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OBJECTIVE — The National Cholesterol Education Program (NCEP) definition of the met-
abolic syndrome was modified to be described as a continuous variable and adapted to the
characteristics of a Hispanic population.

RESEARCH DESIGN AND METHODS — Age/sex population percentiles for every com-
ponent of the NCEP criteria were included in this approach using population-based data from a
Mexican nationwide survey (2,158 subjects). One point was given per decile for every component.
The total number of points accumulated was used to classify subjects. The predictive power for
incident diabetes was evaluated using the 7-year follow-up results of the Mexico City Diabetes Study.

RESULTS — Our population-based method had a significantly better prognostic power com-
pared with the original and the updated NCEP definitions (area under the receiver operating
characteristic curve 0.746 vs. 0.697 and 0.723, respectively, P < 0.05). Using individuals with
=1 component of the NCEP definition as reference, the odds ratio was greater in the upper
quartile of the points scale (=39 points) (12.71 [95% CI 5.67-28.49]) compared with that
calculated for the original (9.52 [4.69-19.31]) and the updated (11.14 [5.33-23.30]) NCEP
criteria. The major advantage of our approach is the detection of subjects at the extremes of the
range of diabetes risk and the ability to estimate this risk as a continuum.

CONCLUSIONS — Our method adapts the NCEP criteria to the characteristics of a Hispanic
population. It improves the predictive power of the NCEP criteria for future diabetes.
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he concept of the metabolic syn-

drome integrates, in a single diagno-

sis, the abnormalities associated
with insulin resistance and/or abdominal
obesity that precede type 2 diabetes and
lead to increased cardiovascular morbid-
ity (1-3). The definition of this disorder is
an area fueled by controversy (4). Primar-
ily, significant conceptual differences ex-
ist between the currently available
definitions (5,6). Furthermore, the
thresholds for defining abnormality of the

individual components vary. The Na-
tional Cholesterol Education Program
(NCEP) criteria (6) have been criticized
because identification of those affected is
strongly influenced by ethnicity (7). The
NCEP thresholds were selected based on
evidence from studies in Caucasian pop-
ulations; variability among ethnic groups
was not taken into account. For example,
the thresholds for BMI, waist circumfer-
ence and HDL cholesterol are probably
different in Asian and Hispanic popula-
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tions (8—11). If the definition is modified
to acknowledge this fact, a twofold differ-
ence in prevalence is found.

Ford (12) evaluated the prognostic
ability of the original NCEP definition in
various prospective studies and determined
an odds ratio (OR) of 1.65 (95% CI 1.38—
1.99) for cardiovascular disease and 2.99
(1.96-4.57) for diabetes. However, vari-
ability existed between reports depending
on the ethnicity and the confounding vari-
ables included in the analysis. Although al-
terations to the NCEP criteria have been
suggested (e.g., the International Diabetes
Federation definition), agreement between
the NCEP and such adjusted definitions is
poor (13,14). Regrettably, such alterations
were proposed without evaluating the effect
on the predictive power of the resulting def-
inition. Hence, the prognostic ability of
these adapted definitions tends to vary (14).

The risk for incident diabetes or a car-
diovascular event is a progressive func-
tion of the variables included in the
metabolic syndrome definition. The pres-
ence or absence of the condition should
not be based on arbitrarily selected
threshold values. We propose a new
method for defining the metabolic syn-
drome derived from the distribution of
this disorder in a Mexican population—
based survey. The majority of the compo-
nents of the NCEP definition have been
included (BMI was used instead of waist
circumference) in this new approach. The
age/sex distribution curve for each vari-
able in the population-based survey was
divided into deciles. An increasing num-
ber of points were given per decile of each
curve. The total number of points accu-
mulated is used to define the metabolic
risk for each case. This population-based
definition has been validated using the
prospective data from the Mexico City Di-
abetes Study.

RESEARCH DESIGN AND
METHODS

Construction of the population-
based definition of the metabolic
syndrome

The variables of the NCEP criteria were
used because they are easily measurable.
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BMI was used instead of waist circumfer-
ence because only the distribution of the
former was available (National Survey of
Chronic Diseases 1992—-1993) (15-18).
Our definition is based on the decile dis-
tribution of the variables: 1 point is given
per decile. The sum of the points (or total
number of points) is considered a new
variable with the maximum number be-
ing 60 (Table 1). Subjects with previously
diagnosed hypertension received the
maximal points in the diastolic and sys-
tolic blood pressure scales. For hyperlip-
idemic subjects under medical treatment,
maximal points were also allocated in the
triglycerides and HDL scales. Individuals
with diabetes were excluded.

National Survey of Chronic Diseases
1992-1993

This is a cross-sectional, population-
based, nationwide study including
15,607 subjects designed to describe the
prevalence of the most common cardio-
vascular risk factors and metabolic disor-
ders. The methodology is described in
detail in a previous article (16). The sam-
ple was representative of the Mexican ur-
ban population. Only the results of
nondiabetic subjects sampled after a 9- to
12-h fast were analyzed for this article
(n = 2,099). A standardized question-
naire was used to obtain demographic
and socioeconomic information. Body
weight and blood pressure measurements
were also taken. Blood samples were
drawn from each subject and analyzed in
the Instituto Nacional de Ciencias Médi-
cas y Nutricion “Salvador Zubiran.” These
data were used to construct our popula-
tion-based approach as discussed above.

The Mexico City Study

This is a population-based study designed
to characterize the prevalence and natural
history of type 2 diabetes in a low-income
urban population located in Mexico City.
The methodology has been described in
detail elsewhere (19-22) and was similar
to that used in the National Survey of
Chronic Diseases. A total of 3,326 study-
eligible subjects were identified. Of these,
2,813 completed a home interview, and
2,282 (68.6%) completed a baseline med-
ical examination. At follow-up, 7 years
later, 1,764 (77.3%) were interviewed; of
these, 1,584 were nondiabetic at baseline.
We analyzed these subjects. Blood sam-
ples were drawn for the measurement of
serum lipids, fasting plasma glucose, and
2-h postchallenge glucose. Laboratory
analyses were conducted in the University

of Texas Health Science Center (19). Data
from this study was used to validate our
population-based approach.

Definitions

Diabetes was considered present in sub-
jects with a fasting glucose value =7
mmol/l or a 2-h postchallenge glucose
value =11.1 mmol/l or in those receiving
glucose-lowering medication. Hyperinsu-
linemia was defined as a fasting insulin
concentration =21 pwU/ml; this value cor-
responds to the 75th percentile in Mexi-
can adults (17). The original (6) and the
updated NCEP III criteria (23) were ap-
plied for the diagnosis of the metabolic
syndrome. BMI =30 kg/m?* was used in-
stead of the increased waist circumference
criterion, because these data were not
available in National Survey of Chronic
Diseases.

Statistical analysis

Significance of the differences between
the subgroups of the population was
tested by one-way ANOVA using Schef-
fé’s multiple comparison method. Multi-
ple logistic regression models were
carried out to calculate the odds ratio for
incident diabetes. We constructed re-
ceiver operating characteristic (ROC)
curves and computed the areas under the
curve for the population-based method
and for the original and updated versions
of the NCEP criteria (subjects were strat-
ified by the number of components: =1,
2, and =3). All statistical analyses were
conducted using SAS statistical package
9.0 (SAS Institute, Cary, NC).

RESULTS — Our population-based
approach is constructed from the distri-
bution of the NCEP III criteria variables
reported in the National Survey of
Chronic Diseases 1992-1993. The distri-
bution of these variables is expressed as
deciles (Table 1) with 1 point being given
per decile. The sum of these points is used
for estimating risk of diabetes. This exam-
ple clarifies the method: a 28-year-old
man with a BMI of 27.7 kg/m?, HDL cho-
lesterol of 0.63 mmol/l, triglycerides of
3.37 mmol/l, fasting glycemia of 5.38
mmol/l, and blood pressure of 120/80
mmHg collects 43 points. This subject
falls within the 80th and 90th percentile
when classified according to the total
number of points accumulated; he would
not be considered to be affected by the
NCEP definition.

In the National Survey of Chronic
Diseases, 542 individuals fulfilled the

Aguilar-Salinas and Associates

original NCEP criteria. The updated
NCEP version detected a further 88 pa-
tients (n = 630). Table 2 shows how all
subjects are distributed into percentiles as
illustrated above; data are stratified ac-
cording to the presence of the metabolic
syndrome. More than 60% of the patients
identified with the original NCEP criteria
(379 0542, 69.9%) had a total number of
points in the upper quintile of the scale;
this percentage was smaller that with the
updated NCEP definition (412 of 630,
65.3%). The majority of the remaining
patients identified with the NCEP defini-
tions fell within the 50th—79th percentile;
very few were <50th percentile. On fur-
ther analysis, 147 of the 559 individuals
who fell in the upper quintile were not
identified as affected by either of the
NCEP definitions; they had an adverse
metabolic profile, but all of them fulfilled
only two NCEP criteria. Therefore, the
population-based method provides com-
plementary information for individuals
with =2 NCEP components.

We evaluated the ability of the popu-
lation-based definition to detect individ-
uals with hyperinsulinemia (fasting
insulin >75th percentile). The preva-
lence of hyperinsulinemia grew as the to-
tal number of points increased (Table 2);
234 of the 533 (43.9%) individuals with
hyperinsulinemia had a total number of
points in the upper quintile. Similar pro-
portions were identified by both the orig-
inal NCEP definition (n = 231
individuals, 43.4%) and the updated ver-
sion (n = 265, 49.7%). The sensitivity
(0.43 and 0.49 vs. 0.44), specificity (0.80
and 0.76vs. 0.79), and positive predictive
value (0.42 and 0.42 vs. 0.41) were al-
most the same for all three methods. To
compare the predictive power for inci-
dent diabetes of the NCEP and the popu-
lation-based method, results from the
Mexico City Diabetes Study were evalu-
ated (Table 3). Of the 1,584 subjects who
completed this study, 451 (28.5%) ful-
filled the original NCEP criteria for the
metabolic syndrome at baseline; using the
updated NCEP definition, 47 additional
subjects were considered affected (n =
498, 31.4%). On follow-up, incident dia-
betes was diagnosed in 7.6% of the par-
ticipants. Of these 117 subjects with
incident cases of diabetes, 68 had the met-
abolic syndrome according to the original
NCEP criteria syndrome at baseline (OR
3.92 [95% CI12.67-5.77]). Hence, for the
prediction of incident diabetes, the sensi-
tivity, specificity, and positive predictive
value of the NCEP criteria were 0.58,
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Definition of metabolic syndrome

Table 1—Percentile distribution of the variables included in the NCEP definition of the metabolic syndrome found in a population-based,

nationwide Mexican survey

Decile
10(1) 20) 303) 404 50(5) 60() 70(7) 80(8) 900 >90(10)
BMI (kg/mz) points
Men
20-29 years 20.04 2136 2212 2305 2381 2491 2617 2773 3047 >3047
30-39 years 2145 2277 23.62 2443 2509 2633 2745 28.66 3047 >3047
40-49 years 22,15 2361 2476 2583 2655 27.84 29.03 3087 3298 >3208
50-59 years 20.83 2314 2477 2595 2670 27.17 29.06 30.09 32.11 >32.11
60-69 years 20.74 2236  23.00 2531 2651 2694 2875 2970 3398 >3308
Women
20-29 years 19.71 2094 2207 2299 2393 2509 2668 2821 3084 >30.84
30-39 years 2151 2312 2413 2572 2648 2756 2895 30.70 33.78 >33.78
40-49 years 2333 2477 2594 2691 28.10 2948 3080 3246 3651 >36.51
50-59 years 2293 2441 2586 2759 2921 3086 32.67 3443 3789 >37.89
60-69 years 21.77 23.13 2449 2555 26.15 2853 2955 3091 33.67 >33.67
Fasting glucose (mmol/l) points
Men
20-29 years 427 4.55 4.66 4.83 4.94 511 527 5.44 5.72 >5.72
30-39 years 4.38 4.55 4.66 4.88 5.00 522 5.33 5.50 5.83 >5.83
40-49 years 4.44 4.66 4.88 4.94 5.11 522 5.44 5.61 6.00 >6.00
50-59 years 4.27 4.61 4.83 5.05 5.11 5.38 5.66 5.88 6.05 >6.05
60-69 years 4.55 4.72 4.94 522 527 5.38 5.61 5.77 6.05 >6.05
Women
20-29 years 4.05 4.27 4.44 4.61 4.72 4.83 4.94 5.11 5.38 >5.38
30-39 years 411 4.38 4.55 4.72 4.83 5.00 5.16 5.38 5.66 >5.66
40-49 years 4.44 4.66 4.77 5.00 5.11 5.27 5.38 5.61 5.88 >5.88
50-59 years 4.61 4.77 4.88 5.11 522 5.55 5.83 6.11 6.44 >06.44
60-69 years 4.55 4.72 4.88 5.00 522 5.44 5.61 5.77 6.50 >6.50
Systolic blood pressure (mmHg) points
Men
20-29 years 112 118 120 122 126 128 132 134 143 >143
30-39 years 112 116 120 124 128 130 132 134 144 >144
40-49 years 112 122 124 128 130 132 136 142 150 >150
50-59 years 118 122 126 128 132 132 136 142 156 >156
60-69 years 128 132 134 137 140 142 152 161 166 >166
Women
20-209 years 104 110 112 116 118 122 124 128 132 >132
30-39 years 108 112 114 118 122 124 128 132 141 >141
40-49 years 112 116 120 122 128 132 136 142 152 >152
50-59 years 111 117 122 128 132 137 142 148 159 >159
60-69 years 118 130 136 138 142 144 150 160 172 >172
Diastolic blood pressure (mmHg) points
Men
20-29 years 68 74 78 80 82 84 84 90 98 >08
30-39 years 72 78 80 82 83 84 88 92 98 >08
40-49 years 74 80 82 83 84 86 92 98 106 >106
50-59 years 76 82 84 85 86 88 92 96 100 >100
60-69 years 77 81 82 88 o1 97 98 99 107 >107
Women
20-29 years 64 68 72 74 76 78 82 82 88 >88
30-39 years 68 72 76 78 80 82 84 86 04 >04
40-49 years 72 76 78 80 82 84 88 92 102 >102
50-59 years 72 76 78 84 86 90 94 98 102 >102
60-69 years 72 80 82 84 88 94 98 100 110 >110

Continued on following page
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Table 1—Continued
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Decile
10(1) 202) 303) 404 50(55) 60) 70(7) 80(8) 90(0©) >90(10)
Triglyceride (mmol/l) points
Men
20-29 years 0.68 0.85 0.96 1.12 1.29 1.48 1.71 2.12 3.03 >3.03
30-39 years 0.93 1.15 1.41 1.67 1.88 2.21 2.52 2.94 4.48 >4 48
40-49 years 1.11 1.29 1.48 1.68 1.93 2.08 2.51 3.12 4.07 >4 .07
50-59 years 1.24 1.42 1.57 1.69 1.97 2.22 2.48 2.96 3.75 >3.75
60-069 years 0.89 1.13 1.39 1.48 1.69 2.22 2.25 2.82 3.14 >3.14
Women
20-29 years 0.61 0.74 0.84 0.94 1.12 1.25 1.42 1.71 2.17 >2.17
30-39 years 0.77 0.92 1.05 1.26 1.44 1.59 1.77 2.10 2.58 >2.58
40-49 years 0.81 1.03 1.21 1.41 1.60 1.83 2.08 2.37 3.02 >3.02
50-59 years 0.97 1.15 1.33 1.53 1.67 1.86 2.14 2.56 2.95 >2.95
60-069 years 0.98 1.10 1.25 1.47 1.64 1.73 1.89 2.47 3.62 >3.62
HDL cholesterol (mmol/l) (expressed in inverse
order) points
Men
20-29 years 1.28 1.19 1.10 1.01 0.92 0.88 0.82 0.73 0.64 <0.64
30-39 years 1.28 1.10 1.01 0.92 0.88 0.82 0.73 0.71 0.64 <0.64
40-49 years 1.19 1.10 1.01 0.92 0.83 0.82 0.73 0.64 0.64 <0.64
50-59 years 1.10 1.01 0.92 0.86 0.82 0.78 0.73 0.68 0.64 <0.64
60-09 years 1.28 1.26 1.15 1.10 1.01 0.92 0.84 0.73 0.64 <0.73
Women
20-29 years 1.47 1.28 1.19 1.10 1.05 1.01 0.92 0.82 0.73 <0.73
30-39 years 1.38 1.28 1.19 1.10 1.01 0.92 0.86 0.82 0.73 <0.73
40—-49 years 1.38 1.28 1.19 1.01 0.96 0.92 0.86 0.82 0.73 <0.73
50-59 years 1.47 1.38 1.19 1.10 1.02 0.92 0.86 0.82 0.73 <0.73
60-09 years 1.56 1.38 1.28 1.19 1.10 1.01 0.92 0.82 0.73 <0.73
Sum of points 6-18 19-22 23-26 27-29 30-32 33-35 36-38 39-42 43-47 48-60

The upper limits of each decile are shown. The lower limits correspond to the value immediately above the previous decile.

0.73,and 0.15, respectively. With the up-
dated NCEP definition, 80 of the 117 sub-
jects with incident cases of diabetes
would be considered affected at baseline
(5.42 [3.61-8.14]). The sensitivity, spec-
ificity, and positive predictive value for
the updated definition were 0.68, 0.71,
and 0.16, respectively.

Next, we evaluated the population-
based method using these follow-up data.
The incidence of diabetes was directly
proportional to the total number of points

accumulated; the ORs for several strata of
the sum of points are shown in Table 3.
The risk became significant at >40th per-
centile (=30 points) compared with the
reference group (6-26 points). To have a
reasonable comparison between meth-
ods, we selected the subjects with =1
component of the updated version (n =
457) as the reference group for all meth-
ods. The areas under the ROC curve and
OR (Table 3) were calculated. The popu-
lation-based definition had a significantly

better prognostic power compared with
the original and the updated NCEP crite-
ria, based on a greater area under the ROC
curve (0.746 vs. 0.697 and 0.723, respec-
tively, P < 0.05). Also, the OR was greater
in the upper quartile of the sum of points
(=39 points; OR 12.71 [95% CI 5.67—
28.49]) compared with that found for
the original (9.52 [4.69-19.31]) and the
updated (11.14 [5.33-23.30]) NCEP
definitions.

The population-based definition pro-

Table 2—Agreement between the NCEP definition of the metabolic syndrome and the population-based strategy

Original NCEP definition of
the metabolic syndrome

Points at baseline

Updated NCEP definition of
the metabolic syndrome

Insulin resistance

stratified by percentiles Yes No Yes No Yes No Total
=20 0 (0) 338 (100) 0 (0) 338 (100) 37 (10.9) 301 (89.1) 338
21-50 17.(2.8) 591 (97.2) 32 (5.3) 576 (94.7) 105 (17.3) 503 (82.7) 608
50-79 146 (24.6) 448 (75.4) 186 (31.3) 408 (68.7) 157 (26.4) 437 (73.6) 594
=80 379 (67.8) 180 (32.2) 412 (73.7) 147 (26.3) 234 (41.8) 325(58.1) 559
Total 542 (25.8) 1,557 (74.2) 630 (30.0) 1,469 (70.0) 533 (25.4) 1,566 (74.6) 2,099

Data are n (%). Percentages are expressed within rows.
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Table 3—Population-based strategy as applied to the NCEP definition of the metabolic syndrome and the incidence of type 2 diabetes during

the 7-year follow-up of the Mexico City Study

Prevalence at baseline

OR (95% CI)

considering subjects with

Updated =1 component of the
Points at baseline stratified by Incident Original NCEP updated NCEP definition
percentiles (range of points) n diabetes OR (95% CI) NCEP definition as reference group
=29 (0-26) 800 21 (2.6) Reference group 47 (5.8) 55 (6.8) 2.26 (0.94-5.39)
30-59 (27-35) 531 50 (9.4) 3.90 (2.34-6.49) 196 (36.9) 221 (41.6) 6.64 (3.12-14.15)
60-79 (36-42) 191 29 (15.2) 6.34 (3.55-11.3) 151 (79.0) 163 (85.3) 10.0 (4.50-22.42)
=80 (43-60) 62 17 27.4) 14.1 (7.1-28.3) 57 (91.9) 59 (95.1) 22.4(9.24-54.51)
Total 1,584 117 (7.6) 451 (29.2) 498 (32.2)

Data are n (%) unless otherwise indicated. Percentages are expressed within rows. ORs were estimated using logistic regression models.

vides complementary information to the
NCEP definitions. It allows us to identify
individuals with metabolic syndrome
with various rates of incident diabetes.
This is demonstrated in Table 4, in which
subjects with a 7-year incidence of diabe-
tes as low as 8.5% (original NCEP with
<26 points) can be differentiated from
others with rates >25% (original NCEP
with =43 points). All subjects with inci-
dent diabetes who had a total number of
points in the upper quintile were identi-
fied by both NCEP versions. In contrast,
subjects with incident diabetes who had a
total number of points at baseline in the
middle of the range were frequently
missed by both NCEP definitions. Logis-
tic regression models were built to esti-
mate the odds ratio for incident diabetes
associated with each stratum of the points
scale after controlling for the presence of
the metabolic syndrome as defined by the
original NCEP criteria (Table 4). When
this result is compared with the crude OR,
the risk estimate was decreased, but re-
mained significant for those with =30
points. Similar results were found with
the updated NCEP definition (data not
shown). In sum, our points system allows
us to categorize individuals with meta-

bolic syndrome with various metabolic
risk. Furthermore, individuals missed by
the current NCEP criteria who are still at
significant risk for incident diabetes can
also be identified.

CONCLUSIONS — The usefulness
of the NCEP metabolic syndrome defini-
tion is under debate. The arbitrary selec-
tion of its components (including their
thresholds) and the categorical nature of
the definition are its major weaknesses.
Here, we describe a strategy to avoid these
drawbacks of the NCEP definition. In-
stead of interpreting each variable in a di-
chotomous fashion, each is analyzed as a
continuous variable. Individual results
are compared against the distribution of
the variables encountered in population-
based data, with points given per decile
for each variable (Table 1). The ability of
this approach to detect hyperinsulinemia
and for predicting future diabetes was val-
idated with cross-sectional and prospec-
tive data. The population-based approach
had a better prognostic power for incident
diabetes compared with previous ver-
sions of the NCEP definition.

The predictive power of the original
NCEP criteria for incident diabetes has

been assessed in several epidemiological
studies (24 -28). In these studies, the OR
for incident diabetes at follow-up ranged
from 1.95 to 8.8. Hanley et al. (27) com-
pared the ability of various metabolic syn-
drome definitions for predicting type 2
diabetes in the Insulin Resistance Athero-
sclerosis Study. They reported that mod-
ifications (e.g., including indirect
markers of insulin sensitivity) did not sig-
nificantly improve the predictive power
of the original NCEP criteria (OR chang-
ing from 4.14 to 5.58). However, the dif-
ferent versions had a 300% disparity in
their prevalence results. Thus, the clinical
proficiency of the NCEP definition is un-
likely to be improved by including addi-
tional categorical elements or by changing
diagnostic thresholds. Furthermore, Wil-
son et al. (26) showed that the risk for
incident diabetes is already present in in-
dividuals fulfilling one or two compo-
nents of the NCEP criteria; these
individuals are not considered to be af-
fected by the currently accepted
definition.

The characteristics of a population are
best described using information ob-
tained from an unbiased sample G.e.,
population-based, nationwide surveys).

Table 4—Population-based strategy provides complementary information to the original and updated versions of the NCEP definitions

Incident diabetes among
subjects identified by the
original NCEP definition

Incident diabetes among
subjects identified by the
updated NCEP definition

OR (95% CI) considering

Points at baseline stratified by Without incident Incident Without incident Incident for the presence of the
percentiles (range of points) diabetes diabetes diabetes diabetes original NCEP definition*
=29 (0-26) 43 (91.5) 4(8.5) 50 (90.9) 5.1 0.87 (0.35-2.09)
30-59 (27-35) 170 (86.7) 26 (13.3) 190 (86.0) 31 (14.0) 4.19 (1.97-8.92)
60-79 (36—42) 130 (86.1) 21 (13.9) 136 (83.4) 27 (16.6) 7.17 (3.23-16.07)
=80 (43-60) 40 (70.2) 17 (29.8) 42 (71.2) 17 (28.8) 19.12 (7.89-46.57)
Total 383 (84.9) 68 (15.1) 418 (83.9) 80 (16.1)

Data are n (%). Percentages are expressed within rows. *Subjects with =1 component of the updated NCEP definition is the reference group.
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In the National Survey of Chronic Dis-
eases, the distributions of the majority of
the NCEP criteria variables were mea-
sured, stratifying for age (by decades) and
sex. Instead of using arbitrary thresholds,
we analyze every component as a contin-
uous variable. For practical reasons, the
distribution curves were divided into de-
ciles; the result is a total number of points
rendered by the number of deciles accu-
mulated by every case. The strategy ad-
justs for the differences in the distribution
of the NCEP variables due to ethnicity,
taking into account confounders (i.e., age
and sex), and provides a longitudinal es-
timate of risk. The prevalence of hyperin-
sulinemia and the OR for incident
diabetes are directly proportional to the
total number of points. The range of OR is
wider and more informative than the sin-
gle estimate provided by the NCEP
definition.

The clinical application of our
method may be limited by the necessity
for a decile distribution of the variables.
The main value of this report may be in
research studies. The population-based
strategy provides an epidemiological ba-
sis for identifying individuals with an ex-
tremely low risk for developing diabetes.
Such individuals could be used as a valid
control group. In addition, the proposed
method may be useful for individuals
with one or two components of the NCEP
definition or for better stratification of
risk among patients with metabolic syn-
drome patients. Subjects who do not ful-
fill the NCEP definition constitute a
heterogeneous group that may have a
wide range of risk for incident diabetes
(28).

Strengths and limitations should be
acknowledged. The cross-sectional sur-
vey from which the decile distribution of
the variables was obtained and the pro-
spective study in which the method was
validated were both carried out in the
early 1990s. The populations were com-
parable and had a similar prevalence of
the metabolic syndrome identified by
NCEP criteria. The main outcome in the
prospective study (i.e., incident diabetes)
was assessed using the gold standard test
(i.e., a 2-h postchallenge glucose value).
Limitations include the applicability of
the results to other ethnic groups. How-
ever, the conceptual basis of the approach
results in improved risk estimation. We
could not measure the ability of our
method to predict cardiovascular out-
comes because of the small number of
coronary events in the Mexico City Study.

However, the NCEP definition is a stron-
ger predictor for incident diabetes than
for future cardiovascular complications
(26). In our analysis, the Mexico City
Study data are different from those re-
ported by Stern et al. (29); this is because
subjects with incomplete information
were excluded.
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