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OBJECTIVE — To compare within-subject variability of plasma glucose measured 2 h after a
glucose tolerance test (GTT) with that of plasma glucose measured 2 h after administration of a
standardized test meal (diabetes screening product [DSP], Ceapro, Edmonton, Alberta, Canada)
and to determine the relationship between the two sets of plasma glucose measurements.
RESEARCH DESIGN A N D METHODS— Plasma glucose and insulin responses of 36
overnight-fasted subjects (10 lean normal, 9 obese normal, 9 with impaired glucose tolerance
[IGT], and 8 with mild diabetes) were studied on eight different mornings after they consumed
75 g oral glucose or 50 g carbohydrate from the DSP. Each test meal was repeated four times
by each subject. Within-subject coefficients of variation (CVs) (CV = 100 X SD/mean) of
plasma glucose concentrations 2 h after administration of the GTT and DSP were compared
by repeated measures ANOVA and linear regression analysis.
RESULTS — Mean plasma glucose 2 h after administration of the DSP (D) was linearly
related to that 2 h after the GTT (G): G = 1.5 X D - 1.6 (r = 0.97, P < 0.0001). The CV of 2h plasma glucose was significantly lower after administration of the DSP, 10.5 ± 1.0%, than after
the GTT, 12.7 ± 1.18% (P = 0.025). The effect of test meal on CV differed in different groups
of subjects (P = 0.018), with the largest difference found in IGT subjects, in whom the CV after
DSP administration was 47% less than after the GTT (P = 0.0005). The DSP was significantly
more palatable and produced fewer adverse symptoms than the GTT.
CONCLUSIONS — Plasma glucose concentrations measured 2 h after DSP administration
are closely related to those measured 2 h after the GTT but are more consistent than the 2-h
post-GTT concentrations within the critical IGT range. This finding suggests that measurement
of plasma glucose 2 h after administration of the DSP may allow more precise discrimination
among normal glucose levels, IGT, and diabetes than measurement of plasma glucose 2 h after
the GTT.
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Interest in mass screening for diabetes to
enable early diagnosis and prevent complications has been moderated by lack of
proven benefit and the undesirable economic, social, physical, and psychological
consequences of diagnosing diabetes (5). It is
widely accepted that diabetes is present
when plasma glucose is ^ 1 1 . 1 mmol/1 2 h
after a 75-g oral glucose tolerance test (GTT)
(6). The GTT is a more sensitive test than
fasting plasma glucose (FPG) (7) for detecting asymptomatic diabetes, even with the
use of the newly recommended lower diagnostic cut point of 7.0 mmol/1 (8). However,
the value of the GTT is debated, because it is
perceived as an expensive, complex, timeconsuming, and difficult test (8-11) that is
unpalatable and has poor reproducibility
(12,13). To address some of these issues, a
prototype diabetes screening product (DSP)
(Ceapro, Edmonton, Alberta, Canada) was
developed. A pilot study in 10 nondiabetic
subjects showed that the DSP produced less
variable capillary blood glucose responses
than did the GTT (14). Thus, the primary
objectives of this study were to compare the
within-subject variability of plasma glucose
concentrations measured 2 h after the GTT
with that of plasma glucose concentrations
measured 2 h after administration of the
DSP and to determine the relationship
between the two sets of plasma glucose
measurements in subjects whose glucose tolerance status ranged from normal to diabetic.
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he prevalence of abnormal glucose tolerance in different populations varies
from < 2 to > 5 0 % (1). Diabetes is a
major cause of blindness, end-stage renal
disease, and peripheral vascular disease and
is a significant risk factor for ischemic heart
disease (2). Its importance as a public health
problem is likely to increase substantially
during the next 2 decades. In developed
countries, this change will occur because
diabetes prevalence increases markedly
with age, and the proportion of the population > 6 5 years of age is growing (3). In
developing countries, diabetes prevalence is
increasing rapidly in parallel with greater
affluence and prevalence of obesity (4).
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RESEARCH DESIGN AND

Table 1—Subject characteristics
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n

Sex (M/F)
Age (years)
BMI (kg/m2)
FPG (mmol/1)
FPIns (pmol/l)

Lean

Obese

IGT

Diabetes

10
2/8

9
5/4

9
4/5

8
4/4

35±4 : *
22.2 ±0. 5*
4.6 ± 0.1*
37 ±4

49±3t
31.9±1.3t
4.9 ±0.2*
56 ±10

48±5t
29.7±2.2tf
5.7±0.3t
71 ±15

58 ±5*
29.1 ±1.3*
7.3 ±0.3*
57 ±13

p*

NS

0.004
<0.001
<0.001
NS

Data are means ± SE or n. P values represent significance of heterogeneity by ANOVA. Within rows, means
appearing with different symbols are significantly different, P < 0.05. To convert glucose to milligrams per
deciliter, multiply by 18; to convert insulin picomoles per liter to microunits per milliliter, divide by 6. FPIns,
fasting plasma insulin.

glycosylated hemoglobin within 12 months
of the study. For the purpose of statistical
analysis, subjects were classified according
to World Health Organization (WHO) criteria (6) as having normal plasma glucose,
IGT, or diabetes based on the average fasting
and 2-h plasma glucose concentrations of
the four GTTs performed during the study.
Of the 17 subjects thought to be normal on
enrollment, 1 was found to have IGT and 1
was found to have diabetes; of the 5 who
had IGT before enrollment, 1 was found to
be normal; and of the 14 subjects who had
diabetes before enrollment, 3 were found to
be normal and 4 were found to have IGT
(the improvement in glucose tolerance was
presumably due to weight loss). Thus, for
statistical analysis, 10 subjects were classified
as lean normal, 9 as obese normal, 9 as having IGT, and 8 as having diabetes. After
completion of the study, the diagnostic criteria for diabetes were revised (8), with diabetes being defined as FPG ^7.0 mmol/1
(126 mg/dl). None of the subjects classified
as normal had FPG ^7.0 mmol/l; one of the
nine subjects with IGT had FPG 5:7.0
mmol/1; and only two of the eight subjects
classified by WHO criteria as having diabetes had FPG >7.0 mmol/1.
One primary objective was to compare
the within-subject variability of plasma glucose 2 h after the GTT with that of plasma
glucose 2 h after administration of the DSP
Variabilities of plasma glucose and insulin
at other time points were determined as
secondary end points. Variation within subjects was expressed as CV = 100 X
SD/mean. The CV of plasma glucose and
insulin concentrations at each time point
were subjected to a three-factor, repeated
measures analysis of variance (ANOVA)
examining the effects of group, center, and
test meal, and the interactions among these
main effects, using the General Linear
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Model procedure of the SAS statistical program system (SAS Institute, Cary NC). The
other primary objective was to determine
the relationship between the mean plasma
glucose value obtained 2 h after the GTT
with that obtained 2 h after the DSP, using
linear regression analysis (16). Correlations
between mean plasma insulin and glucose
concentrations at other times were calculated as secondary end points. Mean ratings
for palatability and acceptability were analyzed by repeated measures ANOVA (16).
The numbers of symptoms experienced on
the GTT and the DSP were compared by
the x 2 test (16).
The protocol of the study was
approved by the ethics review committee at
each participating institution, and informed
consent was obtained from all subjects.
RESULTS— Of the 36 subjects, 35
completed all eight tests, and 1 IGT subject
withdrew from the study after completing
five tests. Mean age, BMI, and FPG and
fasting plasma insulin for the four groups
are shown in Table 1. Mean plasma glucose
and insulin concentrations after the GTT
were significantly greater than those after
the DSP at all time points except fasting
(Fig. 1).
Between 0 and 1 h, plasma glucose
CVs after the DSP were not significantly
different from those after the GTT (Fig. 2).
The overall mean plasma glucose CV after
the DSP was less than after the GTT at 1.5
h (10.0 ± 0.7 vs. 13.8 ± 1.37%, P = 0.002)
and 2 h (10.5 ± 1.0 vs. 12.7 ± 1.18%, P =
0.025). However, the effect of the test meal
on the 2-h plasma glucose CV differed in
the different groups of subjects (P = 0.018).
In subjects with IGT, the CV of 2-h plasma
glucose after the DSP was 47% less than
that after the GTT (9.1 ± 1.5 vs. 15.9 ±
2.9%, P = 0.008). The difference between
337
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M E T H O D S — We planned to study
four groups of subjects in five centers: 10
lean normal subjects (BMI <27 kg/m2),
termed lean; 10 obese normal subjects
(BMI >27 kg/m2), termed obese; 10 subjects with impaired glucose tolerance
(IGT); and 10 subjects with diabetes
treated by diet alone. Each subject was
studied after 12-h overnight fasts on 8 separate days over a period of 6-8 weeks.
After a fasting blood sample was obtained,
subjects were given a test meal of either 75
g oral glucose (the GTT) or 87 g of a solid
standardized mixed test meal (the DSP)
according to a randomized block design.
Each subject underwent four blocks, with
each block consisting of one GTT (Glucodex, Bougier, Chambly, Quebec, Canada)
and one standardized mixed test meal
administered in random order. The test
meal was consumed within 10 min. Additional blood samples were obtained, using
an indwelling catheter, at 15, 30, 45, 60,
90, and 120 min after subjects started the
meal. The standardized mixed test meal
consisted of 87 g of the DSP served with
250 ml water. The DSP is a solid test meal
in the form of wafers containing oat-fractionation products, soy protein, and canola
oil sweetened with honey The 87-g portion
(five wafers) contained 345 kcal, 10.7 g fat,
12.1 g protein, 8.9 g simple sugars, 41.1 g
starch, and 3.8 g dietary fiber.
After the last blood sample was taken,
the palatability and acceptability of the test
meal were assessed using visual analog
scales (15), and subjects indicated whether
they experienced headache, dizziness,
stomach discomfort, bloating, belching,
flatulence, diarrhea, hunger, or other symptoms during the test.
A central laboratory measured plasma
glucose using an automatic analyzer (Model
2300STAT, Yellow Springs Instruments, Yellow Springs, OH) and insulin using
radioimmunoassay (Phamacia, Dorval, Quebec, Canada). The coefficients of variation
(CVs) of 273 duplicate analyses of glucose
(concentrations <4.9 to >14.9 mmol/1
[<88 to >268 mg/dl]) were 3.1-4.9%, and
the CVs of 118 duplicate analyses of insulin
(concentrations <100 to >399 pmol/l
[<16.7 to >66.5 pU/ml), were 5.7-8.0%.
Lean and obese normal subjects had no
known history of diabetes and did not have
to undergo a GTT before enrollment. Subjects with IGT and diabetes were recruited
from a population of patients who had had
abnormal results of the GTT or abnormal

Evaluation of a standardized mixed test meal

Lean

Obese

IGT

a)

h
li
co s -"
Q.

Diabetes

The DSP was significantly more palatable
and acceptable (scores were 65 ± 4 and 67
± 4 mm, respectively) than the GTT (52 ±
5 and 56 ± 5 mm; P = 0.048). Occurrence
of headache (15%), dizziness (7%), bloating (5%), flatulence (5%), and diarrhea
(2.5%) was similar after both the DSP and
the GTT. However, stomach discomfort,
belching, hunger, and nausea occurred
significantly less often after the DSP than
after the GTT (Table 2).

CONCLUSIONS—The GTT was
expected to elicit greater plasma glucose and
insulin responses than the DSP because it
400contained more carbohydrate, and because
glucose has a higher glycemic index than
IS
200most starchy foods (17). The values for CV
of plasma glucose 2 h after the GTT
(11-15%) agree with those previously
reported from our laboratory (12.9%) (14),
Time (hr)
and from a large Dutch population (n =
555) (16.7%) (13). The Dutch study had
Figure 1—Plasma glucose and insulin responses after the GTT ( • ) and the DSP (O) in 10 lean nor- larger CVs for plasma insulin (34-44%) than
mal subjects, 9 obese normal subjects, 9 subjects with IGT, and 8 subjects with diabetes. Points repre- our values (20-30%), possibly because in
sent means ± SE, and each subject repeated each test meal four times.
the Dutch study, only two GTTs were performed, with the second producing significantly different results from thefirst(13).
the 2-h plasma glucose CVs of the DSP and cose 1 h after the GTT and plasma glucose
The present results are consistent with
our preliminary conclusion (14) that
the GTT, respectively, was not significant in 2 h after the GTT (r = 0.91).
lean (9.2 ± 1.9 vs. 13.1 ± 2.1%, P = 0.10),
Questionnaires on palatability and starchy test meals produce less variable
obese (9.0 ± 1.3 vs. 11.2 ± 1.9%, P = 0.37), symptoms were completed by 31 subjects. glycemic responses than the GTT in nonor diabetic (15.3 ± 2.9 vs. 10.3 ± 2.3%, P =
0.063) subjects (Fig. 2). The CVs of plasma
insulin concentrations followed a similar
Lean
Diabetes
IGT
Obese
pattern, but were two to three times greater
than those of plasma glucose (Fig. 2). The
160)
CV of plasma insulin after the DSP did not
CO
differ significantly from that after the GTT
8
12at any time point.
o
There was a very close correlation
CO
between mean plasma glucose values
CO
obtained 2 h after the DSP (D) and those
Q.
obtained 2 h after GTT (G) for the 36 subjects (r = 0.97) (Fig. 3). The regression
equation was as follows: G = 1.5 X D — 1.6.
The SD of the residuals (difference of y-axis
values from the regression line) was 0.97
(O
mmol/1 (17.5 mg/dl). Mean values for
plasma insulin 2 h after the DSP and 2 h
(0
after the GTT were closely related (Fig. 3).
CO
There was close correlation between mean
Q.
FPG before the DSP and mean plasma glucose 2 h after the GTT (r = 0.89), and the
correlation coefficient increased with time
Time (hr)
after the DSP, approaching a maximum
value at 1 h. The correlation between Figure 2—CVs of plasma glucose and insulin concentrations at various times after the GTT ( • ) and
plasma glucose 1 h after the DSP and the DSP (O) in 10 lean normal subjects, 9 obese normal subjects, 9 subjects with IGT, and 8 subjects
plasma glucose 2 h after the GTT (r = 0.96) with diabetes. Points represent means ± SE of the CVs calculated for the four repeated tests of each test
was better than that between plasma glu- meal consumed by each subject (CV = 100 X SD/mean).
600-

8

3
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diabetic subjects, but we were surprised
that the CV of 2-h plasma glucose after the
DSP did not differ significantly from the
GTT in diabetic subjects. Variability can be
expressed in multiple ways; we chose CV
instead of SD because SD is positively
related to the mean, and we wished to
avoid bias arising from the fact that mean
plasma glucose was lower after the DSP
than after the GTT. Indeed, the SD of 2-h
glucose increased linearly with the mean
but reached a maximum when the mean
was 9 mmol/l (162 mg/dl; data not shown).
Failure of the SD of 2-h plasma glucose to
increase when the mean was >9 mmol/l is
difficult to explain, but glucose loss in urine
may have been the cause.
The values we report for day-to-day
variation in postprandial plasma glucose
and insulin concentrations include both
analytic variability and true within-subject
variation. However, the contribution of analytic variability is small and does not affect
the conclusions; for example, excluding
analytic variability (CV = 4%) would reduce
plasma glucose CVs of 13 and 9% to 12.4
and 8.1%, respectively. True within-subject
variation may be due, in part, to the fact that
insulin is secreted in pulses (18), so that
plasma concentrations of both glucose and
insulin fluctuate minute to minute (19,20).
The magnitudes of fasting insulin fluctuations, expressed as percentages of the mean,
are two to three times greater than those for
plasma glucose (20) and may explain why
the CV of plasma insulin was two to three
times that of plasma glucose.
The increase in variability of plasma
glucose 2 h after the GTT versus the DSP
may be due to differences in gastric emptying. Glycemic responses after the GTT are
higher when the test is performed during a
DIABETES CARE, VOLUME 21, NUMBER 3, MARCH

period of upper gastrointestinal motor
activity as opposed to a period of quiescence (21). There is some evidence that the
emptying of solids from the stomach is
more consistent from day to day than is the
emptying of liquids (22) and that coordinated gastroduodenal motor activity is
stimulated more consistently by intragastric
infusion of fat than by infusion of glucose
(23). Thus, the physiological mix of nutrients in the DSP may stimulate gastric motor
activity, resulting in more consistent gastric
emptying and, hence, more consistent
postprandial plasma glucose concentrations than the GTT.
The relationship between plasma glucose 2 h after the DSP and 2 h after the
GTT was linear; 95% confidence limits of
the residuals from the regression line were
±1.9 mmol/l (34 mg/dl). If the GTT is considered the "gold standard," then the devi-

Table 2—Occurrence of symptoms

Symptom and test

Symptom
absent

Symptom
present*

symptom present

Pt

102
114

17(7)
7(3)

14
6

0.028

95
113

23(11)
8(5)

19
7

0.003

90
104

29(15)
17(10)

24
14

0.042

112
121

7(3)
0(0)

6
0

0.007

% tests with

Stomach discomfort
GTT
DSP

Belching

1998

GTT
DSP

Hunger
GTT
DSP

Nausea
GTT
DSP

Data are number of tests with or without symptoms or %. * Values in parentheses are number of subjects
with symptoms. tSigniricance of difference in number of symptom occurrence between GTT and DSR
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Figure 3—Relationship of mean plasma concentrations of glucose (A) and insulin (B) o/ the 36 subjects measured 2 h after the DSP (x-axis) to those measured 2 h after the GTJ (y-axis). Line represents
regression equations. For plasma glucose, r = 0.97; for vlasma insulin, r = 0.93.

ation of the points from the regression line
would be ascribed entirely to error in the
DSP However, both GTT and DSP test
results vary from day to day, and deviation
of the points from the regression line results
from error attributable to both DSP and
GTT. The present results show that in nondiabetic subjects, the error of the GTT is
larger than that of the DSP, especially in
subjects with IGT. This suggests that the
DSP may be a more precise test than the
GTT for detecting IGT.
IGT can be identified only by measuring
postprandial plasma glucose. The usefulness of diagnosing IGT is suggested by evidence that lifestyle intervention reduces the
rate of conversion of IGT to diabetes (24). If
trials currently underway in North America,
Europe, and Scandinavia show that pharmacological interventions have the same
effect, there will be strong reasons to screen
for IGT. In that case, a more precise test than
the GTT might be useful. However, since
glycemic responses after the DSP differ from
those after the GTT, different diagnostic cut
points would apply The regression equation
suggests that the range of plasma glucose 2
h after the DSP that corresponds to IGT is
6.3-8.4 mmol/l (113-151 mg/dl) (equivalent to 7.8-11.0 mmol/l [140-198 mg/dl] 2
h after the GTT), with normal values <6.3
mmol/l (113 mg/dl) and diabetic values
>8.4 mmol/l (151 mg/dl). Using these cut
points, the individual DSP tests correctly
identified a proportion of cases of IGT and
diabetes similar to that identified by the
GTTs. In normal subjects, results were normal for 71 (93%) of 76 (95% CI 85-98%)
individual GTTs and 70 (92%) of 76

Evaluation of a standardized mixed test meal

(84-97%) DSP tests; in IGT subjects, results
indicated IGT for 22 (65%) of 34 (46-80%)
GTTs and 22 (63%) of 35 (45-79%) DSP
tests; and in diabetic subjects, results indicated diabetes in 30 (94%) of 32 (79-99%)
GTTs and 28 (88%) of 32 (71-96%) DSP
tests. This study was not designed to compare the diagnostic accuracy of the DSP with
that of the GTT, and the number of subjects
is far too small to obtain reliable estimates of
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