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Diabetes: early screening costs and benefits

M. Marre, F. Travert

BACKGROUND

Although it is well-recognised that type 2 diabetes has become a huge burden for the general
adult worldwide population, there is presently no systematic or structured screening policy
for type 2 diabetes in any country or region except for some general guidance recently issued
by the UK National Screening Committee [1].

Screening for type 2 diabetes will logically allow for early diagnosis and treatment. This
might be important as early diagnosis and treatment could prevent future associated micro-
vascular and macrovascular complications. An estimated 50% of people with diabetes are
currently undiagnosed. According to several major studies, around 20-30% of people with
type 2 diabetes have already developed complications at diagnosis. The approach could be
either to screen for type 2 diabetes alone, or to anticipate the progression to diabetes from
pre-diabetic states and therefore to lower the threshold to allow screening for both impaired
glucose tolerance (IGT) and type 2 diabetes. In addition, for earlier diagnosis of type 2 dia-
betes, interventions could be designed for those identified to have IGT in order to attempt
to delay the onset of type 2 diabetes and/or to prevent complications.

One major programme has been developed in the US, the Diabetes Prevention Program
(DPP), which targeted only individuals with IGT [2]. It clearly demonstrated that behav-
ioural modifications and drug treatments can delay or prevent the development of type 2
diabetes in this population. The DPP randomly assigned subjects with IGT and elevated
fasting glucose to three treatment groups: placebo, a lifestyle modification programme with
goals of 7% weight loss and 150 min of weekly physical activity, or metformin. The average
follow-up was 2.8 years. In comparison with placebo, the lifestyle and metformin interven-
tions reduced the incidence of type 2 diabetes by 58% and 31%, respectively. Versus placebo,
the lifestyle and metformin interventions were estimated to delay development of type 2
diabetes by 11 and 3 years, respectively; the corresponding reductions in absolute lifetime
incidence of diabetes were 20% and 8%, respectively. Compared with placebo, the cost per
quality adjusted life-year (QALY) from a health system perspective was $1100 and $31 300
for the lifestyle and metformin interventions, respectively.

Because this programme focused solely on individuals with known IGT, it concluded
only that it is cost-effective to prevent the conversion from pre-diabetes to diabetes. It did
not answer a distinct, and important, public health question: is it cost-effective to screen
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patients to identify individuals with pre-diabetes or even more crucial to detect individuals
already with full diabetes status?

Only one other trial (with acarbose) was conducted mostly in middle-aged men (STOP-
NIDDM) [3]. Interestingly, a secondary analysis of this trial suggested that those on active
treatment to reduce or delay type 2 diabetes were also protected from cardiovascular events.
The latter account for most of the reduced life expectancy of people with type 2 diabetes.

No definitive trials have yet examined the effectiveness of screening for type 2 diabetes
or IGT: assessment of preventive policies has so far been conducted through simulation
studies [4, 5]. A recent systematic review and meta-analysis of intervention trials for preven-
tion of type 2 diabetes, including the DPP, found that both lifestyle and pharmacological
interventions significantly reduced the risk of type 2 diabetes in people with IGT [6]. Initial
models of screening for type 2 diabetes alone have generally assessed the impact of early
treatment on cardiovascular events, though some also included microvascular events such
as retinopathy. Several more recent decision models have been compiled that have assessed
either the clinical and cost effectiveness of interventions to prevent type 2 diabetes [7-14] or
strategies for screening and early detection of diabetes [4, 15-18]. Overall, most of the mod-
els 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 [4, 17], one of which had a limited time horizon of five years [17]. Both studies
concluded that there was uncertainty concerning the cost-effectiveness of screening for dia-
betes. Of the eight models assessing cost-effectiveness of interventions for prevention of
diabetes, only three included costs of identifying individuals with IGT [8, 10, 14]. 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: pub-
lished trials, epidemiological studies and national statistics. In general, data were limited to
a few sources. All models compared a strategy of intervention against no intervention, rather
than screening for IGT followed by intervention compared with no screening. All but one
model simulated populations where all individuals had IGT at the start of the model and
the end states were 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 IGT will at the same time allow individuals with undiagnosed diabetes to be identified,
thus allowing for early treatment and possibly reducing rates of complications. 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 intervention on the whole dis-
ease pathway.

In this chapter we will consider what early screening means and whether diabetes could
be a good candidate for such a process. We will describe how it could be possible to screen
for diabetes, and what benefits could be expected from early detection. Finally, we will
develop and illustrate our topic and give some idea of the cost by analysing two recently
published models of cost-effectiveness in type 2 diabetes.

CONSIDERING THE PURPOSE OF EARLY SCREENING, WHY COULD DIABETES BE A
GOOD CANDIDATE FOR SUCH A PROCESS?

The World Health Organization (WHO) defined the minimal criteria to propose a disease for
an early detection programme. The five main reasons to recommend a disease for a screen-
ing programme are:

1. The disease should represent an important health economic concern.

2. The natural history of the disease and the prognosis when not treated should be known.

3. There should be a latent preclinical time before the occurrence of symptomatic disease
during which diagnosis is possible.
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4. There should exist reliable and safe diagnostic tests which are acceptable for screening
the population.

5. The disease should be able to be efficiently treated when diagnosed; the earlier the
treatment is started the more efficient it is.
(Wilson and Jungner, WHO 1968)

So where does type 2 diabetes fit into these five criteria?

CRITERION 1

This is obviously satisfied. Diabetes is a major worldwide and health economic concern. Its
prevalence is more than 8% of the worldwide adult population [19]. It is a major cause of
morbidity and mortality linked to both microvascular complications (blindness, renal fail-
ure, amputation) and macrovascular complications (myocardial infarction and stroke).

CRITERION 2

Regarding the natural history of diabetes, it is known that the duration of diabetes and the
level of hyperglycaemia correlate with the occurrence of microvascular, and possibly with
macrovascular, complications. Diabetes also often clusters with hypertension and dys-
lipidaemia and these are powerful risk factors for cardiovascular complications. The co-
occurrence of cardiovascular risk factors in the same patient has led to the term ‘metabolic
syndrome’. Screening for diabetes without screening for hypertension and dyslipidaemia is
a crucial issue that we will not address here.

CRITERION 3

Type 2 diabetes is typically a disease characterized by a latent phase before the occurrence
of the clinical symptoms. This has been demonstrated by various epidemiological surveys
and during detection programmes performed by physicians. Moreover, at the time of clinical
diagnosis (commonly because of symptoms of hyperglycaemia), a percentage of these newly
diagnosed diabetic patients already have complications, especially retinopathy (2-39%),
nephropathy (8-18%) or neuropathy (5-13%). On this basis, various models estimate the
preclinical phase as 7 to 12 years [20]. During this preclinical phase we have the possibility
of making an earlier diagnosis since hyperglycaemia may remain asymptomatic for years.

CRITERION 4

Performing a blood glucose assessment is relatively easy and acceptable to the people to be
screened.

CRITERION 5

This is the most difficult to address: does a treatment started at the phase of screening result
in a benefit in terms of prevention of the complications? The evidence is currently weak and
there is no large-scale intervention study demonstrating that screening for diabetes provides
a true advantage in terms of preventing complications. Some studies are currently under-
way which aim to evaluate the impact of an early treatment initiated during the pre-
diabetes stage (ORIGIN, NAVIGATOR) [21, 22].

HOW WOULD IT BE POSSIBLE TO SCREEN FOR DIABETES?

Fasting venous plasma glucose assessment is the most recommended measure since it matches
the definition of diabetes which is two consecutive values >7 mmol/1. What about screening
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using random glucose values? This is easier because it is not mandatory to give a specific
appointment when fasting, but it is less widely used. Is it possible to use a home blood glucose
meter? This could be an attractive method if the practitioner is very familiar with the device
and its calibration, and as long as the difference between capillary glucose values and venous
plasma glucose are taken into account: the venous value being higher than the capillary one
(6 mmol capillary corresponds to 7 mmol/1 venous plasma). But this method is not considered
to be sufficiently standardized to be applicable to a large-scale programme.

What about the oral glucose tolerance test (OGTT)? While this has been considered the
‘gold standard’ for a long time, it is too difficult and too expensive to be proposed for large-
scale screening. HbAlc is often proposed for diagnosis, but is not recommended because of
genetic variants that may alter its predictive value and the fact that it is expensive and still
remains to be validated diagnostically.

WHAT BENEFITS CAN BE EXPECTED FROM EARLY DETECTION OF TYPE 2 DIABETES?

Benefits from screening are predicted because it is now accepted that microvascular compli-
cations are mainly determined by the level and duration of hyperglycaemia. Simulation
studies show potential benefits of screening, which would reduce microvascular complica-
tions, especially the risk of blindness [23, 24].

From the point of view of macrovascular complications, we can speculate that detecting
diabetes would categorize a patient in an ‘at risk population” and therefore draw the attention
of the physician to providing multifactorial care focused on blood glucose, blood pressure and
cholesterol. These are logical arguments but assumptions only. Indeed, one study concluded
that public funds would be better spent on treating people with diagnosed diabetes properly
rather than on searching for new cases among the whole population [21].

Only serious and recent modelling studies can help with responding to the cost-effective-
ness question and these are discussed below.

ARE THE PROPOSED MODELS OF COST-EFFECTIVENESS RECENTLY PUBLISHED IN THE
LITERATURE CONCLUSIVE?

In this section we carefully consider the results and the conclusions of two major recent
papers in order to provide an opinion on cost-effectiveness of early detection of type 2
diabetes.

(A) THE ‘NARROW ANALYSIS’

This takes into account only the detection of pre-diabetes in an obese population [25]. The
DPP demonstrated that intensive lifestyle intervention could prevent or delay the onset of
type 2 diabetes. However, the intervention was expensive, and some worried that it might
not prove cost-effective. To address this issue, some authors have applied a simulation
model to estimate lifetime outcomes and costs for subjects known to have IGT and elevated
fasting glucose concentrations [26]. The DPP lifestyle intervention had a relatively attractive
cost-effectiveness ratio from the perspective of the healthcare system. Other studies [27-30]
have examined the cost-effectiveness of lifestyle interventions or drug therapy to prevent
type 2 diabetes among subjects with IGT. All studies but one [29] found that the interven-
tions delay or prevent diabetes onset and reported favourable cost-effectiveness ratios.
These previous results led to a natural next question: if applying the DPP lifestyle interven-
tion to subjects known to have IGT and impaired fasting glucose (IFG) is cost-effective,
would it also be cost-effective to screen for pre-diabetes and then treat subjects identified as
having this condition? To answer this question, Hoerger and colleagues studied the cost-
effectiveness of screening for pre-diabetes among overweight and obese US adults [25]. To
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evaluate the screening issue, they performed a new cost-effectiveness analysis to compare
screening/treatment strategies for pre-diabetes (defined formally as IGT and/or IFG)
among overweight and obese US adults aged 45-74 years. They added screening to the
simulation model to compute the possible benefits and costs of screening to identify pre-
diabetes in the population. They compared two screening/treatment strategies with a base-
line scenario of no screening and no treatment for pre-diabetes to estimate each strategy’s
cost-effectiveness. This approach was conducted only in terms of pre-diabetes detection in
an at risk population. This narrows the spot of interest but gives more chance for such a
programme to be cost-effective.

This study proved very informative as an aid to understanding the complexity of all the
items we have to consider when building up a model of cost-effectiveness in the field of type
2 diabetes. The authors had chosen to restrict their model to an “at-risk population’ — over-
weight and obese people — and to screen mainly for pre-diabetes. This strategy gave them
the best probability to detect a large number of subjects. They analyzed the effects of screen-
ing and treatment in the obese and overweight (body mass index [BMI] 25 kg/m?) popula-
tion aged 45-74 in the US. They created the virtual study cohort using data from the
overweight population in the 1999-2000 US National Health and Nutrition Examination
Survey [5-7]. Among overweight subjects aged 45-74 years not previously diagnosed with
diabetes, estimates of the prevalence was 9.7% for undiagnosed diabetes; 10.4% for both IFG
and IGT; 23.2% for IFG only; and 7.0% for IGT only. In their model, overweight subjects
without diagnosed diabetes underwent a one-time screening test for pre-diabetes during a
scheduled physician visit. Those screened positive underwent diagnostic testing. Subjects
who had pre-diabetes entered a pre-diabetes module and received the DPP lifestyle inter-
vention. Some subjects with pre-diabetes eventually developed diabetes; they were assumed
to be diagnosed shortly after onset and entered into a diagnosed diabetes module. Screening
was performed through a random capillary blood glucose (CBG) test and added 10 minutes
to a usual 15-minute office visit, incurring costs of $32.68 per screened patient. The CBG test
was selected for screening based on its relatively low cost [4]. Based on previous analysis,
they set 100 mg/dl as the screening cut-off point for the random CBG test. The CBG test and
physician costs come from Medicare fees schedules [8, 9]. All subjects with a positive screen-
ing test received a diagnostic test (either a fasting plasma glucose [FPG] or oral glucose
tolerance test). If the first diagnostic test was positive, a second was performed for confirm-
ation. Because two consecutive elevated FPG tests or OGTT define diabetes [11], they
assumed that this strategy has 100% sensitivity and 100% specificity for diabetes and for IGT
and/or IFG. The cost per diagnostic test totalled $42.92. They considered two different
screening-plus-treatment strategies for subjects with pre-diabetes.

In strategy 1, only subjects diagnosed with both IGT and IFG received the DPP lifestyle
intervention. In strategy 2, subjects diagnosed with either IFG or IGT (or both) received the
lifestyle intervention.

In both strategies, the lifestyle intervention was provided until the subjects developed
diabetes. Progression to diabetes depended on whether the subject had both IGT and IFG or
only one of the conditions. The progression rate for subjects with both IGT and IFG came
directly from the DPP [2], whereas the progression rate for subjects with only one condition
was set to half the DPP value, based on the Hoorn Study [12]. They assumed that the life-
style intervention produced the same relative risk reduction if the subject had both IGT and
IFG or only one of these conditions. The cost of the DPP intervention equalled the incremen-
tal cost of the DPP lifestyle intervention relative to placebo. The DPP lifestyle intervention
had a median follow-up of 3 years. For their analysis, they had to make assumptions about
the intervention’s costs and effectiveness in subsequent years. They assumed that the inter-
vention year 3 costs and the reduction in risk from participating in the DPP continued in
subsequent years as long as the intervention continued. Diabetes subjects with pre-diabetes
entered the diabetes module after developing diabetes. The diagnosed diabetes module,
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which has been described elsewhere [2, 14], models the progression of five complications of
type 2 diabetes: nephropathy, neuropathy, retinopathy, coronary heart disease, and stroke.
Based on earlier analyses [14, 15], they assumed that subjects with diagnosed diabetes
receive intensive glycaemic control once their HbAlc levels reach 6.8% and that subjects
with hypertension and diagnosed diabetes receive intensive hypertension control. Transition
probabilities for diabetes complications were based primarily on results from the UK
Prospective Diabetes Study [31-33]. They applied a multiplicative equation that estimated
annual direct medical costs for diabetes according to demographic characteristics, diabetes
treatment, risk factors for cardiovascular disease, and microvascular and macrovascular
complications [10, 30]. Health utility scores for patients with diabetes were estimated using
an additive prediction model [34]. For the main analysis they used the simulation model to
assess lifetime progression of disease, costs and QALYs. They calculated cost-effectiveness
ratios for the two screening/treatment strategies relative to a baseline of no screening and,
consequently, no treatment for pre-diabetes. They adopted a health system perspective that
considered only direct medical costs and QALYs. They examined repeated screening, with
screening tests performed three times, 3 years apart. For computational purposes, this analy-
sis focused on a single cohort. They evaluated screening followed by applying the DPP
metformin intervention (assuming generic metformin costs) for patients diagnosed with
pre-diabetes. They also evaluated the lifestyle intervention provided in a group setting,
assuming it would produce the same risk reduction but have lower costs. In their main
analysis, the intervention continued and had the same cost and relative reduction in risk as
during the 3-year DPP trial. To assess this critical assumption, they assumed, for all years,
that the relative reduction in risk from the DPP was actually 20% lower than that observed
in the trial; costs were the same as in the main analysis. They then assumed that people
received the DPP intervention for only 3 years, neither receiving benefits nor paying costs
thereafter. Because some subjects diagnosed with pre-diabetes may forego the intervention,
they evaluated cost-effectiveness when only 50% of those diagnosed began the intervention.
They also performed an analysis where the lifestyle intervention did not directly affect the
quality of life for subjects while they had pre-diabetes.

What did they find?

Under strategy 1, 80% of overweight subjects with IFG and IGT were diagnosed and began
treatment. Strategy 2 diagnosed and treated these same subjects but also provided DPP
treatment to 53% of subjects with only IFG or only IGT. As a result, the total number of
subjects receiving treatment tripled.

Relative to no screening, strategy 1 lowered the percentage of subjects with both IFG and
IGT who subsequently developed diabetes from 76.4 to 58.6%. Strategy 2 produced the same
reduction for subjects with both IFG and IGT. Among subjects with only IFG or only IGT,
this strategy lowered cumulative incidence from 57.4 to 45.2%.

In Table 1.1, the cost-effectiveness of strategies 1 and 2 are compared with the alternative
of no screening. The first panel presents numbers per person screened, whereas the second
panel highlights the costs and benefits per screened person with pre-diabetes — the primary
target for the screening/treatment interventions. This alternative presentation does not
change the cost-effectiveness ratios.

Strategy 1 produced higher total costs and more QALYs than the no-screening alterna-
tive. Per-person screening costs accounted for a relatively small fraction of the overall cost
increase. Treatment costs increased because subjects with IFG and IGT received the lifestyle
intervention. This treatment reduced the cost of diabetes complications but not enough to
generate total cost savings. Strategy 1 had a cost-effectiveness ratio of $8181 per QALY.

Strategy 2 produced higher costs and higher QALY than strategy 1 because more subjects
received the lifestyle intervention. The cost-effectiveness ratio for strategy 2 was $9511 per
QALY relative to no screening.
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For both strategies, the cost-effectiveness ratios increased with age. From the societal cost
perspective, the cost-effectiveness ratios were $16 345 and $18 777 per QALY for strategies 1
and 2, respectively. Changing screening parameters produced relatively small changes in
the cost-effectiveness ratios. Repeated screening every 3 years, for example, produced small
increases in these ratios. Changing the CBG cut-off or using an alternative IFG definition
had negligible effects. Changing assumptions about the intervention for subjects diagnosed
with pre-diabetes produced relatively large changes in cost-effectiveness ratios. Using a
metformin intervention produced much higher cost-effectiveness ratios than the lifestyle
intervention. If the lifestyle intervention could be applied in a group setting with lower costs
and the same effectiveness, strategy 1 would be cost saving (i.e. higher effectiveness and
lower costs) and strategy 2 would have a very low cost-effectiveness ratio.

Conversely, if the effects of the lifestyle intervention were 20% less than that seen in the
DPP, the cost-effectiveness ratios would rise by $5000 per QALY. If the DPP lifestyle inter-
vention was implemented for only 3 years and subsequently did not affect progression to
diabetes or incur costs, the cost-effectiveness ratios would also rise. If the lifestyle interven-
tion had no direct effect on the quality of life of subjects with pre-diabetes, the cost-effective-
ness ratios for strategies 1 and 2 would be $12 773 and $16 149 per QALY, respectively. If 50%
of subjects diagnosed with pre-diabetes chose not to participate in the intervention, the
strategies would still have nearly the same cost-effectiveness ratios as in the main analysis.
Including the costs and benefits of treating subjects diagnosed with diabetes during screen-
ing had relatively small effects on cost-effectiveness. Lowering the discount rate reduced
cost-effectiveness ratios, and raising this rate increased the ratio.

Finally for strategy 1, they estimated a cost-effectiveness ratio of $8 per QALY, which is
generally considered to be relatively attractive. They found that strategy 2 had a higher cost-
effectiveness ratio than strategy 1 but even for strategy 2 the ratio is still attractive when
compared with many existing healthcare interventions.

(B) THE ‘OVERALL" ANALYSIS

Taking into account the detection of pre-diabetes and IGT in the general population what
can we conclude on cost-effectiveness [35]?

First of all it is of interest to remember how cost-effectiveness may be assessed. The
group of Gillies built a hybrid model combining a decision tree and a Markov model.

The decision tree comprises three main arms, representing no screening, screening for
undiagnosed type 2 diabetes, and screening for IGT and undiagnosed diabetes, with
either lifestyle or pharmacological interventions applied in those with IGT and type 2
diabetes. The decision tree uses prevalence of IGT and undiagnosed type 2 diabetes 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 tolerance, undiagnosed
impaired glucose tolerance, diagnosed impaired glucose tolerance, death, and three states
for people with diabetes (undiagnosed, diagnosed clinically, or diagnosed through screening).
Each model cycle represents one year and the model is run for a time horizon of 50 years.
Model results include both clinical and cost-effectiveness outcomes, with cost per QALY
being the primary outcome. The base case scenario for the model was a one-off screening for
a population aged 45 years, in whom type 2 diabetes had not previously been diagnosed.
Costs were estimated from various sources: screening costs included the costs of an initial
screening test of fasting plasma glucose and a confirmatory OGTT in those who tested posi-
tive. They estimated the cost of nurse time of 5 minutes for the screening test and 25 minutes
for the OGTT.

People with undiagnosed diabetes incur costs before diagnosis because of increased vis-
its to the general practitioner and prescriptions; with a reported average of three additional
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visits the year before diagnosis and an average of 1.4 additional visits in the two to five
years before diagnosis. For lifestyle interventions they included dietitian costs and costs of
twice-weekly group exercise sessions. 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, they took average annual costs of antidiabetic treat-
ment, implementation of treatment, and costs of complications from the UK Prospective
Diabetes Study (UKPDS). For the people with diabetes detected at screening, in whom they
would expect costs of complications to be lower, they used costs from the intensively treated
arm of the UKPDS. For those with clinically diagnosed diabetes, which represents how
individuals are diagnosed currently, they used the reported costs of the conventionally
treated group. The effects of compliance to both screening and interventions were also
important as they assumed 100% compliance to both in the base case model, which could
never be achieved in practice.

What did they find?

Costs for each QALY gained, compared with no screening, were £14 150 for type 2 diabetes
screening, £6242 for screening for diabetes and IGT with lifestyle interventions, and £7023
for screening for both diabetes and IGT with pharmacological interventions. At a willing-
ness to pay threshold of £20 000 per QALY, the probability of each strategy being cost-
effective was 49% for screening for type 2 diabetes only, 93% for screening for both diabetes
and IGT with lifestyle interventions, and 85% for screening for both diabetes and IGT with
pharmacological intervention. Both intervention strategies showed potential benefits in
terms of average years spent without diabetes and cases of diabetes prevented.

Although clinical effects seem small, it must be remembered that they are average gains
across a population, in which only 17% had either IGT or undiagnosed type 2 diabetes at the
time of screening. The comparisons of the three active screening/intervention strategies
compared with no screening remained fairly constant in terms of costs per QALY and prob-
ability of cost-effectiveness. When they lowered compliance with screening, the impact on
results was minimal. 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
with no screening still remained high, with an estimated probability of 88% for screening
with lifestyle interventions and 84% for screening with pharmacological interventions at the
willingness to pay threshold of £20 000. The intervention strategies became cost-effective
when they 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 conclusions. When they ran the model for a South
Asian cohort, results for QALYs were lower because of a higher prevalence of type 2 diabe-
tes at the start of the model and an increased rate of transition to diabetes.

Table 1.2 shows clinical and cost-effectiveness outcomes for an undiscounted model and
a model discounted for both costs and benefits at 3.5% a year.

Finally, the strategies involving interventions for prevention of diabetes seem to be cost-
effective compared with no screening in an ‘at risk” population.

SUMMARY

Type 2 diabetes is a major challenge for our worldwide healthcare economy system and it is
easy to demonstrate how this disease is one of the best candidates for an early detection
programme: screening for diabetes and for pre-diabetes is technically and ethically feasible.
The presented modelling studies tend to confirm the proposal that it is useful and cost-
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Table 1.3 Risk factors for developing type 2 diabetes (adapted with permission from [18, 33, 36])

The presence of two or more among the below factors may lead to a screening procedure:
Age 45 years or more
Body mass index 30 kg/m? or more
History of type 2 diabetes in first-degree relatives
The presence of one of these factors or more may lead to a screening procedure:
Age 55 years or more
History of abnormal glycaemic value
History of diabetes during pregnancy
History of newborn >4 kg
Polycystic ovarian syndrome
Other risk factors:
Sedentarity
Ethnic origin

effective to perform a programme of screening/treatment for type 2 diabetes and pre-
diabetes. These models have been developed because in such situations, clinical trials are
extremely expensive and cannot produce timely recommendations; in their absence, simula-
tions can help policy-makers make better informed decisions.

However, such sophisticated analyses have several limitations inherent in efforts to esti-
mate the cost-effectiveness of interventions targeting chronic diseases. Most deal with the
use of a simulation model to project the lifetime costs and health outcomes of simulated
subjects. All simulation models must make assumptions about the future using the best pos-
sible medical, epidemiological and economic data. As an example, the authors assumed in
their main analysis that the probability of diabetes progression does not change over time;
that adherence to, cost of, and effectiveness of a DPP-like intervention do not change over
time. One might argue with some of these assumptions. There is no broadly accepted con-
sensus on the cost-effectiveness ratio that represents the cut-off for deeming an intervention
as cost-effective or not cost-effective [36]. Some researchers have proposed a cut-off of $50
000 per QALY, whereas others recommend comparing an intervention’s cost-effectiveness
ratio to the highest ratios for treatments currently covered by Medicare or other insurers.
Against either of these criteria, screening for pre-diabetes followed by the DPP lifestyle
intervention seem to have a favourable cost-effectiveness ratio.

Although there are uncertainties due to the structure of the modelling systems and the
lack of specific trials, several scientific societies have reached a compromise which suggests
systematically screening for diabetes in some narrow at risk populations [19, 37, 38]. It is
generally proposed to perform a plasma venous glucose assessment at the occasion of a visit
to the physician for another reason. This pragmatic attitude is called ‘opportunistic screening’.
If screening is negative, it is recommended to re-test within a time interval of 3 to 5 years.
Table 1.3 lists the main characteristics of the most at risk population to help physicians target
their screening processes.

The American Diabetes Association (ADA) recommends a detection test on every patient
aged over 45 years regardless of other risk factors [19] while the Australian guidelines sug-
gest waiting until 55 years old [37]. We have to keep in mind the following key issues before
concluding on the topic:

1. The older the patients are when detected, the shorter the time they will have in which
to benefit from screening and treatment. Nobody has suggested fixing an upper limit of
age, but such screening does not seem logical if life expectancy is below 15 years [39].
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2.

Another population who might be involved in a screening programme for diabetes are
hypertensive and or dyslipidaemic patients and/or those already with evidence of
cardiovascular disease with the purpose of multi-intervention care management.
Neither model nor trial can reproduce real life, where compliance to guidelines by
doctors is very variable, and where patients screened positive are not always well
informed or systematically properly treated. We must remember that screening without
education and/or without intervention is cost without benefit. Whether now is the time
for large-scale screening remains controversial [40].
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