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Summary
Background The NHS Diabetes Prevention Programme (DPP) is the first nationwide type 2 diabetes prevention pro-
gramme targeting people with prediabetes. It was rolled out across England from 2016 in three waves. We evaluate
the population level impact of the NHS DPP on incidence rates of type 2 diabetes.

Methods We use data from the National Diabetes Audit, which records all individuals across England who have
been diagnosed with type 2 diabetes by 2019. We use difference-in-differences regression models to estimate the
impact of the phased introduction of the DPP on type 2 diabetes incidence. We compare patients registered with the
3,282 general practices enrolled from 2016 (wave 1) and the 1,610 practices enrolled from 2017 (wave 2) to those reg-
istered with the 1,584 practices enrolled from 2018 (final wave).

Findings Incidence rates of type 2 diabetes in wave 1 practices in 2018 and 2019 were significantly lower than would have
been expected in the absence of the DPP (difference-in-differences Incident Rate Ratio (IRR) = 0¢938 (95% CI 0¢905 to
0¢972)). Incidence rates were also significantly lower than expected for wave 2 practices in 2019 (difference-in-differences
IRR = 0¢927 (95% CI 0¢885 to 0¢972)). These results remained consistent across several robustness checks.

Interpretation Introduction of the NHS DPP reduced population incidence of type 2 diabetes. Longer follow-up is
required to explore whether these effects are maintained or if diabetes onset is delayed.

Funding This research was funded by the National Institute for Health and Care Research (Health Services and
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Introduction possible for these individuals to progress to type 2 diabetes
Diabetes prevalence is increasing internationally, and
the most recent Global Burden of Disease Study esti-
mates that conditions associated with high fasting
plasma glucose (including diabetes) are now the sixth
leading cause of disability worldwide.1

Before developing type 2 diabetes, many individuals first
develop non-diabetic hyperglycaemia or ‘prediabetes’, char-
acterised by elevated blood glucose levels that are below the
threshold of type 2 diabetes, but above normal ranges. It is
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or return to normal blood glucose levels. It is estimated that
11% of individuals with obesity and non-diabetic hypergly-
caemia will progress to type 2 diabetes annually,2 and a
study amongst adults in the United Kingdom has estimated
conversion rates of 7% within the first year.3

There are genetic risk factors associated with develop-
ing type 2 diabetes, such as a family history of the disease
and being from South-Asian, African-Caribbean or Black
African descent. Several sociodemographic factors have
been associated with higher rates of conversion; socio-eco-
nomic disadvantage, economic inactivity or limiting long-
standing illness.4 There is therefore considerable interest
in attempting to prevent this progression.5,6
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Research in context

Evidence before this study

A large literature exists evaluating the use of lifestyle
interventions to prevent or delay the onset of type 2
diabetes amongst individuals with prediabetes, as well
as several systematic reviews and meta-analyses of
these studies. One such review, by Barry et al. published
in the BMJ in 2017, identified 50 trials evaluating inter-
ventions aiming to prevent diabetes amongst a predia-
betic population. A meta-analysis of these studies
showed that lifestyle interventions were able to reduce
the relative risk of developing diabetes by 31% (95% CI
15% to 44%), on the condition that the intervention
lasted between 6 months and 2 years. This review cited
the need for future research to focus on pragmatic eval-
uations of prediabetes interventions, beyond analyses
conducted alongside clinical trials.

Another review by Schellenberg et al. published in
2013 in the Annals of Internal Medicine noted that most of
the trials evaluating diabetes prevention assessed second-
ary outcomes (such as weight change, blood pressure, and
lipids) instead of focusing on diabetes conversion.

Added value of this study

The national implementation of the NHS Diabetes Pre-
vention Programme meant that individuals not partici-
pating in the programme may have nevertheless been
affected, for example through increased identification
and diagnosis of prediabetes. This is the first study to
evaluate the impact of the programme for the entire
population, not just the programme participants, within
a real world setting. Up until now, studies have focused
on the individual level effect of prevention pro-
grammes, focusing on highly selected individuals often
within trial settings.

Our findings will be of use to other countries who
have yet to introduce such prevention programmes or
those looking to recommission such programmes.

Implications of all the available evidence

Our study suggests that the NHS Diabetes Prevention
Programme has reduced rates of type 2 diabetes inci-
dence at the population level. This shows that diabetes
prevention delivered on a national scale can produce
results, aligning with existing evidence from trials
regarding the effectiveness of the underpinning behav-
iour change interventions.

Future research is needed to identify whether this
impact is maintained and thus whether type 2 diabetes
has been prevented completely or delayed.
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Prevalence of type 2 diabetes has more than doubled
in the United Kingdom between 2000 and 2013, from
2¢4 to 5¢3% of the general population.7 In an effort to
combat this rising trend, the NHS Diabetes Prevention
Programme (DPP) was introduced across England.8

The DPP is a group-based lifestyle change programme
focusing on nutrition, physical activity and weight loss
(see next section for a detailed description of the pro-
gramme). There is evidence from randomised trials,9,10

implementation studies11 and systematic reviews12,13

that diabetes prevention strategies similar to those used
in the NHS DPP are effective at an individual level for
those who participate. Evidence from the NHS DPP
itself has shown that completion of the programme is
associated with an average weight loss of 3.6kg (95% CI
-3¢6 to -3¢514 and a reduction in glycated haemoglobin
(HbA1c) of 2¢04 mmol/mol (95% CI -2¢12 to -1.96).15

However, it is not yet known whether mass roll-out
of these prevention programmes has had an impact on
population trends of type 2 diabetes incidence. For
example, it is unclear whether the results observed at
the ‘individual’ level can be scaled. The effects found in
previous research studies (such as trials) focus on select
individuals.16 As such, the effectiveness may be overesti-
mated compared to what is achievable in a real-world
setting, where individuals are ‘unselected’ and treat-
ments are given outside a controlled context. Secondly,
to have an impact on population trends, not only does
the programme need to be effective but it also needs to
have considerable reach, with access to a significant pro-
portion of those at high-risk of developing diabetes.

It is also possible that individual level studies may
fail to capture the wider effects of the programme. For
example, the programme may prompt increased identi-
fication of individuals with prediabetes. Indeed, receipt
of a prediabetes diagnosis may itself trigger behaviour
change in individuals,17 and primary care professionals
may subsequently work with these patients to reduce
their risks in other ways if they do not wish to partici-
pate in the DPP. It is therefore important to assess the
effectiveness of the programme amongst all individuals
at-risk of developing type 2 diabetes, not just those who
participate in the programme.

Therefore, evaluating the effects of a nationwide pro-
gramme requires a real-world evaluation, beyond the
randomised controlled studies previously conducted.
The large scale implementation across England, com-
bined with a detailed understanding of how the pro-
gramme was introduced in practice and the availability
of national datasets, provides a unique opportunity to
measure the impact of the DPP on population health
trends. We use difference-in-differences techniques to
estimate the impact of the DPP on incidence rates of
type 2 diabetes, exploiting the gradual rollout of the pro-
gramme to compare to a control group in a period
before they were affected by the DPP.
Methods

NHS Diabetes Prevention Programme
The DPP is a nationwide programme, targeting adults
across England at high-risk of developing type 2
www.thelancet.com Vol 19 Month August, 2022
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diabetes with the aim of preventing progression to dia-
betes. The programme is jointly led by NHS England,
Public Health England and Diabetes UK, but is deliv-
ered by private providers selected via a national, compet-
itive procurement process.

Prior to delivery, NHS England conducted a DPP
impact assessment, which estimated that in a cohort of
390,000 DPP participants, a potential 14,000 to 21,000
cases of diabetes could be prevented or delayed within
the first 5 years of the programme.18

The DPP was rolled out across England from 1st
June 2016 in three waves, with approximately 50% of
English general practices enrolled in the first wave. A
further 25% enrolled in the second wave starting from
1st April 2017, and from 1st April 2018 the DPP was
available nationwide. The DPP has since undergone
changes through new ‘frameworks’, including addi-
tional commercial providers and the provision of a digi-
tal option. Our analysis examines the first framework,
before such changes were introduced (June 2016 to
March 2020).

For participating individuals, the DPP involves
attending at least 13 group-based behaviour change ses-
sions which incorporate structured education on nutri-
tion, physical activity and weight loss.19 The
programme usually takes 9−12 months for an individ-
ual to complete.

Access to the programme follows a set pathway.
Adults 18 years and over are eligible if a recent blood
test shows a concentration of HbA1c within the range of
42−47 mmol/mol (6¢0−6¢4%) or fasting plasma glu-
cose (FPG) level of 5¢5−6¢9 mmol/L.20 Individuals are
usually identified in general practice during an NHS
Health Check, opportunistically during a consultation,
or via searches of general practice records where letters
may be sent to patients inviting them to self-refer.21 For
practitioners to make a referral they need to gain patient
consent to pass their details onto the local DPP provider,
who then arranges an initial assessment to confirm eli-
gibility. Individuals then start the programme, depen-
dent on course availability and other individual factors
such as the proximity of the course location and time of
day that the course runs.

By April 2020, DPP providers had received 513,312
referrals, of which 271,208 (52¢8% of total referrals) had
attended an initial assessment and 101,175 (19¢7% of
total referrals) had attended at least 60% of the pro-
gramme’s sessions.
Data
We used data from multiple sources to create a practice
level dataset containing counts of the number of new
type 2 diabetes cases identified per year (our outcome of
interest), in addition to practice and population charac-
teristics which we control for in our analyses.
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National Diabetes Audit
We used pseudo-anonymised data from the core diabe-
tes module of the National Diabetes Audit.22

This data was obtained via an application to NHS
Digital, which required approval by their Independent
Group Advising on the Release of Data (IGARD). We
also received ethical approval from the North West -
Greater Manchester East Research Ethics Committee
(REC reference 17/NW/0426).

Our data extract from the core diabetes module only
covered individuals diagnosed with type 2 diabetes.
Individuals diagnosed with other types of diabetes, such
as type 1 and gestational diabetes, were not included in
the data we examine. Diagnosis was determined by the
presence of Read codes within an individual’s primary
care record.22 Individuals are included in the audit
extract if a Read code indicating a diagnosis of type 2
diabetes is present in their healthcare records by the
final date of the audit period.

We used three data extracts from the core diabetes
module covering: 1st April 2017 − 31st March 2018, 1st
January 2018 − 31st March 2019, and 1st January 2019
− 31st March 2020. These extracts contain information
from individuals’ healthcare records. This includes
information recorded during the audit period such as
weight and HbA1c readings, as well as historic data
such as the calendar year an individual was first diag-
nosed with type 2 diabetes (which may have occurred
prior to the audit extract dates). This allowed us to calcu-
late annual rates of type 2 diabetes incidence retrospec-
tively in addition to incidence rates observed during the
audit periods.

We compiled a list of the unique general practices
with which individuals within the National Diabetes
Audit were registered. For each practice, we then pro-
duced practice level counts of the number of new diag-
noses of type 2 diabetes for each full calendar year from
2010 to 2019. We excluded from these counts individu-
als for whom the year of diagnosis or general practice
with which they were registered was missing (1¢8% of
total records).

The National Diabetes Audit covered 99¢3% of prac-
tices in England in 2019/20.23
Characteristics of the practice population
We obtained data on the number of people registered
with each practice on the 1st April of each year from
2010 to 2019, from data published by NHS Digital.
Using this information and the National Diabetes Audit
data on the number of people diagnosed with type 2 dia-
betes each year, we calculated the number of people eligi-
ble to benefit from the DPP, that is: the number of
patients over 15 years of age registered with each practice
who were not already diagnosed with type 2 diabetes.

We also obtained the following practice population
characteristics: age distribution, ethnicity and socio-
3



Articles

4

economic deprivation. Details of how these were derived
and the sources of data are provided in Supplementary
Material.
General practice characteristics
NHS England provided data on when practices first
began to participate in the DPP. We assigned all practi-
ces to one of three groups: those enrolled in wave 1
(which started on 1st June 2016); wave 2 (which started
1st April 2017); or the final wave (which started from 1st
April 2018).

We collated data on practice characteristics based on
our previous analysis of practice referral activity.24 Char-
acteristics included: the practice’s contract type; whether
the practice could dispense as well as prescribe; whether
the practice was located in an urban or rural area; total
payments received per registered patient weighted for
need by the Carr-Hill capitation formula;25 whether the
practice received additional income than was recom-
mended by the capitation formula through the Mini-
mum Practice Income Guarantee (MPIG); and the first
quality rating that the practice received from the
national regulator, the Care Quality Commission.

We also obtained data on practices’ diabetes manage-
ment from the Quality and Outcomes Framework
(QOF). We include scores for: percentage of QOF points
awarded for diabetes management; and percentage of
registered patients with diabetes who were ‘exception
reported’.

The data sources for these practice characteristics are
described in Table S1 in the Supplementary Material.
Analysis sample
From the set of general practices included in the National
Diabetes Audit (n = 7,413), we excluded practices that did
not maintain a registered population size of over 1,000
patients during the audit periods (n = 534, 7¢2%). We
also excluded any practices that did not contribute to the
National Diabetes Audit in all of the three audit periods
(n = 351, 4¢7%). In order to retain sample size, we used
the missing indicator method and created a ‘missing’ cat-
egory for each categorical variable.26 However, we omit-
ted practices from our sample that were missing data on
the continuous covariates (n = 52, 0¢7%).
Analysis
We first examined the annual rates of type 2 diabetes
incidence by DPP wave descriptively. We calculated
weighted-mean incidence rates in each year for all practi-
ces in each of the three waves, using the size of the at-
risk population in each practice as weights, and pre-
sented these graphically. We used Poisson regression
models to estimate cross-sectional, unadjusted Incidence
Rate Ratios (IRRs) for the average differences between
the waves in each year. These simple descriptive statistics
show how the raw differences in type 2 diabetes inci-
dence rates between the groups changed over time. We
then used a difference-in-differences approach27 to esti-
mate the impact of introducing the DPP on incidence
rates of type 2 diabetes across England.

Difference-in-differences is a commonly used
method for evaluating the impact of health policies in
the absence of randomisation.28 This approach com-
pares outcome trends in a treated group to those in an
unaffected comparison group, using the comparison
group to provide a counterfactual trend that would have
been observed in the absence of treatment. It relies on
the assumption that, in the absence of treatment, the
outcome trends would have been the same in the treated
group as in the comparison group. This is referred to as
the parallel trends assumption, and supporting evidence
for its validity is sought by examining whether the
trends are parallel in the pre-intervention period.

The trend in outcomes of the comparator group is
then used to account for common trends and changes
experienced by both groups during the intervention
period (for example, the general trend over time in type
2 diabetes incidence and any other national changes to
diagnosis and care activity). The difference in outcomes
observed for the treatment group after the intervention
was introduced, over and above the difference in out-
comes for the comparator group over the same period
can then be attributed to the intervention. Difference-
in-differences is a pre-post evaluation design, with the
addition of a control group to account for background
changes in outcomes that occur over time.

We exploit the gradual rollout of the DPP to imple-
ment a difference-in-differences design with staggered
adoption.29 We examine the impact of the DPP on type
2 diabetes incidence rates amongst practices belonging
to waves 1 and 2 of the DPP, using practices belonging
to the final wave as the comparator group. We compare
to the final wave practices during the period before we
would expect that the DPP could have had an impact on
type 2 diabetes incidence in final wave practice popula-
tions. Due to the differential timing of the DPP for each
of the waves, we carry out separate analyses for wave 1
and wave 2 practices, comparing each to final wave prac-
tices in separate models.

We define three time periods for our analyses: pre-
DPP, DPP implementation, and post-DPP introduction.
We treat 2010−2015 as the pre-period, capturing the
trends in type 2 diabetes incidence prior to the introduc-
tion of the DPP in any part of the country. We test for
plausible evidence of whether parallel trends assump-
tion holds by carrying out t-tests of the significance of a
wave and time trend interaction in the pre-period.

We then define an implementation period which
allows for the fact that a practice enrolling in the DPP
will not see an immediate effect on their population’s
type 2 diabetes incidence rates. This is because
www.thelancet.com Vol 19 Month August, 2022
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individuals must first be identified as having prediabe-
tes before they can be offered a referral to the DPP. If
an individual accepts this referral, programme comple-
tion takes a minimum of 9 months from first session
attendance. We allow for a minimum of 19 months after
the introduction of the DPP to practices in a wave before
measuring the incidence of type 2 diabetes.

More specifically, we treat 2016 and 2017 as the
implementation period for practices belonging to wave
1 of the DPP and 2016 to 2018 as the implementation
period for practices belonging to wave 2. We omit this
implementation period from our assessment of out-
comes, and examine the impact of the DPP on inci-
dence of type 2 diabetes during the post-DPP
introduction period. In our main analyses this post
period is 2018-2019 for the comparison of wave 1 practi-
ces to final wave practices, and 2019 for the comparison
of wave 2 practices to the final wave practices.

We estimate the difference-in-differences models
using Poisson regressions with random effects at the
practice level, and present the results in terms of IRRs.
Poisson regression models were used because the
dependent variables of interest (rates of new type 2 dia-
betes) was a non-negative count.

These regressions also included the following prac-
tice covariates, as detailed in the data section: contract

type, dispensing permissions, rural location, total pay-

ments received per registered weighted patient, MPIG

additional income receipt, Care Quality Commission

rating, QOF diabetes management scores. We also

accounted for the following characteristics of the prac-

tice population: age distribution, ethnicity, and socio-

economic deprivation. Further details of the model spec-

ification can be found in the Supplementary Material.
Sensitivity analyses
We conducted a number of additional analyses to inves-
tigate the sensitivity of our results to the assumptions
regarding the timing of the DPP’s effects and the DPP
implementation period.

First, we explored the impact of retaining additional
years within the pre-DPP period rather than treating
them as implementation years which are omitted from
our assessment of outcomes. For wave 1 practices we
examined the inclusion of 2016 in the pre-DPP period,
and then 2016 to 2017. For wave 2 practices we exam-
ined the inclusion of 2016 in the pre-DPP period, then
2016 to 2017, and finally 2016 to 2018.

Second, we varied the assumptions regarding the
period over which the DPP could have had an effect on
type 2 diabetes incidence. This involved retaining addi-
tional years within the post-DPP introduction period
rather than treating them as implementation years
which are omitted from our assessment of outcomes.
For wave 1 practices we examined the inclusion of 2017
in the post-DPP period. For wave 2 practices we
www.thelancet.com Vol 19 Month August, 2022
examined the inclusion of 2018 in the post-DPP period.
In doing so we reduce the time period between the DPP
first becoming available and the point at which we start
to examine any potential impacts of the programme on
type 2 diabetes incidence from the 19 month interval
(used in our main analysis) to 7 months.

Finally, for wave 1 practices we estimate the effect of
the DPP for the years of 2018 and 2019 separately, to
examine whether the magnitude of the impacts varies
over time.

All analyses were conducted in Stata 14.
Role of the funding source
Neither the study sponsor nor the funder had any input
into the study design; in the collection, analysis, and
interpretation of data; in the writing of the report; or in
the decision to submit the paper for publication.
Results

Descriptive statistics
Our sample consisted of 6,476 practices (94¢1% of all
practices in England) covering over 47 million regis-
tered patients that were over 15 years of age. Of these
practices, 3,282 (50¢7%) were wave 1, 1,610 (24¢9%)
wave 2 and 1,584 (24¢5%) final wave practices (Table 1).
A detailed description of the number of practices
excluded and the related reasons is provided in the Sup-
plementary Material.

Wave 1 practices had on average 8,911 registered
patients, wave 2 practices had 9,008 and final wave
practices 8,431 (Table 1). Wave 1 practices had a lower
percentage of White patients (80¢3% compared to
84¢5% in wave 2 and 87¢0% in final wave practices).
Otherwise, the characteristics that may predict differen-
ces in incidence rates appeared broadly similar across
waves.

Rates of new type 2 diabetes per 1,000 eligible
patients were higher amongst the final wave practices
throughout the period, these are shown graphically in
Figures 1 and 2 and descriptively in Table S2 of the Sup-
plementary Material, along with the individual year,
unadjusted Poisson regressions.
Parallel trends assumption
The annual increase in incidence rates was on average
0¢182 cases per 1,000 in final wave practices between
2010 and 2015. During the same period, the trends in
incidence rate were very similar in wave 1 practices (IRR
for interaction of wave 1 with time trend: 1¢001, 95% CI
0¢995 to 1¢007) and slightly lower in wave 2 practices
(IRR for interaction of wave 2 with time trend: 0¢991,
95% CI 0¢984 to 0¢997).
5



Wave of practice enrolment: Wave 1 Wave 2 Final Wave

Practice Characteristics Mean SD Mean SD Mean SD

Registered population 8,911¢8 5,723¢8 9,008¢8 5,396¢0 8,431¢0 5,425¢8
Receiving Minimum Practice Income Guarantee, % 38¢2 36¢1 33¢7
First Care Quality Commission Rating, %

Inadequate 3¢1 2¢3 3¢2
Requires Improvement 14¢1 10¢3 11¢4
Good 78¢2 82¢9 79¢8
Outstanding 4¢3 4¢0 4¢9
Missing 0¢2 0¢4 0¢6

Contract Type, %

Alternative Provider Medical Services 2¢3 2¢0 1¢1
Personal Medical Services 24¢5 29¢8 27¢2
General Medical Services 73¢2 68¢2 71¢7

Dispensing Practice, % 15¢1 12¢9 18¢6
Rural practice, % 15¢5 13¢7 20¢6
Payment per weighted patient, ln(£s) 5¢0 0¢2 5¢0 0¢2 5¢0 0¢2
Quality and Outcomes Framework, %

Clinical points awarded for Diabetes management 92¢2 9¢6 92¢8 9¢4 92¢1 10¢4
Exception reporting rate 11¢4 5¢0 12¢2 5¢2 11¢9 5¢2

Patient Characteristics

Male, % 50¢2 2¢5 50¢1 2¢0 50¢0 2¢0
Ethnicity, %

White 80¢3 22¢9 84¢5 20¢3 87¢0 19¢8
Mixed 1¢6 1¢5 1¢1 1¢1 1¢0 1¢1
Asian 10¢2 15¢6 9¢3 15¢2 7¢5 13¢6
Black 4¢5 7¢1 2¢6 4¢7 2¢3 4¢7
Other 3¢5 4¢5 2¢6 3¢5 2¢3 3¢7

Index of Multiple Deprivation, %

1st decile (Most deprived) 10¢3 18¢9 15¢6 20¢8 12¢5 20¢6
2nd decile 11¢4 13¢3 12¢3 13¢4 9¢5 12¢0
3rd decile 11¢8 12¢8 9¢6 9¢2 10¢2 10¢9
4th decile 10¢8 10¢7 8¢8 9¢2 10¢9 12¢0
5th decile 10¢4 10¢2 8¢3 8¢8 11¢6 12¢0
6th decile 9¢9 10¢3 8¢5 9¢3 11¢0 11¢8
7th decile 9¢2 9¢8 9¢3 9¢8 9¢8 10¢7
8th decile 8¢8 10¢4 9¢7 10¢5 9¢2 10¢1
9th decile 8¢8 11¢4 9¢1 11¢5 8¢7 11¢5
10th decile (Least deprived) 8¢6 15¢2 8¢9 14¢8 6¢7 12¢9

Age, %

Below 40 years 51¢5 10¢1 50¢8 9¢8 48¢3 9¢3
40 to 49 years 13¢7 2¢0 13¢2 1¢6 12¢9 1¢6
50 to 59 years 13¢3 2¢6 13¢4 2¢6 13¢9 2¢2
60 to 69 years 9¢8 3¢1 10¢2 2¢8 11¢2 3¢0
70 to 79 years 7¢4 3¢3 7¢7 3¢0 8¢6 3¢3
80 years and over 4¢4 2¢1 4¢5 2¢4 5¢1 2¢1

Number of General Practices 3,282 (50¢7%) 1,610 (24¢9%) 1,584 (24¢5%)

Table 1: Patient population and practice characteristics by wave of DPP enrolment, measured as of 1st April 2018.
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Regression results
The main regression results are shown in Table 2. The
estimated coefficients on the covariates are shown in
the Supplementary Material Tables S4 and S5, and the
sensitivity analyses results are presented in Supplemen-
tary Material Table S6.
The incidence rates in wave 1 practices were signifi-
cantly lower in 2018 and 2019 than would have been
expected in the absence of the DPP (difference-in-differ-
ences IRR = 0¢938 (95% CI 0¢905 to 0¢972)) (Table 2).
When we estimated the effects for each of these years
separately, we found a statistically significant
www.thelancet.com Vol 19 Month August, 2022



Figure 1. Weighted average practice rates of type 2 diabetes incidence per 1,000 eligible patients from 2010 to 2019, for wave 1
compared to final wave practices [Note: Axis does not start from 0, weighting by number of eligible individuals for each practice, by
year].
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difference-in-differences IRR of 0¢944 (95% CI 0¢909
to 0¢981) in 2018, and an IRR of 0¢932 (95% CI 0¢896
to 0¢969) for 2019. This suggests that the change in
incidence rates amongst wave 1 practices relative to final
wave practices was slightly larger in 2019 than in 2018.
Figure 2. Weighted average practice rates of type 2 diabetes incid
compared to final wave practices [Note: Axis does not start from 0, w
year].
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The incidence rate in wave 2 practices was also sig-
nificantly lower than expected in 2019 (difference-in-dif-
ferences IRR = 0¢927 (95% CI 0¢885 to 0¢972)).

We tested the sensitivity of our results to assump-
tions regarding the timing of effects and the
ence per 1,000 eligible patients from 2010 to 2019, for wave 2
eighting by number of eligible individuals for each practice, by
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Type 2 diabetes incidence Years: 2018 to 2019

Difference-in-differences IRR 95% Confidence Interval

Wave 1 vs Final Wave 0¢938*** (0¢905 to 0¢972)
Observations=38,647

Type 2 diabetes incidence Years: 2019

Wave 2 vs Final Wave 0¢927* (0¢885 to 0¢972)
Observations=22,142

Table 2: Difference-in-differences results on type 2 diabetes incidence.
Notes:

* p < 0¢05.
**p < 0¢01.
*** p < 0¢001. Incident rate ratios from random effects Poisson regression models. Models also include the following covariates measured at April 2018:

Payment received per weighted patient; whether the practice received additional income than was recommended by the capitation formula through the Mini-

mum Practice Income Guarantee (MPIG); contract type; dispensing status; rural location; QOF achievement for diabetes and exception reporting; and quality

rating from the Care Quality Commission; percentages of registered population in each deprivation decile, and the ethnicity, gender and age composition of

the practice’s registered patients.
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implementation period. First, we explored the impact of
retaining additional years within the pre-period rather
than treating them as implementation years.

When we retained 2016 as a pre-DPP year, the wave
1 IRR increased to 0¢943 (95% CI 0¢910 to 0¢976) and
the wave 2 effect remained at 0¢927 (95% CI 0¢884 to
0¢972). When we also retained 2017 as a pre-DPP year,
the estimated effect size of wave 1 increased, IRR 0¢939
(0¢909 to 0¢970) and for wave 2 the IRR reduced to
0¢922 (95% CI 0¢881 to 0¢965). The difference-in-differ-
ences IRR reduced to 0¢925 (95% CI 0¢889 to 0¢962)
when we retained 2018 as a pre-DPP year within the
wave 2 analysis.

Second, we varied the assumptions regarding the
period over which the DPP could have had an effect on
diabetes incidence. When we included 2017 in the post-
DPP introduction period over which we estimated
impact in the wave 1 analysis, we find a difference-in-dif-
ferences IRR of 0¢970 (95% CI 0¢942 to 0¢9997). The
impact of including 2018 in the effectiveness estimates
for the wave 2 analysis resulted in a difference-in-differ-
ences IRR of 0¢951 (95% CI 0¢917 to 0¢986).
Discussion

Statement of principal findings
We evaluated the impact of the DPP on new cases of
type 2 diabetes within England, by exploiting its gradual
roll-out and using real world programme evaluation
methods. Our difference-in-differences analyses suggest
that introduction of the DPP was associated with a
decrease in type 2 diabetes incidence. This conclusion
remains consistent across several robustness checks,
with IRR estimates marginally changing but not being
significantly different from one another, in that their
confidence intervals overlap with one another.

Using the main analysis estimates and the observed
number of new cases of diabetes from the National
Diabetes Audit data, it is possible to calculate the num-
ber of cases prevented. During 2018 to 2019 there were
208,420 new cases of type 2 diabetes amongst wave 1
practices. Using the difference-in-differences IRR of
0¢938 (95% CI 0¢905 to 0¢972), it is possible to calcu-
late that in the absence of the DPP we would have
expected 222,196 cases, which is 13,776 cases (95% CI
6,004 to 21,878) prevented. Performing similar calcula-
tions for the wave 2 analysis, with an IRR of 0¢927
(95% CI 0¢885 to 0¢972) we estimate that 4,032 cases
were prevented (95% CI 1,475 to 6,652) for the year
2019.

This is the first study to examine the national impact
of the DPP in terms of population rates of new type 2
diabetes. Whilst other studies have demonstrated the
effectiveness of prevention programmes, they focused
only on those who participated in the programme, and
were often delivered at much reduced scale in more con-
trolled ‘research’ environments using more selected
groups of patients.

When scaling-up programmes of this nature, it is
possible that the programmes are not delivered as
intended leading to ‘program drift’, or that the effective-
ness is diluted, referred to as a ‘voltage drop’ whereby
the effect of an intervention decreases as testing moves
from efficacy to effectiveness to implementation.30 To
ensure that programmes such as the DPP are impactful
public health interventions, they need to both retain
their potency in unselected patient populations and
have sufficient reach amongst the at-risk population.
The RE-AIM framework suggests five elements for
determining the public health impact of programmes.31

Previous research has reported on the reach,32 adoption,
and implementation33 of the NHS DPP. In this paper
we examine the remaining two elements, effectiveness
and maintenance (at the individual level). Our results
suggest that the DPP was effective at reducing the inci-
dence of type 2 diabetes compared to population health
trends over an extended period.
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Other studies
Our finding that the DPP reduced diabetes incidence is
consistent with previous studies of similar prevention
initiatives, but our effectiveness estimates are evaluated
at the population level.

The United States Diabetes Prevention Programme
(US DPP) enrolled 3,234 highly selected participants to
either: a lifestyle change programme, metformin, or pla-
cebo. During the study period incidence was 4¢8 cases
(95% CI 4¢1−5¢7) per 100 person years in the intensive
lifestyle intervention and 11¢0 cases (95% CI 9¢8−12¢3)
in the placebo group.34 At 10 years post randomisation,
type 2 diabetes incidence rates were reduced by 34% in
the lifestyle group compared to placebo.35 A meta-analy-
sis of studies evaluating lifestyle interventions found
that they reduced the relative risk of developing diabetes
by 31% (95% CI 15% to 44%), on the condition that the
intervention lasted between 6 months and 2 years.12
Strengths and limitations
A key strength of this study is that it considers DPP
effectiveness in terms of type 2 diabetes incidence
rather than a proxy outcome measure linked to type 2
diabetes risk, such as weight loss. This is relatively rare
in the published literature, as evidenced by one meta-
analysis evaluating real-world translational studies from
the US DPP, finding zero out of the 28 studies identi-
fied to have assessed changes in diabetes incidence.36

This is also the first study to assess the population
level effect of the NHS DPP. In evaluating the pro-
gramme at the national level we explored the effect not
just on those participating in the programme, but also
potential wider effects such as those resulting from
increased identification and diagnosis of patients with
prediabetes.

We use routinely collected data from the National
Diabetes Audit which covers over 99% of practices
across England, not just those who volunteered to sub-
mit data. The data were routinely collected independent
of this study, although this meant that we did not have
control over which variables were collected and how fre-
quently.

The observational nature of this study does, however,
means that it is subject to residual confounding. To mit-
igate against this, we included a rich set of covariates
measuring characteristics of practices as well as their
registered patient populations. In addition, the historic
rates of type 2 diabetes were calculated retrospectively
from the National Diabetes Audit data, which only
includes individuals that are still alive as of the extrac-
tion dates. The incidence rates examined are therefore
likely to be an underestimate. It is also important to
note that we are only able to observe diagnoses of type 2
diabetes recorded in primary care, meaning that we can-
not examine the impact of the NHS DPP on cases of
undiagnosed diabetes.
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The date of diagnosis available in our National Dia-
betes Audit dataset was limited to calendar year. We
were therefore unable to produce these annual counts
according to financial year, which would have better
aligned with the timing of the wave rollouts. In our
analysis, when calculating the eligible population for
each practice we considered individuals without a diag-
nosis of diabetes over 15 years of age. This was to align
with the data available in the National Diabetes Audit
(all individuals over 15 years of age) but did not directly
align with the minimum age of participating in the
DPP, which was 18 years and over. It is, however, still
possible that these individuals may have benefited from
a general practice being active in the DPP.
Implications for future research
It is unclear whether the effect of the NHS DPP is to
completely prevent type 2 diabetes or instead delay the
onset of the condition. Whilst we use data over the lon-
gest time period currently available, the longer-term
effects are unknown. Future research should address
this question when longer-term follow-up data becomes
available.

Our results show that the DPP had a demonstrable
impact on type 2 diabetes incidence at the population
level. However some patient groups may have benefited
more than others. Future research investigating
whether the impact of the DPP on developing type 2
diabetes differs across patient groups could inform
future refinements of the programme to target those
likely to experience the greatest benefit, and provide evi-
dence on the equity implications of initial implementa-
tion. An assessment of the cost-effectiveness of the DPP
is also vital to determine whether the benefits achieved
by the programme represent an efficient use of NHS
resources.
Conclusion
This is the first study to evaluate the population impact
of the NHS DPP on type 2 diabetes incidence in Eng-
land. Comparing practices enrolled in earlier waves of
the programme to those enrolled in the final wave, we
find that the introduction of the DPP was associated
with a decrease in diabetes incidence. Further research
is needed to explore whether these effects are main-
tained in the long term and whether the DPP represents
value for money.
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