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Predicting Future Cardiovascular Disease
Do we need the oral glucose tolerance test?
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RESEARCH DESIGN AND METHODS — We randomly selected 2,662 MexicanAmericans and 1,595 non-Hispanic whites, 25– 64 years of age, who were free of both CVD and
known diabetes at baseline from several San Antonio census tracts. Medical history, cigarette
smoking history, BMI, blood pressure, fasting and 2-h plasma glucose and serum insulin levels,
triglyceride level, and fasting serum total, LDL, and HDL cholesterol levels were obtained at
baseline. CVD developed in 88 Mexican-Americans and 71 non-Hispanic whites after 7– 8 years
of follow-up. Stepwise multiple logistic regression models were developed to predict incident
CVD. The areas under receiver operator characteristic (ROC) curves were used to assess the
predictive power of these models.
RESULTS — The area under the 2-h glucose ROC curve was modestly but not significantly
greater than under the fasting glucose curve, but both were relatively weak predictors of CVD.
The areas under the ROC curves for the multivariate models incorporating readily available
clinical variables other than 2-h glucose were substantially and significantly greater than under
the glucose ROC curves. Addition of 2-h glucose to these models did not improve their predicting power.
CONCLUSIONS — Better identification of individuals at high risk for CVD can be achieved
with simple predicting models than with OGTTs, and the addition of the latter adds little if
anything to the predictive power of the model.
Diabetes Care 25:1851–1856, 2002

A

principal reason that is typically
given for screening large segments
of the population with 2-h oral glucose tolerance tests (OGTTs) is to identify
individuals with impaired glucose tolerance (IGT), because such individuals are
at increased risk for diabetes. We have
previously shown that individuals at high
risk for diabetes can be more efficiently
identified using multivariate models that
do not require OGTT (1). A second rea-

son that is typically given for screening
the population for IGT is that individuals
with this condition are also at increased
risk for cardiovascular disease (CVD)
(2,3). In this study, we examine the possibility that as good or superior identification of individuals at high risk for CVD
can be achieved using readily available
clinical measurements that, again, do not
require OGTT.
As in our previous report (1), we eval-
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RESEARCH DESIGN AND
METHODS — The data presented in
this report were collected as part of the
San Antonio Heart Study, the methods of
which have been previously described
(4 – 6). Briefly, households were randomly sampled from three types of neighborhoods: low, middle, and high income.
Individuals residing in these households
were eligible for the study if they were
between the ages of 25 and 64 years and,
if women, were not pregnant. There were
no other exclusions, except that only
Mexican-Americans were recruited from
the low-income neighborhoods, there being a negligible number of non–MexicanAmerican individuals residing in these
neighborhoods. Stratified random sampling was used in the middle- and highincome neighborhoods to recruit an
approximately equal number of Mexican1851
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OBJECTIVE — Our objective was to compare the performance of oral glucose tolerance tests
(OGTTs) and multivariate models incorporating commonly available clinical variables in their
ability to predict future cardiovascular disease (CVD).

uated the performance of various tests using receiver operator characteristic (ROC)
curves in which the sensitivity of a test is
plotted against the corresponding falsepositive rate. In the present context, sensitivity refers to the percentage of
individuals whose initial values were
above a given cutpoint among those who
later developed CVD and false-positive
rate refers to the percentage of these individuals among those who nevertheless remained free of CVD. The area under the
ROC curve measures how well a continuous variable predicts the outcome of interest: if the sensitivity increases steeply as
the threshold for diagnosis is relaxed with
only a relatively slow accumulation of
false positives, the area under the ROC
curve will be large; conversely, if the sensitivity increases slowly as the threshold
for diagnosis is relaxed with a rapid accumulation of false positives, the area under
the ROC curve will be correspondingly
smaller. The differences in areas may be
tested to determine whether they are statistically significant. We have used this
approach to compare the fasting glucose
value and the value 2 h after an oral glucose load with various multivariate models for predicting future CVD.

Optimal prediction of cardiovascular disease
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a first CVD event over the follow-up period for a crude incidence of 3.7% (159 of
4,257). These 159 events were distributed as follows: 22 deaths due to CVD; 45
coronary revascularization procedures;
56 self-reported heart attacks; and 36 selfreported strokes. The number of individuals with no missing values for the
variables that entered the multivariate
models was 3,902, of whom 145 experienced a first CVD event.
Statistical methods
Using multiple logistic regression analysis, univariate odds ratios for CVD were
computed for each potential CVD risk
factor for men and women separately and
for both sexes combined. For continuous
risk factors, the odds ratios are presented
for a 1-SD increment. A multivariate predicting model with both sexes combined
was then developed using a stepwise logistic regression procedure in which the
variables that had shown statistically significant odds ratios when examined individually were allowed to enter the model.
Age, sex, and ethnicity were forced into
this model. (Serum insulin concentration
was not allowed to enter the model even
though it had a significant odds ratio
when examined individually, because we
aimed to limit the eventual predicting
models to variables that would be readily
available in a clinical setting.) The significance criteria to enter and remain in the
model were 5 and 10%, respectively. The
multivariate model was developed on individuals with no missing values for any
of the variables that entered (of 2,427
Mexican-Americans and 1,475 nonHispanic whites, CVD developed in 81
Mexican-Americans and 64 non-Hispanic
whites; of 1,693 men and 2,209 women,
CVD developed in 95 men and 50 women). To determine whether 2-h glucose
made an additional contribution to predicting CVD once the other variables were
considered, we created a new model by
forcing 2-h glucose into the previous
model. Finally, the models developed for
the two sexes combined were fit to the
data for men and women separately.
ROC curves were calculated for fasting and 2-h glucose concentrations and
for the multivariate models using SAS
PROC LOGISTIC software (9) and plotted for each 1% increment of the falsepositive rate. To evaluate possible
nonlinear associations between glucose
levels and CVD outcomes, quintiles of

fasting and 2-h glucose concentration
were created and used as categorical variables in the ROC analysis. The HosmerLemeshow test was used to assess the fit of
the models (9). The CVD risks predicted
for each individual by the various logistic
regression models were used to construct
ROC curves for these models. The statistical significance of differences in areas
under the ROC curves were estimated using the approach and SAS software developed by DeLong et al. (10). ROC CIs were
calculated using the “roccomp” command
in Stata (11).
RESULTS — The univariate odds ratios and 95% CIs for selected cardiovascular risk factors are shown in Table 1.
For continuous variables, the odds ratios
are presented for a 1-SD increment in the
risk factor. All of the risk factors were statistically significant predictors of CVD,
except for ethnicity and family history of
diabetes in a first-degree relative in both
sexes combined and in men and women
separately, HDL cholesterol and current
cigarette smoking in men, and fasting insulin in women. The univariate odds ratios for the individual end points (CVD
death and self-reported revascularization
procedures, myocardial infarction, and
stroke) were similar to those shown in Table 1, with a tendency for lipids to be
stronger risk factors for myocardial infarction and for glucose and blood pressure to be stronger for stroke (data not
shown).
The multivariate odds ratios and 95%
CIs for the risk factors that entered the
stepwise logistic regression models for
both sexes combined and for men and
women separately are shown in Table 2.
Age and ethnicity were forced into all
models, and sex was forced into the
model with both sexes combined. Models
are shown both with and without 2-h glucose forced into the model. Although
both fasting and 2-h glucose were significant predictors of CVD in univariate
analyses (Table 1), neither entered the
stepwise multivariate models and the
odds ratios for 2-h glucose were not statistically significant when this variable
was forced into the multivariate models
(Table 2).
ROC curves for both sexes combined
are shown in Fig. 1. The curves display
the performance of each of the following
models as predictors of CVD: fasting glucose concentration; 2-h glucose concen-

DIABETES CARE, VOLUME 25, NUMBER 10, OCTOBER 2002

Downloaded from http://diabetesjournals.org/care/article-pdf/25/10/1851/588994/dc1002001851.pdf by guest on 20 August 2022

Americans and non-Hispanic whites into
the samples from these neighborhoods.
The baseline data were collected in
two phases: from 1979 to 1982 and from
1984 to 1988. A total of 5,158 participants were enrolled in these two phases,
representing a response rate of 65.3% of
all study-eligible individuals residing in
the selected households. Follow-up data
were collected from 1987 to 1991 and
from 1992 to 1997. The median
follow-up period was ⬃7.5 years. Height,
weight, systolic and diastolic blood pressure, fasting and 2-h plasma glucose concentrations, fasting and 2-h serum insulin
concentrations, triglyceride concentrations, and fasting serum total, LDL, and
HDL cholesterol levels were measured by
identical methods at both the baseline
and follow-up examinations as previously
described (4,5). The protocol was approved by the institutional review board
of the University of Texas Health Science
Center at San Antonio, and all participants gave informed consent.
CVD outcomes, defined as selfreported heart attack, stroke, coronary revascularization procedure, or
cardiovascular death (International Classification of Diseases, 9th Revision [ICD9] codes of 390 – 459 on the death
certificate) were available on 4,839 individuals. A total of 3,736 of these individuals were either reexamined or
determined to have died of a cardiovascular cause before their scheduled follow-up
examination, and 1,103 of these individuals provided outcome data by telephone
or home interview. Of the 4,839 individuals for whom CVD outcome data were
available, 392 were excluded because of
prevalent CVD at baseline, defined as selfreported heart attack, stroke, coronary revascularization procedure, or angina (by
Rose Angina questionnaire) (7), and 190
were excluded because they self-reported
previous diagnosis of diabetes before their
baseline clinic examination; therefore,
4,257 individuals were available for analysis. Because clinical diabetes is an established risk factor for CVD (8), by
excluding these individuals we reduced
the likelihood of finding plasma glucose
to be a significant risk factor for CVD.
Nevertheless, we believed it was appropriate to exclude them because subjects in
whom diabetes had been diagnosed
would not ordinarily be screened for cardiovascular risk with an OGTT. A total of
159 of the 4,257 individuals experienced
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Table 1—Univariate odds ratios and 95% CIs for 1-SD increments in potential cardiovascular risk factors in men and women
Odds ratios (95% CIs)
1.0 SD

Both sexes
combined

Age (years)
Male sex
Mexican-American ethnicity
Fasting glucose (mg/dl)
2-h glucose (mg/dl)
Fasting insulin (U/ml)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Total cholesterol (mg/dl)
LDL cholesterol (mg/dl)
HDL cholesterol (mg/dl)
Triglyceride (mg/dl)
BMI (kg/m2)
First-degree relative with diabetes
First-degree relative with heart attack
Currently smoking cigarettes

11
Y/N
Y/N
19.8
50.6
15.3
15.0
9.1
41.3
36.7
15.3
106.3
5.5
Y/N
Y/N
Y/N

2.82 (2.34–3.40)
2.37 (1.71–3.30)
0.73 (0.53–1.01)
1.22 (1.11–1.34)
1.30 (1.16–1.45)
1.17 (1.05–1.30)
1.77 (1.55–2.02)
1.51 (1.30–1.76)
1.44 (1.26–1.65)
1.43 (1.25–1.64)
0.74 (0.62–0.88)
1.24 (1.11–1.39)
1.32 (1.16–1.52)
1.12 (0.79–1.60)
2.12 (1.54–2.93)
1.65 (1.19–2.29)

tration; and multivariate models
containing the variables selected by the
stepwise regression procedure with or
without 2-h glucose concentration included. The performance of the 2-h glucose curve seemed to be slightly better
than the fasting glucose curve, but both
showed relatively weak predicting power.
A multiple logistic regression model incorporating both fasting and 2-h glucose
levels, but no other risk factors, was not
superior to the 2-h glucose concentration
alone at predicting CVD (data not
shown). By contrast, both multivariate
curves substantially outperformed the

two glucose curves. There was no evidence that the addition of 2-h glucose to
the multivariate model improved its ability to predict CVD.
The areas under the ROC curves for
both sexes combined and for men and
women separately are shown in Table 3.
The results of statistical tests comparing
these areas are presented in the lower half
of the table, and the parameter estimates
for the multivariate models are presented
in the footnotes. For only 1 of the 12 models shown in Table 3 was the fit rejected
by the Hosmer-Lemeshow test, specifically the 2-h glucose–only model for men

Men

Women

3.10 (2.43–3.96)

2.52 (1.88–3.40)

0.79 (0.53–1.18)
1.21 (1.04–1.41)
1.35 (1.16–1.57)
1.20 (1.05–1.38)
1.85 (1.52–2.26)
1.35 (1.10–1.66)
1.48 (1.23–1.78)
1.45 (1.20–1.74)
0.95 (0.75–1.20)
1.18 (1.02–1.37)
1.39 (1.12–1.72)
1.30 (0.80–2.10)
2.43 (1.61–3.65)
1.18 (0.78–1.80)

0.66 (0.39–1.12)
1.22 (1.07–1.39)
1.31 (1.11–1.54)
1.10 (0.90–1.34)
1.61 (1.33–1.96)
1.49 (1.16–1.92)
1.33 (1.05–1.68)
1.29 (1.01–1.64)
0.69 (0.52–0.93)
1.20 (1.04–1.40)
1.30 (1.07–1.59)
0.83 (0.48–1.43)
1.95 (1.15–3.32)
2.22 (1.30–3.81)

(P ⫽ 0.033). The data in Table 3 confirm
the impression obtained from Fig. 1. The
areas under the 2-h glucose curves (59.9 –
64.7%) were modestly higher than the areas under the fasting glucose curves
(57.4 –59.4%), but these differences were
not statistically significant. When quintiles of glucose concentration were used
in the analyses, the areas under the ROC
curves were slightly higher than when
glucose was analyzed as a continuous
variable (60.5 vs. 59.4% for fasting glucose and 63.6 vs. 62.4% for 2-h glucose).
The areas under the multivariate curves
(78.0 – 83.1%) were all substantially

Table 2—Multivariate odds ratios and 95% CIs for 1-SD increments in potential cardiovascular risk factors in men and women
Both sexes combined
Without
2-h glucose
Age
Male sex
Mexican-American
ethnicity
Systolic blood pressure
LDL cholesterol
BMI
First-degree relative with
heart attack
Currently smoking
cigarettes
2-h glucose

With
2-h glucose

Men
Without
2-h glucose

Women
With
2-h glucose

Without
2-h glucose

With
2-h glucose

2.60 (2.09–3.23) 2.54 (2.04–3.17) 2.88 (2.18–3.80) 2.84 (2.14–3.75) 2.29 (1.59–3.30) 2.23 (1.54–3.21)
2.59 (1.80–3.74) 2.64 (1.83–3.80)
0.80 (0.56–1.16) 0.78 (0.54–1.13) 0.88 (0.55–1.40) 0.86 (0.54–1.38) 0.67 (0.37–1.24) 0.65 (0.35–1.20)
1.25 (1.06–1.48)
1.19 (1.02–1.38)
1.30 (1.09–1.56)
1.69 (1.19–2.40)

1.24 (1.05–1.47)
1.19 (1.02–1.38)
1.28 (1.07–1.54)
1.70 (1.19–2.42)

1.35 (1.08–1.70)
1.35 (1.12–1.62)
1.34 (1.04–1.73)
1.82 (1.16–2.86)

1.35 (1.08–1.69)
1.34 (1.12–1.62)
1.32 (1.02–1.71)
1.83 (1.17–2.87)

1.21 (0.93–1.58)
0.91 (0.68–1.22)
1.28 (0.99–1.66)
1.48 (0.83–2.65)

1.20 (0.92–1.56)
0.91 (0.68–1.22)
1.26 (0.97–1.63)
1.50 (0.84–2.67)

1.50 (1.03–2.17) 1.51 (1.04–2.20) 1.27 (0.79–2.04) 1.28 (0.79–2.05) 2.09 (1.13–3.86) 2.12 (1.15–3.91)
1.10 (0.96–1.26)

1.07 (0.88–1.30)

1.13 (0.92–1.39)

SDs are shown in Table 1.
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Table 3—Areas under ROC curves and 95% CIs for models predicting the incidence of CVD in the San Antonio Heart Study
Area under the ROC curve (95% CI)

Models
Fasting glucose (FG)
2-h glucose (2-h G)
Multivariate without 2-h Ga
Multivariate with 2-h Gb

All

Men

Women

59.4% (55–66)
62.4% (57–68)
81.8% (78–86)
81.9% (78–86)

59.3% (53–66)
64.7% (58–71)
83.1% (79–87)
83.1% (79–87)

57.4% (49–67)
59.9% (53–69)
78.0% (72–85)
78.1% (72–85)

P values
Men

Women

0.47
⬍0.0001
0.42

0.12
⬍0.0001
0.92

0.48
0.0003
0.36

For both sexes combined, the model was: ln(p/(1 ⫺ p)) ⫽ ⫺11.953 ⫹ 0.087*** (age) ⫹ 0.953*** (sex) ⫺ 0.218 (MA) ⫹ 0.004*(LDLC) ⫹ 0.015** (SBP) ⫹
0.048** (BMI) ⫹ 0.523** (family history) ⫹ 0.404* (smoking) where P ⫽ the probability of developing CVD over the follow-up period; age is in years; sex ⫽ 1
if male, 0 if female; MA ⫽ 1 if Mexican-American, 0 if non-Hispanic white; LDLC ⫽ LDL cholesterol in mg/dl; SBP ⫽ systolic blood pressure in mmHg; BMI ⫽ body
mass index in kg/m2; family history ⫽ 1 if at least one parent or sibling had a heart attack, otherwise 0; smoking ⫽ 1 if smoked cigarettes at baseline, otherwise 0.
*P ⬍ 0.05; **P ⬍ 0.01; ***P ⬍ 0.001. For men the model was: ln(p/(1 ⫺ p)) ⫽ ⫺12.795 ⫹ 0.096*** (age) ⫺ 0.127 (MA) ⫹ 0.008** (LDLC) ⫹ 0.020** (SBP) ⫹
0.053*(BMI) ⫹ 0.600** (family history) ⫹ 0.237 (smoking) and for women the model was: ln(p/(1 ⫺ p)) ⫽ ⫺9.956 ⫹ 0.075*** (age) ⫺ 0.394 (MA) ⫺ 0.002
(LDLC) ⫹ 0.012 (SBP) ⫹ 0.045 (BMI) ⫹ 0.394 (family history) ⫹ 0.736* (smoking). bFor both sexes combined, the model was: ln(p/(1 ⫺ p)) ⫽ ⫺11.928 ⫹
0.085*** (age) ⫹ 0.969*** (sex) ⫺ 0.246 (MA) ⫹ 0.004* (LDLC) ⫹ 0.014* (SBP) ⫹ 0.045** (BMI) ⫹ 0.530** (family history) ⫹ 0.414* (smoking) ⫹ 0.001 (2-h
G) where 2-h G ⫽ 2-h glucose in mg/dl. For men the model was: ln(p/(1 ⫺ p)) ⫽ ⫺12.749 ⫹ 0.095*** (age) ⫺ 0.147 (MA) ⫹ 0.008** (LDLC) ⫹ 0.019** (SBP) ⫹
0.050* (BMI) ⫹ 0.603** (family history) ⫹ 0.245 (smoking) ⫹ 0.001 (2-h G) and for women the model was: ln(p/(1 ⫺ p)) ⫽ ⫺9.932 ⫹ 0.073*** (age) ⫺ 0.434
(MA) ⫺ 0.002 (LDLC) ⫹ 0.011 (SBP) ⫹ 0.041 (BMI) ⫹ 0.402 (family history) ⫹ 0.750* (smoking) ⫹ 0.002 (2-h G).
a

greater than the areas under the glucoseonly curves, and in particular, the superiority of the multivariate curves that did
not include 2-h glucose over the 2-h glucose-only curves was highly statistically
significant, both with the sexes combined
and for each sex separately (P ⱕ 0.0003).
Adding 2-h glucose to the multivariate
curves improved their performance min-

imally, but the improvement was not statistically significant.
CONCLUSIONS — The results of
this study indicate that although fasting
and 2-h glucose values are both statistically significant predictors of CVD, better
detection of individuals at high risk for
CVD can be achieved using a multivariate

Figure 1—ROC curves for both sexes combined for fasting glucose (E), 2-h glucose (⫹), and
multivariate models both including (–) and excluding (⫻) 2-h glucose. The straight line with 50%
of the area under it represents the performance of a test with no predictive capacity, i.e., each
increment in sensitivity is matched by an exactly equal increment in the false-positive rate.
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model that incorporates readily available
clinical variables, specifically fasting lipids, blood pressure, BMI, smoking history, and family history of CVD. The
addition of OGTT results to this panel of
risk factors does not lead to a significant
improvement in the ability to predict
CVD. It should also be noted that the risk
factors that enter into our multivariate
predicting model strongly overlap with
those the National Cholesterol Education
Program recommends to screen the entire
U. S. population aged ⬎25 years for cardiovascular risk (12).
Our multivariate results differ from
those of several other studies (13,14), including the DECODE Study (3), in which
data from a number of prospective European studies were pooled. In these other
studies, unlike in our study, 2-h glucose
made a statistically significant contribution to predicting cardiovascular mortality, even after accounting for
conventional cardiovascular risk factors.
These differences could relate to the fact
that CVD mortality was the only end
point considered in these other studies,
whereas we also considered nonfatal outcomes. Also, these other studies included
older subjects than were included in our
study. It should also be noted that in none
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Significance testing
2-h G versus FG
Multivariate without 2-h G versus 2-h G
Multivariate with versus without 2-h G

All
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224,534,000 man-hours. Valuing individual’s time at the U. S. average wage of
$13.70 results in an estimate of $3.08 billion for the indirect cost of such a screening effort. Valuing the time of individuals
aged ⬎65 years yields even higher cost
estimates. Moreover, the marginal benefit
of widespread glucose tolerance screening would accrue, not to all who screened
positive, but only to those not detected by
a competing screening strategy, not requiring a 2-h test. Although the preceding
obviously does not constitute a formal
cost-benefit analysis and, in fact, is limited to a consideration of the indirect cost
of an individual’s time, it does at least
highlight the need for those who advocate
widespread oral glucose tolerance testing
to quantitate the benefits of such tests.
Based on the results of this paper and
our previous publication (1), it would
seem that, among young and middle-aged
adults, OGTTs add little if anything to the
detection of individuals at high risk for
either diabetes or CVD. Moreover, the test
is inconvenient, not often performed in
clinical practice (19), and would be costly
to implement in a nationwide screening
program. Before making a final judgment,
however, it is necessary that our results be
replicated in other populations, and we
would advocate that the results in those
populations be analyzed using ROC
curves.
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of the other studies were the data analyzed using ROC curves. It is possible for
a risk factor to be an independently significant predictor of an outcome even
though it makes only a minor and statistically nonsignificant contribution to the
area under the ROC curve. Before concluding that our results are truly at odds
with these other studies and particularly
before making policy decisions about the
potential utility of OGTTs in detecting individuals at high risk of CVD, it would be
helpful if the DECODE data and data
from the other two other studies were analyzed using ROC curves.
Although the 2-h glucose value may
add little to identifying individuals at risk
for either diabetes (1) or CVD, one could
still argue that OGTTs are needed to diagnose prevalent cases of diabetes in those
whose only manifestation of the disease is
an abnormal 2-h value. Although the
American Diabetes Association took the
position that identifying such cases was
not mandatory (15), the World Health
Organization did not concur with this
viewpoint (16). Although a full discussion of this matter is beyond the scope of
the present study, it should be noted that
there has never been a clinical trial that
has focused specifically on the benefits of
treating such diabetic patients as opposed
to waiting until fasting hyperglycemia is
manifest. Moreover, patients in whom diabetes was diagnosed exclusively on the
basis of an abnormal 2-h glucose value
have a high rate of reversion to normal on
follow-up and may, in fact, represent
false-positive diagnoses. We have previously reported, for example, that such
cases were almost five times more likely to
revert to nondiabetic status after 7– 8
years of follow-up than those meeting
conventional fasting or clinical diagnostic
criteria (17).
Using the screening criteria recommended by the American Diabetes Association (summarized in Table 6 in
reference 15) and projections from the
U. S. Bureau of the Census for the year
2000 (18), 112,267,000 individuals aged
25– 64 years, i.e., in the working age
range, would be eligible for screening for
IGT (calculation available from the authors upon request). (Although the ADA
does not recommend the 2-h OGTT as a
screening test for undiagnosed diabetes
(15), identification of subjects with IGT as
a risk factor for CVD would require this
test.) Such a screening effort would entail
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