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Abstract
Aims/hypothesis We examined incidence, prevalence and
mortality from type 2 diabetes mellitus in a Scottish
population over 12 years, and evaluated the effects on
prevalence of increasing incidence and decreasing mortality.
Materials and methods We used a diabetes clinical infor-
mation system in Tayside (population 387,908), Scotland,
to identify new cases of type 2 diabetes between 1993 and
2004 and to calculate incidence rates and mid-year
prevalence. We defined mortality rates as the number of
deaths of diabetic people divided by mid-year prevalence.
We used logistic and Poisson regression to analyse trends.
We then modelled the increase in prevalence for each year
for three scenarios, based on whether mortality or incidence
rates remained unchanged from 1993.
Results There was a doubling in incidence and prevalence
of type 2 diabetes in Tayside over the 12 years, with
statistically significant increasing trends of 6.3 and 6.7%
per year respectively. The mortality rate decreased. If

incidence and mortality had remained at 1993 levels, there
would have been an increase in prevalence of 855 per
100,000 in 2003, accounting for 60.1% of the actual
increase of 1,423 per 100,000. If there had been no
mortality decrease, prevalence in 2003 would have been
very similar to the actual prevalence observed.
Conclusions/interpretation Decreasing mortality rates in
Tayside had less effect on the increase in prevalence than
did increasing incidence. Even if incidence and mortality
remain unchanged, prevalence will increase by over 20% in
the next decade.
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Introduction

The global increase in prevalence of type 2 diabetes
mellitus is widely acknowledged [1] and confirmed by
population-based prevalence studies in the UK [2], the
USA [3] and Europe [4]. However, for this truly to
represent an ‘epidemic’ of diabetes there must also be an
increase in incidence.

Prospective, population-based studies on the changing
incidence of type 2 diabetes over time are few and changes
in diagnostic criteria make them difficult to interpret.
Diagnosed diabetes rates can only ever be a proxy for the
true incidence rate. Nevertheless, evidence is accumulating
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that we are seeing a widespread increase in incidence [5].
For example, an increase of 41% in self-reported diabetes
over 7 years in the USA was noted (although the diagnoses
were retrospective) [6]. In the UK, there was a 26%
increase in number of cases of diabetes diagnosed in 208
general practices between 1994 and 1998 [7].

In contrast, a study among 470,000 people in Fyn,
Denmark, [8] showed no significant increase in the
incidence of type 2 diabetes over a 7-year period (although
an important limitation was that people with diet-treated
diabetes were excluded). However, there was still a 4%
increase in prevalence over the time period. The authors
highlighted the possible effects of a decrease in mortality
on increasing prevalence of type 2 diabetes, which in 2003
led one author [9] to ask whether the increase in prevalence
of diabetes in other populations might also be the result of
people being diagnosed and treated earlier, and living
longer. The authors of the Fyn study have also shown
theoretically the considerable effect of declining mortality
on the prevalence rate in the Fyn population, where a
projected annual increase in patients requiring prescriptions
for diabetes of 5% could be driven simply by declining
mortality with a stable incidence rate [10].

The Diabetes Audit and Research in Tayside, Scotland
(DARTS) diabetes clinical information system [11] was set
up in 1993 in Tayside, a region of Scotland, UK. We used
this system to determine prospectively changes in preva-
lence, incidence and mortality of type 2 diabetes over a 12-
year period; we also examined the relative contributions of
increasing incidence and declining mortality to changes in
prevalence.

Subjects and methods

Tayside, Scotland, had a population of 387,908 people in
2004. The DARTS clinical information system contains
detailed clinical information on every patient in Tayside
diagnosed with type 1 or type 2 diabetes (regardless of
treatment) from January 1993 [11]. Data collection for
diagnosed patients has been standardised since 1995 and
performed according to a national clinical dataset. It
includes collation of several routine datasets and ongoing
retrieval of information directly from medical records in
primary care, hospitals, retinal eye screening and
laboratory services, including validation by a dedicated
team of research nurses. Patients with type 2 diabetes are
defined as people over the age of 35 years who are
diagnosed with diabetes or younger patients for whom
there is no immediate requirement for insulin. The DARTS
system can be linked to national mortality records by
record-linkage and is widely used for epidemiological
research.

Mid-year population estimates for Tayside Health Board
were obtained from the General Register Office for Scot-
land. The numbers of new cases of type 2 diabetes for every
year between 1993 and 2004 were determined and
incidence rates calculated (expressed per 100,000 popula-
tion without a diagnosis of diabetes). The exact mid-year
prevalence rates were calculated for every year by counting
the numbers of patients who were diagnosed before mid-
year and removing those who died before this date
(although we were not able to adjust for patients who
might have moved out of Tayside after diagnosis). These
rates were expressed per 100,000 population. Mortality
rates (expressed per 1,000 people with type 2 diabetes)
were calculated as the number of deaths of patients with
type 2 diabetes divided by mid-year prevalence (available
up to 2003 only). We used a logistic regression model to
determine whether there was a statistically significant
increasing trend in prevalence of type 2 diabetes. We used
Poisson regression models to evaluate trends in incidence
and mortality. The models for incidence and prevalence
were adjusted for age.

We then determined the extent to which the increase in
prevalence between 1993 and 2003 was due to increasing
incidence or decreasing mortality. We modelled the increase
in prevalence that would have occurred each year according
to three sets of assumptions:

Scenario 1 mortality remained at the 1993 level but
incidence rates increased as observed.

Scenario 2 incidence remained at the 1993 level but
mortality rates decreased as observed.

Scenario 3 mortality and incidence remained at the 1993
levels.

We took into account population aging over time by
calculating rates within four age groups (0–44, 45–64, 65–
84 and ≥85 years) and using population estimates for all
age groups for all years between 1993 and 2004. We then
compared the prevalence rates obtained for the three
scenarios with the actual prevalence rate observed in
Tayside in 2003 (Fig. 1). Finally, we determined what the
prevalence of type 2 diabetes would be in 2013, if
incidence and mortality remained at 2003 levels (assuming
no population increase).

Results

The prevalence of type 2 diabetes in Tayside increased from
1,492 per 100,000 in 1993 to 3,130 per 100,000 in 2004.
This represents more than a doubling over 12 years. In a
logistic regression model, the mean annual increase was
6.7% (95% CI 6.5–6.9%, p<0.01). Tayside is a relatively
stable population, therefore any over-estimates as a result of
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patients moving out of Tayside after diagnosis are likely to
be small.

There was also a doubling of the incidence of type 2
diabetes in Tayside over the 12-year period. Using a
Poisson model, the mean annual increase in incidence of
type 2 diabetes, adjusted for age, was 6.3% (95% CI 5.7–
6.9%, p<0.01). The mortality rate among people with type 2
diabetes declined from 69.0 per 1,000 diabetic patients in
1993 to 53.9 per 1,000 in 2003 (with a maximum value of
70.5 in 1995 and a minimum of 47.7 in 2002). Although
this rate showed more variation, there was still a significant
trend in a Poisson model, with a mean annual decrease in
mortality of 3.7% (p<0.01).

The increase in prevalence of type 2 diabetes between
1993 and 2003 was 1,423 per 100,000 (from 1,492 to 2,915
per 100,000). Figure 1 and Table 1 demonstrate that if
incidence and mortality had remained at the 1993 levels
(Scenario 3), the increase in prevalence would have been
855 per 100,000 (to 2,347 per 100,000). This accounts for
60.1% of the actual increase observed. If incidence had

remained the same, but mortality had decreased (Scenario 2),
there would have been an additional increase of only 155
per 100,000 compared with Scenario 3, i.e. 10.9% of the
actual increase. If mortality had remained the same, but
incidence had increased (Scenario 1), there would have
been a further increase of 355 per 100,000 compared with
Scenario 2, i.e. 24.9% of the actual increase. The remaining
increase in prevalence is the effect of increasing incidence
and decreasing mortality occurring simultaneously.

The similarity in Fig. 1 between observed prevalence
and prevalence in Scenario 1 (no mortality decrease) also
highlights the small impact that mortality decrease had on
prevalence in Tayside.

We calculated that if incidence and mortality remain at
2003 levels, by 2013 the prevalence of type 2 diabetes in
Tayside will be 3,550 per 100,000 population (a 22%
increase).

Discussion

This population-based study, using a validated clinical
information system, clearly shows that there has been a
doubling of prevalence and incidence of type 2 diabetes in a
region of Scotland over 12 years, trends that are likely to be
reflected in the UK. We are confident that we have
identified real increases. While spurious effects might be
the result of introducing the diabetes register in Tayside in
1993, it is unlikely that these effects would persist over a
lengthy period. In 1999, the WHO lowered its criteria for
diagnosis of diabetes by fasting plasma glucose values from
≥7.8 to 7.0 mmol/l, and this may have affected absolute
incidence rates. However, the rate of increase in incidence
is similar before and after 1999 (data not shown). All
diagnoses are validated, and the register has higher
sensitivity than general practice lists [11], perhaps explain-

Table 1 Observed and projected prevalences, incidence rates and mortality rates

Observed mid-year
prevalence per
100,000

Observed
incidence per
100,000

Observed mortality rate
per 1,000 diabetic people

Scenario 1:
prevalence per
100,000

Scenario 2:
prevalence per
100,000

Scenario 3:
prevalence per
100,000

1993 1,491.6 187.5 69.0 1,491.7 1,491.7 1,491.7
1994 1,582.1 191.1 66.7 1,574.2 1,574.2 1,574.2
1995 1,684.3 210.0 70.5 1,657.5 1,659.1 1,654.4
1996 1,780.4 194.3 63.2 1,771.4 1,748.7 1,746.1
1997 1,895 219.2 51.5 1,865.0 1,846.4 1,834.2
1998 2,031.6 234.9 56.8 1,990.7 1,965.7 1,928.3
1999 2,146.3 258.4 54.7 2,100.3 2,045.8 1,993.6
2000 2,322.3 292.6 49.2 2,259.4 2,157.2 2,087.0
2001 2,534.8 322.3 48.1 2,456.1 2,273.5 2,176.3
2002 2,729.9 328.0 47.7 2,659.4 2,389.6 2,263.4
2003 2,915.3 344.5 53.9 2,856.7 2,502.4 2,347.1
2004 3,129.9 375.2 – – – –

Fig. 1 Observed and modelled prevalence rates (per 100,000) of type 2
diabetes in Tayside. Scenario 1 (pink symbols): mortality at 1993 levels,
incidence increasing as observed; Scenario 2 (yellow symbols):
incidence at 1993 levels, mortality decreasing as observed; Scenario 3
(light blue symbols): mortality and incidence at 1993 levels. Dark blue
symbols, observed prevalence rates
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ing why we identified an even higher increase in prevalence
than a previous UK-based study over a similar time period
[2].

Our simple models emphasise two very important points.
We have shown that more than half of the increase in
prevalence between 1993 and 2003 would have occurred
anyway, even if incidence and mortality had remained
unchanged from 1993 levels. This is because the number of
patients being diagnosed with type 2 diabetes every year is
greater than the number of type 2 diabetic patients who die.
Even if incidence does not increase from 2003 levels (an
extremely unlikely scenario), we can still expect more than
a 20% increase in prevalence by 2013 (assuming stable
mortality rates). Note also that this figure does not take into
account the increasing proportions of old people in the
population by 2013 and is therefore almost certainly an
underestimate.

We have also shown that in Tayside, Scotland, increas-
ing incidence rates had three times the effect on the
prevalence of type 2 diabetes between 1993 and 2003 than
did decreasing mortality rates.
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