
Using Metabolic Syndrome Traits for
Efficient Detection of Impaired Glucose
Tolerance
JAMES B. MEIGS, MD MPH

1,2

KEN WILLIAMS, MS
3

LISA M. SULLIVAN, PHD
4

KELLY J. HUNT, PHD
3

STEVEN M. HAFFNER, MD
3

MICHAEL P. STERN, MD
3
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OBJECTIVE — Efficient detection of impaired glucose tolerance (IGT) is needed to imple-
ment type 2 diabetes prevention interventions.

RESEARCH DESIGN AND METHODS — We assessed the capacity of the metabolic
syndrome (MetS) to identify IGT in a cross-sectional analysis of 3,326 Caucasian Framingham
Offspring Study (FOS), 1,168 Caucasian and 1,812 Mexican-American San Antonio Heart Study
(SAHS), 1,983 Mexico City Diabetes Study (MCDS), and 452 Caucasian, 407 Mexican-
American, and 290 African-American Insulin Resistance Atherosclerosis Study (IRAS) men and
women aged 30–79 years who had a clinical examination and an oral glucose tolerance test
(OGTT) during 1987–1996. Those with diabetes treatment or fasting plasma glucose �7.0
mmol/l were excluded (MetS was defined by Third Report of the National Cholesterol Education
Program’s Adult Treatment Panel criteria and IGT as 2-h postchallenge glucose [2hPG] �7.8
mmol/l). We calculated positive (PPV) and negative predictive values (NPV), population attrib-
utable risk percentages (PAR%), age- and sex-adjusted odds ratios (ORs), and areas under the
receiver operating characteristic curve (AROCs) associated with MetS traits.

RESULTS — Among FOS, SAHS, and MCDS subjects, 24–43% had MetS and 15–23% had
IGT (including 2–5% with 2hPG �11.1 mmol/l). Among those with MetS, OR for IGT were 3–4,
PPV were 0.24–0.41, NPV were 0.84–0.91, and PAR% were 30–40%. Among subjects with
MetS defined by impaired fasting glucose (IFG) and any two other traits, OR for IGT were 9–24,
PPV were 0.62–0.89, NPV were 0.78–0.87, and PAR% were 3–12%. Among IRAS subjects, 24–
34% had MetS and 37–41% had IGT. Among those with MetS, ORs for IGT were 3–6, PPVs were
0.57–0.73, and NPVs were 0.67–0.72. In logistic regression models, IFG, large waist, and high
triglycerides were independently associated with IGT (AROC 0.71–0.83) in all study populations.

CONCLUSIONS — The MetS, especially
defined by IFG, large waist, and high triglyc-
erides, efficiently identifies subjects likely to
have IGT on OGTT and thus be eligible for
diabetes prevention interventions.
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The prevalence of type 2 diabetes is
rapidly growing worldwide, with
rates expected to increase �165%

by 2050 in the U.S. alone (1). Diabetes
and its complications cause substantial
loss in length and quality of life and incur
�$132 billion annually in U.S. health
care expenditures (2). There are few con-
ditions with a more pernicious effect than
diabetes on patient health and health care
budgets.

Fortunately, there is good experimen-
tal evidence that type 2 diabetes can be
prevented or delayed. Lifestyle modifica-
tion with diet and exercise, or use of met-
formin or acarbose, can reduce risk of
type 2 diabetes in individuals with im-
paired glucose tolerance (IGT) by 30–
70% with �7–14 affected people needing
treatment for �3 years to prevent one
case of diabetes (3–6). Given that �12
million U.S. adults may be eligible for
these proven diabetes prevention inter-
ventions (7) and that they are effective,
relatively safe, and feasible clinical and
public health strategies, their broad im-
plementation is now an urgent priority.

An important impediment to wider
translation of evidence-based diabetes
prevention is the apparent need to iden-
tify people with IGT. IGT is defined using
an oral glucose tolerance test (OGTT) as a
plasma glucose level of 7.8–11.0 mmol/l
level 2 h after oral glucose challenge
(2hPG) in individuals with nondiabetic
fasting plasma glucose levels (�7.0
mmol/l) (8). Although fasting plasma glu-
cose (FPG) in the “impaired” (IFG) range
(6.1–6.9 mmol/l) is also a risk factor for
type 2 diabetes, in many studies, IGT has
been a stronger risk factor for diabetes
than IFG (9 –12). Approximately 30 –
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60% of subjects with IGT have normal
fasting glucose levels, so fasting testing
alone does not detect many subjects at
risk for diabetes on the basis of hypergly-
cemia (11,13,14). Because IGT was the
glycemic entry criteria for recent diabetes
prevention trials, an OGTT appears to be
required for evidence-based identifica-
tion of eligible subjects. In the U.S., the
OGTT is considered to entail enough dis-
comfort, inconvenience, and expense that
the test is not encouraged for use in usual
clinical practice (15). Efficient means to
identify subjects most likely to have IGT
on OGTT are needed to maximize imple-
mentation of evidence-based type 2 dia-
betes prevention interventions.

IGT and type 2 diabetes are closely
associated with cardiovascular disease
and may originate from a common phys-
iological antecedent, the “insulin resis-
tance” or “metabolic” syndrome (16,17).
Traits of the metabolic syndrome (MetS)
(IFG, obesity, dyslipidemia, and hyper-
tension) are readily identifiable in clinical
practice and may help to identify subjects
eligible for an OGTT. These traits have
recently been shown to be excellent pre-
dictors of incident type 2 diabetes (18),
but their use to identify prevalent IGT has
not been explored. In this report, we an-
alyzed data from four large epidemiolog-
ical studies (the Framingham Offspring,
San Antonio Heart, Mexico City Diabetes,
and Insulin Resistance Atherosclerosis
Studies) to identify a population subset
with a high probability of IGT based on
IFG and nonglycemic traits of the MetS.

RESEARCH DESIGN AND
METHODS

Source datasets
The Framingham Offspring Study (FOS)
and the other datasets have been de-
scribed previously and will be presented
only briefly here. The FOS is a popula-
tion-based observational study of risk
factors for cardiovascular diseases. Partic-
ipants are the children and spouses of the
children of the original Framingham
Heart Study cohort and are of mixed Eu-
ropean Caucasian race/ethnicity (19,20).
The Institutional Review Board of Boston
University approved the study protocol,
and all subjects gave informed consent at
each examination. Data were taken from
the fifth examination cycle (January
1991–June 1995) when 3,799 partici-
pants fasted overnight, had a standard-

ized medical history, physical, and
laboratory examination, and those with-
out diagnosed diabetes had an OGTT.
Subjects had diagnosed diabetes if they
reported hypoglycemic drug therapy or if
the FPG was �7.0 mmol/l at any two
prior examinations. Height, weight, and
waist circumference (at the umbilicus
with the subject standing) were mea-
sured, and BMI was calculated as kg/m2.
Two blood pressure measurements were
taken after subjects had been seated for at
least 5 min; the averaged blood pressure
value was used. Plasma glucose was mea-
sured in fresh specimens with a hexoki-
nase reagent kit (A-gent glucose test;
Abbott, South Pasadena, CA). Glucose as-
says were run in duplicate; the intra-assay
coefficient of variation was �3%. Levels
of fasting plasma triglycerides and HDL
cholesterol were measured as previously
described (21,22).

The San Antonio Heart Study (SAHS)
is a population-based observational study
of diabetes and cardiovascular disease
(23–25). The study initially enrolled
3,301 Mexican-American and 1,857 non-
Hispanic Caucasian men and nonpreg-
nant women in two phases between 1979
and 1988. Participants were 25–64 years
of age at enrollment and were randomly
selected from low-, middle-, and high-
income neighborhoods in San Antonio,
Texas. An 8-year follow-up examination
was conducted from 1987 to 1996. A total
of 3,682 individuals (73.7% of survivors)
from the two phases completed the fol-
low-up examination. The Institutional
Review Board of the University of Texas
Health Science Center at San Antonio ap-
proved the study protocol, and all sub-
jects gave informed consent at each
examination. Data for the present analysis
came from the follow-up examination so
as to be contemporaneous with other
datasets. Three blood pressure measure-
ments were taken after subjects had been
seated for at least 5 min; the average of the
second two blood pressure values were
used, and glucose levels were measured
with the glucose oxidase method. Apart
from these two differences, the rest of the
clinical examination, the definition of di-
agnosed diabetes, and the laboratory
analysis methods were similar to those
used in the FOS.

The Mexico City Diabetes Study
(MCDS) is a population-based study of
type 2 diabetes in six low-income “colo-
nias” in Mexico City (26). A complete

enumeration of the colonias was carried
out, and 3,326 study-eligible men and
nonpregnant women age 35– 64 years
were identified. Of these, 2,813 com-
pleted a home interview, and 2,282
(68.5%) completed a baseline medical ex-
amination during 1990–1992. The Insti-
tutional Review Boards of the Centro de
Estudios en Diabetes in Mexico City and
the University of Texas Health Science
Center at San Antonio approved the study
protocol, and all subjects gave informed
consent. Data for the present analysis was
taken from the baseline examination. The
clinical examination and definitions of di-
agnosed diabetes were identical to those
used in the SAHS. Laboratory analyses
were conducted in San Antonio in the Di-
vision of Clinical Epidemiology labora-
tory using methods similar to those used
in the SAHS (27).

The Insulin Resistance Atherosclero-
sis Study (IRAS) is a multicenter, observa-
tional study of the relationship between
insulin resistance and cardiovascular dis-
ease risk factors (28,29). Unlike the un-
selected FOS, SAHS, and MCDS samples,
the IRAS sample was selected to give
roughly equal numbers of subjects with
normal, impaired, and diabetic glucose
tolerance in roughly equally sized groups
of Caucasian, Mexican-American, and
African-American subjects. The study
was conducted at four clinical centers. At
centers in Oakland and Los Angeles,
California, non-Hispanic Caucasian and
African-American individuals were re-
cruited from Kaiser Permanente, a non-
profit health maintenance organization.
Centers in San Antonio, Texas, and San
Luis Valley, Colorado, recruited Cauca-
sian and Mexican-American individuals
from two ongoing population-based
studies (the SAHS and the San Luis Valley
Diabetes Study). A total of 1,625 subjects
participated in the baseline IRAS exami-
nation during 1992–1994, during which
an OGTT was administered. Local insti-
tutional review committees approved the
IRAS protocol, all participants provided
written informed consent, and the clinical
and laboratory examinations were con-
ducted using methods similar to those
used in the SAHS and MCDS.

Definitions of outcome and exposure
variables
The overall goal of this analysis was to
identify prevalent IGT in a population set-
ting using a typical clinical examination
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and a fasting blood test. With this ap-
proach, people with FPG levels diagnostic
of diabetes would be detected and re-
moved from consideration for an OGTT.
However, the sample would still contain a
small percentage with nondiabetic FPG
levels but diabetic range postchallenge
glucose levels who would not be detected
without an OGTT, but who would still be
included in the cohort identified for pre-
ventive interventions. Therefore, for the
purposes of this analysis, we defined IGT
as all subjects with FPG �7.0 mmol/l and
with 2hPG �7.8 mmol/l, including those
few with 2hPG �11.1 mmol/l.

We used criteria proposed by the
Third Report of the National Cholesterol
Education Program’s Adult Treatment
Panel (NCEP ATP III) to classify the MetS
and its traits (30). We considered the fol-
lowing traits alone, in pairs, or in combi-
nations of three: FPG �6.1 mmol/l; waist
circumference �102 cm (in men) or �88
cm (in women); fasting triglycerides �1.7
mmol/l; HDL cholesterol �1.0 mmol/l (in
men) or �1.16 mmol/l (in women); and
blood pressure �130/85 mmHg (or treat-
ment for hypertension). Subjects with any
three traits were considered to have the
MetS by ATP III criteria. Additional expo-
sure covariates included age, sex, and
race/ethnicity. In subsidiary analyses we
also considered the effect of the recently
proposed lower threshold for IFG of FPG
5.6–6.9 mmol/l (31).

Statistical analysis
Analyses were conducting using SAS (SAS
Institute, Cary, NC). Subjects with diag-
nosed diabetes, FPG �7.0 mmol/l, age
�30 or �79 years, or missing covariates
were excluded. All analyses were strati-
fied by study and race/ethnicity. We de-
scribed the prevalence of MetS traits and
of IGT, then assessed the probability of
IGT (positive predictive value [PPV]) or
absence of IGT (negative predictive value
[NPV]) associated with traits alone, in
pairs, or in combinations of three (the
MetS) in which PPV � (the number of
subjects with the trait and IGT/the num-
ber of subjects with the trait) and NPV �
(the number of subjects without the trait
and without IGT/the number of subjects
without the trait). We used age- and sex-
adjusted logistic regression models to cal-
culate the odds ratio (OR) for IGT
associated with MetS and MetS traits and
to calculate areas under the receiver oper-
ating characteristic curve (AROCs). The

AROC is interpreted as the probability that
the modeled trait(s) would correctly dis-
criminate subjects with IGT from those
without IGT in which 0.5 is chance discrim-
ination and 1.0 is perfect discrimination.

We also estimated the attributable
risk percentage (AR%) for IGT associated
with MetS and MetS traits. AR% can be
thought of as the excess risk of IGT attrib-
utable to MetS or a given trait. We calcu-
lated AR% as [relative risk � 1.0]/relative
risk) � 100. For the unselected samples
(FOS, SAHS, MCDS) where the true trait
prevalence ptrait was known, we also esti-
mated the population attributable risk
percent (PAR%), interpreted as the pro-
portion of IGT in the total population as-
sociated with MetS or its traits, and the
proportion that might be eliminated given
treatment of the trait(s) to normal levels in
which PAR% � (ptrait � [relative risk �
1])/(ptrait � [relative risk � 1] � 1) � 100.

Finally, we estimated the indepen-
dent risk of IGT associated with MetS
traits by simultaneously including all five
traits in age- and sex-adjusted multivari-
ate logistic regression models. We con-
structed study- and race/ethnicity-
stratified regression models using each
study’s own data, then compared the
equality of ORs and model discrimination
and calibration using FOS model results
as the reference, as previously described
(32). We compared ORs by comparing
risk factor regression coefficients for the
FOS and non-FOS cohorts. To compare
these coefficients we calculated a test sta-
tistic z, in which z � [b(F) � b(O)]/SE,
and where b(F) and b(O) are, respectively,
the regression coefficients of the FOS and
the other study’s model, whereas SE is the
standard error of the difference in the co-
efficients. This is computed as the square
root of the sum of the squares of the SEs
for the two coefficients. Because the OR of
a variable is computed by exponentiating
its regression coefficient, the z statistic
tests the equality of ORs between FOS and
non-FOS cohorts. Using this procedure,
we made six statistical comparisons for
each risk factor and so defined statistical
significance as a two-tailed P value
�0.008. Discrimination was assessed by
calculation of the AROC, first for each
study using its own data and then by ap-
plying the regression equation generated
from FOS data to each set of study data.
Calibration, or how closely predicted out-
comes agree with actual outcomes, was
assessed with a version of the Hosmer-

Lemeshow �2 statistic comparing the dif-
ferences between predicted and actual
event rates with values exceeding 20 indi-
cating significant lack of calibration (P �
0.01) and small values indicating good
calibration. We assessed calibration first
for each study using its own data, then by
applying the regression equation gener-
ated from FOS data to each set of study
data. We then recalibrated FOS model-
based results for each study by adjusting
the intercept for the study’s own event
rate and risk factor mean values, as previ-
ously described (32). It is important to em-
phasize that recalibration does not affect OR
comparisons or discrimination results.

RESULTS — Subject characteristics
stratified by study and race/ethnicity are
displayed in Table 1. A little more than
one-half of subjects were women, and the
mean age ranged from 46 to 59 years. Of
the 9,438 study subjects, 52.4% were
Caucasian, 44.5% were Mexican or Mex-
ican American, and 3.1% were African
American. In general, Mexican and Mex-
ican-American subjects in the popula-
t ion-based studies had a higher
prevalence of adverse metabolic traits
than did Caucasian subjects, as observed
previously (33). From 69 to 88% of sub-
jects had a BMI �24 kg/m2 (an entry cri-
teria for the Diabetes Prevention
Program) (5), and 23–36% had a BMI
�30 kg/m2, which was the National In-
stitutes of Health–recommended thresh-
old defining medical obesity (34). From
24 to 43% of the unselected samples and
25 to 34% of the IRAS samples had the
ATP III–defined MetS. By design, IRAS
participants had a higher prevalence of
IGT (37–41%) than did participants in
the unselected samples (15–23%). Clini-
cally undetected, diabetic-range postchal-
lenge hyperglycemia was modestly
common, affecting 1.7–5.4% of the uns-
elected samples and 6.8–11.2% of the
IRAS sample.

The prevalence of MetS traits and
their associations with IGT among FOS,
SAHS, and MCDS subjects are displayed
in Table 2 and among IRAS subjects in
Table 3. For simplicity of presentation,
trait combinations are sorted in descend-
ing order of ORs for IGT among FOS Cau-
casians. The distribution of MetS and its
traits varied widely within and across
populations. IFG was the least common
trait in all study populations, affecting
3–8% of the population-based samples
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and 16�26% of the IRAS sample. All
other traits affected at least 26% of sub-
jects with low HDL cholesterol, which
was the most common trait (up to 92% of
Mexicans in the MCDS), except in Afri-
can-American IRAS participants, where
high triglyceride levels were relatively in-
frequent (15%) and hypertension was
most common (61%). Consequently,
combinations of two or three traits, in-
cluding IFG, were also substantially less
prevalent than trait combinations without
IFG. However, IFG alone or in combina-
tion with other traits conferred substan-
tially higher risk of IGT (for instance, ORs
8–43 in the unselected samples) com-
pared with any trait combination without
IFG (ORs 1.2–4) and had reasonable dis-
criminatory capacity (AROC 0.616 –
0.805). In all study populations, subjects
with IFG alone or in combination were
very likely also to have IGT (PPV 0.54–
0.95), whereas subjects without IFG were
unlikely to have IGT (NPV 0.61–0.89).
IFG alone or with other traits accounted
for a large proportion of risk of IGT
among subjects in the unselected samples
(AR% 69–83%), but the low prevalence
of IFG translated to relatively low PAR%
(3–23%). So, for instance, IFG and high
triglycerides affected 4% of FOS Cauca-
sian subjects but increased the odds of
IGT by 14-fold; 67% of these subjects had
IGT, but 88% of those without IFG and
high triglycerides did not have IGT. IFG
and high triglycerides accounted for 82%
of the risk of IGT in affected subjects and
16% of IGT on a population-wide basis.

The MetS is defined by ATP III as the
presence of any three of the five traits un-
der consideration. In all populations,
MetS by this definition was more preva-
lent but associated with lower risk, better
discriminatory capacity, lower PPV,

higher NPV, lower AR%, and higher
PAR% than the MetS defined by IFG plus
two other traits (Tables 2 and 3). Interest-
ingly, if the MetS were redefined as any
two traits, it became more prevalent, but
its ability to detect IGT was not substan-
tially poorer than that of the MetS defined
by any three traits. So, for instance, any
two traits affected 58% and any three
traits affected 29% of SAHS Mexican-
American subjects, but these were associ-
ated with ORs of 3.1 and 3.2 and PPVs of
0.88 and 0.84, respectively.

In multivariable logistic regression
models, IFG remained the strongest inde-
pendent predictor of IGT in all study pop-
ulations, increasing odds of IGT by 3- to
over 12-fold (Table 4). High triglycerides
and a large waist circumference were also
consistent, strong, independent risk fac-
tors for IGT, increasing odds by 1.5- to
�4-fold. In SAHS and IRAS Caucasian
subjects, a large waist was a significantly
stronger risk factor than in FOS Cauca-
sian subjects, but all other risk factors
conferred statistically similar risk in all
populations, suggesting that these MetS
traits perform similarly in Caucasian,
Mexican, and African-American popula-
tions to identify IGT. Low levels of HDL
cholesterol were not independently asso-
ciated with risk of IGT in any population,
and elevated blood pressure was a risk
factor only in FOS Caucasian, SAHS Mex-
ican-American, and MCDS Mexican sub-
jects. These models provided reasonable
discrimination of IGT (AROC 0.71–0.83)
and statistically acceptable calibration (all
�2 statistics �20). Calibration of the FOS-
derived model, when applied to the other
cohorts’ data, was substantially improved
with recalibration. Notably, the degree of
discrimination from multivariate predic-
tion models in all datasets was not sub-

stantially better than that obtained with
simple combinations of two or three traits.

The American Diabetes Association
recently recommended that the lower
threshold for IFG be reduced from 6.1 to
5.6 mmol/l (31), so we examined the ef-
fect on IGT prediction of the lower IFG
criteria. In all populations, compared
with the higher threshold of FPG �6.1
mmol/l, the prevalence of IFG �5.6
mmol/l was higher, and for “IFG”-based
MetS definitions, the PAR% values were
higher, ORs and PPVs for IGT were re-
duced, AROCs were similar or slightly
higher, and NPVs were higher (Table 5).
In the unselected populations, the ATP III
MetS using “IFG” as one of three possible
traits was slightly more common and as-
sociated with a slightly higher PAR% but
with similar or only marginally higher
ORs, PPVs, AROCs, and NPVs; in IRAS
subjects, these increases were somewhat
larger. In the sets of multivariate regres-
sion models predicting IGT, ORs for IFG
�5.6 mmol/l were lower than in the sets
of models using IFG �6.1 mmol/l, but
AROCs for the two sets of models were
essentially identical (Table 5); ORs for the
other MetS traits and the calibration sta-
tistics also were very similar when com-
paring the two sets of models (data not
shown).

The focus of this analysis was to de-
fine a strategy to identify people without
clinical diabetes who would fail an OGTT.
In our data, the majority of these had IGT
as strictly defined by 2hPG 7.8 –11.0
mmol/l, but a few had diabetes on the ba-
sis of 2hPG �11.1 mmol/l. The ATP III
MetS had a similar capacity to identify
2hPG �11.1 mmol/l as for 2hPG �7.8
mmol/l. In the unselected samples, the ORs
were 4.1–6.2, AROCs were 0.77–0.82,
PPVs were 5–12%, NPVs were 97–99%,

Table 1—Characteristics of the FOS, SAHS, MCDS, and IRAS subjects

FOS
Caucasian

SAHS

MCDS
Mexican

IRAS

Non-Hispanic
Caucasian

Mexican
American

Non-Hispanic
Caucasian

Mexican
American

African
American

n 3,326 1,168 1,812 1,983 452 407 290
Women 54.0 56.0 59.0 59.0 53.4 59.0 58.5
Age (years) 54 	 9.8 52.8 	 11.3 46.5 	 8.1 46.5 	 8.1 56.2 	 8.4 46.5 	 8.1 54.9 	 8.6
BMI �24 kg/m2 73.2 69.3 83.9 84.6 77.6 85.3 87.8
BMI �30 kg/m2 23.2 22.6 35.8 28.1 27.0 30.6 34.8
MetS-NCEP ATP III 25.9 23.5 28.7 43.3 25.4 34.2 24.4
2hPG �7.8 mmol/l 14.5 15.9 23.3 15.8 36.8 41.3 39.1
2hPG �11.1 mmol/l 1.7 2.4 5.4 2.6 6.8 11.2 8.4

Data are means 	 SD or %.
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and PAR%s were 55–77%. In the IRAS
subjects, the ORs were 2.0–5.4, AROCs
0.70–0.75, PPVs were 14–21%, and NPVs
were 92–96%.

CONCLUSIONS — Clinical inter-
ventions effectively prevent or delay type
2 diabetes among individuals with IGT
(3–6). Now we need clinical strategies to
identify people with IGT to maximize
translation of this evidence into practice.
Aversion to routine clinical use of the
OGTT may need to be replaced by tar-
geted clinical screening of people likely to
“fail” the OGTT and thus be eligible for
diabetes prevention interventions. In this
analysis, we considered use of the MetS to
guide screening for IGT. The MetS is a
readily recognizable pre-diabetic condi-

tion. Recent clinical definitions have
raised awareness of the syndrome, al-
though how and why to use the syndrome
in clinical practice is somewhat uncertain
(35). In our analysis of �9,000 partici-
pants in four epidemiological studies, the
MetS had excellent capacity to identify
nondiabetic subjects likely to fail an
OGTT. In particular, subjects with the
MetS defined by IFG in combination with
other traits had a substantially elevated
probability of also having IGT. For in-
stance, in our study samples, 61–93% of
subjects with IFG, high triglycerides,
and/or a large waist circumference failed
an OGTT, whereas 62– 87% without
these traits had normal glucose tolerance.
The MetS defined by trait combinations
not including IFG were less useful for

identifying IGT. Nonspecific combina-
tions of any two or any three traits (the
MetS) were more prevalent than the syn-
drome based on IFG and so accounted for
a greater proportion of IGT on a popula-
tion-wide basis but conferred less risk to
an individual than MetS based on IFG.
Using AROC values as a guide to the value
of prediction models, our results show
that relatively simple trait identification
(for instance, diagnosing IFG, high tri-
glycerides, and/or a large waist circumfer-
ence) had similar discriminatory capacity
as more complex regression models in-
cluding all risk factors, age, and sex. We
also found that IFG, high triglycerides,
and a large waist circumference were
essentially similar predictors of IGT in
the Caucasian, Mexican, and African-

Table 3—Association of IGT (2hPG >7.8 mmol/l) with traits of the MetS in the IRAS

IRAS

Non-Hispanic Caucasian Mexican American African American

P(t) OR AROC PPV NPV AR% P(t) OR AROC PPV NPV AR% P(t) OR AROC PPV NPV AR%

IFG (FPG 6.1–6.9 mmol/l) 0.16 3.65 0.671 0.62 0.68 48.2 0.17 6.92 0.721 0.77 0.66 56.5 0.26 13.1 0.805 0.81 0.76 69.7
High TG (�1.7 mmol/l) 0.31 2.00 0.656 0.47 0.68 32.7 0.42 2.75 0.694 0.55 0.69 43.2 0.15 1.39 0.635 0.47 0.62 19.2
High BP (�130/85 mmHg

or Rx)
0.44 1.67 0.641 0.45 0.70 31.7 0.44 1.82 0.653 0.52 0.67 35.2 0.61 2.02 0.653 0.48 0.73 43.6

Large waist circumference
(�102/88 cm,
men/women)

0.29 4.83 0.719 0.64 0.74 59.8 0.32 2.89 0.687 0.59 0.67 44.3 0.36 3.63 0.707 0.57 0.71 48.9

Low HDL-C (�1.0/1.16
mmol/l, men/women)

0.49 1.58 0.643 0.41 0.68 21.3 0.63 1.61 0.648 0.45 0.65 22.1 0.35 1.49 0.642 0.43 0.63 15.4

IFG and high TG 0.04 7.17 0.658 0.79 0.65 55.8 0.09 8.21 0.688 0.82 0.63 54.4 0.05 23.5 0.671 0.93 0.64 60.7
IFG and large waist 0.07 20.8 0.683 0.91 0.67 64.2 0.10 11.5 0.688 0.88 0.64 58.8 0.14 11.0 0.735 0.83 0.68 61.7
IFG and high BP 0.09 3.37 0.648 0.64 0.66 46.6 0.11 4.91 0.680 0.75 0.63 50.3 0.19 8.33 0.749 0.79 0.70 61.8
IFG and low HDL-C 0.09 3.05 0.647 0.62 0.66 44.7 0.12 9.38 0.703 0.83 0.64 57.1 0.10 8.34 0.701 0.80 0.65 56.8
High TG and high BP 0.15 2.11 0.643 0.53 0.66 36.0 0.22 2.37 0.669 0.59 0.64 39.1 0.08 1.70 0.643 0.54 0.62 30.2
High TG and large waist 0.12 3.48 0.659 0.65 0.67 49.1 0.16 3.39 0.683 0.66 0.63 44.3 0.07 3.22 0.649 0.67 0.63 44.4
High TG and low HDL-C 0.21 1.67 0.640 0.46 0.66 26.4 0.33 2.49 0.682 0.56 0.66 38.9 0.10 1.89 0.641 0.52 0.62 27.0
Large waist and high BP 0.18 4.18 0.679 0.67 0.70 55.0 0.19 2.11 0.657 0.58 0.63 36.1 0.25 2.98 0.682 0.59 0.68 45.4
Large waist and low HDL-C 0.18 4.27 0.694 0.65 0.70 53.1 0.24 2.20 0.661 0.56 0.63 33.8 0.16 3.08 0.661 0.57 0.64 37.8
Low HDL-C and high BP 0.20 1.75 0.640 0.48 0.66 30.2 0.27 1.64 0.645 0.52 0.63 28.7 0.19 3.02 0.676 0.61 0.66 43.7
Any two traits 0.53 3.30 0.701 0.49 0.77 52.7 0.61 4.64 0.726 0.55 0.80 63.6 0.54 4.59 0.734 0.54 0.79 61.0
IFG, high TG, high BP 0.02 13.1 0.639 0.88 0.64 59.0 0.07 7.41 0.673 0.81 0.62 52.8 0.03 10.2 0.646 0.88 0.62 56.8
IFG, high TG, low HDL-C 0.03 5.65 0.643 0.77 0.64 53.7 0.08 17.4 0.690 0.90 0.63 58.7 0.03 16.3 0.660 0.90 0.63 58.5
IFG, high TG, large waist 0.02 * * * * * 0.06 10.3 0.667 0.87 0.61 55.6 0.03 10.4 0.647 0.88 0.62 56.8
IFG, large waist, low

HDL-C
0.05 16.5 0.658 0.90 0.66 62.2 0.07 14.4 0.678 0.90 0.63 58.4 0.06 6.77 0.672 0.78 0.63 52.9

IFG, large waist, high BP 0.05 18.7 0.661 0.91 0.66 62.9 0.07 6.31 0.660 0.81 0.62 52.8 0.10 7.52 0.703 0.80 0.65 56.8
IFG, low HDL-C, high BP 0.04 2.16 0.626 0.58 0.64 38.1 0.07 7.46 0.670 0.82 0.62 53.3 0.07 7.99 0.681 0.81 0.64 55.6
Large waist, high TG,

high BP
0.08 3.48 0.647 0.67 0.66 48.7 0.10 3.07 0.667 0.67 0.62 42.4 0.04 3.49 0.645 0.69 0.62 45.5

Large waist, high TG,
low HDL-C

0.09 2.80 0.650 0.61 0.66 43.6 0.14 3.09 0.672 0.64 0.62 41.4 0.05 6.60 0.654 0.79 0.63 52.7

High TG, low HDL-C,
high BP

0.10 1.86 0.636 0.52 0.65 32.8 0.17 2.24 0.661 0.60 0.63 37.6 0.06 2.96 0.647 0.65 0.62 41.9

Large waist, low HDL-C,
high BP

0.10 3.80 0.658 0.67 0.67 50.5 0.13 1.72 0.642 0.55 0.61 28.0 0.09 4.57 0.668 0.70 0.64 48.8

Any three traits (MetS) 0.25 4.42 0.709 0.64 0.72 56.8 0.34 2.52 0.680 0.57 0.67 42.1 0.24 6.62 0.747 0.73 0.72 61.0

For abbreviations, see footnote to Table 2. IRAS subjects were selected for the presence of IGT. *All subjects with IFG, high TG, and large waist had IGT.
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American samples. Thus, our analysis
demonstrates that clinical identification
of the MetS, including IFG in particular,
appears to be an excellent method to
identify candidates for OGTT and diabe-
tes prevention interventions.

It is not surprising that subjects with
IFG as one of the MetS traits had a high
risk of IGT (36), despite that in some
cases IFG and IGT may represent different
pre-diabetic phenotypes (37,38). The re-
cent American Diabetes Association pro-
posal to lower the threshold defining IFG
to 5.6 mmol/l was intended, in part, to
optimize the ability of IFG to predict fu-
ture diabetes (31). However, our analysis
does not suggest any obvious advantages
of the new IFG criteria for detection of
IGT. The “new” IFG is more common and
so accounts for a greater proportion of
IGT in the population, but the lower ORs
and PPVs suggest that an individual with
IFG of 5.6–6.9 mmol/l as one of the MetS
traits is less likely to fail an OGTT than a
person with IFG of 6.1–6.9 mmol/l and
the MetS. Regardless of the definition of
“impaired,” our analysis supports fasting
glucose testing as a key step in screening
for IGT. However, our data and screening
data from the U.S., Canada, and Sweden
all demonstrate that use of IFG alone is
probably insufficient to accurately detect
most cases of IGT (39–41). Combining
IFG with other risk factors as clinical pre-
diction rules can improve on the yield of
IGT detection. In an analysis (the Third
National Health and Nutrition Examina-
tion Survey), Nelson and Boyko (42) re-
ported that IFG increased risk of IGT by
sixfold; overall obesity (a BMI �25 kg/
m2), Mexican-American ethnicity, older
age, hypertension, and triglyceride levels
�1.69 mmol/l were also independent risk
factors. An 8-point prediction rule based
on these variables had discriminatory ca-
pacity similar to that in our data for IFG
plus hypertriglyceridemia or central obe-
sity (AROC 0.74). Schmidt et al. (43) as-
sessed detection of IFG, IGT, or clinically
undetected diabetes in an analysis of Ath-
erosclerosis Risk in Communities Study
data. FPG �6.1 mmol/l alone detected
only 28% of prevalent IFG/IGT in the
sample. Lowering the “abnormal” FPG
threshold to 5.6 mmol/l detected more
(58%) IFG/IGT, but approximately one-
half of “screen-positive” subjects had nor-
mal glycemia on OGTT. Adding to FPG
�5.6 mmol/l, a “high-risk” score based on
a clinical detection rule (using age, height,

T
able

4—
M

ultivariate
prediction

of
IG

T
(2hPG

>
7.8

m
m

ol/l)
using

traits
of

the
M

etS
in

F
O

S,SA
H

S,M
C

D
S,and

IR
A

S

FO
S

C
aucasian

SA
H

S

M
C

D
S

M
exican

IR
A

S

N
on-H

ispanic
C

aucasian
M

exican
A

m
erican

N
on-H

ispanic
C

aucasian
M

exican
A

m
erican

A
frican

A
m

erican

IFG
(FPG

6.1–6.9
m

m
ol/l)

6.41
(4.80–8.55)

9.13
(4.50–18.5)

7.46
(4.78–11.7)

12.9
(7.32–22.9)

3.19
(1.76–5.80)

5.56
(2.91–10.7)

10.8
(5.49–21.3)

Large
w

aist
circum

ference
(�

102/88
cm

,m
en/w

om
en)

1.35
(1.08–1.69)

2.81*
(1.96–4.03)

1.92
(1.48–2.48)

1.50
(1.06–2.12)

3.99*
(2.48–6.42)

1.81
(1.09–2.99)

2.63
(1.40–4.94)

H
igh

T
G

(�
1.7

m
m

ol/l)
2.31

(1.83–2.92)
1.64

(1.14–2.35)
1.53

(1.19–1.96)
2.37

(1.75–3.21)
1.85

(1.15–2.98)
2.38

(1.50–3.80)
1.10

(0.49–2.50)
Low

H
D

L
(�

1.0/1.16
m

m
ol/l,

m
en/w

om
en)

1.19
(0.95–1.51)

1.09
(0.76–1.57)

1.22
(0.94–1.58)

0.90
(0.54–1.52)

1.05
(0.67–1.65)

1.17
(0.72–1.91)

1.50
(0.79–2.82)

H
igh

BP
(�

130/85
m

m
H

g
or

R
x)

1.78
(1.40–2.26)

1.41
(0.98–2.03)

1.98
(1.52–2.58)

1.64
(1.23–2.17)

1.15
(0.74–1.81)

1.21
(0.75–1.94)

1.79
(0.95–3.40)

A
R

O
C

Study’s
ow

n
function

0.793
0.759

0.761
0.712

0.747
0.772

0.834
U

sing
FO

S
function

—
0.735

0.746
0.708

0.717
0.77

0.818
C

alibration
�

2
statistic

Study’s
ow

n
function

18.72
9.57

7.70
8.35

3.65
9.65

10.47
U

sing
FO

S
function

—
42.3

275.0
75.3

197.2
218.8

116.6
A

fter
recalibration†

—
23.7

24.3
28.2

10.4
9.9

7.7

D
ata

are
O

R
(95%

C
I).A

R
O

C
,area

under
the

receiver
operating

characteristic
curve

for
the

age-,sex-,and
m

etabolic
syndrom

e
trait-adjusted

logistic
regression

m
odelpredicting

IG
T

,or
�

2
statistics;*P

�
0.0007;†using

the
FO

S
m

odel,w
ith

adjustm
ent

to
the

intercept
for

the
study’s

ow
n

event
rate

and
risk

factor
m

ean
values.

Meigs and Associates

DIABETES CARE, VOLUME 27, NUMBER 6, JUNE 2004 1423



weight, parental history of diabetes, diag-
nosed hypertension, systolic blood pres-
sure, HDL cholesterol, and triglycerides)
increased the detection rate to 58% of
prevalent IFG/IGT. Administering an
OGTT to this latter sample reduced to
29% the “true-positive” rate of IFG/IGT/
diabetes. In these data, as in our study
samples, FPG and fasting triglycerides
were the two traits offering greatest pre-
dictive ability. Based on these analyses,
we conclude that use of a fasting glucose
sample plus one or two additional traits of
the MetS to screen for IGT may be as use-
ful, and substantially simpler, than using
sophisticated clinical prediction rules.

Our analysis was predicated on the
idea that an OGTT is needed for evidence-
based translation of diabetes prevention
trials. However, some authors have ar-
gued that individuals at high risk of dia-
betes are better identified with standard
diabetes risk factors and that an OGTT
may not be needed. In an analysis of
SAHS data, Stern, Williams, and Haffner
(18) reported that for prediction of 7.5-
year incidence of type 2 diabetes, the
AROC for a multivariable model includ-
ing FPG, systolic blood pressure, HDL
cholesterol, BMI, and a family history of
diabetes was significantly (P � 0.001)
greater than the AROC for the 2hPG level
alone (0.843 vs. 0.775). Adding 2hPG to
the prediction model increased the

AROC, but only from 0.843 to 0.857.
This strategy is consistent with the general
concept underlying the MetS that identi-
fication of elevated cardiovascular disease
risk factors identifies people at elevated
risk of type 2 diabetes. Furthermore, the
NCEP ATP III recommends that people
with adverse levels of metabolic disease
risk factors should be prescribed thera-
peutic lifestyle interventions similar to
those used in recent diabetes prevention
trials, regardless of their glucose tolerance
status. Thus, whether an OGTT is needed
to proceed with implementing diabetes
prevention strategies is an open question.

An OGTT might not be necessary for
everyone with elevated metabolic risk fac-
tors, particularly as aggressive lifestyle in-
terventions are already indicated. Indeed,
treatment and prevention of obesity alone
would have a substantial impact on dia-
betes risk in the population. Burke et
al.(44) recently estimated that preventing
development of overweight would result
in a 62–74% reduction in the incidence of
type 2 diabetes in Mexican Americans and
non-Hispanic Caucasians. Preventing the
entire population from gaining, on aver-
age, 1 BMI unit would result in a reduc-
tion in incidence of type 2 diabetes by
�13%. In addition, medical therapy of
obesity with orlistat has recently been
shown to reduce by �50% the risk of type
2 diabetes in obese patients (45). Al-

though pharmaceutical therapy for med-
ical obesity is readily defensible, therapy
with metformin, acarbose, or thiazo-
lidinediones to prevent diabetes in other-
wise healthy individuals with IGT is a
more complex issue. The risk/benefit ra-
tio for long-term use of these drugs in in-
dividuals with subdiabetic glycemic levels
is not known. The argument can be made
that an OGTT would be indicated to es-
tablish IGT before long-term medical
therapy of asymptomatic glucose intoler-
ance. In addition, our data show that per-
forming an OGTT will pick up 2–10%
additional subjects with otherwise unde-
tectable diabetes who warrant diabetes-
specific interventions.

Our analysis has some limitations.
We compared risk factor categories across
four different studies that used generally
similar assessment methods, but some
methodological variation could have in-
troduced small differences in risk factor
distributions. We based our analysis on
only one OGTT, which likely resulted in
some misclassification by glucose toler-
ance status and may have inflated the
prevalence of IGT but weakened associa-
tions with MetS traits. In clinical practice,
however, most patients will likely un-
dergo serial screening and eventually be
classified correctly. Also, our outcome
was not strictly “IGT,” as we included
2hPG �11.1 mmol/l in the definition.

Table 5—Association of IGT (2hPG >7.8 mmol/l) with traits of the MetS in the FOS, SAHS, and MCDS, applying the American Diabetes
Association (ADA) 2003 definition for IFG (FPG 5.6–6.9 mmol/l)

FOS Caucasian SAHS Non-Hispanic Caucasian SAHS Mexican American

P(t) OR AROC PPV NPV
AR
%

PAR
% P(t) OR AROC PPV NPV

AR
%

PAR
% P(t) OR AROC PPV NPV

AR
%

PAR
%

IFG ADA 2003 (FPG

5.6–6.9 mmol/l)

0.29 4.71 0.760 0.30 0.92 74.0 45.0 0.14 3.79 0.700 0.37 0.87 66.0 21.0 0.19 5.24 0.740 0.51 0.83 67.0 28.0

IFG and high TG 0.12 5.65 0.750 0.42 0.89 75.0 27.0 0.06 4.80 0.680 0.45 0.86 69.0 11.0 0.11 5.07 0.710 0.54 0.80 64.0 16.0

IFG and large waist 0.14 4.41 0.740 0.38 0.89 71.0 26.0 0.08 5.44 0.690 0.47 0.87 72.0 16.0 0.13 5.00 0.720 0.55 0.81 66.0 20.0

IFG and high BP 0.18 4.30 0.750 0.36 0.90 73.0 33.0 0.06 4.18 0.670 0.45 0.86 68.0 11.0 0.08 7.02 0.720 0.64 0.80 69.0 15.0

IFG and low HDL-C 0.13 4.08 0.740 0.36 0.89 69.0 22.0 0.08 3.65 0.690 0.38 0.86 64.0 13.0 0.13 5.15 0.730 0.53 0.81 64.0 19.0

Any two traits 0.53 5.48 0.760 0.23 0.95 80.0 68.0 0.52 3.23 0.700 0.23 0.92 66.0 50.0 0.60 3.84 0.730 0.32 0.90 69.0 57.0

IFG, high TG, high BP 0.09 5.00 0.730 0.44 0.88 73.0 20.0 0.03 6.82 0.660 0.57 0.85 74.0 7.0 0.05 6.50 0.700 0.64 0.79 67.0 10.0

IFG, high TG, low HDL-C 0.08 5.36 0.740 0.44 0.88 73.0 18.0 0.05 4.25 0.670 0.43 0.86 66.0 9.0 0.08 5.28 0.710 0.57 0.80 64.0 13.0

IFG, high TG, large waist 0.07 5.09 0.730 0.44 0.88 73.0 16.0 0.04 6.91 0.670 0.54 0.86 74.0 10.0 0.07 4.41 0.700 0.55 0.79 62.0 11.0

IFG, large waist, low HDL-C 0.07 4.50 0.720 0.42 0.88 71.0 15.0 0.05 5.45 0.680 0.48 0.86 70.0 11.0 0.09 4.92 0.710 0.56 0.80 64.0 14.0

IFG, large waist, high BP 0.10 4.29 0.730 0.40 0.88 71.0 20.0 0.03 6.80 0.660 0.57 0.85 74.0 8.0 0.05 6.24 0.700 0.65 0.79 68.0 10.0

IFG, low HDL-C, high BP 0.09 3.83 0.720 0.39 0.88 69.0 16.0 0.04 4.34 0.660 0.47 0.85 68.0 7.0 0.06 6.68 0.710 0.63 0.79 67.0 11.0

Any three traits (MetS) 0.31 4.49 0.770 0.30 0.92 74.0 48.0 0.27 3.89 0.720 0.31 0.90 67.0 35.0 0.33 3.50 0.730 0.41 0.85 63.0 36.0

OR, IFG ADA 2003* (95% CI) 3.89 (3.12–4.86) 3.10 (2.08–4.62) 4.24 (3.21–5.59)

AROC† 0.801 0.754 0.773

For abbreviations, see footnote to Table 2. *OR (95% CI) for IFG predicting IGT in a model including age, sex, IFG, fasting triglycerides, waist circumference, blood
pressure, and HDL cholesterol. †AROC using the study’s own function.
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This slightly increased the prevalence of
“IGT” and of PPVs associated with the
MetS and identified subjects perhaps be-
yond need of “diabetes prevention.” How-
ever, from the practical perspective, we
have tried to take in this analysis subjects
with postchallenge diabetes who would
not be discovered unless they underwent
OGTT, and thus identifying them for ap-
propriate intervention is an inseparable
part of the rationale behind using the
MetS as a strategy to select subjects for
OGTT. In any case, use of 2hPG �7.8
mmol/l to define IGT did not materially
alter the conclusions of the study. Finally,
the small number of African-American
subjects in the analysis limited the confi-
dence with which inter-race/ethnicity
comparisons could be made.

In summary, we examined the value
of the MetS and its constituent traits to
identify subjects likely to have IGT (or
undiagnosed diabetic postchallenge hy-
perglycemia) on subsequent OGTT. The
MetS, especially with IFG as one of the
diagnostic traits, is an excellent discrimi-
nator of subjects likely to fail an OGTT.
The ability of IFG in combination with
one or two other traits (especially a large
waist circumference or a triglyceride level
�1.7 mmol/l) to detect IGT compares fa-
vorably with more complex strategies us-
ing regression-based clinical prediction
rules. Our data suggest that subjects with
the MetS should be considered for an
OGTT and for subsequent evidence-

based interventions to prevent progres-
sion to type 2 diabetes and its devastating
and costly long-term complications.
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