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ABSTRACT
Introduction  Diabetes prevention programs (DPPs) are 
effective, in a pre-diabetic population, in reducing weight, 
lowering glycated hemoglobin and slowing the progression 
to diabetes. Little is known about the relationship between 
participation in DPPsand participant characteristics or service 
delivery. We investigated uptake and retention in England’s 
NHS DPP, reporting on variability among patient subgroups, 
providers, and sites.
Research design and methods  This prospective cohort 
study included 99 473 adults with non-diabetic hyperglycemia 
referred to the English DPP between 2016 and 2017. The 
program seeks to change health behaviors by offering at least 
16 hours of group education and exercise. Multilevel logistic 
regression models were used to analyze variation in uptake, 
retention, and completion.
Results  Uptake among 99 473 adults referred to the program 
was 56% (55 275). Among 55 275 who started the program, 
34% (18 562) achieved the required dose and 22% (12 127) 
completed the full course. After adjustment for variation in 
case mix, substantial heterogeneity in uptake and retention 
was seen across four service providers (uptake OR 1.77 (1.33, 
2.34), 4.30 (3.01, 6.15), and 1.45 (1.07, 1.97) compared with 
the reference provider) and between sites (uptake for typical 
individuals ranged from 0.32 to 0.78 across the middle 95% of 
sites, intraclass correlation coefficient (ICC) 0.07). Higher levels 
of retention and completion were seen where some out-of-
hours provision was offered (retention OR 1.32 (1.25, 1.39)).
Conclusions  This study provides the first independent 
assessment of participation in the English DPP and the first 
study internationally to examine the impact of DPP service 
delivery on participation. When implementing a large-scale 
DPP, heterogeneity in service provision between different 
providers and sites can result in variable participation beyond 
that attributable to case mix, with potential consequences for 
effectiveness and health inequalities. Extending out-of-hours 
provision may improve participation in prevention programs.

INTRODUCTION
Type 2 diabetes is an important and growing 
global health concern1 2 which leads to 
serious complications and an elevated risk 
of other cardiovascular diseases.2 Prevention 

of diabetes is a major international public 
health objective.2 3 Risk factors for type 2 
diabetes include genetics, age, ethnicity, 
and obesity.2 4 Among those with elevated 
blood glucose levels, around 5%–10% are 

Significance of this study

What is already known about this subject?
►► Uptake of Diabetes Prevention Programs (DPPs), 
defined as the proportion enrolled on a program of 
those invited, can have a considerable impact on 
lowering diabetes risk, but until now data were not 
available to examine the relationship between up-
take and participant characteristics or service deliv-
ery. Little is known about retention.

What are the new findings?
►► Our paper provides the first independent assess-
ment of participation in the English NHS DPP, using a 
data set large enough to examine associations with 
patient characteristics and service delivery.

►► Variation in participation is reported by geographi-
cal site and service provider, by different methods of 
referral from primary care, and accounting for out-
of-hours service delivery, all of which are important 
for understanding how variation in the delivery of a 
DPP intervention across a nation may impact on par-
ticipation, after adjustment for variation in case mix.

How might these results change the focus of 
research or clinical practice?

►► When implementing a DPP, attention is needed to 
promote consistency and learning across the provid-
ers and sites.

►► Evidence from our study suggests that extending 
flexible service provision, such as out-of-hours 
sessions, may improve retention rates. Measures 
to improve uptake and retention among younger 
and deprived groups, and retention among minority 
ethnic groups, those with a disability, and people at 
work, may be needed.

http://drc.bmj.com/
http://orcid.org/0000-0001-5136-390X
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjdrc-2020-001835&domain=pdf&date_stamp=2020-11-10
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expected to develop type 2 diabetes each year, with 
estimates varying by country and population studied.5 
Effective ways to delay or prevent progression to type 2 
diabetes include lifestyle changes such as losing weight, 
eating a healthier diet, and increasing physical activity.6–8 
Diabetes prevention programs (DPPs) have been estab-
lished in many parts of the world, offering support to 
achieve lifestyle change among people at risk of type 2 
diabetes. Evidence from trials suggests they can lead to 
a reduced incidence of type 2 diabetes,9 10 and this has 
been confirmed, with smaller effect sizes, in translational 
studies in routine practice.11–14

Aziz et al12 noted that the public health impact of a DPP 
depends on participation as well as population coverage. 
Their international review of 38 real-world DPPs defined 
uptake as the proportion enrolled on a program of those 
invited, categorized as low (≤33%), moderate (34%–66%), 
or high (≥67%). They found wide variation in uptake 
and concluded that uptake had a considerable impact on 
lowering diabetes risk. Retention of participants in DPPs 
is less often reported, and definitions used to measure 
uptake, retention, and completion vary between studies. 
Variation in participation may reflect different recruit-
ment strategies and method of enrollment, assorted 
retention or completion milestones, as well as diversity 
in intensity and duration. This prevents straightforward 
comparisons between interventions. Poor uptake and 
retention are likely to result in wasted resources. Anal-
ysis of variation in DPP participation across demographic 
groups has not been possible in earlier studies because 
large population samples are needed; such analyses could 
reveal the extent of any inequalities in access, allowing 
providers to target resources to areas or groups where 
participation is low.

The Healthier You: NHS DPP is a behavior change 
program in England offering education on healthy eating 
and lifestyle, and help to lose weight and increase phys-
ical exercise,15 designed based on international evidence 
and expert opinion.11 16 Between 2016 and 2019 the DPP 
was introduced across England in three waves, deliv-
ered by four private service providers.17 The National 
Health Service (NHS) in England is organized geograph-
ically into clinical commissioning groups (CCGs), and 
at a higher level into sustainability and transformation 
partnerships (STPs). In general, a single provider was 
commissioned by each STP, but local implementation of 
referrals from primary care was managed by CCGs.

The DPP targeted adults over 18 with non-diabetic 
hyperglycemia (NDH), defined by the National Institute 
for Health and Care Excellence as glycated hemoglobin 
(HbA1c) of 6.0%–6.4% (42–47 mmol/mol) or fasting 
plasma glucose (FPG) level of 5.5–6.9 mmol/L. Eligible 
patients were identified in primary care and referred 
to a local provider via one of two main routes. ‘Consul-
tation route’ referrals were made by a primary care 
professional following a consultation with the patient. 
‘Letter route’ referrals resulted after a letter was sent to 
eligible patients identified by a search of general practice 

records, informing them that they were at elevated risk of 
type 2 diabetes and advising them to contact their local 
provider to self-refer.

Participants were offered an individual initial assess-
ment, followed by regular group education and exercise 
sessions, comprising at least 16 hours of contact over 9–12 
months.

We aimed to investigate the extent of uptake, retention 
and completion in the NHS DPP and report on varia-
tion in service delivery and participation among patient 
subgroups and between different providers and sites.

The team involved in developing and implementing 
the DPP has already published results on program partic-
ipation18 19 using the same data source. For the first time, 
variation in participation is reported by geographical site 
and service provider, by different methods of referral 
from primary care, and accounting for out-of-hours 
service delivery, all of which are important for under-
standing how variation in the delivery of a DPP interven-
tion across a nation may impact on participation, after 
adjustment for variation in case mix.

RESEARCH DESIGN AND METHODS
Data
This study used individual-level patient data collected by 
service providers on all referrals received from April 2016 
to October 2017. Phased service implementation meant 
that some sites were not represented in the data, while 
some had more established services than others. Demo-
graphic and attendance data, and health and well-being 
measures were collected over the course of participants’ 
engagement. Those who declined a referral at consul-
tation were not represented in the data, nor were those 
sent a letter who did not subsequently contact a provider.

Patient characteristics
Gender and age were recorded at referral. The 2015 
Index of Multiple Deprivation score, categorized using 
English population quintiles, was obtained as a measure 
of local area deprivation using the patient’s postcode. 
Ethnicity, employment status, disability, and smoking were 
recorded for those who attended an initial assessment.

Patient health measures
HbA1c or FPG measured in primary care was recorded at 
referral. HbA1c or FPG was measured again by providers 
at initial assessment for those whose referral measure 
was over 3 months old, and at 6 months and in the final 
session for participants retained to those milestones. 
Weight was measured at initial assessment and at each 
intervention session but was not routinely recorded at 
referral. Well-being was measured at initial assessment 
and final session using the Warwick Edinburgh Mental 
Wellbeing Scale (WEMWBS).

Service delivery
Provider, site (STP, CCG), and date and source of referral 
were recorded for all referrals. ‘Service maturity’ is the 
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number of months from service establishment at that 
site to referral date. Times of sessions were recorded 
for initial assessment and any subsequent intervention 
sessions. ‘Out-of-hours’ provision describes any session 
starting before 09:00 or after 17:00.

Outcome measures
We used three outcome measures of participation in the 
DPP: uptake, retention, and completion (table 1). Uptake 
was defined as attendance at initial assessment or at least 
one intervention session and was analyzed with respect to 
all recorded referrals (‘referrals’ n=99 473). Retention to 
60% attendance aligns with the NHS DPP delivery team’s 
definition of completion.19 We additionally used a stricter 
measure of completion, defined as attendance at the 
final intervention session or the recording of some final 
measure of HbA1c, FPG, or WEMWBS, plus at least 60% 
attendance. We examined variation in the proportions 
achieving each milestone against patient and service 
characteristics, and across sites, accounting for both 
STP and CCG level. Analyses of retention and comple-
tion were restricted to those who started the program 
(‘attenders’ n=55 275).

Analysis
Logistic regression models were used to estimate 
adjusted associations of gender, age, deprivation, HbA1c, 
provider, and referral source with each participation 
milestone, and additionally of disability, employment 
status, smoking, weight, WEMWBS score, and out-of-
hours provision (all unavailable for non-attenders) with 
retention and completion measures. The largest provider 
(A) was chosen as the reference provider. Causal relation-
ships were considered in order to adjust for measured 
confounders, while avoiding adjustment for intermedi-
aries or common descendants.20 21 Details are given with 
results. Stata V.15 was used in all analyses.

Where site was identified as a potential intermediary 
between a characteristic and outcome (eg, ethnicity 
or age may influence where an individual lives), fixed 
effects logistic regression was used with robust estima-
tion to allow for clustering by CCG, providing estimates 
of marginal associations across sites. Otherwise, mixed 
effects models with nested independent random inter-
cept terms for CCG within STP were used to allow for 

clustering. Variation across sites was reported using 95% 
coverage intervals, the range of participation rates within 
which we would expect 95% of sites to lie for typical indi-
viduals (white, 65 years old, retired, non-smoking woman 
in the middle deprivation group, reporting no disability, 
with median values of HbA1c, weight, and WEMWBS). 
The coverage interval was estimated from the output of 
the multilevel model and represents the upper and lower 
bounds for site participation rates after controlling for 
other variables in the model (see online supplemental 
material).22

Multiple imputation (M=10) by fully conditional spec-
ification (FCS) was used to reduce bias due to missing-
ness of up to 30% among covariates.23 24 Imputation was 
performed separately for non-attenders and attenders, 
since variables collected at initial assessment were plau-
sibly missing not at random among non-attenders (ie, 
differently distributed among non-attenders compared 
with attenders, conditional on observed data).25 There-
fore, these were neither imputed nor included in the 
analysis of uptake among all referrals, but were added 
to imputation and analysis models for retention and 
completion among attenders.26 Participation outcomes 
were completely observed (uptake among all referrals; 
retention and completion among attenders) and were 
included in imputation models. This approach ensured 
that for each analysis all relevant covariates, outcomes 
and auxiliary variables were included in the FCS for the 
corresponding subsample (see online supplemental 
material).27

RESULTS
Patient characteristics
Descriptive summaries of patient characteristics are 
reported in table 2. Among referrals, the proportion of 
women was 55% and the median age was 64 (IQR 19) 
years, with 53% aged between 60 and 79 years. Propor-
tions were close to 20% in each of the five deprivation 
strata but with slightly higher proportions from more 
deprived compared with less deprived areas. Among 
attenders, 75%, 13%, 8%, and 4% reported belonging to 
white, Asian, black, and other ethnicities, respectively. A 
majority (57%) were retired, 19% reported disability, and 
91% were non-smokers.

Table 1  Definitions of participation outcomes

Milestone (outcome measure) Definition Analysis cohort

Uptake Attendance at initial assessment or at least one intervention 
session.

All recorded referrals
(‘referrals’ n=99 473).

Retention to 60%
(DPP completion)

Attended at least 60% of sessions (aligns with the DPP 
delivery team’s definition of completion).19

Those who started the program, attending 
at least once
(‘attenders’ n=55 275).

Completion Attendance at the final intervention session or the recording of 
some final health measure (HbA1c or well-being), plus at least 
60% attendance.

Those who started the program, attending 
at least once
(‘attenders’ n=55 275).

DPP, diabetes prevention program; HbA1c, glycated hemoglobin.

https://dx.doi.org/10.1136/bmjdrc-2020-001835
https://dx.doi.org/10.1136/bmjdrc-2020-001835
https://dx.doi.org/10.1136/bmjdrc-2020-001835
https://dx.doi.org/10.1136/bmjdrc-2020-001835
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HbA1c at referral was skewed with a majority toward the 
lower end of the eligible range of values, with a median 
of 6.1% (43 mmol/mol) (IQR 0.3% (3 mmol/mol)). At 
initial assessment (among attenders) the median weight 
was 81.8 kg (IQR 24.2); in terms of body mass index, 
17% were underweight or of healthy weight, 37% over-
weight, and 47% obese. Considerable variation in case 
mix was seen across providers with respect to deprivation, 
ethnicity, and disability, less so for other characteristics 
(table 2).

Service features
Descriptive summaries of service features are given in 
online supplemental table S1. The majority (71%) of the 
received referrals were made via consultation, with 28% 
via letter. Some out-of-hours delivery was offered to 16% 
of attenders; there was heterogeneity across providers in 
both referral source and out-of-hours provision.

Participation outcomes
Descriptive summaries are available in online supple-
mental tables S2 and S3, and the relative proportions 
reaching each outcome are shown in figure 1. Outcomes 
are defined in table 1.

Uptake
Overall 55 275 out of 99 473 recorded referrals (56%) 
took up a place. Uptake was slightly higher among 
women than men (OR 1.08, 95% CI (1.04 to 1.11)) and 
increased with age (OR 1.17 (1.15 to 1.20) per 5 years) 
among those aged up to 70, decreasing with older age 
(table 3). Uptake was lowest among those living in the 

most deprived areas, and increased with affluence (OR 
0.65 (0.61 to 0.68) for the most compared with the least 
deprived group). HbA1c at referral was not associated 
with uptake (OR 0.99 (0.98 to 1.00) per 0.1% (1 mmol/
mol)).

Uptake was much higher among referrals via letter 
compared with consultation (OR 4.33 (4.13 to 4.55)). 
After adjustment for case mix, referral source, and service 
maturity, there remained large variation in uptake across 
providers (OR 1.77 (1.33 to 2.34), 4.30 (3.01 to 6.15), 
and 1.45 (1.07 to 1.97) compared with the reference 
provider) (table  3). Furthermore, after adjustment for 
case mix, there was considerable residual variation across 
sites: the uptake rates for typical individuals lie between 
0.32 and 0.78 across the middle 95% of sites (intraclass 
correlation coefficient (ICC) was 0.07 at the CCG level).

Retention and completion among attenders
Analyses of retention and completion were restricted 
to those who started the program (n=55 275). Of these, 
17 404 (31%) attended initial assessment only and 
37 871 (69%) went on to attend at least one interven-
tion session (figure 1); the median attendance was 31% 
of sessions. Overall 18 562 attenders (34%) reached the 
60% attendance milestone used as the threshold for our 
definition of retention, with women slightly more likely 
to do so than men (OR 1.06 (1.01 to 1.11)) (table  4). 
Retention increased with age (OR 1.27 (1.25 to 1.29) per 
5 years) among those aged up to 70, decreasing beyond 
this point. Retention to 60% was less common among 
all minority ethnicities (Asian (OR 0.75 (0.63 to 0.91)), 
black (OR 0.83 (0.71 to 0.99)), and other ethnicities (OR 
0.74 (0.63 to 0.86))) compared with white groups, and 
increased with affluence (OR 0.65 (0.60 to 0.70) for the 
most compared with the least deprived group). Lower 
retention was seen among those reporting a disability, 
those in employment, or ‘other’ occupational groups 
compared with retirees and ex-smokers or current 
smokers (table  4). Neither weight nor HbA1c at initial 
assessment was associated with retention.

As for uptake, there remained considerable variation 
in retention across providers after adjustment for case 
mix and service features (OR 1.38 (1.15 to 1.66), 1.86 
(1.49 to 2.32), and 0.74 (0.60 to 0.91) compared with 
the reference provider) (figure  2). Provision of out-of-
hours delivery was associated with improved retention 
(OR 1.32 (1.25 to 1.39)) and, unlike uptake, retention 
was similar regardless of referral source. There was 
considerable residual variation across sites, although less 
than for uptake, due in part to the larger available set of 
explanatory factors. After adjustment for case mix, there 
was considerable residual variation across sites: the 60% 
retention rates for typical individuals lie between 0.32 
and 0.78 across the middle 95% of sites (ICC was 0.03 at 
the CCG level).

Overall 12 127 out of 55 275 attenders completed 
the program (22%), with similar associations to those 
reported for retention (table  4). Again, large variation 

Figure 1  Participant numbers.

https://dx.doi.org/10.1136/bmjdrc-2020-001835
https://dx.doi.org/10.1136/bmjdrc-2020-001835
https://dx.doi.org/10.1136/bmjdrc-2020-001835
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across providers was seen after adjustment for case mix 
and service features, although provider rank order was 
different, and again there was large residual variation 
across sites.

CONCLUSIONS
There is extensive evidence that lifestyle changes among 
people with NDH, such as losing weight, eating a healthier 
diet and increasing physical activity, can delay or prevent 
progression to type 2 diabetes,6–8 and DPPs which offer 
support to achieve lifestyle change can be effective in 
reducing risk.11–14 Participation in such programs varies 
widely between settings,12 although direct comparisons 
are difficult due to variation in terminology. Low uptake 
and retention rates result in wasted resources and are 
associated with reduced effectiveness;12 variation in 
participation across an eligible population may reflect 
variation in opportunity of access and may exacerbate 
existing health inequalities.

Among all referrals received by the DPP between April 
2016 and September 2017 inclusive, 56% took up a place 
on the program, although this does not account for an 
unknown number of people offered a referral or invi-
tation to self-refer from primary care who chose not to 
pursue the opportunity. Of those who took up a place, 
34% went on to attend the proportion of sessions recom-
mended by the DPP delivery team and 22% completed 
the program. The median attendance among partici-
pants was a third of the course. Uptake of the NHS DPP 
compared well with other DPPs internationally and would 
be classed as ‘moderate’ according to the classification by 
Aziz et al.12

The highest levels of uptake were seen among women 
around the age of 70 living in the least deprived areas. 
The same characteristics were associated with the highest 
proportions reaching 60% attendance and completion, 
where those with the highest levels were additionally 
white, retired, reported no disabilities, and identified 
as non-smokers. With the exception of low deprivation, 

Table 3  Associations of patient and service characteristics with uptake

OR SE 95% CI

Gender*

 � Female 1.08 0.02 1.04 to 1.11

 � Male (reference) 1

Age* <70 (per 5 years) 1.17 0.01 1.15 to 1.20

Age* 70+ (per 5 years) 0.86 0.01 0.83 to 0.88

Deprivation†‡

 � 1 (most deprived) 0.65 0.02 0.61 to 0.68

 � 2 0.66 0.02 0.63 to 0.70

 � 3 0.78 0.02 0.74 to 0.82

 � 4 0.84 0.02 0.81 to 0.88

 � 5 (least deprived) (reference) 1

Referral HbA1c (per 0.1% (1 mmol/mol))§‡ 0.99 0.005 0.98 to 1.00

Provider¶‡

 � A 1.77 0.25 1.33 to 2.34

 � B 4.30 0.78 3.01 to 6.15

 � C 1.45 0.23 1.07 to 1.97

 � D (reference) 1

Referral source¶‡

 � Letter 4.33 0.11 4.13 to 4.55

 � Consultation (reference) 1

‍̂σ
2
STP + σ̂2

CCG‍(log odds scale)
0.26

Intraclass Correlation Coefficient (ICC) (CCG level) 0.07

*Associations of gender and age with uptake were mutually adjusted and marginal over site (no random terms), representing the estimated means 
across the cohort.
†Adjusted for gender and age.
‡Random intercept terms for STP and CCG included; associations are conditional, representing the estimated individual-level mean association 
after random variation between sites has been accounted for.
§Adjusted for gender, age and deprivation.
¶Associations of service characteristics with uptake were mutually adjusted and adjusted for gender, age, deprivation, HbA1c at referral and service 
maturity (months from service establishment to referral date).
CCG, clinical commissioning group; HbA1c, glycated hemoglobin; STP, sustainability and transformation partnership.
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Table 4  Associations of patient and service characteristics with retention and completion among attenders

60% attendance Completion

OR SE 95% CI OR SE 95% CI

Gender*

 � Female 1.06 0.02 1.01 to 1.11 1.06 0.03 1.01 to 1.11

 � Male (reference) 1 1

Age* <70 (per 5 years) 1.27 0.01 1.25 to 1.29 1.30 0.01 1.27 to 1.32

Age* 70+ (per 5 years) 0.81 0.01 0.79 to 0.84 0.82 0.01 0.79 to 0.84

Ethnicity†

 � Asian 0.75 0.07 0.63 to 0.91 0.78 0.10 0.61 to 1.01

 � Black 0.83 0.07 0.71 to 0.99 0.85 0.08 0.70 to 1.03

 � Other 0.74 0.06 0.63 to 0.86 0.76 0.07 0.64 to 0.90

 � White (reference) 1 1

Deprivation

 � 1 (most deprived) 0.65 0.02 0.60 to 0.70 0.68 0.03 0.62 to 0.74

 � 2 0.74 0.02 0.69 to 0.79 0.79 0.03 0.73 to 0.84

 � 3 0.83 0.03 0.78 to 0.88 0.87 0.03 0.81 to 0.93

 � 4 0.89 0.03 0.84 to 0.94 0.89 0.03 0.83 to 0.95

 � 5 (least deprived) (reference) 1 1

Disability‡§

 � Yes 0.81 0.02 0.77 to 0.86 0.82 0.03 0.77 to 0.88

 � No (reference) 1 1

Employment‡§

 � Employed 0.74 0.03 0.69 to 0.80 0.69 0.03 0.63 to 0.76

 � Retired (reference) 1 1

 � Other 0.81 0.05 0.72 to 0.91 0.82 0.06 0.71 to 0.94

Smoking‡§

 � Ex-smoker or current smoker 0.52 0.02 0.48 to 0.57 0.56 0.03 0.50 to 0.62

 � Non-smoker (reference) 1 1

Initial assessment weight (per 5 kg)¶§

 � Up to 65 kg 1.02 0.02 0.99 to 1.05 1.01 0.02 0.97 to 1.05

 � 65–140 kg 0.99 0.004 0.98 to 0.99 0.98 0.004 0.97 to 0.99

 � Over 140 kg 0.99 0.03 0.93 to 1.05 1.04 0.04 0.97 to 1.11

Initial assessment HbA1c
(per 0.1% (1 mmol/mol))§¶

1.01 0.01 0.99 to 1.02 1.02 0.01 1.00 to 1.04

Initial assessment WEMWBS (per 5 points)¶§

 � Up to 55 points 1.09 0.01 1.07 to 1.10 1.09 0.01 1.07 to 1.11

 � Over 55 points 0.93 0.01 0.91 to 0.96 0.93 0.01 0.90 to 0.96

Provider**§

 � A 1.38 0.13 1.15 to 1.66 1.57 0.30 1.09 to 2.28

 � B 1.86 0.21 1.49 to 2.32 1.43 0.31 0.95 to 2.18

 � C 0.74 0.08 0.60 to 0.91 1.08 0.20 0.75 to 1.54

 � D (reference) 1 1

Referral source**§

 � Letter 1.04 0.03 0.98 to 1.10 1.04 0.04 0.97 to 1.11

 � Consultation (reference) 1

Out-of-hours provision**§

 � Some 1.32 0.04 1.25 to 1.39 1.28 0.04 1.21 to 1.37

 � None (reference) 1 1

Continued
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these were typical (modal) characteristics among all 
recorded referrals. One possible interpretation of this is 
that the DPP has been most successful at engaging and 
retaining majority groups from among those referred, 
although efforts were made in some cases to tailor DPP 
provision to fit the cultural needs of local communities.28 
Another interpretation is that those referred tend to 
represent those who participate best, and both of these 
may be true simultaneously.

Measures may be needed to improve uptake and 
retention among those groups less likely to participate, 
or to identify other more acceptable interventions, if 
the disparities are to be redressed. Targets to refer and 
retain proportionally more participants from minority 
ethnic groups and deprived areas have already been 

implemented by NHS England, based on their own anal-
yses,18 as part of commissioning changes made in 2019, 
using payment incentives for providers. It remains to be 
seen whether this will lead to improvements in uptake 
and retention among these groups.

The DPP was successful in attracting and retaining 
participants across the eligible range of HbA1c and across 
the spectrum of weight; it does not appear that people 
were more or less likely to engage based on their risk, 
although there is some evidence that the risk of diabetes 
is not well understood in the at-risk population.29

Considerable variation in achievement of all three 
participation milestones was found between providers 
and across sites after adjustment for all available factors, 
suggesting that there may be scope for learning by 

60% attendance Completion

OR SE 95% CI OR SE 95% CI

‍̂σ
2
STP + σ̂2

CCG‍(log odds scale)
0.08 0.33

Intraclass Correlation Coefficient (ICC) (CCG 
level)

0.03 0.09

*Associations of gender, age and ethnicity with retention and completion were mutually adjusted and marginal over site (no random terms), 
representing the estimated means across the attenders subgroup.
†‘Asian’ comprises those reporting Indian, Pakistani, Bangladeshi, Chinese or ‘other Asian’ ethnicity; ‘black’ comprises those reporting Caribbean, 
African or ‘other black’ ethnicity; ‘other’ comprises those reporting any other non-white ethnicity, including ‘mixed’ groups.
‡Associations of disability, employment, deprivation and smoking with retention and completion were mutually adjusted and adjusted for gender, 
age and ethnicity.
§Random intercept terms for STP and CCG included; associations are conditional, representing the estimated individual-level mean association 
after random variation between sites has been accounted for.
¶Associations of weight, HbA1c and WEMWBS score with retention and completion were mutually adjusted and adjusted for gender, age, ethnicity, 
employment, disability, deprivation and smoking.
**Associations of service characteristics with retention and completion were mutually adjusted and adjusted for gender, age, ethnicity, deprivation, 
smoking, weight at initial assessment, HbA1c at initial assessment, WEMWBS score at initial assessment and service maturity.
CCG, clinical commissioning group; HbA1c, glycated hemoglobin; STP, sustainability and transformation partnership; WEMWBS, Warwick 
Edinburgh Mental Wellbeing Scale.

Table 4  Continued

Figure 2  Relative proportions reaching participation milestones, by provider.
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providers and sites with low participation from those 
with better levels. Some flexibility in local provision was 
encouraged in the English DPP and may be desirable to 
tailor the content to local circumstances or to different 
populations,28 but variation in participation may be an 
unintended consequence. Higher levels of retention and 
completion were seen where some out-of-hours provi-
sion was offered, suggesting that extending out-of-hours 
provision may improve participation in the DPP.

There are strengths and limitations to this study. This 
is the first study, to our knowledge, reporting variation in 
participation by service characteristics, such as geograph-
ical site and service provider, method of referral from 
primary care, and out-of-hours service delivery, illus-
trating the importance of addressing variation in delivery 
within a single DPP. Ours is the first independent assess-
ment of participation in the English DPP; the results are 
broadly consistent with those reported by the delivery 
team,18 19 given differences in methodology. Additional 
results, unique to this paper, include the relationship 
between DPP participation and disability, employment 
status, smoking, baseline weight, and blood glucose level. 
We have reported on completion of the program as well 
as uptake and 60% attendance. Multilevel modeling with 
robust estimation, accounting for plausible causal rela-
tionships, use of linear splines to model non-linear rela-
tionships and multiple imputation all add rigor to the 
analysis.

Selection into the cohort was dependent on various 
factors, including self-selection, especially among those 
referred via letter.29 It is unknown how many candidates 
declined a referral at consultation or failed to self-refer 
after receiving an invitation by letter. Results apply to 
those who accept the initial invitation to have a referral 
recorded; they do not represent eligible candidates who 
declined at this early stage. Data on ethnicity, disability, 
employment, and smoking were unavailable for analysis 
of uptake and, as with all observational studies, additional 
unmeasured sources of bias may remain unaccounted 
for. As with any use of parametric modeling, disparities 
between model assumptions and reality may result in 
residual confounding.

In conclusion, over half of those accepting a referral 
from primary care to the NHS DPP took up a place, and 
a third of those who started went on to attend the propor-
tion of sessions recommended by the DPP delivery team. 
The DPP has been able to retain people regardless of 
differences in baseline weight and blood glucose. There 
was substantial heterogeneity between providers and sites 
in their uptake and retention rates, suggesting the need 
for greater consistency and learning across the providers 
and sites. Extending flexible service provision such as out-
of-hours sessions can improve retention rates. Measures 
to improve uptake and retention among younger people 
and deprived groups, and retention among minority 
ethnic groups, those with a disability, and people at work, 
may be needed.

Author affiliations
1Centre for Biostatistics, School of Health Sciences, The University of Manchester, 
Manchester, UK
2Centre for Primary Care and Health Services Research, NIHR ARC Greater 
Manchester, School of Health Sciences, The University of Manchester, Manchester, 
UK
3Division of Informatics, Imaging and Data Sciences, The University of Manchester, 
Manchester, UK
4Centre for Primary Care and Health Services Research, School of Health Sciences, 
The University of Manchester, Manchester, UK
5Research and Innovation, Northern Care Alliance NHS Group, Salford, UK
6Centre for Health Economics, School of Health Sciences, The University of 
Manchester, Manchester, UK

Contributors  The study was designed by SC and EH, with comments from the 
other authors. The overall research study of which this is part was led by PJB. 
Statistical analysis was done by EH. SC is the guarantor. The first draft of the 
manuscript was written by EH and SC. All authors contributed to both the initial and 
final drafts and approved the final submission.

Funding  This research was funded by the NIHR Health Services and Delivery 
Research Programme (16/48/07, Evaluating the NHS Diabetes Prevention 
Programme (NHS DPP): the DIPLOMA research program (Diabetes Prevention – 
Long Term Multimethod Assessment)).

Competing interests  None declared.

Patient consent for publication  Not required.

Ethics approval  The North West Greater Manchester East NHS Research Ethics 
Committee (reference: 17/NW/0426, August 1, 2017) reviewed and approved the 
DIPLOMA program of research of which this study is a part. The analysis was 
undertaken using anonymized routinely collected healthcare data and informed 
consent from individuals was not necessary.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data were made available to the authors by NHS 
England under a data processing agreement, and the authors are not permitted to 
share them beyond the study team.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://​creativecommons.​org/​
licenses/​by/​4.​0/.

ORCID iD
Sarah Cotterill http://​orcid.​org/​0000-​0001-​5136-​390X

REFERENCES
	 1	 Saeedi P, Petersohn I, Salpea P, et al. Global and regional diabetes 

prevalence estimates for 2019 and projections for 2030 and 2045: 
Results from the International diabetes Federation diabetes Atlas, 9th 
edition. Diabetes Res Clin Pract 2019;157:107843.

	 2	 World Health Organization. Global report on diabetes. Geneva: World 
Health Organization, 2016.

	 3	 Bergman M, Buysschaert M, Schwarz PE, et al. Diabetes prevention: 
global health policy and perspectives from the ground. Diabetes 
Manag 2012;2:309–21.

	 4	 Nolan CJ, Damm P, Prentki M. Type 2 diabetes across generations: 
from pathophysiology to prevention and management. Lancet 
2011;378:169–81.

	 5	 Tabák AG, Herder C, Rathmann W, et al. Prediabetes: a high-risk 
state for diabetes development. Lancet 2012;379:2279–90.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-5136-390X
http://dx.doi.org/10.1016/j.diabres.2019.107843
http://dx.doi.org/10.2217/dmt.12.34
http://dx.doi.org/10.2217/dmt.12.34
http://dx.doi.org/10.1016/S0140-6736(11)60614-4
http://dx.doi.org/10.1016/S0140-6736(12)60283-9


12 BMJ Open Diab Res Care 2020;8:e001835. doi:10.1136/bmjdrc-2020-001835

Epidemiology/Health services research

	 6	 Hamman RF, Wing RR, Edelstein SL, et al. Effect of weight loss 
with lifestyle intervention on risk of diabetes. Diabetes Care 
2006;29:2102–7.

	 7	 Yates T, Khunti K, Bull F, et al. The role of physical activity in the 
management of impaired glucose tolerance: a systematic review. 
Diabetologia 2007;50:1116–26.

	 8	 Tuomilehto J, Lindström J, Eriksson JG, et al. Prevention of type 
2 diabetes mellitus by changes in lifestyle among subjects with 
impaired glucose tolerance. N Engl J Med 2001;344:1343–50.

	 9	 Gong Q, Zhang P, Wang J, et al. Morbidity and mortality after 
lifestyle intervention for people with impaired glucose tolerance: 
30-year results of the dA Qing diabetes prevention outcome study. 
Lancet Diabetes Endocrinol 2019;7:452–61.

	10	 Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the 
incidence of type 2 diabetes with lifestyle intervention or metformin. 
N Engl J Med 2002;346:393–403.

	11	 Ashra NB, Spong R, Carter P, et al. A systematic review and 
meta-analysis assessing the effectiveness of pragmatic lifestyle 
interventions for the prevention of type 2 diabetes mellitus in routine 
practice. London, public health England, 2015. Available: https://​
assets.​publishing.​service.​gov.​uk/​government/​uploads/​system/​
uploads/​attachment_​data/​file/​733053/​PHE_​Evidence_​Review_​of_​
diabetes_​prevention_​programmes-_​FINAL.​pdf [Accessed 14 Jul 
2020].

	12	 Aziz Z, Absetz P, Oldroyd J, et al. A systematic review of real-world 
diabetes prevention programs: learnings from the last 15 years. 
Implement Sci 2015;10:172.

	13	 Dunkley AJ, Bodicoat DH, Greaves CJ, et al. Diabetes prevention in 
the real world: effectiveness of pragmatic lifestyle interventions for 
the prevention of type 2 diabetes and of the impact of adherence to 
guideline recommendations: a systematic review and meta-analysis. 
Diabetes Care 2014;37:922–33.

	14	 Galaviz KI, Weber MB, Straus A, et al. Global diabetes prevention 
interventions: a systematic review and network meta-analysis of the 
real-world impact on incidence, weight, and glucose. Diabetes Care 
2018;41:1526–34.

	15	 Hawkes RE, Cameron E, Bower P, et al. Does the design of the NHS 
diabetes prevention programme intervention have fidelity to the 
programme specification? A document analysis. under review.

	16	 England NHS. NHS England impact analysis of implementing NHS 
diabetes prevention programme 2016 to 2021“, 2020. Available: 
https://www.​england.​nhs.​uk/​wp-​content/​uploads/​2016/​08/​impact-​
assessment-​ndpp.​pdf [Accessed 14 Jul 2020].

	17	 Stokes J, Gellatly J, Bower P, et al. Implementing a national diabetes 
prevention programme in England: lessons learned. BMC Health 
Serv Res 2019;19:991.

	18	 Barron E, Clark R, Hewings R, et al. Progress of the healthier 
you: NHS diabetes prevention programme: referrals, uptake and 
participant characteristics. Diabet Med 2018;35:513–8.

	19	 Valabhji J, Barron E, Bradley D, et al. Early outcomes from the 
English National health service diabetes prevention programme. 
Diabetes Care 2020;43:152–60.

	20	 Westreich D, Greenland S. The table 2 fallacy: presenting and 
interpreting confounder and modifier coefficients. Am J Epidemiol 
2013;177:292–8.

	21	 Greenland S, Pearce N. Statistical foundations for model-based 
adjustments. Annu Rev Public Health 2015;36:89–108.

	22	 Bartholomew DJ, Steele F, Moustaki I. Analysis of multivariate social 
science data. CRC press, 2008.

	23	 White IR, Royston P, Wood AM. Multiple imputation using 
chained equations: issues and guidance for practice. Stat Med 
2011;30:377–99.

	24	 Audigier V, White IR, Jolani S, et al. Multiple imputation for 
multilevel data with continuous and binary variables. arXiv 
2017;170200971.

	25	 Rubin DB. Multiple imputation for nonresponse in surveys. John 
Wiley & Sons, 2004.

	26	 Allison PD. Missing data. Thousand Oaks, California, 2002.
	27	 Kontopantelis E, White IR, Sperrin M, et al. Outcome-sensitive 

multiple imputation: a simulation study. BMC Med Res Methodol 
2017;17:2.

	28	 Hawkes RE, Cameron E, Cotterill S, et al. The NHS diabetes 
prevention programme: an observational study of service delivery 
and patient experience. BMC Health Serv Res.

	29	 Howells K, Burch P, Cotterill S, et al. “On the borderline of diabetes”: 
understanding how individuals resist and reframe diabetes risk. 
under review.

http://dx.doi.org/10.2337/dc06-0560
http://dx.doi.org/10.1007/s00125-007-0638-8
http://dx.doi.org/10.1056/NEJM200105033441801
http://dx.doi.org/10.1016/S2213-8587(19)30093-2
http://dx.doi.org/10.1056/NEJMoa012512
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/733053/PHE_Evidence_Review_of_diabetes_prevention_programmes-_FINAL.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/733053/PHE_Evidence_Review_of_diabetes_prevention_programmes-_FINAL.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/733053/PHE_Evidence_Review_of_diabetes_prevention_programmes-_FINAL.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/733053/PHE_Evidence_Review_of_diabetes_prevention_programmes-_FINAL.pdf
http://dx.doi.org/10.1186/s13012-015-0354-6
http://dx.doi.org/10.2337/dc13-2195
http://dx.doi.org/10.2337/dc17-2222
https://www.england.nhs.uk/wp-content/uploads/2016/08/impact-assessment-ndpp.pdf
https://www.england.nhs.uk/wp-content/uploads/2016/08/impact-assessment-ndpp.pdf
http://dx.doi.org/10.1186/s12913-019-4809-3
http://dx.doi.org/10.1186/s12913-019-4809-3
http://dx.doi.org/10.1111/dme.13562
http://dx.doi.org/10.2337/dc19-1425
http://dx.doi.org/10.1093/aje/kws412
http://dx.doi.org/10.1146/annurev-publhealth-031914-122559
http://dx.doi.org/10.1002/sim.4067
http://dx.doi.org/10.1186/s12874-016-0281-5

	‘Going the distance’: an independent cohort study of engagement and dropout among the first 100 000 referrals into a large-­scale diabetes prevention program
	Abstract
	Introduction﻿﻿
	Research design and methods
	Data
	Patient characteristics
	Patient health measures
	Service delivery

	Outcome measures
	Analysis

	Results
	Patient characteristics
	Service features
	Participation outcomes
	Uptake
	Retention and completion among attenders

	Conclusions
	References


