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ABSTRACT:
(300 words)

Objective: To explore the cost-effectiveness of lifestyle interventions and metformin in
reducing subsequent incidence of type 2 diabetes, both alone and in combination with a
screening programme to identify high-rick individuals.

Design: Systematic review of economic evaluations.

Data sources and eligibility criteria: Database searches (Embase, Medline, PreMedline, NHS
EED) and citation tracking identified economic evaluations of lifestyle interventions or
metformin alone or in combination with screening programmes in people at high risk of
developing diabetes. We used ISPOR’s Questionnaire to Assess Relevance and Credibility of
Modelling Studies for Informing Healthcare Decision Making.

Results: 27 studies were included; all had evaluated lifestyle interventions and 12 had also
evaluated metformin. Primary studies exhibited considerable heterogeneity in how pre-
diabetes was defined and in the intensity and duration of the lifestyle programme. Lifestyle
programmes and metformin appeared to be cost-effective in preventing diabetes in high-
risk individuals (median ICERs of £7,490/QALY and £8,428/QALY respectively) but economic
estimates varied widely between studies. Intervention-only programmes were in general
more cost-effective than programmes that also included a screening component. The longer
the period evaluated, the more cost-effective interventions appeared. In the few studies
that evaluated other economic considerations, budget impact of prevention programmes
was moderate (0.13-0.2% of total healthcare budget), financial payoffs were delayed (by 9-
14 years), and impact on incident cases of diabetes was limited (0.1-1.6% reduction). There
was insufficient evidence to answer the question of 1) whether lifestyle programmes are
more cost effective than metformin or 2) whether pragmatic (low-intensity) lifestyle
interventions are more cost-effective than the more intensive lifestyle programmes that
were tested in trials.

Conclusions: The economics of preventing diabetes are complex. Whilst there is some
evidence that diabetes prevention programmes may be cost-effective, the evidence base to
date provides few clear answers because of differences in denominator populations,
definitions, interventions and modelling assumptions.
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STRENGTHS AND LIMITATIONS OF THIS STUDY:

STRENGTHS
e Largest and most up to date summary of economic evaluations of diabetes
prevention programmes published to date
e Includes novel comparison of lifestyle interventions with metformin and
10 consideration of relevance and credibility for policy makers.
e Offers detailed analysis of assumptions underpinning modelling studies

©CoO~NOUTA,WNPE

14 LIMITATIONS

15 e Veryfew economic evaluations of primary studies reflect prevailing national policy in
16 UK or elsewhere

e Most primary studies are from high-income countries so applicability to low and

19 middle-income settings is questionable
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What this study adds

What is already known on the subject

Diabetes is a global health priority due to high prevalence and associated costs, with
many countries developing or seeking to develop diabetes prevention programmes
Studies of diabetes prevention programs identify participants with different types of
pre-diabetes (based on a number of different measures of abnormal glucose
metabolism) and provide interventions that differ in duration and intensity.

Lifestyle programmes for diabetes prevention are cost-effective on average

What this study adds

This is the first study to review metformin alongside lifestyle programs, finding that
metformin is a cost-effective intervention for reducing incidence of diabetes in
people at high risk, but there is insufficient evidence to suggest it is more or less
cost-effective than lifestyle programmes.

Intervention-only programmes were in general more cost-effective than screening
and intervention programmes and the longer the period evaluated, the more cost-
effective interventions appeared.

National diabetes prevention policy in the UK and US advocates pragmatic lifestyle
programmes (less than 3 years in duration), and in the UK the use of HbAlc or
fasting plasma glucose is recommended for diagnosing pre-diabetes. However, the
majority of cost-effectiveness studies relate to a different definition of pre-diabetes

and a higher intensity of intervention, which limits the direct applicability of findings.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salbojouyoa) Jejiwis pue ‘Buiuresy |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

lus]
461116

(s3gv) Jnauadns 1wwawaublasug
| p anbiydeiBollqig 8ousby re Gzoz ‘2 dunc uo /wod fwa uadolway/:dny wolj papeojumod "LT0Z J8GWBAON GT UO #8T.T0-/T0Z-uddolwa/9eTT 0T se paysiignd isily :uadQ


http://bmjopen.bmj.com/

vs)
Page 5 of 116 BMJ Open =
g
5
1 =
2 @
> g
4 INTRODUCTION: =
g
Diabetes is a global health priority, with 415 million known adult cases worldwide, of which ®
7 n
8 91% are type 2 diabetes (1). Ageing of the population is predicted to drive substantial - B
9 increases in prevalence (estimated to 642 million by 2040) (2), with particularly rapid S B
10 increases in low- and middle-income countries (3). The burden of complications in diabetes 8 §
g is high, including heart disease, stroke, neuropathy, nephropathy and retinopathy (4). Type % 3
13 2 diabetes develops as a result of genetic, environmental and behavioural factors, including < (%;
14 sedentary lifestyle and energy-rich, nutrient-poor diet, both of which predispose to obesity § f\"}
< O
i o g 3
— o
- =
17 Diabetes takes a significant toll on health budgets around the world, accounting for 5-20% =1 5
18 of total healthcare expenditure in many countries (6). Both absolute costs and proportion of c &
19 2 o
20 overall health budget for type 2 diabetes are set to increase further in future decades as 2 >
21 prevalence rises, in the context of a marked reduction in the proportion of the population o3 ;
22 who are economically active (e.g. in the UK, the relative economic burden per worker is cm e
23 expected to increase by 40-50% by 2060 (6)). Cost-effective treatment and prevention ? § %
gg strategies, with acceptable budget impact, will therefore become increasingly important as %@Q
resources become stretched. T2
26 Q-(‘BD S
27 33
28 Types of pre-diabetes: Type 2 diabetes is often preceded by a phase of abnormal glucose T céag
29 regulation (pre-diabetes). Pre-diabetes is a generic term that includes impaired fasting gg 2
30 glucose (IFG), impaired glucose tolerance (IGT) and HbAlc in the ‘at risk’ range (7). One ggg
g; individual may have one, two or all of these types of pre-diabetes. Table 1 describes these %%3
33 different pre-diabetic states, how they are diagnosed and current diagnostic guidelines. The 30 3
34 distinction between types of pre-diabetes is important for a number of reasons. Firstly, g@i
35 different definitions of pre-diabetes are associated with distinct physiological changes. 5: 5
36 Impaired fasting glucose is associated with reduced hepatic insulin sensitivity, and first = §
g; phase insulin response; impaired glucose tolerance is associated with reduced peripheral 2 3
39 insulin sensitivity and second phase insulin response and HbAlc reflects aggregated blood 2 E
40 glucose levels over time (8). Secondly, progression to diabetes ranges from 3.6% to 7.6% g g
41 annually depending on the type of pre-diabetes (9). Thirdly, impaired glucose tolerance is e &
42 associated with increased risk of microvascular disease whereas the relationship is less clear 3 S
43 for other types of pre-diabetes (10). Finally, there is evidence that people with different ) o
44 types of pre-diabetes respond differently to the same intervention. For example, in a large o o
45 S s
46 US trial, the US Diabetes Prevention Program, lifestyle programs were less effective and g 2
47 metformin more effective in participants with IGT and HbA1c in the ‘at risk range’ compared S :
48 to the entire cohort which were identified on the basis of IGT (68). o g
49 B
o2 5
5o Types of screening and prevention programmes: Pre-diabetes is almost always %
53 asymptomatic. It tends to be diagnosed incidentally (when blood tests are performed for g
54 other reasons) or as part of a pro-active screening programme delivered either to an entire =2
55 population or to selected individuals. Most commonly, screening blood tests are offered to S
56 people identified as at high risk of developing diabetes based on demographic variables (e.g. ?’!’T
g; age, ethnicity), survey questions (e.g. family history of diabetes, personal history of 5
59 a
60 o
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gestational diabetes) or biomarkers (e.g. body mass index, blood pressure), typically
combined in a ‘diabetes risk score’ (14). People diagnosed with pre-diabetes may be offered
a lifestyle programme (to encourage a healthy diet and increased physical activity) or
metformin. These interventions have been shown to delay or prevent type 2 diabetesin a
significant proportion of participants in large randomised trials in the US (15), Europe (16),
China (17) and India (18). Lifestyle programmes in these trials were intensive and sustained:
3-10 years of individual and group sessions provided by specialist staff (dieticians or exercise
physiologists with annual physician review). Subsequent translation of these findings into
large-scale community-based programmes produced interventions that were both shorter
(3-12 months) and less intense (e.g. they offered less sessions and were delivered to groups
rather than individuals by non-specialist staff such as lay workers or prevention managers).
These large-scale community-based programmes have been offered to populations of
similar age and BMI to the large trials but with different types of pre-diabetes (e.g. selection
based on elements of the metabolic syndrome rather than the criteria of impaired glucose
tolerance seen in the large trials) (19). There is some evidence that these pragmatic
interventions offered to a real-world population deliver more limited and less sustained
benefits than were seen with more intensive interventions in trial populations (20).

Given the potential impact on populations and health budgets, the burden of type 2
diabetes is a key issue for policy makers. In response, a number of countries, including the
US and UK, are developing (or seeking to develop) national diabetes prevention
programmes (21, 22). The design of large-scale prevention programmes incorporates a
number of important choices: i) whether to screen a portion of the population for pre-
diabetes or focus on people who are already known to have pre-diabetes, ii) if no screening
programme is in place, how to identify participants who may benefit from a diabetes
prevention programme and iii) the role of different types of interventions (lifestyle
programmes or metformin) and iv) the optimum intensity and duration of the programme.

This study was designed to help inform decision-making by local and national policy makers
and health insurers in countries with a high and/or rising incidence of type 2 diabetes. Our
research question were:
1. What s the evidence on cost-effectiveness of lifestyle programmes or
metformin in diabetes prevention?
2. What s the impact of the following factors on the cost-effectiveness of these
interventions?

a. Type of pre-diabetes (IFG, IGT or ‘at risk’ HbA1lc)

b. Intensity of lifestyle intervention: Including three different measures
of intensity, each of which was examined separately: i) frequency of
contact in initial ‘core’ teaching/coaching sessions, ii) duration of core
and maintenance intervention and iii) group or individual format of
sessions)

c. Inclusion of screening: Intervention-only studies on a predefined pre-
diabetic or high-risk population or screening for pre-diabetes followed
by intervention

d. Years of follow-up to evaluate diabetes incidence: less than 10 years
and more than 25 years.
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3 3. What are the implications of these findings for policy makers and health 2
4 insurers? %
g A number of systematic reviews of economic evaluations of diet and exercise in diabetes g
7 prevention have been undertaken in the last 10 years (23-27). This paper is the first review 2
38 to consider the cost-effectiveness of metformin and the first review to examine - B
9 intervention-only and screening-plus-intervention studies separately. In addition, this paper s B
10 adds to previous reviews by updating the dataset with two new primary studies not 8 37\0
11 included in previous systematic reviews (62,63) and evaluating studies’ relevance for g §
ig decision making by policy makers and health insurers. g (%D
14 s
15 METHODS: 3 8
17 ERp
17 Search strategy and inclusion criteria: A database search (covering Embase, PreMedline, =1 E
ig Medline and NHS EED) for peer-reviewed articles on pre-diabetes and diabetes prevention s §
20 between 2004 (the year before the publication of the first cost-effectiveness review of the = >
21 Us Diabetes Prevention Program) and 2014 identified 3833 papers. Citation tracking and S ;
22 screening of references (in included studies and review articles) identified a further 23 e m%
23 papers up to April 2016. All abstracts were exported for review and a sample of 30% of 223
24 abstracts were dually reviewed. We included studies that reported full economic evaluation i%%
25 . . ) . - .. DS
26 (cost-effectiveness, cost-utility or cost benefit analysis) of i) lifestyle programmes, ii) 229
27 metformin or iii) screening in combination with lifestyle programmes and/or metformin 3
28 against a base case of usual care or no intervention. T &
29 g% 3
30 To meet our inclusion criteria, economic evaluations needed to have: 258
' : o o . ac g

g; 1. Evaluated the treatment of pre-diabetes with either metformin and/or lifestyle g”;‘;f’:
33 programmes (that addressed diet and physical activity); 3.%5
34 2. Included 12 months or more of intervention and follow up; EXO e
35 3. Quantified outcomes (such as change in quality adjusted life years, disability adjusted e %
36 life years, life years gained or numbers needed to treat to prevent one case of type 2 § =
37 diabetes); g- %
gg 4. Described the method used to classify people as high-risk of developing type 2 diabetes 2 E
40 (hence eligible for interventions), including blood tests for pre-diabetes (any in Table 1); g g
41 screening questionnaires, diabetes risk algorithms or presence of particular risk factors. S 2
42 3 3
43 Review articles were excluded as were articles focusing only on women with a history of E_’f §
jg gestational diabetes. g <§-
46 3 @
47 Full papers meeting the above criteria were reviewed; data were extracted from included S :
48 papers (by SR) and data extraction for a third of papers was checked by a second reviewer ) g
49 (EB). e
50 >
51 . . : . 2
50 Quality assessment: A checklist developed by the International Society for Pharmaco- =
53 economics and Outcomes Research (the ISPOR-AMCP-NCP questionnaire (28)) was used to ;
54 evaluate the relevance and credibility of modelling studies for decision-making by policy S
55 makers. Lg
o g
58 g
50 2
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Assumptions and calculations: All the economic evaluations included in this review were
cost-effectiveness analyses (including cost-utility analyses), which measure both the cost of
the intervention and the impact of the intervention on participants’ quality and/or length of
life (29). No full cost-benefit analyses were identified. Cost effectiveness analyses report
their results as ratios of incremental costs (costs of new intervention in addition to normal
care minus costs of normal care) divided by incremental benefits (quality and or length of
life with the intervention minus without the intervention); in an incremental cost
effectiveness ratio (ICER). Resources to spend on healthcare are finite, so policy makers set
an amount they are willing to pay for a year in perfect health against which a treatment’s
incremental cost-effectiveness ratio is compared. This measure is called the ‘willingness to
pay threshold’ and differs from country to country. Historically, the National Institute for
Health and Clinical Excellence in the UK has approved new technologies below the
willingness to pay threshold of £20,000 — £30,000/QALY (30), the US has used a threshold of
$50,000/QALY (31) and the WHO has recommended cost less than the per capita gross
domestic product of the relevant country per disability adjusted life year as the threshold
(32). For this review we used a willingness to pay threshold of £20,000/QALY. This means
that if an intervention is below the willingness to pay threshold (costs less than £20,000 per
quality adjusted life year), the intervention is considered cost-effective. If the intervention
costs more than the willingness to pay threshold, it is considered not cost-effective. An
intervention is only cost-saving if it is more effective and costs less than current treatment.

Costs are reported in British pounds 2015 using purchasing power parity and currency
exchange rates from the CCEMG - EPPI-Centre Cost Converter (33). Costs of lifestyle
interventions were calculated in 2015 British pounds where sufficient data was available on
constituent activities and staff involved, drawing on the PSSRU (34) for UK staff cost
estimates.

Incremental Cost Effectiveness Ratios (ICERs) are reported separately for each outcome
measure: as either cost saving or £/Quality adjusted life year gained (£/QALY), £/disability
adjusted life year averted (£/DALY) or £/life year gained (£/LYG).

Definitions of measures of effectiveness used in included studies (35, 36):

Quality adjusted life year (QALY): A measure of the state of health of a person or group
in which the benefits, in terms of length of life, are adjusted to reflect the quality of life.
One QALY is equal to 1 year of life in perfect health.

Disability adjusted life year (DALY): A measure of the impact of a disease or injury in
terms of healthy years lost.

Life years gained (LYG): A measure of the impact of a disease or treatment on the length
of life. Years of life are not adjusted to reflect health or disability.
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Incremental cost-effectiveness ratios (ICERs) are reported from two different perspectives:
health system and societal perspective. The health system perspective includes only direct
medical costs such as: i) staff, facilities, medication and consumables costs required for
provision of the intervention, and ii) general healthcare of participants. In addition, studies
of cost effectiveness from a societal perspective include some or all elements of i) indirect
costs of the intervention (e.g. exercise equipment, food preparation equipment), ii)
participant time (travelling to and participating in intervention’s activities), iii) lost
productivity due to absence from work and iv) disability benefits payments.

Studies were grouped on a number of dimensions to identify key drivers of differences
through subgroup analysis. Subgroups examined included: type of pre-diabetes, intensity of
lifestyle intervention (defined by number of sessions in ‘core’ intervention, duration of core
and maintenance program, group vs. individual format), inclusion of screening, years of
follow-up to evaluate diabetes incidence._Sub-group medians could not be derived for the
type of pre-diabetes, as the majority of studies used impaired glucose tolerance to identify
eligible participants (with or without impaired fasting glucose), and there were 2 or less
studies that reported £/QALY using each of the remaining methods of identification.
Therefore, in order to understand the potential significance of the type of pre-diabetes we
undertook a meta-analysis of randomised controlled trials of lifestyle programmes for
diabetes prevention. Data was extracted from the 22 primary studies that reported diabetes
incidence as an end-point that were included in three recent systematic reviews of lifestyle
programmes in diabetes prevention (71, 72, 73). Data was analysed in RevMan (Review
Manager version 5.3) using a random-effects model due to the heterogeneity of the primary
studies. Studies were grouped according to the trials’ inclusion criteria (IFG, IGT, HbAlc or
risk score) and duration of the intervention. Forest plots were generated to illustrate the
relative risk of diabetes following a lifestyle programme for each of these groups compared
to no intervention.

Patient and public involvement: This review was conceptualized by a multi-disciplinary
group, including lay members, in Newham, East London. The authors attended regular
project meetings of this group, reporting back the results of the review to the rest of the
team. Findings of this review are being used to inform the evaluation of a large voluntary-
sector led prevention initiative in this borough.

RESULTS
42 full papers were reviewed and 15 were excluded for reasons outlined in Figure 1.

In total, 27 studies of diabetes prevention programmes with economic evaluations have
been published from 15 countries between 2004 and 2016 (38-65). 6 of the economic
evaluations were within-trial cost-utility analyses and 21 were modelling studies (16 Markov
models, two simulation models, two decision trees and one combination Markov model and
decision tree). Within the modelling studies there were a wide range of model structures,
parameters and parameter values (some of which are summarised in Appendix 5) which in
part drive the variability observed in study results (66).
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Type of intervention: All 27 studies evaluated lifestyle interventions and 12 also evaluated
metformin (Appendix 1). 13 reported interventions in a population previously identified as
pre-diabetic (people with IFG, IGT or high HbAlc) and 14 reported screening of a broader
population and subsequent intervention on those identified at high risk of developing type 2
diabetes. The majority of studies evaluated intensive trial-based interventions, although
there was a great deal of heterogeneity in the type of lifestyle interventions evaluated.
Table 2 describes some of the dimensions on which lifestyle programmes differed:
frequency of contact, duration, staff providing intervention, individual vs group
interventions and frequency of contact.

3 studies (52, 57, 42) did not specify the details of their lifestyle interventions.

Intensive trial-based lifestyle programmes: 18 of the 24 studies that did describe in detail
the lifestyle intervention being evaluated were based on intensive trial-based lifestyle
interventions (8 based on the US Diabetes Prevention Program, 4 on the US Diabetes
Prevention Program together with the US Diabetes Prevention Program Outcome Study, 3
on the Finnish Diabetes Prevention Study, one on the Da Qing study, one on the Indian
Diabetes Prevention Programme and one on DE-PLAN-CAT) and 3 were based on
community translation of these intensive interventions lasting 3-5 years. The primary
studies were generously resourced, large (300-3000 participants) and provided lengthy
interventions (3-10 years duration) including 7-16 initial contacts in the ‘core program’
delivered by specialist staff (dieticians, exercise physiologists and annual medical review).
Two within-trial studies (37,64) reported intensive trial-based lifestyle programme costs in
sufficient detail for costs to be reconstituted on an activity based costing basis (Appendix 2).
The costs in 2015 British pounds of these interventions were as follows: £2,915 per
participant over 3 years for the USDPP lifestyle program, £4,001 per participant over 3 years
for the Indian DPP lifestyle programme (excluding staff travel costs).

Translational community-based programmes: 3 of the 24 studies were based on community
translation of these intensive interventions lasting 3-5 years and 3 studies were based on
other published studies covering much smaller populations (<150 participants) and
providing less intensive interventions (ranging from 12 weeks to 1 year in duration),
delivered by non-specialist staff (diabetes prevention facilitators and lay workers).

Target population — demographics and type of pre-diabetes: The target population for 16
of the 27 studies were overweight individuals with impaired glucose tolerance (IGT), with or
without impaired fasting glucose (IFG). 4 used IFG alone (39, 50, 54, 61), 2 used IGT or IFG
(41, 49), 1 used IFG or HbA1c (51), 1 used HbA1c alone (63) and 3 used other methods of
screening (such as diabetes risk algorithms, BMI or other elements of metabolic syndrome)
(38,40,42). 17 out of 27 studies included participants based on a BMI greater than or equal
to 24kg/m?, 3 included participants based on a BMI greater than or equal to 30mg/kg2 and
the remainder did not state a BMI cut-off for participation. A wide range of ages (from 18
years and older) were included.
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5
3 Benefits of interventions: The primary benefit of diabetes prevention programmes is 2
4 reduction in incidence of type 2 diabetes and its associated complications, measured in the %
5 . . . . >
6 number needed to treat to delay or prevent a case of diabetes or improvements in quality 2
7 adjusted life years (QALYs), disability adjusted life years (DALYs) and life years gained (LYG) 2
8 as summarised in Appendix 3. - B
9 S £
10 Lifestyle interventions: 21 studies reported change in quality adjusted life years associated 8 37\0
11 with lifestyle interventions with a median 0.159 (range: 0.003-2.91) increase in QALYs and g §
ig 13 reported life years gained with a median increase of 0.30 (range: 0.04-0.84) increase % (%D
14 relative to usual care. This is equivalent to a median increase in 110 days of life or 58 days of ° f\"}
15 life in optimal health for lifestyle programmes. Four studies reported numbers needed to E %
16 treat with lifestyle programmes to prevent 1 case of type 2 diabetes with results ranging Z o
17 from 4.2-30. 5 X
18 % S
;g Metformin: 8 studies measured change in quality adjusted life years associated with 2 %
21 metformin therapy with a median of 0.105 (range: 0.01-2.83) increase in QALYs and 5 3 ;
22 studies reported increase in life years gained with a median gain of 0.14 (range: 0.05 to 0.3). < rn%
23 This is equivalent to a median increase of 51 days of life and 38 days of life in optimal health 33
24 for metformin. Two studies reported number needed to treat with metformin to prevent 1 i&%
Sg case of type 2 diabetes as 6.9 and 27.9. %% g

[o)n=1

% Side effects of screening or intervention: The impact of screening and intervention on length T ég
29 of quality of life was included as a change in incremental QALYs in a number of studies N
30 (46,47,48), and three studies modelled the impact of adverse effects explicitly (37,44,55). 33'%
31 552
gg ‘Value for money’: Policy makers may consider a range of economic factors when gﬁg
34 considering a new programme or therapy: cost-effectiveness, budget impact, effect on g-@z
35 incident cases of the disease and equity of healthcare provision (66). All studies included in -]
36 this review considered cost effectiveness, reporting incremental cost-effectiveness ratios, 5 % =
37 described budget impact, 2 modelled impact on incident cases of diabetes and none g- %
gg considered impact on equity of healthcare provision. é E
40 2 3
41 Cost-effectiveness: Overall, lifestyle interventions and metformin appeared to be cost e &
42 effective in preventing diabetes in high-risk individuals, as summarised in Table 3, though 3 3
43 there was wide variation in economic estimates between studies. Substantial differences in g_)f §
jg participant selection and intervention design, which reflect the different types of pre- o o
46 diabetes and different types of interventions, as well as differences in model structure, g 2
47 parameters and parameter values make comparison between studies difficult. S :
48 5 5
49 There is insufficient evidence to suggest that lifestyle interventions or metformin will be )
50 cost saving. Out of 27 studies, lifestyle interventions were found to be cost saving in 2 Z
g; studies from a health system perspective (51,55), cost saving from a health system %
53 perspective in some countries but not others in 1 study (44) and cost saving from a societal g
54 perspective in 3 studies (50,54,60). Of the 12 studies evaluating metformin, 2 studies =
55 concluded metformin was cost saving from a health system perspective (38,44), 1 study S
g? concluded metformin was cost saving from a health system perspective in some countries %

o)
S5 >
60 o
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but not others (44) and 2 concluded metformin was cost saving from a societal perspective
(37,59).

Lifestyle programmes appear to be cost effective. Of the 16 studies measuring effectiveness
as £ per quality adjusted life years (£/QALY), the median incremental cost effectiveness ratio
(ICER) from a health system perspective was £7,490/QALY (range: cost saving to
£134,420/QALY) (Figure 2). Only 2 studies reported lifestyle interventions that were not cost
effective (costing more than £20,000 per quality adjusted life year gained); of these, one
used a model substantially different in structure to other modelling studies included (the
Archimedes model, which analyses changes in biological variables, such as insulin resistance,
rather than transitions between disease states, such as prediabetes, which are used by
other models) (45) and the other included analysis lasting only 1 year therefore the benefits
of reduced incidence of diabetes were not included (39).

Metformin also appears to be cost effective from a health system perspective. Of the 7
studies measuring effectiveness as £ per quality adjusted life years (£/QALY), the median
incremental cost effectiveness ratio (ICER) from a health system perspective was
£8,428/QALY (range: cost saving to £32,430/QALY). 2 studies reported metformin to not be
cost effective (costing more than £20,000 per quality adjusted life year gained): of these,
one used a model substantially different in structure to other modelling studies included
(the Archimedes model) (45) and the other was the first economic model of the US Diabetes
Prevention Programme (46). The subsequent models based on the US Diabetes Prevention
Programme and its follow up study have found metformin to be cost saving or cost effective
(37).

Twelve studies compared lifestyle programmes and metformin directly. From a health
system perspective, neither intervention appears more cost-effective than the other with 6
studies reporting lifestyle programmes more cost effective than metformin (43, 46, 55, 52,
56, 58), 5 studies (45, 37, 63, 44, 53) reporting metformin more cost effective than lifestyle
programmes and one (59) showing less than 1% difference in cost effectiveness between
the two. However, from a societal perspective, metformin appears more cost-effective than
lifestyle programmes, with four (59,37, 45, 56) out of the five (58) studies undertaking this
analysis finding metformin more cost effective. This is because the cost of participants’ time
travelling to and attending lifestyle programme sessions is included in the calculations of
cost from a societal perspective, but not from a health system perspective.

Given the range of screening and lifestyle interventions provided, and the range of cost
effectiveness ratios, studies which reported ICERS as £/QALY from a health system
perspective were grouped on a number of dimensions to identify key drivers of differences.
The analyses revealed that:

1) Screening plus intervention studies tended to be less cost-effective than
intervention-only studies on average, but both approaches were associated with a
wide range of ICERs highlighting current uncertainties. Of the 10 studies that
reported £/QALY from a health system perspective for intervention-only studies the
median ICER was £4,606/QALY (range: cost saving to £134,420/QALY). And the
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3 median ICER for the 8 screening-plus-intervention studies was £7,814/QALY (range: 2
4 £573 - £76,566/QALY). =
g 2) In general, the longer the period evaluated the more cost-effective the interventions g
7 appeared. Studies that measured cost-effectiveness over a period of 25 years or 2
8 more appeared more cost effective (median ICER: £2,976/QALY) than studies that - B
9 measured cost effectiveness over 10 years or less (median ICER: £10,416). s B
10 3) There was insufficient evidence to conclude whether lifestyle programmes with a 8 3
11 duration of less than 2 years, 2-6 years or more than 6 years were more or less cost- g §
ig effective: Of the 9 studies that included lifestyle programs with a duration of more % (%;
14 than 2 years and less than 6 years the median ICER was £3,275/QALY (range: cost ° f\"}
15 saving to £134,420/QALY). Three studies included interventions less than 2 years’ E %
16 duration with a wide variety of results (ICERs of £3,215 [38], £10,471 [40] and Z 9
17 £76,566 [39]). And three reported interventions of more than six years’ duration =3 N
ig with a median ICER of £7,628/QALY (range: cost-saving to £15,191/QALY). = 2
20 4) There was insufficient evidence to conclude whether higher frequency of contact 2 >
21 during ‘core sessions’” was more or less cost-effective: Of the 11 studies that included 3 2
22 lifestyle programs with 16 or more core sessions the median ICER was £7,628/QALY S m e
23 (range: cost saving to £134,420/QALY). Three studies reported £/QALYs for lifestyle 823
24 programs with <16 core sessions with widely varying results (ICERs of £3,215 [38], i&%
gg £3,275 [41] and £76,566 [39]). §§ S
27 5) There was insufficient evidence to conclude whether group or individual core S S, N
28 sessions were more or less cost-effective: Of the 11 studies that included the core r:g’ céag
29 component of the lifestyle programme delivered on an individual basis the median N
30 ICER was £7,628/QALY (range: cost saving to £134,420/QALY). Three studies included 3§'§
g; lifestyle programs where the core component was delivered in groups with a wide g%%
33 range of results (ICERs of -£6,214 [51], £3,215 [38], £3,275 [41] and £76,566 [39]). 3.%3
34 =L
35 There were insufficient studies in each group to conduct cost-effectiveness sub-group -]
36 analysis by type of pre-diabetes. However, our meta-analysis of intervention trials suggests % =
37 that this may be an important factor. Meta-analysis (Figure 2) showed that lifestyle g- %
gg interventions greater than or equal to 3 years duration for participants with IGT reduced the 2 E
40 relative risk of developing diabetes by 45% (95% Cl 28-57%). This translates to 241 out of g g
41 1000 people in the lifestyle intervention group developing diabetes compared to 301 out of e &
42 1000 in the usual care group. Lifestyle interventions lasting less than 3 years in participants 3 3
43 with IGT showed a 26% (95% Cls 0 to 45%) relative risk reduction, equating to 171 (95% ClI g_)f §
jg 129 to 172) out of 1000 people in the lifestyle intervention group developing diabetes o o
46 compared to 255 of 1000 in the usual care group. There were insufficient studies to divide g 2
47 participants identified by other diagnostic criteria by duration of intervention. But for all S :
48 studied that identified participants by IFG alone, IFG or IGT and presence of risk factors the o g
49 relative risk of diabetes was reduced by 37% (95% Cl 12%-55%), 23% (95% Cl 5%-38%) and )
50 11% (95% Cl -0.2-22%) respectively. No studies used HbA1lc alone as the diagnostic criteria Z
g; for selecting participants. %
53 @
54 =2
55 Other measures impacting the ‘value for money’ judgement: Cost-effectiveness analysis only S
56 measures cost and benefit of an intervention for an individual participant. Policy makers, é
g; who are responsible for overall health budgets and the health of the population as a whole, ‘:ET
59 a
60 o
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may consider other measures (such as budget impact, impact on equity and impact on
incident cases of the disease) when evaluating the impact of an intervention. In terms of
budget impact, three studies (42, 57, 58) estimated the cost of implementing a national
diabetes prevention programme to be between 0.13 and 0.2% of annual national health
expenditure in the Netherlands, Germany and Australia. Two studies (57, 51) modelled
annual expenditures of lifestyle programmes, showing that net savings only exceeded net
expenditures 9-14 years after initiating the prevention programme.

Failure to attend screening, enrol in an intervention or comply with an intervention means
that the number of cases of diabetes prevented is lower than might be anticipated when
extrapolating from trials. As a result of these factors, as well as the partial and finite impact
of interventions, Icks (58) and Jacobs van der Bruggen (42) estimate that only 0.1-1.6% of
cases of diabetes would be prevented by a population-wide programme in a region of
Germany and the Netherlands respectively. As an example of how this population-wide
impact is calculated, Icks calculated that 29% of incident cases of diabetes in 3 years would
be due to people with pre-diabetes (defined as impaired glucose tolerance in this study). Of
this pre-diabetic population, 30% of people would attend the screening test (OGTT), 40%
and 59% would participate in the lifestyle intervention and metformin respectively, with
3.6% and 23.1% reduction in cumulative diabetes incidence at 3 years. 32% of these would
develop diabetes in 3 years with no intervention and 9.3% and 28.8% would develop
diabetes with lifestyle and metformin respectively which resulted in 0.2% of incident cases
of diabetes being prevented by metformin and 0.8% by lifestyle programmes. These rates of
attendance and enrolment are based on best estimates, a recent systematic review found
significant variation in participation rates seen in studies of lifestyle programmes (74).

Quality, relevance/applicability and credibility of existing economic evaluations for
current healthcare decision making: Evaluation of studies against ISPOR’s Questionnaire to
Assess Relevance and Credibility of Modelling studies for Healthcare Decision Making (28)
(Appendix 4) raised a number of issues. The most important of these for policy makers are
outlined below. No studies were excluded on the basis of this evaluation.

Relevance/applicability of included studies (Table 4): Given the variety of lifestyle
programmes and range of different types of pre-diabetes, we examined the extent to which
the included studies reflect national guidance in the UK and the US, and the areas in which
they differ.

Health system context: 24 out of 27 studies were undertaken in high-income, predominantly
Caucasian nations. Only two studies (60,64) were undertaken in developing countries, China
and India.

Target population: Only 6 (39, 50, 51, 54, 61, 63) out of 27 studies used diagnostic tests for
pre-diabetes that are in line with current UK guidance, that is HbAlc and fasting plasma
glucose. The majority of studies, 16 out of 27 included participants with a positive oral
glucose tolerance test (with or without fasting blood glucose). Prevalence differs between
different types of pre-diabetes, with the potential to have a large impact on budgets. For
example, one study in this review (48) compared the cost-effectiveness of different
diagnostic tests and found that expanding the definition of pre-diabetes from IGT and IFG to
IFG or IGT increased the number of eligible participants three-fold, with the savings from
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3 reduced diabetes incidence insufficient to offset the increase in cost, with a resulting small 2
4 reduction in cost-effectiveness. %
> 3
? Type of intervention: 21 of the 27 studies evaluated intensive trial-based interventions or ;
8 intensive translations of trial interventions, which reflect current ADA guidance (lifestyle - B
9 interventions modelled on the USDPP, targeting 7% weight loss). However, a review of s B
10 community translations of the US DPP trial showed that whilst these translational programs 8 37\0
11 cost less to implement they were also less effective (19,20). The modelling studies based on g §
ig the USDPP trial data may therefore not be relevant comparators for a USDPP-based % (%;
14 community programme. In contrast, the National Institute of Clinical Excellence in the UK ° f\"}
15 and the Community Preventative Services Task Force in the US advocate a more pragmatic é %
16 approach to lifestyle programmes. Only 3 studies (40, 38, 39) in this review are relevant Z 9
17 comparators in terms of duration and intensity of lifestyle intervention and they report a =1 N
ig wide range of cost effectiveness (from £3,215/QALY to £76,566). One study (39) (ICER s §
20 £76,566) was an in-trial cost utility analysis over 1 year, therefore was unable to quantify 2 >
21 the impact of the prevention programme on diabetes incidence. And one (38) assumed 3 ;
5:2% treatment effects equivalent to those seen in a trial of an intensive lifestyle programme. § r:n%
w3

24 Credibility of included studies: Two key issues emerged with the assessment of the i&%
Sg credibility of the modelling studies included in this review: i) areas where updated evidence %‘g §
27 is available that may impact the evaluation and ii) areas where uncertainty persists and a =3
28 range of assumptions are observed. T0S
29 S
30 Availability of updated meta-analyses: 12 of the 21 modelling studies assumed reductions in 3§'§
g; diabetes incidence equivalent to that achieved in the US Diabetes Prevention Programme or g%%
33 Finnish Diabetes Prevention Study trials (relative risks of 0.50 at 3 years [15] and 0.40 at 6 3.%3
34 years [16] respectively). However, two recent meta-analyses (71,72) (including both trial- g-@z
35 based and translational pragmatic lifestyle interventions), have shown a relative risk of ]
36 diabetes of 0.59 and 0.64. And a meta-analysis of pragmatic lifestyle interventions excluding % =
37 large trials showed a relative risk of 0.74 (73). The higher the relative risk, the less the effect g- %
gg of the intervention, therefore these recent meta-analyses suggest that models based on 2 E
40 DPP or DPS trial data will over-state the impact of interventions. g g
41 a 2

(%]

42 Key uncertainties regarding modelling assumptions: Firstly, uncertainty remains over the 3 3
43 extent to which the reduction in diabetes incidence persists once the intervention has o) §
jg ended. Studies included in this review made a wide range of assumptions on this point, o o
46 ranging from no effect after the intervention ended to effects persisting until the participant g 2
47 developed type 2 diabetes or died. One recent meta-analysis (72), showed relative risks of S :
48 0.80 at up to 20 years follow up. However, this analysis includes predominantly the large o g
49 trials (US DPP, FDPS and Da Qing) as long term follow up data is not available on )
50 community-based translational studies. Therefore, this relative risk likely overstates the long Z
g; term benefits of interventions outside the trial context. Secondly, uncertainty persists over %
53 the percentage of people that fail to enrol in lifestyle interventions following screening. g
54 Reflecting this uncertainty, 5 studies included in this review assumed 100% enrolment, 2 =3
55 assumed between 50 and 99% and 5 assumed less than 50% enrolment. A recent systematic S
56 review (74) found that enrolment in interventions varies widely (from 0.28% to 100%) é
g; depending on method of communication, setting, and type of intervention. Finally, based on g
(¢)

50 2
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included studies, the relationship between the type of pre-diabetes and cost-effectiveness
of the study is unclear. A factor which may be important given the differences in relative risk
reductions illustrated by our meta-analysis.

DISCUSSION:

Principal findings: This systematic review of economic evaluations of diabetes prevention
programmes has produced seven major findings. First, that numerous economic
evaluations have been undertaken in fifteen different countries and produced diverse
results, due to differences in model structure and parameter values and to differences in
health systems, types of prediabetes and types of lifestyle interventions included. Second,
that the majority of evaluations relate to intensive trial-based interventions in populations
in high-income countries identified with the oral glucose tolerance tests. Third, that with
these caveats in mind, both metformin and lifestyle interventions in people with pre-
diabetes appear to be cost-effective but not cost saving despite their impact on reducing
diabetes incidence, with median ICERs of £8,428/QALY and £7,490/QALY respectively. To
place this figure in context, smoking cessation services are estimated by NICE to have ICERs
ranging from cost-saving to £984/QALY (98) and breast cancer screening is estimated to
have an ICER of £20,800/QALY by the UK Panel on Breast Cancer Screening (99). The fact
that diabetes prevention programmes are not cost saving is not due solely to the issue of
discounting, as three studies (37, 52, 59) report undiscounted cost-effectiveness ratios with
only one of those appearing cost saving. Fourth, that metformin and lifestyle programmes
appear equally cost-effective when only the costs of the health system are taken into
account, but metformin is more cost-effective when costs of participants’ time (participating
in and travelling to programme activities) is taken into account. Fifth, screening plus
intervention programmes were less cost effective on average than intervention-only
programmes. But both approaches were associated with a wide range of cost effectiveness
ratios and the population benefit of screening in identifying people with previously
undiagnosed prediabetes is not taken into account in a cost-effectiveness calculation. Sixth,
there is insufficient evidence to deduce what intensity, duration or format or lifestyle
programmes are more cost-effective than others. Finally, programmes that evaluated costs
and benefits over 25 years or more were more cost effective than those that looked at 10
years or less.

Implications for policy makers: Meta-analyses show that the both the type of pre-diabetes
and the type of lifestyle program have a substantial impact on the number of cases of
diabetes that are delayed or prevented. Guidance in the UK and the US advocate lower
intensity pragmatic lifestyle programmes. The small amount of evidence that these are cost-
effective should be treated cautiously. In light of recent meta-analyses, historical studies are
likely over-stating treatment effects and uncertainty over duration of impact limits accurate
long-term modelling. Guidance in the UK advocates the use of fasting plasma glucose or
HbAlc in identifying people with pre-diabetes. There is currently insufficient data to
conclude that interventions in people identified solely with HbAlc are cost-effective, and no
randomised controlled trials with HbA1lc as the inclusion criteria to enable estimation of
treatment effects. Given the emerging evidence that people with different types of pre-
diabetes respond differently to the same intervention (68), studies on people identified with
IGT should be interpreted cautiously when applying findings to a population defined with a
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3 different test of pre-diabetes (such as HbAlc or fasting plasma glucose). In addition to these 2
4 considerations of cost effectiveness, policy makers may need to balance impact on health %
2 budgets, incident cases of diabetes and equity of healthcare provision. In the few studies g
7 where these were modelled, budget impact was moderate (prevention programmes 2
8 required 0.13-0.2% of respective countries total healthcare budget), financial payoffs were - B
9 delayed (net expenditure on treatment and prevention of diabetes only declined after 9-14 s B
10 years) and impact on incident cases of diabetes was limited (0.1-1.6% reduction in incident 8 37\0
11 cases). Whilst none of these factors should be absolute barriers to implementation, they g §
ig suggest policy makers should consider rigorous economic evaluation of national g (%;
14 programmes including pragmatic lifestyle interventions aimed at people identified with ° f\"}
15 HbAlc or IFG. And explore other avenues to reducing incident cases of diabetes if s <
16 substantial inroads are to be made in controlling the diabetes ‘epidemic’. These may include ‘% 5
17 population-wide measures to address obesity, a primary determinant of progression to type =) 5
ig 2 diabetes in a person with pre-diabetes (77). < >
20 3 o
21 Comparison with previous systematic reviews: Our findings confirm those of previous 3 ;
22 systematic reviews which have shown that lifestyle interventions are generally cost effective < rn%
23 but with a wide range of cost effectiveness ratios, reflecting heterogeneity of interventions, 33
24 target populations and modelling approaches. They have shown that lifestyle interventions i&%
Sg appear more cost effective if group, rather than individual sessions, are provided and a long %‘g §
27 time horizon is adopted for analysis. They have raised the issue of the limited number of =S S, N
28 studies in developing countries, the concern that real-life implementation of programmes T céag
29 will be less effective than trial-based interventions, and the uncertainty that persists N
30 regarding long-term efficacy of these interventions. This review has added to previous work 3§'§
g; in three key areas: evaluation of metformin, comparison of screening plus intervention g’%%
33 against intervention-only studies and consideration of the relevance and credibility of 3.%3
34 interventions for decision making. X =
35 -]
36 SUGGESTIONS FOR FURTHER RESEARCH z 5
g; This study has identified three areas where further research would be beneficial. Firstly, % g
39 developing an understanding of how people with different types of pre-diabetes respond to a g
40 interventions and the subsequent cost-effectiveness profiles for different diagnostic- 2 3
41 treatment combinations. This could be undertaken in both modelling studies, using recent Y
42 evidence from meta-analyses, or retrospective analysis of existing trial data where different 3 =
43 types of pre-diabetes may co-exist (e.g. IGT and HbAlc, IGT and IFG or IGT only ) §
44 . . - . . o
45 participants). Secondly, long-term follow up studies of pragmatic lifestyle intervention § =
46 programmes are important to understand the duration of impact on diabetes incidence 3 i
47 following cessation of studies, uncertainty in this area limits the accuracy of long-term S
48 modelling studies. Finally, consideration of the role of broader social and environmental e §
49 programmes (e.g. sugar tax, increasing walkability of neighbourhoods) on diabetes )
22 incidence will be important as, based on studies in this review, individual lifestyle programs %
50 and metformin are unlikely to be sufficient to address the vast majority of incident cases of 3
53 diabetes. s
54 =
25 CONCLUSIONS: &
gs National diabetes prevention policy in the UK and US advocates pragmatic lifestyle §
58 programmes (less than 3 years in duration), and in the UK the use of HbA1lc or fasting =]
59 a
60 o
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plasma glucose is recommended for diagnosing pre-diabetes. However, the majority of cost-
effectiveness studies relate to a different definition of pre-diabetes and a higher intensity of
intervention, which limits the direct applicability of findings. In the few studies that
evaluated other economic considerations, budget impact of prevention programs was
moderate (0.13-0.2% of respective countries total healthcare budget), financial payoffs
were delayed (net expenditure on treatment and prevention of diabetes declined after 9-14
years) and impact on incident cases of diabetes was limited (0.1-1.6% reduction). There
remains a need for long-term economic evaluation of programmes that reflect current
policy and consideration of the role of broader social and environmental programmes on
diabetes incidence.
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Figure 1- PRISMA Flow diagram
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Table 1: Diagnosis of Pre-diabetes S &
S z
- o
Type of Description Diagnostic test Criteria for diagnosis § 5:' g Incidence of
pre- used WHO (11) ADA (12) IEE313) T2DM
. QS
diabetes zol (per person-
a3 p
53> year) (9)
Impaired | High blood glucose 2-hours | Oral glucose 2-hour post- | 2-hour post- Ng}’@g 0.045
glucose after a drink containing 75g | tolerance test load glucose | load glucose of gg 2
tolerance | of sugar (e.g. Lucozade) of 7-11.1 7-11.1 mmol/L §§§
mmol/L oS
Impaired | High blood glucose Fasting plasma 6.0-6.9 5.6-6.9 N%ﬁg WHO criteria:
fasting following a period of glucose mmol/L mmol/L 2 2 0.047
glucose fasting > 2 ADA criteria:
= 3 0.036
HbA1c ‘at | Glycated haemoglobin HbAlc 6.0-6.4% 5.7-6.4% 6@-6%4% WHO criteria:
risk’ which estimates blood sz 0.036
range glucose levels over the a %
previous 2-3 months 2 o
Impaired | As above Fasting plasma 2-hour post- | 2-hour post- NZA § 0.70
glucose glucose AND oral load glucose: | load glucose: T o
tolerance glucose tolerance 7-11.1 7-11.1 mmol/L g 2
AND test mmol/Land | and g 3
impaired Fasting Fasting plasma | 3 §
fasting plasma glucose: 5.6- 1
glucose glucose: 6.0- | 6.9 mmol/L c:n;
6.9 mmol/L 3

WHO: World Health Organisation, IEC: International Expert Committee, ADA: American Diabetes Associ

jion.

&
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Table 2: Lifestyle programmes evaluated in studies in this review
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A. INTENSIVE TRIAL-BASED LIFESTYLE PROGRAMMES r:”
Clinical trial on which | Included studies in | Number of sessions Length of Staff delivgyidgprogramme Group or individual
intervention is based | this review intervention San
US Diabetes Palmer, 2004 16 core sessions 2.8 years Exercise pf&%dﬁogists, Predominantly individual
yuC
Prevention Program Eddy, 2005 dieticians, gagegnanagers
(US DPP) Herman, 2005 Monthly follow-up §§ §
Ackermann, 2006 3.%8
Hoerger, 2007 25 o
_-—~
Schaufler, 2010 L P>
3®o
Mortaz, 2012 5:53
Png, 2014 3. =
US Diabetes DPPRG, 2012 Years 1-3: 16 core sessions, 10 years Exercise physialogists, Individual and group
O
Prevention Program Palmer, 2012 monthly follow up dieticians, §aseSmanagers
and Diabetes Dall, 2015 Year 4: 16 session group g: ??D
Prevention Program Herman, 2013 programme @ g
Outcomes Study Years 5-10: Quarterly 1-hour Ea’ 3
(US DPP and DPPOS) group sessions, o 9
2 additional 'BOOST' sessions 3 3
.. QD o
per year for participants > 5
originally randomised to g §
lifestyle group a3 2
S
Finnish DPS lifestyle Caro, 2004 Year 1: 7 visits 5 years Dietician 3§ X Individual dietician visits,
program Year 2 onwards: 4 visits p.a. = group exercise sessions
(FDPS) YMCA gym membership to %
enable 2 supervised exercise 2
sessions per week g
Lindgren, 2007 Year 1: 7 visits 6 years Nutritionist Z Individual visits, group
Year 2 onwards: 4 visits p.a. zs_caz exercise sessions
Supervised circuit type %;
training é
(0]
Q.
il
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Z 2
5 QN
o o
c S
2 o
3 >
Bertram, 2010 Weekly visits for 1 month, As long as Dietician, &erdjse physiologist | Individual
monthly for a further 3 participant E Z
months, quarterly thereafter has IGT 4 ';"'fg
Indian Diabetes Ramachandran, Individual sessions twice a 3 years Dieticians, gcé:@ workers and Individual
Prevention 2007 year helpers gg é
Programme Monthly phone calls 3«39 5
(IDPP) 835
Da Qing Lifestyle Liu, 2002 Individual counselling by 6 years Physicians %é’é Individual and group
Program physicians or group %%g
counselling in 9 sessions/year =
DE-PLAN- Sagarra, 2013 4x90 minute teaching sessions | 4.2 years Doctors anﬂ'@}i@ses Individual or group
CAT/PREDICE Reinforced with telephone =m3
calls, text messages, letters 2 2
and interviews every 6-8 }_> 2
weeks. 5 s
TRANSLATIONAL COMMUNITY-BASED LIFESTYLE PROGRAMMES 5 8
Community-based Icks, 2007 16 core sessions in 3 years Diabetologl%ts and dieticians NR
translations of USDPP community setting Ea’ g
Monthly follow-up w 9
Zhuo, 2012 Nation-wide program 3 years Lifestyle caachas in year 1 and Group
. o .
Year 1: 16 core sessions, post- 2, any healiﬁ] care provider
. @D (&
core sessions every 6 months thereafter o <
Year 2: 8 maintenance = ®
sessions a ‘8
Year 3: 1-2 sessions o N
Smith, 2010 12 sessions 12-14 week Health profess®nals, lay Group
intervention, 1 | workers %
year follow up 2
Hypothetical lifestyle | Neumann, 2011 8 core sessions 5 years Prevention mag,agers Group

program

Follow up: quarterly sessions,
monthly calls or emails,
newsletter, quarterly journal

| @p anbiydeiboilqi
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UEA-IFG Irvine, 2011 4 core education sessions and | 7 months Physiothergpists, diabetes
group exercise sessions preventionifac%tators,
Peer support groups volunteers$gg <pIe with T'"DM
Telephone peer support from for more tlﬁaé,%\/ears)
volunteers )
Kalmar Metabolic Feldman, 2013 NR 1 year NR NR
Syndrome Program
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Table 3: Incremental cost-effectiveness ratios S &
o
- &
<
ICERS - LIFESTYLE INTERVENTION @ g
W n
Author, year of | Duration of ICER in 2015 GBP Cost elements ISER #h 2015 GBP
publication analysis Health system perspective included in ICER %@egal perspective
f ietal a3~
Range Mean ICER Unit r:rr: ‘:_‘Zi:::a RpRge’ Mean ICER Unit
(in base case) persp (agetase)
2£=
Herman, 2005 — | Lifetime 1,057 1,057 £/QALY 2 g%
DPP o2 §
Lo
& P—
Eddy, 2005 30 years 134,420 134,420 £/QALY Not specified @{_’E@ 58,844 £/QALY
S 3
=63
Diabetes 10 years 7,628 7,628 £/QALY Participant time, b ﬁ f £/QALY
Prevention food, food ﬁ;),9§ 10,917
Programme preparation and o %
Research exercise equipment § 2
Group, 2012 and classes. e 2
QD
2 32
Ackermann, Lifetime 1,210-1,480 1,345 £/QALY w g
2006 2 3
® o
Palmer, 2012 Lifetime Cost saving Cost saving £/QALY § =
=
 ——
Png, 2014 3 years 12,544 12,544 £/QALY Participant time, @,7% 26,764 £/QALY
transport costs, g p
fitness equipment, T S
food costs and food | - ;’;
preparation costs, >
days of work lost E
due to T2DM e
Lindgren, 2007 Lifetime Participant time, £ @ -£ £/QALY
travel and work 8,70%. 8,709
absence Q
Hoerger, 2007 Lifetime 7,526-8,750 8,138 £/QALY Not specified 15,0%7-17,275 16,156 £/QALY
E
C
(0]
Q.
@D
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Liu, 2013 Lifetime Transport, lost €osttzaving Cost saving £/QALY
simulation income, cost of @119@ to (-2,062)
home care @;235)
Gilles, 2008 50 years 7,490 7,490 £/QALY f o g
Neumann, 2011 | Lifetime Participant ﬁgt;@aving Cost saving £/QALY
transport @8 339 to- (-23,490)
ﬂgz;i)
Smith, 2010 3 years 3,215 3,215 £/QALY 2 gg
Feldman, 2013 Simulation until | 3,140 - 17,802 10,471 £/QALY Participant and @’pﬂj %ving to 8,641 £/QALY
85 years of age transport and non- égél
healthcare gv’:; ;
organisations costs g_%g
Jacobs Van der | 70 years 3,822-5,390 4,606 £/QALY «5::/ =
Bruggen, 2007 > 'i
Irvine, 2011 1 year 76,566 76,566 £/QALY = 3
S o
Sagarra, 2013 4 years 3,275 3,275 £/QALY é ?r;
Schaufler, 2010 | Lifetime 573 573 £/QALY E]
o O
Mortaz, 2012 10 years 10,416 10,416 £/QALY 3 §
QD Q
Zhuo, 2012 25 years Cost saving Cost saving £/QALY % Z
(-6,149) (-6,149) B E
Herman, 2013 10 years 15,191 15,191 £/QALY Food, food 3_45@, 2,459 £/QALY
preparation S
equipment, exercise T;D' §
classes, gym ]
memberships, Z
personal trainers e
and exercise ®
equipment, g
transport, =
participant time E
©
=
=
(0]
Q.
(0]
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10 years
intervention
and analysis

Years of
employment,
household and
personal income,
missed work days
and disability
benefit payments

NR

£/QALY

11 Palmer, 2004

Lifetime

Cost saving to
8,614

1,783

£/LYG

13 Caro, 2004

10 years

577

577

£/LYG

Bertram, 2010

Age 100 or
death

15,460

15,460

£/DALY

Colagiuri, 2008

10 years

Not specified

* (849V) 1naupdns juswaublasug

37,285

£/DALY

19 Icks, 2007

3 years

4,003

4,003

£/case of
T2DM
avoided

Participant and
healthcare
professionals’ time

JEEY

23,183

Cost per
case of
T2DM
avoided

24 ICERS — METFORMIN

s pue {Buiures g Puithiu eyep pue 1xa1 p1 paje|al sasn @; Blipnjoul ‘1ybiAdc

P9 [uguadoflwa/gdhiy oy pepeojumod| 2 T0Z J18qWSAON ST [UO 8T/ TO-2TOZ-!

METFORMIN - ICER in 2015 GBP
Health system perspective

METFORMIE- IGER in 2015 GBP

Societal perSpeQ@ive

Author, year of
publication

Duration of
analysis

Range Mean

(base case)

Unit

Range
(base case)

Mean

Unit

Herman, 2005

Lifetime

29,409 29,409

£/QALY

Eddy, 2005

30 years

32,430 32,430

£/QALY

‘ga16pj0Uy2D

33,392

33,392

£/QALY

Diabetes
Prevention
Programme
Research Group,
2012

10 years

Cost saving Cost saving

£/QALY

Cost saving

Cost saving

£/QALY

Palmer, 2012

Lifetime

5,477 5,477

£/QALY

| ap anbiyde borqig asuaby 1e gzoz|‘, sunp
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Png, 2014 3 years 15,371 15,371 £/QALY 4,648 4,648 £/QALY
Gilles, 2008 50 years 8,428 8,428 £/QALY m
Schaufler, 2010 Lifetime 332 332 £/QALY g
a’

Herman, 2013 10 years 15,339 15,339 £/QALY Cost saving & 3 Cost saving £/QALY

(-10,735) 237 | (-10,735)
=
Palmer, 2004 Lifetime 7,290 7,290 £/LYG ”m’
simulation S
Caro, 2004 10 years Cost saving Cost saving £/LYG =
(-5,495) (-5,495) s
Bertram, 2010 Age 100 or death 14,960 14,960 £/DALY %
Icks, 2007 3 years 16,296 16,296 Cost per case of 27,281 \(rg 27,281 Cost per case of

T2DM avoided

T2DM avoided

For peer review only - http://bmjopeng.bmj.com/site/about/guidelines.xhtmI

‘sa1Bojouyoa) Jejiwis pue ‘Buiumel) |y ‘Buiuiiu ejep pue 1xa1 01 pare(as sasn lioy Buipnjoul ‘yybuAde

| ap anbiydeibolqig asuaby 1e 6Zoz ‘2 aung uo jwod fwa uadolway/:dny wply papeojumod [2T0Z J2qWBAON GT U0 ¥8T.T0-2T0Z-!


http://bmjopen.bmj.com/

Page 35 of 116

©CoO~NOUITA,WNPE

Table 4: Relevance of included studies

(Numbers refer to the number of studies in this review in each category. Some studies may be includ
if the study took place across multiple countries or used multiple diagnostic tests).

Which health system?

Which diagnostic test
for pre-diabetes?

Trial-based lifestyle or
pragmatic lifestyle?

us
9

IGT
(+/- IFG)
16

UK

IFG

Trial-based  Pragmatic

lifestyle

lifestyle

programme programme

18 trial
based
3

3

translations

of trials

Europe

8

Not
stated

BMJ Open

@1 GT UO ¥8T.T0-2T0Z-\

rQoy Buipnjoul 1yBlAdc

ore than one category, for example

o5 0
HEALTH SYSTEM CONTEXT % 3 S
Australia  Canada Slngapog'eci S India China
3 2 1 =59 1 1
TARGET POPULATION 555
IFG or IGT HbAlc Other (e.ga g@rrent guidance
risk score)%ig

2IK: IFG or HbA1c for diagnosis
RDA: IFG, IGT, or HbA1lc for diagnosis

(S:
Y

m
O

5
3
3.
TYPE OF INTERVENTION/S EV VARU
Current guidance ;
g
>
5

ado{wqu:tﬁ

e, bulul

UK: Pragmatic lifestyle programmes;; Gr@up lifestyle programme with 16 hours of contact

time over 9-18 months and regular félloﬁ up for up to 2 years

O
US: Pragmatic lifestyle programmes3 C@Jnsellmg, coaching and extended support relating
to diet and physical activity for at Iea‘st 3:months provided by trained staff in clinical or

communlty settlngs C

>

ouyoal

(0]
ADA: Intensive diet and physical actlgltyb'ehawoural counselling programme adhering to the
tenets of the Diabetes Prevention Pragr@me (DPP) targeting a loss of 7% of body weight
and an increasing moderate- |ntenS|ty phy,5|cal activity (such as brisk walking) to at least 150
min/week

9ouaby 1

Sources: ADA: Standards of Medical Care in Diabetes (12), UK: NICE guidance (69), US: Community Prevéhtative Services Task Force

recommendations (21)

| @p anbiydesboilq
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Figure 2: Lifestyle programme’s effect on diabetes incidence (15-18, 77-97)

BMJ Open

Lifestyle program Usual care Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% Cl
4.1.1 IGT, intervention >= 3 years
Eriksson 19591 17 181 16 74 3.9% 0.46 [0.25, 0.87]
Knowler 2002 165 1079 313 1002 9.5% 0.46 [0.39, 0.55] —_
Kosaka 2005 3 102 33 356 1.3% 03240, 101 +
Pan 1997 Mz 430 124 138 10.7% 0.81 [0.74, 0.88] -
FPenn 2009 7 a1 13 a1 2.3% 0.54[0.33,1.24] —
Ramachandran 2006 47 120 T3 133 T.9% 0.71[0.54, 0.94] I
Roumen 2008 11 61 19 B0 34% 0.57 [0.30, 1.09] I —
Sakane 2011 9 140 18 146 27% 0.49[0.23,1.08]
Tuamilehta 2001 27 265 59 257 5.6% 0.44 [0.29, 0.68]
Subtotal {(95% CI) 2439 2222 A7.0% 0.55[0.43,0.72] ’-
Total events 588 3]
Heterogeneity: Tau®= 0.10; Chi®= 44.34, df= & (P < 0.00001); F= 82%
Testfor overall effect: Z=4.38 (P = 0.0001)
4.1.2 IGT, intervention <3 years
Oldroyd 2008 7 39 2 39 2.0% 0.88[0.35,2.18]
Farikh 2010 12 35 12 ar 34% 1.06 [0.55, 2.03] ]
Ramachandran 2013 50 271 73 286 T.2% 0.57 [0.49, 0.92] —
Yates 2009 1 64 3 34 0.4% 0.18[0.02,1.64] *
Subtotal (95% CI) 409 376 12.9% 0.74 [0.55, 1.00] -
Total events 70 el
Heterogeneity: TauR= 0.01; Chi*= 3.20, df = 3 (P = 0.363; = 6%
Testfor overall effect: Z=1.97 (F=0.09)
4.1.3 IFG only
Katula 2013 13 141 29 180 36% 0.45[0.24, 0.82] e —
Ma 2013 1 21 1 81 0.3% 1.00[0.08, 1572 * +
Saito 2011 35 an i1 330 5.9% 0.73[0.49,1.09] T
Subtotal (95% CI) 543 561 9.8% 0.63 [0.45, 0.88] -'.-
Total events 49 a1
Heterogeneity: Taw®= 0.00; Chi*=1.83, df= 2 (P=040%; P=0%
Testfor overall effect: Z= 2,68 (P = 0.007)
4.1.4IFG andlor IGT
Ehapal 2014 12 85 17 g6 3.2% 0.71 [0.36, 1.40] I — —
Costa 2012 61 333 B3 29 T.3% 0.64 [0.47,0.87] —
Davies 2016 G4 447 7 443 T.2% 0.95 [0.69, 1.30] I
Hu 2013 [ 46 T 42 1.7% 0.78[0.29, 2.14]
Subtotal {95% CI} 91 790  19.4% 0.77 [0.62, 0.95] -
Total events 143 1454
Heterogeneity: TauR= 0.00; Chi*= 3.15, df = 3 (P = 0.373; = 5%
Testfor overall effect Z=2.42 (P =0.02)
4.1.5 Risk score
Ockene 2012 2 139 5 140 0.7% 0.43[0.09,219] +
Vermunt 2011 223 643 240 522 101% 0.89[0.78,1.02] -
Subtotal {95% CI} 682 672 10.8% 0.89[0.78,1.02] L
Total events 225 245
Heterogensity: Tauf= 0.00; Chi*= 0.77, df =1 (P = 0.38%; F= 0%
Testfor overall effect: Z7=1.69 (F = 0.09)
Total (95% CI) 4984 4621 100.0% 0.66 [0.57, 0.76] L 2
Total events 1075 1244

it TalE= L AhiEs _ R I : . \ , )
Heterogeneity: Tau®= 0.05; Chi®= 62.81, df= 21 (P = 0.00001}; F= 67% 0 0= o' 3 i Iy

Testfor overall effect: Z=5.73 (P = 0.00001)
Testfor subaroup diffierences: Chi*=11.599, df= 4 (P = 0.02. F= 65.5%
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APPENDIX 1: SUMMARY OF INCLUDED STUDIES e &
o
s
OGTT = oral glucose tolerance test, FPG= fasting plamsa glucose, DPP = diabetes prevention programme, DPS=diabetﬁ§s';Br§vention study, IFG=impaired fasting
gluose, IGT=impaired glucose tolerance 285
2a @
First Year | Country Type of study Populati | Target Lifestyle/ Duration Duratigj\cg MCER (health ICER (society) | Measure
author | of on size Group Metformin of of ;‘3" f:‘qystem) of
publi interventi intervegt(‘;) 9 effective
catio on ion+ XS § ness:
n follow 5 2|5 QALY/DA
u 28 LY/LYG
analysig <<
STUDIES BASED ON US DPP, DPPOS OR MODIFIED DPP 3 %g
S0
=
Herma | 2005 | US Clinical trial 3234 in IGT +IFG a. Lifestyle 2.8 years Llfetimg _§1,124 per NA QALY
n (Diabetes clinical >25 years simulath® 'O:QALY
Prevention trial BMI>24kg/ n ~E]
Program) + m2 518
Lifetime _8 _%’
simulation 2 IS
(Markov b. Metformin 2.8 years Lifetim% 531,286 per NA QALY
model) simulatip |PALY
n ;—,' iy
Eddy 2005 | US Simulation 10,000 IGT + IFG a. DPP lifestyle | 2.8 years 30 yearg §143,000/QAL $62,600 QALY
model people in | BMI>24kg/ | program S |y
(Archimedes) Kaiser m2 —2
b. DPP 2.8 years 30years |[$35,400/QALY | $35,523 QALY
Permene . Q [N
metformin =
nte 73

| @p anbiydeiboijqig aouaby 1e 520
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DPPRG | 2012 | US 10-year, DPP: IGT + IFG a. Lifestyle DPP: 3.2 10 yeafS |[5$10,037/QALY | $14,365/QAL | QALY
within-trial, 3,234 >25 years years g g$6,651 Y (£11,274
intention-to- DPPOS: BMI>24kg/ DPP/DPP § m Jindiscounted) | undiscounted
treat analysis 2,766 m2 OS bridge: e a9 g )
D | D
1year §t§ :)
DPPOS o 8o
) a 3|,
maintena =z g
nce: 6 TS
x
years g-(gb §
b. Metformin 3 3| Fost saving Cost saving QALY
o 22
Acker 2006 us Markov model 3,234 IGT, 50 a. DPP lifestyle | Until Lifetim%’;@ 31288/QALY QALY
mann years old intervention: participan simula'@b% g
participants tgetsDM | n §£ﬂ =
aged 50 years | or dies C s
b. DPP lifestyle Lifetimé 31575/QALY QALY
intervention: simulati® %
participants n § 2
aged 65 years 22
g I3
Palmer | 2004 | Australia, Markov model | Cohort IGT a. DPP lifestyle | 3 years Lifetimg ‘Furo 6381/LYG LYG
France, simulation based on intervention simulat® |3n the UK
Germany, US DPP Mean age: n o |&ost savingin
Switzerland (average | 50.6 years by zAustraIia,
and the age 50.6 | 32.2% men ;_—3 Switzerland,
United yrs, Mean BMI: =) &rance and
Kingdon mean 34kg/m?2 S nGermany
BMI 34.0 b. Metformin 3 years Lifetim@ | Muro 5400/LYG LYG
kg/m2, simulatio |[8n the UK
32.2% n @ost saving in
men) ::;Australia,
aswitzerland,
grance and
Zermany
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2 Palmer | 2012 | Australia Markov model | Cohort IGT +/- IFG a. US DPP DPP: 3.2 Lifetinf€  |Hfost saving QALY
(TreeAge Pro) based on lifestyle years simulatfo |2
5 o)
6 US DPP intervention, DPP/DPP n & m S
(average then OS bridge: & 2|3
7 ) = QT
8 age 50.6 DPP/DPPOS 1 year %g @
9 yrs, bridge and DPPOS ‘:5:(3') §
10 mean DPPOS maintena = @
11 BMI 34.0 b. Metformin, | nce: 6 Lifetimg ¢ AU $10,142 QALY
12 kg/m2, then years simulat:fog §
13 32.2% DPP/DPPOS n g% S
14 men) bridge and oS Y
15 DPPOS 573 S
o
16 =m3
18 -5
19 Png 2014 | Singapore Decision tree Cohort IGT +/- IFG a. US DPP 3 years 3 years% =17,184/QALY | $36,663/QAL | QALY
20 in Excel based on lifestyle S % Y
21 US DPP intervention ERS
22 a |3
23 b. Metformin 3 years 3 years %21,065/QALY $6,367/QALY | QALY
24 3 o
25 5 1§
26 STUDIES BASED ON FINNISH DPS OR MODIFIED DPS 5 ;\;
27 -~ S
28 Lindgre | 2007 | Sweden Markov model | 397 60-year olds | Lifestyle 6 years Llfetim§ %" Cost saving QALY
29 n (evaluated in the Program used simulatgp 2 (Euro -9265
30 using Monte County of in the Finnish n g y per QALY
31 Carlo Stockholm Diabetes T S Euro -14,692
32 simulation) with Prevention | ;’; per QALY
33 based on BMI>26mg/ | Study > undiscounted
34 Finnish m2 and IFG E )
35 Diabetes =
36 Prevention o
37 Study g
38 g
39 g
40 =
41 <
42 iy
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Caro 2004 | Canada Markov model | NA IGT a. Intensive 5 years 10 yeafs |F$749/LYG QALY
lifestyle g Z
o . c
intervention @ m S
(based on °2 3
Finnish DPS) 2a|®
b. Metformin 5 years 10 yearré_"g" @ost saving (- QALY
58 ~47136/LYG)
c. Acarbose 5 years 10 yearg ¢ Sost saving (- QALY
=~ 534485/LYG)
STUDIES BASED ON INDIAN DPP g_g o
o225
Ramac | 2007 | India Within-trial 531 IGT a. Lifestyle 3 years 3 yearsg”;; ; Number
handra analysis (2 positive modification 3% ] needed
n OGTTs in b. Metformin 3 years 3 yearsg-\@ =3 to treat
35-55 year s to
olds) c. Lifestyle 3 years 3 years> = prevent 1
modification g § case of
. 5 o
and metformin = T2DM
e |3
STUDIES INCLUDING SCREENING + INTERVENTION BASED ON US DPP OR DPPOS ng)_ é
w O
Hoerge | 2007 | US Markov Populatio | IFG and/or 1. Screening Interventi | Lifetim8& 5\$8,181/QALY $16,345/QAL | QALY
r simulation n cohort | IGT and DPP on until simulatdp ] Y
model based on | US adults lifestyle for IFG | T2DM n § <
1999- aged 45-74 | and FPG develops 3|2
2000 with . ———o
NHANES | BMI>=25k 2. Screening Interventi Llfetlmg I:$9,511/C1ALY $18,777/QAL | QALY
) >=25ke/ and DPP for on until simulatgo S Y
me: IFG or IGT or T2DM n : ;’;
IFG and IGT develops ;
Icks 2007 | Germany Decision 72,435 IGT +/- IFG 1. Lifestyle 3 years 3 years u@3,127/case of | £18,112/case | Number
analytic model Aged 60-74 | program as in J2DM avoided | of T2DM of cases
years USDPP w avoided of
O
o
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BMI 2. Metformin 3 years 3years2 |H£12,731/case £21,313/case | diabetes
>=24kg/m?2 S |®fT2DM of T2DM avoided
c . .
» mavoided avoided
333
- 0|T
Schaufl | 2010 | Germany Markov model | 1 million | IGT 1. Lifestyle Not Lifetim%‘g Luro 562/QALY QALY
er (TreeAge Pro) individua program as in specified simula’@)(gb e
Is USDPP n 833
modelled eye
2. Metformin Not Lifetimgg guro 325/QALY QALY
specified simulatg)g 2
n =18
Zhou 2012 | US Markov model | Eligible 18-64 yrs, Community 3 years 25 yearg 55! iost saving QALY
populatio | CDC based lifestyle 5@3
ninthe diabetes intervention :5 e
us risk test if (PLANAWARD) > |
BMI>=25kg/ = g
m2, if S IS
positive FPG a |3
or HbAlc o |T
2 13
Mortaz | 2012 | Canada Markov model | NA IFG Screening with | Not 10 yeam g:A$16,800/QA QALY
(in TreeAge) FPG every 3 specfified analysii EA%
years followed Qi =
by US DPP g |o
based lifestyle 3 |3
intervention or % by
metformin S |3
Herma | 2013 us 10-year, 3,234 IGT +/- IFG a. USDPP DPP: 3.2 10 yeaf? 19,988/QALY | $3,235/QALY QALY
n within-trial, participa | BMI>24mg/ | lifestyle years cost-saving if | (undisounted)
inention-to- ntsin kg intervention DPP/DPP ndiscounted)
treat analysis: DPP Screen 45- (individual OS bridge:
DPP and 74 year olds | sessions) and 1vyear
DPPOS RCBG, USDPPOS DPPOS
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follow up b. USDPP maintena @ |7%9,688/QALY Cost saving QALY
OGTT lifestyle nce: 6 g gcost saving if (undiscounte
intervention years § m Sindiscounted) | d)
(in groups) and © o3
USDPPOS 0g|®
D 3
® ‘3" )
b. USDPPOS = 5|920,183 (cost | Cost saving QALY
Metformin g. 5'] gaving if (undiscounte
25 Sundiscounted) | d)
29
2o
Dall 2015 | US Markov Adultsin | Elevated USDPPOS 10 years 10 year@:i Cost saving QALY
microsimulatio | the US HbAlc (5.7- ; 2
n model 6.4%) é:g
STUDIES INCLUDING SCREENING + DA QING INTERVENTION Q-
>
Liu 2013 | China Markov model | NA IFG and IGT | a. Screening 6 years 40 year§ Initiation age: | QALY
with diet 3. 25yrs: --
intervention a $2,044/QALY
2 40 yrs: -
= $1,527/QALY
§ 60 yrs: -
) 3,602/QALY
b. Screening 6 years 40 year§. Initiaton age: | QALY
with exercise 3 25: -
o
«Q
2.
%

$1,540/QALY
60: -
$3,713/QALY
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3 c. Screening 6 years 40yealS |5 Initiation age | QALY
g with duo g Z 25 yrs: -
6 intervention § m S $2,061/QALY
7 °2 3 40 yrs: -
8 8‘% e $1,507/QALY
- N
9 8‘3" Q 60 yrs: -
10 = g~ $3,713/QALY
11 , g S —
12 d. Screening 6 years 40 yearg-g S Initiation age | QALY
13 alone 2= S 25 yrs: -
14 a5 § $471/QALY
15 8 = 40 yrs: -
16 2ms $331/QALY
17 §£ﬂ =% 60yrs: -
18 s $1,195/QALY
19 STUDIES INCLUDING SCREENING + FINNISH DPS = 3
20 5 3
21 Bertra | 2010 | Australia Discrete-time | 8,000 IGT and IFG | a Diet plus Aslongas | Until agh '§AU$23,000/DA DALY
22 m microsimulatio | individua | (Opportunis | exercise a partici- 100 ore (Y
23 n model | life tic pant death & |5
24 histories | screening of | b. Exercise remains Until agﬁ’é 'gAUS?,0,000/DA DALY
25 simulate | Australians pre- 100 or 3 v
26 d over the diabetic death & ]
% ageof45 | c. Diet Until age | AU$38,000/DA DALY
o9 years with 100or3 |FY
30 risk factors death £ |~
31 for T2DM d. Acarbose Until affe §U$37,000/DA DALY
32 during GP 1000r? |4y
33 visit for death %
34 another e. Metformin Until age @USZZ,OOO/DA DALY
35 reason 1000r |3Y
36 using FPG death g
37 followed by | f. Orlistat Until age |@U$100,000/D DALY
38 confirm- 1000r  |QLY
39 atory OGTT) death o
40 =
41 2
42 iy
43 ®
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g. Metformin Until ag®¢ [HAUS81,000/DA DALY
plus diet and 100 or 2 v
exercise death & m3
STUDIES INCLUDING SCREENING + OTHER INTERVENTION >2 YEARS DURATION D& g
©q @
Neuma | 2011 | Germany Trial based NA IFG and Group lifestyle | 5years Lifetimég § Age 30: Men QALY
nn cost utility T2DM program simula%oc:n ~ (-Eur25,164),
analysis (FPG n 5(7]8 Women (Eur -
screening: =5 § 31,407)
45-70 year- %9_4 S Age 50: Men
olds with o fle (Eur -15,108),
elements of %3; = Women (Eur -
metabolic 3% g 21,215)
syndrome XY Age 70: Men
or GDM) -5 (Eur 27,546),
% = Women (Eur
s |3 19,433)
Sagarra | 2013 | Spain Trial-based 552 IGT and/or 1. Group 5 years: Mediarg %uro QALY
cost utility participa | IFGin intensive 1vyear: 4.2 yedss ?243/QALY
analysis nts in people aged lifestyle Screening | No 5§ 3
trial 45-75 program 4 years: anaIysi@_ '8
230in identified 2. Individual | Interventi | post- 3 |3
group- with intensive on intervedjt =
based FINDRISC lifestyle ion § <
intervent | >14 or programm =X 2
ion requesting e % ~
103 in OGTT e I
L @ N
individua | regardless o o
| of FINDRISC 5
. >
intervent | score o)
ion Av age: 62 3
(0]
yrs, et
Av BMI: 5
31kg/m2 =
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Gilles 2008 | UK Decision tree NA IGT Screening for Not 50 yeaf® |Hfost per QALY: QALY and
and Markov (One-off T2DM only stated simulatfo £14150 LYG
model screening n § m J£8681/QALY
with FPG @ & Jindiscounted)
and OGTT ® | %ost per LYG:
=
for cs @23710
population 5 O|{£11460/LYG
aged 45 yrs Z A Sndiscounted)
with at least | Screening for Not 50 year'>-<*-§ iost per QALY: QALY and
1 risk factor | T2DM and IGT | stated simula%_o% §6242 LYG
for T2DM) and treatment n a5 Z£2863/QALY
with lifestyle e iﬂndiscounted)
program 3, Fost per LYG:
=¥ 10900 (£4179
© * ldindiscounted)
Screening for Not 50 yearf Fost per QALY: QALY and
T2DM and IGT | stated simulatio %7023 LYG
and treatment n § '8£3429/QALY
with € |dindiscounted)
metformin gg’_ Zost per LYG:
0 | 11690
3 |3£4786/LYG
& |Qndiscounted)
Colagiu | 2008 | Australia Simulation Whole Screening Screening (risk | 10 years 10 yea@ < $53,955/DALY | DALY
ri using the Australia | for factor simulati |3 in 45-54 year
Diabetes Cost n undiagnose | assessment), n % Ny olds
Benefit model, | populatio | d T2DM and | FPG for those % § $48,386/DALY
including cost n prediabetes | at high risk, @ ;’; in 55-74 year
benefit (IGT and OGTT for those ; olds
analysis and IFG) in with FPG 5.9- S $49,713/DALY
cost utility Australians 6.6 mmol/I a 45-74 year
analysis aged 55-74 g olds
(S/DALY) years and =
those who g
were 45-54 g
years with a =
[
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Q.
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STUDIES INCLUDING SCREENING +INTERVENTION <2 YEARS DURATION ; % é”
S
SWw
Irvine 2011 | UK Trial-based 177 IFG and UEA-IFG Control: lyearg. +67,163/QALY QALY
.. . . . - ©
cost-utility participa | T2DM lifestyle 6.69 > (=
analysis nts in (FPG program months = 5
. . . Q =.
trial, 118 | screening of Interventi 518
allocated | 45-70 years on:7.28 a |2
to olds with months _% g
intervent | elements of o [
. . n |2
ion metabolic 5 g
syndrome) 5 lo
STUDIES INCLUDING NO SCREENING AND OTHER INTERVENTIONS o i
(o] c
> S
Smith | 2010 | US Markov model | Not 55yearold | Modified DPP | 12-14 3yearso | $3,420/QALY | QALY
(TreeAgePro) stated men with designed for weeks Lg_ N
based on BMI>=25kg/ | distinct 3 |®
findings of m2 and at populations 8
non- least 3 signs Py
randomised of e
prospective metabolic ®
trial syndrome g
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Feldma | 2013 | Sweden Markov 142 People in Primary care - 1year Simulafo |gven: Men: QALY
n microsimulatio primary based lifestyle n until 85 Zow risk: Euro | Low risk: Euro
n model care with program years o§ m 1,213/QALY 7,276/QALY
evidence of | (Kalmar age 29 g/ledium risk: Medium risk:
metabolic Metabolic %g Furo Cost saving
syndrome Syndrome Fa"g" 83,052/QALY High risk: Cost
Program) g S| Migh risk: Euro | saving
§ o) 2,305/QALY Women:
gg SNomen: Low risk: Euro
3% Jow risk: Euro | 7,337/QALY
g.‘_{ $10,698/QALY Medium risk:
e gS/Iedium risk: Euro
3 A Suro 3,608/QALY
=28 3,379/QALY High risk:
€ " |High risk: Euro | Euro
% 38,739/QALY 18,191/QALY
STUDIES INCLUDING NO SCREENING + UNSPECIFIED LIFESTYLE INTERVENTION 2. %’-
= ©
=J (0]
Jacobs | 2007 | Netherlands | Markov model | Dutch Whole adult | Community 5 years 70 yea‘rfs) gtommunity - QALY
Van populatio | population intervention communit 2 _intervention:
Der n 2004 for y o |&Furo 3100-
Brugge (16.3 community interventi 3. |3900/QALY
n million) intervention on g 18
for 8 |&
communi 3 13
o
ty s [
intervent S 1S
N
ion @ g
200,000 Obese Healthcare 3 years 70 years ;Healthcare - QALY
adults aged | intervention: healthcar Gntervention
30-70 years | Lifestyle e Furo 3900-
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APPENDIX 2: COST OF LIFESTYLE PROGRAMS IN INCLUDED STUDIES S 5
2z
-~ O
US DIABETES PREVENTION PROGRAM - COSTS OF LIFESTYLE PROGRAM (37) § (r::g
Staff type YEAR 1 YEAR 2 353 YEAR 3
. Volume Time Staff Total Volume Time Staff T%@ 8| Volume Time Staff Total
Activity of per cost cost p.a. | of per cost cozs'tg : of per cost cost p.a.
contact contact | per contacts | contact | per P& S| contacts | contact | per
(hrs) hour (hrs) hour 5= (hrs) hour
229
Baseline history | GP 1 1 £ £ £§§ o £
and physical 162.00 | 162.00 -E555 -
examination §_|$|§
Annual nurse District nurse 1 0.33 0.3 =285]1 0.33 0.3 £
review and blood 1£675 11.67
tests z 5
Core curriculum Care manager 16 1 £ £ £, % £
(Band 5) 45.00 | 720.00 -2 o -
Supervised Care manager 2.562 1 £ £ 2.562 1 £ £ g 2.562 1 £ £
activity session (Band 5) 45.00 115.29 45.00 1%.2@_ 45.00 | 115.29
Trainer (Band 1.708 1 £ £ 1.708 1 £ fo 'g 1.708 1 £ £
5) 45.00 | 76.86 45.00 | 76863 45.00 | 76.86
Lifestyle group Care manager 0.36 1.25 £ £ 0.72 1.25 £ E&: S| o0.72 1.25 £ £
sessions (Band 5) 45.00 20.25 45.00 |4@®s0¢& 45.00 | 40.50
In-person visits Care manager 7.65 0.58 £ £ 12.33 0.58 £ Eg 3| 12.33 0.58 £ £
(Band 5) 45.00 199.67 45.00 3481 45.00 321.81
Phonecalls Care manager 2.32 0.25 £ £ 2.66 0.25 £ E% % 2.66 0.25 £ £
(Band 5) 45.00 | 26.10 45.00 | 29939 45.00 | 29.93
Reminder phone | Secretary (Band | 29.41 0.08 £ £ 17.45 0.08 £ £ ; 17.45 0.08 £ £
calls 4) 36.25 85.29 36.25 50.61% 36.25 50.61
Materials £ £ § £
9.61 - W -
Tool box £ £ %
102.00 105.06€
Intervention cost £ £ %:; £
p.a. 1,517.06 751.665 646.66
®
Q.
(0]
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2 Total @ £
5 intervention cost g z 2,915.39
6 INDIAN DIABETES PREVENTION PROGRAM - COSTS OF LIFESTYLE PROGRAM (64) § ms
=
7 YEAR 1 YEAR 2 ~ © o] YEAR3
o g ®
8 Activity Staff type Volume Time Staff Total Volume Time Staff T%ﬂ N Volume Time Staff Total
9 of per cost cost p.a. | of per cost ccﬁé,, ':,‘ of per cost cost p.a.
10 contacts | contact | per contacts contact | per p.%ao contacts contact | per
11 (hrs) hour (hrs) hour 2 (é)cs) (hrs) hour
12 — ]
13 Visits GP 4 0.5 £ £ 4 0.5 1620 | £32 5|4 0.5 162.0 | £
14 162.00 | 324.00 3@@% 324.00
Q — 5
15 Social worker 4 0.75 £ £ 4 0.75 £ £$’U>?J;~ 4 0.75 £ £
16 62.86 | 188.57 62.86 | 1854 62.86 | 188.57
17 Dietician 4 0.75 £ £ 4 0.75 £ 5z 4 0.75 £ £
18 62.86 | 188.57 62.86 | 188.5F 62.86 | 188.57
:zlg Helper 4 0.5 £ £ 4 0.5 £ £~ g 4 0.5 £ £
21 36.25 | 72.50 36.25 | 78505 36.25 | 72.50
20 Technician 2 0.16 £ £ 2 0.16 £ £5 § 2 0.16 £ £
3 36.25 | 11.60 36.25 | 1160 36.25 | 11.60
24 Phone calls — Social worker 5.4 0.25 f f 2.25 0.25 £ fa é 2.2 0.25 f f
25 inbound 62.86 | 84.86 62.86 | 3%36 § 62.86 | 34.57
26 Dietician 4.8 0.25 £ £ 1.8 0.25 £ £§ S| 16 0.25 £ £
27 62.86 | 75.43 62.86 | 28295 62.86 | 25.14
28 Phone calls - Social worker | 8 0.41 £ £ 8 0.41 £ £5 c£| 10 0.41 £ £
29 outbound 62.86 | 206.17 62.86 | 2@.1P 62.86 | 257.71
30 Dietician 8 0.41 £ £ 8 0.41 £ £2 | 10 0.41 £ £
31 62.86 | 206.17 62.86 | 206.10 62.86 | 257.71
32 Reminder calls Secretary 12 0.05 £ £ 12 0.05 £ £ p|12 0.05 £ £
33 36.25 | 21.75 - - > - -
gg Intervention cost £ £ O £
p.a. 1,380 1,261 3 1,360
36 Total o £
37 . . =
intervention cost = 4,001
38 S
39 3
40 =
41 ?D
42 a
43 @
44 _ el _ o
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APPENDIX 3: BENEFITS OF PREVENTION PROGRAMS e &
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Study Type of intervention DALYs Increase in Method of Years fﬁég'cg Increased life Number needed to
averted | QALYs calculating QALYs diabete% 5. s years gained treat to prevent 1
535 = | (years) case of diabetes
Herman, 2005 - DPP a. Lifestyle 0.57 Self-administered 11 8(3') Q 0.5
Quality of 5] % ;
Wellbeing Index 0o
b. Metformin 0.13 3 223 |02
2o3
Eddy, 2005 a. DPP lifestyle (in those 0.159 Quality of g—_g £ 10.288
with IGT and IFG) (0.276 Wellbeing Index =8
undiscounted) 2 a3
b. DPP metformin NR S5h3
Diabetes Prevention a. Lifestyle 0.12 (0.14 Self-administered gc_; =
Programme (DPP) Research undiscounted) | Quality of > §
Group, 2012 Wellbeing Index 3 3
b. Metformin 0.02 (0.02 3 3
. =S
undiscounted) Q@ S
Ackermann, 2006 DPP lifestyle 0.59 (lifestyle | Self-administered 2 g
intervention at either intervention Quality of ﬁ 'To{
age 50 of 65yrs of provided to 50 | Wellbeing Index 3 3
target population year olds) ) §
0.27 (lifestyle o o
. . o [
intervention > S
5 o
provided to % N
65 year olds) Q K
Palmer, 2004 a. Intensive lifestyle 1.77-1.552 > 0.06-0.16
change (US DPP) 2 | (0.21-0.23
& undiscounted)
b. Metformin 0.86-0.89 3 | 0.03-0.07
® | (0.100.11
= undiscounted)
Palmer, 2012 a. Intensive lifestyle 0.39 NA 5.71 g 0.69
change (US DPP) >
b. Metformin 0.12 NA 2.47 > |03
c
(0]
Q.
(0]
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2 E. o
3 Png, 2014 1. Lifestyle (US DPP) 0.05 Self-administered Q =
4 . o
5 Quality of = Z
6 Wellbeing Index § m S
7 (used in US DPP) o ‘53
8 2. Metformin 0.01 8% e
9 Lindgren, 2007 Lifestyle intervention 0.2 EQ-5D g%’ é 0.18
10 (FDPS) S
11 Caro, 2004 a. Lifestyle program § (é)é 0.31
12 (based on FDPS) 233
13 b. Metformin 272 |014
14 oS o
15 c. Acarbose 2=8 |02
16 Ramachandran, 2007 1. Lifestyle g ég 6.4
17 management §:m§_
18 2. Metformin 8 _g 6.9
19 3. Lifestyle z 3 6.5
20 management and s 3
21 metformin 3 5
22 Hoerger, 2007 1. Screening and DPP 0.040 per Q g 0.043
23 lifestyle program for IFG screened Qg’_ 3 (undiscounted)
24 and IGT subject o O per screened
25 0 9
0.099 per 3 3 | subject
g? subject with 2 o |0106
o8 prediabetes § o (undiscounted)
29 2. 2 per s.ubject with
30 2 N prediabetes
31 2. Screening and DPP 0.118 per %. = 0.122
32 for IFG or IGT or IFG and screened o O (undiscounted)
33 IGT subject i per screened
34 0.290 per @ subject
35 subject with 2 0.300
36 prediabetes g (undiscounted)
37 = per subject with
38 S | prediabetes
39 Icks, 2007 1. Screening and DPP o 43
. ©
40 lifestyle program S,
41 '(ED
42 a
43 ®
44 . ) 2% : . -
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2. Screening and
metformin

27.9

Schaufler, 2010

1. Screening and US
DPP lifestyle program

291
(undiscounted

)

Self-Administered
Quality of
Wellbeing Index

2. Screening and
metformin

2.83
(undiscounted

)

Self-Administered
Quality of
Wellbeing Index
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Mortaz, 2012 3-yearly screening with 0.306 EQ-5D §
FPG and USDPP lifestyle S
intervention or §
metformin =
Liu, 2012 a. Screening with diet Initiation age g Initiation age 25
intervention 25yrs: 3.33 = yrs: 1.7
Initiation age =] Initiation age 40
40 yrs: 2.59 S | yrs:05
Initiation age %- Initiation age 60
60 yrs: 0.56 2 yrs: 0.1
b. Screening with Initiation age 3 Initiation age 25
exercise intervention 25yrs: 3.33 § yrs: 1.7
Initiation age 3 Initiation age 40
40 yrs: 2.58 3 yrs: 0.5
Initiation age S | Initiation age 60
60 yrs: 0.56 & | yrs:0.1
c. Screening with diet Initiation age 2 Initiation age 25
and lifestyle 25 yrs: 3.33 : yrs: 1.7
intervention Initiation age S Initiation age 40
40 yrs: 2.59 ;’; yrs: 0.5
Initiation age - | Initiation age 60
60 yrs: 0.56 L‘E yrs: 0.1
d. Screening alone Initiation age ) Initiation age 25
25yrs: 2.40 o} yrs: 1.2
Initiation age g Initiation age 40
40 yrs: 1.37 e yrs: 0.1
Initiation age £ Initiation age 60
60 yrs: 0.33 2 | yrs:0
c
(0]
Q.
(0]
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1 3 b
c S
2 S 3
3 Gilles, 2008 1. Screening for T2DM 0.03 (-0.02- EQ-5D Q = 0.02 (-0.01 -
4 only 0.09) S Z | 0.05)
g Undiscounted: § m S Undiscounted:
2 0.07 (-0.03- 253 |0.06(0.02-0.12)
8 0.18) 2a'®
9 2. Screening for T2DM 0.09 (0.03- 017 (028 S | 0.05(0.03-0.08)
10 and IGT and lifestyle 0.17) 0.23) g8 Undiscounted:
11 intervention Undiscounted: UndiscgupyfgH: | 0.15 (0.08-0.22)
12 0.22 (0.08- 0.33 (0?% §
13 0.36) 043) 2=9
14 3. Screening for T2DM, 0.07 (0.01- 0.11 (oggJéé § 0.05 (0.02-0.07)
15 IGT and treat with 0.15) 0.19) 8> Undiscounted:
16 metformin Undiscounted: Undisc&,l%qtgd: 0.13 (0.06-0.20)
17 0.17 (0.03- 0.20 (03&=
18 0.32) 037) € 5
19 Colagiuri, 2008 Screening + lifestyle 0.10 per f S
20 intervention person S %-
21 with IGT =
22 or IFG e S
gi Bertram, 2010 a Diet plus exercise 0.05 é §
25 b. Exercise 0.04 g §
26 c. Diet 0.02 = 3
27 d. Acarbose 0.06 % Z
gg e. Metformin 0.04 g %
30 f. Orlistat 0.07 oF 3
31 g. Metformin plus diet 0.01 %‘ §
32 and exercise ®oo
33 Neumann, 2011 Group lifestyle 30 years of SF-6D and EQ-5D >
34 intervention age: G
35 Men: 0.02, 5
36 Women: 0.03 w
37 50 years of =
38 age: ts_?‘
zg Men: 0.03, 8
a1 Women: 0.02 ‘é
42 iy
43 ®
44 . ) . 2% : . -
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T %
BMJ Open 3 R
Q
Z o
. "
3 b
c S
o o
S5 S
70 years of Q =
age: S z
c o
Men: 0.02, o ms
@D >
Women: 0.02 o3
Smith, 2010 Modifified DPP 0.01 Not specified %g' e
Feldman, 2013 Primary care -based 0.05-0.14 Not specified g%’ é 0.3
lifestyle program g3
(Kalmar Metabolic §‘é’§
Syndrome Program) 293
Jacobs Van der Bruggen, 2007 | 1. Community 0.006-0.039 Not specified ag-é 0.007-0.043 1500-300
intervention S s @
2. Healthcare 0.27-1.17 Not specified o % 3 0.32-1.35 30-7
intervention § m3
Irvine, 2011 Lifestyle intervention 0.003 EQ-5D 2 =
(UEA-IFG) L2
Sagarra, 2013 Individual and group 0.12 15D = g
lifestyle program %- o
Zhuo, 2012 Community based 0.03 per = § 0.04 per 14.24
lifestyle intervention participant » O participant
(PLAN4AWARD) identified as a é identified as
. . %) o . .
prediabetic 5 g prediabetic
0.053 per 5 o 0.08 per person
person - 5 participating in
.. . o o .
participating S S lifestyle
in lifestyle a 2 program
program b= A
Herman, 2013 1. USDPP and USDPPOS 0.15 Self-administered 2 8
lifetsyle program Quality of )
Wellbeing Index >
2. Metformin and 0.09 o
USDPPOS lifestyle P
program W
Dall, 2015 DPPOS 0.39 using EQ-5D % 0.36 using ADA 3.9 using the ADA
ADA screening Q screening screening criteria
L @ S .
criteria =k criteria 4.2 using the
0.41 using o USPSTF criteria
@
Q.
(0]
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Q
Z o
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3 b
c S
o o
S5 S
USPSTF Q = 0.45 using
criteria S Z USPSTF criteria
2ms
APPENDIX 4: ASSESSMENT OF QUALITY, RELEVANCE AND CREDIBILITY oo g
©o D
Q =S
QUESTIONS HELPER QUESTIONS SPECIFI Herman, 2005 | Eddy, 2005 DPPRGE@@ Ackermann, Palmer 2004
C g % ~N 2006
ELEMEN 8o 1
TS =53
DD =
EXAMIN 2378
[¢)
ED aSg
ASSESSMENT OF RELEVANCE Sg :—t
1. Is the population relevant? | Are the demographics Age, 45% members | Not reported 45% mi &s | 50 years of age Population based
similar? ethnicit | of minority of min@&ity = on the USDPP:
- ©
Y, groups groupsy = Mean age 50.6
gender Age >25 years Age >25;ye§s years
68% women 68% w@ne@' 32.2% men
g g Mean BMI 34kg/m2
5 3
o =
o 8
3 3
2 o
—_ =}
[or} Co
Are risk factors similar? | Type of | IGT and IFG, IGT and IFG, IGT andBIFGS IGT IGT
pre- BMI>24kg/m2 | BM>24kg/m2 BMI>2@<g/rﬁ,2
diabetes Lg_ I
, BMI 3
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T %
BMJ Open 3 R
Q
Z o
. "
5 b
c S
o o
S5 S
Are behaviors similar? Complia | 72% Not reported Years 153: 10% p.a. drop Data drawn from
nce with | participants 72% S g out rate USDPP
interven | took at least partici p:@néng modelled in Additional non-
tion 80% of took at"?eggsﬁ sensitivity participation/non-
required 80% o f%g e analysis adherence not
metformin required & modelled
a3 p
metforgig N
Years 4%: 88%
ellglble5-§ 2
partna@f&%
enrolled, 2(@6
of Ilfesw g, -
58% of 3, Wg
metfor@® =
and 57% of-c
pIaceb@ S
partnamnté
attende atO
least offe .3
. ©
sessions 3
Is the medical condition Yes Yes Yes o g |VYes Yes
similar? 3 3
2 o
2 Are any critical Does the intervention Type of 1. Lifetsyle § <
interventions missing? analyzed in the model interven | 1. Lifetsyle intervention over 1. Lifesgle 2 1. Lifestyle 1. Lifestyle
match the intervention tion intervention 2.8 years (USDPP) interveﬁliom intervention intervention (based
you are interested in? (duration 2.8 2. Metformin over 1(92yea§ 2. Usual care on USDPP)
years, USDPP)) | 3. Usual care (USDPF{?DPBC 2. Metformin
2. Metformin S) 3. Usual care
3. Placebo 2. Metformﬁ
[¢)
3. Usual carg
(0]
w
=l
Have all relevant Yes Yes Yes o No, metformin Yes
«Q .
comparators been 3 not included
considered? i=3
=
c
(0]
Q.
(0]
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1 3 b
N
2 5 s
2 Does the background US healthcare | US healthcare US hedfthcage | US healthcare Australia, France,
5 care in the model match system system system® Z system Germany,
yours? @ m S Switzerland and the
6 823 ited Ki !
7 28z United Kingdom's
o' ® health systems
8 23N
9 238
10 3 Are any relevant outcomes | Are the health Yes, QALYs Yes, QALYs Yes, QEK% ; Yes, QALYs Yes, LYG
. . ? ~—+
11 missing? outcome.s relevant to g % g
12 you considered? 223
13 35 =.0
o pQ
14 acg
L _a
15 D D>
16 2mS
17 22
18 Are the economic end Yes, S/QALY Yes, S/QALY Yes, S/QAL\_g Yes, $/QALY Yes, S/LYG
19 points relevant to you > =
20 considered? ;: 5
21 4. Is the context (settings and | Is the geographic us us us s 8 us Australia, France,
22 circumstances) applicable? location similar? (_E_-,’ _%’ Germany,
23 ) g Switzerland and the
24 a = United Kingdom
25 Is the time horizon Yes, lifetime Yes, 30 years Yes, 10§ear§ Yes, lifetime Yes, lifetime
26 applicable to your simulation ® o | simulation
27 decision? % Z
28 Is the analytic Health Health system | Health system and Health Syst&m | Health system Health system
ég perspective appropriate | system perspective societal perspective | and so@etaﬁ, perspective perspective
to decisi .
31 your decision or . persp alveg
problem? societal » N
gg perspec =
31 tive Z
35 ASSESSMENT OF CREDIBILITY g
36 Validation g
37 S
38 S
39 g
40 =
41 =
42 iy
43 @
44 . ) 3 . . -
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Is external validation of the
model sufficient to make its
results credible for your
decision?

Has the model been
shown to accurately
reproduce what was
observed in the data
used to create the
model?

Not reported

Yes

Has the model been
shown to accurately
estimate what actually
happened in one or
more separate studies?

Not reported

Yes

Has the model been
shown to accurately
forecast what
eventually happens in
reality?

Not reported

Not reported

1Bupnjoul ‘qybukdc

=

mod&lin
C

‘Bului eyep pue 1xa] 0] pale|al safs
* (s3gv) Jnauadns juswaublasuy

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Is internal verification of the
model sufficient to make its
results credible for your
decision?

Have the process of
internal verification and
its results been
documented in detail?

Not reported

Yes

Has the testing been
performed
systematically?

Not reported

Yes

Does the testing
indicate that all the
equations are
consistent with their
data sources?

Not reported

Yes

Does the testing
indicate that the coding
has been correctly
implemented?

Not reported

Yes

b d
i v
T Q

3
S)
Q.
u
S

(%)
~

"salBojouyoa) rejiwis puedp

<

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported
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1 3 &
c b
2 2 9
2 Does the model have Does the model contain Yes Yes N&ta 5 | Yes Yes
5 sufficient face validity to all the aspects modgl/ing
6 make its results credible for considered relevant to stuzdgl S
7 your decision? the decision? 2o 3
To R
8 TN
9 g3
10 Are all the relevant Yes Not reported g8 Yes Yes
11 aspects represented NS
12 and linked according to :-—;-S 2
13 the best understanding a%. g
14 of their characteristics? oc 2
-3
15 [« % =
16 Have the best available Yes Not reported S m S | Yes Yes
17 data sources been used 5~
18 to inform the various 2 ]
19 aspects? -
20 s 3
S S
21 5 B
22 @ S
23 p g
24 Is the time horizon Yes, lifetime Yes, 30 years a % Yes - lifetime Yes, lifetime
25 sufficiently long to simulation g g simulation simulation
26 account for all relevant i—; iy
27 aspects of the decision = z
28 problem? g s
29 Are the results Yes No a O | VYes Yes
30 plausible? F £
31 o §
32 T
33 2
34 o
35
36 If others have rated the Rating of face | Rating of face ® Rating of face Rating of face
37 face validity, did they validity not validity not g validity not validity not
38 have a stake in the reported reported in detail = reported reported
results? <
39 : 5
40 Design =)
41 <
42 %
43 -
44 . ) 3% : . -
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BMJ Open =)
«Q
=
=
e
c
Q.
2
Is the design of the model Was there a clear, Yes Yes N& a Yes Yes
adequate for your decision written statement of mod&llin
c

problem?

the decision problem,
modeling objective, and
scope of the model?

Was there a formal
process for developing
the model design (e.g.
influence diagram,
concept map)?

Not reported -
pre-existing
model utilised

Not reported - pre-
existing model
utilised

Is the model concept
and structure consistent
with, and adequate to
address, the decision
problem/objective and
the policy context?

Yes

Yes

Have any assumptions
implied by the design of
the model been
described, and are they
reasonable for your
decision problem?

Yes

Not reported

Is the choice of model
type appropriate?

Yes

Yes

* (s3gv) Jnauadns juswaublasuy

"salBojouyoa) Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa] 0} paje|a. Safr

Not reported -
pre-existing
model utilised

Not reported

Yes

Yes

No - assumption
that relative risk
reduction
continues as
long as lifestyle
intervention
continues (until
participant gets
T2DM or dies)

No-reversion from
IGT to
normoglycaemia
not modelled

Yes

Yes
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Z o

< =

—. 5
1 5 &
2 E o
3 Were key uncertainties Yes Yes Q = Yes Yes
4 in model structure = Z
g identified and their § m S
2 implications discussed? 203

2a @
8 TN

o 2o
10 =35
1 S5

—~+ J

11 Data o
ig Are the data used in All things considered, Duratio | Relative risks Lifestyle program ReIativ%@% Lifetsyle Lifestyle
14 populating the model do you agree with the | nand of T2DM from | and metformin of of T@_‘ § intervention intervention
15 suitable for your decision values used for the extent USDPP assumed to from U >FE; provided until provided for 3 years
16 problem? inputs? of Lifetsyle continue to impact | and USB_F!I_II?IGS onset of T2DM and benefts in
17 impact intervention T2DM incidence as g\cgi and that health | terms of reduction
18 of provided until | long as they were R and QOL in incidence of
19 Ifestyle onset of provided (up to and > § benefits T2DM only lasts for
20 interven | T2DM and after diagnosis with g 3 associated with | 3 years (ie. For
21 tion assumed T2DM) S interventions duration of
22 health and a 3 remain constant | intervention)
23 QOL benefits o g and persist until
24 associated ﬁ P diabetes onset
25 with 3 %
26 interventions 5 o
27 remain @ Z
28 constant and S 5
29 persist until a Z
30 diabetes onset S N
31 Source USDPP USDPP USDPPﬁJSE{BP USDPP Costs of
gg of cost 0s 2 intervention from
31 data Z USDPP
35 % Other costs from
36 g published data
37 >
38 g
39 g
40 =
41 %
2 8
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T %
BMJ Open 3 R
Q
Z o
. "
3 5
c N
2 o
3 >
Source USDPP Not reported USDPPRJSDIEP | USDPP USDPP
of os <2
c
outcom o m
D >
e data ©a9
Discoun | 3% for costs 3% costs and QALYs | 3% for %ﬁ% 3% for costs and | 5% for costs and
trate and QALYs and Q \% QALYs LYG in Australian,
3 German, Swiss and
% French analysis
2 1.5% for health
= outcomes and 6%
S for costs in UK
> analysis
Analysis ﬁ
Were the analyses performed Yes Yes Yes Yes Yes

using the model adequate to
inform your decision
problem?
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nontechnical
documentation freely
accessible to any
interested reader?

S
N
BMJ Open =
Q
Z o
. "
5 b
c S
o o
S5 S
Was there an adequate Key Sensitivity Sensitivity analyses: | No senfiivit{ Sensitivity Sensitivity analyses:
assessment of the effects of sensitivi | analyses: 1. Intervention analyse3 asZ analyses: 1. Total costs +/-
uncertainty? ty 1. Group effect was a vﬁtf:riﬁy 1. Group 10%
analyses | lifestyle 2. Size of the health | trial ang};hggig lifestyle 2. Life expectancy
programme plan %tg e programme +/-10%
2. Generic 3. Discount rate Fa"g" § 2. Reduced 3. Rank order
metformin 4. Cost of diabetes g8 effectiveness of | stability assessment
3. Reduced care NS interventions to | 4. Discount rates
effectiveness 5. Turnover of the ;ﬁ;g § 50% of USDPP (range 0-6%)
of health plan a%.g 3. Adherence 5. Relative risk
interventions oS S | reduced by 10% | T2DM
to 20% and HEN ; each year 6. Effect duration of
50% of USDPP 2ms intervention
to reflect SN 7. Relative risk of
reduced -] mortality for IGT
adherence % = and T2DM
4. Discount o % 8. Relative costs of
rates S IGT and T2DM
@ g 9. Intervention costs
5 3 (80-300% of base
o '8 case)
3 3
5 o
Reporting = 2
Was the reporting of the Did the report of the Yes Yes Yes ;_—3 % Yes Yes
model adequate to inform analyses provide the SR
your decision problem? results needed for your @_ N
decision problem? o N
Was adequate Yes Yes Yes 2 Yes Yes
&
)
>
o
(0]
@
g
=
Q
QD
©
>0
E
c
(0]
Q.
(0]
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Egiy
. "
3 b
c S
o o
3 >
Was technical Yes No Yes 2 5 | Yes Yes
documentation, in S Z
sufficient detail to allow § m S
i 3
(potentially) for e 3.0
replication, made D' ®
ilable openly or %‘:D S
availa penly g %
under agreements that g (ED, :
protect intellectual 8o Y
property? =5 §
. =D =
Interpretation 2 = S
Was the interpretation of Yes Yes Yes 85 @ | Yes Yes
results fair and balanced? L >
330
553
S~z
Q- ~
- ©
> =
- T
s 2
3 3
=
Q@ S
(o
S 3
o <«
o 3
3 3
2 o
= =
Conflict of interests 2 <
Were there any potential No No No 5 o No No
. . S
conflicts of interest? o -
e N
If there were potential NA NA NA 8 o NA NA
conflicts of interest, were =
steps taken to address these? c:g
g
(%]
(0]
@
=2
=
Q
QD
©
=
e}
[
(0]
Q.
(0]
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5 S
3 APPENDIX 4 CONTINUED: e B
4 e =z
5 QUESTIONS HELPER QUESTIONS | SPECIFIC ELEMENTS Palmer, 2012 Png, 2014 Lin&gﬁe§ 2007 | Caro, 2004 Ramachandra
6 EXAMINED 623 n, 2007
; o250
o 228
10 ASSESSMENT OF 3 % ;
11 RELEVANCE § (é) o
12 1. Is the population Are the Age, ethnicity, gender | Not reported Not reported quT;Gg years Mean age: 54.5 Indian office
13 relevant? demographics = £'§ years workers aged
14 similar? g52 50% male 35-55
15 5P
16 2ms
17 g\‘ﬁ >
18 Sz
19 z 3
20 5 32
21 s 3
22 3 3
23 -,
24 Are risk factors Type of pre-diabetes, IGT or IFG, IGT and IFG IFG = IGT IGT
25 similar? BMI overweight or Blv%zsgg/mz
26 obese 5 5
27 g o
28 .
29 N ©
30 S ~

«Q N
32 o
33 2
34 o
35 3
36 w
37 =
38 8
39 B
40 =
41 '(ED
42 a
43 ®
44 . . 4% : . -
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T 0
BMJ Open s R
Q
Z o
. "
3 b
c S
S g
>
Are behaviors Compliance with Compliance Not reported Noﬂromput Non-compliance | Compliance
similar? intervention with wascs’assgmed not explicitly measured
metformin 68- Par%cgp§t|on modelled within
76% rat€ of @7.5% intervention
Adherence in auit
s 22
with lifestyle trat&@%
programs: 14- sesgidns
58% 559
=
252
o g
Is the medical Yes Yes Yesg i o Yes Yes
s PRI 2>
condition similar? 3 % 3
sm3
2 Are any critical Does the Type of intervention S = 1. Lifestyle
interventions intervention 1. Lifestyle 1. Lifestyle 1 I.Eesi’ile intervention 1. Lifestyle
missing? analyzed in the intervention intervention |nterve§|on (based on 6-year | intervention
model match the (based on (based on USDPP) (ba%’ed 8N 6- Finnish DPS) (3 year Indian
intervention you are USDPP) 2. Metformin yeat Fuﬁnsh 2. Metformin DPP)
interested in? 2. Metformin 3. Usual care DPg 'U 3. Acarbose 2. Metformin
3. Usual care 2. l&uaﬁ:are 4. Usual care 3. Usual care
e 3
3 3
2 o
—_ jun
Have all relevant Yes Yes NoJ3nefformin | Yes Yes
comparators been notXonzidered
considered? 9 by
Does the Australian Singaporean Swg:hs% Canadian health Indian health
background care in health system health system heafth égstem system system

the model match
yours?

| @p anbiydeiboijqig aoupby 1
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1 5 &
2 E o
3 >
2 3 Are any relevant Are the health Yes, QALYs Yes, QALYs Yes2QALYs Yes, LYG No, QALYs or
5 outcomes missing? outcomes relevant g g DALYs not
6 to you considered? @ m S considered
333
7 3&3
2a @
8 23
9 g3R
10 53
11 Are the economic Yes, $/QALY Yes, $/QALY Yesﬁf % g Yes, $/LYG No, $/QALY
12 end points relevant Eurg/RQALY or DALY not
13 to you considered? 2s § considered
14 4. Is the context Is the geographic Australia Singapore Swﬂir[;’L Canada India
15 (settings and location similar? o 5 =
16 circumstances) S ms
17 applicable? Is the time horizon Yes, lifetime No - 3 year time Ye%l&bﬁme Yes, 10 year time | No, 3 year
18 i ) applicable to your horizon sinfalat®n horizon analysis
19 decision? > =
20 Is the analytic Health system or Health system Health system So@;taE_ Health system Health system
21 perspective societal perspective perspective and societal pergpec%ive perspective perspective
22 appropriate to your perspective Q g
23 decision problem? 8 3
jen -
24 ASSESSMENT OF 2 8
35 CREDIBILITY 3 3
2? Validation g8 9
28 Is external validation Has the model been Not reported Not reported Noﬁrep‘g"rted Not reported Not a
29 of the model shown to accurately > 0 modelling
30 sufficient to make its reproduce what was g : study
31 results credible for observed in the data T S
32 your decision? used to create the : ;’;
33 model? ;
34 Has the model been Not reported Not reported Not repﬁrted Not reported
35 shown to accurately 2
36 estimate what w
37 actually happened %
gg in one or more Q
te studies? 3
0 separate studies -%
41 =
42 iy
43 @
44 . ) 4% . . .
45 For peer review only - http://omjopen.bmj.com/site/about/guidelines.xhtml
46



http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

e
[Ny

ARRALARADANRADRWWWWWWWWWRRNNNNNNNNNNRRPRPRERRRERR
VOO RWNROOOVNOTNRAOMNROOO~NOUNRWNRPRPOOO~NODUA~WN

BMJ Open

Page 68 of 116

Has the model been
shown to accurately
forecast what
eventually happens
in reality?

Not reported

Not reported

—
[0
o

Not reported

Is internal verification
of the model
sufficient to make its
results credible for
your decision?

Have the process of
internal verification
and its results been
documented in
detail?

Yes

Not reported

=z
o

Fie[24 sasn JoyPuipnioul ‘1ybAdc
D
o]

=2
o
—
[0
o

Jep pue 1xal 0] p

Not reported

Has the testing been
performed
systematically?

Yes

Not reported

—
[0
[oR

Z
o
®

(539%)| 1nai1edns JusuBybiasugy

Not reported

Does the testing
indicate that all the
equations are
consistent with their
data sources?

Not reported

Not reported

1y woxg papeojumoq 'LT1Q¢| 19qWIBAON & |UO ¥8TLT0-LTOC-L

BHuiuiw

al

Not repBrted

/

g uadolwg

Not reported

Does the testing
indicate that the
coding has been
correctly
implemented?

Not reported

Not reported

ted

pd
(@]
e ‘Bururesy |v2

B

e

Not reported

Not a
modelling
study

Does the model have
sufficient face validity
to make its results
credible for your
decision?

Does the model
contain all the
aspects considered
relevant to the
decision?

Yes

Yes

>
‘sa1bojoliyoal rejiwis

Yes

Are all the relevant
aspects represented
and linked according
to the best
understanding of
their characteristics?

Yes

Yes

Yes

Yes

Not a
modelling
study

| @p anbiydeiboljqig aoyaby 1€ G20z ‘2 8ynr uo jwod

For peer review only - http://bmjopeﬁ.%mj.com/site/about/guidelines.xhtmI


http://bmjopen.bmj.com/

v -
TN
Page 69 of 116 BMJ Open é 2
Z o
— "
1 3 5
c b
2 2 9
2 Have the best Yes Yes Yes2 Yes
5 available data = Z
6 sources been used § m S
7 to inform the “ o g
8 various aspects? o' ®
52
? 235
10 S5
11 Is the time horizon Yes No - 3 year Yes:ﬂg % g Yes, 10 years
12 sufficiently long to horizon modelled 223
13 2=9
account for all 238
14 relevant aspects of 852
15 the decision ; z =
16 problem? s ms3
g Are the results Yes Yes Yeg T = Yes
ible? 9
19 plausible? > =
20 ) %.
>
2 e
23 '8 o
24 If others have rated Rating of face Rating of face Ratfhg ci'face Rating of face
25 the face validity, did validity not validity not vallgﬂy got validity not
26 they have a stake in reported reported repgrted: reported
27 the results? o 3
28 Design % 5
ég Is the design of the Was there a clear, Yes Yes Yes% :1 Yes Not a
31 model adequate for written statement e N modelling
32 your decision of the decision fu'? > study
? i =t
33 problem? problem, modeling 2
34 objective, and scope &
)
35 of the model? >
36 Was there a formal Not reported Not reported Not rep%rted Not reported
37 process for z
38 developing the g
39 model design (e.g. >
40 -%
41 <
42 >
43 i
44 . ) 4 : . -
45 For peer review only - http://bmjopen.%mj.com/sﬂe/about/gu|deI|nes.xhtmI
46



http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

T %
BMJ Open 2 =2 Page 70 of 116
Egiy
. "
3 b
c S
o o
S5 S
influence diagram, Q =
concept map)? g Z
05
b33
= DT
0o @
Is the model concept Yes Yes Yes% 2 S Yes
a3p,
and structure Z2 N
consistent with, and -~ 0
d te to 22 CE)
adequa -E
address, the 530
. e o pQ
decision aco
problem/objective g,,:; =
. o3
and the policy 3 rn%
context? EXZ )
ST —
Have any Yes Yes NoCRegersion | Yes
assumptions implied frol IFGsto
by the design of the NGQnoﬁ_
model been mogelle.:g
described, and are Q@ S
they reasonable for 2 5
your decision = '8'
problem? 3 3
2 o
-
[¢°] (&N
o c
> S
= I
e
oy £
Is the choice of Yes Yes Yesc;D' Yes
model type )
appropriate?

| ap anbiydeibolqig asuapy 1€ GzZ0

For peer review only - http://bmjopeﬁ.%mj.com/site/about/guidelines.xhtmI


http://bmjopen.bmj.com/

v -
TN
Page 71 of 116 BMJ Open Ea
Z o
. "
1 5 &
2 E o
2 Were key Yes Yes Yes2 Yes
uncertainties in g z
5 c 2
6 model structure @ m S
7 identified and their 253
8 implications o' ®
. 5 23N
9 discussed? €89
10 CER
11 © QS
1 Data xE §
13 Are the data used in All things Duration and extent Benefits of Benefits of No 8ffed of Yes - Assumes Yes - Benefits
14 populating the model | considered, do you of impact of Ifestyle lifestyle lifestyle Iife§@e§ 100% benefit for | of lifestyle
15 suitable for your agree with the intervention intervention intervetion persist integglv;grﬁion 5 years of intervetion
16 decision problem? values used for the persist once for 3 years which assgnf_vnéa after | intervention but persist for 3
17 inputs? intervention is the duration of inté@@ion increasing years which is
18 ends at 10 the model engd?ed g underlying risk of | the duration
19 years > § transitioning to of the model
20 s 3 T2DM (reaching
21 S 20% at 10 years)
22 a 8
(e
23 %’_ 3
z
26 Source of cost data DPPOS, Medical | Costs of Finish BPS Finnish DPS for Indian DPP
27 Benefits implementing an%)thgr intervention
28 Schedule USDPP obtained lite@atuie costs
29 Australia from National g S Physician fee
Universit of 3 schedues, dru
30 o Y S n tormulares | &
31 Hospital Cost é- Q ormularies, lab
32 Repository : ;’; fee schedules
33 Data from ; and published
34 Household S literature for
35 Expenditure § other costs
36 Survey for indirect o
37 costs of =3
38 intervention 8
39 3
40 =
41 2
42 8
43 il
44 . ) 4% : . -
45 For peer review only - http://omjopen.bmj.com/site/about/guidelines.xhtml
46



http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

Page 72 of 116

T %
BMJ Open 3 R
Q
Z o
R
5 b
c S
a o
3 >
Source of outcome DPPOS USDPP Lit&Pature Finnish DPS and Indian DPP
data g z US DPP
c o
o me
333
= D T
. . D
Discount rate No discounting | 3% for costs and 3°oi tsand 5% for costs and No
QALYs util@ids utilities discounting of

costs

Analysis

Were the analyses
performed using the
model adequate to
inform your decision
problem?

Yes

Yes

=<
o

" (spgYy) Jnauadng 1us @

Yes

No, only NNT
not QALYs or
DALYs
assessed

‘salbojouyoal sejiwis pue ‘Bliures) 1v ‘Bufljw drep pue 1xa1 01

| ap anbiydeiBolqig aouaby 1e GZoz ‘2 aunc uo jwoo fwa uddolway:diy diosy|pspeojumod "2 102

For peer review only - http://bmjopefﬂomj.com/site/about/guidelines.xhtmI


http://bmjopen.bmj.com/

v -
TN
Page 73 of 116 BMJ Open é 2
2 3
- 8
1 5 &
c
2 2 o
-
2 Was there an Key sensitivity Sensitivity Sensitivity No‘Sensifivity Sensitivity No senstivity
5 adequate assessment analyses analyses: analyses: ana%seg analyses: analyses, not
6 of the effects of 1. All 1. Incremental repérgm@ 1. Baseline a modelling
7 uncertainty? parameter QALYs associated o a g transition study
8 values +/-10% with metformin %tg e probablity to
9 2. PSA with and lifestyle Fa"g" § T2DM, returning
10 distributions in | intervention g3 to NGT or
11 the following NS reverting to IGT
12 parameters: ;ﬁ;g 2 2. Risk reduction
13 costs of T2DM, 3 %. 3 of each
14 transition a5 Y intervention
15 probablities, HEN ; 3. Cost of lifstyle
16 relative risk of 3% S intervention
17 mortality in IGT EX . 4. prevalence of
18 and T2DM, e =] IGT
19 health state % = 5. Cost of
20 utilities S % screening
21 = Kl 6. Time horizon
22 «Q g of analysis
23 g 3 7. Duration of
24 o =
o 9 treatment
35 g 3 8. Discount rate
2? g8 9 9. Long-term risk
S of diabetes and
28 S < .
29 e o impact of
30 5 : treatment
31 Reporting 2 8
32 Was the reporting of Did the report of the Yes Yes Yes ;’; Yes Yes
33 the model adequate analyses provide the ;
34 to inform your results needed for S
35 decision problem? your decision §
36 problem? @
37 =
38 8
39 g
40 =
41 <
42 >
43 il
44 . ) 4% : . -
45 For peer review only - http://omjopen.bmj.com/site/about/guidelines.xhtml
46



http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

v -
T N
BMJ Open 2 =2 Page 74 of 116
Egiy
o5
3 b
c S
a o
5 S
Was adequate Yes Yes No€ H Yes Yes
nontechnical g z
. c o
documentation @ m S
freely accessible to 203
any interested 8‘§ @
reader? TeS
Was technical Yes Yes Nog § ™ No Yes
documentation, in g nS
sufficient detail to g% 2
. (‘D —
allow (potentially) 2 = S
for replication, ac g
. L _ o
made available 8
openly or under ER S
agreements that 5\"1 =
protect intellectual -]
property? % =
Interpretation S %.
Was the Yes Yes Yesg § Yes Yes
interpretation of » O
results fair and 2 3
balanced? v 3
3 3
2 o
—_ =}
[¢°] (&N
o c
> S
5 o
e
= -
e B
& B
g
>
«Q
D
Conflict of interests 5
Were there any No No No o] Yes No
potential conflicts of =
. o
interest? Q
QD
©
=
o)
c
(0]
Q.
(0]

For peer review only - http://bmjopeﬁ%mj.com/site/about/guidelines.xhtmI


http://bmjopen.bmj.com/

T N
Page 75 of 116 BMJ Open é 2
2 3
s R
1 5 &
2 E o
2 If there were NA NA NAS & Yes NA
5 potential conflicts of g Z
interest, were steps @ m S
6 223
7 taken to address ©a3
8 these? 2a'Q
= O
d 232
APPENDIX 4 CONTINUED: - @~
10 825
11 o I7.0=
12 QUESTIONS HELPER QUESTIONS SPECIFIC ELEMENTS Hoerger, 2007 Icks, 2007 Scﬁa@@ Mortaz, Herman, 2013
13 EXAMINED 525 2012
14 ot
15 ASSESSMENT OF Be
16 RELEVANCE 3me
17 1. Is the population Are the Age, ethnicity, gender | Age: 45-74yrs Age: 60-74 years Ag§\‘§§ Age: 40 45% members
18 relevant? demographics e =] years of minority
19 similar? % = groups
20 s 3 Age >25 years
21 5 8 0
5 3 68% women
22 @ S
2
w O
2 3 =
o o
27 s :
28 o c
29 Are risk factors Type of pre-diabetes, IFG and or IGT IFG and IGT IGg ] IFG IGT and IFG,
similar? BMI BMI>=25kg/m2 BMI>=24kg/m2 o) -2 Overweight BMI>24kg/m?2
30 £
«Q
32 o
33 >
&
34 o
35 5
36 W
37 >
38 8
39 g
40 =
41 <
42 iy
43 ®
44 _ ) 5% : . -
45 For peer review only - http://omjopen.bmj.com/site/about/guidelines.xhtml
46



http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

Page 76 of 116

T 0
BMJ Open s R
Q
Z o
. "
3 b
c S
o o
S5 S
Are behaviors Compliance with No lack of 30% attend 30% pdgticipation | Non- Only adherent
similar? intervention compliance screening test, in gcregﬂng compliance participants
modelled 40% participate Papitigi@tion in with included
(50% non entry in lifestyle oregrdliance intervention
into intervention | intervention, 59% wig:@h?ervention and non-
from screening comply with noggaged attendance
modeled in meformin g3 of screening
sensitivity NS not specified
analysis) =58
DD =
S5 =0
[oRre) g
. o<
Is the medical Yes Yes Yes = 8 Yes Yes
e PRI 0>
condition similar? S®3
5m3
2 Are any critical Does the Type of intervention ‘g'f’ =
interventions intervention 1. Lifestyle 1. Lifestyle l.yfeé'iyle 1. Lifestyle 1. Lifestyle
missing? analyzed in the intervention (US intervention (US in@rv%tion (Us intervention | intervention
model match the DPP) DPP) DF%D.) oy (US DPP) (US DPP)
intervention you are 2. Usual care 2. Metformin Z.yetﬁ)rmin 2. 2. Lifestyle
interested in? 3. Usual care B.ysug-care Metformin intervention
a § 3. Usual care | (USDPPin
v 3 groups format)
i 3 3. Metformin
jS S 4. Usual care
Have all relevant Metformin Yes Yeg cg" Yes Yes
comparators been considered in > 0
. ape e = ~
considered? sensitivity o -
. «Q N
analysis o S
Does the US health system | German health Germaﬁ;’;1 health Canadian US health
background care in system systemy health system
«Q
the model match o system
yours? o
@
=2
=
Q
QD
©
>0
E
c
(0]
Q.
(0]

For peer review only - http://bmjope%.]bmj.com/site/about/guidelines.xhtmI


http://bmjopen.bmj.com/

Page 77 of 116

BMJ Open

= T
2 B
N =
Q
Z o
. "
1 5 &
2 E o
3 >
2 3 Are any relevant Are the health Yes, QALY, LYG No, only report YéS 5 Yes Yes, QALY
5 outcomes missing? outcomes relevant and cumulative cost per case of g Z
6 to you considered? diabetes T2DM avoided § m S
2 incidence @ gg
2o @
8 D3N
o 2o
9 a3 pQ
10 53
11 Are the economic Yes, $/QALY No Ye§ % g Yes Yes, $/QALY
12 end points relevant 532
13 to you considered? 239
14 4. Is the context Is the geographic us Germany Ge%niagy Canada us
15 (settings and location similar? o>
3W®o
16 circumstances) M=
17 . Is the time horizon Yes, lifetime No, 3 year model | Yex,¥¥etime Yes, 10 years | Yes, 10 years
applicable? . . . = A
18 applicable to your simulation Q- =
19 decision? z =
20 Is the analytic Health system or Health system Health system H@Ithﬁy Health Health system
21 perspective societal perspective perspective and societal pe?jspea:gtlve system and modified
22 appropriate to your perspective e S perspective societal
23 it o O .
decision problem? S5 3 perspective
24 ASSESSMENT OF 2 8
35 CREDIBILITY 3 3
2? Validation g8 9
28 Is external validation Has the model been Used previously Not reported Yeg § Not reported | Not a modelling
29 of the model shown to accurately published 2 ° study
30 sufficient to make its reproduce what was diabetes model, g :
31 results credible for observed in the data additional T S
32 your decision? used to create the validation not : ;’;
33 model? reported >
34 Has the model been Not reported Not reported Yes E Not reported
35 shown to accurately 2
36 estimate what w
37 actually happened =
38 in one or more S
39 ®
separate studies?
40 P =
41 =
(0]
42 =3
43 il
44 . . 52b . . -
45 For peer review only - http://omjopen.bmj.com/site/about/guidelines.xhtml
46



http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

e
[Ny

ARRALARADANRADRWWWWWWWWWRRNNNNNNNNNNRRPRPRERRRERR
VOO RWNROOOVNOTNRAOMNROOO~NOUNRWNRPRPOOO~NODUA~WN

BMJ Open

Page 78 of 116

Has the model been
shown to accurately
forecast what
eventually happens
in reality?

Not reported

Not reported

plaJ sasn 1o)Blipnjoul ‘1ybiAdc

-
D

rted

Not reported

i
[%2]
@
Q
Is internal verification | Have the process of Used previously Not reported Ye§_‘3° Not reported | Not a modelling
of the model internal verification published =8 study
sufficient to make its | and its results been diabetes model, = o
results credible for documented in additional =5
your decision? detail? validation not %J_g.
reported %g
Has the testing been Not reported Not reported Yeﬂ';_?”é;__J Not reported
performed g m
systematically? 5~
Does the testing Not reported Not reported Nc?; reported Not reported
indicate that all the =
equations are g.
consistent with their E:‘::'
data sources? =
Does the testing Not reported Not reported Y@Z_ Not reported
indicate that the 28
coding has been g
correctly %
implemented? 3
Does the model have | Does the model Yes Yes Yeg Yes Not a modelling
sufficient face validity | contain all the g study
to make its results aspects considered @'
credible for your relevant to the :
decision? decision?
Are all the relevant Yes Yes Yes Yes

aspects represented
and linked according
to the best
understanding of
their characteristics?

| ap ar|biydeiboliqig 90Yaby 1e Gzoz ‘2 aynr uo /wod fwiq uadolwa/ /Py woly papeojumod "LT0g| 9qWIAON § U0 ¥8T2T0-LTOZ-!

For peer review only - http://bmjope%.%mj.com/site/about/guidelines.xhtmI


http://bmjopen.bmj.com/

S
Page 79 of 116 BMJ Open é %
Z o
- B
1 3 b
2 g o
3 S
Have the best Yes Yes YéS 5 Yes
g available data = Z
6 sources been used § m S
7 to inform the “ o g
8 various aspects? %g' e
- N
9 g3
11 52
11 Is the time horizon Yes No, 3 years Ye§, gfgime Yes, 10 years
12 sufficiently long to 223
13 account for all 2z é
14 relevant aspects of 552
15 the decision 5% =
16 5 2ms
17 problem? Sp3
18 Are the results Yes Yes Yeg T =2 Yes
19 plausible? > g
20 ) %.
21 3 5
22 a 3
23 2 g
24 If others have rated Rating of face Rating of face Raiing"-(:gf face Rating of
25 the face validity, did validity not validity not vagditygnot face validity
26 they have a stake in reported reported regortey not reported
27 the results? o 3
28 Design :_—3 S
ég Is the design of the Was there a clear, Yes Yes Ye% :1 Yes Not a modelling
31 model adequate for written statement %_ = study
32 your decision of the decision o X
33 problem? problem, modeling i
34 objective, and scope G
35 of the model? >
36 Was there a formal Not reported Not reported Not re@orted Not reported
37 process for z
38 developing the g
39 model design (e.g. g
40 =
41 Q
42 iy
43 ®
44 . ] ) 5% : . -
45 For peer review only - http://omjopen.bmj.com/site/about/guidelines.xhtml
46



http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

Page 80 of 116

T 0
BMJ Open s R
Q
Z o
- B
3 b
c S
a o
S5 S
influence diagram, Q =
concept map)? g Z
05
b33
= DT
2o @
Is the model concept Yes No, transition Nq% ge@r of No,
and structure back to NGT not traf'ﬁgt_r'ﬁn back to | transition
consistent with, and modelled NGrmodelled back to NGT
adequate to =5 § not
address, the gSes modelled
. s o pQ
decision aco
problem/objective g,,:; =
. &3
and the policy 32 %
context? 282
Have any Continuation of Yes Y&3 - F Unclear how
assumptions implied lifestyle z 3 different
by the design of the intervention as s 3 intervention
model been long as ERE s (lifestyle
. L § =
described, and are participant has Q@ S and
they reasonable for prediabetes, 2 5 metformin)
your decision assumption that ﬁ o are
. . Z. o
problem? risk reduction 3 3 modelled
continues as long ) o
as intervention D o
. (2] [
continues > S
5 o
e
oy £
Is the choice of Yes Yes Yeé' Yes

model type
appropriate?

| @p anbiydeiboljqig aouaby 1e GzZ0i

For peer review only - http://bmjope%.%mj.com/site/about/guidelines.xhtmI


http://bmjopen.bmj.com/

S
Page 81 of 116 BMJ Open 3 %
Z o
- B
1 3 b
2 & o
3 Were key Yes Yes YéS 5 No, limited
4 uncertainties in g g sensitivity
g model structure § m S analyses
7 identified and their 203 relating
8 implications %tg e mainly to
9 discussed? ‘3‘3" § frequency of
10 N screening
—~+ J
11 Data o
ig Are the data used in All things Duration and extent No - Duration Duration of Ex%%éf impact No, Duration | Duration and
14 populating the model | considered, do you of impact of Ifestyle and extent of impact: 3 years in baaeg ?én of impact extent of
15 suitable for your agree with the intervention impact likley line with US DPP Iitgfaétﬁe review | not stated impact based
16 decision problem? values used for the overstated: Dlg_arﬁéh of on US
17 inputs? maintained at im?.v ot stated DPP/DPPOS.
18 55.8% relative R However
19 risk reduction as > § group-based
20 long as s 3 lifetsyle
21 intervention S program was
22 continues (which a 3 assumed to be
23 is as long as the o g as effective as
24 participant has ﬁ P the individual
25 pre-diabetes) 3 g program
26 Source of cost data UsSDPP USDPP, German U@PPE Report for USDPP/DPPQOS
27 healthcare D@torg,fee scale | the Ontario
28 system fobtheXserman Ministry of
29 Sl-g;an&. Health and
30 pa@_ra@eutical Long-term
31 priges §hd Care
gg Germa# cost of
34 iIIness‘gudy
35 3
36 -
Source of outcome USDPP USDPP USDPPY USDPP USDPP/DPPOS
g; data % Not stated
«Q fot QALYs
20 £
41 <
42 >
43 il
44 . ] ) 5% : . -
45 For peer review only - http://omjopen.bmj.com/site/about/guidelines.xhtml
46



http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

Page 82 of 116

T 0
BMJ Open s R
Q
Z o
. "
5 b
c S
o o
S5 S
Discount rate 3% for costsand | No discounting 5%8coss, no 3% for costs | 3% for costs
QALYs di%ou@ing of and benefits | and benefits in
Q@;.Yljs s health system
® gg perspective
2a'® Societal
23N ti
g8 9 pers.pec ive
g g : undiscounted
Analysis 2 %%
Were the analyses Yes Yes Y8 2 5 Yes Yes
performed using the oe §
model adequate to g.,;; =
inform your decision 3Wo
problem? 202
Was there an Key sensitivity Sensitivity Sensitivity Se:gsiti_gty Sensitivity No sensitivity
adequate assessment analyses analyses: analyses: anglys'eé_'s: analyses: analyses
of the effects of 1. Prevalence of 1. Participation 1. gos‘@_of 1. Frequency | reported
uncertainty? pre-diabetes rates in screening | sce@enfhg and of screening
2. Different age and intervention in:érve_%tion
groups 2. Prevalence of 2. Qiscgunt rate
3. Repeated IGT and T2DM fofcosgs
screening every 3 | 3. relatiev risk of | 3. §isc§unt rate
years T2DM in control foﬁ:shtilﬁes
4. Screening and group 4. gart@ipation in
diagnostic test 4. Costs of inférvéption
costs patient time 5. &o é'ffect of
5. Different eady detection
diagnostic test or{idisdgise
cut-offs progregsion
6. Metformin 6. Met®rmin
7. Group lifestyle e
program ®
8.20% less g
relatiev risk =
reduction of %
lifestyle program =2
9.50% o
(0]
Q.
(0]

For peer review only - http://bmjope%%mj.com/site/about/guidelines.xhtmI


http://bmjopen.bmj.com/

Page 83 of 116

BMJ Open

©CoO~NOUITA,WNPE

enrollment in
intervention

* (s3gv) Jnauadns juswaublasug

Reporting

Was the reporting of
the model adequate
to inform your
decision problem?

Did the report of the
analyses provide the
results needed for
your decision
problem?

Yes

Yes

'segﬁomuaoel Jejiwis pue ‘Buiurely |y ‘Buiuiw eyep pue 1xa) 01 paje|al sasn 1o} Buipnjoul ‘ybriAdc

Yes

Yes

Was adequate
nontechnical
documentation
freely accessible to
any interested
reader?

Yes

Yes

Yes

No

In previous
publications
from the same
trial, but not in
this publication

For peer review only - http://bmjope%%mj.com/site/about/guidelines.xhtmI

| 8p anbiydeibollgig aouaby) e Gzoz ‘2 dunc uo /wod fwg uadofwgy/:dny woiy papeojumoq *LT0Z 18qWSAON ST [UO ¥8T/T0-LT0Z-L



http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

v -
TN
BMJ Open é Q Page 84 of 116
Egiy
- B
3 b
c S
a o
S5 S
Was technical No Yes NE No No
documentation, in S Z
sufficient detail to § m S
allow (potentially) 203
for replication, o' ®
. D3N
made available ]
a3 R
openly or under g % :
agreements that NS
protect intellectual ;ﬁ;g 2
property? 5%o
Interpretation o_‘_:: Y
D o
Was the Yes Yes Yeg 5 3 Yes Yes
interpretation of EVE]
results fair and 2 2
2 - ©
balanced? > =
- T
s 3
3 3
=S
@ >
(e
5 3
o 3
3 3
2 o
—_ >
X &
Conflict of interests e o
Were there any No No Ng : No Not stated
potential conflicts of T S
interest? i ;’;
If there were NA NA NA > NA NA
potential conflicts of E
interest, were steps 2
taken to address w
these? =
Q
o
©
APPENDIX 4 CONTINUED: g
®
Q.
(0]

For peer review only - http://bmjope%.%mj.com/site/about/guidelines.xhtmI


http://bmjopen.bmj.com/

T N
Page 85 of 116 BMJ Open Ea
Z o
o5
1 3 b
2 S o
4 QUESTIONS HELPER QUESTIONS SPECIFIC ELEMENTS Liu, 2013 Gilles, 2008 Cola&iri§2008 Bertram, 2010 | Neumann, 2011
5 EXAMINED ams
6 oo
7
8 TN
9 ASSESSMENT OF 83R
10 RELEVANCE 837
11 1. Is the population Are the Age, ethnicity, gender | Age: 25-74 years | Age 45 years 55-7@\@@5 Age >55 years | Based on
12 relevant? demographics Chinese UK population Austﬁé%a or age >45 population in
13 similar? population poptﬁaat% years with risk | Saxony, Germany
14 and &;%@_year factors (BMI,
15 old pliggigwith | blood
16 BMI3@k&/m2 pressure,
ig 2 2 family history
19 > 2 of T2DM etc.)
20 = g or high risk
21 %Z E' groups
22 a 3
23 Are risk factors Type of pre-diabetes, IGT IGT IFG a» IG‘E IFG and IGT FINDRISK score
24 similar? BMI ﬁ P 11-20 or FINDRISK
25 3 g >=21and no
26 5 o diagnosis of
27 -]
o8 g (g_. T2DM
29 2 &
30 g &
31 oS
33 >
34 <
35 5
36 s
37 =3
38 g
39 ®
40 =
41 Q
42 iy
43 ®
44 _ ] ) 6% : . -
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Are behaviors Compliance with 100% compliance | 100% Assufhedgnly Non- Non-compliance
similar? intervention assumed in base compliance 25-56% v@uld compliance not explicitly
case, 60% and with screening part@pr:a@ in not explicitly modelled
80% modelled in | and screéhingand modelled
sensitivity intervention in intergeg't%n
analyses base case, Fa"g" §
modelled 70% g3
and 50% NS
compliance in §§ 2
sensitivity 330
analyses 32 §
Is the medical Yes Yes Yes §$ 3 Yes Yes
condition similar? ER S
seZ
2 Are any critical Does the Type of intervention Q- = 1. Lifestyle
interventions intervention 1. Lifestyle 1. Lifestyle 1. Lif&ty@ 1. Diet and program (based
missing? analyzed in the intervention (Da intervention interggntﬁ)n exercise on PREDIAS and
model match the Qing) 2. Metformin (uns@cif‘%d) 2. Exercise SDPP)
intervention you are 2. Usual care 3. Usual care 2. UsBal care 3. Diet 2. Usual care
interested in? g 4. Acarbose
5. Metformin
6. Orlistat

91 Jejiwis pue
C uo /woo (w

7. Usual care

Have all relevant No, metformin Yes No, r%etfecrmin Yes No, metformin
comparators been not considered not rgodéiled not modelled
considered? @_ m

Does the Chinese health UK health Austtalia; Austrlian German health
background care in system system health syS$tem health system | system

the model match
yours?

| @p anbiydeiboiqig aduaby
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S
1 3 b
2 g §
3 3 Are any relevant Are the health Yes, QALY Yes, QALYs Yes, BALY3 Yes, DALYs Yes, QALYs
4 outcomes missing? outcomes relevant and LYG g Z
5 to you considered? ams
6 833
! 388
8 23
9 g3R
10 53
11 Are the economic Yes, $/QALY Yes, £/QALY Yes, §/ 3y Yes, $/DALY Yes, Euro/QALY
12 end points relevant 532
13 to you considered? 239
14 4. Is the context Is the geographic China UK health Aust%ﬁ'\a g Australia Germany
15 (settings and location similar? system o 5 =
16 circumstances) : - =l "'"% - ——
17 applicable? Is the time horizon Yes, 40 years Yes, 50 year Yes, @S}e;?r Yes, until age Yes, lifetime
18 applicable to your simulation mod#l - 5 100 years or simulation
19 decision? z = death
20 Is the analytic Health system or Societal Health system Socieial 3. Health system | Societal
21 perspective societal perspective perspective perspective pers@cti%e perspective perspective
22 appropriate to your @ 3
23 decision problem? 2 3
24 ASSESSMENT OF 2 8
25 CREDIBILITY 3 3
g? Validation ) S
28 Is external validation Has the model been Not reported Not reported Useo&;re\%‘ously Not reported No external
29 of the model shown to accurately publigheog validation
30 sufficient to make its reproduce what was diabges ﬁjodel possible as
31 results credible for observed in the data T S German cohort
32 your decision? used to create the : ;’; data not available
33 model? ;
34 Has the model been Not reported Not reported Not repoﬁed Not reported No external
35 shown to accurately § validation
36 estimate what w posisble as
37 actually happened in = German cohort
gg one or more t:_c:z data not available
; @
0 separate studies? -g
41 Q
42 iy
43 @
44 . ] . 6% . . .
45 For peer review only - http://omjopen.bmj.com/site/about/guidelines.xhtml
46



http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

Page 88 of 116

Has the model been
shown to accurately

Not reported

Not reported

Not

P2l sasn lojPuipnjoul ‘yybAdc

e}
o

Not reported

Not reported

Is internal verification
of the model
sufficient to make its
results credible for
your decision?

TgZ J3qWIAON Sg}- uo #8T/.T0-LT0C-L

forecast what m
eventually happens @
in reality? a
Have the process of Not reported Not reported Used@% usly | Not reported Not reported
internal verification publigh@dN
and its results been diabegtgs Blodel
documented in SZ
detail? %g
=13
Has the testing been Not reported Not reported Not %?Eted Not reported Not reported
performed m %
systematically? ~=
Does the testing Not reported Not reported Not poﬁed Not reported Not reported

indicate that all the
equations are
consistent with their
data sources?

Does the testing
indicate that the
coding has been
correctly
implemented?

Not reported

Not reported

Not

©

Not reported

Not reported

Does the model have
sufficient face validity
to make its results
credible for your
decision?

Does the model
contain all the
aspects considered
relevant to the
decision?

Yes

Yes

Yes

‘sa1Bojouyoal Jejiwis e ‘Buiurel) v buiuiw Biep pue 1x&

‘) aynr uo /w00'§uq'uadolwq//
[N

Yes

Yes

Are all the relevant
aspects represented
and linked according
to the best
understanding of
their characteristics?

Yes

Yes

Yes

Yes

Yes
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Q
Z o
- B
3 b
c S
a o
S5 S
Have the best Yes Features of Typedf lifgstyle | Yes Patients are

available data
sources been used
to inform the
various aspects?

the lifestyle
intervention
modelled are
unclear

inter?«ent?n
<

C
>
a
©p pue 1xa) 0] parejas sadn
3

identified based
on FINDRISK
score, but
transition
probabilities are
used from studies
where
participants
identified using
FPG and OGTT

% Inaladns 1uswaubiasu

uo /woo fwqg uadolwa//:dny wolifpepeojumod “LT0Z Joaqua

Is the time horizon Yes, 40 years Yes, 50 years Yes, rs Yes, until 100 Yes, lifetime
sufficiently long to 3, % years or dead
account for all gi’l
relevant aspects of @
the decision ;
problem? o
Are the results Yes Yes Yes § Yes Yes
plausible? e
3
o
28
3
iT'
If others have rated Rating of face Rating of face | Ratir§ of face Rating of face | Rating of face
the face validity, did validity not validity not validgy not validity not validity not
they have a stake in reported reported repoged- reported reported
the results? %
Design 2
Is the design of the Was there a clear, Yes Yes Yes Yes Yes

model adequate for
your decision
problem?

written statement of
the decision
problem, modeling
objective, and scope
of the model?

| 8p anbiydeibolqig 8ousby e Gpoz
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Q.

Was there a formal Not reported Not reported Not Not reported Not reported
process for
developing the m
model design (e.g. @
influence diagram, =l
concept map)? o
Is the model concept Yes No, transition | No, tggfisition Yes Yes
and structure back to NGT backga NG T not
consistent with, and not modelled mod§ﬂ§d§
(‘D —
adequate to 2 = S
address, the oS Y
decision SN 3
problem/objective 3me
. 503
and the policy Sz
context? ez
Have any No - assumption No - duration Yes f S Yes Yes
assumptions implied regarding and extent of o %
by the design of the duration of benefit of § 2
model been impact of this lifestyle e g
described, and are intervention is intervention gg)_ 3
they reasonable for not stated and o 9
your decision metformin is 3 3
problem? unclear g8 9
T o
o c
> S
= I
e
o -
e N
a2 N
Is the choice of Yes Yes Yes = o Yes Yes
model type 2
appropriate? e
Were key Partially Yes Yes g Yes Yes
uncertainties in —
model structure g'
identified and their 3
)
E
[
(0]
Q.
(0]
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1 3 b
N
2 E o
3 = g——
4 implications Q =
discussed? g z
5 c 2
6 503
nwn3
= 0 O
; Data To 0
9 Are the data used in All things Duration and extent of | No - assumption Duration of Extelg ng Effect of Lifestyle program
10 populating the model | considered, do you impact of Ifestyle regarding impact not |mpagt9vle+e lifestyle continues for 5
suitable for your agree with the intervention duration of explicit from P change will years and benefits
11
12 decision problem? values used for the impact of this and ﬁ)ﬁsi risk decay by 10% | of program are
13 inputs? intervention is redug_tlnrg of per year, modelled for 6
14 not stated 60% ![:OEI%T and | whereas years, declining
15 30% Eb’ﬁ;l &) effect of linearly from year
16 and @1%%‘: medications 1toyear 6
17 modél&: will remain
18 unchBrigédl for | constant
19 10 yégrs 3 Lifestyle
20 mterment%n intervention
21 last fDr lgyears continues as
22 E U long as patient
23 % 3 has pre-
24 Q_ =) .
5 Q diabetes
26 Source of cost data Literature Literature Unspiuflid Systematic Saxon Diabetes
27 review inter¥etidh review and Prevention
28 costiﬁg A§500 meta-analysis Programme,
29 e o CODE-2 study
2 ~
30 @ N
2 F 8
2
33 >
34 <
35 2
36 Source of outcome Literature Literature Literaturé®(FDPS | Literature Finnish DPS, and
37 data review and UKP@) literature review
38 g
39 o
40 >
41 <
42 >
43 il
44 . ) 6% . . -
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& |Uo ¥8T/T0-2T0Z-\

o
©
<
2
=
=
2
c
=
Discount rate 3% costs and 3.5% costs and | 3% & cogts 3% costs 3% costs and
QALYs QALYs Sz QALYs
cm<
omg
333
= DT
2a @
S
= N
g3R
~ D ~
o2
Analysis § % g
Were the analyses Yes Yes Yes 2 E‘_;_ % Yes Yes
performed using the oe §
model adequate to g.,;; =
inform your decision 3Wo
problem? 202
Was there an Key sensitivity Sensitivity Sensitivity Sens:c:bivitgt Sensitivity Probabilistic
adequate assessment analyses analyses: analyses: anaI\Eeszg analysis: sensitivity
of the effects of 1. Positive rates 1. Prevalence 1. 703% taRe up 1. Second analysis including:
uncertainty? of screening 2. Compliance | of Ifestyl& screening 1. All transition
2. Incidence of 3. Sensitivity progéam g OGTT probabilities
IGT and T2DM of screening 2. Lower 5 2. Cost of NGT,
3. Incidence of tests com@icaﬁbn IGT and T2DM
maortality and 4. Cost of ratespf T%DM 3. Cost of
diabetes related interventions 3. Re@‘uce? intervention
complications 5. Cost of impagt of_,
4. Treatment of diabetes intergysentﬁn
diabetes-related | 6. 4. Inc_reas(ﬂng
disorders Effectiveness cost@f N
5. Utilities of all of interlentign
health states interventions (51,000 pa.)
7. Time 5. Increaghg
horizon proportidh of
undiagnoged
diabetes g
6. Increagng
. Q
proportioh of
populatids
screened@’
(0]
Q.
(0]
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1 5 &
2 E o
3 >
2 7. Prévaldpce
8. Di%oug rate
5 c
6 o me
333
! 358
8 TN
o 2o
9 225
10 825
11 gog
12 582
13 239
@ Q.
14 g—E o
15 535
o
16 =m3
17 5< s
18 S Z
19 5 =
20 ) %
21 g S
22 & 3
zz
w O
2 3 =
27 Reporting % >
28 Was the reporting of Did the report of the Yes Yes Yes ;_—3 % Yes Yes
29 the model adequate analyses provide the ° 4
32 to inform your results needed for @_ N
32 decision problem? your decision fu'? 5
33 problem? 2
34 Was adequate Yes Yes No 35 Yes Yes
35 nontechnical %
36 documentation g
37 freely accessible to =
38 any interested g
39 reader? =
©
40 =
41 2
42 iy
43 @
44 . ) 6% . . -
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Egiy
- B
3 b
c S
a o
S5 S
Was technical No No No € K No Yes
documentation, in S Z
sufficient detail to § m S
allow (potentially) 203
for replication, o' ®
. D3N
made available ]
a3p,
openly or under g8
agreements that NS
protect intellectual ;ﬁ;g 2
property? 5%o
Interpretation ac g
D o
Was the Yes Yes Yes ; 5 3 Yes Yes
interpretation of EVE]
results fair and 2 2
? - o
balanced? > =
- T
s 2
3 3
=S
e >
(e
S 3
o =
o 8
3 3
2 o
—_ >
[¢°] (&N
o o
Conflict of interests e o
Were there any No No Not gatelt:f) No No
potential conflicts of T S
interest? i ;’;
If there were NA NA NA > NA NA
potential conflicts of E
interest, were steps 2
taken to address w
these? =
(=]
Q
QD
©
=
o)
[
(0]
Q.
(0]
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2 QUESTIONS HELPER SPECIFIC ELEMENTS Smith, 2010 Feldman, 2013 Jacob®vargper Irvine, 2011 Sagarra, 2013
5 QUESTIONS EXAMINED Brugggn, ZgO7
c
6 203
»n3
7 - 2.z
8 ASSESSMENT OF §L?7D N
9 RELEVANCE 23R
10 1. Is the population Are the Age, ethnicity, us Not reported Age: ﬁ-i@ears Age: 40-70 Age: 45-75
11 relevant? demographics gender population, e gg years years
12 similar? 55 yrs age %?'8 2 BMI>=25kg/m
13 27.1% African 258 2
14 ; o5 i
American o2~ 38 First degree
15 pZ= relative with
16 3me .
17 Ex 3 T2DM or waist
2.2 circumference
18 RS
> = >94cm men
19 = ¢S d >80
20 s 3 an cm
21 5 S women,
22 a o history of
p t coronary heart
>3 2 3 o
24 a = isease, IFG or
25 2 o gestational
3 3 .
26 = = diabetes
27 Are risk factors Type of pre-diabetes, | BMI Participants with IntensEve z IFG and T2DM | IGT, IFG or
28 similar? BMI >=25kg/m2 metabolic syndrome intervgﬂi@ for IGT and IFG
29 and recruited (central obesegaduf\fls
30 metabolic obesity, high Comnginity,
31 syndrome triglyceride and HDL, interve;ahti(@ for the
32 high blood pressure, whole popglation
33 impaired fasting L:g
34 glucose or previously o
35 diagnosed T2DM). 3
36 34% of participants had w
37 T2DM S
38 P
39 g
40 =
41 =
42 iy
43 ®
44 . ) 7% : . -
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T %
BMJ Open 3 R
Q
Z o
. "
3 b
c S
o o
S5 S
Are behaviors Compliance with 47% who Non compliance not 50% ¢Bmpliance with | Compliance Failure to
similar? intervention screened modelled, participation | intensi®e Igestyle with attend
positive rates based on Kalmar intervéngilc@ intervention screening
enrolled in Metabolic Syndrome e a9 g included (57- (20%), failure
intervention | Program %tg e 97% in to attend
Fa"g" § different confirmatory
g8 activities) blood test
NS (42% of total
x .
g-(gb § pc?pulatlon),
S>30 failure to
o pQ .
ac g enrol in
Q__o . .
SN - intervention
g& S (11.5%)
Is the medical Yes Yes Yes 5=z Yes Yes
condition similar? ez
2 =
2 Are any critical Does the Type of intervention | 1. Lifestyle 1. Lifestyle program 1. Inteﬁsivﬁ_lifestyle 1. Lifestyle 1. Individual
interventions intervention program (Kalmar Metabolic progr@n (%years) program (UEA- | lifestyle
missing? analyzed in the (modified US | Syndrome Program) 2. Cof®mupity-wide IFG) program (DE-
model match the DPP, less 2. Usual care nutrit®n an 2. Usual care PLAN-CAT)
intervention you sessions and exercig',e ptegram 2. Group
are interested in? group 3. Usual cage lifestyle
format) ) ° program (DE-
2. Usual care § < PLAN-CAT)
3 > 3. Usual care
Have all relevant No, No, metformin not No, m%tformin not No, metformin | Metformin
comparators been metformin modelled mode‘ggad = not included not included
considered? not modelled o &
Does the US health Swedish health system | The Nethe;&ands UK health Spanish
background care in system health systgm system health
the model match system

yours?

| @p anbiydelboljqig aou
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3 Are any relevant Are the health Yes, QALY Yes, QALYs Yes, CALYS, No, impacton | Yes, QALYs
outcomes missing? outcomes relevant g Z diabetes
to you considered? § m S incidence not
203 considered
©o D
=
= N
g3R
~ D ~
=
Are the economic Yes, S/QALY Yes, Euro/QALY Yes, E@rg}’gALY Yes, £/QALY Yes,
end points relevant 223 Euro/QALY
. 5 =0
to you considered? Qg
4. Is the context Is the geographic us Sweden The Ngtﬁ'gg_ands The UK Spain
settings and location similar? o>
(circumgstances) 3 mS
applicable? Is the time horizon No, 3 year Yes, until 85 years of Yes, 7@-@3:15 No, lessthan1 | No, 4 year
PP ) applicable to your analysis age Q- = year analysis
decision? > =
Is the analytic Health system or Health Health system and Healt@ys%m Health system | Health
perspective societal perspective system Societal perspective persp@:tivg perspective system
appropriate to perspective Q g perspective
your decision 8 3
o =
problem? o O
ASSESSMENT OF 3 3
CREDIBILITY L o
Validation T o
Is external validation | Has the model Used Not reported Not reéorté)d Not a Not a
of the model been shown to previously g : modelling modelling
sufficient to make its | accurately published é' S study study
results credible for reproduce what diabetes : ;’;
your decision? was observed in model ;
the data used to er
create the model? Q
Has the model Not reported | Not reported Not reportzd
been shown to %
accurately Q
estimate what £
actually happened g
®
Q.
(0]
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in one or more
separate studies?

Has the model
been shown to
accurately forecast

Not reported

Not reported

Not r

S juauBdublasug
ojumoqg 'LT@_Z 19qWBaAON GT [Uo #8T/T0O-LT0OC-L

bue 1x9] 0] pSrejal sasn 1oy Blipnjoul ‘yblAde

results credible for
your decision?

relevant to the
decision?

what eventually s
. . [¢)
happens in reality? =9
Is internal Have the process Used Not reported Basedg:& Feviously Not a Not a
verification of the of internal previously publisgés %odel modelling modelling
model sufficient to verification and its published (Natioﬁ_eﬁlgstitute study study
make its results results been diabetes for PuEh‘@[:_i;ealth and
credible for your documented in model the Eff¥irobment
decision? detail? (RIVI\/Ifchr§nic
diseaslé_mciﬂel (CDM)
Has the testing Not reported | Not reported Not r@or@d
been performed Q@ g
. o
systematically? ]
Does the testing Not reported | Not reported Not reportgd
indicate that all the 3 3
equations are g8 9
consistent with ® <
their data sources? S 3
Does the testing Not reported | Not reported Not r%orté‘d
indicate that th e B
indicate that the 5 S
coding has been - ;’;
correctly ;
implemented? <
Does the model Does the model Yes Yes Yes § Not a Not a
have sufficient face contain all the w modelling modelling
validity to make its aspects considered =3 study study
8
QD
©
=
=
(0]
Q.
(0]
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2 3
s R
1 5 &
2 E. o
2 Are all the relevant Yes Yes Yes € &
5 aspects g g
6 represented and § m S
linked according to v a3
7 3&3
8 the best ;';)tg e
. — N
9 understanding of 8‘3" S
10 their g3
11 characteristics? s
12 Have the best Yes Yes Yes :5;% 2
13 available data a%.g
14 sources been used ag >
15 to inform the 53
16 various aspects? 3.%%
17 ERG .
3 —+
19 - - b =
20 Is the time horizon No, 3 year Yes Yes = S
21 sufficiently long to analysis %- o
2 account for all = -§
relevant aspects of P
23 tho o 2 3
24 e decision a =
25 problem? 2 S
26 Are the results Yes Yes Yes ?-J' S
27 plausible? I
[¢°] (&N
28 S <
29 N ©
2
30 F £
31 o S
32 If others have Rating of face | Rating of face validity Rating of face validity
33 rated the face validity not not reported not reportgd
34 validity, did they reported )
35 . o
36 have a stake in the o
37 results? g
39 g
40 =3
41 =
42 >
43 i
44 _ ) 7% : . -
45 For peer review only - http://omjopen.bmj.com/site/about/guidelines.xhtml
46



http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

Page 100 of 116

described, and are
they reasonable
for your decision
problem?

S
N
BMJ Open =
«Q ~
Z o
- B
5 b
c S
a o
S5 S
Is the design of the Was there a clear, Yes Yes Yes € & Not a Not a
model adequate for | written statement g Z modelling modelling
your decision of the decision § m S study study
problem? problem, modeling @ gg
objective, and 8‘% @
scope of the ‘:3:(3') §
model? ~2 X
Was there a formal Not reported | Not reported Not rqﬁ@%@d
process for ;-(_ED 2
developing the 3.%8
model design (e.g. ac g
. - Q__o
influence diagram, 87> o,
concept map)? g_%g
Is the model Yes Yes Yes 5'\“/) =
concept and '5;' =]
structure = >
consistent with, o %
and adequate to § 3
address, the @ =
decision 93’ 3
problem/objective » '8
and the policy 3 3
context? g8 ¢
Have any Yes Yes Yes 3 &
assumptions e o
. . o
implied by the ol :
design of the <. S
model been 2
2
>
«Q
)
>
o
(0]
@
=2
=
Q
QD
=3
=
c
(0]
Q.
(0]
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BMJ Open 3 R
s 3
. "
3 b
c S
o o
S5 S
Is the choice of Yes Yes Yes € &
model type g Z
. c
appropriate? o m >
Were key Yes Yes Yes g (ﬁ%
uncertainties in S ~
5o
model structure 83R
identified and their 5] % ;
implications 0] 0g
discussed? 223
> = 0O
Data o2
e_(_
Are the data used in | All things Duration and extent | Extent of Improvements in risk Comniialty. Within-trial Yes, in-trial
populating the considered, do you | of impact of Ifestyle impact: profile seen following |nterv%n5® BMI analysis analysis
model suitable for agree with the intervention based on lifstyle program remain decreas%
your decision values used for the community constant for 12 months | 0. OSkaZ:and 15%
problem? inputs? based USDPP | after intervention (2 inactige mﬁvnduals
in years in total), then mcrea@e aglwty
Pennsylvania | decline annually, with Inten&we IS
foryear 1, no additional benefit |nterv,§nt|® BMI
then placebo | modelled from the 5th | decrease
arm of the year onwards 0.3kg/?m2 2.5kg/m2
USDPP for and 5(%‘75% inactive
years 2 and 3 indivigpialsgncrease
activitg
Source of cost data Community- Kalmar Metabolic Two DgtchGrials UK trial (UEA- Collection of
based, Syndrome Program (Hearfa-leaﬁh IFG) cost data in
modified Limbuge, L‘gstyel DE-PLAN-CAT
USDPP, Interv@nti%q and trial
UKPDS, Impaired Gucose
Framingham ToIeranceg
Heart Study Maastrich}
®
@
=2
=
Q
QD
©
>0
E
c
(0]
Q.
(0]
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T %
BMJ Open 3 R
Q
Z o
- B
5 b
c S
a o
S5 S
Source of outcome Community- | Kalmar Metabolic Litera®re 15, UK trial (UEA- | 15D
data based Syndrome Program, g Z IFG) questionaire
modified literature § m S in DE-PLAN-
USDPP in °%2 CAT trial
Pennsylvania n";‘é'ﬁ
Discount rate 3% for costs | 3% costs and QALYs 4% cog%é’d 1.5% No No
and QALYs effectgy 3 N discounting, discounting
nS analysis <1 due to short
-(_ED § year analytical
=0 time frame
23
So
—Q
>
ost e
Analysis E 3
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ABSTRACT:
(300 words)

Objective: Explore the cost-effectiveness of lifestyle interventions and metformin in
reducing subsequent incidence of type 2 diabetes, both alone and in combination with a
screening programme to identify high-risk individuals.

Design: Systematic review of economic evaluations.

Data sources and eligibility criteria: Database searches (Embase, Medline, PreMedline,
NHSEED) and citation tracking identified economic evaluations of lifestyle interventions or
metformin alone or in combination with screening programmes in people at high risk of
developing diabetes. ISPOR’s Questionnaire to Assess Relevance and Credibility of Modelling
Studies for Informing Healthcare Decision Making used to assess study quality.

Results: 27 studies were included; all had evaluated lifestyle interventions and 12 also
evaluated metformin. Primary studies exhibited considerable heterogeneity in definitions of
pre-diabetes and intensity and duration of lifestyle programmes. Lifestyle programmes and
metformin appeared to be cost-effective in preventing diabetes in high-risk individuals
(median ICERs of £7,490/QALY and £8,428/QALY respectively) but economic estimates
varied widely between studies. Intervention-only programmes were in general more cost-
effective than programmes that also included a screening component. The longer the period
evaluated, the more cost-effective interventions appeared. In the few studies that evaluated
other economic considerations, budget impact of prevention programmes was moderate
(0.13-0.2% of total healthcare budget), financial payoffs were delayed (by 9-14 years), and
impact on incident cases of diabetes was limited (0.1-1.6% reduction). There was insufficient
evidence to answer the question of 1) whether lifestyle programmes are more cost effective
than metformin or 2) whether pragmatic (low-intensity) lifestyle interventions are more
cost-effective than the more intensive lifestyle programmes that were tested in trials.

Conclusions: The economics of preventing diabetes are complex. There is some evidence
that diabetes prevention programmes are cost-effective, but the evidence base to date
provides few clear answers regarding design of prevention programmes because of
differences in denominator populations, definitions, interventions and modelling
assumptions.
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2 INTRODUCTION: 3

QD
; Diabetes is a global health priority, with 415 million known adult cases worldwide, of which o é
9 91% are type 2 diabetes (1). Ageing of the population is predicted to drive substantial s B
10 increases in prevalence (estimated to 642 million by 2040) (2), with particularly rapid 8 &
11 increases in low- and middle-income countries (3). The burden of complications in diabetes g §
ig is high, including heart disease, stroke, neuropathy, nephropathy and retinopathy (4). Type % (%;
14 2 diabetes develops as a result of genetic, environmental and behavioural factors, including ° f\"}
15 sedentary lifestyle and energy-rich, nutrient-poor diet, both of which predispose to obesity s <
16 (5). z 3
17 g N
ig Diabetes takes a significant toll on health budgets around the world, accounting for 5-20% s §
20 of total healthcare expenditure in many countries (1). Both absolute costs and proportion of 2 >
21 overall health budget for type 2 diabetes are set to increase further in future decades as ) ;
22 prevalence rises, in the context of a marked reduction in the proportion of the population = rn%
23 who are economically active (e.g. in the UK, the relative economic burden per worker is 33
24 expected to increase by 40-50% by 2060 (6)). Cost-effective treatment and prevention i&%
Sg strategies, with acceptable budget impact, will therefore become increasingly important as %‘g §
27 resources become stretched. =S S, N
28 503
29 Types of prediabetes: Type 2 diabetes is often preceded by a phase of abnormal glucose va
30 regulation (prediabetes). Prediabetes is a generic term that includes impaired fasting 3§'§
g; glucose (IFG), impaired glucose tolerance (IGT) and HbAlc in the ‘at risk’ range (7). One g%%
33 individual may have one, two or all of these types of prediabetes. Table 1 describes these 3.%3
34 different prediabetic states, how they are diagnosed and current diagnostic guidelines g-@z
35 (8,9,10). The distinction between types of prediabetes is important for a number of reasons. -]
36 Firstly, different definitions of pre-diabetes are associated with distinct physiological % =
37 changes. Impaired fasting glucose is associated with reduced hepatic insulin sensitivity, and g- %
gg first phase insulin response; impaired glucose tolerance is associated with reduced 2 E
40 peripheral insulin sensitivity and second phase insulin response and HbAlc reflects g g
41 aggregated blood glucose levels over time (11). Secondly, progression to diabetes ranges e &
42 from 3.6% to 7.6% annually depending on the type of pre-diabetes (12). Thirdly, impaired 3 3
43 glucose tolerance is associated with increased risk of microvascular disease whereas the o) §
jg relationship is less clear for other types of pre-diabetes (7). Finally, there is evidence that o o
46 people with different types of pre-diabetes respond differently to the same intervention. g 2
47 For example, in a large US trial, the US Diabetes Prevention Program, lifestyle programs S :
48 were less effective and metformin more effective in participants with IGT and HbAlc in the o g
gg ‘at risk range’ compared to the entire cohort which were identified on the basis of IGT (13). )

>
51 g
52 . . . . o
53 Types of screening and prevention programmes: Prediabetes is almost always g
54 asymptomatic. It tends to be diagnosed incidentally (when blood tests are performed for =
55 other reasons) or as part of a pro-active screening programme delivered either to an entire S
56 population or to selected individuals. Most commonly, screening blood tests are offered to é
g; people identified as at high risk of developing diabetes based on demographic variables (e.g. g
59 g
60 e
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age, ethnicity), survey questions (e.g. family history of diabetes, personal history of
gestational diabetes) or biomarkers (e.g. body mass index, blood pressure), typically
combined in a ‘diabetes risk score’ (14). People diaghosed with prediabetes may be offered
a lifestyle programme (to encourage a healthy diet and increased physical activity) or
metformin. These interventions have been shown to delay or prevent type 2 diabetesin a
significant proportion of participants in large randomised trials in the US (15), Europe (16),
China (17) and India (18). Lifestyle programmes in these trials were intensive and sustained:
3-10 years of individual and group sessions provided by specialist staff (dieticians or exercise
physiologists with annual physician review). Subsequent translation of these findings into
large-scale community-based programmes produced interventions that were both shorter
(3-12 months) and less intense (e.g. they offered less sessions and were delivered to groups
rather than individuals by non-specialist staff such as lay workers or prevention managers).
These large-scale community-based programmes have been offered to populations of
similar age and BMI to the large trials but with different selection criteria (e.g. selection
based on elements of the metabolic syndrome rather than the criteria of impaired glucose
tolerance seen in the large trials) (19). There is some evidence that these pragmatic
interventions offered to a real-world population deliver more limited and less sustained
benefits than were seen with more intensive interventions in trial populations (20).

Given the potential impact on populations and health budgets, the burden of type 2
diabetes is a key issue for policy makers. In response, a number of countries, including the
US and UK, are developing (or seeking to develop) national diabetes prevention
programmes (21, 22). The design of large-scale prevention programmes incorporates a
number of important choices: i) whether to screen a portion of the population for diabetes
risk or focus on people who are already known to have prediabetes, ii) if no screening
programme is in place, how to identify participants who may benefit from a diabetes
prevention programme and iii) the role of different types of interventions (lifestyle
programmes or metformin) and iv) the optimum intensity and duration of the programme.

This study was designed to help inform decision-making by local and national policy makers
and health insurers in countries with a high and/or rising incidence of type 2 diabetes. Our
research question were:
1. What is the evidence on cost-effectiveness of lifestyle programmes or
metformin in diabetes prevention?
2. What is the impact of the following factors on the cost-effectiveness of these
interventions?

a. Type of pre-diabetes (IFG, IGT or ‘at risk’ HbA1lc)

b. Intensity of lifestyle intervention: Including three different measures
of intensity, each of which was examined separately: i) frequency of
contact in initial ‘core’ teaching/coaching sessions, ii) duration of core
and maintenance intervention and iii) group or individual format of
sessions)

c. Inclusion of screening: Intervention-only studies on a predefined
prediabetic or high-risk population or screening for prediabetes
followed by intervention

d. Years of follow-up to evaluate diabetes incidence: less than 10 years
and more than 25 years.
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3 3. What are the implications of these findings for policy makers and health 2
4 insurers? %
g A number of systematic reviews of economic evaluations of diet and exercise in diabetes g
7 prevention have been undertaken in the last 10 years (23-27). This paper is the first review 2
38 to consider the cost-effectiveness of metformin and the first review to examine - B
9 intervention-only and screening-plus-intervention studies separately. In addition, this paper s B
10 adds to previous reviews by updating the dataset with two new primary studies not 8 37\0
11 included in previous systematic reviews (28,29) and evaluating studies’ relevance for g §
ig decision making by policy makers and health insurers. % (%D
14 s
ig METHODS: ;; §
— o

17 Search strategy and inclusion criteria: A database search (covering Embase, PreMedline, =1 E
ig Medline and NHS EED) for peer-reviewed articles on pre-diabetes and diabetes prevention s §
20 between 2004 (the year before the publication of the first cost-effectiveness review of the = >
21 US Diabetes Prevention Program) and 2014 identified 3833 papers. Search terms are S ;
22 outlined in Appendix 1. Citation tracking and screening of references (in included studies e m%
23 and review articles) identified a further 23 papers up to April 2016. We included studies that 223
24 reported full economic evaluation (cost-effectiveness, cost-utility or cost benefit analysis) of %fé' 3
gg i) lifestyle programmes, ii) metformin or iii) screening in combination with lifestyle T3 §
27 programmes and/or metformin against a base case of usual care or no intervention. 3 % ~
28 503
29 To meet our inclusion criteria, economic evaluations needed to have: oo
30 1. Evaluated the treatment of prediabetes with either metformin and/or lifestyle 3§'§
g; programmes (that addressed diet and physical activity); g’% g
33 2. Included 12 months or more of intervention and follow up; 3.%_8_:
34 3. Quantified outcomes (such as change in quality adjusted life years, disability adjusted EXO e
35 life years, life years gained or numbers needed to treat to prevent one case of type 2 e %
36 diabetes); § &
37 4. Described the method used to classify people as high-risk of developing type 2 diabetes g- %
gg (hence eligible for interventions), including blood tests for pre-diabetes (any in Table 1); é E
40 screening questionnaires, diabetes risk algorithms or presence of particular risk factors. D g
41 % =
42 Review articles were excluded as were articles focusing only on women with a history of 3 S
43 gestational diabetes. 5 o
" g c
jg Full papers meeting the above criteria were reviewed; data were extracted from included g 3
47 papers (by SR) and data extraction for a third of papers was checked by a second reviewer S :
jg (EB). g §
'g)'_

50 Quality assessment: A checklist developed by the International Society for Pharmaco- Z
g; economics and Outcomes Research (the ISPOR-AMCP-NCP questionnaire (30)) was used to %
53 evaluate the relevance and credibility of modelling studies for decision-making by policy ;
54 makers. =
55 g
56 Assumptions and calculations: All the economic evaluations included in this review were 8
g; cost-effectiveness analyses (including cost-utility analyses), which measure both the cost of =
c

59 g
60 e
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the intervention and the impact of the intervention on participants’ quality and/or length of
life (31). No full cost-benefit analyses were identified. Cost effectiveness analyses report
their results as ratios of incremental costs divided by incremental benefits; in an
incremental cost effectiveness ratio (ICER). Resources to spend on healthcare are finite, so
policy makers set a ‘willingness to pay’ threshold against which a treatment’s incremental
cost-effectiveness ratio is compared. Historically, the National Institute for Clinical
Excellence in the UK has approved new technologies below the willingness to pay threshold
of £20,000 — £30,000/QALY (32), the US has used a threshold of $50,000/QALY (33) and the
WHO has recommended cost less than the per capita gross domestic product of the relevant
country per disability adjusted life year as the threshold (34). For this review we used a
willingness to pay threshold of £20,000/QALY. This means that if an intervention is below
the willingness to pay threshold (costs less than £20,000 per quality adjusted life year), the
intervention is considered cost-effective. If the intervention costs more than the willingness
to pay threshold, it is considered not cost-effective. An intervention is only cost-saving if it is
more effective and costs less than current treatment.

Costs are reported in British pounds 2015 using purchasing power parity and currency
exchange rates from the CCEMG - EPPI-Centre Cost Converter (35). Costs of lifestyle
interventions were calculated in 2015 British pounds where sufficient data was available on
constituent activities and staff involved, drawing on the Personal Social Services Research
Unit (36) for UK staff cost estimates.

Incremental Cost Effectiveness Ratios (ICERs) are reported separately for each outcome
measure: as either cost saving or £/Quality adjusted life year gained (£/QALY), £/disability
adjusted life year averted (£/DALY) or £/life year gained (£/LYG).

Definitions of measures of effectiveness used in included studies (37, 38):

Quality adjusted life year (QALY): A measure of the state of health of a person or group
in which the benefits, in terms of length of life, are adjusted to reflect the quality of life.
One QALY is equal to 1 year of life in perfect health.

Disability adjusted life year (DALY): A measure of the impact of a disease or injury in
terms of healthy years lost.

Life years gained (LYG): A measure of the impact of a disease or treatment on the length
of life. Years of life are not adjusted to reflect health or disability.

Incremental cost-effectiveness ratios (ICERs) are reported from two different perspectives:
health system and societal perspective. The health system perspective includes only direct
medical costs such as: i) staff, facilities, medication and consumables costs required for
provision of the intervention, and ii) general healthcare of participants. In addition, studies
of cost effectiveness from a societal perspective include some or all elements of i) indirect
costs of the intervention (e.g. exercise equipment, food preparation equipment), ii)
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3 participant time (travelling to and participating in intervention’s activities), iii) lost 2
4 .. . . .pe . =3
productivity due to absence from work and iv) disability benefits payments. =
5 >
)
(&) o
7 Studies were grouped on a number of dimensions to identify key drivers of differences 2
8 through subgroup analysis. Subgroups examined included: type of prediabetes, intensity of - B
9 lifestyle intervention (defined by number of sessions in ‘core’ intervention, duration of core s B
10 and maintenance program, group vs. individual format), inclusion of screening, years of 8 §
11 follow-up to evaluate diabetes incidence. Sub-group medians could not be derived for the g 3
12 . . . . . . . T ©
13 type of prediabetes, as the majority of studies used impaired glucose tolerance to identify <3
14 eligible participants (with or without impaired fasting glucose), and there were 2 or less ° f\"}
15 studies that reported £/QALY using each of the remaining methods of identification. E %
16 Therefore, in order to understand the potential significance of the type of prediabetes we Z 9
17 undertook a meta-analysis of randomised controlled trials of lifestyle programmes for =1 5
ig diabetes prevention. Data was extracted from the 22 primary studies that reported diabetes 3 >
20 incidence as an end-point that were included in three recent systematic reviews of lifestyle 2 >
21 programmes in diabetes prevention (39,40,41). Data was analysed in RevMan (Review o) ;
22 Manager version 5.3). Due to the heterogeneity of the primary studies we used a random- S m e
23 effects model and analysed subgroups defined by the trials’ inclusion criteria (IFG, IGT, ? § %
gg HbAlc or risk score) and duration of the intervention. Forest plots were generated to %g'ﬁ
26 illustrate the relative risk of diabetes following a lifestyle programme for each of these gg §
27 groups compared to no intervention. 3
-0
29 g3
S
30 Patient and public involvement: This review was conceptualized by a multi-disciplinary 259
c S

Q.
31 group, including lay members, in Newham, East London. The authors attended regular -8
32 . . . . . D >
33 project meetings of this group, reporting back the results of the review to the rest of the 380
34 team. Findings of this review are being used to inform the evaluation of a large voluntary- g@,i
35 sector led prevention initiative in this borough. e =
36 zZ 5
s 3
37 RESULTS 2 3
38 g S
39 e 3
42 full papers were reviewed and 15 were excluded for reasons outlined in Figure 1. » O
40 g 3
41 % P
42 In total, 27 studies of diabetes prevention programmes with economic evaluations have 3 S
43 been published from 15 countries between 2004 and 2016 (28,29,42-66). 6 of the economic o §
jg evaluations were within-trial cost-utility analyses and 21 were modelling studies (16 Markov o <
46 models, two simulation models, two decision trees and one combination Markov model and g a
47 decision tree). Within the modelling studies there were a wide range of model structures, g :
48 parameters and parameter values which in part drive the variability observed in study o g
49 results (67). e
50 S
g; Type of intervention: All 27 studies evaluated lifestyle interventions and 12 also evaluated %
53 metformin (Appendix 2). 13 reported interventions in a population previously identified as g
54 prediabetic (people with IFG, IGT or high HbAlc) and 14 reported screening of a broader =2
55 population and subsequent intervention on those identified as high risk of developing type 2 S
56 diabetes. The majority of studies evaluated intensive trial-based interventions, although 2
g; there was a great deal of heterogeneity in the type of lifestyle interventions evaluated. E
c
(¢)

59

60 %
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Table 2 describes some of the dimensions on which lifestyle programmes differed:
frequency of contact, duration, staff providing intervention, individual vs group
interventions and frequency of contact.

3 studies (56, 61, 47) did not specify the details of their lifestyle interventions.

Intensive trial-based lifestyle programmes: 18 of the 24 studies that did describe in detail
the lifestyle intervention being evaluated were based on intensive trial-based lifestyle
interventions (8 based on the US Diabetes Prevention Program, 4 on the US Diabetes
Prevention Program together with the US Diabetes Prevention Program Outcome Study, 3
on the Finnish Diabetes Prevention Study, one on the Da Qing study, one on the Indian
Diabetes Prevention Programme and one on DE-PLAN-CAT) and 3 were based on
community translation of these intensive interventions lasting 3-5 years. The primary
studies were generously resourced, large (300-3000 participants) and provided lengthy
interventions (3-10 years’ duration) including 7-16 initial contacts in the ‘core program’
delivered by specialist staff (dieticians, exercise physiologists and annual medical review).
Two within-trial studies (42,66) reported intensive trial-based lifestyle programme costs in
sufficient detail for costs to be reconstituted on an activity based costing basis (Appendix 3).
The costs in 2015 British pounds of these interventions were as follows: £2,915 per
participant over 3 years for the USDPP lifestyle program, £4,001 per participant over 3 years
for the Indian DPP lifestyle programme (excluding staff travel costs).

Translational community-based programmes: 3 of the 24 studies were based on community
translation of these intensive interventions lasting 3-5 years and 3 studies were based on
other published studies covering much smaller populations (<150 participants) and
providing less intensive interventions (ranging from 12 weeks to 1 year in duration),
delivered by non-specialist staff (diabetes prevention facilitators and lay workers).

Target population — demographics and type of pre-diabetes: The target population for 16
of the 27 studies were overweight individuals with impaired glucose tolerance (IGT), with or
without impaired fasting glucose (IFG). 4 used IFG alone (44, 54, 58, 65), 2 used IGT or IFG
(46, 53), 1 used IFG or HbA1c (55), 1 used HbA1c alone (29) and 3 used other methods of
screening (such as diabetes risk algorithms, BMI or other elements of metabolic syndrome)
(43,45,47). 17 out of 27 studies included participants based on a BMI greater than or equal
to 24kg/m?, 3 included participants based on a BMI greater than or equal to 30mg/kg2 and
the remainder did not state a BMI cut-off for participation. A wide range of ages (from 18
years and older) were included.

Benefits of interventions: The primary benefit of diabetes prevention programmes is
reduction in incidence of type 2 diabetes and its associated complications, measured in the
number needed to treat to delay or prevent a case of diabetes or improvements in quality
adjusted life years (QALYs), disability adjusted life years (DALYs) and life years gained (LYG),
as summarised in Appendix 4.
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3 Lifestyle interventions: 21 studies reported change in quality-adjusted life-years associated 2
4 with lifestyle interventions with a median 0.159 (range: 0.003-2.91) increase in Q %
g ALYs and 13 reported life-years gained with a median increase of 0.30 (range: 0.04-0.84) g
7 increase relative to usual care. This is equivalent to a median increase in 110 days of life or 2
8 58 days of life in optimal health for lifestyle programmes. Four studies reported numbers - B
9 needed to treat with lifestyle programmes to prevent 1 case of type 2 diabetes with results s B
10 ranging from 4.2-30. 8 &
11 e 3
ig Metformin: 8 studies measured change in quality-adjusted life-years associated with % (%D
14 metformin therapy with a median of 0.105 (range: 0.01-2.83) increase in QALYs and 5 ° f\"}
15 studies reported increase in life-years gained with a median gain of 0.14 (range: 0.05 to 0.3). E %
16 This is equivalent to a median increase of 51 days of life and 38 days of life in optimal health Z 9
17 for metformin. Two studies reported number needed to treat with metformin to prevent 1 =3 5
ig case of type 2 diabetes as 6.9 and 27.9. 3 >
20 3 o
21 Side effects of screening or intervention: The impact of screening and intervention on length 3 ;
22 of quality of life was included as a change in incremental QALYs in a number of studies = rn%
23 (51,52,53), and three studies modelled the impact of adverse effects explicitly (42,49,59). %323
24 i&%
gg ‘Value for money’: Policy makers may consider a range of economic factors when %‘g §
27 considering a new programme: cost-effectiveness, budget impact, effect on incident cases S S, N
28 of the disease and equity of healthcare provision (68). All studies included in this review T céag
29 considered cost effectiveness, reporting incremental cost-effectiveness ratios, 5 described 233
32 budget impact, 2 modelled impact on incident cases of diabetes and none considered §§'§
. X .. =

3o impact on equity of healthcare provision. %,).;g
33 2mg
34 Cost-effectiveness: Overall, lifestyle interventions and metformin appeared to be cost g-@z
35 effective in preventing diabetes in high-risk individuals, as summarised in Table 3, though -]
36 there was wide variation in economic estimates between studies. Substantial differences in % =
37 participant selection and intervention design, which reflect the different types of pre- g- %
gg diabetes and different types of interventions, as well as differences in model structure, é E
40 parameters and parameter values make comparison between studies difficult. g g
41 a 2

(%]

42 There is insufficient evidence to suggest that lifestyle interventions or metformin will be 3 3
43 cost saving. Out of 27 studies, lifestyle interventions were found to be cost saving in 2 o) §
jg studies from a health system perspective (55,59), cost saving from a health system o o
46 perspective in some countries but not others in 1 study (49) and cost saving from a societal g 2
47 perspective in 3 studies (54,58,64). Of the 12 studies evaluating metformin, 2 studies S :
48 concluded metformin was cost saving from a health system perspective (42,48), 1 study o g
49 concluded metformin was cost saving from a health system perspective in some countries )
22 but not others (49) and 2 concluded metformin was cost saving from a societal perspective Z
)

5o (42,63). §
53 w
54 Lifestyle programmes appear to be cost effective. Of the 16 studies measuring effectiveness =
55 as £ per quality adjusted life years (£/QALY), the median incremental cost effectiveness ratio S
56 (ICER) from a health system perspective was £7,490/QALY (range: cost saving to é
g; £134,420/QALY) (Figure 2). Only 2 studies reported lifestyle interventions that were not cost ‘:ET
59 a
60 o
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effective (costing more than £20,000 per quality-adjusted life-year); of these, one used a
model substantially different in structure to other modelling studies included (the
Archimedes model, which analyses changes in biological variables, such as insulin resistance,
rather than transitions between disease states, such as prediabetes, which are used by
other models) (50) and the other included analysis lasting only 1 year therefore the benefits
of reduced incidence of diabetes were not included (44).

Metformin also appears to be cost effective from a health system perspective. Of the 7
studies measuring effectiveness as £ per quality-adjusted life-years (£/QALY), the median
incremental cost effectiveness ratio (ICER) from a health system perspective was
£8,428/QALY (range: cost saving to £32,430/QALY). 2 studies reported metformin to not be
cost effective (costing more than £20,000 per quality-adjusted life-year): of these, one used
a model substantially different in structure to other modelling studies included (the
Archimedes model) (50) and the other was the first economic model of the US Diabetes
Prevention Programme (51). The subsequent models based on the US Diabetes Prevention
Programme and its follow up study have found metformin to be cost saving or cost effective
(42).

Twelve studies compared lifestyle programmes and metformin directly. From a health
system perspective, neither intervention appears more cost-effective than the other with 6
studies reporting lifestyle programmes more cost effective than metformin (48, 51, 59, 56,
60, 62), 5 studies (45, 42, 29, 49, 57) reporting metformin more cost effective than lifestyle
programmes and one (64) showing less than 1% difference in cost effectiveness between
the two. However, from a societal perspective, metformin appears more cost-effective than
lifestyle programmes, with four (64,42, 50, 60) out of the five studies undertaking this
analysis finding metformin more cost effective. This is because the cost of participants’ time
travelling to and attending lifestyle programme sessions is included in most calculations of
cost from a societal perspective, but not from a health system perspective.

Given the range of screening and lifestyle interventions provided, and the range of cost
effectiveness ratios, studies which reported ICERS as £/QALY from a health system
perspective were grouped on a number of dimensions to identify key drivers of differences.
The analyses revealed that:

1) Screening plus intervention studies tended to be less cost-effective than
intervention-only studies on average, but both approaches were associated with a
wide range of ICERs highlighting current uncertainties. Of the 10 studies that
reported £/QALY from a health system perspective for intervention-only studies the
median ICER was £4,606/QALY (range: cost saving to £134,420/QALY). And the
median ICER for the 8 screening-plus-intervention studies was £7,814/QALY (range:
£573 - £76,566/QALY).

2) In general, the longer the period evaluated the more cost-effective the interventions
appeared. Studies that measured cost-effectiveness over a period of 25 years or
more appeared more cost effective (median ICER: £2,976/QALY) than studies that
measured cost effectiveness over 10 years or less (median ICER: £10,416).
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3 3) There was insufficient evidence to conclude whether lifestyle programmes with a 2
4 duration of less than 2 years, 2-6 years or more than 6 years were more or less cost- %
g effective: Of the 9 studies that included lifestyle programs with a duration of more g
7 than 2 years and less than 6 years the median ICER was £3,275/QALY (range: cost 2
8 saving to £134,420/QALY). Three studies included interventions less than 2 years’ - B
9 duration with a wide variety of results (ICERs of £3,215 [43], £10,471 [45] and s B
10 £76,566 [44]). And three reported interventions of more than six years’ duration 8 37\0
11 with a median ICER of £7,628/QALY (range: cost-saving to £15,191/QALY). g §
ig 4) There was insufficient evidence to conclude whether higher frequency of contact % (%;
14 during ‘core sessions” was more or less cost-effective: Of the 11 studies that included S 2
15 lifestyle programs with 16 or more core sessions the median ICER was £7,628/QALY E %
16 (range: cost saving to £134,420/QALY). Three studies reported £/QALYs for lifestyle Z 9
17 programs with <16 core sessions with widely varying results (ICERs of £3,215 [43], =) 5
ig £3,275 [46] and £76,566 [44]). = %
20 5) There was insufficient evidence to conclude whether group or individual core 2 >
21 sessions were more or less cost-effective: Of the 11 studies that included the core 3 2
22 component of the lifestyle programme delivered on an individual basis the median = rn%
23 ICER was £7,628/QALY (range: cost saving to £134,420/QALY). Three studies included %323
24 lifestyle programs where the core component was delivered in groups with a wide i&%
Sg range of results (ICERs of -£6,214 [55], £3,215 [43], £3,275 [46] and £76,566 [44]). %‘g §
~ D ~

[o)p=1

% There were insufficient studies in each group to conduct cost-effectiveness sub-group T ég
29 analysis by type of pre-diabetes. However, our meta-analysis of intervention trials suggests N
30 that this may be an important factor. Meta-analysis of intervention trials (15-18, 68-88) 3§'§
g; (Figure 2) showed that lifestyle interventions greater than or equal to 3 years’ duration for g%%
33 participants with IGT reduced the relative risk of developing diabetes by 45% (95% Cl 28- 3.%3
34 57%). Lifestyle interventions lasting less than 3 years in participants with IGT showed a 26% g-@z
35 (95% Cls 0 to 45%) relative risk reduction. There were insufficient studies to divide -]
36 participants identified by other diagnostic criteria by duration of intervention. But for all % =
37 studied that identified participants by IFG alone, IFG or IGT and presence of risk factors the g- %
gg relative risk of diabetes was reduced by 37% (95% Cl 12%-55%), 23% (95% Cl 5%-38%) and s 3
40 11% (95% Cl -0.2-22%) respectively. No studies used HbAlc alone as the diagnostic criteria g g
41 for selecting participants. e &
42 3 3
43 o) §
jg Other measures impacting the ‘value for money’ judgement: Cost-effectiveness analysis only g o
46 measures cost and benefit of an intervention for an individual participant. Policy makers, 3 2
47 who are responsible for overall health budgets and the health of the population as a whole, S :
48 may consider other measures (such as budget impact, impact on equity and impact on o g
49 incident cases of the disease) when evaluating the impact of an intervention. In terms of )
50 budget impact, three studies (47, 61, 62) estimated the cost of implementing a national Z
g; diabetes prevention programme to be between 0.13 and 0.2% of annual national health %
53 expenditure in the Netherlands, Germany and Australia. Two studies (61, 55) modelled g
54 annual expenditures for lifestyle programmes, showing that net savings only exceeded net =
55 expenditures 9-14 years after initiating the prevention programme. 8
56 Failure to attend screening, enrol in an intervention or comply with an intervention means é
g; that the number of cases of diabetes prevented is lower than might be anticipated when ‘:ET
5 =
60 -
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extrapolating from trials. As a result of these factors, as well as the partial and finite impact
of interventions, two studies (47, 62) estimated that only 0.1-1.6% of cases of diabetes
would be prevented by a population-wide programme in the Netherlands and a region of
Germany. As an example of how this population-wide impact is calculated, Icks (62)
calculated that 29% of incident cases of diabetes in 3 years would be due to people with
pre-diabetes (defined as impaired glucose tolerance in this study). Of this pre-diabetic
population, 30% of people would attend the screening test (OGTT), 40% and 59% would
participate in the lifestyle intervention and metformin respectively. 32% of these would
develop diabetes in 3 years with no intervention and 9.3% and 28.8% would develop
diabetes with lifestyle and metformin respectively which resulted in 0.2% of incident cases
of diabetes being prevented by metformin and 0.8% by lifestyle programmes. These rates of
attendance and enrolment are based on best estimates, a recent systematic review found
significant variation in participation rates seen in studies of lifestyle programmes (89).

Quality, relevance/applicability and credibility of existing economic evaluations for
current healthcare decision making: Evaluation of studies against ISPOR’s Questionnaire to
Assess Relevance and Credibility of Modelling studies for Healthcare Decision Making (30)
(Appendix 5) raised a number of issues. The most important of these for policy makers are
outlined below. No studies were excluded on the basis of this evaluation.

Relevance/applicability of included studies (Table 4): Given the variety of lifestyle
programmes and range of different types of prediabetes, we examined the extent to which
the included studies reflect national guidance in the UK (90, 91) and the US (9,21), and the
areas in which they differ.

Health system context: 24 out of 27 studies were undertaken in high-income, predominantly
Caucasian nations. Only two studies (64,66) were undertaken in developing countries, China
and India.

Target population: Only 6 (44, 54, 55, 58, 65, 29) out of 27 studies used diagnostic tests for
prediabetes that are in line with current UK guidance, that is HbAlc and fasting plasma
glucose. The majority of studies, 16 out of 27 included participants with a positive oral
glucose tolerance test (with or without fasting blood glucose). Prevalence differs between
different types of pre-diabetes, with the potential to have a large impact on budgets. For
example, one study in this review (53) compared the cost-effectiveness of different
diagnostic tests and found that expanding the definition of pre-diabetes from IGT and IFG to
IFG or IGT increased the number of eligible participants three-fold, with the savings from
reduced diabetes incidence insufficient to offset the increase in cost, with a resulting small
reduction in cost-effectiveness.

Type of intervention: 21 of the 27 studies evaluated intensive trial-based interventions or
intensive translations of trial interventions, which reflect current ADA guidance (lifestyle
interventions modelled on the USDPP, targeting 7% weight loss) (9). However, reviews of
community translations of the US DPP trial showed that whilst these translational programs
cost less to implement they were also less effective (19,20). The modelling studies based on
the USDPP trial data may therefore not be relevant comparators for a USDPP-based
community programme. In contrast, the National Institute of Clinical Excellence in the UK
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5
3 and the Community Preventative Services Task Force in the US advocate a more pragmatic 2
4 approach to lifestyle programmes. Only 3 studies (45, 43, 44) in this review are relevant %
2 comparators in terms of duration and intensity of lifestyle intervention and they report a g
7 wide range of cost effectiveness (from £3,215/QALY to £76,566/QALY). One study (44) (ICER 2
8 £76,566) was an in-trial cost utility analysis over 1 year, therefore was unable to quantify - B
9 the impact of the prevention programme on diabetes incidence. And one (43) assumed s B
10 treatment effects equivalent to those seen in a trial of an intensive lifestyle programme. 8 37\0
11 g 3
ig Credibility of included studies: Two key issues emerged with the assessment of the % (%;
14 credibility of the modelling studies included in this review: i) areas where updated evidence ° f\"}
15 is available that may impact the evaluation and ii) areas where uncertainty persists and a E %
16 range of assumptions are observed. Z 9
17 g N
ig Availability of updated meta-analyses: 12 of the 21 modelling studies assumed reductions in s §
20 diabetes incidence equivalent to that achieved in the US Diabetes Prevention Programme or 2 >
21 Finnish Diabetes Prevention Study trials (relative risks of 0.50 at 3 years [15] and 0.40 at 6 3 ;
22 years [16] respectively). However, two recent meta-analyses of randomised controlled trials = rn%
23 (39,40), have shown a relative risk of diabetes of 0.59 and 0.64. And a meta-analysis of %323
24 pragmatic lifestyle interventions (41) excluding large trials showed a relative risk of 0.74. i&%
Sg The higher the relative risk, the less the effect of the intervention; therefore, these recent %‘g §
27 meta-analyses suggest that models based on DPP or DPS trial data will over-state the impact =S S, N
28 of interventions. r:g’ céag
29 233
30 Key uncertainties regarding modelling assumptions: Firstly, uncertainty remains over the 3§'§
g; extent to which the reduction in diabetes incidence persists once the intervention has g%%
33 ended. Studies included in this review made a wide range of assumptions on this point, 3.%3
34 ranging from no effect after the intervention ended to effects persisting until the participant g-@z
35 developed type 2 diabetes or died. One recent meta-analysis (39), showed relative risks of ]
36 0.80 at up to 20 years follow up. However, this analysis includes predominantly the large % =
37 trials (US DPP, FDPS and Da Qing) as long term follow up data is not available on g- %
gg community-based translational studies. Therefore, this relative risk likely overstates the long 2 E
40 term benefits of interventions outside the trial context. Secondly, uncertainty persists over g g
41 the percentage of people that fail to enrol in lifestyle interventions following screening. e &
42 Reflecting this uncertainty, 5 studies included in this review assumed 100% enrolment, 2 3 g
43 assumed between 50 and 99% and 5 assumed less than 50% enrolment. A recent systematic o) §
jg review (89) found that enrolment in interventions varies widely (from 0.28% to 100%) o o
46 depending on method of communication, setting, and type of intervention. Finally, based on g 2
47 included studies, the relationship between the type of prediabetes and cost-effectiveness of S :
48 the study is unclear. A factor which may be important given the differences in relative risk o g
gg reductions illustrated by our meta-analysis. Y

>
o1 DISCUSSION: 5
52 3
gj Principal findings: This systematic review of economic evaluations of diabetes prevention %
55 programmes has produced seven major findings. First, that numerous economic 8
56 evaluations have been undertaken in fifteen different countries and produced diverse é
g; results, due to differences in model structure and parameter values and to differences in ‘:ET
59 a
60 o
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health systems, types of prediabetes and types of lifestyle interventions included. Second,
that the majority of evaluations relate to intensive trial-based interventions in populations
in high-income countries identified with the oral glucose tolerance tests. Third, that with
these caveats in mind, both metformin and lifestyle interventions in people with
prediabetes appear to be cost-effective but not cost saving despite their impact on reducing
diabetes incidence, with median ICERs of £8,428/QALY and £7,490/QALY respectively. To
place this figure in context, smoking cessation services are estimated by NICE to have ICERs
ranging from cost-saving to £984/QALY (92) and breast cancer screening is estimated to
have an ICER of £20,800/QALY by the UK Panel on Breast Cancer Screening (93). The fact
that diabetes prevention programmes are not cost saving is not due solely to the issue of
discounting, as three studies (42, 56, 64) report undiscounted cost-effectiveness ratios with
only one of those appearing cost-saving. Fourth, that metformin and lifestyle programmes
appear equally cost-effective when only the costs of the health system are taken into
account, but metformin is more cost-effective when costs of participants’ time (participating
in and travelling to programme activities) is taken into account. Fifth, screening-plus-
intervention programmes were less cost effective on average than intervention-only
programmes. But both approaches were associated with a wide range of cost effectiveness
ratios and the population benefit of screening in identifying people with previously
undiagnosed prediabetes is not taken into account in a cost-effectiveness calculation. Sixth,
there is insufficient evidence to deduce what intensity, duration or format or lifestyle
programmes are more cost-effective than others. Finally, programmes that evaluated costs
and benefits over 25 years or more were more cost effective than those that looked at 10
years or less.

Implications for policy makers: Both the type of prediabetes and the type of lifestyle
program have a substantial impact on the number of cases of diabetes that are delayed or
prevented. Guidance in the UK and the US advocate lower intensity pragmatic lifestyle
programmes and there is a small amount of evidence that these are cost-effective. In light
of recent meta-analyses, historical studies are likely over-stating treatment effects and
uncertainty over duration of impact limits accurate long-term modelling. Guidance in the
UK advocates the use of fasting plasma glucose or HbAlc in identifying people with pre-
diabetes. There is currently insufficient data to conclude that interventions in people
identified solely with HbAlc are cost-effective, and no randomised controlled trials with
HbAlc as the inclusion criteria to enable estimation of treatment effects. There is
insufficient evidence to suggest that metformin is more cost-effective than lifestyle
programmes.

Policy makers need to make decisions even when all the evidence is not available, as is the
case with the English national diabetes prevention programme (Healthier You: The NHS
DPP) (22) which provides low intensity lifestyle programmes to people with IFG and or high
HbA1c. In this case, rigorous evaluation alongside policy implementation could add to the
evidence base, examining: i) what reduction in relative risk is associated with a large-scale
implementation of a low-intensity lifestyle programme?, ii) how does this reduction in risk
attenuate over time?, iii) how does reduction in relative risk differ by type of prediabetes?

In addition to these considerations of cost effectiveness, policy makers may need to balance

impact on health budgets, incident cases of diabetes and equity of healthcare provision. In
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the few studies where these were modelled, budget impact was moderate (prevention
programmes required 0.13-0.2% of respective countries total healthcare budget), financial
payoffs were delayed (net expenditure on treatment and prevention of diabetes only
declined after 9-14 years) and impact on incident cases of diabetes was limited (0.1-1.6%
reduction in incident cases). This suggests that other avenues to reducing incident cases of
diabetes will need to be explored if substantial inroads are to be made in controlling the
diabetes ‘epidemic’. These may include population-wide measures to address obesity, a
primary determinant of progression to type 2 diabetes in a person with pre-diabetes (94).

Comparison with previous systematic reviews: Our findings confirm those of previous
systematic reviews which have shown that lifestyle interventions are generally cost-
effective, but with a wide range of cost-effectiveness ratios, reflecting heterogeneity of
interventions, target populations and modelling approaches. They have shown that lifestyle
interventions appear more cost-effective if group, rather than individual sessions, are
provided and a long time-horizon is adopted for analysis. They have raised the issue of the
limited number of studies in developing countries, the concern that real-life implementation
of programmes will be less effective than trial-based interventions, and the uncertainty that
persists regarding long-term efficacy of these interventions. This review has added to
previous work in three key areas: evaluation of metformin, comparison of screening-plus-
intervention against intervention-only studies and consideration of the relevance and
credibility of studies for decision makers.

STRENGTHS AND LIMITATIONS

To our knowledge, this is the largest and most up-to-date summary of economic evaluations
of diabetes prevention programmes and the only one to include comparison with
metformin and consideration of relevance and credibility for policy makers. We undertook a
detailed analysis of assumptions underpinning modelling studies and compared these with
findings from clinical trials.

Limitations are the small number of economic evaluations included that reflect prevailing
national policy and the preponderance of studies from wealthy developed countries.

SUGGESTIONS FOR FURTHER RESEARCH

This study has identified three areas where further research would be beneficial. Firstly,
developing an understanding of how people with different types of prediabetes respond to
interventions and the subsequent cost-effectiveness profiles for different diagnostic-
treatment combinations. This could be undertaken in both modelling studies, using recent
evidence from meta-analyses, or retrospective analysis of existing trial data where different
types of pre-diabetes may co-exist (e.g. IGT and HbA1lc, IGT and IFG or IGT only
participants). Secondly, long-term follow up studies of pragmatic lifestyle intervention
programmes are important to understand the duration of impact on diabetes incidence
following cessation of studies, uncertainty in this area limits the accuracy of long-term
modelling studies. Finally, consideration of the role of broader social and environmental
programmes (e.g. sugar tax, increasing walkability of neighbourhoods) on diabetes
incidence will be important as, based on studies in this review, individual lifestyle programs
and metformin are unlikely to be sufficient to address the vast majority of incident cases of
diabetes.
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CONCLUSIONS:

National diabetes prevention policy in the UK and US advocates pragmatic lifestyle
programmes (less than 3 years in duration), and in the UK the use of HbA1lc or fasting
plasma glucose is recommended for diagnosing prediabetes. However, the majority of cost-
effectiveness studies relate to a different definition of pre-diabetes and a higher intensity of
intervention, which limits the direct applicability of findings. In the few studies that
evaluated other economic considerations, budget impact of prevention programs was
moderate, financial payoffs were delayed and impact on incident cases of diabetes was
limited. There remains a need for long-term economic evaluation of programmes that
reflect current policy and consideration of the role of broader social and environmental
programmes on diabetes incidence.
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