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Abstract

Objective. To compare the waist circumference cutoff
points established by the American Heart Association and the
National Heart, Lung and Blood Institute (AHA/NHLBI) with
those of the International Diabetes Federation (IDF) for the
screening of diabetes, hypertension, and metabolic syndrome
in Mexican adults. Material and Methods. This study com-
prised a subsample of the ENSANUT 2006. Subjects without
diabetes and hypertension and non-pregnant women were
included. Sensitivity, specificity, and predictive values were
compared using AUC and the positive likelihood ratio test
[LR(#)]. Results. In subjects aged =40 years, sensitivity for
detection of diabetes and hypertension was higher for the
IDF thresholds (85.34 and 86.87%, respectively) compared
with those of the AHA/NHLBI (59.49 and 52.41%, respec-
tively). LR(+) were higher for IDF thresholds compared with
AHA/NHLBI. Similar results in subjects aged =65 years were
observed. Conclusions. The measurement of abdominal
obesity defined by the IDF was a better screening tool for
diabetes and hypertension, considering that initially a high
sensitivity and low cost tool at population level is required.
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Resumen

Objetivo. Comparar los puntos de corte de circunferen-
cia de cintura de la American Heart Association and the
National Heart, Lung and Blood Institute (AHA/NHLBI) y
la International Diabetes Federation (IDF) para escrutinio
de diabetes, hipertension arterial y sindrome metabdlico en
adultos mexicanos. Material y métodos. Se analizé una
submuestra de la ENSANUT 2006 incluyendo sujetos sin dia-
betes o hipertension y mujeres no embarazadas. Se comparé
la sensibilidad, especificidad y valores predictivos mediante
AUCy la razén de verosimilitudes positiva [LR(+)]. Resul-
tados. En personas =40 afios, la sensibilidad para deteccion
de diabetes e hipertension usando el criterio de la IDF fue
de 85.34% (LR(+)=1.1) y 86.87% (LR(+)=1.1); mientras que
para el criterio de la AHA/NHLBI fue de 59.49% (LR(+)=1.34)
y 52.41% (LR(+)=1.21). Los resultados fueron similares en
personas =65 afios. Conclusiones. La obesidad abdominal
segln la IDF fue superior como procedimiento de tamizaje
de diabetes e hipertensién, considerando que se requiere
de una prueba inicial mas sensible y de bajo costo para ser
aplicada a nivel poblacional.
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besity stands as an important risk factor for the

development of chronic diseases such as type 2
diabetes? and cardiovascular diseases.’ Central or
abdominal obesity as measured by waist circumference
has been proven to predict diabetes*> and cardiovas-
cular risk.>® The etiology of obesity is rather complex;
this disease results from a combination of genetic’ and
environmental!” factors. The process of urbanization and
modernization plays a key role, particularly in indige-
nous populations. In Mexico, prevalence, morbidity, and
associated risk factors for obesity have been studied for
several decades, as well as the outcomes of prevention
and treatment programs.'"'> The prevalence of obesity
in Mexican adults has shown a remarkable increase over
time. Data from the 1993 National Survey of Chronic
Diseases (ENEC 1993) revealed an obesity prevalence
of 21.5% in adults,'® which rose to 24%'” according to
the 2000 National Health Survey (ENSA 2000), and
further to 30% in adults from the 2006 National Health
and Nutrition Survey (ENSANUT 2006).® In that sur-
vey, the prevalence of central obesity, using the cutoff
points suggested by the American Heart Association and
the National Heart, Lung and Blood Institute (AHA /
NHLBI) (=102 cm in men and >88 cm in women)* and
by the International Diabetes Federation (IDF) (=90 cm
in men and >80 cm in women)® was 22.8% and 62.9% in
men and 61.4% and 83.8% in women, respectively.?!

Several researchers have recommended the use
of body mass index and waist circumference measure-
ments as screening tools for the detection of chronic
non-transmissible diseases.”® Their diagnostic power
must be evaluated in a representative sample of a study
population, such as that of the ENSANUT 2006, because
predictive values of a screening tool depend on the
prevalence of a given disease. The aim of this paper was
to describe the diagnostic properties of waist circumfer-
ence as a screening tool for defining abdominal obesity
using different cutoff points of waist circumference for
the detection of diabetes, hypertension, and metabolic
syndrome. Cases with physician-diagnosed diabetes or
hypertension were excluded; hence we were able to es-
timate the proportion of population at risk for the above
mentioned diseases and to quantify the number of cases
that needed to modify their lifestyles or to receive pharma-
cological treatment. The Research, Ethics, and Biosecurity
Boards of the National Institute of Public Health (INSP)
approved the methodology of the ENSANUT 2006. All
participants signed an informed consent letter.

Material and Methods

The ENSANUT 2006 gathered information about health
and nutritional status of Mexican population, including
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the prevalence of some chronic and infectious diseases
as well as the people’s perceptions of the quality and
response of health care services. A probabilistic, mul-
tistage, stratified, and clustered sample design was
employed for the survey. The sample was representative
of the population from the 32 states of the country and
permitted to make the calculation of state indicators
representative of urban and rural areas for each state.
Localities with less than 2 500 inhabitants were regarded
as rural. A total of 47 152 households were visited and
information from 45 446 adults aged 20 years or older
was obtained. Individuals were asked about previous
physician diagnosis of diabetes, hypertension, and
cardiovascular disease, among other chronic diseases.
Anthropometric (weight, height, and waist circumfer-
ence) and blood pressure measurements were taken.
Thirty percent of randomly chosen individuals gave a
fasting blood sample. In order to estimate the prevalence
of diabetes in Mexico, a subsample of 6 613 individuals
were also randomly selected and the levels of glucose,
insulin, triglycerides, total cholesterol, HDL-cholesterol
and LDL-cholesterol in their blood were determined in
a standardized laboratory. After excluding people with
prior physician diagnosis of diabetes and hypertension
and pregnant women, we had a total of 4 687 individuals
for our analysis.

Diabetes was defined as fasting venous glucose
levels (8 to 12 hours) 126 mg/dL. Hypertension was
defined as systolic blood pressure (SBP) =140 mm Hg
or diastolic blood pressure (DBP) 290 mm Hg (average
of two readings taken 5 minutes apart). Overweight
was defined as BMI between 25 kg/m? and 29.9 kg/
m? and obesity, as BMI 230 kg/m? According to the
AHA /NHLBI, abdominal obesity was defined as waist
circumference =102 cm in men and >88 cm in women,
and according to the IDF, as waist circumference >90 cm
in men and >80 cm in women. Hypercholesterolemia
was defined as total cholesterol concentrations >200
mg/dl and high LDL as concentrations >150 mg/dl.
According to the AHA/NHLBI, metabolic syndrome
was defined as the presence of at least three of the fol-
lowing components: waist circumference =102 cm in
men and >88 cm in women, triglycerides =150 mg/dl,
HDL-cholesterol <40 mg/dl in men and <50 mg/dl in
women, SBP >135 or DBP >85 mm Hg or physician’s
diagnosis of hypertension, and fasting glucose =100
mg/dl or physician’s diagnosis of diabetes.

Statistical analysis
Means and prevalence with their respective standard

errors were obtained when appropriate. In stratified
analysis by age =40 and <40 years, sensitivity, speci-
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ficity, and positive and negative predictive values
were estimated and compared by analysis of receiver
operating characteristics (ROC) and examination of the
areas under the ROC curves (AUC) using the DeLong
method.? Also positive and negative likelihood ratios
(LR) were obtained. In addition, an analysis in indi-
viduals aged =65 year was carried out. Crude and age
and sex-adjusted logistic regression were carried out
to determine the association between diabetes, hyper-
tension and metabolic syndrome and cut-off points of
waist circumference of interest. Odds ratio (OR) and its
corresponding 95% confidence interval (95%CI) were
obtained as a measure of the association. Analyses were
conducted using SAS 9.2 taking into account the sample
complex design.

Results

The study population was composed of 4 687 individu-
als (1901 men and 2 786 women). After weighting, the
sample represented about 40-million Mexican adults.
The mean of age was 37.9 years in women and 38.4 years
in men. The average waist circumference was 90.7 in
women and 92.6 in men. The prevalence of undiagnosed
diabetes, hypertension, and metabolic syndrome was
5.2, 14.3, and 27% in women, respectively, and 8, 21,
and 18.4% in men, respectively (table I).

After stratifying by age <40 and >40 years, the
sensitivity for the detection of diabetes, high blood
pressure and the metabolic syndrome was higher for the
IDF thresholds compared with the AHA / NHLBI cutoff
points whereas the positive predictive value was pretty
similar for both definitions. In contrast, in both age
groups, specificity and negative predictive value were
better for the AHA /NHLBI cutoff points for all diseases.
As for the LR(+) estimation in subjects =40 years old,
when the AHA /NHLBI cutoff points were used, the val-
ues for diabetes, hypertension and metabolic syndrome
were 1.34,1.21 and 2.82, respectively whereas when the
IDF cutoff points were applied the LR(+) were 1.1, 1.1
and 1.3, respectively. For both diabetes and hyperten-
sion a small value of the C-statistic whatever the waist
circumference cutoff point used was observed. As for
metabolic syndrome the C-statistic was higher when the
AHA /NHLBI cutoff points (C-statistic=0.77) compared
with the IDF cutoff points (C-statistic=0.61). In subjects
<40 years old, the LR(+) for diabetes, hypertension and
metabolic syndrome were 1.71, 1.29 and 3.69, respec-
tively when the AHA /NHLBI cutoff points were used;
while the LR(+) were 1.29, 1.25 and 1.5, respectively
when the IDF cutoff points were applied. In this age
group differences on the C-statistic were evident only
for metabolic syndrome. (tables II and III).
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Table |
DESCRIPTION OF THE STUDY POPULATION.
ENSANUT 2006, Mexico

Men (n=1901)  Women (n=2786)

Mean (e.e) Mean (e.e)
General characteristics
Age (years) 3841 + 047 37.90 £ 0.42
BMI (kg/m2) 26.69+0.18 27.87 £0.18
Waist circumference (cm) 92.64 £ 0.39 90.74 £ 0.47
Metabolic variables
SBP (mm Hg) 121.65 + 0.44 116.69 + 0.44
DBP (mm Hg) 79.04 £ 0.37 7539 +£0.29
Glucose (mg/dl) 98.65 + 1.21 97.17 £ 0.82
Total cholesterol (mg/dl) 165.54 + 1.63 171.28 = 1.60
LDL-cholesterol (mg/dl) 96.24 + 1.36 100.78 + 1.19
HDL-cholesterol (mg/dI) 45.05 + 0.40 48.78 £ 0.43
Triglycerides (mg/dl) 125.09 + 2.48 107.85 = 1.75
Unknown prevalence
Type 2 diabetes 7.99 £0.95 523 £ 0.54
Hypertension 21.00 £ 1.38 14.31 £0.99
Metabolic syndrome 18.36 + 1.40 2697 = 1.42

Means and e.e. were compared except where noted

Metabolic syndrome was defined according to the AHA/NHLBI as the pre-
sence of at least three of the following components: waist circumference
=102 cm in men and =88 cm in women, triglycerides =150 mg/dl, HDL-
cholesterol <40 mg/dl in men and <50 mg/dl in women, SBP =135 or DBP
=85 mm Hg or physician’s diagnosis of hypertension, and fasting glucose
=100 mg/dl or physician’s diagnosis of diabetes

In an additional analysis in subjects aged =65 years,
when the AHA/NHLBI cutoff points were used, for
diabetes and hypertension similar sensitivity (61.38 and
49.19%, respectively) and specificity (58.89 and 60.23%,
respectively) with a significant increment on the posi-
tive predictive value (17.07 and 41.15%, respectively)
compared with subjects aged >40 years was observed.
For diabetes and hypertension the LR+ was 1.49 and
1.23, respectively. When the IDF cutoff points were ap-
plied, the sensitivity decreased modestly whereas the
specificity increased; however, the LR+ was close to 1.

The age and sex-adjusted AUCs to identify subjects
with diabetes, hypertension, and metabolic syndrome
using the cutoff points suggested by the AHA /NHLBI
and the IDF are shown in figure 1. The AUC for diabe-
tes was significantly (p=0.0032) higher with the AHA/
NHLBI cutoff points (AUC=0.61, C195% 0.58-0.64) than
with those of the IDF (AUC=0.57, CI95% 0.55-0.59). Simi-
lar results were observed for the metabolic syndrome
using the AHA /NHLBI cutoff points (AUC=0.78, CI95%
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Table Il
SENSITIVITY, SPECIFICITY AND POSITIVE AND NEGATIVE PREDICTIVE VALUES OF ABDOMINAL OBESITY
IN POPULATION AGED <40 YEARs. ENSANUT 2006, Mexico

% Sensitivity % Specificity % False % Positive % Negative Likelihood AUC C statistic
positive predictive value  predictive value  ratio (SENS/I-SPES)

Abdominal obesity by the AHA/NHLBI (men=102; women =82)

Diabetes 54.03 68.40 31.60 7.56 96.89 1.71 0.60 0.596
(53.93-54.12)  (68.38-68.42) (7.54-7.57) (96.88-96.90) (0.55-0.64)

Hypertension 40.62 68.47 31.53 16.19 88.49 1.29 0.55 0.551
(40.56-40.67)  (68.45-68.49) (16.16-16.21) (88.48-88.51) (0.52-0.58)

Metabolic syndrome 81.33 7797 22.03 44.63 95.03 3.69 0.79 0.787
(81.29-81.37)  (77.95-77.98) (44.59-44.67) (95.02-95.04) (0.77-0.81)

Abdominal obesity by the IDF (men=90; women =80)

Diabetes 81.47 36.95 63.15 5.82 97.66 1.29 0.58 0.580
(81.40-81.54)  (36.93-36.97) (5.81-5.83) (97.65-97.67) (0.54-0.62)

Hypertension 77.05 38.21 61.79 15.75 91.74 1.25 0.56 0.557
(77.00-77.10)  (38.19-38.23) (15.73-15.77) (91.72-91.7¢) (0.53-0.58)

Metabolic syndrome 93.83 43.02 56.98 26.45 96.96 1.65 0.67 0.666
(93.80-93.85)  (43.00-43.04) (26.42-26.47) (96.95-96.97) (0.65-0.68)

Metabolic syndrome was defined according to the AHA/NHLBI as the presence of at least three of the following components: waist circumference =102
cm in men and =88 cm in women, triglycerides =150 mg/dl, HDL-cholesterol <40 mg/dl in men and <50 mg/dl in women, SBP =135 or DBP =85 mm Hg or
physician’s diagnosis of hypertension, and fasting glucose =100 mg/dl or physician’s diagnosis of diabetes

Table llI
SENSITIVITY, SPECIFICITY AND POSITIVE AND NEGATIVE PREDICTIVE VALUES OF ABDOMINAL OBESITY
IN POPULATION AGED =40 YEARS. ENSANUT 2006, Mexico

% Sensitivity % Specificity % False % Positive % Negative Likelihood AUC C statistic
positive predictive value  predictive value  ratio (SENS/ I-SPES)

Abdominal obesity by the AHA/NHLBI (men=102; women =82)

Diabetes 59.49 55.53 44.47 12.88 92.54 1.34 0.60 0.604
(59.41-59.57)  (55.50-55.55)) (12.86-12.91) (92.52-92.55) (0.57-0.64)

Hypertension 52.41 56.64 43.36 29.45 77.51 1.21 0.55 0.550
(52.36-52.46)  (56.61-56.67) (29.42-29.49) (77.48-77.54) (0.53-0.57)

Metabolic syndrome 81.83 71.00 29.00 55.77 89.74 2.82 0.77 0.770
(81.80-81.87)  (70.97-71.02) (55.73-55.80) (89.72-89.76) (0.75-0.79)

Abdominal obesity by the IDF (men=90; women =80)

Diabetes 85.34 20.16 79.84 10.57 92.56 LI 0.55 0.547
(85.29-85.40))  (20.14-20.18) (1055-1059)  (92.53-92.59) (0.52-0.57)

Hypertension 86.87 21.96 78.04 2777 82.88 LI 0.54 0.544
(86.84-86.90)  (21.94-21.99) (27.75-27.80)  (82.84-82.93) (0.53-0.56)

Metabolic syndrome 96.34 26.95 73.05 37.08 9428 13 06l 0613
(96.32-96.36)  (26.92-26.98) (37.05-37.11)  (94.25-9431) (0.60-0.63)

Metabolic syndrome was defined according to the AHA/NHLBI as the presence of at least three of the following components: waist circumference =102
cm in men and =88 cm in women, triglycerides =150 mg/dl, HDL-cholesterol <40 mg/dl in men and <50 mg/dl in women, SBP =135 or DBP =85 mm Hg or
physician’s diagnosis of hypertension, and fasting glucose =100 mg/dl or physician’s diagnosis of diabetes
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0.77-0.79) as compared with those of the IDF (AUC=0.65,
CI95% 0.64-0.66) (p<0.0001). Regarding the AUCs for
hypertension, no significant differences were noted.

Age and sex-adjusted significant association be-
tween diabetes, hypertension, and metabolic syndrome
and abdominal obesity defined by the AHA /NHLBI
was observed. Subjects with abdominal obesity were
3.13 (CI95% 2.09-4.69) times more likely to have dia-
betes, 2.24 (CI195% 1.68-2.99) times more likely to have
hypertension, and 21.87 (C195% 15.75-30.36) times more
likely to have metabolic syndrome than were subjects
without obesity. When using the IDF criterion to define
abdominal obesity, we observed that the association
between abdominal obesity and the three diseases was
weaker than that found with the AHA /NHLBI defini-
tion, particularly for metabolic syndrome (OR=11.82,
CI95% 7.72-18.10) (table IV).

The use of the AHA / NHLBI definition for abdomi-
nal obesity revealed that in Mexico there are about 1.5
millions of undiagnosed cases of diabetes, 30% of which
are younger than 40 years old. With respect to hyperten-
sion, there are about 1.5 millions of undiagnosed cases
and 1.2 millions are younger than 40 years old. Finally,
7 million people have metabolic syndrome and 50% of
them are younger than 40 years old.

Discussion

Mexico is undergoing an epidemic prevalence of chronic
diseases as a result, in part, of the high prevalence of

salud puiblica de méxico [ vol. 54, no. 1, enero-febrero de 2012

obesity in the last decades. In the present study, we
observed that a high percentage of adult population
with a waist circumference above the healthy level had
at the same time undiagnosed diabetes, hypertension,
or metabolic syndrome. When we examined the diag-
nostic power of abdominal obesity we found that the
highest sensitivity and positive predictive value on the
identification of these diseases was obtained with the
IDF definition.

Several studies carried out in the 80s showed that
the risk for cardiovascular complications increased
linearly with a BMI greater than 25 kg/m? while the
increment was exponential with a BMI higher than 30
kg/m?. Recently, the independent effect of abdominal
obesity on the risk for cardiovascular diseases was
demonstrated in an analysis that included about one
million participants.??

The usefulness of waist circumference as a screening
tool for diagnosing chronic diseases is still on debate;®
however, its use on public health is based on its low
cost and on results from investigations that showed its
diagnostic and prognostic capacity for those conditions.
The selection of the threshold to identify individuals at
risk is influenced by ethnicity then the identification of
specific cutoff points in specific population is required.
Until now, it is not clear if the variation in cut-off points
is a true biological phenomenon or an effect of the
method for identifying optimal cut-off points. Regret-
tably, the IDF committee did not decide the abdominal
obesity definition for Latin-Americans after analyzing
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Table IV
CRUDE AND AGE AND SEX-ADJUSTED ASSOCIATION BETWEEN
ABDOMINAL OBESITY AND DIABETES, HYPERTENSION,
METABOLIC SYNDROME, AND DYSLIPIDEMIAS.

ENSANUT 2006, Mexico
OR (95%Cl) crude OR (95%Cl) adjusted

Abdominal obesity defined by the AHA/NHLBI (men=102; women =82)

Diabetes 2.52 (1.67 -3.78) 3.13(2.09 - 4.69)
Hypertension 1.67 (1.32-2.11) 2.24 (1.68 - 2.99)
Metabolic syndrome ~ 15.05 (11.37 - 19.92) 21.87 (15.75 - 30.36)
Hypertriglyceridemia 1.34 (1.03 - 1.75) 2.02 (1.51 -2.72)
Hypercholesterolemia 1.23 (0.99 - 1.54) 1.02 (0.81 - 1.27)
High LDL-cholesterol 1.36 (0.97 - 1.92) I.15(0.81 - 1.63)
Low HDL-cholesterol 2.06 (1.70 - 2.50) 1.65 (1.34 - 2.04)

Abdominal obesity defined by the IDF (men=90; women=80)
3.00 (1.81 —4.97) 2.87 (1.66 —4.94
237 (1.79 - 3.15) 257 (1.91-3.47
13.71 (9.00-20.88) 11.82(7.72-18.10

Diabetes )
)
)
1.84 (1.34-2.53) 223 (1.58-3.13)
)
)
)

Hypertension

Metabolic syndrome

Hypertriglyceridemia

Hypercholesterolemia 1.28 (0.94 - 1.73) 1.04 (0.76 — 1.4
High LDL-cholesterol 1.54 (1.02 -2.32) 1.26 (0.84 - 1.89
212 (1.71 - 2.63) 1.95 (1.55-2.45

Low HDL-cholesterol

Metabolic syndrome was defined according to the AHA/NHLBI as the pre-
sence of at least three of the following components: waist circumference
=102 cm in men and =88 cm in women, triglycerides =150 mg/dl, HDL-
cholesterol <40 mg/dl in men and <50 mg/dl in women, SBP =135 or DBP
=85 mm Hg or physician’s diagnosis of hypertension, and fasting glucose
=100 mg/dl or physician’s diagnosis of diabetes

population-based studies; they extrapolate information
obtained in Asians.? Furthermore, the AHA /NHLBI
cutoff points were selected using information obtained
mainly in Caucasians.!” Thus, analyses are required in
study samples capable to represent Mexican adults.
In addition, the properties of waist circumference as a
screening tool should be explored confirmed.

Our results show that the IDF thresholds have a
remarkably higher sensitivity than the AHA /NHLBI
cutoff points; this is especially true in cases younger than
age 40 and for the screening of diabetes and high blood
pressure. In addition, this criterion has a high negative
predictive value. However, the specificity of the IDF
criteria is significantly lower, especially in individuals
above age 40. The low specificity for the detection of
diabetes or arterial hypertension becomes a concern in
the older population; this rate is half of that observed
in the younger group. As a result, the false positive rate
increases from 63% to 79% when the waist circumference

is applied in cases older than age 40, instead of young
individuals. Overall, the AHA /NHLBI thresholds have
ahigher exactitude. The area under the ROC curve, and
the predicted risk, is greater with the AHA / NHLBI defi-
nition of abdominal obesity for the detection of diabetes,
hypertension and metabolic syndrome. However, the
difference is not statistically significant for hyperten-
sion. In addition, the positive predictive values for the
detection of diabetes or hypertension were not different
between criteria.

The properties of waist circumference as a screen-
ing tool, rather than a prognostic variable, should be
explored, since this is the most common indication in
clinical practice. A screening tool should be highly sensi-
tive in the first step. Rare conditions requires a highly
specific test; in contrast, the screening of common condi-
tions (i.e. type 2 diabetes and arterial hypertension) may
not be negatively impacted by a moderate specificity,
meanwhile the cost of the test (or the subsequent evalu-
ation) is not too high. The IDF definition of abdominal
obesity has a remarkably higher sensitivity compared
to the AHA /NHLBI criteria. This characteristic clearly
makes the IDF criteria the option to be applied in
clinical practice in Latin American countries with a high
prevalence of undiagnosed diabetes and / or high blood
pressure. However, the major weakness of the IDF cri-
teria is the low specificity, which becomes a problem in
subjects older than age 40. Clinicians should be aware
of the high false positive rate of the test in this subset of
the population. On the other hand, the IDF criteria have
high negative predictive value. This characteristic helps
practitioners to avoid additional testing for the diagnosis
of diabetes in subjects with a waist circumference lower
than 90cm for men and 80 cm in women. On the other
hand, in clinical settings with limited resources to do
diagnostic tests for diabetes, physicians may consider
using the AHA /NHLBI criteria to select cases in which
a glucose measurement is required among subjects older
than age 40. Finally, it should be emphasized that the
main limitation of waist circumference measurement is
the lack of standardization of the health professionals.

In conclusion, our results showed that a high
proportion of adults in Mexico with diabetes, hy-
pertension and metabolic syndrome, mainly older
that 40 years and with abdominal obesity, remain
undiagnosed by a physician. The IDF criteria of
abdominal obesity are a useful screening tool
for the identification of these cases. However, its
systematic use is limited by its high false negative
rate, especially in cases older than age 40. Clini-
cians should be aware of these characteristics of
the test to avoid excessive costs.
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