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ABSTRACT

Objective To compare four potential screening strategies,

and subsequent interventions, for the prevention and

treatment of type 2 diabetes: (a) screening for type 2

diabetes to enable early detection and treatment, (b)

screening for type 2 diabetes and impaired glucose

tolerance, intervening with lifestyle interventions in those

with a diagnosis of impaired glucose tolerance to delay or

prevent diabetes, (c) as for (b) but with pharmacological

interventions, and (d) no screening.

DesignCost effectivenessanalysis basedondevelopment

and evaluation of probabilistic, comprehensive economic

decision analytic model, from screening to death.

Setting A hypothetical population, aged 45 at time of

screening, with above average risk of diabetes.

Data sourcesPublishedclinical trials andepidemiological

studies retrieved fromelectronicbibliographicdatabases;

supplementary data obtained from the Department of

Health statistics for England and Wales, the screening

those at risk (STAR) study, and the Leicester divisionof the

ADDITION study.

Methods A hybrid decision tree/Markov model was

developed to simulate the long term effects of each

screening strategy, in terms of both clinical and cost

effectiveness outcomes. The base case model assumed a

50 year time horizon with discounting of both costs and

benefits at 3.5%. Sensitivity analyses were carried out to

investigate assumptions of the model and to identify

which model inputs had most impact on the results.

Results Estimated costs for each quality adjusted life year

(QALY) gained (discounted at 3.5% a year for both costs

and benefits) were £14150 (€17560; $27860) for

screening for type 2 diabetes, £6242 for screening for

diabetes and impaired glucose tolerance followed by

lifestyle interventions, and £7023 for screening for

diabetes and impaired glucose tolerance followed by

pharmacological interventions, all compared with no

screening. At a willingness-to-pay threshold of £20000
the probability of the intervention being cost effectivewas

49%, 93%, and 85% for each of the active screening

strategies respectively.

Conclusions Screening for type 2 diabetes and impaired

glucose tolerance, with appropriate intervention for those

with impaired glucose tolerance, in an above average risk

population aged 45, seems to be cost effective. The cost

effectiveness of a policy of screening for diabetes alone,

which offered no intervention to those with impaired

glucose tolerance, is still uncertain.

INTRODUCTION

In 2000, an estimated 171 million people worldwide
had diabetes and numbers are projected to double by
2030.1 Life expectancy in people with diabetes might
be shortenedbyasmuchas15years.2Currently there is
no systematic or structured screening policy for type 2
diabetes in the United Kingdom, though some general
guidance has recently been issued by the National
Screening Committee.3 One approach to screening
would be to screen only for type 2 diabetes, which will
allow for early diagnosis and treatment. This might be
important as early detection and treatment could
prevent future associated microvascular and macro-
vascular complications. An estimated 50% of people
with diabetes are currently undiagnosed,4 and at
presentation around 20-30% have already developed
complications.5 An alternative screening approach
would be to lower the threshold of the screening test
and to screen for impaired glucose tolerance and type 2
diabetes together. As well as allowing for earlier
diagnosis of type 2 diabetes, interventions can be
administered to those identified with impaired glucose
tolerance to attempt to delay the onset of type 2
diabetes. A recent systematic review andmeta-analysis
of intervention trials for prevention of type 2 diabetes6

foundboth lifestyle andpharmacological interventions
significantly reduced the risk of type 2 diabetes in
people with impaired glucose tolerance.
As no definitive trials have examined the effective-

ness of screening for type 2 diabetes or impaired
glucose tolerance,7 8 assessment of such policies has so
far been conducted through simulation studies. Several
decision models have been compiled that have
assessed either the clinical and cost effectiveness of

1Centre for Biostatistics and
Genetic Epidemiology,
Department of Health Sciences,
University of Leicester, Leicester
LE1 7RH
2Department of Cardiovascular
Sciences, University of Leicester
3Division of General Practice and
Primary Health Care, Department
of Health Sciences, University of
Leicester

Correspondence to: C L Gillies
clg13@le.ac.uk

doi:10.1136/bmj.39545.585289.25

BMJ | ONLINE FIRST | bmj.com page 1 of 11

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.39545.585289.25 on 21 A
pril 2008. D

ow
nloaded from

 

http://www.bmj.com/


interventions to prevent type 2 diabetes9-16 or strategies
for screening and early detection of diabetes.7 17-20

Previous models of screening for type 2 diabetes
alone have generally assessed the impact of early
treatment on cardiovascular events, though some
additionally included microvascular events such as
retinopathy. Overall most of the models produced
favourable results for screening, but cost effectiveness
varied with age group screened and the population
targeted for screening. Only two studies reported costs
for a UK setting,7 19 one of which had a limited time

horizon of five years.19 Both of these studies concluded
there was still uncertainty concerning the cost effec-
tiveness of screening for diabetes.
Of the eight models assessing cost effectiveness of

interventions for prevention of diabetes, only three
included costs of identifying individuals with impaired
glucose tolerance.10 12 16 The time horizon over which
the models were run ranged from just three years after
the intervention up to the expected lifetime of the
population. Models used data from various sources
from published trials, epidemiological studies, and
national statistics. In general data were limited to a few
sources. All models compared a strategy of inter-
ventions against no interventions, rather than screen-
ing for impaired glucose tolerance followed by
interventions, compared with no screening. All but
onemodel simulated populationswhere all individuals
had impaired glucose tolerance at the start of themodel
and the end state was development of diabetes, or
death, hence only a limited section of the disease
pathway was modelled. Also the models did not take
into account that screening for impaired glucose
tolerance will at the same time allow individuals with
undiagnoseddiabetes tobe identified, thus allowing for
early treatment and possibly reducing rates of compli-
cations. Hence, while these studies offer an assessment
of the cost effectiveness of interventions for prevention
of diabetes, none assessed the impact of screening
followed by interventions on the whole disease path-
way. In 2007 Waugh et al assessed screening or
intervention strategies for type 2 diabetes in a thorough
review of previous decision models.7

We compared three active screening strategies: (a) a
one-off screening for type 2 diabetes; (b) screening for
impaired glucose tolerance and type 2 diabetes and
intervening with lifestyle interventions in those with
impaired glucose tolerance; and (c) as for (b) but with
pharmacological interventions. We compared these
three active screening strategies against a fourth
strategy of no screening (current practice). The full
pathway from screening, to interventions and treat-
ment for type 2 diabetes, all the way through to death,
was modelled. This model directly compares the two
alternative approaches of screening for type 2 diabetes
alone or screening for impaired glucose tolerance and
type 2 diabetes together. When modelling the effec-
tiveness of interventions,weused all data fromrelevant
randomised controlled trials6 and included uncertainty
around model inputs when appropriate. By carrying
out several sensitivity analyses we investigated the
essential elements that affect the cost and clinical
effectiveness of different screening policies.

METHODS

The hybrid model consists of a decision tree and a
Markov model (fig 1). The decision tree comprises
three main arms, representing no screening, screening
for undiagnosed type 2 diabetes, and screening for
impaired glucose tolerance and undiagnosed diabetes,
with either lifestyle or pharmacological interventions
applied in those with impaired glucose tolerance.

Positive

Negative

Screened for
impaired glucose

tolerance and
diabetes

Screening
result

True
status

Decision tree
Prevalences are required for each arm, along with sensitivities and specificities of given

screening test. Decision tree determines starting numbers in each Markov state

Markov model
Incidence rates required for each transition, adjusted for intervention and treatment effects.

Four Markov models will be run, one for each screening/intervention strategy
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intervention

applied

Type 2 diabetes (screen detected)

Impaired glucose tolerance (diagnosed)

Normal glucose tolerance

Normal glucose
tolerance

Death

Type 2 diabetes (undiagnosed)

Impaired glucose tolerance (undiagnosed)

Impaired glucose
tolerance (undiagnosed)

Impaired glucose
tolerance (diagnosed)

Type 2 diabetes
(undiagnosed)

Type 2 diabetes
(clinically detected)

Type 2 diabetes
(screen detected)

Normal glucose tolerance

Yes

Yes

No

No

No

No

Positive

Not screened

Negative

Screened for
diabetes

Type 2 diabetes (screen detected)

Impaired glucose tolerance (undiagnosed)

Normal glucose tolerance

Type 2 diabetes (undiagnosed)

Impaired glucose tolerance (undiagnosed)

Normal glucose tolerance

Yes

No

No

Type 2 diabetes (undiagnosed)

Impaired glucose tolerance (undiagnosed)

Normal glucose tolerance

No

No

No

No

No

No

Fig 1 | Decision model comparing no screening, screening for type 2 diabetes, and screening for

impaired glucose tolerance and diabetesand intervening to delay or prevent type 2 diabetes with

either lifestyle or pharmacological interventions
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Individualswhohave alreadybeen identified as having
type 2 diabetes are excluded from the screening
process. The decision tree uses prevalence of impaired
glucose tolerance and undiagnosed type 2 diabetes and

estimates sensitivity andspecificityof a screening test to
determine how many individuals from the population
start in each state of the Markov model. The Markov
model consists of seven states: normal glucose

Table 1 | Estimates used to determine parameters for decisionmodel

Parameter Distribution Value (SE) Source(s)

Data for decision tree

Prevalences Dirichlet Normal glucose tolerance 83%; impaired glucose
tolerance 12%; type 2 diabetes 5%

STAR study24

Screening test efficiency Multi-nominal For type 2 diabetes: sensitivity 89.5%, specificity
91.3%; for impaired glucose tolerance and type 2
diabetes: sensitivity 59.4%, specificity 88.0%

STAR study24

Transition rates (per 100 person years)

Normal to impaired glucose tolerance:

<65 years Log normal 1.66 (0.08)
Baltimore study33

≥65 years Log normal 2.49 (0.11)

Impaired glucose tolerance to type 2
diabetes

Log normal 1.96 (0.25) 12 studies25-36

Time spent with undetected
diabetes (years)

Log normal 1.65 (0.68) Harris37

Mortality rates (per 100 person years)

45-54 years — 0.32

DoH statistics (2000)

55-64 years — 0.84

65-74 years — 2.36

75-84 years — 6.09

≥85 years — 15.68

Increased risk of deathwithdiabetes
(hazard ratio)

Log normal 0.756 (0.087) DECODE38

Increased risk of death for 1%
increase in HbA1c (hazard ratio)

Log normal 0.104 (0.039) Rossing39

Intervention effects on risk of developing type 2 diabetes (hazard ratio)

Lifestyle v standard treatment Log normal −0.646 (0.099) 12 studies6

Antidiabetic drugs v placebo Log normal −0.425 (0.141) 9 studies6

HbA1c

Undiagnosed diabetes Normal 9.0% (0.056) UKPDS40

Screen detected diabetes Normal 7.0% (0.028) UKPDS41

Clinically detected diabetes Normal 7.9% (0.042) UKPDS41

Utilities

Undiagnosed diabetes Normal 0.788 (0.020)† ADDITION34

Screen detected diabetes Normal 0.788 (0.020)‡ ADDITION34

Clinically detected diabetes Normal 0.771 (0.035)‡ UKPDS43 44

Costs*

Screening tests:

FPG test — £0.40/person
NHS (2006)

OGTT test — £1.30/person

Nurse cost — £26/hour Curtis45

Metformin intervention — £16.10/year NHS (2006)

Lifestyle intervention:

Year 1 — £398/year
Avenell9

Subsequent years — £280/year

Undiagnosed diabetes:

Year before diagnosis — £114/year
Gulliford,46 Curtis45

Years 2-5 before diagnosis — £22/year

Diagnosed diabetes:

Screen detected Normal £2490 (53.3)/year
UKPDS47

Clinically detected Normal £2756 (63.1)/year

FPG=fasting plasma glucose; OGTT=oral glucose tolerance test.

*Costs are standardised to 2006.48

†Constant for all time spent with undetected type 2 diabetes.

‡Starting utility, which was then decreased for each year spent with diabetes because of predicted increases in complications, based on UKPDS

data.44 45
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tolerance, undiagnosed impaired glucose tolerance,
diagnosed impairedglucose tolerance, death, and three
states for people with diabetes (undiagnosed, diag-
nosed clinically, or diagnosed through screening,
either from a screening test or because they are
diagnosed with impaired glucose tolerance initially
and hence enter a surveillance programme). We ran
four Markov models simultaneously, one for each of
the screening strategies. Whether type 2 diabetes and
impaired glucose tolerance are diagnosed or undiag-
noseddetermineswhether the patients receive relevant
treatments or interventions, and they are modelled
accordingly in terms of transition rates to other states.
For example, individuals identified with impaired
glucose tolerance receive an intervention and the
estimated intervention effect slows their progression to
development of diabetes. Eachmodel cycle represents
one year and the model is run for a time horizon of
50 years. Table 1 summarised all the model inputs.
When more than one estimate was available for a
parameter, we pooled estimates using a Bayesian
random effects meta-analysis within the comprehen-
sivedecisionmodel.Model results includebothclinical
and cost effectiveness outcomes, with cost per quality
adjusted life year (QALY) being the primary outcome.
We investigated both an undiscounted model and a
model with costs and benefits discounted at 3.5%

annually, as recommendedby theNational Institute for
Health and Clinical Excellence.21

The hybrid model was implemented within Win-
BUGS using a Bayesian comprehensive decision
modelling approach.22 We adopted this approach
because of its flexibility in terms of statisticalmodelling
and it enabled us to include and propagate all
uncertainty in parameters throughout the model.22

We assumed non-informative prior distributions for
all model parameters. Model parameters were esti-
mated by usingMarkov chainMonte Carlo simulation
methods.23 Results are based on a sample of 20 000
simulations, following a “burn in” of 10 000, and we
assessed convergence of the Markov chain by visually
inspecting trace plots and by running multiple chains
with different initial values.23 We have reported the
results from the decision model with 95% credibility
intervals, which are analogous to confidence intervals.

Data for the decision tree

The base case scenario for the model was a one-off
screening for a population aged 45, in whom type 2
diabetes had not previously been diagnosed. Data for
the decision tree—that is, test sensitivity and specificity
and prevalence of impaired glucose tolerance and type
2 diabetes—were taken from the screening those at risk
(STAR) study.24 For this study, individuals aged 40-75

Table 2 | Clinical and cost outcomes fromdecisionmodel, where prevalence of impaired glucose tolerancewas 15%and type 2

diabetes7.5%,andsensitivityandspecificityofscreeningtestswas85%and80%,respectively.Figuresaremeanvaluesperperson

(95%credible intervals) for no screening andmeandifference fromor comparedwithno screening (95%credible intervals) for all

other strategies

No screening Screening for diabetes only

Screening for diabetes and impaired glucose tolerance

Lifestyle interventions
Pharmacological
interventions

Undiscounted

Total life years 30.34 (27.75 to 32.86) 0.06 (0.02 to 0.12) 0.15 (0.08 to 0.22) 0.13 (0.06 to 0.20)

QALYs 28.06 (23.49 to 32.01) 0.07 (−0.03 to 0.18) 0.22 (0.08 to 0.36) 0.17 (0.03 to 0.32)

Years spent without diabetes 20.85 (10.36 to 29.45) — 0.33 (0.21 to 0.43) 0.20 (0.10 to 0.37)

Lifetime risk of diabetes (%) 64.55 (18.02 to 91.83) — −0.98 (−0.50 to −1.42) −0.54 (−0.21 to −1.17)

Total cost 17 290 (5746 to 39580) 730 (−9 to 2341) 610 (−373 to 2693) 579 (−428 to 2658)

Cost per life year gained — 11 460 4179 4768

Cost per QALY gained — 8681 2863 3429

Cost per case prevented — — 62 810 105 000

Probability of cost effectiveness at willingness to pay threshold per QALY (%):

£20 000 68.1 98.6 94.7

£30 000 76.5 99.6 97.3

Discounted at 3.5% a year for both costs and benefits

Total life years 18.19 (17.25 to 18.98) 0.02 (−0.01 to 0.05) 0.05 (0.03 to 0.08) 0.05 (0.02 to 0.07)

QALYs 17.13 (15.02 to 18.49) 0.03 (−0.02 to 0.09) 0.09 (0.03 to 0.17) 0.07 (0.01 to 0.15)

Years spent diabetes free 13.69 (7.99 to 17.08) — 0.17 (0.11 to 0.23) 0.11 (0.06 to 0.19)

Total cost 7636 (2636 to 19 370) 587 (61 to 1525) 580 (−103 to 1760) 528 (−163 to 1719)

Cost per life year gained — 23 710 10 900 11 690

Cost per QALY gained — 14 150 6242 7023

Probability of cost effectiveness at willingness to pay threshold per QALY (%):

£20 000 48.6 93.0 85.0

£30 000 60.8 97.4 91.6
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(white) or 25-75 (non-white) from 15 general practices
in Leicestershire who had at least one recognised risk
factor for type 2 diabetes were invited for screening.
Risk factors includedaknownhistoryof coronaryheart
disease, hypertension, dyslipidaemia, cerebrovascular
disease, a first degree relative with type 2 diabetes, and
a bodymass index (BMI) >25. Therefore the screening
data included in the primary model were from a
population considered to be “at risk”of type 2diabetes.
For the base case model we used data only from white
patients, though we used the data on South Asians for
sensitivity analyses to assess results for different ethnic
groups.

Transition rates and HbA1c concentrations

To estimate annual transition rates we used several
sources, including epidemiological studies and clinical
trials.25-36 To estimate the annual transition rate from
undiagnosed to clinically diagnosed diabetes, we used
the estimated average timepeoplehavediabetes before
being diagnosed.37 We estimated the effects of inter-
ventions on the transition from impaired glucose
tolerance to diabetes using studies identified in a recent
meta-analysis of lifestyle and pharmacological inter-
vention trials.6 Death rates were taken from Depart-
ment of Health statistics for England and Wales for
2000 and were increased for people with diabetes
compared with those without.38 For the three diabetic
states (undiagnosed, clinically diagnosed, and screen
detected) death rates varied depending on predicted
HbA1c (haemoglobin A1c) concentrations.39 HbA1c

waspredicted to behighest in peoplewith undiagnosed
diabetes, as they are yet to receive any interventions,
and was estimated by using HbA1c concentrations at
entry to the UK prospective diabetes study40 before

treatment began. We expected HbA1c concentrations
to be the best controlled in people with diabetes
detected by screening because of early detection, and
estimated levels using the 10 year average from the
intensively treated group in the UK prospective
diabetes study.41 For people with clinically diagnosed
diabetes, we used the HbA1c concentrations of the
group receiving conventional treatment in the UK
prospective diabetes study.41

Quality of life variables

For the states of normal glucose tolerance, undiag-
nosed impaired glucose tolerance, and diagnosed
impaired glucose tolerance, we assumed the utility
value to be that of full health and set at 1.We calculated

Value willing to pay for each QALY gained (£)
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Fig 2 | Cost effectiveness acceptability curves for each of three

active screening strategies compared with no screening

(discounted estimates)

Table 3 | Results (undiscounted)of sensitivity analyses for varyingprevalence ratesof impairedglucose tolerance,normalglucose

tolerance, and type 2 diabetes

Prevalence* No screening
Screening for type 2

diabetes only

Screening for type 2 diabetes and impaired glucose
tolerance

Lifestyle interventions
Pharmacological
interventions

QALY

83/12/5 28.06 (23.49 to 32.01) 28.12 (23.58 to 32.08) 28.26 (23.74 to 32.23) 28.22 (23.69 to 32.18)

70/20/10 28.26 (24.72 to 31.18) 28.26 (24.79 to 31.14) 28.47 (25.02 to 31.34) 28.41 (24.96 to 31.29)

10/60/30 23.75 (21.82 to 25.58) 24.16 (22.40 to 25.85) 24.91 (23.15 to 26.55) 24.67 (22.89 to 26.35)

Total cost (££)

83/12/5 17 290 (5746 to 39 580) 18 040 (7083 to 39 970) 17 910 (7124 to 39 740) 17 900 (7061 to 39 710)

70/20/10 21 320 (9132 to 41 270) 22 780 (12 470 to 41 840) 22 620 (12 650 to 41 370) 22 560 (12 540 to 41 420)

10/60/30 38 440 (19 740 to 49 690) 42 580 (32 660 to 51 190) 41 980 (33 990 to 49 980) 41 830 (33 530 to 50 090)

Cost per QALY gained (££)

83/12/5 — 8681 2863 3429

70/20/10 — 8617 3203 3809

10/60/30 — 8464 3148 3781

Probability (%) of being cost effective at willingness to pay threshold of ££20 000/££30 000 per QALY

83/12/5 — 68/76 99/100 95/97

70/20/10 — 68/76 98/99 93/96

10/60/30 — 68/76 98/99 93/96

*Impaired glucose tolerance/normal glucose tolerance/type 2 diabetes.
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utilities for thosewithundiagnosed and screendetected
diabetes from EQ-5D data, using data on individual
patients made available by the Leicester arm of the
ADDITION study.42 The data were of a screen
detected sample population with type 2 diabetes at
baseline. For peoplewith clinically diagnoseddiabetes,
utilities were taken from those reported by the UK
prospective diabetes study as this comprised a clini-
cally detected sample.43 The utility for undiagnosed
diabeteswas kept constant for thewhole duration spent
in this state as we assumed that if complications
developed, which reduced the quality of life, then a
diagnosis would be made. For the states of clinically
and screen detected diabetes we needed to account for
the fact that duration of diabetes would lead to an
increased number of complications and hence a
reduction in the utility value. This was done by using
reported complication rates, modelled for duration of
diabetes and adjusted for estimated HbA1c

concentrations in each group and their estimated effect
on utility values.43 44 Hence, utilities decreased for each
year of duration of diabetes, to reflect increasing
incidence of complications. Because of a higher
predicted HbA1c concentration, the utility value was
lower at diagnosis and decreased marginally more
rapidly in individuals clinically diagnosed compared
with those who were screen detected.

Economic variables

We estimated costs from various sources. Screening
costs included the costs of an initial screening test of
fasting plasma glucose and a confirmatory oral glucose
tolerance test in those who tested positive. We
estimated the cost of nurse time of 5 minutes for the
screening test and 25 minutes for the oral glucose
tolerance test.45 People with undiagnosed diabetes
incur costs before diagnosis because of increased visits
to the general practitioner and prescriptions,46 with a

Table 4 | Results (undiscounted) of sensitivity analyses for varying compliance rates

Compliance No screening
Screening for type 2

diabetes only

Screening for type 2 diabetes and impaired glucose
tolerance

Lifestyle interventions
Pharmacological
interventions

Compliance with screening (%)

QALY:

100 28.06 (23.49 to 32.01) 28.12 (23.58 to 32.08) 28.26 (23.74 to 32.23) 28.22 (23.69 to 32.18)

70 28.06 (23.49 to 32.01) 28.07 (23.52 to 32.05) 28.17 (23.64 to 32.16) 28.14 (23.60 to 32.13)

50 28.06 (23.49 to 32.01) 28.04 (23.51 to 32.04) 28.13 (23.61 to 32.13) 28.10 (23.59 to 32.11)

Total cost (£):

100 17 290 (5746 to 39 580) 18 040 (7083 to 39 970) 17 910 (7124 to 39 740) 17 900 (7061 to 39 710)

70 17 290 (5746 to 39 580) 18 070 (6777 to 39 800) 18 080 (6957 to 39 620) 18 070 (6907 to 39 710)

50 17 290 (5746 to 39 580) 17 870 (6409 to 39 750) 17 930 (6705 to 39 680) 17 910 (6671 to 39 690)

Cost (£) per QALY gained:

100 — 8681 2863 3429

70 — 8732 3112 3800

50 — 8743 3515 4192

Probability of being cost effective at willingness to pay threshold of £20 000/£30 000 per QALY (%):

100 — 68/76 99/100 95/97

70 — 69/77 98/99 93/96

50 — 68/77 97/98 92/95

Compliance with interventions (%)

QALY:

100 28.06 (23.49 to 32.01) 28.12 (23.58 to 32.08) 28.26 (23.74 to 32.23) 28.22 (23.69 to 32.18)

70 28.06 (23.49 to 32.01) 28.12 (23.58 to 32.08) 28.22 (23.69 to 32.18) 28.19 (23.66 to 32.15)

50 28.06 (23.49 to 32.01) 28.12 (23.58 to 32.08) 28.19 (23.66 to 32.15) 28.17 (23.64 to 32.13)

Total cost (£):

100 17 290 (5746 to 39 580) 18 040 (7083 to 39 970) 17 910 (7124 to 39 740) 17 900 (7061 to 39 710)

70 17 290 (5746 to 39 580) 18 040 (7083 to 39 970) 18 140 (7343 to 39 950) 18 040 (7209 to 39 880)

50 17 290 (5746 to 39 580) 18 040 (7083 to 39 970) 18 261 (7455 to 40 050) 18 120 (7302 to 39 960)

Cost (£) per QALY gained:

100 — 2863 3429

70 — 4947 5039

50 — 6634 6243

Probability of being cost effective at willingness to pay threshold of £20 000/£30 000 per QALY (%):

100 — 99/100 95/97

70 — 94/97 89/94

50 — 88/93 84/90
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reported average of three additional visits the year
before diagnosis and an average of 1.4 additional visits
in the two to five years before diagnosis. An estimation
of these costswas included.45 For lifestyle interventions
we included dietitian costs and costs of twice weekly
group exercise sessions, as detailed in a previous
study.9 Costs of pharmacological interventions were
based on 250 mg of metformin three times a day, the
standard dose used by most intervention studies. For
people with diagnosed diabetes, we took average
annual costs of antidiabetic treatment, implementation
of treatment, and costs of complications from the UK
prospective diabetes study.47 For the people with
diabetes detected at screening, in whom we would
expect costs of complications to be lower,weused costs
from the intensively treated arm of theUKprospective
diabetes study. For those with clinically diagnosed
diabetes, which represents how individuals are diag-
nosed currently, we used the reported costs of the
conventionally treated group. All costs are reported in
2006 UK £, standardised by using inflation indices.45

Sensitivity analyses and model extensions

We carried out sensitivity analyses using a range of
values of prevalence of disease, as well as compliance
levels to both screening and interventions. Changing
prevalence allows us to assess the effectiveness of the
screening strategies for different “at risk” populations.
The effects of compliance to both screening and
interventions were also important as we assumed
100% compliance to both in the base case model,
which could never be achieved in practice.
To evaluate the robustness of the model we also

carried out sensitivity analyses on model inputs,
particularly those that were estimated from only one
or two sources or were thought to be important drivers
in themodel.Thesewere sensitivities of screening tests,

costs of interventions, costs of diabetes, effectiveness of
interventions, previous distributions on the standard
deviations between studies of the four meta-analyses
run within the model, and the time horizon the model
was run for.
For the base case scenario we considered only a one-

off screening at age 45. The model was extended
further to assess the impact of having one or two
additional screenings, at age 50 and 60. This was done
by applying the test sensitivities from the STAR study
to the numbers in the states of undiagnosed impaired
glucose tolerance and type 2 diabetes at the corre-
sponding model cycle and moving the individuals to
the relevant diagnosed state.
Though the base case model used prevalences and

test sensitivities and specificities of a white population,
the effect of screening a South Asian or a mixed race
population is also relevant in theUK. South Asians are
thought to have a greater risk of type 2 diabetes, with a
greater prevalence of impaired glucose tolerance and a
higher transition rate to type 2 diabetes. We extended
this model with data from the STAR study and
estimated the transition rate from impaired glucose
tolerance to type 2 diabetes from the Indian diabetes
prevention programme.48

RESULTS

Table 2 shows clinical and cost effectiveness outcomes
for an undiscountedmodel and amodel discounted for
both costs andbenefits at 3.5%ayear.Discounted costs
for each QALY gained, compared with no screening,
were £14 150 (€17 560; $27 860) for type 2 diabetes
screening, £6242 for screening for diabetes and
impaired glucose tolerancewith lifestyle interventions,
and£7023 for screening forbothdiabetes and impaired
glucose tolerance with pharmacological interventions.
Costs were lower in the undiscounted model: £8681,

Table 5 | Results ofmodel extensions for number of screens (undiscounted)

No of screens No screening
Screening for type 2

diabetes only

Screening for type 2 diabetes and impaired glucose
tolerance

Lifestyle interventions
Pharmacological
interventions

QALY

1 28.06 (23.49 to 32.01) 28.12 (23.58 to 32.08) 28.26 (23.74 to 32.23) 28.22 (23.69 to 32.18)

2 28.06 (23.49 to 32.01) 28.13 (23.74 to 32.06) 28.56 (24.74 to 32.30) 28.44 (24.45 to 32.24)

3 28.06 (23.49 to 32.01) 28.15 (23.86 to 32.16) 28.80 (25.04 to 32.32) 28.62 (24.70 to 32.26)

Total cost (££)

1 17 290 (5746 to 39 580) 18 040 (7083 to 39 970) 17 910 (7124 to 39 740) 17 900 (7061 to 39 710)

2 17 290 (5746 to 39 580) 18 850 (7491 to 40 980) 19 300 (7570 to 41 160) 19 150 (7468 to 41 150)

3 17 290 (5746 to 39 580) 19 670 (7735 to 42 110) 20 220 (7740 to 42 210) 19 860 (7621 to 42 210)

Cost per QALY gained (££)

1 — 8681 2863 3429

2 — 9544 2777 3317

3 — 10 360 2966 3517

Probability of being cost effective at willingness to pay threshold of ££20 000/££30 000 per QALY (%)

1 — 68/76 99/100 95/97

2 — 57/66 99/100 96/98

3 — 54/64 99/100 97/99
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£2863, and £3429 for every QALY gained, respec-
tively. At a willingness to pay threshold of £20 000 per
QALY the probability of each strategy being cost
effectivewas49% for screening for type2diabetesonly,
93% for screening for both diabetes and impaired
glucose tolerance and lifestyle interventions, and 85%
for screening for both diabetes and impaired glucose
tolerance and pharmacological intervention. Figure 2
shows cost effectiveness acceptability curves, illustrat-
ing the probability of cost effectiveness over a range of
willingness to pay thresholds.

Discounted QALYs gained compared with no
screening were 0.03 (−0.02 to 0.09) for diabetes
screening, 0.09 (0.03 to 0.17) for screening and lifestyle
interventions, and 0.07 (0.01 to 0.15) for screeningwith
pharmacological interventions. Both the intervention
strategies showed potential benefits in terms of average
years spent without diabetes and cases of diabetes
prevented.Although clinical effects seem small, itmust
be remembered they are average gains across a
population, in which only 17% had either impaired
glucose tolerance or undiagnosed type 2 diabetes at the
time of screening.

Tables 3 and 4 show the results of the more
important sensitivity analyses (undiscounted). Increas-
ing the prevalence of impaired glucose tolerance and
type 2 diabetes decreased the QALYs and increased
total costs of each screening strategy. The comparisons
of the three active screening/intervention strategies
compared with no screening remained fairly constant
in terms of costs per QALY and probability of cost
effectiveness (table 3). When we lowered compliance
with screening, the impact on results was also minimal
(table 4). Reducing compliance with interventions,
however, had a greater impact in that the total costs and
cost per QALY gained increased for both the

screening/intervention strategies. The probability
that these strategies were cost effective compared
withno screening still remainedhigh,withanestimated
probability of 88% for screening with lifestyle inter-
ventions and 84% for screening with pharmacological
interventions at the willingness to pay threshold of
£20 000.

Other sensitivity analyses did not change the results
enough to alter the conclusions of the model. Increas-
ing the costs of both lifestyle and pharmacological
interventionsby a factor of 10 reduced theprobabilities
of cost effectiveness of their respective screening
strategies to 73% and 93%, at the willingness to pay
thresholdof£20 000. Increasing the costs ofdiabetesby
a factor of two reduced the probability of cost
effectiveness to 49% for screening for type 2 diabetes
only, 93% for screening with lifestyle interventions,
and 85% for screening with pharmacological inter-
ventions at the same threshold. As we increased the
time horizon the model was run for, the probability of
the three active screening strategies being cost effective
comparedwith no screening increased. This is because
the benefits of screening or interventions are not all
immediate and most occur in later years of the model,
when type 2 diabetes is either delayedor complications
are reduced through early diagnosis and treatment.
The intervention strategies became cost effective when
we considered a time horizon of at least 30 years
(probability of being cost effective of 0.97 for lifestyle
and 0.91 for pharmacological interventions at the
willingness to pay threshold of £20 000). Overall, the
model’s conclusions were robust to changes made to
the sensitivity analyses, giving strength to the conclu-
sions.

Tables 5 and 6 give the results of the model
extensions as undiscounted estimates. Increasing the

Table 6 | Results ofmodel extensions for different ethnic groups (undiscounted)

Ethnic group No screening
Screening for type 2

diabetes only

Screening for type 2 diabetes and impaired glucose
tolerance

Lifestyle interventions
Pharmacological
interventions

QALY

White 28.06 (23.49 to 32.01) 28.12 (23.58 to 32.08) 28.26 (23.74 to 32.23) 28.22 (23.69 to 32.18)

South Asian 25.24 (20.65 to 30.79) 25.35 (20.83 to 30.91) 25.47 (20.96 to 31.02) 25.43 (20.92 to 30.98)

Mixed* 27.10 (23.79 to 30.31) 27.18 (23.88 to 30.39) 27.32 (24.02 to 30.53) 27.27 (23.99 to 30.53)

Total cost (££)

White 17 290 (5746 to 39 580) 18 040 (7083 to 39 970) 17 910 (7124 to 39 740) 17 900 (7061 to 39 710)

South Asian 28 250 (10 170 to 55 120) 29 390 (12 270 to 55 490) 29 420 (12 500 to 55 220) 29 480 (12 550 to 55 270)

Mixed* 22 145 (8345 to 41 657) 23 051 (9820 to 42 131) 22 973 (9809 to 41 962) 22 976 (11 885 to 42 006)

Cost per QALY gained (££)

White — 8681 2863 3429

South Asian — 8168 4657 5643

Mixed* — 8523 3555 4497

Probability of being cost effective at willingness to pay threshold of ££20 000/££30 000 per QALY (%)

White — 68/76 99/100 95/97

South Asian — 68/75 89/94 83/88

Mixed* — 69/77 98/99 96/98

*Modelled as 30% South Asian and 70% white.
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number of screenings of the population increased both
total costs and QALYs, which resulted in minimal
increases in the cost per QALY for each of the three
active strategies (table 5).Whenwe ran themodel for a
South Asian cohort, results for QALYs were lower
because of a higher prevalence of type 2 diabetes at the
start of the model and an increased rate of transition to
diabetes (table 6). Neither increasing the number of
screens nor consideringdifferent ethnic cohorts led to a
change in the overall model conclusions, in that both
the strategies involving interventions for prevention of
diabetes seem to be cost effective compared with no
screening in an “at risk” population.

DISCUSSION

Screening for impaired glucose tolerance in people at
risk of diabetes and intervening with either lifestyle or
pharmacological interventions is a cost effective health
policy. Although screening for type 2 diabetes alone
gave a relatively low predicted incremental cost per
QALYof £14 150, because of uncertainty in themodel
the probability of this strategy being cost effective was
only 49%at thewillingness to pay thresholdof £20 000.

Strengths and weaknesses

Previous studies have compared the cost and clinical
effectiveness of intervening in people with impaired
glucose to delay onset of type 2 diabetes.9-16 Results
were all favourable in terms of cost and clinical
effectiveness but as themodels were designed to assess
the effectiveness of interventions rather than screening
and intervening, none of themodels included a state of
undiagnosed diabetes and assumed management of
diabetes started as soon as the disease developed. Our
model considered the whole screening and inter-
vention pathway from screening to death and a
comparison of different approaches to diabetes screen-
ing and prevention.
Differences in clinical outcomes between the no

screening strategy and the three active screening
strategies were small, partly because they were
reported as an average for a screened population with
mixed glucose tolerance. Also microvascular and
macrovascular outcomes were not measured individu-
ally in this model, which might show benefits from the
early detection or delay of type 2 diabetes.

Our model makes several assumptions. No transi-
tion was allowed from normal glucose tolerance to
diabeteswithout first passing through impairedglucose
tolerance. This is because it is clinically unlikely that an
individual would change from normal glucose toler-
ance to diabetes within a year, which is one model
cycle. No transition was allowed from diabetes back to
impairedglucose toleranceor from impaired tonormal
glucose tolerance. This is clinically accurate because
once an individual has a diagnosis of type 2 diabetes,
even if their glucose tolerance improves, they are still
clinically defined as having diabetes. Also once an
individual has had impaired glucose tolerance, even if
their glucose tolerance improves their future risk of
diabetes is probablymore similar to that in individuals
with impaired glucose tolerance rather than those who
have always had normal glucose tolerance.
Another assumption was that the HbA1c concentra-

tion of those with diabetes who were clinically
diagnosed would be similar to the 10 year average of
an intensively treated group of people with diabetes
from the UK prospective diabetes study.41 This
assumption was made in the absence of long term
clinical data on individuals whose diabetes was
detected by screening. Although 10 year averages of
HbA1c concentrations were used for people with
diabetes, when we ran our model for longer time
horizons the HbA1c concentrations were potentially
underestimated, which means complication rates and
their effects on utilities and mortality might also be
moderately underestimated. Further data are needed
on how HbA1c concentration could be expected to
increase over time to allow more accurate modelling.
Screening costs incorporated within the model

included only costs of the test and the nurse’s time,
therefore representing the costs of opportunistic
screening. We did not include further costs of
establishing systematic screening, such as the identifi-
cation of eligible patients, the issuing of invitations to
screening, and the chasing up of non-attenders. In
practice, these additional costs would be small for each
individual screened, particularly if screening was
incorporated into current health checks.Whenmodel-
ling costs of treatment and complications associated
with diabetes, we used the average yearly costs taken
from the UK prospective diabetes study. As costs
would be expected to start off low and then increase,
this means that costs of diabetes might be initially
overestimated when an individual receives the diag-
nosis and eventually underestimated by this model. In
addition, as average costs were used, we did not
account for issues of competing risks of complications
associatedwith diabetes. Unfortunately, yearly data on
costs of diabetes, or how the occurrence of complica-
tions impacted on the probability of other complica-
tions occurring, were not available to enable us to
model costs more accurately. The issue of competing
risks arises not just for costs but also for the annual
probabilities of complications. Ideally,weneeddataon
individual patients to enable the correlation structure

WHAT IS ALREADY KNOWN ON THIS TOPIC

In people with impaired glucose tolerance interventions are clinically and cost effective

Screening for type 2 diabetes to allow early detectionmight be cost effective in certain groups

WHAT THIS STUDY ADDS

Modelling the whole screening and intervention pathway from screening to death shows that
screening for type 2 diabetes and impaired glucose tolerance, followed by interventions,
seems to be cost effective compared with no screening

Uncertainty still exists concerning the cost effectivenessof screening for type2diabetes alone

Screening populations with a higher prevalence of glucose intolerance might result in better
clinical outcomes, although cost effectiveness seems unaffected
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in both the probabilities and costs to be appropriately
accounted for.

As we ran the model for a time horizon of 50 years,
the screened population (aged 45 at the start) agedwith
each cycle of the model, thus, when possible, we
incorporated time dependent model parameters. For
some parameters, such as the treatment intervention
effects, however, we assumed that the effect was
constant over time.Additionally, although compliance
was high in the intervention trials fromwhich estimates
of their effectiveness were obtained, it is still to be
determined whether compliance could be maintained
outside a trial setting. Therefore long term compliance
with interventions is an important consideration.
Sensitivity analyses of compliance with interventions
found that even with compliance rates as low as 50%,
the screening strategies involving either lifestyle or
pharmacological interventions were still cost effective
when compared with a strategy of no screening.

Conclusions

A policy of a one-off screening for type 2 diabetes and
impaired glucose tolerance, with appropriate inter-
vention for those identified with impaired glucose
tolerance, seems to be cost effective in an “at risk”
population. Changing compliance with screening or
interventions or increasing the number of screenings
did not change the conclusions of themodel.Given the
uncertainty in the results presented here, particularly
for the assessment of screening for type 2 diabetes,
further research is needed on the long term clinical
effects of early diagnosis. Furthermore, to model the
two strategies that involved interventions more accu-
rately, we require additional information on long term
compliance with interventions and their potential
harms and benefits.
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