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OBJECTIVE — To prospectively investigate predictors of the incident metabolic syndrome in
nondiabetic adults.

RESEARCHDESIGNANDMETHODS — This analysis included 714 white, black, and
Hispanic participants in the Insulin Resistance Atherosclerosis Study (IRAS) who were free of the
metabolic syndrome at baseline; 139 of these developed the metabolic syndrome in the subse-
quent 5 years. We examined measures of glucose (fasting and 2 h), insulin (fasting and 2 h, acute
insulin response, insulin sensitivity [Si], and proinsulin), lipids (HDL and triglycerides), blood
pressure (systolic and diastolic), waist circumference, and baseline physical activity (total energy
expenditure) as predictors of the metabolic syndrome. Logistic regression models were adjusted
for age, sex, study site, ethnicity, and impaired glucose tolerance. Signal detection analysis was
used to identify the characteristics of the highest risk group.

RESULTS — The best predictors of incident metabolic syndrome were waist circumference
(odds ratio [OR] 1.7 [1.3–2.0] per 11 cm), HDL cholesterol (0.6 [0.4–0.7] per 15 mg/dl), and
proinsulin (1.7 [1.4–2.0] per 3.3 pmol/l). Signal detection analysis identified waist circumfer-
ence (�89 cm in women, �102 cm in men) as the optimal predictor.

CONCLUSIONS — These findings suggest that obesity may precede the development of
other metabolic syndrome components. Interventions that address obesity and reduce waist
circumference may reduce the incidence of the metabolic syndrome in nondiabetic adults.
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The term “metabolic syndrome” re-
fers to an apparent clustering of sev-
eral findings in patients: abdominal

obesity, insulin resistance (elevated fast-
ing glucose), hypertension, and dyslipide-
mia (elevated triglyceride and decreased
HDL cholesterol levels) (1). In 2001, the
National Cholesterol Education Program
(NCEP) Adult Treatment Panel III report
provided the first definition of the syn-
drome in national guidelines (2). Accord-
ing to this definition, �20% of adults
have the metabolic syndrome (3). While

many studies (4) have reported cross-
sectional associations between metabolic
syndrome components, few have pro-
spectively examined the development of
the metabolic syndrome in a cohort.

Prospective studies that use varied
definitions of the metabolic syndrome
suggest that development of the syn-
drome may be the result of a combination
of factors, including insulin (5,6), obesity
(7), and health behaviors (8). Decreased
insulin sensitivity is thought to precede
the development of the metabolic syn-

drome (9,10). To date, no published
studies have investigated a validated mea-
sure of insulin sensitivity, along with a
comprehensive set of risk factors, for de-
velopment of metabolic syndrome in a
prospective cohort. The primary aim of
this study is to examine the role of insulin
sensitivity, insulin secretion, dyslipide-
mia, hypertension, obesity, and physical
activity on the incidence of the metabolic
syndrome in nondiabetic adults.

RESEARCH DESIGN AND
METHODS — The Insulin Resistance
Atherosclerosis Study (IRAS) is a multi-
center, observational, epidemiological
study of the relationships between insulin
resistance and cardiovascular disease and
its known risk factors in different ethnic
groups at varying states of glucose toler-
ance. The design and methods of this
study have been described in detail in pre-
vious publications (11). Briefly, 1,624 in-
dividuals participated in the baseline
IRAS examination (56% women), which
occurred between October 1992 and
April 1994. Sampling strategies were used
to identify sufficient numbers of individ-
uals in different ethnic, age, sex, and glu-
cose tolerance groups to allow an efficient
study of relationships among and within
these groups. Individuals taking insulin
were excluded. IRAS was approved by the
institutional review boards of all clinical
centers and the coordinating center, and
informed consent was obtained for all
participants. Participants were followed
for an average of 5.2 years (range 4.5–
6.6).

Clinical measurements and
procedures
The IRAS baseline clinical examination
consisted of two 4-h visits scheduled
about 1 week apart (12). Before each visit,
participants were asked to refrain from
alcohol and heavy exercise for 24 h, from
food for 12 h, and from smoking on the
day of the examination. The first visit in-
cluded a 75-g oral glucose tolerance test;
blood was collected for fasting and 2-h
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glucose samples. Si, a validated measure
of insulin resistance (13), was assessed by
the frequently sampled intravenous glu-
cose tolerance test with minimal model
analyses (14). First-phase insulin secre-
tion, expressed as the acute insulin re-
sponse, was defined as the mean
increment in the plasma insulin concen-
tration above basal in the first 8 min after
the administration of glucose.

Blood pressure was measured three
times using a standard mercury sphygmo-
manometer at each visit as part of the
baseline and follow-up examination. The
average of the last two measurements for
each visit was used to characterize the
blood pressure at both baseline and fol-
low-up. Weight and height were mea-
sured in duplicate and recorded to the
nearest 0.1 kg and 0.5 cm, respectively.
BMI was calculated as weight (in kilo-
grams) divided by height (in meters)
squared. Waist circumference was mea-
sured on bare skin during mid-
respiration at the natural indentation
between the 10th rib and the iliac crest to
the nearest 0.5 cm. Classification was
based on the average of two duplicate
measures. A structured interview was
used to collect 1-year recall of physical
activity (total energy expenditure), and
these methods are described in detail else-
where (15). Race and ethnicity were self-
reported.

Laboratory procedures
Plasma glucose was measured with the
glucose oxidase technique on an auto-
mated autoanalyzer (Yellow Springs In-
struments). Insulin was measured using
the dextran-charcoal radioimmunoassay
(16). Glucose tolerance status was classi-
fied according to World Health Organiza-
tion criteria as normal glucose tolerance
(NGT), impaired glucose tolerance (IGT),
or diabetes (17). Fasting serum–intact
proinsulin was determined from samples
that had been stored at �70°C for an av-
erage of 3.3 years using highly specific
immunoradiometric assays (18,19).
Plasma lipid concentrations were deter-
mined from fasting plasma samples at the
central IRAS laboratory (Medlantic Re-
search Institute, Washington, DC) using
the Lipid Research Clinics methodology.
Follow-up examinations of this cohort
were conducted using the same protocol
used at baseline.

Definition of the metabolic
syndrome
As detailed in the NCEP Adult Treatment
Panel III report (2), the metabolic syn-
drome is defined as three or more of the
following characteristics: 1) abdominal
obesity: waist circumference �102 cm in
men and �88 cm in women, 2) hypertri-
glyceridemia: �150 mg/dl (�1.69 mmol/
l), 3) low HDL cholesterol: �40 mg/dl
(�1.04 mmol/l) in men and �50 mg/dl
(�1.29 mmol/l) in women, 4) high blood
pressure: �130 mmHg systolic or �85
mmHg diastolic, and 5) high fasting
glucose: �110 mg/dl (�6.1 mmol/l). Par-
ticipants who used antihypertensive or
antidiabetic (insulin or oral agents)
medication were defined as having high
blood pressure or high fasting glucose,
respectively.

Exclusions
The IRAS population was comprised of
1,624 study subjects (44% with NGT,
23% with IGT, and 33% with type 2 dia-
betes at baseline). Diabetic participants
were excluded from this analysis. Of the
718 participants with NGT, 20% (n �
145) were excluded due to prevalent met-
abolic syndrome. There were 369 partic-
ipants with IGT, 47% (n � 173) were
excluded due to prevalent metabolic syn-
drome. There were 55 additional exclu-
sions (49 NGT and 6 IGT) due to loss at
follow-up. There were 714 participants
included in our analyses.

Statistical analysis
Descriptive summary statistics were gen-
erated for the study population using
means (and SEs) for continuous variables
and proportions for dichotomous vari-
ables. The association of predictors and
incident metabolic syndrome was mod-
eled using logistic regression in an unad-
justed model and in a model including
potential confounders: age, sex, ethnicity,
and study site. Additional models were
adjusted for IGT status. The model ad-
justed for potential confounders was
deemed to be the appropriate test of
whether the predictor was independently
associated with risk of incident metabolic
syndrome. We did not pursue multivari-
ate modeling given the high degree of cor-
relation between the tested predictor
variables.

There were no significant sex or eth-
nicity interactions, and thus analyses
were pooled for sex and ethnicity. Statis-

tical significance is denoted by P � 0.001
because of the large number of statistical
tests. All analyses were conducted using
the SAS system (SAS, Cary, NC).

Signal detection (20) was additionally
used to identify predictors among nondi-
abetic adults, with a stopping rule of P �
0.001. Participants are stratified by sex in
this analysis because waist circumference
and HDL cholesterol cut points vary
according to sex. Signal detection over-
comes the problem of multiple collinear-
ity among predictor variables (20) and
allows exploratory testing of higher order
interactions. We examined each predictor
variable: fasting and 2-h glucose, fasting
and 2-h insulin, acute insulin response,
Si, proinsulin, HDL cholesterol, triglycer-
ides, systolic and diastolic blood pressure,
waist circumference, and total energy ex-
penditure at 1-unit increments. IGT sta-
tus was entered as a binary variable.
Signal detection determines the optimal
cut point across all increments of a vari-
able and across all variables for maximiz-
ing both sensitivity and specificity for
detecting incident metabolic syndrome.

RESULTS — Table 1 shows demo-
graphic and metabolic characteristics for
the population free of metabolic syn-
drome at baseline by sex. The population
was evenly divided in having none, one,
and two metabolic syndrome compo-
nents at baseline. Approximately one in
five nondiabetic IRAS participants devel-
oped the metabolic syndrome over 5
years.

The unadjusted and age-, sex-, study
site–, and ethnicity-adjusted odds ratios
(ORs) between each predictor (per SD
change) and incident metabolic syn-
drome for adults are displayed in Table 2.
Additional adjustment for IGT status is
also shown. IGT status as a binary variable
was a significant predictor of incident
metabolic syndrome. Waist circumfer-
ence, fasting glucose, and proinsulin were
associated with a significantly increased
risk of the metabolic syndrome. Higher
HDL cholesterol and insulin sensitivity
(Si) protected against developing the met-
abolic syndrome. After adjustment for
IGT status, waist circumference and pro-
insulin remained significant predictors;
HDL continued to be a significant nega-
tive predictor.

Signal detection identified predictors
that distinguished individuals who were
likely to develop the metabolic syndrome
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from those who were not, with a stopping
rule P � 0.001. The results for women are
shown in Fig. 1. Three subgroups are
identified among women, with the pro-
portion of individuals who developed the
metabolic syndrome ranging from 9 to
61%. At the first level, waist circumfer-
ence was identified as the optimal predic-
tor, with a cut point of 89 cm (�2 � 60).
Among the women with larger waists,
HDL levels provided additional discrimi-
nation, with an optimal cut point of 44
mg/dl. Sixty-one percent of the subgroup
with waist circumference �89 cm and
HDL cholesterol �44 mg/dl developed
the metabolic syndrome.

Figure 2 shows signal detection anal-
ysis in men. The optimal predictor was
waist circumference, with a cut point of
102 cm (�2 � 38). This cut point identi-
fied the highest risk group, with a 46%
incidence of metabolic syndrome over 5
years; no other variables provided addi-
tional discrimination in this group. The
2-h glucose, with a cut point of 160 mg/
dl, was identified as an additional predic-
tor in the group with waist circumference
�102 cm.

Individual components of the meta-
bolic syndrome at baseline were tested as
binary univariate predictors of incident

metabolic syndrome among nondiabetic
men and women. Table 3 shows that
waist circumference is the best predictor
at the NCEP-defined levels.

CONCLUSIONS — These findings
are the first reported from a prospective
study examining direct measures of insu-
lin sensitivity, glucose metabolism, phys-
ical activity, and individual components
of the syndrome as predictors of meta-
bolic syndrome. These findings under-
score the importance of obesity as a
significant predictor of incident meta-
bolic syndrome and can be used to iden-
tify at-risk individuals.

Univariate analysis
Among nondiabetic IRAS subjects, waist
circumference, HDL cholesterol, fasting
glucose, proinsulin, insulin sensitivity,
2-h insulin, 2-h glucose, and IGT were all
significant predictors in univariate mod-
els. These factors are all highly correlated
and preclude inclusion into a multivariate
model for determination of the most
highly associated predictor. Based on
strength of association, significance, and
clinical utility, waist circumference, HDL
cholesterol, and fasting glucose may be

identified as useful predictors in this uni-
variate analysis.

IGT
Adjustment for IGT (Table 2) attenuated
several associations and may represent
overadjustment. After adjustment for
IGT, waist circumference, HDL choles-
terol, and proinsulin remained significant
at the P � 0.001 level.

Signal detection analyses
Men and women were stratified in these
analyses because HDL cholesterol and
waist circumference cut points are sex
specific. IGT status was entered as a pre-
dictor variable and was not identified as a
useful predictor. Signal detection analysis
identified waist circumference as the best
predictor in both men and women. Inter-
estingly, the optimal cut point chosen for
waist circumference was identical to that
chosen by NCEP for men (Fig. 1) and was
1 cm higher for women (Fig. 2). Since
waist circumference was the optimum
variable to predict those who were likely
to develop the metabolic syndrome, it is
not surprising that this component was
the most significant in the binary univar-
iate analysis (Table 3). Entering BMI as an
additional variable into the signal detec-

Table 1—Baseline demographic, anthropometric, and metabolic characteristics of participants without the metabolic syndrome at baseline,
by sex

Baseline variable Total Women Men

n 714 396 318
Age 54.4 � 8.5 54.3 � 8.5 54.5 � 8.5
Ethnicity (non-Hispanic white/black/Hispanic) 40.3/28.9/30.8 37.6/30.1/32.3 43.7/27.4/28.9
Metabolic syndrome components

Waist circumference (cm) 87.4 � 11.0 83.4 � 11.2 92.4 � 8.5
Triglycerides (mg/dl) 116.1 � 70.5 106.4 � 58.6 128.2 � 81.4
HDL cholesterol (mg/dl) 49.5 � 15.3 54.7 � 15.1 43.0 � 13.0
Systolic blood pressure (mmHg) 119.8 � 16.0 119.0 � 16.6 120.8 � 15.1
Diastolic blood pressure (mmHg) 76.9 � 9.0 75.6 � 8.7 78.6 � 9.2
Fasting glucose (mg/dl) 96.7 � 10.4 94.7 � 10.2 99.2 � 10.0

Fasting insulin (�U/ml) 14.2 � 15.4 14.0 � 14.5 14.4 � 16.4
Proinsulin (pmol/l) 4.9 � 3.3 4.4 � 3.0 5.6 � 3.6
Insulin sensitivity (Si) (10�4 � min�1 � �U�1 � ml�1) 2.5 � 2.1 2.6 � 2.2 2.4 � 2.1
Acute insulin response (pmol � ml�1 � min�1) 493.6 � 471.4 473.0 � 427.6 519.0 � 519.6
2-h insulin (�U/ml) 83.2 � 72.9 81.9 � 67.3 84.7 � 79.3
2-h glucose (mg/dl) 119.0 � 32.1 119.3 � 31.4 118.6 � 32.9
Total energy expenditure (kcal � kg�1 � year�1) 14,826 � 2,709 14,396 � 2,243 15,358 � 3,115
Proportion with IGT 26.6 28.0 24.8
Proportion with one metabolic syndrome component at baseline 34.6 33.6 35.9
Proportion with two metabolic syndrome components at baseline 34.7 34.3 35.2
Proportion that develops incident metabolic syndrome 19.5 20.9 17.1

Data are means � SD unless noted otherwise.
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tion analysis did not alter the conclusions
(results not shown). Thus, waist circum-
ference was a better predictor of incident
metabolic syndrome than BMI in our sta-
tistical analyses, similar to the results of
others (21,22).

For women, the second discrimina-
tory variable identified was HDL choles-
terol, with a cut point of 44 mg/dl. This
level is lower than the NCEP-defined cut
point of 50 mg/dl for women and served
to distinguish a high-risk group of women

among those with large waists. Among
men with smaller waists, 2-h glucose of
160 mg/dl was identified as the next op-
timal predictor. This cut point is higher
than that used to define IGT (140–199
mg/dl). These findings warrant further in-

Figure 1—Signal detection analysis: women. Variables entered were fasting insulin, 2-h insulin, acute insulin response, Si, proinsulin, HDL,
triglycerides, waist circumference, fasting glucose, 2-h glucose, systolic blood pressure, diastolic blood pressure, total energy expenditure, IGT status,
age, ethnicity, and clinic.

Table 2—Unadjusted and adjusted predictors for incident metabolic syndrome per SD

Variable (SD) Unadjusted Adjusted* Adjusted for IGT†

Age (8.5 years) 0.9 (0.8–1.1) — —
Sex 0.8 (0.6–1.2) — —
Study site

Los Angeles 0.8 (0.5–1.4) — —
Oakland 1.3 (0.8–2.2) — —
San Antonio 1.3 (0.8–2.2) — —

Ethnicity
Black 0.8 (0.5–1.3) — —
Hispanic 1.0 (0.6–1.5) — —

Metabolic syndrome components
Waist circumference (11.0 cm) 1.5 (1.3–1.9) 1.8 (1.4–2.2) 1.7 (1.3–2.0)
Triglycerides (70.5 mg/dl) 1.3 (1.1–1.5) 1.3 (1.1–1.6) 1.3 (1.1–1.5)
HDL cholesterol (15.3 mg/dl) 0.7 (0.5–0.8) 0.6 (0.4–0.7) 0.6 (0.4–0.7)
Systolic blood pressure (16.0 mmHg) 1.2 (1.0–1.4) 1.3 (1.0–1.6) 1.3 (1.0–1.6)
Diastolic blood pressure (9.0 mmHg) 1.1 (0.9–1.3) 1.2 (1.0–1.4) 1.1 (0.9–1.4)
Fasting glucose (10.4 mg/dl) 1.4 (1.2–1.7) 1.5 (1.2–1.8) 1.3 (1.1–1.6)

Fasting insulin (15.4 �U/ml) 1.3 (1.1–1.6) 1.3 (1.1–1.6) 1.2 (1.0–1.5)
Proinsulin (3.3 pmol/l) 1.7 (1.4–2.0) 1.8 (1.5–2.2) 1.7 (1.4–2.0)
Insulin sensitivity (Si) (2.1 � 10�4 � min�1 � �U�1 � ml�1) 0.6 (0.5–0.8) 0.5 (0.4–0.7) 0.6 (0.5–0.8)
Acute insulin response (471.4 pmol � ml�1 � min�1) 0.9 (0.8–1.1) 1.0 (0.8–1.2) 1.0 (0.8–1.3)
2-h insulin (72.9 �U/ml) 1.3 (1.1–1.6) 1.4 (1.2–1.6) 1.0 (0.8–1.3)
2-h glucose (32.1 mg/dl) 1.5 (1.2–1.8) 1.6 (1.3–1.9) 1.2 (0.8–1.6)
Total energy expenditure (2,709 kcal � kg�1 � year�1) 1.0 (0.8–1.2) 1.0 (0.8–1.2) 1.0 (0.8–1.2)
IGT (yes/no) 2.6 (1.8–3.8) 3.0 (2.0–4.4) —

Data are OR (95% CI). N � 714, and n with incident metabolic syndrome � 139. *Models adjusted for age, sex, study site, and ethnicity; †models adjusted for age,
sex, study site, ethnicity, and IGT status. Bold data indicate statistical significance (P � 0.001).
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vestigation in other populations to deter-
mine the discriminatory power of
currently utilized cut points for HDL cho-
lesterol and IGT.

Physical activity
Other prospective cohort studies (23,24)
have identified baseline physical activity
as a predictor of the metabolic syndrome.
Baseline physical activity was not a pre-
dictor in the IRAS cohort. Our measure of
physical activity was based on self-
reported participation in activities and
was not an objective measure of fitness,
and this may have affected its precision as
a predictor. Physical activity is likely im-
portant in the development of metabolic
syndrome to the extent that it influences
obesity.

Obesity, insulin resistance, and the
metabolic syndrome
Insulin resistance is thought to result
from either an inherited genetic defect or
obesity (25). Insulin resistance subse-
quently leads to elevations in triglyceride
and glucose levels and in systolic and di-
astolic blood pressure (26) and to re-
duced HDL cholesterol levels (5). Our
study revealed that obesity was a better
predictor of incident metabolic syndrome
than directly measured insulin sensitivity.
A prospective population-based cohort
study in France (27) also identified obe-
sity as a central feature of the syndrome,
even after accounting for the contribution
of baseline IGT. Obesity and insulin resis-
tance are closely linked (28,29). While

not definitive, our findings suggest that
obesity may precede the development of
insulin resistance. Further prospective re-
search would be valuable in discerning
the temporal relationship of these factors
in the development of the metabolic
syndrome.

Limitations
The IRAS study was not population
based. The use of a population-based
sample would provide greater support for
generalizability (26). Also, some of the
possible predictors that are examined in
this analysis are themselves criteria for the
diagnosis of the metabolic syndrome.
This would put a premium on metabolic
syndrome components as predictors,
even if other measures were actually bet-
ter clinical predictors.

Strengths
This study also has several strengths. The
main advantage of this study was the in-
clusion of directly measured insulin
sensitivity (Si) in the analysis and its com-

parison with other measures as a pre-
dictor of the metabolic syndrome. The
identification of waist circumference as
the optimal predictor in signal detection
analysis may indicate greater precision in
its measurement rather than etiologic pre-
cedence. Metabolic syndrome status was
defined based on national criteria. All pre-
dictors were assessed using a validated
and standardized methodology across a
range of ethnic groups.

Clinical implications
From a clinical perspective, the modest
association observed in this study does
not support the routine measurement of
proinsulin and Si. Lack of precision in
these measures may influence their qual-
ity as predictors. Signal detection analysis
was used to weight all predictors and pre-
diction levels equally in evaluating their
utility. This analysis confirmed the supe-
riority of routine measures, such as waist
circumference, in risk stratification.
These findings support the thesis that
obesity is a significant predictor of inci-

Figure 2—Signal detection analysis: men. Variables entered were fasting insulin, 2-h insulin, acute insulin response, Si, proinsulin, HDL, triglyc-
erides, waist circumference, fasting glucose, 2-h glucose, systolic blood pressure, diastolic blood pressure, total energy expenditure, IGT status, age,
ethnicity, and clinic.

Table 3—Individual baseline metabolic syndrome components as predictors of incident met-
abolic syndrome

OR (95% CI)

Blood pressure (�130 mmHg systolic or �85 mmHg diastolic) 1.1 (0.7–1.6)
Glucose (�110 mg/dl) 1.6 (0.9–2.8)
Triglycerides (�150 mg/dl) 1.6 (1.0–2.4)
Waist Circumference (�102 cm for men and �88 cm for women) 2.0 (1.3–3.1)
Low HDL cholesterol (�40 mg/dl for men and �50 mg/dl for women) 1.6 (1.1–2.4)

Predictors of the metabolic syndrome
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dent metabolic syndrome. Interventions
to reduce obesity may significantly impact
development of the metabolic syndrome,
and this approach should be examined in
randomized clinical trials.
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