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Summary
Background The prevalence of diabetes has been increasing greatly, but WHO'’s predicted 39% rise in the global rate
of diabetes from 2000 to 2030 might be an underestimate. We aimed to assess diabetes trends in Ontario, Canada.

Methods Using population-based data, including a validated diabetes database from the province of Ontario, Canada,
we examined trends in diabetes prevalence and mortality from 1995 to 2005, and incidence from 1997 to 2003, in
adults aged 20 years or older.

Findings Age-adjusted and sex-adjusted diabetes prevalence increased by 69%, from 5-2% in a population of 7908 562
in 1995 to 8-8% of 9276945 in 2005. Prevalence increased by 27% from 6-9% in a population of 8457720 in 2000
to 8-8% of 9276945 in 2005. Although prevalence rates have remained higher in people aged 50 years or older (7-1%
of 3675554) than in those aged 20-49 years (3-5% of 5601391), rates increased to a greater extent in the younger
population (94% vs 63%, p<0-0001). A 31% increase occurred in yearly incidence over 6 years, from 6-6 per 1000 in
1997 to 8-2 per 1000 in 2003. The adjusted mortality rate in people with diabetes fell by 25% from 1995 to 2005.

Interpretation The prevalence of diabetes in Ontario, Canada increased substantially during the past 10 years, and by
2005 already exceeded the global rate that was predicted for 2030. This increase in prevalence is attributable to both
rising incidence and declining mortality. Effective public-health interventions aimed at diabetes prevention are
needed, as well as improved resources to manage the greater number of people living longer with the disease.

Introduction

The number of people with diabetes has increased
substantially during the past 20 years,* making it one
of the most costly and burdensome chronic diseases of
our time. Diabetes is one of the leading causes of
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Figure 1: Algorithm for identification of diabetes cases in the Ontario Diabetes Database
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blindness and the most common cause of end-stage
renal disease in developed countries.*” It is also an
important cause of cardiovascular complications.®
Furthermore, the treatment is complex and costly, with
direct health-care costs of diabetes ranging from 2-5%
to 15% of health budgets.”

According to the latest WHO report,” the number of
people worldwide with diabetes increased from
30 million to 171 million between 1985 and 2000; an
estimated 4-6% of adults aged 20 years or older are now
affected.’ Prevalence rates are generally higher in
developed countries than in developing ones (6-3% vs
4.1%), but developing nations have seen the greatest
rise, with about a 25% increase in diabetes rates
since 1995.?

This increase in diabetes has been mainly attributed to
a rise in new cases of type 2 diabetes,® which in turn is
driven by increasing obesity rates”™ and ageing of the
population.” The increased migration of susceptible
populations, accompanied by shifts in lifestyle, has also
added to the diabetes burden in developed countries.**
Additionally, improved survival in people with diabetes
might have also contributed to the increasing prevalence
of the disease.””

Rates of diabetes are expected to continue to increase.
WHO has predicted that the global diabetes prevalence in
adults will reach 6-4% by 2030,® representing a 60%
increase since 1995, and a 39% rise from 2000 to 2030.’
However, these projections are likely to be underestimates,
since they were based on an unwarranted*™ assumption
that obesity rates would remain constant.’
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Overall Women Men
All Ages* Age 20-49years  Age =50 years All ages Age 20-49years  Age =50 years All ages Age 20-49years  Age =50 years
1995+
People with diabetes (n) 388433 92777 295656 187306 43472 143834 201127 49305 151822
Population (n) 7908562 5107531 2801031 4066297 2556057 1510240 3842265 2551474 1290791
Adjusted prevalence 521§ 1.8 10-6 4.6 1.7 95 52 1.9 11-8
rate (%)
20007
People with diabetes (n) 580731 139272 441459 280071 67809 212262 300660 71463 229197
Population (n) 8457720 5270953 3186767 4341264 2634169 1707095 4116 456 2636784 1479672
Adjusted prevalence 6-9%,§ 2:6 13-9 65 2:6 12:4 73 27 155
rate (%)
2005t
People with diabetes (n) 827419 197378 630041 400361 98904 301457 427058 98474 328584
Population (n) 9276945 5601391 3675554 4750578 2792820 1957758 4526367 2808571 1717796
Adjusted prevalence 8-81%,§ 359 1719 8-4]| 35 154 9-4|| 35 191
rate (%)
*Significant interactions existed between age and year and age, sex, and year (p<0-0001 for each). tBy March 31 of year shown. fPrevalence rates are age-adjusted and sex-adjusted with 2001 census data.
§p<0-0001 for comparison of prevalence between years, adjusted for age-group, sex, and interaction terms. [p<0-0001 for comparison of 2005 prevalence between age groups. |[p<0-0001 for comparison of
2005 prevalence between sexes.
Table 1: Diabetes prevalence by age-group and sex in 1995, 2000, and 2005

Using a validated diabetes registry derived from hospital
records and physician claims,” we describe trends in
diabetes prevalence, incidence, and mortality in Ontario,
Canada, from 1995 to 2005. We aimed to determine
whether diabetes prevalence rates rose beyond predicted
levels during that period, and to examine the contribution
of changes in incidence and mortality to changes in
prevalence.

Methods

Data sources and study population

Data were obtained from anonymised, administrative
health-care databases that included records for all
individuals eligible for coverage under the government-
funded Ontario health plan. As in other Canadian
provinces, this health plan is available to all residents;
therefore, almost all Ontarians are represented by these
datasets. With a population of 12 million, Ontario is the
largest and most ethnically diverse Canadian province,
and contains both rural and urban areas. Patient records
are linked across datasets with a unique patient identifier.
Data were available from April 1, 1991, until March 31,
2005. Ethics approval was obtained from the institutional
review board at Sunnybrook Health Sciences Centre,
Toronto, ON, Canada.

Procedures

The Ontario diabetes database is a validated registry of
Ontario residents with diagnosed diabetes, which was
generated with administrative data.” To generate the
database, hospital discharge abstracts from the Canadian
Institute for Health Information were used to identify
patients admitted with diabetes as one of their diagnoses
(International  Classification of Diseases Clinical
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Modification diagnostic code 250 (ICD-9CM) before 2002
or ICD-10 code E10-E14 after 2002), and physicians’
service claims were used to identify visits for diabetes
(code 250). Any individuals having at least one hospital
admission or two physicians’ claims bearing a diabetes
diagnosis within 2 years were included in the database.
Using this algorithm (figure 1), the database has been
validated and shown to have a high sensitivity (86%) and
specificity (97%) for identification of individuals with
diabetes recorded in primary-care records.” Records with
an obstetric event within 5 months were excluded to avoid
capturing cases of gestational diabetes; however, women
with subsequent diabetes claims were included in the
database. Individuals entered in the database remain
there until they die or cease having Ontario health
coverage. Adults aged 20 years or older were included.

For diabetes prevalence, we calculated the number of
people recorded in the Ontario Diabetes Database on a
yearly basis from fiscal years 1995 (April 1, 1994, to
March 31, 1995) to 2005 (ending March 31, 2005). We
presented data using the point prevalence and incidence
at the end of the fiscal periods. To confidently identify
an incident case, a minimum diabetes-free observation
period of 5 years was set as a requirement. For example,
a person meeting criteria in 1997 must have had no
diabetes records during the previous 5 years to be
included as an incident case. As a result, the incidence
of diabetes before 1997 was not estimated, because a
S-year prediagnosis period was not available. Incidence
was calculated up to March 31, 2003, as this was the last
year for which complete incidence data were available.
For people meeting the case definition, the incidence
date was defined as the first record with a diabetes
diagnosis.
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Overall Women Men

All ages* Age 20-49years  Age =50 years All ages Age 20-49years  Age =50 years All ages Age 20-49years  Age =50 years
1995-200071
People with diabetes 49-5% 50-1 49-3 495 56-0 476 495 44-9 51.0
Population 6:9% 32 138 6-8 31 13-0 71 33 14-6
Prevalence ratet 33:0% 45.5 312 401 514 30-6 395 403 317
2000-2005T (%)
People with diabetes 42-5% 417 427 429 459 420 420 378 43-4
Population 9-7% 63 153 9-4 6-0 14-7 10-0 65 16-1
Prevalence ratet 267% 334 237 30-6 376 23-8 292 29-4 235
Change 1995-20051 (%)
People with diabetes 113-0% 112-7 1131 1137 1275 109-6 1123 997 116-4
Population 17-3% 97 312 16-8 93 296 17-8 10-1 331
Prevalence ratet 68-6% 94-0§ 62-4§ 830 10829 61.7 80-2 8149 62:6

*Prevalence rates are age-adjusted and sex-adjusted with 2001 census data. tApril 1-March 31. tPercentage change in rates were calculated with differences between rates relative to the baseline rate, before
rounding the rates as presented in table 1. §p<0-0001 for comparison between years, stratified by age-group (x?, Breslow-Day test); §p<0-0001 for comparison between years, stratified by sex, in
20-49 age-group (2, Breslow-Day test).

Table 2: Changes in diabetes prevalence by age-group and sex from 1995 to 2000, 2000 to 2005, and 1995 to 2005

The yearly number of deaths in people with diabetes in
the Ontario Diabetes Database from fiscal years 1995
to 2005 was recorded from the Registered Persons
Database, which contains demographic and residential
information for all Ontarians eligible for coverage. All
deaths were included, whether or not diabetes was listed
as a cause of death, since diabetes is listed as a cause in
only 12- 5% of deaths in people with diabetes, even though
in many cases diabetes might have been a contributing
factor.”” Deaths recorded in the database were based on
probabilistic linkage of death-certificate information and
might therefore have missed some events. Accordingly,
deaths that occurred in hospital were also recorded and,
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Figure 2: Yearly diabetes prevalence rates, by sex and age-group, (fiscal years 1995-2005)
Overall prevalence rates are age-adjusted and sex-adjusted with 2001 census data. Yearly rates are based on
prevalence by March 31 of each year.
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where discrepancies in dates of death existed between the
two sources, the hospital date was used.

Statistical analysis

To adjust for differences in population distribution over
time, direct age and sex standardisation was undertaken
for diabetes prevalence, incidence, and mortality
with 2001 Canadian census data. We calculated diabetes
prevalence rates yearly from fiscal year 1995 to 2005 using
data for everyone in the Ontario diabetes database who
were alive at year end as the numerator, and census
population counts as of July 1 of the previous year as the
denominator (or estimated population measures provided
by Statistics Canada?® for years for which no census was
available). The Canadian census represents most citizens,
excluding a small number of First Nation reserve
residents for whom enumeration was incomplete.” We
calculated incidence of diabetes in a similar way as for
prevalence rates, using new cases of diabetes for a
particular year as the numerator. Yearly death rates were
calculated with the number of deaths for each year as the
numerator and the number of people in the Ontario
diabetes database that year as the denominator.

We used logistic regression to test for trends in diabetes
prevalence, incidence, and mortality over time using year
as an ordinal variable, and for examining the effect of age
and sex on rates. Multivariable logistic regression models
included fiscal year, age-group (20-34 years, 3549 years,
50-64 years, 65-74 years, and >75 years), and sex.
X2 analyses were used to compare diabetes prevalence
rates in 2005 between sexes and age-groups and to
compare rates in 1995-2005 within sexes and age-groups.
The Cochran-Mantel-Haenszel and Breslow-Day tests
were used to compare prevalence changes from 1995
to 2005 between age and sex strata. Similar analyses were
done for incidence rates in 2003, and for changes
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Overall Women Men
All ages* Age 20-49years Age=50years  Allages Age20-49years Age=50years  Allages Age 20-49 years  Age =50 years
1997t
Number with new diabetes 51100 16144 34956 24480 7649 16831 26620 8495 18125
Population 8108471 5185179 2923292 4176243 2600057 1576186 3932228 2585122 1347106
Incidence rate per 1000 6-61,§ 31 12:0 59 2.9 10-7 6-8 33 135
2003t
Number with new diabetes 73852 24574 49278 35337 11803 23534 38515 12771 25744
Population 8969282 5500634 3468648 4591283 2740761 1850522 4377999 2759873 1618126
Incidence rate per 1000 821§ 459 1429 7711 43 127 8-86 4-6 15-9
Change from 1997 to 2003 (%)
Number with new diabetes 44-5 522 41-0 44-35 54-31 39-83 4468 50-34 42-04
In population 10-6 61 187 99 54 17-4 113 6-8 201
In incidence rate 307 435 188 313 46-4 191 30-0 40-8 182
*A significant interaction was found between age group and year (p<0-0001); thy March 31 of that year. $Incidence rates are age-adjusted and sex-adjusted with 2001 census data; Sp<0-0001 for comparison
between years, adjusted for age group, sex, and interaction term; §p<0-0001 for comparison of 2003 incidence between age groups. ||p<0-0001 for comparison between years, stratified by age-group
(x?, Breslow-Day test); p<0-0001 for comparison of 2003 incidence between sexes.
Table 3: Diabetes incidence by sex and age-group, 1997 and 2003

between 1997 and 2003. We calculated percentage changes
in prevalence, incidence, and mortality rates between
years (eg, from 1995 to 2005) by dividing the difference
between the two rates by the earlier rate, and multiplying
by 100. For percentage changes in numbers of people and
deaths, we divided the difference in numbers between the
2 years by the earlier number and multiplied by 100. All
analyses were done with SAS version 8.0.

Role of the funding and data sources

The sponsor of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had
full access to all the data in the study and had
final responsibility for the decision to submit for
publication.

The opinions, results, and conclusions reported in
this paper are those of the authors, are independent
from the funding sources, and no endorsement from
Ontario’s Ministry of Health and Long-Term Care is
intended or should be inferred.

Results

An 81-6% increase (from 4-9% to 8-9%) in the crude
prevalence of diabetes in Ontario adults took place
between March 31, 1995, and March 31, 2005, (p<0-0001
for trend by year). Ageing of the population accounted
for only a small proportion of this increase, since the
age-adjusted and sex-adjusted prevalence increased by
68-6%, from just over 5% in 1995 to nearly 9% by 2005
(tables 1 and 2). Prevalence increased by a third during
the first 5 years, and by another quarter from 2000 to
2005 (table 2). In addition to this increase in the
prevalence rate, the number of people with diabetes
increased by 113%, from 388433 to 827419 during that
time, whereas the population grew by only 17%.
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A two-way interaction existed between age-group and
year, and a three-way interaction between age, sex, and
year. Therefore, we also analysed data stratified by age-
group (20—49 years and =50 years), and by sex within
age-groups. Diabetes prevalence remained higher in
people aged 50 years or older than in those aged
2049 years (p<0-0001) (table 1). However, in a stratified
analysis, the prevalence of diabetes increased about
31% more in young people than in older people
(p<0-0001) between 1995 and 2005 (table 2). As a result,
the number of people with diabetes doubled in both
age-groups, despite a 20% greater increase in the
population of those over 50 years than in younger
people (table 2).

—— Men 50 years —A— Overall
—— Women 50+ years—li— Men 20-49 years —¢— Women 20-49 years
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Figure 3: Yearly diabetes incidence rates per 1000 by sex and age-group,
(fiscal years 1997-2003)

Overall incidence rates are age-adjusted and sex-adjusted with census data.
Yearly rates are based on incident cases by March 31 of each year.
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Age-group All ages
20-34 years 35-49 years 50-64 years 65-74 years >75 years Crude* Adjustedt
1995%
Deaths 72 394 2196 4454 7825 14941
People with diabetes 21686 71091 124202 102906 68548 388433
Death rate per 1000 33 5.5 177 433 1142 385§ 17-6
2000%
Deaths 79 508 2564 5103 10647 18901
People with diabetes 29555 109717 186686 144625 110148 580731
Death rate per 1000 27 4-6 137 353 967 32:6§ 154
2005%
Deaths 74 584 3032 5252 14034 22976
People with diabetes 38404 158974 273367 189128 167546 827419
Death rate per 1000 19 37 111 27-8 838 27-8§ 133
Change from 1995 to 2005 (%)
Deaths 28 482 381 17-9 793 53-8
People with diabetes 771 1236 120-1 83-8 144-4 113.0
Death rate -42:0 -337 =373 -35-8 -26:6 -27-8 -24-8

*Significant interaction between age-group and year (p=0-0002). tAge-adjusted and sex-adjusted with census data. By March 31st of that year. §p<0-0001 for comparison
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between years, adjusted for age-group, sex, and interaction term.

Table 4: Death rates per 1000 in prevalent diabetes cases by age-group in 1995, 2000, and 2005

Figure 4: Yearly crude and age-adjusted and sex-adjusted death rates per
1000 in prevalent diabetes cases, (fiscal years 1995-2005)

Adjusted death rates are direct age-standardised and sex-standardised with
census data. Yearly rates are based on deaths by March 31 of each year.

As shown in figure 2, diabetes prevalence increased
linearly from 1995 to 2005, with an average increase of
6-2% a year. The overall prevalence remained higher in
men than in women (9-4% vs 8-4% in 2005, p<0-0001).
However, the greatest rise in diabetes occurred in young
women (108-2%) compared with an 81-4% increase in
young men (p<0-0001), whereas the increases in men and
women aged over 50 years were similar (62% and 63%,
respectively).

The age-adjusted and sex-adjusted rates of new cases
of diabetes increased between 1997 and 2003 (p<0-0001)

(table 3). A two-way interaction existed between

—— Crude .
Adjusted age-group and year; we therefore analysed data stratified
40 by age-group. As with prevalence, incidence rates were
higher in older people than in younger people
37 (p<0-0001). However, increase in incidence was greater
30 in the younger age-group than in the older age-group
S 5s - (p<0-0001). Rates also remained higher in men than in
= women (p<0-0001), and both sexes had similar
é 20 increases in incidence over time (table 3 and figure 3).
= . The age-adjusted and sex-adjusted death rate in people
8 with diabetes fell by about a quarter between 1995
10 and 2005 (p<0-0001) (table 4 and figure 4). Death rates
fell in all age-groups, but did so to a greater extent in the
> younger age-group than in the older age-group (p=0-0002
0 : : : : : for interaction between year and age-group). By 2005,
1994 1996 1998 2000 2002 2004 2006/ crude death rates were slightly higher in men than in
Year women (28-5 vs 27-0 per 1000, p<0-0001), but similar

falls over 10 years occurred in both sexes (26-9% in men
and 28-6% in women).

Discussion

We have shown that the prevalence of diabetes increased
steadily from 1995 to 2005, by an average of 6-2% a year.
By 2005, the age-adjusted and sex-adjusted adult prevalence
of diabetes in Ontario, Canada reached 8-8%, representing
a 69% increase since 1995. This rise has already exceeded
the 60% global increase and the 65% Canadian increase
that were projected to occur in the 35 years from 1995 to
2030.* WHO predicted that a global increase in diabetes
prevalence rates of 39% would take place between 2000
and 2030; however, in Ontario, a 27% increase has taken
place after only 5 years. In view of this linear growth in
prevalence, more than 10% of the adult population of
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Ontario will be diagnosed with diabetes before 2010. If
similar trends are occurring throughout developed
countries, then the size of the emerging diabetes
epidemic is far greater than anticipated.

The strengths of our study relate to the use of
population-based data for a large geographically and
ethnically diverse jurisdiction. Comprehensive health-
care data were linked with a unique identifier, and people
with diagnosed diabetes were identified with a validated
algorithm. Our findings do, however, have some
limitations. First, the use of administrative data confers
potential for misclassification. Second, we were unable to
differentiate between type 1 and type 2 diabetes; however,
more than 90% of diabetes cases are estimated to be
type 2 diabetes.* Third, our database identifies only
diagnosed diabetes, which underestimates the true
prevalence of diabetes. Additionally, the rise in prevalence
could be argued to be partly due to an increased number
of diagnosed cases because of changes in diagnostic
criteria in 1998, but rates rose linearly from 1995 to 2005.
Moreover, a spike in diabetes incidence shortly after 1998
would have been expected if the lower diagnostic
threshold were a major contributor; however such a spike
was not noted in our study. Finally, we were unable to
assess the independent effects of ethnicity and
socioeconomic status on diabetes rates. Understanding
of these factors would be important to better target
prevention strategies, and further studies are needed.

The increase in diabetes prevalence is attributable to a
combination of increasing incidence and falling mortality.
During the 6 years between 1997 and 2003, we recorded a
31% rise in yearly diabetes incidence, such that in 2003,
the rate of new cases of diabetes was 8-2 per 1000 people.
Rising obesity rates during this period might have
contributed to this increase, since obesity in Canadians
has increased by an estimated 20-30% during the past
decade.”” We also showed a significant 25% reduction in
standardised mortality in people with diabetes
between 1995 and 2005. Active screening might lead to
both an increase in incidence and a decrease in mortality
because more people with early diabetes would be
diagnosed; however, no organised screening initiatives
have been mounted in Ontario during the past decade.
Nonetheless, the publication of new diabetes screening
guidelines®” and enhanced public awareness might have
contributed to a decrease in undiagnosed cases.

Declining mortality rates in people with diabetes have
been documented in other studies, but changes have
been modest compared with our findings. In the USA,
mortality in people with diabetes fell by 13-8% from
1970 to 1994.* Investigators from Denmark® and the
USA? have examined trends in diabetes prevalence,
incidence, and mortality up to 1999 and 2001, respectively.
By contrast with our study, these studies reported only
small reductions in mortality of 2-5% over 7 years.
Therefore, rising incidence seemed to be the main
contributor to increasing diabetes prevalence in those
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populations. Important differences exist between those
studies and ours. First, the US study” included only older
people with Medicare health insurance. Such a population
might be less healthy than Ontario adults. Second, the
population-based Danish study” was limited to people
with drug-treated diabetes, who might have had more
advanced disease than those in our population.

Ontario might have a higher diabetes rate than other
areas in developed countries because of its high rate of
immigration from regions with more susceptible
populations, such as south Asia.*”* Based on 2001 census
data,” 25% of Ontarians are immigrants, and an estimated
23% who immigrated between 1996 and 2001 are of south
Asian origin. Moreover, a 51% increase in immigrants
from south Asia has taken place in Ontario be-
tween 1995 and 2001." Therefore, this immigration pattern
might have also contributed to the rising rates of diabetes.

In accord with other studies,'” we showed that most
cases of diabetes were in older individuals. However,
rates of diabetes grew most rapidly in the population
under 50 years and in particular, in young women. This
pattern might be due to a greater rise in obesity in
younger than in older adults.”” The greatest effect of
diabetes in developed countries might thus be emerging
in young individuals. Although the yearly cost of caring
for elderly people with diabetes might be higher than
caring for younger people with diabetes, the lifetime
health burden and cost will be greater still for young
people because they have longer to live with the disease.

Our data are important to enable policymakers to
adequately prepare for the increasing burden of diabetes
on health-care resources. Rising rates of obesity could be a
cause of this striking growth"* and, accordingly, effective
public-health interventions to manage and prevent obesity
are sorely needed. Future research should also focus on
identification of high-risk sociodemographic groups for
whom specific interventions might be required.
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