2.01
(—2.04 to —1.98) kg for F2F participants (Table 3). Those
who attended more sessions lost more weight (Figure 1).
Linear regression analysis showed that after adjustment,
remote participants lost 0.32 (0.28-0.36) kg, p <0.001
more weight and digital participants lost 1.19 (1.11-1.28)
kg more weight than F2F participants (Data S11). For re-
mote participants, the difference in weight loss for those
aged 18-29years compared to those aged 60-69 years and
the differences in weight loss for those who were over-
weight or obese compared to those of normal weight,
were greater than the corresponding differences for F2F
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FIGURE 1 Mean weight change by number of sessions
attended (face-to-face) or remotely accessed (remote and digital)
for those with no missing data and who had time to finish the
programme by March 2022

participants. The difference in weight loss between men
and women was smaller than for F2F (Data S12). For digi-
tal participants, the difference in weight loss between men
and women and the differences in weight loss for those
who were overweight or obese compared to those of nor-
mal weight were greater than for F2F (Data S12).

The mean baseline weights for those who completed
the programme and with no missing data were 84.6 kg for
remote participants, 86.8 kg for digital participants and
82.8 kg for F2F participants, significantly lower than the
mean baseline weights for all participants who had at-
tended at least one intervention session, with no missing
weight data who had time to finish the programme. This
difference was particularly marked for digital participants
(—5.1 kg). Mean weight changes were —3.24 (—3.30 to
—3.19) kg for remote participants, —4.76 (—4.92 to —4.60)
kg for digital participants and —3.04 (—3.07 to —3.00) kg
for F2F participants. Linear regression analysis showed
that after adjustment, remote participants lost 0.31 (0.25-
0.37) kg, p <0.001 more weight, and digital participants
lost 2.26 (2.11-2.41) kg more weight than F2F partici-
pants (Data S13). For remote participants, the difference
in weight loss between those aged 18-29years compared
to those aged 60-69 years and the differences in weight
loss for those who were overweight or obese compared to
those of normal weight was greater than the correspond-
ing differences for F2F participants. The difference in
weight loss between men and women was smaller than
for F2F (Data S14). For digital participants, the difference
in weight loss between those who were obese and those
who were of normal weight was greater than for F2F
(Data S14).

4 | DISCUSSION

To our knowledge, this is the largest cohort reported in-
ternationally of participants accessing interventions re-
motely or digitally following the onset of the COVID-19
pandemic that aim to prevent the onset of type 2 diabetes
in those with NDH. Compared to the weight loss achieved
through accessing group-based face-to-face interventions
in the NHS DPP, the current evaluation has demonstrated
greater weight loss for those accessing remote and digi-
tal interventions following pandemic onset. Furthermore,
weight loss was greater for those accessing digital inter-
ventions than those accessing remote interventions fol-
lowing pandemic onset.

The effectiveness of remote and digital lifestyle inter-
ventions to prevent type 2 diabetes in those at risk has now
been demonstrated by several clinical trials, including
comparisons to usual care and to in-person delivery.* ' A
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recent systematic review of eight clinical trials found that
six of these reported significant reductions in weight and/
or glycaemic parameters in comparison to control groups,
with results comparable to, or in some cases more effec-
tive than, in-person delivery."

By necessity, many routine healthcare interactions
following onset of the COVID-19 pandemic relied on
remote delivery methods to replace in-person delivery.
However, there have been few evaluations assessing the
relative clinical effectiveness and associated outcomes of
remote delivery, compared to the historical effectiveness
and outcomes of in-person delivery. The evaluation pre-
sented here has identified five important patterns. Firstly,
baseline weights were significantly greater following,
compared to prior to, pandemic onset, confirming the
results we demonstrated previously.'> However, it is not
clear whether the increase in baseline weight reflects an
increase in weight in the general population, or a change
in the population entering the programme. Others have
also examined the impact of the pandemic on weight.'*™¢
In a study of 11,534 attendees at a US medical facility in
Massachusetts, there was an increase in weight among
women (+0-51kg), but a decrease in men (—0-81kg),
with the highest risk of weight gain among people under
40years."* A study of 2447 individuals in Lithuania found
that nearly a third (32%) gained weight during lockdown
with nearly half (49%) eating more than usual and two
thirds (61%) reporting a decrease in physical activity.'®

Secondly, remote delivery following pandemic onset
was associated with greater completion rates, whereas dig-
ital delivery was associated with lower completion rates.
However, differences in completion rates may relate to
factors other than mode of intervention delivery, includ-
ing changes in working patterns and lifestyle behaviours
that were disrupted during the pandemic.

Thirdly, the mean weight of people choosing digi-
tal interventions was higher than those in the other two
groups. We speculate that this may be a reflection of the
weight stigma associated with obesity, which may lead
people with more severe obesity to avoid group-based en-
vironments or that people with more severe obesity may
perceive an individual digital offer as more personalised
to their needs than a group programme.'” The potential
increase in body weight during the pandemic, may have
led to an increase in people choosing digital. However,
heavier participants were also less likely to complete the
programme.

Fourthly, digital delivery attracted younger partici-
pants than the traditional group-based face-to-face ap-
proach, as we have previously observed in the pilot digital
stream of the NHS DPP.'® We are now also able to report
that group-based remote delivery is also more attractive

DIABETIC B

to younger participants compared to a traditional group-
based face-to-face approach, though the differences were
smaller. This finding is important to help boost uptake of
interventions among working age people particularly in
view of the burgeoning numbers in England with young-
onset Type 2 diabetes.'**

Fifthly, despite concerns of a digital divide, there was
little evidence that remote and digital delivery were asso-
ciated with exacerbation of health inequalities compared
to the traditional group-based face-to-face approach.?*
While those of greater socioeconomic deprivation and
black, Asian, mixed and other ethnicities are appropri-
ately represented in those referred,'® we have previously
described progressively greater attrition through the face-
to-face programme of these groups.' This disparity was
also apparent in this study where the OR for completion
for Asian groups was 24% lower than white groups, and
where Asian and black groups lost less weight than those
of white ethnicity. Remote delivery, however, was asso-
ciated with improved retention of those of Asian, Black,
mixed and other ethnicities. In addition, there has been
a new round of provider procurement with a new specifi-
cation requiring providers to offer a tailored service for all
individuals from an Asian background who require spe-
cific cultural/language tailoring.

A major strength of this study is that it represents data
from a large national population cohort of people at risk
of type 2 diabetes. However, there are also some limita-
tions. Real-world data have been used to compare modes
of interventional delivery. As such, there was no rando-
misation in intervention group allocation. Furthermore,
interventional delivery for the comparator group was not
contemporaneous and had preceded pandemic onset;
there was a reliance on self-reported weights following
pandemic onset and there is a tendency to under-report
weight with self-reported measurements.”® In addition,
there were substantial missing weight data following pan-
demic onset, which might have had an effect on the esti-
mation of weight difference, and participants with higher
baseline weights were less likely to record an end weight
at their last session attended, so that the pattern of missing
weight data may have led to an underestimation of weight
loss following pandemic onset. Future analyses, however,
will assess weight, and HbA,, longitudinally using data
from the National Diabetes Audit.

The findings of this service evaluation provide reassur-
ance that the clinical effectiveness of remote and digital
interventions in the NHS DPP offered during the pan-
demic has maintained, or perhaps enhanced, the weight
loss observed in face-to-face interventions before the pan-
demic, with no evidence of adverse impacts on health
inequalities.
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