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ABSTRACT
Background  The NHS Diabetes Prevention 
Programme (DPP) in England is a behavioural 
intervention for preventing type 2 diabetes 
mellitus (T2DM) among people with non-diabetic 
hyperglycaemia (NDH). How this programme affects 
inequalities by age, sex, limiting illnesses or disability, 
ethnicity or deprivation is not known.
Methods  We used multinomial and binary 
logistic regression models to compare whether the 
population with NDH at different stages of the 
programme are representative of the population 
with NDH: stages include (1) prevalence of NDH 
(using survey data from UK Household Longitudinal 
Study (n=794) and Health Survey for England 
(n=1383)); (2) identification in primary care and 
offer of programme (using administrative data from 
the National Diabetes Audit (n=1 267 350)) and (3) 
programme participation (using programme provider 
records (n=98 024)).
Results  Predicted probabilities drawn from the 
regressions with demographics as each outcome and 
dataset identifier as predictors showed that younger 
adults (aged under 40) (4% of the population with 
NDH (95% CI 2.4% to 6.5%)) and older adults (aged 
80 and above) (12% (95% CI 9.5% to 14.2%)) 
were slightly under-represented among programme 
participants (2% (95% CI 1.8% to 2.2%) and 8% 
(95% CI 7.8% to 8.2%) of programme participants, 
respectively). People living in deprived areas were 
under-represented in eight sessions (14% (95% CI 
13.7% to 14.4%) vs 20% (95% CI 16.4% to 23.6%) 
in the general population). Ethnic minorities were 
over-represented among offers (35% (95% CI 35.1% 
to 35.6%) vs 13% (95% CI 9.1% to 16.4%) in general 
population), though the proportion dropped at the 
programme completion stage (19% (95% CI 18.5% to 
19.5%)).
Conclusion  The DPP has the potential to reduce 
ethnic inequalities, but may widen socioeconomic, age 
and limiting illness or disability-related inequalities 
in T2DM. While ethnic minority groups are over-
represented at the identification and offer stages, 
efforts are required to support completion of the 
programme. Programme providers should target under-
represented groups to ensure equitable access and 
narrow inequalities in T2DM.

INTRODUCTION
Type 2 diabetes mellitus (T2DM) in the UK is an 
increasingly important public health concern.1 
Non-diabetic hyperglycaemia (NDH), described 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ There are large sociodemographic inequalities 
in the prevalence of type 2 diabetes mellitus 
(T2DM). Diabetes prevention programmes 
can reduce the risk of onset of T2DM through 
behavioural interventions that target people 
with non‐diabetic hyperglycaemia (NDH).

	⇒ What we do not know is whether 
sociodemographic inequalities in T2DM reduce 
as a result of diabetes prevention programmes.

WHAT THIS STUDY ADDS
	⇒ Based on data analysis in the period between 
March 2018 and April 2019, we now know 
that sociodemographic inequalities in T2DM 
have the potential to widen as a result of the 
National Diabetes Prevention Programme 
(NHS DPP) in England, because people with 
limiting illnesses or disabilities who have NDH 
are less likely to be offered the programme, 
and because people with NDH who are aged 
below 50 and over 80 years, from minority 
ethnic groups and living in the most deprived 
areas are more likely to stop participating in the 
programme.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Based on our analysis of NHS DPP data in the 
period between March 2018 and April 2019, 
data indicate targeting of under-represented 
groups such as the youngest and oldest 
old age groups, people with limiting illness 
or disabilities, and those living in deprived 
areas needs to be specially considered from 
the outset to ensure equitable access and 
completion.

	⇒ The NHS DPP England has the potential to 
reduce ethnic inequalities, but continued efforts 
are required from future diabetes prevention 
programmes to support the completion of the 
programme by minority ethnic groups.
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as pre-diabetes, is an indicator of when HbA1c blood levels 
are higher than normal but not high enough for a diagnosis of 
T2DM. In the UK, NDH is defined as 42–47 mmol/mol (6.0%–
6.4%).2 People with HbA1c within this range are at greater risk 
of developing T2DM.3 4

There are well-established sociodemographic inequalities in 
the onset of T2DM5–7 and in the transitions from the NDH 
to T2DM.8–10 Ethnic minority groups have an earlier onset of 
T2DM, and equally socioeconomic disadvantaged groups have 
an earlier onset of T2DM and higher likelihood to transition 
from NDH to T2DM. While programmes such as the Diabetes 
Prevention Programme (DPP) seek to reduce transitions to 
T2DM, there is a risk that such programmes attract and retain 
subgroups of the target population who are healthier, wealthier 
and without disability, potentially widening sociodemographic 
inequalities.

Behavioural interventions that support weight loss and 
encourage adopting a healthy diet, and increasing physical 
activity can prevent or delay the onset of T2DM for people with 
NDH.11–15 In England, the ‘Healthier You: NHS Diabetes Preven-
tion Programme’, was rolled out across England from 2016. The 
NHS DPP aims to prevent or delay the onset of T2DM for people 
diagnosed with NDH (HbA1c 42–47 mmol/mol (6.0%–6.4%) or 
fasting plasma glycose (FPG) 5.5–6.9 mmol/L).16 Those at high 
risk for developing T2DM are referred into the DPP to partici-
pate in a behavioural education programme focused on healthy 
eating, changes in lifestyle and weight loss, and increasing phys-
ical activity.

There is some evidence with regards to how and why health 
interventions and programmes can widen health inequalities 
within populations, highlighting the need to investigate the 
differential effects and impact of such interventions by socio-
demographic characteristics.17–19 Access to care and services 
is a multifaceted construct with the use of services depending 
on availability, awareness, accessibility and affordability—such 
factors may differ across groups of the population.20–22

To date, assessments of sociodemographic inequities in DPPs 
have focused on comparisons of sociodemographic character-
istics at different stages of completion of these programmes 
among participants only.16 23 This is a partial picture that fails to 
identify whether patients in the programme are representative 
of the general population with NDH, and if not, where inequi-
ties may arise. Understanding who is not accessing interventions 
such as the DPP is important for assessing its population-level 
inequality impacts and informing targeted approaches to redress 
any imbalance.

This study is the first to explore whether DPP participants 
at various stages of the programme (from identification to 
completion) were representative of the population with NDH in 
England. We used a range of data including population surveys, 
primary care records and prevention programme administrative 
records from March 2018 to April 2019. We examined differ-
ences in the distribution of sociodemographic characteristics 
using logistic regression analyses.

METHODS
Data
We explored the extent to which participants in the DPP become 
less representative of those with NDH in the general population, 
and how this varied at different stages of the DPP process; prev-
alence, identification and offer, and participation. This required 
data on the population with NDH from several data sources, 
including: the surveyed population with NDH, those identified 

with NDH and offered the DPP in healthcare records, and those 
involved in various stages of the programme (defined in detail in 
online supplemental table S1, online supplemental file A). Across 
data sets, individuals whose blood test indicated HbA1c levels 
within the range 42–47 mmol/mol inclusive or 6.0%–6.4% inclu-
sive were categorised as NDH. Our final analytical sample 
comprised of 1 417 044 observations.

The population with NDH
The population with NDH were identified from two popula-
tion surveys. Two surveys were used to partially mitigate against 
any potential concerns of unrepresentativeness of the surveys. 
The first survey was the UK Household Longitudinal Study 
(UKHLS), an annual longitudinal survey of over 40 000 house-
holds; 56 198 men and women over 16 years of age participated 
in the main interview in waves 2 and 3 of UKHLS in 2010–
201224; 10 065 respondents lived in England and had an HbA1c 
measurement. Out of these participants, 794 (8%) had NDH. 
Further details about the UKHLS data, final sample specification 
and survey weights to account for selection into the final sample 
are provided in online supplemental file A.

The second survey was the Health Survey for England (HSE): 
an annual, cross-sectional survey based on a random probability 
sample of households. We used data from 2015 to 2018 surveys 
which included HbA1c measures.25–28 Out of the 32 220 (aged 
16+) who were eligible for an interview, 15 453 (48%) had a 
blood sample. Of those participants, 1383 (8.9%) participants 
had NDH. Further details about the HSE data, final sample spec-
ification and survey weights to account for selection into the 
final sample are provided in online supplemental file A.

The population with NDH identified in healthcare records and the 
population offered the DPP
Identification of the population eligible for the DPP was usually 
performed using data from NHS Health Checks, during consul-
tations or retrospectively in patient records.29 The population 
with NDH in healthcare records were sourced from the National 
Diabetes Audit (NDA). The NDA was established in 2004 to 
monitor diabetes management and outcomes. Since 2017, 98% 
General Practioners (GPs) submit patients’ data to the NDA.30 
We included participants with NDH diagnosis between January 
2017 until December 2019 (n=1 109 930) and participants with 
NDH who have been coded as having been offered the DPP 
between April 2018 until March 2019 (n=157 420). Our analyt-
ical sample from this dataset was 1 267 350 participants. Further 
details about the NDA data and sample are provided in online 
supplemental file A.

Participants in the DPP
Information on participation was collected in a Minimum 
Data Set (MDS) by the four providers of the DPP at this time. 
Following referral to the programme, participants attend an 
initial assessment (IA) session. Age, sex, area deprivation and 
HbA1c measurement were provided at the point of referral and 
disability and ethnicity were recorded at the IA. We used data at 
three different participation stages of the programme: IA, and 
after 8 and 11 sessions; 8 and 11 sessions were used to measure 
completion. Completion of the programme was defined as 
attendance of at least 60% of sessions.31 The volume of sessions 
varied by provider, with some offering 16 sessions, to capture 
a minimum of 60% sessions for all participants we identified 
completion as attending a minimum of 11 sessions.
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The DPP was rolled out in different areas of the country in 
three waves, with full national coverage from wave three only 
(starting in April 2018). The first wave included participants 
who were referred from June 2016 covering 27 sites and 110 
Clinical Commissioning Groups (CCGs). The second wave 
included referred participants from April 2017 covering 13 sites 
and incorporating 48 CCGs and the last wave had full coverage 
across England and included participants who were referred 
from April 2018. The staged rollout means that only referrals 
from April 2018 to March 2019 were an appropriate compar-
ator to the other datasets covering the whole of England. Final 
sample sizes included 98 024 observations in the IA, 29 577 who 
attended 8 sessions and 19 916 who attended 11 sessions.

Participant characteristics
We analysed as many as possible of the characteristics listed as 
protected by the Equality Act 2010.32 This required sociodemo-
graphic measures that were identical across the datasets. Age was 
categorised into groups of <40, 40–49, 50–59, 60–69, 70–79 
and 80+ years. Sex was measured as a binary measure for male 
or female. Disability was reported inconsistently across the data. 
Limiting illness or disability variable was described consistently in 
the survey populations of UKHLS and HSE as longstanding and 
limiting longstanding illness. In the MDS population, disability 
was described as limiting longstanding illness, progressive condi-
tions and chronic illnesses such as cancer, multiple sclerosis and 
HIV infection according to the Equality Act 2010,32 see link for 
details https://www.gov.uk/definition-of-disability-​under-equal-
ity-act-2010. For the NDA and DPP offered populations, only 
the measure of learning disability was available in the dataset. 
Ethnicity was dichotomised into white-British and ethnic 
minorities due to small sample sizes from the survey datasets. 
Area deprivation (Index of Multiple Deprivation—IMD 2010 
for UKHLS and NDA data, and 2015 for HSE and MDS) was 
grouped into quintiles.

Data analyses
The data from the UKHLS, HSE, NDA and MDS were pooled 
into a single data file but linkage at individual level was not 
possible. Summary statistics present the proportion of each 
sociodemographic characteristics at each stage. Separate logistic 
regressions were estimated for each sociodemographic charac-
teristic (multinomial regressions for age and deprivation, and 
binary regressions for sex, limiting illness or disability, and 
ethnicity). The explanatory variables were a set of dummy vari-
ables for the different datasets to indicate different stages: (1) 
general population (UKHLS and HSE), (2) DPP identified (NDA 
diagnosed), (3) DPP offered (DPP offered), (4) DPP attended 
(MDS IA) and the last (5) and (6) included the DPP completed 
(MDS 8 sessions and 11 sessions, respectively). The predicted 
probabilities from the regression provide the share of partici-
pants with that specific sociodemographic characteristic in each 
of the stages. Differences in the estimates for the stage indicators 
may signal inequity. For example, a higher share of a specific 
sociodemographic characteristic (eg, limiting illness or disability) 
for participants in the UKHLS or HSE compared with the DPP 
attended stage dataset would indicate that there are more partic-
ipants with limiting illness or disability with NDH in the general 
population compared with those in the DPP. If characteristics are 
similar across each stage, then the indicators for stages would 
not be significantly different from the reference category. This 
approach enables identification of where in the pathway patients 
are unrepresentative.

The model for each sociodemographic model also included 
the remaining sociodemographic characteristics to account for 
the correlations between them. Observations from the general 
population surveys were weighted to account for selection prob-
abilities, attrition and non-response using the blood sample 
weights provided in the surveys. All models were estimated in 
Stata/MP V.16.1 (StataCorp).

RESULTS
Descriptive and multivariable analyses
Online supplemental table S2 contains summary statistics for 
adults with NDH from the various datasets. Online supple-
mental tables S3–S12 provide the full set of estimates (ORs and 
95% CIs) and predicted probabilities from multinomial and 
binary logistic regressions for each sociodemographic character-
istic (age, sex, limiting illnesses or disability, ethnicity and area 
deprivation). ORs in multinomial logistic regression analysis are 
also referred as Relative Risk Ratio and/or Multinomial OR.

Figure  1 (online supplemental tables S3 and S4) plots the 
predicted probabilities (shares) for each age group over each 
dataset. The share of younger adults (aged under 40 years) was 
greater in the general population (UKHLS (4% (95% CI 2.4% 
to 6.5%)), HSE (6% (95% CI 3.5% to 7.5%))) than in those 
attending 8 (2% (95% CI 1.8% to 2.2%)) or 11 sessions (1% 
(95% CI 0.8% to 1.2%)) of the DPP.

There was evidence of under-representation of the oldest 
adults aged 80 years or over in the DPP attended and completed 
stages, relative to the general population (12% share in UKHLS 
(95% CI 9.5% to 14.2%)) and DPP identified and offered stages 
(15% (95% CI 14.9% to 15.1%)), with a 7% point gap between 
the DPP identified and the DPP attended stage (8% (95% CI 
7.8% to 8.2%)).

While there were some sex differences (online supplemental 
figure S1, online supplemental tables S5 and S6), these were not 
statistically significant. There was a consistent pattern of more 
women at all stages compared with men.

Participants in the general population had a higher probability 
of having limiting illness or disability (60% (95% CI 53.8% to 
64.2%)) compared with the DPP attended stage (15% (95% CI 
14.8% to 15.2%)) sample and estimates were even lower after 

Figure 1  Predicted probabilities of the general population (UKHLS 
and HSE) and various DPP stages for age groups. More information on 
the regression model in online supplemental table S3. Note: predicted 
%s (probabilities) and predicted 95% CIs were drawn from regression 
models by age groups for general population and administrative data 
(online supplemental table S4). DPP, Diabetes Prevention Programme; 
HSE, Health Survey for England; UKHLS, UK Household Longitudinal 
Study.
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8 (13% (95% CI 12.6% to 13.4%)) and 11 sessions of DPP 
completion stages (12% (95% CI 11.6% to 12.4%)) (figure 2 
and online supplemental tables S7 and S8).

The general population with NDH had the lowest probability 
of belonging to a minority ethnic group (13% (95% CI 9.1% to 
16.7%)), while the DPP offered population had the highest share 
(35% (95% CI 35.1% to 35.6%)). In figure 3 (online supple-
mental tables S9 and S10), the predicted probabilities show that 
there were more adults from ethnic minorities in the DPP identi-
fied and offered stages. The share for the DPP completed stages 
was smaller (19% (95% CI 18.5% to 19.5%)) for 8 sessions and 
11 sessions (18% (95% CI 17% to 18.1%)). This may suggest 
that while recruiters appear to over-represent minority ethnic 
groups, ethnic minorities were less likely to attend and complete 
the DPP.

There were clear differences between the stages in terms of the 
proportions living in the most deprived areas (figure 4—online 
supplemental tables S11 and S12). Participants in the DPP 
attended stage were less likely (17% (95% CI 16.7% to 17.2%)) 
to live in the most deprived areas compared with the general 

population (20% (95% CI 16.4% to 23.6%)). Moreover, the 
predicted probabilities of belonging to the most deprived areas 
were lower after the DPP completed stage of sessions 8 (14% 
(95% CI 13.7% to 14.4%)) and 11 (13% (95% CI 12.4% to 
13.4%)). The probabilities showed that participants in the DPP 
identified (22% (95% CI 21.9% to 22.1%)) and offered (21% 
(95% CI 20.9% to 21.1%)) stages were more likely to live in 
the most deprived areas compared with participants at any stage 
other stage of the DPP.

DISCUSSION
We examined whether participants, between April 2018 
until March 2019, at various stages of a diabetes prevention 
programme were representative of the population with NDH 
in England. We compared the characteristics of participants in 
the programme with those identified as having NDH in general 
population surveys and primary care records (the primary source 
for identifying referrals). Our results demonstrate that there 
were substantial differences in the sociodemographic character-
istics at different stages of the programme. There was a consis-
tent pattern of greater proportions of younger adults aged under 
50 and the oldest adults aged 80+ in the general population and 
DPP identified and offered participants compared with any of 
the stages of the DPP.

There was clear evidence that adults with disabilities as well as 
those living in the most deprived areas were under-represented 
in the DPP compared with survey populations. The high share 
for no disability in the DPP identified and offered participants 
reflects the different measure of disability in those datasets. 
Minority ethnic groups were over-represented in the DPP identi-
fied and offered stage, but these percentages dropped by around 
9%–16% points during the DPP completion stages. Further-
more, those in the most deprived groups were under-represented 
at the later stages of the DPP intervention compared with the 
general population and other stages. The 5% point gap in the 
proportion of adults living in the most deprived areas between 
the DPP early stages and DPP attended stage increased to a 7% 
point gap after 11 sessions.

Older people were less likely to be present in DPP attended 
stage and as the intervention progressed. Older people with 
comorbidities, poor physical functioning and cognitive problems 
face challenges in undertaking research on health promotion33 

Figure 2  Predicted probabilities of the general population (UKHLS 
and HSE) and various DPP stages for limiting illness or disability. More 
information on the regression model in online supplemental table S7. 
Notes: predicted %s (probabilities) and predicted 95% CIs were drawn 
from regression models by limiting illness or disability for general 
population and administrative data. *Comparable disability measures 
were not available in the DPP identified and offered stages (online 
supplemental table S8). DPP, Diabetes Prevention Programme; HSE, 
Health Survey for England; UKHLS, UK Household Longitudinal Study.

Figure 3  Predicted probabilities of the general population (UKHLS 
and HSE) and various DPP stages for ethnicity. More information on 
the regression model in online supplemental table S9. Predicted %s 
(probabilities) and predicted 95% CIs were drawn from regression 
models by ethnicity for general population and administrative data 
(online supplemental table S10). DPP, Diabetes Prevention Programme; 
HSE, Health Survey for England; UKHLS, UK Household Longitudinal 
Study.

Figure 4  Predicted probabilities the general population (UKHLS and 
HSE) and various DPP stages for index of multiple deprivation. More 
information on the regression model in online supplemental table 
S11. Predicted %s (probabilities) and predicted 95% CIs were drawn 
from regression models by Index of Multiple Deprivation for general 
population and administrative data (online supplemental table S12). 
DPP, Diabetes Prevention Programme; HSE, Health Survey for England; 
UKHLS, UK Household Longitudinal Study.
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and therefore are less likely to be take part or continuing in 
intervention studies.34 35 Further, clinical judgement may inhibit 
participation on the grounds of safety (eg, for those with frailty).

Men were under-represented in the DPP intervention stages 
compared with general population and this may be because men 
visit health services less often or seek health information and advice 
less frequently compared with women36 37 and therefore they are 
less likely to take part in health-enhancing interventions.38 39

People with limiting illnesses or disabilities were under-
represented in the intervention programme compared with the 
general population and this finding is consistent with the litera-
ture which suggests that people with disabilities experience direct 
or indirect discrimination in healthcare and health promotion.40

People from ethnic minorities were under-represented in the 
DPP intervention compared with DPP identified and offered 
stages, and over-represented in comparison with the general popu-
lation. There is some evidence that minority ethnic groups were 
more likely to be offered the programme when identified in GP 
practices. Early findings from the DPP, comparing DPP offered and 
attended stages suggested that adults from minority ethnic groups 
were more likely to attend the DPP than white Europeans.16

Participants living in deprived areas were under-represented 
as the intervention progressed compared with those living in 
the wealthiest areas and compared with general population. 
This finding could be related to evidence that socially advan-
taged people seek healthcare at the earlier stages of disease and 
consume more preventive care.41

This study has several strengths. First, we used data from the 
UKHLS and HSE which are representative of the English popu-
lation for participants 16 years and over. Both surveys provide 
sociodemographic and biomarker information to examine dispar-
ities in sociodemographic characteristics between datasets. The 
use of both surveys provided reassurances of representativeness 
with the general population, with both providing broadly similar 
sociodemographic characteristics for those with NDH, with the 
choice of not materially influencing the findings of this study. 
Moreover, we were able to add in the underlying administrative 
data from the NDA. We therefore had two sources of underlying 
population data—the surveys as well as the administrative data-
sets. Second, we were able to compare the sociodemographic 
characteristics of the survey and administrative populations with 
the DPP participants’ sociodemographic information collected 
at the referral and in the initial assessment alongside biomarker 
data enabling patient-level and survey data comparisons.

Important limitations of this study are the small samples from 
minority ethnic groups in survey populations and the inconsistency 
in the reporting of limiting illness or disability in the administra-
tive dataset. Minority ethnic groups are under-represented in the 
surveys42 and therefore the interpretations of our results should be 
made with caution, however, we were able to compensate for this 
limitation by adding in the administrative data from the NDA and 
including sample weights to account for non-response, selection 
probabilities and attrition. While the measurement of disability was 
not comparable in primary care records, this does not detract from 
the large differences seen between the surveys and the programme 
records. The analyses of administrative data may be hampered by 
inaccurate coding and record keeping.

CONCLUSION
Intervention like the DPP may result in a widening of socio-
economic and limiting illnesses or disability-related inequal-
ities among people with NDH as the programme recruited 
fewer adults living in deprived areas and with a disability than 
expected in the general population. The DPPs have the potential 

to reduce ethnic inequalities, with identification and offer over-
representing this group, but continued efforts are required to 
support the completion of the programme by minority ethnic 
groups. The complex nature of access to the intervention 
suggests this may be due to the way the DPP is provided both in 
terms of accessibility and availability of the programme; but also, 
from the patient perspective in terms of whether the format and 
content are acceptable to patients. Identifying these issues may 
help inform how providers of the programme may target people 
in younger and older age groups, people with disabilities and 
people living in deprived areas.

The programme continues to adapt, with initiatives to support 
retention of ethnic minorities and socioeconomically deprived 
populations and the roll out of digital options which may 
support younger populations. Future research could explore the 
impacts these have on the findings presented here.
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