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Abstract

Background: The use of sagittal abdominal diameter (SAD) has been proposed for screening cardio-metabolic risk factors; however, its accuracy
can be influenced by the choice of thresholds values.

Aim: To determine the SAD threshold values for cardio-metabolic risk factors in Mexican adults; to assess whether parallel and serial SAD testing
can improve waist circumference (WC) sensitivity and specificity; and to analyze the effect of considering SAD along with WC and body mass
index (BMI) in detecting cardio-metabolic risk.

Methods: This cross-sectional study was conducted during 2012-2014 in Northeast Mexico (n = 269). Data on anthropometric, clinical, and
biochemical measurements were collected. Sex-adjusted receiver-operating characteristic curves (ROC) were obtained using hypertension,
dysglycemia, dyslipidemia and insulin resistance as individual outcomes and metabolic syndrome as a composite outcome. Age-adjusted odds
ratios and 95% confidence intervals (Cl) were estimated using logistic regression.

Results: The threshold value for SAD with acceptable combination of sensitivity and specificity was 24.6 cm in men and 22.5 ¢cm in women. Par-
allel SAD testing improved WC sensitivity and serial testing improved WC specificity. The co-occurrence of high WC/high SAD increased the risk for
insulin resistance by 2.4-fold (95% CI: 1.1-5.3), high BMI/high SAD by 4.3-fold (95% Cl: 1.7-11.9) and SAD alone by 2.2-fold (95% Cl: 1.2.-4.2).

Conclusions: The use of SAD together with traditional obesity indices such as WC and BMI has advantages over using either of these indices
alone. SAD may be a powerful screening tool for interventions for high-risk individuals.

Resumen

Introduccion: el diametro sagital del abdomen (SAD) se ha usado para detectar factores de riesgo cardiometabdlicos; su precision se ve
afectada por los valores de corte.

Objetivo: determinar valores de corte para factores de riesgo cardiometabdlicos en mexicanos adultos; evaluar la sensibilidad y especificidad
cuando se utiliza en serie 0 en paralelo con la circunferencia de la cintura (WC); y analizar el uso del SAD individualmente o junto a WC o el indice
de masa corporal (IMC) para detectar factores de riesgo cardiometabdlicos.

Métodos: en forma transversal, de 2012 a 2014 se estudiaron 209 sujetos provenientes del noreste mexicano. Se recopilaron datos antropomé-
tricos, clinicos y bioquimicos. Se construyeron curvas ROC ajustadas por sexo utilizando como resultado individual hipertension, disglicemia y
resistencia a la insulina y como resultado compuesto, el sindrome metabdlico. Se calcularon razon de momios e intervalos de confianza (IC 95%)
mediante regresion logistica.

Resultados: los valores de corte fueron 24,6 cm en hombres y 22,5 cm en mujeres. EI SAD en paralelo con la WC mejord sensibilidad y en
forma seriada, la especificidad de WC. La coocurrencia de WC y SAD por encima de los rangos incrementd el riesgo para resistencia a la insulina
2,4 veces (95% Cl: 1,1-5,3); BMI'y SAD elevados, 4,3 veces (95% Cl: 1,7-11,9) y SAD individualmente, 2,2 veces (95% Cl: 1,2-4,2).

Conclusiones: utilizar el SAD junto a indices tradicionales de obesidad (WC y BMI) tiene ventajas sobre su uso individual. EI SAD puede ser una
poderosa herramienta de tamizaje para intervenciones en individuos de alto riesgo.
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INTRODUCTION

Metabolic syndrome is a cluster of cardio-metabolic risk fac-
tors such as insulin resistance, hypertension, and lipid abnor-
malities most often occurring in overweight and obese subjects.
Metabolic syndrome can favor the development of cardiovascular
diseases and diabetes. Additionally, cardiovascular diseases and
diabetes are the leading causes of death worldwide (1,2). The
amount of visceral adipose tissue is a clinically relevant body
fat marker related to insulin resistance, diabetes, hyperlipidemia,
and atherosclerosis. The gold standard for measurement of vis-
ceral adipose tissue is computed tomography, dual-energy x-ray
absorptiometry, or magnetic resonance imaging. However, these
tests are expensive and impractical for primary care and pre-
ventive medicine; furthermore, they involve radiation exposure
and hence are a health hazard (3,4). Therefore, other useful indi-
cators of excess visceral adipose tissue deposits, such as waist
circumference (WC) and sagittal abdominal diameter (SAD), have
been considered (5-7).

WC is used for detecting abdominal obesity and predicting
cardiovascular risk (8-10). SAD, meanwhile, has been suggested
as a screening tool for insulin resistance, dysglycemia, diabetes,
and hypertension in American, Asian, and European popula-
tions; and relevant literature utilizes several SAD cut-off values
either in supine (11-14) or standing position (15). Nonetheless,
the accuracy of classification using SAD can be influenced by the
choice of thresholds values, which might differ according to eth-
nic group, age, and sex. It is important to identify individuals at
particularly high risk for metabolic syndrome in order to prevent
cardiovascular disease, and because SAD thresholds values
have not been established in the Mexican population, our study
aimed to determine: a) the SAD threshold values for detecting
cardio-metabolic risk factors (hypertension, dysglycemia, dyslipi-
demia, insulin resistance, and metabolic syndrome) with the most
acceptable accuracy (combination of sensitivity and specificity); b)
the extent to which parallel and serial SAD testing could improve
WC sensitivity and specificity; and c) finally, we assessed the
effect of considering SAD along with WC and body mass index
(BMI) for detecting cardio-metabolic risk factors.

MATERIAL AND METHODS

This descriptive, cross-sectional study was conducted from
2012 to 2014 in northeast urban Mexico. Participants were
employees between 20 and 60 years of age from the health
care sector (107 men and 162 women). They were receiving
routine annual worksite health-promotion care, which consisted
of screening and monitoring of obesity, diabetes, heart disease,
and cancer, among other disorders. The only selection criteria
were no pregnancy or lactation. In men, the sample size was suf-
ficient for establishing 71% sensitivity (averaged value of the five
cardio-metabolic risk factors under study: hypertension, dysgly-
cemia, insulin resistance, dyslipidemia, metabolic syndrome) with
95% confidence and 15% degree of precision; given averaged
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prevalence of 35%. In women, the sample size was sufficient
for establishing 65% sensitivity (averaged value of the five car-
dio-metabolic risk factors under study) with 95% confidence and
13% degree of precision; given averaged prevalence of 30% (16).
Approval was obtained from the Research Ethics Committee. Writ-
ten informed consent was obtained from each participant.

A self-administered questionnaire was used to collect infor-
mation on family and personal history of hypertension (yes or
no), diabetes (yes or no), and dyslipidemia (yes or no); smoking
status (never, quit smoking, or current smoker); alcohol consump-
tion (never, sometimes, or usually); history of routine programmed
exercise activity for a minimum of 20 min, 3 times a week (never,
sometimes, or usually); and age, marital status, education, and
job category. The methods for anthropometric, clinical, and bio-
chemical measurements are described below.

ANTHROPOMETRIC MEASUREMENTS

Individuals were weighed to the nearest 0.1 kg, and their height
was measured to the nearest 0.5 cm using an electronic scale
with a stadiometer while wearing no shoes and light clothing.
SAD was measured to the nearest 0.1 cm using a modified
anthropometer: the curved arm was replaced by an even arm
in order to comfortably position it under the subjects’ back in
supine position (Lafayette Instrument Company, Lafayette, IN,
USA) after normal expiration in supine position, with knees bent
on a firm examination table and without any clothes surrounding
the measurement area. Abdominal height was obtained at the
level of the iliac crest (L4-5), allowing the anthropometer arm to
touch the abdomen slightly but without compression. WC was
measured with the participant wearing only underwear and by
using a non-stretchable tape after normal expiration in a standing
position, midway between the most caudal part of the lateral cos-
tal arch and the iliac crest. Elevated WC was defined as a WC >
102 cm for men and > 88 cm for women (17). BMI was calculated
as body weight (kg)/height squared (m?), and then categorized
according to the following World Health Organization categories:
underweight (< 18.5 m/kg?, normal weight (18.5-24.9 m/kg?),
overweight (25.0-29.9 m/kg?), and obese (> 30.0 m/kg?). Proper
adjustment was made for individuals of short stature (women
< 1.50 m, men < 1.60 m): overweight, 23.0-24.9 m/kg? and
obese, > 25.0 m/kg? (18,19). Two research interns collected the
data; they were standardized and subject to periodic supervision
for verifying adherence to stipulated procedures. Every anthropo-
metric and clinical measurement was obtained in triplicates, and
the mean value was used in further analyses.

CLINICAL AND BIOCHEMICAL
MEASUREMENTS

Blood pressure was measured after a 5-min rest in a sitting

position using indirect auscultation with a calibrated sphyg-
momanometer (Tycos Classic Hand Aneroids, Welch Allyn Inc,
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Skaneateles Falls, NY, USA); systolic and diastolic blood pressures
were defined as Korotkoff phases 1 and 5, respectively. Hyper-
tension was self-reported or defined as measured systolic blood
pressure of > 140 mmHg and/or diastolic blood pressure of > 90
mmHg. Blood samples were obtained to measure fasting plasma
glucose, serum lipids (high-density lipoprotein [HDL]-cholesterol
and triglycerides), and serum insulin levels. Blood was drawn
under standardized conditions after fasting for 10-14 hours, and
samples were collected using a vacuum system (Vacutainer®, BD,
Franklin Lakes, NJ, USA). Laboratory analysis was done on the day
of sampling, except for insulin; samples were maintained at -20
°C until quantitative determination of insulin was performed using
an enzyme-linked immunosorbent assay (insulin ELISA, ALPCO
Immunoassays; Salem, NH, USA). Dysglycemia was defined as the
self-reported presence of diabetes or measured fasting plasma
glucose level > 100 mg/dL, and dyslipidemia was defined as
self-reported or measured triglyceride levels > 150 mg/dL or
HDL-cholesterol level < 40 mg/dL in men and < 50 mg/dL in
women. Insulin resistance, as per the Homeostasis Model Assess-
ment index, having a cut-off point of 2.5, was calculated with the
following formula: fasting insulinemia (UU/mL) x fasting glycemia
(mg/dL)/405 (20). The presence of metabolic syndrome was con-
firmed if > 3 of the following criteria were met: WC > 102 cm in
men and > 88 cm in women,; triglyceride level > 150 mg/dL;
HDL-cholesterol level < 40 mg/dL in men and < 50 mg/dL in
women; systolic blood pressure > 130 mmHg and/or diastolic
blood pressure > 85 mmHg or self-reported hypertension; and
fasting plasma glucose level > 100 mg/dL or self-reported dia-
betes (2). Blood samples were processed using automated clin-
ical chemistry equipment following the guidelines of the clinical
laboratory quality standards.

STATISTICAL ANALYSIS

Categorical variables were compared using the Chi-squared
test, and continuous variables were compared using Student’s
t-test. Determination of SAD threshold values was based on
sex-adjusted receiver operating characteristic (ROC) curves and
area under the curve (AUC) using hypertension, dysglycemia, dys-
lipidemia and insulin resistance as individual outcomes and meta-
bolic syndrome as a composite outcome. Rationale for choosing
these outcomes lied in their well documented association with
visceral adiposity (7,21) and also because of their importance
for preventing cardiovascular disease (22). Screening tests can
be offered at the same time (parallel testing) or sequentially (ser-
ial testing); therefore, the accuracy of WC and SAD were tested
using both approaches. Parallel testing consisted of WC and SAD
performed simultaneously and disease individuals were defined
as those who tested positive by either one test or by both tests.
Sequential testing was a two-stage screening that required a SAD
test only when the result of the WC test was positive; disease
individuals were defined as those who tested positive by both
tests (23). Serial and parallel performance characteristics were
examined using EPIDAT® (24). The effect of combining a high
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WC or high BMI with a high SAD on detection of cardio-meta-
bolic risk factors was assessed using odds ratios (OR) and 95%
confidence intervals (Cl). For this, unconditional binary logistic
regression was conducted using the anthropometric measure
as the independent variable, age and BMI as control variables,
and the cardio-metabolic risk factor as the dependent variable.
Only one anthropometric measure was entered at a time because
of the strong and significant correlation between SAD and WC (r
=0.57, p < 0.0001), SAD and BMI (r = 0.79; p < 0.0001), and
WC and BMI (r = 0.63, p < 0.0001).

RESULTS

The mean age of the subjects was 42.9 =+ 9.6 years. Of all
subjects, 60.2% were women and 63.9% were married. With
respect to the educational level, 13.1% completed middle school,
50.9% were undergraduates and 36% were graduates. According
to job category, 36.1% were professionals or managers. In terms
of associated conditions, 10% self-reported diabetes, 12.3% had
hypertension, and 9.3% had dyslipidemia. Further, 17.8% usually
consumed alcohol, 20.1% smoked tobacco, and 59% did not
exercise regularly. Fifty-eight percent of the subjects had at least
one family member with hypertension; 51.7%, with diabetes; and
24.8%, with high cholesterol level. Male and female subjects were
of similar age (42.4 +10.2 vs. 43.2 + 9.2 years, p > 0.05), and
had comparable nutritional status and prevalence of dysglycemia,
insulin resistance, dyslipidemia, and metabolic syndrome (p >
0.05). Nonetheless, the WC, SAD, and hypertension frequency
differed between men and women (p < 0.05) (Table ).

SAD THRESHOLD VALUES FOR CARDIO-
METABOLIC RISK FACTORS

In men, a SAD threshold value of 24.6 cm resulted with the
best combination of sensitivity and specificity for metabolic syn-
drome (79% and 66%, respectively) (Fig. 1A), and resulted with
acceptable combination of sensitivity and specificity for individual
outcomes (Table Il). In women, the SAD threshold value of 22.5
cm also offered the best combination of sensitivity and specificity
for metabolic syndrome (67% and 70%, respectively) (Fig. 1B),
and acceptable combination for individual outcomes (Table II).

WC SENSITIVITY AND SPECIFICITY WITH
PARALLEL AND SERIAL SAD TESTING

Sixty-five percent of the population had SAD or WC values
greater than the identified cut-off values, while 43.1% had both
values greater than the identified values. Broadly speaking, a high
WC in parallel with a high SAD improved WC sensitivity: the high-
est improvement was seen for dysglycemia in men (+10.0%); as
expected, every specificity value decreased. Importantly, serial
testing improved WC specificity (Table 1I).
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Table I. Clinical profile of men and women in the study population

F. J. Guzman de la Garza et al.

Men Women p value
Body mass index (kg/m?) 30.1£5.1 29.9+54 NS
Nutritional category:
Underweight 0.60% (n = 1/162)
Normal 14.0% (n = 15/107) 16.0% (n = 26/162) NS
Overweight 41.1% (n = 44/107) 35.2% (n = 57/162)
Obesity 44.9% (n = 48/107) 48.1% (n = 78/162)
Waist circumference (cm) 1025+11.9 935+124 0.0001
Sagittal abdominal diameter (cm) 247 x4 221 +39 0.0001
Hypertension 31.8% (n = 34/107) 19.1% (n = 31/162) 0.018
Dysglycemia 37.4% (n = 40/107) 28.4% (n = 46/162) NS
Insulin resistance 47.1% (n = 41/87) 42% (n = 47/112) NS
Dyslipidemia 63.6% (n = 68/107) 66.7% (n = 108/162) NS
Metabolic syndrome 36.4% (n = 39/107) 43.2% (n = 70/162) NS

NS: non-significant (p > 0.05).

Table Il. Waist circumference (WC) sensitivity and specificity in parallel and serial sagittal
abdominal diameter (SAD) testing for detection of cardio-metabolic risk factors

Sensitivity (specificity)

Prevalence Hypertension % | Dysglycemia % | Insulin resistance % |  Dyslipidemia %
Men

WC (> 102 cm) 50.5% (n = 54/107) 79.4 (63.0) 60.0 (55.2) 70.7 (60.9) 54.4 (56.4)

SAD (> 24.6 cm) 50.5% (n = 54/107) 73.5(60.2) 62.5 (56.7) 63.4 (63.0) 55.9 (69.0)

WC or SAD? 57.9% (n = 62/107) 82.3 (53.4) 70.0 (49.2) 73.2 (54.3) 63.2 (51.3)

WC and SAD® 43.0% (n = 46/107) 70.5 (69.9) 52.5 (62.6) 60.9 (69.5) 47.0 (64.1)
WC sensitivity improvement? +2.9 +10.0 +2.5 +8.8
WC specificity improvement® +6.8 +7.4 +8.6 +7.7

Women

WC (> 88 cm) 67.3% (n=109/162) 83.8 (36.6) 82.6 (38.7) 78.7 (38.5) 74.1 (46.3)

SAD (> 22.5 cm) 45.7% (n = 74/162) 64.5 (58.7) 63.0 (61.2) 61.7 (61.5) 53.7 (70.4)

WG or SAD? 69.8% (n = 113/162) 87.0 (34.3) 84.8 (36.2) 78.7 (36.9) 75.9 (42.6)

WC and SAD® 43.2% (n = 70/162) 61.3(61.0) 60.9 (63.7) 61.7 (63.0) 51.9 (74.0)
WC sensitivity improvement? + 3.2 + 2.2 0.0 +1.8
WC specificity improvement® +24.4 + 25 +24.5 +27.7

Parallel testing: A result is considered as positive if the person tests positive to either WC or SAD. *Serial testing: A result is considered as positive if the person tests

positive to both WC and SAD.

SAD ALONG WITH WC OR BMI FOR

DETECTION OF CARDIO-METABOLIC RISK

FACTORS

Individuals with SAD values greater than the cut-off value
were older than those with SAD values within the cut-off value

(44.6 £ 8.9 vs. 41.4 = 9.9 years, p < 0.0001). They were also
more likely to have lower education levels (18.3% vs. 8.6%, p =
0.03) and not exercise regularly (48.6% vs. 32.8%, p < 0.01).
SAD alone increased the probability of detecting any cardio-meta-
bolic risk factor. The co-occurrence of high WC and high SAD
slightly increased the risk for detecting cardio-metabolic risk fac-
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tors, while the combination of high BMI and high SAD increased
the risk for hypertension by 4.0-fold (95% CI: 1.3, 12.3) and that
for insulin resistance by 4.3-fold (95% CI 1.7, 11.9) (Table Ill).

DISCUSSION

To our knowledge, this is the first report on SAD threshold val-
ues for detection of cardio-metabolic risk factors in the Mexican

population in northeast urban Mexico. We found that 24.6 cm
for men and 22.5 cm for women were suitable threshold val-
ues for detecting hypertension, dysglycemia, dyslipidemia, insulin
resistance, or metabolic syndrome, with acceptable combination
of sensitivity and specificity. The issue of maintaining the same
cut-off for all endpoints without giving up validity was a matter of
great concern because of its practicability and potential extended
benefits. While the main reason for analyzing detection of separate
components of the metabolic syndrome was the opportunity of

Table Ill. Sagittal abdominal diameter (SAD), waist circumference (WC), and body mass
index (BMI) in detection of cardio-metabolic risk factors

Cardio-metabolic risk factor
Measure Prevalence Hypertension | Dysglycemia | Insulin resistance | Dyslipidemia | Metabolic syndrome ¢
Age-adjusted odds ratios (95% confidence interval)
47.6%
SAD= . 2.6 (1.4-5.1) 1.9 (1.1-3.4) 2.2 (1.2-4.2) 1.7 (1.0-3.1)f 3.8 (2.2-6.8)
(n =128/269)
60.6%
WCb . 3.3(1.5-7.1) 1.6 (0.8-3.0) 2.1 (1.03-4.4) 1.4 (0.80-2.6)
(n =163/269)
84.4%
BMI¢ ° 2.9 (1.0-8.5) 2.6 (1.03-6.7) 3.3(1.3-8.1) 2.8(1.4-5.5) 10.0 (3.0-33.7)
(n = 227/269)
65.1%
WC or SAD?* . 3.4 (1.5-7.9) 2.0 (1.01-3.9y 1.9 (0.9-3.9) 1.5(0.8-2.8)
(n =175/269)
43.1%
WC and SAD#* ° 3.4 (1.5-8.0) 2.1(1.01-4.4) 2.4 (1.1-5.3) 1.9 (1.0-3.8)
(n =116/269)
47.2%
BMI and SAD! . 4.0 (1.3-12.3) 3.3(1.3-8.8) 43 (1.7-11.97 3.4 (1.6-7.4) 17.2 (5.0-59.2)
(n=127/269)

aCut-off value > 24.6 cm in men and > 22.5 cm in women; reference group SAD is within limits; *Cut-off value > 102 cm in men and > 88cm in women; reference
group WC is within limits; Cut-off value > 25 kg/m? (= 23 kg/n¥ in short-stature individuals); reference group BMI is within limits; ‘Reference group WC and SAD are
within limits, °Reference group WC and SAD are within limits; individuals with the combination SAD+ WC- or SAD- WC+ were excluded from this estimation (21.9%);
'Reference group BMI and SAD are within limits; individuals with the combination SAD+ BMI- or SAD+ BMI+ were excluded from this estimation (37.5%); 9Because
WC is a criterion for metabolic syndrome, odd ratios were not computed for WC and combination of WC and/or SAD. "p < 0.05; 'p = 0.06; *adjusted by BMI.
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early stage treatment before installation of the complete syndrome
(22,25).

SAD cut-off values differ among countries. In Brasil, Vasques
et al. (14) found that 21.0 cm was the optimal cut-off for screen-
ing insulin resistance in women, with 70% sensitivity and 70.4%
specificity. In Sweden, Riserus et al. (13) found that 22.2 cm
in men and 20.1 cm in women were ideal threshold values for
cardio-metabolic risk (no data on sensitivity and specificity are
available). In Finland, Pajunen et al. (11) identified 23.5 cm in
men and women as the upper quartile limit for predicting diabetes.
In the USA, Kahn et al. (12) showed that 25.3 cm in men and
24.4 cm in women were the upper quartile limits for detecting
dysglycemia, whereas Iribarren et al. (15) showed that 26.9 cm
in men and 25.7 cm in women predicted coronary heart disease,
even though they measured SAD in a standing position. The cut-
off values clearly differ across studies, highlighting the importance
of validating best possible thresholds values before generalizing
their utilization. For example, if we applied the American 26.9 cm
cut-off value for dysglycemia, the sensitivity would decrease from
62.5% to 42.5% in men, and if we applied the Swedish 22.2 cm
cut-off value for dysglycemia again, the sensitivity would increase
t0 82.5%. These variations can be explained by the method used
to calculate the cut-off values, i.e., ROC curves or upper quartiles,
as well as the age of population. Thus, it is important to conduct
multi-centric studies to determine a useful universal threshold
value or apply appropriate correction before using SAD measure-
ments for specific populations, as is done for WC (26).

WC and BMI are very practical and widely used measurements.
Thus, we determined the effect of considering SAD along with
WC or BMI for the detection of cardio-metabolic risk factors. We
found that a high SAD alone increased the risk of hypertension,
dysglycemia, and insulin resistance by more that 2-fold and the
risk of metabolic syndrome by almost 4-fold. The co-occurrence
of high SAD and high BMI increased the risk of dysglycemia by
3-fold. This finding is in line with a study in Finland, which showed
that SAD was associated with diabetes after a mean follow-up
of 8.1 years. Comparisons between the highest and the lowest
quartiles yielded a relative risk of 14.7 for SAD alone (95% Cl: 6.9-
31.2) and the co-occurrence of high SAD and high BMI yielded a
relative risk of 37.0 (95% CI: 11.2-122) (11). Another longitudinal
study with a median follow-up period of 12 years showed that a
high SAD together with a high BMI indicated the risk of coronary
heart disease better than that with the use of high BMI alone
(15). In addition, several studies have assessed whether SAD
adds value to WC. Mukuddem-Petersen et al. (27) reported that
SAD had no advantages over WC in detecting components of the
metabolic syndrome, while Pajunen et al. (11) showed that for
predicting diabetes incidence, a high SAD and high WC together
yielded a relative risk of 18.9 (95% Cl: 7.2-49.2) as compared to
low SAD and normal WC alone. We found the co-occurrence of
high SAD and high WC increased the risk of dysglycemia by 2-fold.
Finally, we determined to what extent a given WC sensitivity could
be improved if SAD is applied in parallel, and we found a slight
further improvement in this effect. Conversely, WC showed large
improvements in specificity with SAD serial testing. Arguments
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in favor of selecting a high sensitivity test are that it can detect
a lethal and treatable disease or a disease that spreads easily;
arguments in favor of a high specificity test are its low cost or
invasiveness. Considering these issues, we believe that SAD is
useful for detecting cardio-metabolic risk factors in parallel with
WC in a clinical setting. However, a high specificity test for popu-
lation screening is necessary, for which we recommend serial
testing instead of parallel testing.

Despite our important findings, our study has a few limita-
tions that need to be considered. First, our study population was
predominantly middle aged. Thus, the standard anthropometric
data did not accurately account for changes in body compos-
ition and fat distribution in the elderly, as aging is associated
with an increase in fat mass and decrease in height, lean tissue,
and muscle mass (28,29). As such, Kahn et al. (30) reported
a tendency to larger SAD with increasing age. Therefore, this
should be considered when generalizing threshold values and
cardio-metabolic increased risk from young to older adults. We
recognize a population-based study would have been the ideal
study design but this was not feasible. Nevertheless, we believe
our study population typifies the Mexican population in terms of
self-reported co-morbidity. The 2012 National Survey (31) showed
16.6% prevalence of self-reported hypertension (in our study it
was 12.3%), 9.2% prevalence of self-reported diabetes (in our
study, 10%); and 13.0% prevalence of self-reported abnormal
cholesterol (in our study, 9.3%). However, results for SAD thresh-
old values should be cautiously interpreted because of the high
prevalence of overweight and obesity. The National survey already
mentioned revealed 73% of Mexican adult men and 69% of Mex-
ican adult women were overweight or obese (in our study they
were 86% and 83.3%, respectively). USA has a similar situation:
the National Health and Nutrition Examination Survey 2011-2012
showed that the prevalence of overweight and obesity was 71.3%
in North American adult men, 65.8% in North American adult
women, 78.6% in Hispanic adult men, and 77.2% in Hispanic
adult women (32). Therefore, future studies should address the
validity of the identified cut-off values in populations with a lower
occurrence of obesity. For the time being, we consider identified
cut-off values are useful for selective screening of overweight
and obese populations. Apart from the limitations, our study also
had several strengths: the anthropometric measurements were
performed by trained personnel who used a systematic protocol,
and outcome definitions did not rely on only self-report but also on
laboratory tests, which were performed when the subjects agreed
to participate in the study.

CONCLUSIONS

In summary, we identified SAD threshold values with accept-
able sensitivity and specificity for detection of cardio-metabolic
risk factors in Mexican adults in northeast urban Mexico. SAD
was strongly associated with cardio-metabolic risk factors. We
found that using SAD together with traditional obesity indices
such as WC and BMI has advantages over using these indices
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alone. Future longitudinal studies should be conducted to confirm
our findings. Thus, SAD may be used as a potential indicator for
cardiovascular disease and could be a powerful screening tool in
interventions for high-risk individuals at individual and population
levels.
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