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In preventing non-insulin-dependent diabetes mellitus (NIDDM) and its complications, screening high-risk individuals
complements public health measures. Our screening instrument for patients of general practitioners was a questionnaire for
self-determined high-risk groups plus a laboratory measurement of a random venous plasma glucose level. Collaborating
practitioners evaluated 100 consecutive outpatients aged 40 years or older. The questionnaire identified patients with two or
more diabetic symptoms or with two or more risk factors, and they were recommended to have their blood tested. For those
with a random plasma glucose greater than 5.5 mmol/L, oral glucose tolerance tests (OGTTs) were advised. Of 50,859 subjects
completing the study, there were 1,013 cases (2.0%) of new diabetes, 1,704 cases (3.4%) of impaired glucose tolerance (IGT),
and 5,508 cases (10.8%) of previously diagnosed diabetes. Symptoms alone were a relatively poor discriminant. Almost all
newly identified NIDDM and IGT patients had two or more risk factors for NIDDM. The risk ratios for abnormal glucose
tolerance were as follows: high blood pressure, 2.4; overweight, 2.0; and positive family history, 1.7. Selection of cutoff points
higher than 5.5 mmol/L would have substantiaily reduced the rate of newly discovered NIDDM and IGT. Screening for NIDDM
and IGT in general practice is feasible and can be achieved with little disruption of office procedures. In preventive programs of
this nature, the low screening threshold of 5.5 mmol/L for random venous plasma glucose maximizes the case-finding rate.
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YPE 2 DIABETES, or non-insulin-dependent diabetes
mellitus (NIDDM), has a high mortality and morbidity
and poses a huge healthcare burden because of its complica-
tions.!> The microvascular complications are related to the
duration and severity of hyperglycemia. At presentation, 10% to
12% of cases of NIDDM have retinopathy® and 5% have
neuropathy, suggesting that diabetes has been present for years
before diagnosis.” Accelerated atherosclerosis may precede the
diagnosis of frank diabetes for many years.®® There is evidence
that the mortality for impaired glucose tolerance (IGT), a
precursor of NIDDM, is almost the same as for frank diabe-
teg 10,11
Such data emphasize the need for early case-finding of
NIDDM and IGT, when treatment of the metabolic abnormali-
ties could reduce the severity of complications or at least enable
their prompt identification and management. Screening for
unidentified NIDDM is a justifiable area for operational re-
search.'?-14 In addition, finding subjects with IGT will define a
group at much greater risk of progression to frank diabetes, !5 as
well as having coexisting vascular risk factors.!é1® In nondia~
betic populations, there is compelling evidence that modifying
the risk factors reduces cardiovascular events. Such principles
should surely apply to populations with IGT and with diabetes.
The principle of screening high-risk groups for NIDDM is
now generally recommended.!-3!213 Those at high risk include
persons with unrecognized symptoms and those with a positive
family history of NIDDM, obesity, age greater than 50 years,
previous abnormality of glucose tolerance, and ethnic predispo-
sition (for example, the indigenous races of Australia and the
Americas, Pacific Islanders, Asian Indians, Chinese, and South-
ern Europeans).!213
General practices in Australia provide an ideal environment
for such screening programs. Family doctors have good access
to the community: 80% to 85% of the population will contact a
general practitioner in 1 year.'*?® General practitioners are able
to identify individuals at risk, obtain informed consent for
screening, and conduct the screening procedure. Importantly,
they are available to supervise diagnostic follow-up evaluations
and aftercare.
The aims of the project reported here were to assess the
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frequency of undiagnosed NIDDM and IGT in patients of
general practitioners, using self-determined high-risk groups
and measurement of random venous plasma glucose levels as
the screening instrument.

SUBJECTS AND METHODS

General practitioners were surveyed to participate in the project.
Respondents attended introductory workshops with an endocrinologist.
After completion, a seminar was arranged to discuss outcomes. The
project was endorsed by the Royal Australian College of General
Practitioners and provided continuing medical education points. Of 650
practitioners who expressed initial interest, 535 completed the survey
and returned data sheets.

The screening study kit included a descriptive outline of the study,
instructions for the practice receptionist, a tally sheet to document 100
consecutive eligible patients and to record those refusing or unable to
complete the questionnaire because of sickness or lack of comprehen-
sion, and posters and desktop notices. Survey questionnaire forms were
provided together with blood collection guidelines, with instructions for
dispatch of blood samples to participating laboratories.

The study commenced on December 1, 1994, and was completed by
June 30, 1995. The protocol required 100 consecutive patients over 40
years of age in each practice to be given the survey questionnaire form
plus a written invitation to participate and descriptive information about
the pros and cons of early diagnosis of diabetes.

The questionnaire contained items for the self-recording of (1)
previous diagnosis of diabetes or high blood glucose levels, the year of
diagnosis, and current treatment; (2) current diabetic symptoms: excess
thirst, frequent urination, unexplained weight loss, frequent skin
infections, or frequent genital candidosis (thrush); and (3) presence of
risk factors for NIDDM: age over 50 years, being overweight, having
blood relatives with adult-onset diabetes, having checks on treatment
for high blood pressure levels.
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Table 1. Final Diagnostic Category by Age and Sex

. . 40-49 yr 50-59 yr 60-69 yr 70+ yr Males Females Total
Diagnostic
Category No. % No. % No. % No. % No. % No. % No. %
Known diabetes 733 5.7 1,124 104 1,790 15.0 1,861 131 2,672 128 2,836 9.5 5,608 10.8
New diabetes 63 05 193 1.6 293 2.4 484 3.3 423 2.0 590 19 1,013 2.0
IGT 147 11 353 3.0 460 38 744 5.2 681 3.2 1,023 34 1,704 3.4
Total sample 12,890 11,750 11,961 14,258 21,161 29,698 50,859
National prevalence
of known diabetes?? 1.6 3.7 6.1 7.8 4.5 4.5 43

Respondents with two or more symptoms or two or more risk factors
as defined were offered a screening blood test. Venous blood was
collected by the doctor or staff and dispatched to a collaborating
pathology laboratory for measurement of plasma glucose using an
enzymatic method.

Screening and Diagnostic Criteria

For subjects with positive symptoms or risk factors, we chose the low
cutoff point for random venous plasma glucose of greater than 5.5
mmol/L. All such subjects were recommended to have an abbreviated
oral glucose tolerance test (OGTT) at an accredited pathology center.
This involved an overnight fast and collection of a fasting venous blood
sample and a 2-hour venous blood sample after a standard 75-g oral
glucose load with the subjects sitting quietly at rest. We used the
following diagnostic criteria for the abbreviated OGTT?!: (1) diabetes
mellitus, fasting venous plasma glucose of at least 7.8 mmol/L. and/or
2-hour venous plasma glucose of at least 11.1 mmol/L; and (2) IGT,
fasting venous plasma glucose less than 7.8 mmol/LL and 2-hour venous
plasma glucose of 7.8 to 11.0 mmoVL. Not all positive screenees
(random venous plasma glucose >5.5 mmol/L) underwent the OGTT,
and we assigned the following categories to these subjects: (3) diabetes
mellitus, two or more symptoms and random venous plasma glucose of
at least 11.1 mmol/L. or no symptoms but two or more risk factors and
random venous plasma glucose of at least 15.0 mmol/L. The prevalence
(risk) ratio for the screening categories was calculated as the rate for
new diabetes (or IGT) with the category divided by the ratio for new
diabetes (or IGT) without the category, using SPSS statistical software.
(Baker Medical Research Institute, Prahran, Australia).

RESULTS

Fifty-four thousand seven hundred subjects were screened
throughout Australia. There were 2,067 refusals (3.8%) from
patients who were either unable or did not wish to participate. A
further 1,774 subjects completed the initial questionnaire but
were excluded from the analysis for protocol violations (eg, age
<40 years, no. of patients exceeded 100, or incomplete
information).

The total number of records analyzed from 535 general
practitioners was 50,859. This number is the denominator for
the subsequent rates for diagnostic categories. The patients were
screened in New South Wales (45.3%), Victoria (27.3%),
Queensland (9.0%), South Australia (7.6%), Western Australia

(7.5%), and Tasmania (3.2%). Results between States showed
negligible geographic variation. There were equivalent numbers
in the age groups 40 to 49, 50 to 59, 60 to 69, and 70 years or
older (Table 1). Patients who stated that they had previously
diagnosed diabetes (n = 5,508) were excluded from the subse-
quent screening by the general practitioner. Of the remaining
subjects, 4,009 (7.8%) had two or more symptoms, 22,947
(45.1%) had two or more risk factors, and 24,305 (47.8%) had
one or both of these categories. Twenty-three thousand two
hundred subjects (45.6%) were referred for random plasma
glucose measurements identifying 8,648 subjects (37.3% of
those tested) with a value exceeding 5.5 mmol/L, and 6,550
subjects (28.2%) were further referred for an abbreviated
OGTT.

Final diagnostic categories (Table 1) included 1,013 cases of
new diabetes representing 2.0% of the analyzed records. There
were 1,704 cases of IGT, or 3.4% of the screened population.
Thus 5.4%, altogether, of new cases of abnormal glucose
tolerance were discovered. Rates of new diabetes and IGT
increased with age. Within age groups, the frequency of
discovered diabetes in the sample was 30% to 45% of the
estimated national prevalence for self-reported diabetes.?> The
frequency of IGT in the sample was about 75% of the estimated
national prevalence of self-reported diabetes.

There was a high rate of previously diagnosed diabetes in the
sample (Table 1). Fifty-five hundred eight subjects (10.8%)
reported positive histories for diabetes/high blood glucose, a
rate more than twice the estimated national prevalence rate.”
The median duration of diabetes/high blood glucose was 6
years. Twelve percent were on insulin injections, 50% on
tablets, and 26% on diet alone, and 12% stated that they were on
no treatment.

The frequency of positive symptoms and positive risk factors
for NIDDM in the diagnostic categories (Table 2) shows
anticipated trends. Subjects with known and previously diag-
nosed diabetes had symptoms more often than the nondiabetics,
but screening for two or more symptoms alone would have
identified only 15% of all newly diagnosed subjects. In contrast,
almost all of the new diabetic and IGT subjects had two or more

Table 2. Frequency (% of sample) of Positive Symptoms and/or Positive Risk Factors by Final Diagnostic Category

Diagnostic Two or More Two or More Positive Family High Blood

Category Symptoms Risk Factors Overweight Age >5b0 yr History Pressure
Known diabetes 19 52 34 54 27 38
New diabetes 15 97 66 92 34 67
IGT 12 98 65 91 34 66
Nondiabetic 8 45 34 66 21 28
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Table 3. Prevalence Ratios for Symptoms and Risk Factors
(age-standardized) in Newly Diagnosed Diabetes and IGT
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Table 4. Final Diagnostic Category by Selected Cut-off Points for
Random Venous Plasma Glucose Levels

New Diabetes IGT

Category Ratio 95% CI Ratio 95% Cl
Two or more symptoms 2.6 2,2-3.3 1.7 1.3-2.2
Overweight 2.2 2.0-2.4 2.1 2.0-24
Positive family history 2.1 1.9-2.5 21 1.8-2.4
High blood pressure 2.2 1.9-2.4 22 2.0-25
Any 2 risk factors 2.1 2.0-2.3 1.9 1.7-2.0
Any 3 risk factors 2.6 2.2-3.1 2.6 2.2-3.1
Any 4 risk factors 2.9 1.89-4.3 2.4 1.6-3.7

Abbreviation: Cl, confidence interval.

risk factors. Two thirds had self-reported overweight, and two
thirds had self-reported high blood pressure. Prevalence (risk)
ratios for new diabetes and IGT, respectively, by the various
screening categories were as follows: high blood pressure, 2.4,
2.4; two or more risk factors, 2.2, 2.2; overweight, 1.9, 2.0;
positive family history, 1.7, 1.7; age greater than 50 years, 1.4,
1.4; and two or more symptoms, 1.8, 1.5. The age-standardized
results are shown in Table 3. The prevalence ratios were very
similar in new diabetes and IGT groups, and most were
significant as reflected by the 95% confidence limits.

In the initial screening process, random venous plasma
glucose levels were measured in 23,200 subjects. The distribu-
tion of these levels by final diagnostic category shows substan-
tial overlap between groups (Fig 1). There are peak modal
ranges for nondiabetic subjects (4.6 to 5.5 mmol/L) and IGT
subjects (5.6 to 7.5 mmol/L), but for subjects with new diabetes
there is a broad modal range of 5.6 to greater than 8.5
mmol/L..The effect of varying the cutoff point for random
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venous plasma glucose on the number of subjects identified in
final diagnostic categories is shown in Table 4. If the cutoff
point had been set at greater than 6.5 mmol/L, 29% of new
diabetics and 58% of IGT subjects would not have been
identified. At a cutoff point of greater than 7.5 mmol/L, 51% of
new diabetics and 81% of IGT patients would not have been
identified.

DISCUSSION

This study reports operational research into screening for
NIDDM and IGT in general practice using the principle of
self-determined high-risk groups and measurement of random
venous plasma glucose levels. The use of a simple questionnaire
avoided disruption of office procedures in general practice. Our
study confirms the feasibility of this approach. We excluded
questions on ethnic origin and on abnormal blood lipid fractions
and more precise assessment of obesity, since all of these
procedures were likely to jeopardize the efficacy of screening
and response rates.

While there are no data to support screening for NIDDM and
IGT in terms of the long-term prevention of symptomatic
diabetes or its complications, we have outlined evidence
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suggesting the potential benefits and the need for further
studies.

Similarly, while there are no data on preventing macrovascu-
lar disease or its progression in subjects with NIDDM and IGT,
there is an enormous literature on abnormal glucose tolerance as
a component of the syndrome of insulin resistance. 618 Compris-
ing this syndrome are modifiable vascular risk factors including
obesity, hypertension, glucose intolerance, and dyslipidemia.

Our screening procedure provided a moderate yield of cases
of abnormal glucose tolerance. The data suggest that it is useful
for general practitioners to screen the elderly and those with
acknowledged risk factors for NIDDM, particularly hyperten-
sion and obesity. We found an extremely high rate of diagnosed
diabetes in persons attending general practitioners as compared
with national prevalence figures, and this was uniform through-
out the practices and the States. A partial explanation is that
persons with diabetes attend doctors more frequently than
nondiabetic persons. It is also possible that the national
prevalence figures?? are an underestimate.

The project was educational for participating general practi-
tioners, who reported favorably in their evaluations. They
developed a better appreciation of the diagnostic criteria for the
diagnosis of diabetes. In addition, the study provided continuing
education on the syndrome of insulin resistance as an important
risk factor for abnormal glucose tolerance, as well as for
cardiovascular disease.

The issue of diagnostic criteria was the major focus for
interactive discussions between the general practitioners and the
endocrinologists. A project of this nature highlights the gulf
between the diagnostic criteria recommended in the clinical
setting and the criteria used for epidemiological or population
screening purposes as recommended by the World Heaith
Organization.!! In the clinical setting, the diagnosis of diabetes
can be made if a patient has typical symptoms and unequivocal
elevation of plasma glucose. Alternatively, in the absence of
symptoms, two or more abnormal blood glucose values are
needed for diagnosis, either a fasting level greater than 7.8
mmol/L or an OGTT with abnormal values greater than 11.1
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mmol/LL at 2 hours after the oral glucose load and at one
intervening time.

For epidemiological or population screening purposes, the
2-hour value after 75 g oral glucose may be used alone or with
the fasting value.!:?! Indeed, a single 2-hour reading greater than
11.1 mmol/L is sufficient to diagnose diabetes. It is on the basis
of glucose tolerance tests in population samples without regard
to the presence of symptoms that current criteria were shown to
discriminate those at risk of subsequent microvascular compli-
cations of diabetes.!s

The criteria for blood glucose levels in screening programs
require clarification. The tests have to be simple and acceptable,
and the results must be easy to interpret. While selective
screening of high-risk subjects is generally approved,'>1* there
are varied recommendations regarding the blood glucose levels
that necessitate follow-up evaluation (fasting venous plasma
glucose values of 6.5 to 6.7 mmol/L and random venous plasma
glucose of 7.0 to 8.9 mmoV/L are cited.'>'* The World Health
Organization states that in patients without symptoms of
diabetes, random venous plasma glucose levels of 5.5 to 11.0
mmol/LL are in an uncertain range and further follow-up
evaluation may be required.?! Our selection of the cutoff point
of 5.5 mmol/L for random venous plasma glucose as a basis for
follow-up study enabled the identification of many more cases
of newly diagnosed diabetes at risk of microvascular disease,
and many more cases of abnormal glucose tolerance (NIDDM
plus IGT) at increased risk of macrovascular disease. There is
obviously the need to continue research into the complex issue
of screening high-risk groups for NIDDM. Alternative diagnos-
tic criteria for diabetes have been suggested, including glycated
hemoglobin or fasting venous plasma glucose measurements.?3
We suggest that a simple questionnaire to identify risk and a
random venous plasma glucose measurement is a feasible
screening method.
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