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Abstract

Background: The 1998 Canadian clinical practice guidelines for the management
of diabetes lowered the cutoff point for diagnosing diabetes mellitus from a fast-
ing plasma glucose (FPG) level of 7.8 to 7.0 mmol/L. We studied the prevalence
and clinical outcomes of undiagnosed and diagnosed diabetes within specific
ranges of FPG among a cohort of subjects recruited in 1990.

Methods: In 1990 a representative sample of 2792 adult residents of Manitoba par-
ticipated in the Manitoba Heart Health Survey, which included measurement of
FPG and a question about each participant’s past history of diabetes. Individuals
who would now be classified as having undiagnosed diabetes under the new
criteria were not considered as such in 1990. Through data linkage with the
provincial health care utilization database, the use of health care by these indi-
viduals was tracked and compared with that of individuals whose diabetes had
been diagnosed and with that of normoglycemic individuals over an 8-year pe-
riod subsequent to the survey.

Results: The prevalence of undiagnosed diabetes in the adult population of Mani-
toba was 2.2%. Undiagnosed cases accounted for about one-third of all diabetes
cases. Individuals with undiagnosed diabetes had an unfavourable lipid profile
and higher blood pressure and obesity indices than normoglycemic individuals.
Individuals who satisfied the new criteria for diabetes but remained undiagnosed
had an additional 1.35 physician visits per year (95% confidence interval [95%
CI] 0.93–1.96) and were more likely to be admitted to hospital at least once
(odds ratio 1.23, 95% CI 0.40–3.79), compared with normoglycemic individuals.

Interpretation: Undiagnosed cases represent the unseen but clinically important
burden of diabetes, with significant concurrent metabolic derangements and a
long-term impact on health care use.

An individual with undiagnosed diabetes is someone whose diabetes has not
been diagnosed by a physician but whose plasma glucose levels satisfy estab-
lished criteria for diabetes. The most recent estimate of the burden of undi-

agnosed diabetes in the total population of the United States is 2.7% among adults
aged 20 years and above, compared with 5.1% for diagnosed diabetes.1 It has also
been shown in cross-sectional studies that undiagnosed diabetes is associated with a
higher prevalence of hypertension, obesity, an unfavourable lipid profile and evi-
dence of retinopathy and nephropathy when compared with values for normo-
glycemic individuals.2

Undiagnosed diabetes can only be detected in a survey or screening setting when
individuals are tested for plasma glucose levels and are asked about a past history of
physician-diagnosed diabetes. Under the 1985 World Health Organization
(WHO) criteria, diabetes is defined by a fasting plasma glucose (FPG) level equal
to or exceeding 7.8 mmol/L or a 2-hour post-challenge plasma glucose level equal
to or exceeding 11.1 mmol/L, or both.3 In 1998 the Canadian clinical practice
guidelines for the management of diabetes4 adopted the diagnostic criteria pro-
posed by the American Diabetes Association (ADA) in 1997, which are based on
the fasting value only, and lowered the cutoff point from 7.8 to 7.0 mmol/L. A new
category of “impaired fasting glucose” (IFG) was created, encompassing individuals
with FPG levels greater than or equal to 6.0 mmol/L but less than 7.0 mmol/L.5

A major difficulty in determining the clinical significance of undiagnosed dia-
betes prospectively is that once diabetes is detected, an individual is no longer “un-
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diagnosed.” The change in diagnostic criteria proposed by
the ADA and the Canadian practice guidelines, however,
creates an opportunity to study the outcome of undiag-
nosed diabetes unaffected by clinical interventions.

In 1990 a representative sample of 2792 adult residents
of Manitoba participated in a health and examination sur-
vey that included the measurement of FPG levels. This
study identified subjects who would be classified as having
undiagnosed diabetes under the new criteria, although their
FPG level was not considered to be within the diabetic
range in 1990. They constitute a unique cohort of individu-
als with undiagnosed diabetes to whom no special clinical
interventions were directed.

This study used data linkage to determine the clinical
significance of undiagnosed diabetes and also the predictive
validity of the ADA criteria in a defined population of
Canadians over a 10-year period.

Methods

This study involved linkage of 2 existing health data sets: the
Manitoba Heart Health Survey (MHHS) and the Manitoba
Health Services Insurance Plan (MHSIP).

The MHHS was a population-based cross-sectional survey
that was conducted between October 1989 and February 1990 as
part of a national effort to estimate the prevalence of cardiovascu-
lar risk factors and assess the level of knowledge about cardiovas-
cular disease. Detailed descriptions of the design and methods of
both the national study6 and the Manitoba survey7,8 have been
published. The target population of the MHHS included all non-
institutionalized adult residents of the province aged 18–74 years.
A stratified random sample was drawn from the registry of benefi-
ciaries of the provincial health insurance plan. A total of 2792 in-
dividuals participated in the interviews, providing a response rate
of 77%. Each participant was assigned a sampling weight, which
was inversely proportional to the probability of selection.

In addition to a personal interview concerning past health his-
tory (including diabetes) and health behaviours (such as smoking,
physical activity and alcohol use), participants underwent selected
clinical measurements, including blood pressure and anthropome-
try, and laboratory tests to measure levels of FPG, glycosylated
hemoglobin and lipids (total cholesterol, high-density lipoprotein
[HDL], low-density lipoprotein and triglycerides). At the time of
the survey, individuals with an FPG level that was greater than or
equal to 7.8 mmol/L, considered as diabetes under the WHO cri-
teria, were notified and advised to seek further evaluation and care
by their own physicians. No specific instructions were given to in-
dividuals with an FPG level that was greater than or equal to 7.0
mmol/L but less than 7.8 mmol/L, individuals who would now
also be considered as having diabetes.

The majority of physicians in Manitoba practise on a fee-for-
service basis and receive payment from the provincial government
by submitting a claim to the MHSIP for each patient’s visit or
each procedure performed. Salaried physicians also submit claims
for monitoring purposes but do not receive payment. Such claims
constitute the “medical file.” A separate “hospital file” exists for
summaries of hospital discharges, including information on the
patient, the attending physicians, the diagnoses and the proce-
dures performed. Since there is no premium for health insurance
in Manitoba, virtually all residents are registered with the MHSIP

and receive their physician and hospital care free of charge. The
MHSIP maintains and updates a population registry that contains
dates of coverage. It is also possible to determine the date of death
from the registry.

Data from the MHSIP claims database have been used in a
substantial body of epidemiological and health services research.9

The accuracy, quality and research utility of this administrative
database are well established.10,11 Although there are limitations,
such as a lack of diagnostic precision, there are advantages includ-
ing the comprehensive coverage of all health care contacts in a to-
tal population. MHSIP data have been used to study diagnosed
diabetes specifically to estimate its prevalence and incidence and
monitor its trend over time.12,13

MHHS data were linked with MHSIP data using a scrambled
personal health insurance number (PHIN). Although personal
identifying data on the survey forms were expunged from the
MHHS data set, a retained sequence number permitted the link-
age of the data back to the PHIN in the MHSIP population reg-
istry from which the MHHS survey sample was originally drawn.
Data for 2674 (96%) of the 2792 subjects who participated in the
interviews were successfully linked. Data from the MHSIP med-
ical and hospital files for these individuals were extracted for 2
years prior to the MHHS survey date and for 8 years following
the survey (from November 1, 1987, to November 30, 1997).
Methodological papers on the linkage procedure have been pub-
lished previously.14,15

Among the individuals included in the linked sample, 435 did
not undergo any laboratory tests, and an additional 79 individuals
had missing FPG values. Twenty-five individuals did not answer
the question concerning their past history of diabetes. Two indi-
viduals were over 75 years old at the time of the survey, although
they had not been at the time of selection. All these cases were
deleted from the final data set, which comprised 2133 individuals,
or 76% of the original sample of 2792 individuals. The propor-
tion of interviewed subjects without measured FPG values is vir-
tually identical (16%) among individuals who reported a past his-
tory of diabetes and those without past diabetes.

Two types of analyses were conducted: the first was cross-
sectional, involving only the MHHS data set, and was designed to
estimate the prevalence of diabetes and investigate the correlation
of the various diabetes categories with selected metabolic indica-
tors (plasma lipids, obesity and blood pressure), whereas the sec-
ond was longitudinal, involving the linked MHHS–MHSIP data
set, and was intended to compare health care use and other clini-
cal outcomes for the various diabetes categories. Table 1 cross-
tabulates past history of diabetes with current FPG levels to yield
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Table 1: Definition of diabetes status categories based on
past history of diagnosed diabetes and current fasting
plama glucose values

Past history of diabetes
Current fasting plasma
glucose, mmol/L Yes No

< 6.0 DxDM Normoglycemic
6.0 – < 7.0 DxDM IFG
7.0 – < 7.8 DxDM UnDxDM(B)

≥ 7.8 DxDM UnDxDM(A)

Note: DxDM = diagnosed diabetes, IFG = impaired fasting glucose, UnDxDM(B) =
undiagnosed diabetes, cutoff point based on 1997 ADA criteria,5 UnDxDM(A) =
undiagnosed diabetes, cutoff point based on 1985 WHO criteria.3xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

DM-old = DxDM + UnDxDM(A), DM-new = DxDM  + UnDxDM(A) + UnDxDM(B).



the various diabetes categories. The abbreviation DxDM refers to
individuals with diagnosed diabetes. UnDxDM(A) refers to indi-
viduals with an FPG level that was greater than or equal to
7.8 mmol/L at the time of the survey. Although their diabetes was
undiagnosed at the time, it ceased to remain so after the survey.
The group referred to as UnDxDM(B) had an FPG level that was
greater than or equal to 7.0 mmol/L but less than 7.8 mmol/L.
Their condition remained undiagnosed after the survey. The ab-
breviation IFG refers to the group with impaired fasting glucose.

In order to compare the data from Manitoba with those ob-
tained for the US population according to the National Health
and Nutrition Examination Survey of 1988–1994 (NHANES III),
we computed age-standardized prevalence estimates using the
1980 US census population as standard.1

To measure health care utilization, we used 2 indicators: the
mean number of consultations or physician visits per person-year
of observation and the proportion of subjects with at least one stay
in hospital during the period of observation. To determine
whether the mean number of physician visits differed among the
various categories of diabetes status, we performed multiple linear
regression analyses, controlling for age and sex. Because the dis-
tribution of mean number of physician visits was highly skewed,
we used logarithm-transformed values in the regression model, al-
though we report the results as the number of physician visits. We
used multiple logistic regression to compare the odds of being ad-
mitted to hospital at least once for the diabetes categories, con-
trolling for age and sex.

To investigate whether the new criteria that lowered the cutoff
point from 7.8 to 7.0 mmol/L affected clinical outcomes, we di-
vided study subjects into 2 groups: diabetic and nondiabetic. Un-
der the old criteria, the diabetic group (DM-old) comprised all
cases of diagnosed diabetes (DxDM) and UnDxDM(A) cases; all
other individuals were considered to be nondiabetic (non-DM).
Under the new criteria, the diabetic
group (DM-new) consisted of all DxDM,
UnDxDM(A) and UnDxDM(B) individu-
als (Table 1). Cox proportional hazards
analysis was used to compare the survival
of nondiabetic and diabetic individuals
(under the old and the new criteria) after
adjusting for age and sex.

Results

The MHHS yielded 64 cases of
undiagnosed diabetes, which corre-
sponded to 15 580 individuals out of
a total provincial adult population of
695 078, when weighting was taken
into account (2.2%). Fig. 1 shows the
age- and sex-specific prevalence of di-
agnosed diabetes (DxDM), undiag-
nosed diabetes (UnDxDM) and im-
paired fasting glucose (IFG)
according to the 1997 ADA criteria.
Among men aged 18–74 years, 2.2%
(95% confidence interval [95% CI]
1.0%–3.3%) had undiagnosed dia-
betes, which was very similar to the

prevalence of 2.3% among women (95% CI 1.0%–3.6%).
Undiagnosed cases of diabetes accounted for 35% of all di-
abetes cases (DxDM and UnDxDM) among men, and 32%
among women. Without the change in diagnostic criteria,
52% of the undiagnosed cases would not have been in-
cluded in this category.

When the 1980 US population was used as the standard,
the Manitoba age-standardized prevalence of undiagnosed
diabetes was 2.3% in men and 2.5% in women, compared
with 3.1% in men and 2.5% in women in NHANES III.

Table 2 compares several key metabolic indicators for
the different diabetes status categories. Normoglycemic in-
dividuals and those with IFG had lower mean FPG values
than those with diagnosed diabetes. Individuals in the
UnDxDM(A) group had higher values than those in the
UnDxDM(B) group. Mean FPG values among the
UnDxDM(A) group were higher than those among individ-
uals with diagnosed diabetes (the DxDM group); the latter
category included patients whose diabetes was being treated.

In general, individuals with undiagnosed diabetes had
lower HDL cholesterol but higher triglycerides, total–HDL
cholesterol ratio, glycosylated hemoglobin, body mass in-
dex, waist–hip ratio, and systolic and diastolic blood pres-
sure than normoglycemic individuals. Compared with diag-
nosed cases, undiagnosed cases either did not differ
significantly or had a worse metabolic profile (in terms of
lipids, obesity, blood pressure). Comparing UnDxDM(A)
and UnDxDM(B), there was no significant difference in any
of the lipid, obesity or blood pressure measures.

The mean number of physician visits per year of obser-
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Fig. 1: Prevalence of diabetes and impaired fasting glucose in the adult population of
Manitoba, according to the 1997 ADA criteria.5 IFG = impaired fasting glucose,
UnDxDM = undiagnosed diabetes, DxDM = diagnosed diabetes.
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vation was 4.83. A diagnosed case of diabetes accounted for
an additional 1.49 visits (95% CI 1.17–1.91), compared
with normoglycemic individuals, after controlling for age
and sex. For undiagnosed diabetes cases, individuals in the
UnDxDM(A) group had an additional 1.35 visits (95% CI
0.93–1.96); for the UnDxDM(B) group, the difference was
1.28 visits (95% CI 0.97–1.71).

We compared the odds of being admitted to hospital at
least once for patients with undiagnosed diabetes and nor-
moglycemic individuals. For the UnDxDM(A) group, the
odds ratio (OR) was 1.23 (95% CI 0.40–3.79), whereas for
the UnDxDM(B) group the OR was 2.07 (95% CI
0.62–6.87). As expected, people with diagnosed diabetes
were at higher risk of being admitted to hospital than nor-
moglycemic individuals (OR 1.90, 95% CI 1.08–3.36).

We found that diabetic individuals
reported more physician visits than non-
diabetic individuals. Using the new cri-
teria, an individual with diabetes (DM-
new) had an excess of 1.43 visits per year
of observation (95% CI 1.16–1.76).
With the old criteria, the excess was
1.42 visits (95% CI 1.18–1.71). Diabetic
individuals were about twice as likely to
have been admitted to hospital at least
once. Comparing DM-new with non-
DM individuals, the OR was 1.88 (95%
CI 1.12–3.17); comparing DM-old with
non-DM individuals, the OR was 1.76
(95% CI 1.09–2.83).

We also established the mortality
rate of the entire cohort over the obser-
vation period. Fig. 2 compares the sur-
vival curves for DM-new, DM-old and
non-DM individuals. Using Cox regres-

sion analysis, controlling for age and sex, we found that dia-
betic individuals were about twice as likely to die during the
study period as nondiabetic individuals. Comparing DM-
new with non-DM individuals, the hazard ratio was 1.93
(95% CI 1.38–2.70); comparing DM-old with non-DM,
the hazard ratio was also 1.93 (95% CI 1.35–2.75). Because
of the small number of events, we did not compare specific
causes of death.

Interpretation

Our data show that about 2% of the adult population
(aged 18–74 years) of Manitoba have undiagnosed diabetes,
based on the 1998 Canadian practice guidelines. Undiag-
nosed diabetes cases comprise about one-third of all diabetes
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Fig. 2: Probability of survival among survey cohort members. Non-DM = nondia-
betic individuals, DM-new = all individuals considered to have diabetes according
to the new criteria,4 DM-old = all individuals considered to have diabetes accord-
ing to the old criteria.3
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Table 2: Comparison of mean values of selected metabolic indicators for individuals with diagnosed diabetes,
undiagnosed diabetes, impaired fasting glucose and normoglycemia

DxDM
 n = 157

UnDxDM(A)
n = 31

UnDxDM(B)
n = 33

IFG
n = 167

Normoglycemia
 n = 1745

Metabolic
indicator Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI)

FPG, mmol/L 8.59 (7.99–9.19) 10.5 (9.58–11.5) 7.32 (7.24–7.40) 6.40 (6.36–6.43) 5.24 (5.22–5.26)
HGB, % 8.55 (8.03–9.06) 9.30 (8.18–10.4) 6.81 (6.52–7.10) 6.11 (6.00–6.22) 5.58 (5.56–5.61)
TC, mmol/L 5.25 (5.01–5.49) 5.49 (5.17–5.80) 5.92 (5.54–6.29) 5.46 (5.16–5.75) 5.05 (4.99–5.12)
HDL, mmol/L 1.17 (1.08–1.25) 1.07 (0.96–1.17) 1.10 (1.01–1.19) 1.17 (1.10–1.25) 1.29 (1.27–1.31)
LDL, mmol/L 3.25 (3.03–3.47) 3.41 (3.10–3.72) 3.67 (3.36–3.98) 3.39 (3.13–3.64) 3.13 (3.07–3.18)
TG, mmol/L 1.87 (1.64–2.10) 2.58 (2.01–3.14) 2.88 (2.26–3.50) 2.02 (1.67–2.38) 1.44 (1.37–1.51)
TC:HDL ratio 4.88 (4.50–5.26) 5.48 (4.87–6.09) 5.50 (5.01–5.98) 5.02 (4.59–5.45) 4.19 (4.09–4.28)
BMI 28.43 (26.9–29.9) 29.97 (28.1– 31.9) 30.42 (28.3–32.6) 27.99 (26.7–29.3) 25.45 (25.2–25.7)
WHR 0.897 (0.876–0.918) 0.950 (0.920–0.980) 0.932 (0.903–0.960) 0.910 (0.889–0.930) 0.853 (0.847–0.859)
SBP, mm Hg 132.86 (129.5–136.2) 144.49 (138.1–150.9) 151.29 (143.7–158.8) 134.28 (130.0–138.6) 121.01 (120.2–121.9)
DBP, mm Hg 80.18 (78.3–82.0) 85.12 (82.7–87.5) 84.69 (81.9–87.5) 81.44 (79.2–83.7) 76.03 (75.5–76.6)

Note: FPG = fasting plasma glucose, HGB = glycosylated hemoglobin, TC = total cholesterol, HDL= high-density lipoprotein, LDL= low-density lipoprotein, TG = triglycerides, BMI =
body mass index, WHR = waist–hip ratio, SBP = systolic blood pressure, DBP = diastolic blood pressure.



cases. These data are comparable with those reported from
the United States.1 Undiagnosed diabetes represents the un-
seen burden of a disease that is increasingly recognized as an
important public health problem in the developed world.

Should we be concerned about this unseen burden and
should any efforts be expended to identify undiagnosed
cases of diabetes? We are able to establish the clinical sig-
nificance of undiagnosed diabetes by showing the un-
favourable lipid profile and higher blood pressure levels
and obesity indices present in individuals with this condi-
tion at the time of its discovery. We were not able to detect
a significant difference in clinical outcome between individ-
uals who remained undiagnosed and normoglycemic indi-
viduals, using the indicators of mean number of physician
visits per year and the odds of being admitted to hospital at
least once during the study period.

The Canadian clinical practice guidelines recommend
screening for all adults aged 45 years and over,4 although
the health benefits of screening have not been established
by a randomized controlled trial, and the justification for
screening has been challenged.16 The decision to screen re-
quires information on the burden of undiagnosed diabetes,
its association with metabolic risk factors and potential
long-term morbidity, as well as the costs and adverse effects
of screening itself.17

There has been considerable discussion in the literature
of the merits and pitfalls of the new ADA criteria.18,19 Our
data indicate that the new criteria, by lowering the cutoff
point of FPG, almost double the prevalence of undiag-
nosed diabetes. The new criteria, however, are as capable as
the old of predicting increased morbidity and mortality
among diabetic compared with nondiabetic individuals.

Because of the importance of glycosylation in the devel-
opment of microvascular complications, it has been argued
that individuals with an FPG level of 7.0–7.7 mmol/L with-
out elevated levels of glycosylated hemoglobin should not
be considered as having diabetes.20 Our data (Table 2) indi-
cate that individuals with undiagnosed diabetes, even those
with an FPG level of 7.0–7.7 mmol/L, have elevated glyco-
sylated hemoglobin (6.81% [95% CI 6.52%–7.10%]) com-
pared with normoglycemic individuals (5.58% [95% CI
5.56%–5.61%]) and thus are at risk for microvascular
complications.

The use of data linkage to study the long-term clinical
outcome of undiagnosed diabetes is less time-consuming
and expensive than a true follow-up study requiring repeat
examinations of survey cohort members. We were able to
exploit the opportunity for a “natural experiment” created
by the change in diagnostic criteria, allowing the pattern of
health care use by individuals with undiagnosed diabetes to
be monitored without their being subjected to increased
clinical surveillance or interventions. It is anticipated that
with a longer study period (and a larger number of person-
years) of observation, we should be able to further explore
clinical outcomes using more specific diagnostic categories
beyond overall measures of health care use.
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