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Abstract

Aims/hypothesis The aim of this study was to assess the
impact of invitation to screening for type 2 diabetes and
related cardiovascular risk factors on population mortality.
Methods This was a parallel-group population-based cohort
study including all men and women aged 40-65 years, free
of known diabetes, registered with a single practice in Ely,
UK (n=4,936). In 1990-1992, approximately one-third (n=
1,705) were randomly selected to receive an invitation to
screening for diabetes (with an OGTT) and related
cardiovascular risk factors. In the remaining two-thirds of
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the population, 1,705 individuals were randomly selected
for invitation to screening in 2000-2003 and 1,526 were
not invited at any point during the follow-up period. All
individuals were flagged for mortality until January 2008.

Results There were 345 deaths between 1990 and 1999
(median 10 years follow-up). Compared with those not
invited, individuals who were invited to the 1990-1992
screening round had a non-significant 21% lower all-cause
mortality (HR 0.79 [95% CI 0.63-1.00], p=0.05) after
adjustment for age, sex and deprivation. There were 291
deaths between 2000 and 2008 (median 8 years follow-up),
with no significant difference in mortality between invited
and non-invited participants in 2000-2003. Compared with
the non-invited group, participants who attended for
screening at any time point had a significantly lower
mortality and those who did not attend had a significantly
higher mortality.

Conclusions/interpretation Invitation to screening was
associated with a non-significant reduction in mortality in
the Ely cohort between 1990 and 1999, but this was not
replicated in the period 2000-2008. This study contributes
to the evidence concerning the potential benefits of
population screening for diabetes and related cardiovascular
risk factors.
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Introduction

Type 2 diabetes meets many of the criteria for suitability for
screening. It is increasingly common and creates a
substantial burden of suffering and health service use [1].
The high proportion of undiagnosed cases [2], the long
latent period of the disease [3], and the high proportion of
individuals with complications at diagnosis [4] are strong
arguments for diabetes screening. As such, population
screening has been recommended by some national
organisations and the NHS plans to include tests for
diabetes in its health checks programme for all individuals
over 40 years of age in the UK [5]. However, significant
uncertainties remain [6].

Some of the uncertainties regarding population screening
for diabetes have recently been reduced. There is now
evidence from controlled trials that screening is not
associated with adverse psychological consequences at the
population level [7]. Furthermore, screen-detected patients
have high levels of modifiable risk factors and therefore
have the potential to benefit from early intervention [8].
There is some evidence of benefit associated with general
health or cardiovascular disease (CVD) risk screening in
population-based samples. Participants randomised to general
practitioner (GP)- or nurse-led interventions focussing on
lifestyle factors have demonstrated modest reductions in CVD
risk scores and risk factors over 1 [9, 10] and 5 years,
respectively [11]. To date, however, there is little evidence of
the impact on mortality of a population-based screening
programme for diabetes. Effects on population mortality
provide a strong basis for evaluation of early detection by
screening and subsequent treatment. Modelling studies have
suggested that significant reductions in diabetes-related
mortality of 26-40% could be achieved by a 4-yearly [12]
or 5-yearly diabetes screening regimen [13]. However, there
is no evidence from prospective studies to support these
findings.

We assessed mortality over 18 years in a population-based
cohort of 4,936 individuals who were divided into three
groups. In 1990-1992, one-third of the cohort was randomly
selected for invitation to 5-yearly screening for type 2
diabetes by OGTT and related CVD risk factors. In 2000—
2003, a further third of the cohort was randomly selected for
invitation to diabetes screening. The remaining third were
not invited for screening during any stage of the follow-up
period. In two separate analyses we compare the mortality of
(1) individuals who were invited to the 1990—1992 screening
round and those who were not, over 10 years of follow-up
(1990-1999); and (2) individuals who were invited to the
2000-2003 screening round and those who were not, over
8 years of follow-up (2000-2008). We also examined the
mortality of attenders vs non-attenders among those who
were invited in each screening round.

Methods

The Ely study (Cambridgeshire, UK) was established in
1990 as a prospective study of the aetiology of type 2
diabetes. Full details of the population are reported
elsewhere [14]. In brief, approximately one-third (n=
1,705) of all men and women aged 40-65 years old was
randomly selected from a sampling frame of adults free of
known diabetes registered with a single practice serving Ely
(n=4,936). Housebound individuals were excluded prior to
invitation. Selected individuals were invited between 1990
and 1992 for screening for type 2 diabetes with a 75 g
OGTT and related CVD risk factors. Further follow-up of
this group occurred at a median of 4.5 years (1994—1996)
and 10 years (2000-2003), including invitation to non-
attenders at baseline (Fig. 1). At each screening round, GPs
were informed by letter of participants’ fasting plasma
cholesterol and triacylglycerol values, blood pressure and
the results of the OGTT. Among the remaining two-thirds
of the sampling frame who were still alive in 2000-2003,
1,577 individuals were randomly selected for invitation to
diabetes screening. The remaining 1,425 people were not
invited for diabetes screening at any stage in the follow-up
period. No standard intervention package was specified for
people found to have type 2 diabetes or elevated CVD risk
factors following screening. GPs were informed of the
results and advised to take whatever action they thought
necessary.

In order to assess the impact of invitation to screening on
population mortality, all individuals in the original sampling
frame, including those who were not invited for screening,
were flagged for death certification at the Office of National
Statistics (ONS). Vital status has been obtained for the entire
cohort and we report results for follow-up to 31 January
2008. Deaths were coded into three groups (cardiovascular,
cancer and other) based on the primary cause of death using
the International Classification of Diseases, 10" edition
(ICD-10; www.who.int/classifications/icd/en/). Two
researchers independently coded the deaths with 94%
agreement. Consensus was reached after discussion with a
third researcher. Cardiovascular death was defined as an
ICD-10 code in the range 100-199 and cancers deaths as
C00-D48. It was also noted whether diabetes was included
as the underlying cause of death on each certificate.

Data were available on age at baseline, sex and postal
address code. Missing postcodes from the original 1990
address data were updated by a Royal Mail recommended
company (www.dataprocessing.co.uk, accessed 22 June
2010). Postcodes were available for 90% of participants
and were linked to enumeration districts to calculate the
Townsend Index—a composite measure of material depriva-
tion based on four factors derived from the 1991 UK census
(unemployment, overcrowding, car ownership and home
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Fig. 1 The Ely study population
 Note that values do not add up
to 3,231 as 229 participants in
these groups died before the
2000-2003 screening round

Sampling frame
Single practice in Ely (n=15,920)
All men and women aged 40—65 years without known
diabetes (n=4,936)

l l

Screening in
1990-1992

One-third sample randomly drawn
(n=1,705) and invited to diabetes screening;
1,157 (68%) attended

Two-thirds sample randomly drawn
(n=3,231) not invited to diabetes
screening

A 4

Invited for re-screening

A 4

Screening in
2000-2003

Invited for re-screening

y
n=1,425 randomly
drawn and not invited
to diabetes screening?®

4
n=1,577 randomly invited
to diabetes screening;
714 (45%) attended?

31 January 2008

Whole population reviewed for mortality at the Office of National Statistics

ownership). The index is a standardised z-score, which
represents local deprivation relative to mean deprivation in
England and Wales; a score above 0 implies that deprivation
is greater than the mean for England and Wales, while a
score below 0 indicates less deprivation [15].

Statistical analysis Baseline characteristics were summar-
ised separately in invited and non-invited groups using
means and percentages. We compared groups using the
unpaired ¢ test for continuous variables and x> test for
categorical data. Cox proportional HRs were calculated for
the association between baseline characteristics and mor-
tality. Kaplan—Meier survival curves were generated for the
first 1990-1999 follow-up period: (1) individuals who were
invited but did not attend the 1990—1992 screening round,
(2) individuals who were invited and attended the 1990—
1992 screening round; and (3) individuals who were not
invited in the 1990-1992 screening round. After exclusion
of deceased individuals, we replicated these analyses by
comparing individuals invited and not invited for screening
in 2000-2003 in the 2000-2008 follow-up period. Sensi-
tivity analyses were undertaken by imputing the lowest and
then the highest recorded values of the Townsend Index in
those participants with missing data for this variable. We
also excluded those participants whose death certificates
reported diabetes to examine if this changed the statistical
significance or direction of any of the associations.

All analyses were completed using Stata Version 10.1
(STATA Corp., College Station, TX, USA). The Ely study
was approved by the Cambridge Local Research Ethics
Committee (99/246). Participants gave informed consent
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prior to screening; approval under Section 60 of the UK
Health and Social Care Act 2001 was obtained before
receiving mortality information from the ONS.

Results

Baseline characteristics for the study population are shown
in Table 1. Individuals who were invited for the 1990-1992
round of screening were significantly older, lived in more
deprived areas and were more likely to be female than those
in the non-invited group. Of those invited, 1,157 (68%)
attended for the initial screening test. There was no
significant difference in age between those who did and

Table 1 Baseline characteristics of the entire Ely cohort by invited
and non-invited screening groups in 1990 (n=4,936)

Baseline characteristic ~ Not invited Invited for p value for

for screening  screening at  difference
Phase |

Total, % (n) 65.5(3,231) 345 (1,705) -

Sex

Male, % (n) 50.7 (1,639)  45.1 (769) <0.001

Age at entry (years)

Female 51.2 (7.3) 52.8 (7.8) <0.001

Male 50.9 (7.3) 52.8 (7.9) <0.001

Townsend Index -1.5(1.7) -1.3 (2.0) <0.001

of deprivation

Values are mean (SD) unless otherwise stated
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did not attend. Fewer men took up the initial offer of
screening than women (45% and 55%, respectively; p<
0.001) and those who attended lived in less deprived areas
than those who did not attend (p=0.005). Attendance was
lower in the group invited for screening only in 2000-2003
(714/1,577, 45%) and did not differ by sex (p=0.74).
Individuals who attended were younger than those who did
not attend (p<0.001), and they lived in less deprived areas
(p=0.02).

Diabetes diagnosis and overall mortality In the population
invited to screening in 1990-1992, 51 participants were
diagnosed with diabetes in the first round of screening, 26
in the second round and a further 31 in the final round.
There were a total of 345 deaths in the whole cohort
between 1991 and 1999, a median of 10 years (47,854
person-years of risk). There were 116 deaths among the
1,705 individuals in the group invited for screening; 52
(45%) of the deaths were recorded as cancer-related, 41
(35%) were due to cardiovascular causes and 23 (20%)
were coded as ‘other’. Among the 3,231 individuals who
were not invited to screening, there were 229 deaths; 107
(47%) were cancer deaths, 74 (32%) were CVD-deaths and
48 (21%) were coded as ‘other’ causes. For 22 individuals
(6%) among the total deceased, diabetes was included as
the underlying cause on the death certificate. In the
population of people invited for screening in the 2000-—
2003 round and those who were not invited at any stage,
there was a total of 291 deaths between 2000 and 2008, a
median of 8.1 years (23,144 person-years of risk). There
were 165 deaths among the 1,577 individuals in the group
invited for screening; 44 (27%) of the deaths were recorded
as cancer-related, 68 (41%) were due to cardiovascular
causes and 53 (32%) were coded as ‘other’. Among the
1,425 individuals who were not invited to screening, there
were 126 deaths; 47 (37%) were cancer deaths, 43 (34%)
were CVD deaths and 36 (29%) were coded as ‘other’
causes. There were 22 individuals (8%) among the total
deceased for which diabetes was included as the underlying
cause on the death certificate.

Screening and mortality in 19901990 Table 2 shows the
association between baseline characteristics and mortality

for the period 1990 to 1999. Mortality was independently
associated with increasing age, male sex, and greater
deprivation. Compared with those who were not invited,
individuals who were invited to the 1990-1992 screening
round had a non-significant 21% lower overall mortality
(HR 0.79 [95% CI1 0.63, 1.00], p=0.05) after adjustment for
age, sex and deprivation. Compared with participants who
were not invited for screening in 1990-1992, mortality was
significantly lower in those taking up the offer of screening
(HR 0.54 [95% CI 0.40-0.74]), and higher in those who
were invited but did not attend (HR 1.36 [95% CI 1.01-
1.82]) (Fig. 2). Over the same period, the average age at
death was significantly higher for men invited for screening
in 1990-1992 than for those not invited (64.1 and
61.0 years, respectively, p=0.01). The difference among
women was smaller and did not achieve statistical signif-
icance (63.5 and 61.7 years, respectively, p=0.17).

Screening and mortality in 2000—-2008 For the period 2000
to 2008, there was no significant difference in mortality
between invited and non-invited groups in the 2000-2003
screening round (HR 1.18 [95% CI 0.93—-1.51]) (Table 3).
Again, mortality was significantly lower in those taking up
the offer of screening in 2000-2003 (HR 0.52 [95% CI
0.35, 0.78]) and higher in those who were invited but did
not attend (HR 1.73 [95% CI 1.34-2.24]) compared with
participants who were not invited (Fig. 3).

Sensitivity analyses for missing data on deprivation did
not influence the direction of the association between
invitation and mortality. However, the strength and statis-
tical significance of the association between invitation for
screening and mortality increased after imputing the lowest
recorded values of the Townsend Index for deprivation (p=
0.04) in the 1990-1992 screening round. Exclusion from
the analysis of participants whose death certificates reported
diabetes did not alter the statistical significance or direction
of any of the associations.

Discussion

Invitation to type 2 diabetes and related CVD risk factor
screening in 1990-1992 was associated with a non-

Table 2 Cox proportional HRs

and 95% CI for the association Baseline characteristic

Crude HR (95% CI) Adjusted® HR (95% CI)

between baseline characteristics
and mortality; Ely cohort, UK,
1990-1999 (n=4,936)

Age (years)

Male sex

Townsend Index of deprivation
* Adjusted for age, sex and
deprivation Invited/attenders®
® Compared with those not
invited in 1990-1992

Invited/non-attenders®

Invitation to screening in 1990-1992°

1.10 (1.08-1.12) -
1.58 (1.27-1.96) -
1.08 (1.02-1.14)
0.96 (0.77-1.20)
0.64 (0.47-0.86)
1.68 (1.27-2.22)

0.79 (0.63-1.00)
0.54 (0.40-0.74)
1.36 (1.01-1.82)
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Fig. 2 Kaplan—Meier survival curves for the Ely cohort, UK, 1990—
1999, by three groups: individuals who were invited but did not attend
screening in 1990-1992 (solid line), individuals who were invited and
attended screening in 1990-1992 (long-dashed line); and individuals
who were not invited for screening in 1990-1992 (short-dashed line).
There were 345 deaths over a median of 10 years

significant 21% reduction in all-cause mortality in the
middle-aged population of Ely between 1990 and 1999. In
the second stage of follow-up (2000-2008), there was no
significant difference in the mortality risk between partic-
ipants who were invited for screening in 2000-2003 and
those who were not invited. Compared with the non-invited
group, participants who attended for screening at any time
point had a significantly lower mortality and those who did
not attend had a significantly higher mortality.

The point estimate for the reduction in all-cause mortality
between 1990 and 1999 attributable to the invitation for
screening is slightly smaller than the benefits suggested by
modelling studies [12, 13]. This is unsurprising as the
variables used in these simulation models are different from
those in the Ely study, e.g. screening test, frequency of
testing, length of follow-up, outcome (diabetes-related
mortality) and choice of population subgroups in which
screening should be undertaken. Conversely, the estimated
reduction in all-cause mortality in the invited group is
higher than might be expected from the findings of other
studies that have examined general health or cardiovascular
risk screening in population-based samples [9—11]. In these
studies, participants were randomised to GP- or nurse-led

interventions focussing on lifestyle factors and demonstrat-
ed modest reductions in CVD risk scores and risk factors
over 1 [9, 10] and 5 years, respectively [11]. The reduction
in mortality in Ely was seen even without specification of a
standard intervention package for people with newly
diagnosed type 2 diabetes or elevated CVD risk factors.
The studies are also different as participants in the Ely
study have been followed up for a much longer period of
time (10 and 8 years) and we have data on hard clinical
endpoints rather than modelled risk of events. The 21%
reduction in mortality in the invited group is higher than
that seen for most public health interventions and is
comparable to the reduction in mortality achieved by
population screening programmes for breast cancer [16]
and abdominal aortic aneurysm [17]. As mortality was even
lower in participants who attended their screening appoint-
ment, this suggests that invitation to screening for type 2
diabetes and associated CVD risk factors between 1990 and
1999 may have had a substantial public health effect,
although we cannot rule out the possibility that this was a
chance finding.

We have no information about underlying mechanism in
this pragmatic study. It is unlikely that the difference
between invited groups was due to the early identification
of diabetes in Ely participants alone. Very few of the deaths
were ascribed to diabetes as an underlying cause and only a
relatively small proportion of the population was diagnosed
with diabetes. The screening process may therefore have
impacted in other ways on mortality in the invited group.
As screened individuals had information on CVD risk
factors reported to their general practitioner, this may have
resulted in greater attention being paid by patients and
practitioners to risk factor management including prescrip-
tion of drug treatment for primary prevention and lifestyle
change. Such health promotion activities and lifestyle
changes could impact on multiple health outcomes and
the benefits would not be restricted simply to those
individuals found to have type 2 diabetes. Alternatively,
the difference between groups at baseline may have
introduced selection bias. Despite the random selection of
participants into invitation groups, participants who were
offered screening were older at baseline, lived in more
deprived areas and included a smaller proportion of men.

Table 3 Cox proportional HRs

and 95% CI for the association Baseline characteristic

Crude HR (95% CI) Adjusted® HR (95% CI)

between baseline characteristics
and mortality; Ely cohort, UK,
2000-2008 (n=3,002)

Age (years)

Male sex

Townsend Index of deprivation
* Adjusted for age, sex and
deprivation Invited/attenders®
® Compared with those not in-
vited in 2000-2003

Invited/non-attenders®

Invitation to screening in 2000-2003"

1.12 (1.10-1.14) -
1.58 (1.25-2.00) -
1.09 (1.02-1.16)
1.20 (0.95-1.51)
0.46 (0.31-0.69)
1.85 (1.45-2.36)

1.18 (0.93-1.51)
0.52 (0.35-0.78)
1.73 (1.34-2.24)
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0.05+

0.00 :

Years of follow-up

Number at risk

Not invited 1,425 1,403 1,365 1,338 1,299
Invited attenders 714 712 702 694 684

Invited non- 863 828 790 767 728

attenders

Fig. 3 Kaplan-Meier survival curves for the Ely cohort, UK, 2000—
2008, by three groups: individuals who were invited but did not attend
screening in 20002003 (solid line), individuals who were invited and
attended screening in 20002003 (long dash); and individuals who
were not invited for screening in 2000-2003 (short dash). There were
291 deaths over a median of 8 years

The older age and greater level of deprivation might be
associated with a higher mortality, while the higher propor-
tion of women could be associated with a lower mortality in
this group. As a result, there is no consistent direction for
possible selection bias. Furthermore, although the differences
were statistically significant, they were not large and the
results are presented following adjustment for these baseline
differences. Such adjustment does not rule out residual
confounding nor does it account for factors on which we
have no measurement. For example, it was not possible to
adjust for BMI, smoking, serum lipids, blood pressure, or the
treatment of CVD risk factors, since information was not
available on the entire cohort of people, only those who
attended for screening. In contrast to many studies of
screening, it is unlikely that there was any significant effect
from lead or length time bias as mortality was assessed for the
whole population from baseline.

The finding for the association of invitation to screening
and mortality for those people invited to screening in 2000—
2003 differs from that seen in the people invited in 1990—
1992. Fewer people attended for screening in 2000-2003;
this may have contributed to the lack of association with
mortality in the second phase of the study. It is likely that
opportunistic case finding (CVD risk assessment and diabetes
testing) was more widely practiced during 2000-2008 than in
the earlier phase of the study (1990-1999). Furthermore,
statin use for primary prevention may have become more
widespread, perhaps attenuating differences between the
invited and non-invited groups. A survivor cohort effect
may also have played a role. Preventable deaths may have
occurred between 1990 and 1999 in the unscreened group, so
the second phase of screening may have missed those
individuals for whom invitation to screening may have

resulted in reduced risk. One of the challenges of assessing
mortality in the long term is that health and social contexts
change, which limits interpretation of findings. Finally, the
moderate sample size means that we may have been
underpowered to detect possible differences in mortality
between screened and unscreened groups.

The proportion of deaths due to cancer, CVD and other
causes was similar in the invited and non-invited groups in
the period 1991-1999. Between 2000 and 2008, the
proportion of deaths due to CVD appears to be higher in
the invited compared with the non-invited group. This
difference could be due to chance, and/or changes in health
behaviours and prescribing patterns that are associated with
mortality from other causes such as cancer.

Participants who attended for screening had a signifi-
cantly lower mortality than those who did not attend in both
phases of screening. This is likely to be due, at least in part,
to the ‘healthy volunteer effect’, which has been observed
in a number of epidemiological studies [18-20]. Analysis
of attendance in a long-term prospective cohort, the British
Regional Heart study, showed that non-attenders were older
than attenders, had higher blood pressure, were more likely
to smoke, were more likely to work in manual occupations,
and had significantly increased mortality rates [21].
Similarly, non-attenders in the Family Heart study exhibited
an adverse risk profile [22]. In the Ely cohort, individuals
who attended for screening were from less deprived areas
than those who did not attend. Our study also supports
previous literature showing that men are less likely to
attend for diabetes screening than women [23], which has
implications for the organisation and delivery of CVD and
type 2 diabetes screening programmes. Our findings
suggest that special efforts may need to be made to target
deprived men, or screening programmes could contribute to
a worsening in the social gradient of health.

As with all screening programmes, benefit is influenced by
uptake. In this study, the highest mortality rates were found in
non-attenders. Careful attention to identification of these
individuals and to strategies to maximise uptake may
contribute to a greater reduction in mortality. In order to
reduce the level of non-attendance, more pragmatic means of
identifying individuals at high risk of type 2 diabetes rather
than the OGTT are needed. Indeed, mass screening for
diabetes using the OGTT alone is impractical because of the
associated logistical challenges and the poor reproducibility
of the test [6]. HbA;. might be considered as a suitable
screening tool in this context as it is a relatively inexpensive
measure, has good reproducibility, it does not require
fasting, and hence can be taken at any time of the day.

Finally these data also demonstrate that observational
studies are rarely truly ‘observational’ and that participation
in research with the associated measurement and feedback
of results may have important potential effects.

@ Springer



318

Diabetologia (2011) 54:312-319

Strengths and limitations The Ely cohort is a large,
population-based cohort study with robust outcome mea-
sures and long-term follow-up. The use of death certificate
information to identify cause of mortality may be affected
by inaccuracies in classification. However, errors in
classification would not be systematically different between
the two groups and would not affect all-cause mortality.
Furthermore, it is unlikely that death registration would be
incomplete in this cohort as indicated by the very low loss
to tracking by the ONS (0.25%). All-cause mortality is a
robust measure of the magnitude of impact that a screening
programme might have in a particular population. It is an
all-inclusive measure that addresses both direct and indirect
(for example false reassurance) effects of a screening
programme. It puts disease-specific mortality reduction in
the context of other competing risks and gives the screened
individual an estimation of the overall benefit to be
reasonably expected [24]. The study population was almost
entirely white, which limits the generalisability of our
findings. We are unable to assess if participants in the group
who were not invited for screening at baseline were sub-
sequently screened for type 2 diabetes on an opportunistic
basis (following recommendations from organisations such
as Diabetes UK [25]). This may have led to an attenuation of
the observed association.

Conclusion These data suggest that invitation to screening
for type 2 diabetes and related CVD risk factors may have
been associated with a reduction in mortality in the Ely
cohort between 1990 and 1999, albeit not quite reaching
statistical significance. Between 2000 and 2008 there was
no significant reduction in mortality between invited and
non-invited groups. Taken together, these results suggest
that, while there may be some overall benefit associated
with screening, this may have been greater when fewer
primary prevention activities were being undertaken in
primary care and also when screening people aged 40 to 65
rather than 50 to 75 years. These results should be
interpreted with some caution because of the differences
at baseline between groups, the lack of information on
potential residual confounders, the lack of information
about mechanism, and the apparent contrasting effects of
the offer of screening in the two time periods. Nevertheless,
a strategy of population screening for diabetes and CVD
risk factors, as recently proposed for the NHS [5] could
potentially have an important impact.

While results from this analysis are promising, it remains
unclear whether early detection and treatment of diabetes
and related CVD risk factors is beneficial and produces
sufficient improvement in long-term health outcomes to
justify the economic costs. In view of the extensive
organisational, technical and financial input that a national
type 2 diabetes screening programme would demand,
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evidence of the cost-effectiveness of screening from
prospective randomised controlled trials [26] prior to
implementation would be desirable.
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