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Abstract

Aims/hypothesis The aim of this study was to determine the
contemporary rate ratio of mortality and changes over time in
individuals with vs without diabetes.

Methods Annual age- and sex-adjusted mortality rates were
compared for adults (>20 years) with and without diabetes in
Ontario, Canada, and the UK from January 1996 to December
2009 using The Health Improvement Network (THIN) and
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Ontario databases. The total number of individuals evaluated
increased from 8,757,772 in 1996 to 12,696,305 in 2009.
Results The excess risk of mortality for individuals with dia-
betes in both cohorts was significantly lower during later vs
earlier years of the follow-up period (1996-2009). In Ontario
the diabetes mortality rate ratio decreased from 1.90 (95% CI
1.86, 1.94) in 1996 to 1.51 (1.48, 1.54) in 2009, and in THIN
from 2.14 (1.97, 2.32) to 1.65 (1.57, 1.72), respectively. In
Ontario and THIN, the mortality rate ratios among diabetic
patients in 2009 were 1.67 (1.61, 1.72) and 1.81 (1.68, 1.94)
for those aged 65-74 years and 1.11 (1.10, 1.13) and 1.19
(1.14, 1.24) for those aged over 74 years, respectively. Corre-
sponding rate ratios in Ontario and THIN were 2.45 (2.36,
2.54) and 2.64 (2.39, 2.89) for individuals aged 4564 years,
and 4.89 (4.35, 5.45) and 5.18 (3.73, 6.69) for those aged
2044 years.

Conclusions/interpretation The excess risk of mortality in
individuals with vs without diabetes has decreased over time
in both Canada and the UK. This may be in part due to earlier
detection and higher prevalence of early diabetes, as well as to
improvements in diabetes care.
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Introduction
The global burden of diabetes has risen dramatically over the

last two decades and diabetes is expected to affect more than
500 million adults worldwide by 2030 [1]. Diabetes is a
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leading cause of blindness, the most common cause of end-
stage renal disease in the developed world [2], and a major
cause of cardiovascular complications such as heart attack and
stroke [3-5]. As a result, mortality rates are significantly
higher in individuals with diabetes than in those without
diabetes [6—13], with the majority of deaths being due to
cardiovascular disease [3—6].

A comprehensive review of prospective studies of diabetes-
related mortality estimated that diabetes is associated with an
approximate 80% increase in mortality [6]. It is important to
note that several studies included in the review were carried
out before the year 2000. Several other studies that examined
this question before the year 2000 had suggested that
while diabetes mortality rates were declining, excess mortality
had not changed and remained approximately double that seen
in the general population [9, 11-13]. However, three studies of
individuals with diabetes carried out during the initial years of
the 21st century in the UK, USA and Denmark, respectively,
found a lower excess risk of mortality during later vs earlier
time periods [14-16].

The aim of the current study was to estimate the con-
temporary mortality rate ratio in individuals with vs without
diabetes and whether it has changed over time. We
analysed data from two large population-based cohorts
from Ontario, Canada, and the UK, from 1 January 1996 until
31 December 20009.

Methods

We used population-based healthcare databases from the
province of Ontario, Canada, and The Health Improvement
Network (THIN) database from the UK over the years 1996~
2009 to calculate mortality rates in persons with and without
diabetes. Both data sources have been previously described in
detail [10, 17]. In Ontario, we obtained data from administra-
tive healthcare databases, which included anonymous records
for virtually all residents covered by the government-funded
provincial health plan, comprising approximately ten million
adults, as well as vital statistical information from linked
death-certificate data. The annual count of individuals with
diabetes was recorded from the Ontario Diabetes Database
(ODD), a validated registry of Ontario residents with diag-
nosed diabetes based on hospitalisation and physicians’
claims data. Based on a validated algorithm that has been
shown to have 86% sensitivity and 97% specificity, persons
were defined as having diabetes in a given year and being
aged at least 20 years if they had one hospitalisation or two
physician’s claims bearing a diagnosis of diabetes within a
2-year period [18]. In addition, we identified all individuals
without a diagnosis of diabetes. In both populations mortality
rates were based on the annual number of deaths obtained
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from death-certificate data enriched with in-hospital deaths
from hospital discharge abstracts.

UK data were obtained from the THIN database, a
computerised medical research database that contains system-
atically recorded data on more than three million patients seen
at primary-care practices in the UK. This database is repre-
sentative of this population with respect to age, sex and
geographical distribution [19]. Participating primary-care
practitioners record data as part of their routine care of
patients, including demographic characteristics, consultation
rates, referrals, hospital admissions, laboratory results, diag-
noses and prescriptions, and send these to the network for
research purposes. The Read classification is used to code
specific diagnoses [17], and a drug dictionary based on data
from the MULTILEX classification is used to code prescrip-
tions [20]. We identified annually all individuals with a
diagnosis of diabetes mellitus recorded by the primary-care
practitioner with an automatic search using Read Codes as
described elsewhere in more detail [21], and all other
remaining patients without a diabetes diagnosis were also
identified. In both cohorts we identified the number of patients
with a recorded death in a given year. Ethics approval was
obtained from the institutional review board at Sunnybrook
Health Sciences Centre, Toronto, Ontario, Canada, for
the ODD and the Multicentre Research Ethics Committee
(06/MREO01/29) for the THIN database.

We investigated the excess risk of mortality in adult indi-
viduals (aged 20 years or older) with diabetes compared with
those free of diabetes each year in both cohorts over the study
period (1 January 1996 to 31 December 2009). Annual age-
and sex-adjusted mortality rates and rate ratios were estimated
on a group level comparing all diabetic patients with all
individuals without diabetes each year during the follow-up
period. Estimated mortality rates and rate ratios for each year
were also calculated by sex and age groups (ages: 2044,
45-64, 65-74 and 75+ years) in both countries and popula-
tions. To make comparisons between countries and over time
possible, all estimations of excess risk of mortality, on a group
level, by age and sex, and in both countries were standardised
to the age and sex distributions of the 2006 Canadian Census
population.

Statistics Crude mortality rates were calculated annually
during follow-up in both the Ontario and THIN databases
for individuals with and without diabetes. Annual age- and
sex-adjusted mortality rates for each population were adjusted
for differences in population distributions over time, with
direct standardisation using the age and sex distribution of
the 2006 Canadian Census population in both databases.
Mortality rate ratios within each age group in both cohorts
were adjusted to the age and sex distributions for the corre-
sponding age group of the 2006 Canadian Census population.
In the Ontario cohort, the number of deaths per 1,000 persons
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was calculated, whereas number of deaths per 1,000 person-
years was estimated for THIN. Annual mortality rate ratios
and Cls associated with diabetes were calculated for each
database by dividing the corresponding death rates in the
diabetic populations by the death rates in the non-
diabetic populations. The SE for the directly adjusted
standardised rates was obtained by assuming a Poisson
distribution for the individual observed rates for each
age—sex subgroup and using weights for each subgroup
according to Canada Census 2006. For each age—sex
subgroup, individual terms were calculated for the prod-
uct of the number of deaths and the square of the weight
multiplied by 1,000 and divided by the person-years
(Canada) or patient-years (UK), and the SE of the directly
adjusted rate obtained as the square root of the sum of these
terms. All calculations were performed with SAS 9.2 (SAS
Institute, Cary, NC, USA).

Results

The number of individuals with and without diabetes together
with the prevalence of diabetes each year during 19962009
are shown for the Ontario and THIN cohorts in Table 1. In
Ontario, the number of individuals with diabetes increased
from 439,123 to 1,140,248, and the number of individuals
without diabetes increased from 7,668,753 to 8,847,360 dur-
ing the corresponding time period. The prevalence of diabetes
increased consistently with time, from 5.4% in 1996 to 11.4%
in 2009. In THIN, there were 17,969 persons with diabetes
and 548,906 without diabetes in 1996. In 2009 there were

160,348 patients with diabetes and 2,548,349 persons without
diabetes, and the prevalence of diabetes increased from 3.2%
to 5.9% from 1996 to 2009 (Table 1). The mean age of
individuals with and without diabetes, and the proportion of
men and women each year during follow-up are shown in
Table 1 and Table 2 of the electronic supplementary material
(ESM). In both cohorts the mean age and proportion of men
remained similar over all years of follow-up in both individ-
uals with and without diabetes. When standardising the
prevalence of diabetes in both cohorts to the age and sex
distribution of the 2006 Canadian Census population, similar
patterns towards an increase in the prevalence, with higher
proportion in the Ontario cohort than in the THIN cohort,
were found over the whole study period (ESM Table 3)

In Ontario in 1996 the mean age of diabetic patients was
60.8 years and this increased to 61.5 years in 2009; in both
years the proportion of men was 52%. The mean age of the
non-diabetic population was 45.1 and 46.2 years in 1996 and
2009, respectively, and in both years 48% were men. In THIN,
the mean age of diabetic patients was 62.7 years (54% men) in
1996 and 63.0 years (55% men) in 2009. In the non-diabetic
population, the mean ages in 1996 and 2009 were 50.1 years
(47% men) and 48.1 years (48% men), respectively.

Standardised annual mortality rates by diabetes status for
all diabetic patients as a group, for the Ontario and THIN
populations, are presented in Fig. 1. The age- and sex-adjusted
annual mortality rate in the Ontario cohort decreased by
37.2% over the study period, from 19.4 to 12.2 per 1,000
persons. There was a corresponding 55.0% reduction in ad-
justed rates in the THIN population, from 31.4 to 14.1 per
1,000 patients. In contrast, adjusted annual mortality rates in
persons without diabetes declined by 20.8% (from 10.2 to

Table 1 Number of adults

(20 years or older) with and Calendar year  Ontario THIN

without diabetes and the

prevalence of diabetes each year Diabetes Without diabetes ~ Prevalence  Diabetes ~ Without diabetes ~ Prevalence

during the follow-up period

1996-2009 in the Ontario 1996 439,123 7,668,753 0.054 17,969 548,906 0.032

and THIN cohorts 1997 476,833 7,751,774 0.058 22254 655,263 0.033
1998 514,360 7,823,744 0.062 27,453 782,280 0.034
1999 555,599 7,900,855 0.066 34,441 936,509 0.035
2000 597,995 8,007,432 0.069 44,901 1,144,820 0.038
2001 646,586 8,137,155 0.074 59,216 1,412,980 0.040
2002 699,623 8,260,212 0.078 71,884 1,576,296 0.044
2003 749,896 8,361,180 0.082 82,545 1,680,718 0.047
2004 807,774 8,451,336 0.087 97,048 1,850,521 0.050
2005 872,033 8,527,302 0.093 111,475 2,012,337 0.052
2006 945,833 8,591,842 0.099 123,357 2,139,019 0.055
2007 1,014,098 8,664,394 0.105 135,898 2,275,532 0.056
2008 1,075,839 8,747,448 0.110 148,792 2,418,697 0.058
2009 1,140,248 8,847,360 0.114 160,348 2,548,349 0.059
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Fig. 1 Adjusted absolute rates of mortality for diabetic (solid line) and
non-diabetic (dashed line) adults (20 years or older) in (a) Ontario
(Canada) and (b) the THIN database (UK). Standard population: Canada
Census 1996

8.08 per 1,000 individuals) and 41.6% (from 14.6 to 8.55 per
1,000 individuals) in Ontario and THIN, respectively.

The annual mortality rate ratios and 95% Cls each year
from 1996 to 2009 for patients with vs without diabetes are
shown in Table 2. Excess mortality for patients with diabetes
decreased by 44% in Ontario, from a rate ratio of 1.90 (1.86,
1.94) to 1.51 (CI 1.48, 1.54), and by 43% in THIN, from 2.14
(1.97,2.32) to 1.65 (1.57, 1.72). Similar trends were observed
for men and women (Fig. 2). The mortality rate ratio for
women decreased in Ontario by 47.1%, from 1.94 (1.88,
1.99) to 1.48 (1.45, 1.52); for men, the mortality rate ratio
decreased by 39.0% from 1.87 (1.82, 1.93) to 1.54 (1.50, 1.58)
during the corresponding time period. In THIN, the corre-
sponding decline for women was 49.6%, from 2.25 (2.00,
2.50) to 1.63 (1.52, 1.74) and for men it was 35.6%, from
2.04(1.79,2.29) to 1.67 (1.56, 1.77). The mortality rate ratios
by age group for each year in the Ontario and the THIN
groups are shown in Table 2. The mortality rate ratios became
lower over time for all age groups except for the youngest
group and in both cohorts. In individuals aged 65-74 and
75 years or older the excess risk of mortality was lower in
both cohorts and over the whole study period than in individ-
uals younger than 65 years (Table 2). In Ontario and THIN,
the mortality rate ratios among diabetic patients in 2009 were
1.67 (1.61, 1.72) and 1.81 (1.68, 1.94) for those aged 65—
74 years and 1.11 (1.10, 1.13) and 1.19 (1.14, 1.24) for those
aged over 74 years, respectively. Corresponding rate ratios in
Ontario and THIN were 2.45 (2.36, 2.54) and 2.64 (2.39,
2.89) for individuals aged 45-64 years, and 4.89 (4.35, 5.45)
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and 5.18 (3.73, 6.69) for those aged 2044 years. The under-
lying adjusted mortality rates for the estimations of adjusted
mortality rate ratios by age group are shown in ESM Table 4
and Table 5.

Most deaths in diabetes patients occurred in patients above
64 years of age (84.6% in Ontario and 86.1% in THIN in 1996
and 85.1% in Ontario and 87.5% in THIN in 2009). Similar
proportions of deaths in diabetic patients above 64 years of
age were found from 1997 to 2008 (data not shown).

Discussion

In these cohorts from Ontario, Canada, and THIN in the UK,
the excess risk of mortality for patients with diabetes was
significantly lower during later vs earlier years of the study
period (1996-2009). The contemporary excess risk of mortal-
ity estimated during 2009 was 51% in Ontario and 65% in
THIN for diabetic patients on a group level, compared with
90% and 114%, respectively, in 1996.

The excess risk of mortality for diabetic patients was lower
over time for all age groups except for the youngest group—
approximately 20—45% lower in those 45-64 years old, 35—
40% lower in those 6574 years old, and 65-75% in those
older than 74 years over the study period. In 2009 the excess
risk of mortality for individuals with diabetes who were aged
2044 years was five times higher in both cohorts. The excess
risk of mortality was approximately 2.5 times higher in those
aged 45-64 years, 70-80% higher for individuals aged 65—
74 years, and 10-20% greater in those aged over 74 years. The
excess risk of mortality for diabetic patients declined to a
similar extent for men and women over the study period,
and no significant differences were observed in 2009.
Although not a primary objective of the study it is worth
noting that the prevalence of diabetes in Ontario (adults
20 years or older) increased from 5.4% to 11.4% over the
study period, and in the THIN cohort there was an increase in
prevalence from 3.2% to 5.9% over the corresponding time
period. Moreover, we observed that 85-88% of deaths in
diabetic patients, consistently over the study period, occurred
in individuals above the age of 64 years.

To our knowledge, estimates of excess mortality risk in
diabetic patients during more recent years and from population-
based samples are limited. In a recent comprehensive review
of 40,116 individuals with diabetes from a series of prospec-
tive cohort studies the excess risk of mortality for individuals
with diabetes, as a group, was estimated to be 1.8-fold greater
than that of individuals without diabetes [6]. It should be noted
that several of these studies were performed before the year
2000. Our findings indicate that for diabetic patients as a
group, the excess risk of mortality is lower today, by approx-
imately 50-65%, and differs largely by age group, being
considerably lower in individuals above 64 years of age.
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Fig. 2 Mortality rate ratios for men (solid line) and women (dashed line)
for each year during 1996-2009 in (a) Ontario (Canada) and (b) the
THIN database (UK). Standard population: Canada Census 2006

However, this result must be interpreted with caution, since it
is possible that there are more diabetic patients with a shorter
duration of disease in more recent years, since contemporary
guidelines focus on screening high-risk groups for diabetes
[2]. On the other hand, a recent study showed that patients
with the shortest diabetes duration had the highest excess risk
of mortality whereas this excess risk declined with longer
diabetes duration [15], presumably explained by the greater
prevalence of cardiovascular disease when diabetes is diag-
nosed [22]. Moreover, an earlier study from the UK, including
cases of incident type 2 diabetes in individuals older than
30 years of age, found a reduction in excess mortality with
time when adjusted for diabetes duration [15]. In addition, in a
previous study in the USA that examined 4,399 individuals
with self-reported diabetes in 2003-2004, it was found that
mortality rates among diabetic patients had declined over time
since 1997 [14]. Similar trends were also found in a Danish
study over a corresponding time period [16].

In addition to limited previous studies including contem-
porary estimates of the excess risk of mortality for diabetic
patients, the excess risk of mortality over time for diabetic
patients grouped by age has to our knowledge not been
studied [6—15]. This is possibly because large study sizes are
needed to obtain close Cls, especially among younger age
groups where fewer deaths occur. It is, however, worth noting
that a recent study showed lower mortality rates over time in
various age groups, but these were not compared with indi-
viduals without diabetes [14]. Our results, showing consistent
and large differences in the excess risk of mortality in relation
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to age, warrant caution when comparing results of the excess
risk of mortality for diabetic patients on a group level between
different studies. The fact that the excess risk of mortality is
strongly related to age could mean that the age of the reference
population (i.e. individuals without diabetes to which mortal-
ity rates are standardised) will strongly influence the results.
To our knowledge this has rarely been highlighted in previous
studies of the excess risk of mortality in diabetic populations
[6-16]. In our study the excess risk of mortality decreased
consistently with age. Although caution should be exercised
in identifying a trend-shift in the prognosis of patients with
diabetes, more aggressive treatment during recent decades
may be applicable to the present results. In 1998, the United
Kingdom Prospective Diabetes Study (UKPDS) showed the
beneficial effects of blood pressure reduction and improved
glycaemic control on diabetic complications [23, 24], and
several studies have similarly shown that statin therapy can
significantly prevent cardiovascular disease and mortality in
virtually all individuals with diabetes [2, 25]. Practice guidelines
for diabetes management over the last decade have reflected this
evidence and have emphasised the need for aggressive control
of blood pressure, lipid levels and hyperglycaemia in patients
with diabetes [2, 26]. As a consequence, patients with diabetes
now receive more intensive care and are taking substantially
more medications [27]. While our findings are likely to be
representative of developed nations, different risks might apply
to developing nations. Recently it has been estimated that there
are up to 100 million diabetic individuals in both China and
India, with the majority undiagnosed, and the prevalence is also
increasing in many other developing nations [ 1, 28, 29]. Patients
in developing nations are more often diagnosed long after the
actual onset of type 2 diabetes [28, 29], and resources for
intensive diabetes care are more limited, potentially leading to
very different contemporary excess risks of mortality and trends
over time in these nations.

Although not a primary aim of the current study, it should
be noted that the prevalence of diabetes was considerably
higher in the Ontario cohort than in THIN during the study
period. The reasons for this discrepancy are unclear, but may
be related to differences in factors known to influence the
incidence of diabetes, such as screening programmes, ethnic-
ity, eating habits or physical activity patterns, between the two
cohorts. Further research would be needed to explore these
possibilities.

The present study has several limitations. Some of the
factors influencing mortality, such as cardiovascular disease
and smoking, were not explored. Hence, the estimated excess
risks of mortality might differ considerably for certain patient
groups within each age group. Moreover, as is generally the
case in previous studies, excess risks of mortality by type of
diabetes were not compared [6—16], which would be impor-
tant and might also, to a certain extent, explain the patterns of
excess mortality risk by age. However, it can be noticed that a
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higher excess risk of mortality for younger individuals with
diabetes has previously been found for both type 1 and type 2
diabetes in two separate studies carried out in individuals from
the same background population [8, 30]. The reason why the
type of diabetes was not explored was the complexity in-
volved in retrieving this information in the Ontario cohort
and also the difficulty in tracking all participants. The Ontario
cohort was relatively constant in size over time, including
eight to ten million individuals, whereas the THIN cohort
increased considerably over time, since this prospective data-
base was initiated around the beginning of the follow-up
period. However, although it included fewer individuals, the
THIN database was already quite large, with 600,000—
800,000 individuals, during the initial years and already hav-
ing a population-based design. Moreover, different measures
were used in the two cohorts—number of deaths per 1,000
individuals in Ontario and number of deaths per 1,000 patient-
years in THIN—due to the structure of the data in Ontario,
whereas the number of deaths per 1,000 individuals has been
used in other studies. However, we believe it is unlikely that
this had any major impact on the results. Further, it should be
noticed that THIN mortality rates were standardised to the
Canadian Census population to enable comparisons of excess
risk of mortality in the two cohorts to be made. Finally, it
would have strengthened the results if similar patterns could
have been shown for cause-specific mortality, improved risk
factor control and extension over time of therapies according
to guidelines. However, this was not possible in the current
project, involving these two large databases over long time
periods, and needs to be addressed in future studies.

In conclusion, the excess risk of mortality in patients with
vs without diabetes has decreased over time in both Canada
and the UK and was five times greater in individuals 20—
44 years of age in 2009, approximately 2.5 times greater in
those aged 45-64 years, 70-80% greater in those aged 65—
74 years and 10-20% greater in individuals aged over
74 years. During the corresponding time period the prevalence
of diabetes increased in both countries. It is therefore impor-
tant to interpret the current findings with caution, since it
cannot be excluded that the lower excess risk of mortality
for diabetic patients today is due to shorter diabetes duration,
rather than successful preventive strategies, bearing in mind
the different nature of both sources of information applied in
the current study. Further studies are needed to confirm these
findings during contemporary time periods compared with
historical estimates, and to include the type of diabetes and
individuals in developing nations.
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