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Abstract
Aims: to estimate the age-specific prevalence of diabetes mellitus in elderly people in Canada, and to examine the
effect of method of ascertainment on the estimation of prevalence.
Method: three measures of diabetes were used in a secondary analysis of the Canadian Study of Health and Aging—
a 1991 nation-wide cross-sectional study of the prevalence of dementia in a sample of 10 263 elderly subjects (aged
65-106 years).
Results: of community-dwelling subjects, 10.3% reported diabetes. Supplementing this information with clinical
reports and random plasma glucose measurements increased the prevalence to 12.0% in the community, 17.5% in
institutions and 12.4% overall.
Conclusion: diabetes is common in elderly people, although the prevalence falls in the very elderly. The method of
ascertainment influences estimation of prevalence.
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Introduction
Diabetes mellitus is common in elderly people and
is associated with disability, morbidity, and mortality
[1-4]. There are nevertheless controversies about the
epidemiology of diabetes in old age. In particular,
prevalence estimates range almost twofold between
8.9% [5] and 16.6% [6]. The range may reflect
differences in the age structure of the populations
studied, whether institutionalized subjects were
included, and differences in the methods of defining
and reporting diabetes, although these explanations are
subject to controversy. Some studies suggest that the
prevalence of diabetes, following glucose intolerance,
continues to increase with increasing age [5, 7-9],
while others suggest a decline at very advanced ages
[10-12]. Estimates of the extent to which diabetes is
under-diagnosed in old people vary [10, 13-15].

The Canadian Study of Health and Aging (CSHA) was
a large, representative population survey of elderly
Canadians [16] which included detailed clinical exami-
nations [17], and gathered data on diabetes mellitus. It
provided a convenient opportunity to estimate the
prevalence of diabetes in Canada, as well as to address
the relationship between prevalence and age when
very elderly people, including those in long-term care
institutions, are studied. In earlier CSHA reports,
diabetes has been found to be associated with
institutionalization [18] and vascular cognitive impair-
ment [19], but not with Alzheimer's disease [20].

We therefore report, in a secondary analysis: (i) an
estimate of the prevalence of self-reported diabetes
mellitus in elderly people in Canada and (ii) an
assessment of the importance of method of ascertain-
ment (self-report, clinical report, random plasma glucose
testing) in estimating the prevalence of diabetes mellitus.
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Methods

The CSHA
The CSHA, a nation-wide investigation of the epide-
miology of dementia and of the health of elderly people,
completed its first phase (CSHA-1) in May 1993. It had
four objectives: (i) to estimate the prevalence of
dementia, including Alzheimer's disease, (ii) to esti-
mate risks for Alzheimer's disease, (iii) to describe the
frequency and pattern of care-giving in dementia and
(iv) to describe the health of elderly people. These first
three objectives have been reported separately [16, 21,
22]; here we address the fourth objective.

Data collection for CSHA-1 was conducted in 1991 -
92. Subjects were seen both in the community and in
long-term care institutions. The community survey
used the Modified Mini-Mental State Examination as
a screening instrument for cognitive impairment
[23]. Subjects who screened positive and a random
sample of those who screened negative were invited
for a clinical assessment. In institutions, the high
prevalence of dementia meant that screening was not
necessary, and all subjects were approached for clinical
examinations.

In the community, subjects were selected from
comprehensive sampling frames across the country.
In nine provinces, this consisted of the master
registration file of beneficiaries of the provincial
medical insurance plans, which provide universal
coverage. In Ontario, the provincial enumeration
records were used. In each instance, the sample was
stratified by age cohort, with over-sampling of those
aged 75-84 and 85+, and clustered by area. The
sample came from 36 cities and their surrounding rural
areas, and did not include the Yukon and Northwest
Territories, Indian reserves or military units. Data were
collected through interviews, corroborated by rela-
tives, and from clinical examinations. Similar studies
were carried out in institutions. The national refusal
rate was 27.9% in the community (range between
regions 18.3-38.2%) and 18.3% in institutions (range
8.4-26.3%).

Measures

The presence of diabetes can be inferred from four data
sources: the screening interview (self-report), the
clinical interviews, the medication list and the labora-
tory testing. Not all data are available for all subjects.
For community subjects but not those in institutions,
self-report data are available for all respondents, while
clinical data are available for the 1614 community
subjects who had a clinical examination and for all
institutionalized subjects. Presence of diabetes was
recorded in the clinical examination based on patient
report, informant report or health record. In addition
to the self-report data and information from the clinical

histories, the use of insulin and oral hypoglycaemic
medications was also recorded at the clinical inter-
views, so that we have three data sources for 1542
subjects. Finally, 696 subjects who had screening
assessments and clinical examinations also had
random venous plasma glucose levels determined
(values > 11.1 mmol/1 were taken as evidence of
diabetes [24]).

Analysis

The estimation of diabetes prevalence made use of the
statistical programs developed at the University of
Ottawa for estimating the prevalence of dementia in
the CSHA. As detailed elsewhere [16], these sample
weights account for stratification, clustering and
regional variation in response bias. When sample
weights are used to estimate population parameters
(e.g. prevalence) the data are reported as weighted;
when statements are reported for sample proportions,
they are referred to as unweighted. When taking into
account factors such as the impact of false-positive and
false-negative reports, we will use the term 'adjusted';
'unadjusted' refers to estimates based directly on
weighted or unweighted data.

To compare the relationship between diabetes and
other variables, we report adjusted odds ratios and 95%
confidence intervals. To test relationships between
sources of information we used Cohen's K to examine
the strength of the association and \2 to test its
statistical significance. The acceptable chance of type I
error was set at P< 0.05-

Results

The proportion of the community sample who
reported having diabetes was 9-9%. The relevant
prevalence estimates for the community population
are: 10.2% (65-74), 9-8% (75-84) and 7.8% (85 and
older). This self-report estimate does not include those
who could not be screened due to visual or hearing
impairment; among these 59 subjects who proceeded
directly to a clinical examination, four had clinical
evidence of diabetes. The resulting estimate of
prevalence, based on self-report and substituted
assessment when self-report was not available is
10.3%. The prevalence of diabetes in the elderly
subjects, using the combination of self-report data
from the community and clinical reports for those who
could not be screened and those in institutions is 11.6%
(Table 1). In institutions, diabetes was recorded in
13-0% of subjects.

The use of self-report data to estimate the prevalence
of diabetes is problematic, as it potentially under-
counts those in whom diabetes has not been diagnosed
and over-counts those wrongly said to have diabetes.
Table 2 presents the agreement between self-report
data and the clinical assessment for those with normal
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Table I. Prevalence of diabetes, by residence, for elderly people using information from all
sources

Source

Self-report
Self-report, adjusted for false-negatives
Self-report plus assessment
Self-report plus clinical assessment on

random plasma glucose >11.1 mmol/1

Prevalence, by residence

Community Institution All

9-9%
10.1%
11.2%
12.0%

NA
NA
17.2%
17.5%

N/A
N/A
11.6%
12.4%

NA, not available.

cognitive function. Using the false-negative data to
adjust the estimate increases the weighted community
prevalence from 9.9 to 10.1%.

Both self-report and clinical data yield biased
estimates, as they do not account for diabetes which
has not been diagnosed. In the case of community-
dwelling subjects, of the 700 subjects who had a
random plasma glucose determination, self-report data
were available for 696. The proportion in whom
diabetes was known by self-report was 84/696
(12.1%) of whom 29 had a random plasma glucose
level > 11.1 mmol/1. (Tor further estimation of preva-
lence we will assume that the remaining 55 out of 84
subjects with a self-report of diabetes and a random
plasma glucose < 11.1 mmol/1, represent diabetic con-
trol and not a false-positive report. This seems reason-
able given that 28 out of 55 were taking oral
hypoglycaemic agents or insulin and 44/55 were
recorded as having diabetes in the clinical examination.)

Of the 612 who were not known to have diabetes
by self-report, 16 had a random plasma glucose
>11.1 mol/1. Of these 16, a clinical diagnosis of diabetes
had been made in two, leaving an apparent false-
negative estimate of 14 out of 612 (2.3%); these data
provide the basis for the relevant adjustment in Table 1.
Of these 14 subjects, nine had cognitive impairment.
One of these was in 65 - 74-year age group, seven in the
75-84-year group and one was in the 85 or older
group.

Applying the false-negative proportion to adjust the

Table 2. Agreement between clinicians' assessment and
self-reports of diabetes for community subjects (n =
1542)

Clinical assessment

Present
Absent

Self-report

Present

144
25

Absent

29
1344

(t = 0.82; x = 1043; P < 0.0001.

weighted data yields an estimate of the prevalence of
diabetes in the community of 10.1%. For the three age
groups, the prevalence estimates are 10.3% (65-74),
10.1% (75-84) and 7.1 (85+).

In the case of the 1255 subjects in nursing homes, of
the 719 who had a random plasma glucose determina-
tion, none had a glucose of >11.1 mmol/1. Of these 719,
67 (9.3%) had clinically defined diabetes mellitus. Thus
no additional adjustment is required for this part of the
population.

When the prevalence of diabetes [evaluated using
information from all sources (self-report, clinical,
random plasma glucose)] was related to age and
gender, we found that in women the prevalence
reaches a plateau after age 80 while in men, it rises
to age 85 and then falls.

Discussion
We found diabetes mellitus to be common in elderly
people. While rising at earlier ages, the prevalence
appears to plateau in very elderly women and to decline
somewhat among very elderly men. The method of
ascertainment (i.e. self-report/clinical assessment/
random plasma glucose measurement) affected the
estimation of prevalence, with the above methods each
resulting in, respectively, higher estimates.

These data, however, need to be interpreted with
some caution. As a secondary analysis, the data on
diabetes are not as complete as we would have wished.
For example, we did not perform glucose tolerance
tests, which are more sensitive than random plasma
glucose measures and thus would have resulted in a
higher estimate of previously unrecognized diabetes.
In addition, we did not distinguish between type I
(insulin-dependent) and type n diabetes (non-insulin-
dependent) diabetes, although it is likely that most of
those reporting diabetes in this study are, in fact, type
II diabetics. We also did not distinguish between obese
and lean elderly diabetic patients, in whom different
pathogenetic mechanisms appear to operate [25].
None of our analyses however, rests on such distinc-
tions. Moreover, against these limitations is the large
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and representative nature of the sample and the
combination of data from several sources.

Non-response, which in this study was close to 28%,
is another potential source of bias in these data. Most
[24, 26-28], but not all [29] Canadian surveys of
elderly people in which the health of non-respondents
has been investigated find that they tend to be less
healthy than respondents. The result of such bias is to
make estimates of disease parameters conservative.

Our estimate of the prevalence of diabetes in an
elderly population is within the middle of the range of
other estimates. The Framingham study reported a 10%
prevalence of diabetes in those aged 65 years and older
[5]. In that study, diabetes mellitus became more
common as people aged, with the prevalence in the
very elderly (85+) reaching 25% [5]. The National
Health and Nutrition Examination Survey reported the
prevalences of diabetes in a non-institutionalized
sample of Americans aged 65-74 to be 9-1% for men
and 8.8% for women [7]. Phillips et al, using data from
a representative sample of elderly residents of Roche-
ster, MN, USA found that, for the same groups, the
prevalence was 12.1% and 99% respectively, using self-
reported data [8]. The US National Long Term Care
Surveys found that the prevalence of diabetes in elderly
people was 16.6%; this higher figure includes subjects
in institutions [6]. A review of reports of the
prevalence of diabetes in elderly populations in the
USA and Europe concluded that, by excluding those in
institutions, most current surveys underestimate the
true prevalence of diabetes in the elderly [ 1 ]. Our data
however, although including institutionalized subjects,
do not give substantially higher estimates, despite the
role of diabetes as an independent risk factor for
institutionalization [18].

Some of the studies which report that diabetes
persistently increases with age have not included very
elderly subjects (over 75 or 79 years) [9, 15]. As noted,
other investigators have reported that, while the
prevalence of type n diabetes increases with age, it is
lower in very elderly subjects [10-12]. Muggeo et al
found that diabetes prevalence sharply increased after
age 35, until age 79 when it began to decline [12]. They
found the peak prevalence to be 10% in men aged 65-
69 and 11.5% in women aged 75-79. In subjects over
84 the prevalences were 6.6% for men and 7.8% for
women. Similar results were found by Laakso and
Pyorala [11]. They also found that the prevalence of
diabetes peaked before age 75: for men at 65-69 (5%)
for women at 70-74 (10%). In those aged 80 or above,
the prevalences declined to approximately 3% (men)
and 8.5% (women).

The reasons for the decline of diabetes mellitus are
not clear. Perhaps a healthy survivor effect operates.
This might also account for the seeming paradox that
glucose intolerance increases with age, a step which
may precede the onset of frank diabetes by some years
[15, 30]. Those with glucose intolerance may be

especially at risk for adverse health outcomes and
thus do not live long enough to express the natural
history of their disease. This speculation is in keeping
with the proposal by Buchner and Wagner that frailty
is signalled by impaired metabolic control, so that
frail people with impaired glucose tolerance do not
live long enough to become frankly diabetic [31].
Elucidation of this disease in late life may therefore
require a more broadly based understanding of how
dynamic regulatory mechanisms change with age
[31-34].

Key points
• Diabetes is common in elderly people but the

prevalence falls in the very elderly.
• The method of ascertainment influences estimation

of prevalence.
• Self-reports underestimate diabetes prevalence.

Acknowledgement
This analysis was supported by grants from the
Canadian Diabetes Association, the National Health
Research Development Program (NHRDP; grant 6603 -
1471-55) and the Camp Hill Medical Centre Research
Foundation. The CSHA was funded by a grant from the
Seniors Independence Research Program, through a
grant administered by the NHRDP (no. 6606-3954-
MC[S]). K.R. is supported by the NHRDP through a
National Health Scholar award.

References
1. Goldberg AP, Coon PJ. Diabetes mellitus and glucose
metabolism in the elderly. In Hazzard WR, Bierman EL, Blass
JP eds. Principles of Geriatric Medicine and Gerontology, 3rd
edition, New York: McGraw Hill, 1994.

2. Neil HAW, Thompson AV, Thorgood M et al Diabetes in
the elderly: the Oxford community diabetes study. Diabetic
Med 1989; 7: 608-14.

3. Jarrett RJ, McCartney P, Keen H. The Bedford survey: ten
year mortality rates in newly diagnosed diabetics, borderline
diabetics and normoglycaemic controls. Diabetologica 1983;
22: 79-84.

4. Panzeram G. Mortality and survival in type 2 (non-insulin
dependent) diabetes mellitus. Diabetologia 30: 123-31.

5. Wilson PNF. Epidemiology of diabetes in the elderly. Am J
Med 1982; 80: (suppl. 15A): 3-15.

6. Manton KG, Stallard ES, Liu K. Forecasts of active life
expectancy: policy and fiscal implications. J Gerontol 1993;
48 (special issue): 11 -26.

7. Harris MI, Hadden WC, Knowler WC, Bennett PH.
Prevalence of diabetes and unpaired glucose tolerance and
plasma glucose levels in US population aged 20-74 years.
Diabetes 1987; 36: 523-34.

576

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/27/5/573/36278 by guest on 21 August 2022



Prevalence of diabetes mellitus in elderly people in Canada

8. Phillips SJ, Whisnant JP, O'Fallon WM, Frye RL. Prevalence
of cardiovascular disease and diabetes mellitus in residents of
Rochester, Minnesota. Mayo Clin Proc 1990; 65: 344-59-

9. Mykkanen L, Laakso M, Uusitupa M, Pyorala K. Prevalence
of diabetes and impaired glucose tolerance in elderly subjects
and their association with obesity and family history of
diabetes. Diabetes Care 1990; 13: 1099-105.

10. Tuomilehto J, Nissinen A, Kivela S-L et at. Prevalence of
diabetes mellitus in elderly men aged 65 to 84 years in eastern
and western Finland. Diabetologia 1986; 29: 611-5.

11. Laakso M, Pyorala K. Age of onset and type of diabetes.
Diabetes Care 1985; 8: 114-7.

12. Muggeo M, Verlato G, Bonora E et al The Verona
diabetes study: a population based survey on known diabetes
mellitus prevalence and 5-year all-cause mortality. Diabetologia
1995 38: 318-25.

13. Treti S, Lund-Larsen PG, Foss OP. Reliability of ques-
tionnaire information on cardiovascular disease and diabetes:
cardiovascular disease study in Finnmark County. J Epidemiol
Community Health 1982; 36: 269-73.

14. Harris MI. Undiagnosed NIDDM: clinical and public
health issues. Diabetes Care 1993; 16: 642-52.

15. Harris MI. Epidemiologic studies on the pathogenesis of
non-insulin-dependent diabetes mellitus (NIDDM). Clin
Invest Med 1995; 18: 231-9.

16. Canadian Study of Health and Aging Working Group. The
Canadian Study of Health and Aging: methods and prevalence
of dementia. Can Med Assoc J 1994; 150: 819-914.

17. Graham JE, Rockwood K, Beattie etal Standardization of
the diagnosis of dementia in the Canadian Study of Health and
Aging. Neuroepidemiology 1996; 15: 246-56.

18. Rockwood K, Stolee P, McDowell I. Factors associated
with institutionalization of elderly people in Canada: testing a
multifactorial definition of frailty. J Am Geriatr Soc 1996; 44:
578-82.

19. Rockwood K, Ebly E, Hachinski V, Hogan DB. Prevalence
and treatment of vascular risk factors in vascular cognitive
impairment. Arch Neurol 1997; 54: 33-9.

20. Hogan DB, Ebly E, Rockwood K. Weight, blood pressure,
osmolarity and glucose levels across various stages of
Alzheimer's disease and vascular dementia. Dementia Geriatr
CogDis 1997; 8: 147-51.

21. The Canadian Study of Health and Aging. The Canadian
Study of Health and Aging: risk factors for Alzheimer's disease
in Canada. Neurology 1994; 44: 2073-80.

22. The Canadian Study of Health and Aging. Patterns of
caring for people with dementia in Canada. Can J Aging 1994;
13: 470-87.

23. Teng EL, Chui HC. The modified Mini-Mental State (3MS)
Examination.J Clin Psychiatry 1987; 48: 314-8.

24. Expert Committee of the Canadian Diabetes Advisory
Board. Clinical practice guidelines for treatment of diabetes
mellitus. Can Med Assoc J 1992; 147: 697-705.

25. Meneilly GS, Elliott T, Tessier D, Hards L, Tildesley H.
NIDDM in the Elderly. Diabetes Care 1996; 19: 1320-5.

26. Roos NP, Shapiro E. The Manitoba Longitudinal Study on
Aging. Med Care 1981; 19: 644-57.

27. Marshall VW. Factors affecting response and com-
pletion rates in some Canadian studies. Can J Aging 1987;
6: 217-27.

28. Rockwood K, Stolee P, Robertson D, Shillington ER.
Response bias in a health status survey of elderly people Age
Ageing 1989; 18: 177-82.

29. Hebert R, Bravo G, Korner-Bitensky N, Vogen L. Refusal
and information bias associated with postal questionnaires in
very elderly subjects. J Clin Epidemiol 1996; 49: 373-81.

30. Harris MI, Klein R, Welborn TA, Knuiman MW. Onset of
NIDDM occurs at least 4 -7 years before clinical diagnosis.
Diabetes Care 1992; 15: 815-9.

31. Buchner DM, Wagner EH. Preventing frail health. Clin
Geriatr Med 1992; 8: 1-18.

32. Rockwood K, Fox RA, Stolee P et al. Frailty in elderly
people: an evolving concept. Can Med Assoc J 1994; 150:
498-95.

33- Schroots JJF. Psychological models of aging Can J Aging
1995; 14: 44-66.

34. Yates EF, Benton LA. Loss of integration and resiliency
with age: a dissipative destruction. In Masoro EJ ed. Hand-
book of Physiology, Section II: Aging. New York: American
Physiology Society/Oxford University Press, 1995.

Received 21 August 1997; accepted 31 October 1997

577

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/27/5/573/36278 by guest on 21 August 2022



Pensioners demonstrate to complain of low pensions. © Sally and Richard Greenhill.

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/27/5/573/36278 by guest on 21 August 2022


