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OBJECTIVE — To investigate the relationship between fasting plasma glucose (FPG) values
and other variables (e.g., age, sex, and BMI) to 2-h post—75-g oral glucose load glycemia (PG) in
Japanese subjects.

RESEARCH DESIGN AND METHODS — Subjects included 13,694 Japanese subjects
between 20 and 83 years of age (10,677 men and 3,017 women) who were undergoing a 75-g
oral glucose tolerance test (OGTT) during a health screening performed at our hospital. The
influences of age for 2-h PG at a fixed fasting plasma glucose (FPG) level of 126 mg/dl were
analyzed. Multiple linear regression analysis was performed using a model in which the depen-
dent variable was 2-h PG using the following explanatory variables: FPG, age, sex, BMI, blood
pressure, plasma cholesterol, and triglyceride (TG) levels.

RESULTS — The 2-h PG at a fixed FPG of 126 mg/dl increased by 0.94 mg/dl per year in
patients aged between 30 and 78 years (r = 0.68, P < 0.0001). In multiple regression, five
explanatory variables (FPG, age, BMI, plasma TG levels, and systolic blood pressure levels) were
all positively associated with 2-h PG. The percentages of patients with 2-h diabetes (isolated
postchallenge hyperglycemia [IPH]) versus fasting plus 2-h diabetes by the World Health Or-
ganization criteria significantly (P = 0.005) increased as the patients’ decades increased, whereas
the impact of BMI on the percentages was significant only in young patients (P = 0.001).

CONCLUSIONS — Aging was found to be the second best predictor of 2-h PG on multiple
regression. Therefore, OGTT should be performed especially in elderly patients because they
show IPH more frequently.
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he diagnostic criteria for diabetes
and glucose intolerance have been
reviewed by the American Diabetes
Association (ADA) (1) and the World
Health Organization (WHO) (2). The
ADA proposed that diabetes should be
defined by a preload fasting plasma glu-

cose (FPG) level of 126 mg/dl (7.0
mmol/l) alone and did not recommend
the use of the oral glucose tolerance test
(OGTT). On the other hand, the WHO
recently stated that, ideally, a full OGTT
should be performed, although it also rec-
ommended the same FPG values as those
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proposed by the ADA as well as a 2-h
post—=75-g oral glucose load glycemia
(PG) of 200 mg/dl (11.1 mmol/D).

These revised guidelines uniformly
estimate that an FPG of 126 mg/dl would
be almost equivalent to a 2-h PG of 200
mg/dl, based on a large volume of epide-
miological data using receiver-operating
characteristics curve analysis (3) of Pima
Indians (4), Egyptians (5), subjects from
the Pacific region (6), and the third Na-
tional Health and Nutrition Examination
Survey.

However, if the relationship between
FPG and 2-h PG alters under the influ-
ence of other variables, this equality may
vary in individuals with different levels of
these variables. It has previously been re-
ported that isolated postchallenge hyper-
glycemia (IPH) (2-h PG =200 mg/dl and
FPG <126 mg/dl) becomes more com-
mon in elderly subjects (7-10). Both pre-
vious (11,12) and recent reports (13,14)
also suggested a relatively higher preva-
lence of IPH in women than in men.

Nevertheless, previous reports did <

not elucidate to what degree variables
other than FPG may independently con-
tribute to the 2-h PG on a statistical basis.
Therefore, we performed a cross-sectional
study to investigate the relationship be-
tween FPG and other variables (e.g., age,
sex, and BMI) to the 2-h PG using a large
series of Japanese subjects being health
screened in Fukui-Saiseikai Hospital,
Fukui, Japan.

RESEARCH DESIGN AND

METHODS — We reviewed data for
13,694 consecutive Japanese subjects
(10,677 menand 3,017 women, aged 20—
83 years [mean age at testing 51.4 years])
undergoing the 75-g OGTT for diagnosis
of diabetes during a health screening per-
formed at Fukui-ken Saiseikai Hospital,
Fukui, from May 1994 to March 1999.
None of the subjects had a history of dia-
betes or symptoms suggesting overt hy-
perglycemia, such as severe thirst or
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Table 1—Baseline characteristics of the sub-
jects

Characteristic n (%)

Sex*
Male 10,677 (78.0)
Female 3,017 (22.0)
Total 13,694

Age (years)T
20-29 57 (0.4)
30-39 1225 (8.9)
40-49 4847 (35.4)
50-59 5200 (38.0)
60-69 2037 (14.9)
70-79 325 (2.3)
80+ 13 (0.1)

BMI (kg/m?)#
<18 201 2.1)
18-<20 1200 (8.8)
20-<22 2683 (19.6)
22-<24 3766 (27.5)
24-<26 3423 (25.0)
26—<<28 1482 (10.8)
28—<<30 508 (3.7)
>30 341 (2.5)

*There were significant differences in the average
age and BMI between the male and female groups
(51.0 28.9vs. 52.1 £9.2 years, P < 0.0001, and
235 = 3.8 vs. 22.7 = 2.9 kgm?, P < 0.0001,
respectively); 151.4 * 11.3; ¥23.4 ® 2.75.

polyuria. Excluded were subjects who
had fasting hyperglycemia of >200 mg/
dl; who had a history of gastrectomy, liver
injury, any malignancy, or any endocri-
nological disease; or who were regularly
receiving any drugs, including antihyper-
tensive agents, lipid-lowering agents, or
steroids. All subjects were prescribed a
standard diet composed of 57% carbohy-
drate, 25% fat, and 18% protein and were
asked to fast from 10:00 p.m.; they then
underwent a standard WHO OGTT (15)
between 8:00 A.m. and 10:00 .M. the next
morning. This study was approved by the
ethical committee of Fukui-ken Saiseikai
Hospital.

Assay

FPG and 2-h PG were measured using the
glucose oxidase method on a Hitachi 717
analyzer. The intra- and interassay coeffi-
cients of variation were 1.3 and 1.4%, re-
spectively. Blood pressure was measured
by a trained physician using a calibrated
mercury sphygmomanometer on the
right arm, with the subject in the supine
position, on the second day of the health
screening. Cholesterol and triglycerides
(TGs) were measured enzymatically in

serum using a kit (Sinotest, Tokyo, and
Aswell, Osaka, respectively). The lipid es-
timations were performed using fasting
samples. BMI was calculated as the weight
(in kilograms) divided by the height
squared (in meters).

Statistical analysis

Data are expressed as means = SEM. Sig-
nificance of differences in mean values
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was determined using a two-tailed un-
paired t test. We estimated the correla-
tions between FPG and 2-h PG using
Pearson or Spearman correlation coeffi-
cients, as appropriate. Linear regression
analysis was used to calculate regression
equations between two variables. Multi-
ple linear regression analyses were per-
formed using a model in which the
dependent variable was the 2-h PG, with
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Figure 1—A: The average FPGs and 2-h PGs with respect to age in years (r = 0.89 and 0.94, P <
0.0001, respectively). O, Average FPGs; @, average 2-h PGs. The regression equations for the
average FPGs and 2-h PGs with respect to age were y = 0.20x + 85.8 andy = 0.86x + 84.7,
respectively. B: The 2-h PG at FPG 126 mg/dl and the age in years between 30 and 78 (r = 0.67,
P < 0.0001). The regression equation calculated was y = 0.94x + 85.8. The 2-h PG at FPG 126
mg/dl was calculated from the regression equation of the FPGs and 2-h PGs taken from plots of
yearly aged cohorts, all of which were significant (see text).
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the following explanatory variables: FPG,
age, sex, BMI, systolic and diastolic blood
pressures, serum cholesterol, and TG lev-
els. All variables were entered into the
analysis simultaneously.

Differences with probability values
<0.05 were considered significant. The
statistical software StatView version 5.0
(SAS Institute, Cary, NC) was used for the
analyses.

RESULTS — The baseline characteris-
tics for all subjects are shown in Table 1.
The most prevalent patient decade was
the fifties, whereas the twenties and eight-
ies had very small sample sizes. Moreover,
the most prevalent range of BMI was 22 to
<24 kg/m?, whereas values under 18 and
over 28 had relatively small sample sizes.
There were significant differences in aver-
age age and BMI between the male and
female groups. In our study population,
the overall prevalences of normal glucose
tolerance, impaired fasting glucose (IFG)/
impaired glucose tolerance (IGT), and di-
abetes were 71.1% (n = 9.736), 22.7%
(n=3,108),and 6.2% (n = 850), respec-
tively, using the 1999 WHO criteria (2).
Scatterplots of FPG and 2-h PG dur-
ing the 75-g OGTT in all subjects showed
a significant positive correlation between
both PGs, whereas the regression equa-
tion in which x and y represented FPG
and 2-h PG, respectively (y = 2.212x —
84.5), indicated that the 2-h PG level cor-
responding to a FPG of 126 mg/dl was
~194 mg/dl. However, because the SD of
2-h PG in the regression equation was
markedly large at 35.1 mg/dl, ~68% of
subjects at an FPG of 126 mg/dl were dis-
tributed across a wide range between
158.9 and 229.1 mg/dl for the 2-h PG.
As shown in Fig. 1A, the average FPG
and 2-h PG increased significantly with
yearly aging, whereas the slope of the re-
gression equation was significantly (P <
0.001) higher in the latter compared with
the former (0.86 and 0.20, respectively).
Then, we calculated the 2-h PG equiva-
lent to an FPG of 126 mg/dl (i.e., 2-h PG
at a fixed FPG of 126 mg/dl, abbreviated
to “2-h PG at FPG 126 mg/dl” hereafter)
using the regression equation between
FPGs and 2-h PGs for each aged-based
cohort, all of which were significant (n =
58-633, r = 0.28-0.89, P < 0.05-
0.0001). As shown in Fig. 1B, the 2-h PG
at FPG 126 mg/dl increased linearly with
years of age between 30 and 78 years,
whereas the slope of the regression equa-

Table 2—Results of multiple regression analysis with 2-h PG as the outcome variable*

Standardized

Regression regression Percent
Variablet coefficient SEM  coefficient  contribution p
FPG (mg/dl) 2.047 0.022 0.606 41.6 <0.0001
Age (years) 0.421 0.030 0.92 52 <0.0001
BMI (kg/m?) 1.019 0.101 0.069 33 <0.0001
Systolic blood pressure (mmHg) 0.055  0.026 0.022 3.0 0.0315
Serum TG (mg/dD) 0.025 0.003 0.057 2.7 <0.0001

#r2 = 0.434; ¥Other variables were examined but did not show significant associations with the 2-h PG
variables, including sex (P = 0.72), diastolic blood pressure (P = 0.21), and total serum cholesterol level

(P =0.47).

tion was 0.94, implying that this value
proportionally increased at 9.4 mg/dl per
decade.

Multiple linear regression analysis
with 2-h PG

Multiple linear regression was used to de-
termine variables contributing to the 2-h
PG (Table 2). Sex did not contribute sig-
nificantly (P = 0.4) when BMI was in-
cluded in the analysis, which indicated
that the correlation between 2-h PG and
sex is dependent on BMI. As a result, five
independent variables (FPG, age, BMI,
serum TG levels, and systolic blood pres-
sure levels) were all significantly associ-
ated with 2-h PG.

In particular, the regression proce-
dure indicated FPG as the best predictor
of 2-h PG, whereas the former could ex-
plain only 41.6% of the variance of the
latter. Additionally, the second and third
major predictors of 2-h PG were age and
BMLI, respectively. In the resulting regres-
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sion equation [2-h PG (mg/dD) = (2.05 X
FPG) + (0.42 X age) + (1.02 X BMI) +
(0.025 X plasma TG level) + (0.055 X
systolic blood pressure level) — 119.7], the
coefficients for all variables were significant
(P = 0.03 to <0.0001). All five of these
variables, however, could explain only
43.4% of the total variance in the 2-h PG.

The percentages of patients with 2-h
diabetes (IPH) versus fasting plus 2-h di-
abetes, stratified by age and BMI, are
shown in Fig. 2. The percentages in-
creased significantly (P = 0.005-0.05 on
regression analysis) along with advancing
of patients’ decades, except in the subjects
with a BMI of 26 to <28 and those with a
BMI =30. However, the impact of BMI on
the percentages was not significant except
in the subjects aged 30-39 (P = 0.001 on
regression analysis).

CONCLUSIONS — In several stud-
ies, FPG and 2-h PG during an OGTT

. BMI > 30
‘ BMI 28 - < 30
BMi 26 - <28

BMI 24 - <26

BMI 22 - <24

BMI 20 - <22

Figure 2—The percentages of patients with 2-h diabetes (IPH) versus fasting plus 2-h diabetes,

stratified by age and BMI.
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were strongly predictive diabetic compli-
cations and nearly equivalent in their pre-
dictive abilities (1,4,5).However, more
recently, the effect of postload hypergly-
cemia in the pathogenesis of diabetic
complications was gradually accumulated
through in vivo and in vitro studies (16).
That is, several large population-based
prospective studies showed that 2-h PG,
though not FPG, was a significant pre-
dictor of 1) subsequent cardiovascular
disease or mortality in the general popu-
lation (17), 2) IGT (18), and 3) newly
detected type 2 diabetes (19). Moreover,
some recent studies (20-22) demon-
strated that 2-h PG was a stronger deter-
minant than FPG of carotid artery
stenosis, a well known marker of systemic
atherosclerosis. Furthermore, with regard
to microangiopathy, a recent epidemio-
logical study by Itoh et al. (23) using a
large series of Japanese subjects receiving
health screening demonstrated that 2-h
PG compared with FPG was more highly
associated with the incidence of retinop-
athy. On the other hand, in vitro evi-
dence demonstrated that postprandial
hyperglycemia plays an important role
in the progression of atherosclerosis or
microangiopathy via the generation of
oxygen-derived free radicals, vasocon-
striction, activation of coagulation, and
the increase of intracellular adhesion mol-
ecule-1 plasma level (16) .

Thus, from a diagnostic standpoint, it
is important to elucidate potential vari-
ables contributing to 2-h PG values other
than FPG. In this context, the impairment
of glucose tolerance with aging has been
confirmed by numerous previous stud-
ies indicating that this decline in glucose
tolerance, which begins in the third de-
cade, continues throughout adulthood
(11,24,25). These age-related changes
particularly characterize the impaired re-
sponse to glucose challenge rather than
FPG, partly due to physical inactivity (26)
and potentially associated with a decrease
in muscle mass. In more recent estima-
tions based on arterialized venous
plasma, the age-related increase in glu-
cose concentrations from 60 to 180 min
after a 100-g oral glucose load averaged
13-14 mg/dl per decade (25). These re-
ports agreed with our results, which
showed a mean increase of 9.4 mg/dl per
decade between the ages of 30 and 78
years (r = 0.68, P < 0.0001) in the values
for 2-h PG at FPG 126 mg/dl. These ob-
servations suggest that the 1999 WHO

criteria, using 2-h PG values, could be
expected to give higher estimated prev-
alence of untreated diabetes in older
subjects than the ADA fasting criteria,
as supported by some recent reports
(27,28).

Second, obesity is well known to be
linked to hepatic and peripheral insulin
resistance in healthy subjects and in pa-
tients with type 2 diabetes (29), partly via
elevated serum free fatty acid (30) and
tumor necrosis factor-a levels (31), which
may induce inadequate suppression of
postprandial hepatic glucose produc-
tion and decreased hepatic and periph-
eral glucose uptake, and partly via
inhibition of insulin receptors and postre-
ceptor signal transductions (31). Obesity,
therefore, and visceral obesity in particu-
lar (32), may individually accelerate post-
load hyperglycemia.

Although these lines of evidence sug-
gest that variables other than FPG may
contribute to postload glycemia, it is not
clear to what degree these variables may
independently contribute to the 2-h PG
on a statistical basis. Multiple linear re-
gression analysis to elucidate the relation-
ship among some explanatory variables,
including FPG, and 2-h PG showed that
five independent variables (FPG, age,
BMI, serum TG levels, and systolic blood
pressure) were all significantly associated
with 2-h PG. As expected, the regression
procedure indicated FPG as the best pre-
dictor of 2-h PG, whereas the former
could explain only 41.6% of the variance
of the latter. Furthermore, the second and
third predictors of 2-h PG were age and
BMI, respectively, which could explain
5.2 and 3.3% of the variance of the latter,
respectively.

However, because all six variables ex-
plained only 43.4% of the total variance
in 2-h PG, we speculated that other vari-
ables that were not examined in the
present analysis may also contribute to
2-h PG. These variables may include fast-
ing or postload insulin levels (33), body
fat distribution (34), sympathetic nerve
activity (35), level of physical activity
(26), and the velocity of glucose absorp-
tion by the small intestine (36) during the
OGTT test.

As shown in Fig. 2, despite the poten-
tial influence of these unassessed con-
founders, aging, which was found to be
the second best predictor of 2-h PG on
multiple regression, was significantly as-
sociated with increasing ratios of IPH to

Bando and Associates

fasting plus 2-h diabetes. However, this
was not true for subjects with BMI of 26 to
<28 or those with BMI =30, although
BMLI, the third best predictor, was associ-
ated with increasing ratios only in young
subjects aged 30-39 years. These results
imply that at the least, aging should not be
ignored in the diagnosis of IPH. However,
it remains to be elucidated whether IPH in
the elderly is actually associated with car-
diovascular risk; some reports show pos-
itive results (37,38) whereas others show
partially negative results (15).

In conclusion, these analytical results
demonstrated that it is difficult to esti-
mate 2-h PG based on FPG alone because
2-h PG can be influenced by many vari-
ables other than FPG, especially by age.
Therefore, from the standpoint of not
overlooking IPH in undiagnosed individ-
uals, we should perform an OGTT, espe-
cially for those of advanced age, even if
they show a relatively low FPG level cat-
egorized as IFG or normal fasting glucose
according to the revised ADA criteria. Fi-
nally, the true impact of IPH on the devel-
opment of diabetic complications has yet
to be established, and further research is
required.
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