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Existing evaluations of the National Health Service Diabetes Prevention
Programme (NHS DPP) in England have demonstrated associated reductions
inbody weight, hemoglobin Alcandincident type 2 diabetes (T2D). In this
study, we examined associations between completion of the NHS DPP and
incidence of T2D and 30 other long-term conditions (LTCs), including LTCs
considered linked to the program’s interventional goals of body weight
reduction, increased physical activity and improved diet quality (LTC-L) and
LTCs considered to be possibly linked to those goals (LTC-PL). We found that
completers of the NHS DPP had lower incidences of T2D, LTC-L and LTC-PL
compared to non-attenders. Although these associations attenuated over
time, they remained significant for all outcomes at 24 months with an odds
ratio of 0.53 (95% confidence interval: 0.48-0.59) for T2D and rate ratios of
0.79 (0.74-0.84) and 0.80 (0.74-0.88) for LTC-L and LTC-PL, respectively.
However, we were not able to directly conclude whether lower incidence
rates were a direct result of completing the NHS DPP or due to residual bias
stemming from unmeasured confounding and imprecision in the estimation

of diagnosis.

Reduced cardiovascular mortality in people with diabetes over the last
30 years has resulted in increased longevity, whereas higher obesity
rates have driven younger age of T2D onset, both factors resulting
in longer exposure to the metabolic environment, with associated
diversification of the causes of morbidity and mortality and increasing
occurrence of multiple LTCs inindividuals living with diabetes'. There
isgrowing concern about the increased prevalence of the entity ‘mul-
tiple long-term conditions’ (MLTCs), also known as ‘multimorbidity’,
which is defined as the coexistence of two or more chronic physical
or mental health conditions, in the general population’. MLTCs are

associated with poorer health outcomes and greater use of healthcare
services®”. Although this has led to the development, independent of
diabetes status, of clinical guidelines for the management of MLTCs®
and of frameworks to support MLTC research’, prevention of MLTCs
has received relatively little attention®’.

In 2016, the NHS in England established the Healthier You
NHS DPP to prevent or delay the onset of T2D in adults identified
with non-diabetic hyperglycemia (NDH; hemoglobin Alc (HbAlc)
of 42-47 mmol mol™ (6.0-6.4%) or fasting plasma glucose of 5.5-
6.9 mmol I™?), also known as prediabetes. Individuals were eligible
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for the NHS DPP if their latest HbAlc reading was 42-47 mmol mol ™,
recorded within the last 12 months, and if they were aged 18 years or
older and not pregnant. The interventioninvolves 9 months of behav-
ioral support to lose weight, increase physical activity and improve
diet quality, through at least 13 group-based face-to-face sessions
constituting a minimum of 16 hours of contact time'’; the choice of
digital delivery of the same intervention is also now offered". The NHS
DPP achieved universal population coverage in England in just over
2 years, and, by March 2022, over one million people with NDH had
beenreferredinto the program. Programaccess was associated witha
7%reductioninincidence of T2D at population level over the 18-month
period up to March 2020 compared to what would have been expected
by extrapolating the trend prior to the establishment of the NHS DPP',
During the same period, a 31% reduced T2D incidence was found in
those who completed the program versus those who did not complete
the program® aswellasa20% reduced T2D incidence in those with NDH
who were referred to the program versus a matched control group of
those with NDH who were not referred to the program'™.

The NHS DPP may have benefits beyond the prevention of T2D,
providing opportunities to address common antecedent risk factors
for other LTCs earlier in the life course, at the stage of pre-disease
(NDH rather than T2D), with the potential for additional economic
gains, including reduced involuntary exclusion from employment, in
those of working age”’. We aimed to assess associations between NHS
DPP completion and the subsequent incidence of 31 LTCs recorded in
the National Bridges to Health Segmentation Dataset in England™¢,
to which the Minimum Dataset of the NHS DPP was linked. LTCs were
grouped based on whether evidence derived from a literature search
suggested that they are etiologically linked (LTC-L) or possibly linked
(LTC-PL), within any populations, to the program’sinterventional goals
of body weight reduction, increased physical activity orimproved diet
quality. Conditions were categorized as LTC-L if supported by evidence
from randomized controlled trials (RCTs) or meta-analysis of RCTs.
Conditions were categorized as LTC-PL if supported by observational
studies only or if there was an absence of evidence. Four LTCs were
excluded where the investigators agreed that they were not plausi-
bly linked to body weight reduction, increased physical activity or
improved diet quality. The full search strategy and search results are
presented in the Supplementary Text and in Supplementary Table 1.
The list of conditions by group can be found in Table 1.

We present the associations between completion of the NHS DPP
(the intervention group) and the incidence of T2D, of two or more
LTCs (MLTCs) and of both LTC-L and LTC-PL at 6 months, 12 months,
18 months and 24 months, using separate cohorts for each time period,
compared to matched controlgroups of individuals referred to the NHS
DPP who did not attend any sessions (the control group).

Results
The number of individuals in the intervention group compared to
the corresponding number of individuals in the control group was
56,940 versus 56,315 in the 6-month cohort, 38,140 versus 39,773 in
the12-month cohort, 22,497 versus 26,600 in the 18-month cohort and
11,821 versus 14,594 in the 24-month cohort. Differences between the
group sizes were due to the fact that matching was undertaken at the
point of NDH diagnosis rather than at the point of program initiation.
Thefullselection process and the list of exclusion criteriaare outlined
in Supplementary Fig. 1. Analysis of standardized mean difference
(SMD) scoresindicated that broadly good balance was achieved across
allmatching variables at all follow-up periods (Supplementary Fig.2).
Baseline characteristics for the 6-month cohort are shown in Sup-
plementary Table 2. Subsequent follow-up period cohorts showed similar
patterns and are omitted for brevity. In the 6-month cohort, for thosein
theintervention group, the mean age was 66 years, 45% were men, 6.9%
were of Asian ethnicity, 5.0% were of Black ethnicity and 78% were of
White ethnicity. There were higher proportions of individuals from the

Table 1| List of the 35 conditions from the Segmentation
Dataset split into the following groups: LTCs considered
aetiologically linked (LTC-L) or possibly linked (LTC-PL)
to body weight reduction, increased physical activity or
improved diet quality

Etiologically linked Possibly linked Excluded

Atrial fibrillation Alcohol dependence Autism

Cancer Asthma Cystic fibrosis

Cerebrovascular disease Bronchiectasis Learning disability

Chronic kidney disease Chronic pain Sickle cell disease
Chronic liver disease COPD
Coronary heart disease Epilepsy

Dementia Inflammatory bowel
disease

Depression Multiple sclerosis

Diabetes* Neurological organ
failure

Frailty Osteoarthritis

Heart failure Parkinson’s disease

Pulmonary heart
disease

Hypertension

Osteoporosis Rheumatoid arthritis

Peripheral vascular disease ~ Sarcoidosis

Physical disability Serious mental illness

Severe interstitial lung
disease

LTCs were excluded where the investigators agreed that they were not plausibly linked

to behavior change. *The NHS DPP and similar programs would be expected to have a
preventative effect on T2D (which represents the vast majority of adult diabetes diagnoses),
but diabetes is not included in the LTC-L grouping because the effect on T2D is being
assessed separately.

least-deprived quintile compared to the most-deprived quintile (26%
versus 13%, respectively). Nearly 60% (57.6%) had at least one LTC at the
start of follow-up; 35.5% had hypertension; 15.7% had osteoarthritis;
and 13.6% had coronary heart disease. Men had higher proportions of
coronary heart disease (19.7% for men versus 8.5% for women), whereas
women had higher proportions of osteoarthritis (17.3% versus 13.9%)
and depression (9.4% versus 5.6%) (Supplementary Table 3). Nearly 70%
(69.6%) of older individuals (=70 years) had at least one LTC: 49% with a
diagnosis of hypertension. Younger individuals (<70 years) had higher
proportions of depression (9.6% versus 5.0%) (Supplementary Table 4).
Characteristics of individuals in the matched control group followed
similar patterns.

Incidence of MLTCs

At start of the follow-up period, in both the intervention and control
groups, a third of individuals had at least two LTCs (Supplementary
Table 5), constituting MLTCs. Individuals with MLTCs were older and
had high proportions of hypertension (75.4% for those in theintervention
group withatleast two LTCs versus 13.8% for zero or one), osteoarthritis
(36.8% versus 4.2%) and coronary heart disease (34.2% versus 2.3%) (Sup-
plementary Table 6). Incidence of MLTCs (that is, moving from zero or one
LTC to two or more LTCs during the follow-up period) was significantly
lower in the intervention group compared to the control group at all
four follow-up points with unadjusted odds ratios of 0.61 (0.56-0.66),
P<0.001;0.70(0.65-0.74),P < 0.001;0.74 (0.69-0.80),P< 0.001;and 0.77
(0.71-0.84), P< 0.001 (Fig. 1and Supplementary Table 5), respectively.

New-onset T2D
At 6 months, 12 months, 18 months and 24 months, 0.7% (394),1.8%
(703), 3.0% (686) and 4.8% (562) of individuals, respectively, in the

Nature Medicine | Volume 31| November 2025 | 3825-3831

3826


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-025-03922-1

[J Control M Intervention
20%
18% 16.7%
16%
. 13.4%
14% 12.9%
% 12%
8 9.9%
C 0,
g 10% 8.8%
& 8%
6.3%
6%
4.6%
4% 2.8%
- .
0%
6 months 12 months 18 months 24 months

Cohort

Fig.1|MLTCincidence at 6-month, 12-month, 18-month and 24-month
follow-ups with 95% confidence intervals. Data are presented as proportions
with 95% confidence intervals. n (intervention and control) = 36,836 and 36,625
at 6 months, 24,793 and 26,092 at 12 months, 14,730 and 17,655 at 18 months and
7,766 and 9,799 at 24 months.

intervention group were recorded with a new diagnosis of T2D com-
pared to 1.4% (816), 3.6% (1,419), 5.5% (1,473) and 8.7% (1,265) of indi-
viduals, respectively, in the control group (Supplementary Table 7).
Compared to those in the control group, the adjusted odds ratios
for incident T2D in the intervention group were 0.48 (95% confi-
dence interval: 0.43-0.54, P< 0.001) at 6 months, 0.51 (0.47-0.56,
P<0.001) at 12 months, 0.53 (0.48-0.58, P < 0.001) at 18 months and
0.53(0.48-0.59, P<0.001) at 24 months (Fig. 2 and Supplementary
Table 8). Adjusted odds ratios were similar between sex and age group
(Supplementary Figs.3 and 4).

LTC-L

Atleastonenew diagnosisof an LTC-L wasrecordedintheintervention
group for 4.3% (2,443), 8.8% (3,366),13.0% (2,935) and 16.9% (2,001)
of individuals at 6 months, 12 months, 18 months and 24 months,
respectively, compared to 6.5% (3,651),11.9% (4,719), 16.4% (4,370)
and 20.5% (2,995) of individuals, respectively, in the control group
(Supplementary Table 7). Compared to those in the control group,
the adjusted rate ratios for new diagnoses of LTC-L for those in the
intervention group were 0.59 (95% confidence interval: 0.56-0.63,
P <0.001) at 6 months, 0.69 (0.65-0.72, P < 0.001) at 12 months, 0.75
(0.72-0.79,P < 0.001) at 18 months and 0.79 (0.74-0.84, P < 0.001) at
24 months (Fig. 2 and Supplementary Table 8). Adjusted rate ratios
were similar by sex (Supplementary Fig. 3) but differed by age group,
with greater differences for those aged 70 years or older compared
to those younger than 70 years (Supplementary Fig. 4).

New diagnoses most frequently occurred for hypertension, cancer
and frailty (Supplementary Table 9), with significantly higherincidence
inthe control group, although there was some variation by sex and by
age, with higher incidence of coronary heart disease for men and higher
incidence of frailty for older individuals (Supplementary Tables 10
and 11). However, hypertension had one of the smallest differences
relative to controls, with the magnitude of the difference decreasing
over time. At 24 months, there was a significantly higher incidence
in the control group for the majority (10/14) of conditions, with the
exceptionsbeing coronary heart disease, peripheral vascular disease,
physical disability and chronic liver disease (Fig. 3 and Supplementary
Table 9). For men, however, only dementia and frailty remained signifi-
cantat 24 months, whereas the majority (10/14) remained significant
for women, with heart failure and dementia having the greatest differ-
encesrelative to controls (Supplementary Table 10 and Supplementary

Fig.5). Foryoungerindividuals, only depression remained significant
at24 months, whereas, for older individuals, eight out of 14 conditions
remained significant, with dementia and frailty having the greatest
differences relative to controls (Supplementary Table 11 and Sup-
plementary Fig. 6).

LTC-PL

Atleast one new diagnosis of an LTC-PL was recorded in the intervention
group for1.6%(921),3.6% (1,372),5.7% (1,288) and 7.9% (928) of individu-
als at 6 months, 12 months, 18 months and 24 months, respectively,
compared to 2.7% (1,507), 5.1% (2,027), 7.6% (2,016) and 9.6% (1,405)
of individuals, respectively, in the control group (Supplementary
Table 7). Compared to those in the control group, the adjusted rate
ratios for new diagnoses of LTC-PL for those in the intervention group
were 0.60 (95% confidenceinterval: 0.55-0.65, P < 0.001) at 6 months,
0.70 (0.65-0.75, P< 0.001) at 12 months, 0.75 (0.70-0.81, P < 0.001)
at18 months and 0.80 (0.74-0.88, P < 0.001) at 24 months (Fig. 2 and
Supplementary Table 8). Adjusted rate ratios were similar by sex and
by age group (Supplementary Figs. 3 and 4).

New diagnoses most frequently occurred for osteoarthritis,
asthma, chronic obstructive pulmonary disease (COPD) and chronic
paininboth theintervention and control groups, with higher incidence
inthe control group (Supplementary Table9). The incidence of other
conditionswas small (n <100 at all follow-up points). Osteoarthritisand
asthma, in particular, had among the smallest differences relative to
controls, with the magnitude of the difference decreasing over time. At
24 months, only COPD, pulmonary heart disease, epilepsy and chronic
pain had a significantly lower incidence in the intervention group
compared to the control group (Fig. 3). Results were similar by age and
sex (Supplementary Tables10 and 11and Supplementary Figs. 5and 6).

Secondary analyses that assessed individuals not referred to
the NHS DPP as the control group

In secondary analyses with a different matched control group (indi-
viduals diagnosed with NDH but not referred to the NHS DPP) (Sup-
plementary Tables 12-14), completion of the NHS DPP was found to be
significantly associated with lower incidence of new diagnoses of T2D,
new diagnoses of LTC-L and new diagnoses of LTC-PL at all follow-up
points (Supplementary Table 15). MLTC incidence was also significantly
lower in the intervention group compared to the control group at all
four follow-up points (all P< 0.001) (Supplementary Table 16).

Discussion
This retrospective observational study shows that completion of the
NHS DPP, a diabetes prevention program that targets body weight
reduction, increased physical activity and improved diet quality, is
associated with lower incidence of T2D and LTCs etiologically linked
and possibly linked to these program interventional goals. The asso-
ciation decreased in magnitude over the longer follow-up periods
but remained significant for each of the three outcome measures at
24 months. Incidence of MLTCs was significantly lowerintheinterven-
tiongroup compared to the control group atall four follow-up points.
However, the presence of biases arising from unmeasured differences
between the intervention and control groups cannot be ruled out.
Weight loss and HbAlcreduction associated with completion of the
NHS DPP hasbeen demonstrated (mean weightloss of 3.3 kgand mean
HbAIlcreduction of 2.0 mmol mol™inthose who complete the interven-
tion)™. Although weight change and HbAlc change were not recorded
for individuals in the control groups, greater weight loss and HbAlc
reduction in the intervention compared to the control groups in this
study is likely. Obesity has been recognized as a potentially important
interventional target to prevent subsequent MLTCs: in an observational
study, obesity was associated with 21 non-overlapping cardiometa-
bolic, digestive, respiratory, neurological, musculoskeletal and infec-
tious diseases”. Another observational study found weight loss to be
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T2D Odds ratio P value
(95% CI)

6 months —— 0.48 (0.43-0.54), <0.001
12 months - 0.51(0.47-0.56), <0.001
18 months - 0.53 (0.48-0.58), <0.001
24 months o 0.53 (0.48-0.59), <0.001

0.10 1.00 10.00
Odds ratio
Etiologically linked Rate ratio P value
(95% CI)

6 months <+ 0.59 (0.56-0.63), <0.001
12 months > 0.69 (0.65-0.72), <0.001
18 months > 0.75 (0.72-0.79), <0.001
24 months <+ 0.79 (0.74-0.84), <0.001

0.10 1.00 10.00
Rate ratio
Possibly linked Rate ratio P value
(95% CI)

6 months - 0.60 (0.55-0.65), <0.001
12 months - 0.70 (0.65-0.75), <0.001
18 months - 0.75 (0.70-0.81), <0.001
24 months - 0.80 (0.74-0.88), <0.001

0.10 1.00 10.00
Rate ratio

Fig. 2| Primary analysis: adjusted estimates of incidence of T2D and LTC-L
and LTC-PL at 6-month, 12-month, 18-month and 24-month follow-up periods
with 95% Cls. Data are presented as odds ratios (diabetes) and rate ratios (LTC-L
and LTC-PL) with 95% confidence intervals (Cls). Pvalues are two-sided and were

determined by logistic regression (diabetes) and negative binomial regression
(LTC-Land LTC-PL), with no adjustments for multiple tests. n (intervention and
control) =56,940 and 56,315 at 6 months, 38,140 and 39,773 at 12 months, 22,497
and 26,600 at 18 months and 11,821 and 14,594 at 24 months.

associated with risk reductions for T2D, hypertension, dyslipidemia,
chronic kidney disease, sleep apnea and asthma'®. The Look-AHEAD
trial found a 7% reduction in weight loss and improved cardiovascular
fitness in middle-aged individuals with T2D undergoing an intensive
lifestyle intervention. Although no differences were found in the pri-
mary endpoint of cardiovascular outcomes, a post hoc analysis found
that therate of increase in MLTCs over time was slowed”. Inthe 30-year
follow-up of the Da Qing Diabetes Prevention Outcome Study, although
MLTCs were not quantified, those withimpaired glucose tolerance who
hadtakenpartinalifestyle programstill had alower incidence of T2Din

additiontoareducedincidence of cardiovascular events, microvascular
complications and cardiovascular and all-cause mortality®.
Toourknowledge, our study is the first to examine the association
ofthe NHS DPP withincidence of T2D alongside incidence of other LTCs
and withincidence of MLTCs. Our results are consistent with previous
researchshowing an association between completion of the NHS DPP
andreduced T2Dincidence ™. Thereis alack of RCTs of interventions
designed to prevent MLTCs, although thereis existing evidence on the
development of LTCs other than T2D. A Finnish RCT suggested that a
multidomainintervention over 2 years, including nutritional guidance,
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Etiologically linked 6 months 12 months 18 months 24 months
Dementia - Dementia - Dementia - Dementia .-
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Cerebrovascular disease e Cerebrovascular disease * Cerebrovascular disease - Cerebrovascular disease -
Atrial fibrillation - Atrial fibrillation - Atrial ibrillation - Atrial fibrillation -
Chronic kidney disease - Chronic kidney disease - Chronic kidney disease -+ Chronic kidney disease -
Chronic liver disease e Chronic liver disease —— Chronic liver disease —— Chronic liver disease e
Depression - Depression > Depression *> Depression -
Peripheral vascular disease —— Peripheral vascular disease - Peripheral vascular disease - Peripheral vascular disease .
Cancer > Cancer e Cancer e Cancer -*|
Hypertension * Hypertension * Hypertension * Hypertension -
Coronary heart disease -+ Coronary heart disease - Coronary heart disease *> Coronary heart disease R
0.1 1 10 0.1 1 10 0.1 1 10 0.1 1 10
Odds ratio Odds ratio Odds ratio Odds ratio
Possibly linked 6 months 12 months 18 months 24 months
Sarcoidosis B R Sarcoidosis B G Sarcoidosis G Sarcoidosis e
Epilepsy e Epilepsy — Epilepsy ] Epilepsy —
Alcohol dependence————#——— Alcohol dependence e Alcohol dependence e Alcohol dependence i
Pulmonary heart disease —— Pulmonary heart disease —— Pulmonary heart disease —— Pulmonary heart disease ——
Multiple sclerosis =~ ——————#———— Multiple sclerosis —_— Multiple sclerosis —_— Multiple sclerosis = ————————#—f—————
COPD - COPD - COPD - COPD -
Neurological organ failare——#———— organ failure Neurological organ failure ———— Neurological organ failure ———
Chronic pain . Chronic pain el Chronic pain .- Chronic pain —
Serious mentalillness — Serious mental illness —— Serious mental illness — Serious mentalillness —
Inflammatory bowel disease e Inflammatory bowel disease e Inflammatory bowel disease ] Inflammatory bowel disease e
Parkinson's disease B g Parkinson's disease R Parkinson's disease — Parkinson's disease e
Rheumatoid arthritis —— Rheumatoid arthritis —o| Rheumatoid arthritis —e Rheumatoid arthritis —
Bronchiectasis —o- Bronchiectasis —e- Bronchiectasis —o- Bronchiectasis ——
Asthma - Asthma - Asthma - Asthma o
Osteoarthritis > Osteoarthritis il Osteoarthritis * Osteoarthritis 4
Severe interstitial lung disease ——] Severe interstitial lung disease —— Severe interstitial lung disease — Severe interstitial lung disease —t—
0.1 1 10 0.1 1 10 0.1 1 10 0.1 1 10
Odds ratio Odds ratio Odds ratio Odds ratio

Fig. 3| 0dds of participants acquiring new LTCs, by condition, at 6-month, 12-month, 18-month and 24-month follow-up periods with 95% confidence intervals.
Dataare presented as odds ratios with 95% confidence intervals. n (intervention and control) = 56,940 and 56,315 at 6 months, 38,140 and 39,773 at 12 months, 22,497

and 26,600 at 18 months and 11,821 and 14,594 at 24 months.

exercise, cognitive training and management of metabolic and vascular
risk factors, reduced the risk of developing new chronic diseases in
people aged 60-77 years?.

The 50% reduction in T2D incidence compares those who com-
pleted the program (defined as attending at least 60% of intervention
sessions) tothose who were referred to the program but did not attend
anyintervention sessions, whereas the 31% reductionin T2D incidence
comparesthose who completed the programto those who did not com-
pleteit. The not-completed group includes individuals who attended
1-7 intervention sessions, whereas the not-attended group includes
only those who attended zero intervention sessions.

Adose-response relationship was observed between the number
of sessions attended and the incidence of T2D". We would, therefore,
expectagreater reductionin T2D incidence between those who com-
pleted the program and those who did not attend intervention sessions
than would be observed when comparing those who completed the
program to those who did not complete it. However, there are also
likely unmeasured confounders that we are unable to control for. For
example, it is possible that participants who were less well failed to
complete by dropping out early.

Our study has several limitations. The study uses observational
data collected during routine care delivery, and there is no randomi-
zation to participation in the NHS DPP. We used matching to create
a comparison control group, which was as close to the intervention
population as possible in key observed characteristics, except for
the absence of exposure to the DPP. In principle, this would allow
us to attribute any difference in outcomes to the impact of the DPP;
in practice, however, there are likely to be a variety of unmeasured
confounders that we are unable to control for. For example, we were
unable to adjust for body massindex, HbAlc, smoking status and fam-
ily history of diabetes due to absence, or poor ascertainment, of these
parameters in the datasets that we used.

Itis possible that the similarity of results between the LTC-L and
LTC-PLgroupsindicates the presence of unobserved bias, and itis also
possible that the LTC-PL group is acting as a negative control more

generally. Although it is plausible that observed reductions in some
conditions such as depression, chronic painand hypertension may be
attributable to thelifestyle intervention, the timing of the observation
period (up to 2 years) makes such a direct relationship for two of the
conditions with the largest effect sizes, frailty and dementia, less likely.
For example, one study found differences in levels of cardiometabolic
factors up to two decades prior to dementia diagnosis®. A possible
interpretationinthese casesis reverse causation, with individuals who
develop these conditions being unlikely to, or unable to, complete the
program.

The National Bridges to Health Segmentation Dataset is derived
through linkage of several datasets, including the Community Services
Dataset and the Secondary Uses Services (SUS) dataset, but these
source datasets are mostly secondary care sources (Supplementary
Table17). Conditions that are usually diagnosed in primary care, such
as depression and hypertension, are known to have lower ascertain-
mentinthe Segmentation Dataset thanin primary care datasets (Sup-
plementary Text). This measurement imprecision may lead to bias
and unobserved confounding if the effect is greater for control or
intervention groups. Another potential confounding factor is the
possibility of a greater latent prevalence of LTCs in the control group
compared to the intervention group. We have matched on observed
prevalence at NDH diagnosis, but some individuals may have latent
LTCs that are either undiagnosed or not yet coded within the data.
Theselatent cases may appear as false incident cases during follow-up
ifthey are subsequently diagnosed or coded. If latent cases of a given
condition are more commonin the control group at baseline, this may
lead toagreater number of falsely incident cases between the groups,
particularly early in the follow-up period. T2D diagnoses are identified
using the National Diabetes Audit (NDA) dataset, so this effect will be
minimal for T2D.

Itis also possible that those who choose to attend and complete
the program (thatis, theintervention group) are particularly motivated
and exhibit behaviors meaning that they are less likely to develop any
new incident conditions apriori. Onthe other hand, new diagnoses may
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be morelikely to be coded and recorded in the intervention group, as
they may be more engaged with healthcare.

Additionally, the NDA dataset has a degree of under-coding of
NDH. Approximately 26% of those who were referred to the NHS DPP
did not have an NDH code and, therefore, an NDH date of diagnosis,
requiring us to estimate the date of NDH diagnosis for these individu-
als, potentially leading to further bias. The intervention and control
groupsalso differinsize, particularly in the longer follow-up periods,
due to greater volumes of missing data in the control group in the
outcome variables derived after matching. Although the match-
ing process was selected to minimize bias, the possibility that data
exclusionsinthe follow-up period were not missing at random must
be acknowledged.

In conclusion, we found asignificant associationbetween comple-
tion of the NHS DPP and lower incidence of T2D, MLTCs as well as condi-
tions considered etiologically linked to the program’s interventional
goals and conditions possibly linked to the program’s interventional
goals. Itis not possible to draw conclusions on the extent to which lower
incidencerateswere adirect consequence of the NHS DPP as opposed
to limitations of the data and potential bias stemming from unmeas-
ured differences between the intervention and control groups, and,
therefore, the causal pathways throughwhichreducedincidence rates
were achieved are unclear. Recently, published UK policy documents
have highlighted the importantimpacts of both MLTCs and associated
preventative approaches in supporting the sustainability of future
healthcare delivery?**. Evidence has already demonstrated the NHS
DPP to be cost-effective by 12 months® and, taking incidence of T2D but
notincidence of other LTCincidenceinto account, cost-saving by year
9 (ref. 26). Further high-quality studies, including RCTs, are warranted
to determine if such real-world lifestyle interventions can reduce the
risk of development of other LTCs and MLTCs.
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Methods

Study design and data sources

The data used in this study are collected and used in line with NHS
England’s purposes, as required under the statutory duties outlined
inthe NHS Act 2006 and the Health and Social Care Act 2012. The Seg-
mentation Dataset is processed under a data processing agreement
between NHS England and Outcomes Based Healthcare, Ltd. (OBH),
which produces the Segmentation Dataset on behalf of NHS England.
Thisensures controlled access by appropriate approved individuals to
anonymized/pseudonymized data held on secure dataenvironments
entirely within the NHS England infrastructure. Dataare processed for
specific preregistered purposes only, including operational functions,
service evaluation and service improvement. The present study sup-
ported these purposes, so ethics committee approval was notrequired.
Where OBH had processed data, thiswas agreed and detailedinadata
processing agreement. The data used to produce this analysis were
disseminated to NHS England under directions issued under Section
254 of the Health and Social Care Act 2012.

Thiswasaretrospective observational cohort study thataimedto
assess the association between completion of the NHS DPP (as meas-
ured through attendance at more than 60% of sessions) and subse-
quentincidence of LTCs recorded, including T2D, between April 2016
and February 2020. After exclusion of four LTCs usually diagnosed
at birth or in early childhood, 31 LTCs were divided into two groups:
LTCs considered etiologically linked to program interventional goals
of body weight reduction, increased physical activity or improved
diet quality (LTC-L) and LTCs considered to be possibly linked to body
weight reduction, increased physical activity orimproved diet quality
(LTC-PL). This categorization was based on a search strategy detailed
in Supplementary Table 1 and Supplementary Information (‘Search
strategy for linked and possibly linked conditions’). The full list of
conditions canbe found in Table 1.

The NDA was used to identify all individuals diagnosed with NDH
and was also used to measure incidence of T2D. The NDA has collated
data on people with diabetes registered with a general practice in
England since 2003 and with NDH since 2017, with almost complete
practice participation in recent years (99% in 2019/2020). However,
there is a degree of under-coding of NDH in general practice”. The
NHS DPP Minimum Dataset was used to identify all individuals with
NDH who had been referred to the NHS DPP.

The Bridges to Health Segmentation Dataset was used to measure
the incidence of the 30 other LTCs. The dataset covers individuals
registered with a general practice in England since 2014 and includes
sociodemographic, geographic as well as clinical diagnostic data. The
Segmentation Dataset has been derived from numerous national,
predominately secondary care, patient-level datasets held in the
National Commissioning Data Repository, each of which is linked by
pseudonymized NHS numbers. The dataset now includes more than
15 years of data from the SUS dataset, which collects data from all
hospitalsin England, including admitted patient care, outpatient and
emergency care data, in addition to mental health data, community
data and the NDA. The full list of source datasets used to derive the
Segmentation Dataset, including the time over which data have been
longitudinally accrued, can be found in Supplementary Table 17. The
Segmentation Dataset includes 35 LTCs, including diabetes, which
alignreasonably well with the conditions suggested for inclusionin the
entity ‘multiple long-term conditions’ through arecent Delphi consen-
sus study®®. The 35 conditions included in the Segmentation Dataset
were derived using data definitions based on logic and clinical codes
(for example, International Classification of Diseases, 10th revision,
diagnostic codes; OPCS Classification of Interventions and Procedures
codes; and Systematized Nomenclature of Medicine-Clinical Terms
codes) and were developed for each condition after extensive clinical
review and evaluation®. Further details on the process of selection of

30

LTCs and the prevalence of MLTCs were published previously®’.

The NDA dataset was used to measure incidence of T2D because
the Segmentation Dataset is derived through linkage of numerous
datasets, not all of which identify type of diabetes. Furtherinformation
ontheaccuracy of the codingin the Segmentation Dataset is outlined
in Supplementary Information (‘Further infomation on the National
Segmentation Dataset’).

SUS datawere used to estimate the frequency with whichindividu-
alsattended accident & emergency (A&E) departments, were admitted
to hospital asinpatients or had anappointment as outpatients. Publicly
available datasources were used to provide information on the Index
of Multiple Deprivation (IMD)*; workforce characteristics®; pay for
performance, also known as Quality and Outcomes Framework (QOF)
scores™; and the Rural-Urban Classification®* of each individual’s
general practice.

Outcomes

The outcome assessed was the incidence of T2D and 30 other LTCs
between1April 2016 and 28 February 2020 at timepoints of 6 months,
12 months, 18 months and 24 months after each participant’s start of
the NHS DPP, using separate cohorts for each time period. In primary
analyses, individuals who had been referred to the NHS DPP and com-
pleted the program, defined as attending more than 60% of interven-
tion sessions (the intervention group), were compared to a matched
control group of individuals who were referred to the NHS DPP but did
notattend any program sessions. Insecondary analyses, analyses were
repeated, with the matched control group consisting of individuals
withNDH who were not referred to the NHS DPP. Individuals who were
referred to the program and attended less than 60% of the program
were notincluded. We also assessed MLTC incidence by comparing the
proportions of individuals who transitioned from a non-MLTC state
(that s, fewer than two LTCs at baseline) to an MLTC state (that is, two
ormore LTCs at follow-up), inboth the primary and secondary analyses.

Covariates

Eachindividualin the study was assigned a date of NDH diagnosis and
a start date for the follow-up period. The start date of the follow-up
period refers to the date of the first intervention session attended or
isestimated for those who did not attend the NHS DPP. NDH diagnosis
dates that were missing, either by not being recorded in the NDA or
recorded incorrectly as occurring after their start of the follow-up
period, were estimated by randomly sampling from the distribution
ofthelags (indays) between valid NDH diagnosis dates and valid start
datesand subtracting this number of days from the start date. Of those
in the primary analyses in the 6-month cohort (n =113,255), 37.0%
(n=41,932) ofindividuals had estimated NDH diagnosis dates, of which
26.2% (n =29,745) were missing from the NDA and 10.8% (n=12,187)
had NDH diagnosis dates that occurred after NHS DPP start dates. In
the 6-month cohort, the median (interquartile range) number of days
between the NDH diagnosis date and the start date of the NHS DPP
was 169 days (84-361) for those in the intervention group and 162 days
(81-347) for those in the control group. Results were similar in the
12-month, 18-month and 24-month cohorts.

Demographic factors age, sex, ethnicity and socioeconomic status
were identified as potential confounding factors. Sex was recorded
as male or female. Age in years was calculated as at the date of NDH
diagnosis. Socioeconomic status was measured using IMD quintiles
associated withthe Lower Layer Super Output Area of residence, which
was derived from individual postcode. For ethnicity, each individual
was assigned their most frequently recorded ethnicity across source
datasets and thenallocated to one of the conventional high-level group-
ings: Asian, Black, Mixed, Other, White and unknown.

The sex variable in this study is derived from the ‘administrative
gender’ field of the Master Patient Index/Personal Demographics Ser-
vice source dataset. Among a small proportion of people, estimated
by the UK census to be 0.5%, for whom gender identity and biological
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sexatbirtharenot the same, afurther unquantifiable proportion may
have an‘administrative gender’ code that differs from their biological
sex. This proportion depends on how this field is used, which is likely
tobeinconsistent between providers, and is not currently possible to
establish based onthe available data. We understand that this is symp-
tomatic of wider challenges with confusion around sex and gender
data collection in NHS datasets, as recently highlighted in the March
2025 independent review of data, statistics and research on sex and
gender®. This review also made recommendations forimproved clarity
infuture data collection.

We also included clinical factors: the presence of preexisting LTCs
and the frequency of emergency admissions to hospital, outpatient
appointments and A&E attendances inthe year before NDH diagnosis.
The following general practice-level factors were also included to
capture the sociodemographic context and quality of primary care:
IMD quintile of general practice, rural-urban classification of general
practice, overall clinical QOF score, clinical commissioning group of
practice, size of practice list and full-time equivalent (FTE) general
practiceratio. Toaccount for the selection bias likely stemming from
clinical judgment subjectively informing referral decisions across
different general practices, we also derived a variable that estimated
the probability of program completion for individuals referred to
the program.

Matching
We used the nearest neighbor matching algorithm without replace-
ment* onthe demographic, clinical, general practice and probability
of completion factors listed above, determined at the date of NDH
diagnosis, with al:1ratio of control tointervention units. To account for
varying lags between date of NDH diagnosis and start of the program,
matching also incorporated the quarter of date of NDH diagnosis.
Matching was conducted infour separate waves, corresponding to
the four cohorts, starting with24 months and moving onto 18 months,
12 months and 6 months, at each stage retaining only the individuals
who were eligible for the program and had enough follow-up time in
the study period (thatis, had started the NHS DPP intervention before
March 2018 for the 24-month follow-up period, before September
2018 for the 18-month follow-up period, before March 2019 for the
12-month follow-up period and before September 2019 for the 6-month
follow-up period). Balance was assessed using SMD scores”. The full
selection process and the list of exclusion criteria are outlined in Sup-
plementary Fig. 1.

Statistical analysis

Logistic regression models were used to estimate the association
between completion of the NHS DPP and incidence of T2D in all four
cohorts. Forexample, inthe 6-month cohort, the incidence of T2D up
to 6 months after starting the program for individualsin the interven-
tion group was compared to the incidence of T2D for individuals in
the control group over the same time period. The first modelincluded
only the group identifier (intervention or control) as an independent
variable to calculate unadjusted odds ratios for the incidence of T2D.
The second model additionally included the demographic, clinical,
general practice and probability of completion factors as independ-
ent variables to calculate adjusted odds ratios. Preexisting LTCs were
determined at the start of the follow-up period, whereas other fac-
tors were determined at the NDH diagnosis date. Together, these are
referred to as the baseline characteristics. Corresponding analyses at
12 months, 18 months and 24 months were similarly carried out. We also
ranseparate logistic regression models for each LTC, withthe incidence
of each condition (zero or one) as the outcome.

Separate negative binomial regression models were used to esti-
mate the association between completion of the NHS DPP and the
number of new LTC-L and LTC-PL in all four cohorts. For example, in
the 6-month cohorts, negative binomial regressions were fitted with

the number of new conditions acquired up to 6 months after starting
the program as the outcome. The first set of models included only the
groupidentifier (intervention or control) asanindependent variable to
calculate unadjusted rate ratios for the incidence of LTC-L conditions
and LTC-PL conditions. The second model additionally included the
demographic, clinical, general practice and probability of comple-
tionfactorsasindependent variables to calculate adjusted rate ratios.
Corresponding analyses at 12 months, 18 months and 24 months were
similarly carried out. As above, preexisting LTCs were determined at the
start of the follow-up period, whereas other factors were determined
atthe NDH diagnosis date.

Separate models were run by sex and age group (<70 years and
>70 years). Overlapping confidence intervals were used to assess any
differences between the models. Model fit was verified using standard
diagnostic statistics (Akaike information criterion, root mean square
deviation, overdispersion and percentage observed versus predicted
zeros). Chi-square tests for categorical data and t-tests for continuous
datawere used to assess any differences between the intervention and
control groups.

Statistical significance was defined as P< 0.05, and confidenceinter-
vals were set at 95%. All data were analyzed with RStudio version 4.4.1.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The source data used in this evaluation and to derive the National
Bridges to Health Segmentation Dataset are from the NHS National
Commissioning Data Repository (NCDR). The NCDR is a pseu-
donymized patient-level data repository managed by the NHS England
Data Services team. It is used by NHS England for operational service
improvement and service evaluation purposes. Itis designed to deliver
consistent data processing, linkage and reporting services, mainly for
the use of NHS England analytical teams to aid in the delivery of awide
range of projects. The data enable analysts to provide evidence in the
form of reports and dashboards to support the NHS drive to improve
health and well-being across England.

Data Services was established by NHS England to ensure thatinforma-
tion about the performance and impact of NHS services is available
when decisions are made about the commissioning of health services.
DataServices also ensures thatinformation hasbeen accessed legally in
accordance with allapplicable laws and mandatory guidance contained
within the Health and Social Care Act 2012, the Care Act 2014, the Data
Protection Act 2018 and the UK General Data Protection Regulation.
The authors cannot provide direct access to the data, as this would
circumvent NHS England’s research data access procedures. More
information about the NCDR and how to contact NHS England Data
Services is available at https://webarchive.nationalarchives.gov.uk/
ukgwa/20231101051610/https://data.england.nhs.uk/ncdr/database/.

Code availability

The code will be available in a GitHub repository at https://github.com/
nhsengland/NHS-DPP-multiple-long-term-conditions-evaluation-27-0
6-2025.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|:| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
|:| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.
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Data analysis All data were analysed with R-Studio, version 4.4.0.

The code will be available in a GitHub repository at https://github.com/nhsengland/NHS-DPP-multiple-long-term-conditions-
evaluation-27-06-2025
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All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The source data used in this evaluation and to derive the National Segmentation Dataset are from the NHS National Commissioning Data Repository (NCDR). The




NCDR is a pseudonymized patient-level data repository managed by the NHS England Data Services team. It is used by NHS England for operational, service
improvement and service evaluation purposes. It is designed to deliver consistent data processing, linkage and reporting services, mainly for the use of NHS England
analytical teams to aid in the delivery of a wide range of projects. The data enable analysts to provide evidence in the form of reports and dashboards to support
the NHS drive to improve health and well-being across England.

This statement is available on page 22 in the manuscript.
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Population characteristics Pages 4, Page 17
Recruitment Pages 2-3
Ethics oversight n/a

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Replication None
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Materials & experimental systems Methods
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Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.
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Plants
Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If

plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

was applied.
Authentication Describe-any-atithentication-procedtures foreach seed stock-tised-or novel- genotype generated—Describe-any-experiments-used-to

assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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