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Abstract: Metabolic syndrome (MS) directly increases the risk of cardiovascular diseases. Childhood
and adulthood have been the most studied in MS, leaving aside the young adult population. This
study aimed to compare the epidemiological probabilities between MS and different anthropometric
parameters of body composition. Using a cross-sectional study with the sample of 1351 young adults,
different body composition parameters were obtained such as Waist Circumference (WC), Body Mass
Index (BMI), Body Fat% (BF%), Waist-to-Height Ratio (WHtR), and Waist-Hip Ratio. The Bayes
Theorem was applied to estimate the conditional probability that any subject developed MS with an
altered anthropometric parameter of body composition. Areas under receiver operating characteristic
curves (AUCs) and adjusted odds ratios of the five parameters were analyzed in their optimal cutoffs.
The conditional probability of developing MS with an altered anthropometric parameter was 17% in
WHtR, WC, and Waist-hip R. Furthermore, body composition parameters were adjusted by age, BMI,
and gender. Only WHtR (OR = 9.43, CI = 3.4–26.13, p < 0.0001), and BF% (OR = 3.18, CI = 1.42–7.13,
p = 0.005) were significant, and the sensitivity (84%) and the AUCs (86%) was higher in WHtR than
other parameters. In young adults, the WHtR was the best predictor of metabolic syndrome.
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1. Introduction

Metabolic syndrome (MS) is a clinical condition that includes multiple cardiovascular disease
risk factors, like obesity, high blood pressure or hypertension, dyslipidemia, and abnormal glucose
metabolism, which directly increase the risk of coronary heart disease, atherosclerotic cardiovascular
disease, and type 2 diabetes mellitus (DM2) [1,2]. The panel criteria III (ATP III) [3] is the most accepted
criteria in the whole world for MS. People with abdominal obesity may be more prone to develop
cardiometabolic alterations compared to those who present peripheral obesity [4]. The most studied
populations are children (aged 6–12 years) and adults (aged > 25 years), but young adults (18–25 years)
have been omitted since they may be studied in the future. It is believed that the prevalence of MS in
young adults has increased, but there is no reliable data [5], and consequently, predictors have been
sought that are associated in a simple way with the detection of some metabolic disorder [6].

There are several anthropometric parameters of diagnosis for MS. Among the most used is
body mass index (BMI) [7], which is not considered a valid criterion because it does not reflect the
distribution of body fat, although there are prediction formulas for total body fat [8]. The waist
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circumference (WC) is a non-invasive and straightforward measurement that has been shown to be a
useful parameter to evaluate the distribution of body fat and cardiovascular risk as well as mortality
from these events [9,10].

A characteristic of MS is high WC, and different medical associations consider WC as a useful
tool for the early detection of MS [11]. However, recent research has doubted the usefulness of WC
because it does not consider the size of the body, and that its effectiveness decreases in tall or short
individuals [12,13]. Moreover, it has been shown that tests for adiposity, such as the percentage of
body fat (BF%) or the body fat index (FMI), are quite sensitive to the diagnosis of MS [14].

The Waist-to-Height ratio (WHtR) is an indicator of central obesity, and evidence for it as a
reasonable predictor for cardiovascular risk has been shown, considering the cut-off at 0.5 [15–18].
Most of the studies have been carried out in adults or children [19] but not in young adults.

As mentioned above, this study aimed to compare the epidemiological probabilities between MS
and the different anthropometric parameters of body composition, such as WC, BMI, %BF, WHtR, and
Waist–Hip Ratio. The Bayes Theorem was applied to estimate the conditional probability that a subject
develops MS with an altered anthropometric parameter of body composition.

2. Methods

2.1. Study Design and Participants

This study was approved by the Ethics and Research Committee from the School of Medicine
from the Benemérita Universidad Autónoma de Puebla, with the number 279. A cross-sectional study
was conducted with a sample of 1351 young adults (18–22 years), from August 2015 to June 2016,
from a universe of 6000 newly enrolled students from a high education institution (HEI) in the city of
Puebla, Mexico. The inclusion criteria were fast of 12–14 h and ages from 18–22 years with informed
consent. The excluded participants were the ones who did not meet the inclusion criteria or who had
hemolyzed or lipemic samples of serum. The individuals presented themselves within the facilities
of Biochemistry Department from School of Medicine from Benemérita Universidad Autónoma de
Puebla for measurement of anthropometric variables (weight, size, waist and hip circumference), blood
sampling, and preparation of their medical history.

2.2. Variables

2.2.1. Anthropometrical and Clinical Analysis

Anthropometry was measured by certified clinicians (ISAK 1) with standardized instruments.
The participants wore light clothing. Weight measurement had an accuracy of 100 g, and height had
an accuracy of 0.1 cm. WC was measured at the midpoint between the lower edge of the rib cage
and the iliac crest, whereas Hip Circumference (HC) was measured in the most prominent part of the
hip. BMI was calculated as weight (kg) divided by height squared (m2). WHtR was calculated as WC
between height.

A standardized clinician measured the blood pressure thrice with the participant seated at
five-minute intervals at the right arm using a standard mercury sphygmomanometer. The average of
the last two measurements was adopted.

2.2.2. Biochemical Analysis

For the biochemical analysis, a VITROS DT60 II analyzer determined glucose, triglycerides, total
cholesterol, and high-density lipoprotein cholesterol (HDL-C). The biochemical parameters were
categorized according to ATP III [11], BMI, and waist–hip ratio according to WHO for adults [20] and
WHtR according to Maffeis et al. 2008 [21]. The calculation of BF% was made from Deuremberg’s
formula: [body fat percentage: (1.2 × BMI) + (0.23 × age in years) − (10.8 × gender) − 5.4, where
gender = 0 for women and 1 for men] [8].
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2.3. Metabolic Syndrome

MS was defined in accordance by ATP III [11], which requires ≥3 risk factors from the following
five components: WC≥ 80 cm in women or≥90 cm in men; hypertension, considered as systolic blood
pressure ≥ 130 mmHg or diastolic blood pressure ≥ 85 mmHg, or a prior diagnosis of hypertension
with specific medication; hyperglycemia, defined as FPG ≥ 100 mg/dL (5.6 mmol/L) or a history
of diabetes or anti-diabetic medication; TG ≥ 150 mg/dL (1.7 mmol/L) or relevant medication;
and HDL-C < 40 mg/dL (1.0 mmol/L) in men or <50 mg/dL (1.3 mmol/L) in women or taking
relevant medication.

2.4. Statistical Methods

The statistical package SPSS v.21 and GraphPad Prism v.6 (both for Windows) processed analyzes
and figures. The continuous variables were shown as the mean ± standard deviation (SD), while
the categorical variables as the number of cases and percentage. The normality of the variables was
analyzed by Kolmogorov-Smirnov statistic and by the expected values in Q-Q graphs. To compare all
quantitative variables, the parametric Student’s t-test was applied. Fisher’s exact test on contingency
tables was used to compare the nonparametric results in independent categorical variables by
Chi-square. The MS risk was calculated from each parameter of body composition and adjusted
OR at 95% confidence intervals by logistic regression analysis; age, sex, and BMI were used as
confounders for multivariate analysis.

Sensitivity and specificity of each variable of body composition for diagnosis of metabolic
syndrome, as well as positive and negative predictive values and likelihood ratios, were calculated.
ROC curves were plotted, and AUCs were compared to evaluate the efficacy of any anthropometric
parameters to discriminate subjects with and without MS. A two-sided level of significance of 0.05 was
used to reject the null hypothesis.

To estimate the conditional probability of MS in any altered anthropometric parameters of
body composition, given the pretest probability, we used the Bayes’ theorem [22] according to the
following formula:

P(A | B) =
P(B | A)P(A)

P(B)

Substituting

P(A1 | B) =
P(B | A1)× P(A1)

P(B | A1)× P(A1) + P(B | A2)× P(A2)

where P(A1|B) = Conditional probability of a subject with a modified anthropometric parameter of
body composition developing MS. P(B|A1) = Conditional probability of an altered anthropometric
parameter given the presence of MS. P(A1) = A priori probability, the probability of MS in the study
population. P(B|A2) = Conditional probability of an altered anthropometric parameter given the
absence of MS, and Pr(A2) = 1 − Pr(A1), probability of lack of MS in the study population.

B represents the subjects with an altered anthropometric parameter of body composition
(High WC, overweight or obesity, high BF%, high WHtR or high Waist-Hip R). A1 represents the
subjects with MS, and A2 represents the subjects without MS.

Conditional probability was defined as a probability of an event given that (by assumption,
presumption, assertion, or evidence) another event had occurred. This fact is similar to the intersection
of the probabilities of A and B (A ∩ B), between the probabilities of B, provided that the probability of
B is different from zero [22].
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3. Results

3.1. Participants

Of 1351, the average age ranged between 18 and 19 years for women and men, respectively
(Table 1). Weight, height, WC, BMI, BF%, and Waist–Hip R were statistically different in men and
women (All p < 0.0001). WHtR was identical in both genders. Regarding the prevalence of metabolic
syndrome, there were no significant differences in any of the sexes.

The mean age of the subjects who presented MS was 18 years, which was not statistically different
from the average of those who did not show it, the weight was different (p < 0.0001) and had a
significant difference, being higher in the subjects with MS. The presence of altered anthropometric
parameters (WC, BMI, BF%, WHtR, and Waist–Hip R) were statistically different (Table 2) between
individuals with MS and without MS. In MS (All p < 0.0001), the means of each parameter were found
above the cut-off point in each one.

Table 1. Essential characteristics of the study sample by gender.

Women Men p

N 824 527

Age, years 18.87 ± 2.33 19.6 ± 1.7 0.26
Weight, kg 59.8 ± 11.53 71.25 ± 13.7 <0.0001
Height, cm 160 ± 0.05 172.05 ± 0.06 <0.0001
WC, cm 78.1 ± 10.02 84.8 ± 11.4 <0.0001
HC, cm 95.59 ± 9.18 97.15 ± 9.6 0.43
BMI, kg/m2 23.32 ± 4.08 24.04 ± 4.06 0.002
BF% 26.94 ± 5.55 17.03 ± 4.96 <0.0001
WHtR 0.49 ± 0.06 0.49 ± 0.07 0.79
Waist-Hip R 0.81 ± 0.06 0.87 ± 0.06 <0.0001
MS, n (%) 34 (4.1) 16 (3) 0.37

p values were calculated by either t-test for continuous variables or Chi-square Fisher exact test for categorical
variables. WC = waist circumference, HC = hip circumference, BMI = body mass index, BF% = body fat percentage,
WHtR = waist-height ratio, Waist-Hip R = waist-hip ratio, MS = metabolic syndrome.

Table 2. Characteristics of patient with altered anthropometric parameters according to Metabolic
Syndrome (MS).

Without MS MS p

N 1301 50

Age, years 18.95 ± 2.55 18.84 ± 1.20 0.71
Weight, kg 63.83 ± 13.24 77.28 ± 16.49 <0.0001
Height, cm 165 ± 0.43 164.3 ± 0.09 0.79

High WC
Number of patients 169 (13%) 33 (66%) <0.0001
Mean of WC 79.95 ± 10.79 92.71 ± 11.29 <0.0001

BMI
Number of patients 376 (28.9%) 37 (74%) <0.0001
Mean of BMI 23.42 ± 3.94 28.45 ± 4.75 <0.0001

Hight BF%
Number of patients 115 (8.8%) 23 (46%) <0.0001
Mean of BF% 22.82 ± 7.11 29.62 ± 6.08 <0.0001

High WHtR
Number of patients 206 (15.8%) 39 (78%) <0.0001
Mean of WHtR 0.48 ± 0.06 0.57 ± 0.06 <0.0001

High Waist-Hip R
Number of patients 97 (7.5%) 17 (34%) <0.0001
Mean of Waist-hip Ratio 0.83 ± 0.06 0.87 ± 0.05 <0.0001

p values were calculated by either t-test for continuous variables or Chi-square Fisher exact test for categorical
variables. WC = waist circumference, BMI = body mass index, BF% = body fat percentage, WHtR = waist-height
ratio, Waist-Hip R = waist-hip ratio, MS = metabolic syndrome.
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3.2. Body Composition Indexes and Metabolic Syndrome

We associated each of the body composition parameters (above the cut-off points: WC ≥ 80 cm
in women or ≥ 90 cm in men, BMI ≥ 25, BF% ≥ 25 in men ≥29 in women, WHtR ≥ 0.5 in both, and
Waist-hip R ≥ 0.85 in women or 1.00 in men) with the risk of MS; The WC increases 13 times the risk
of MS (OR = 13.09, CI = 7.08–23.85, p < 0.0001), BMI increases 6.9 times the risk of MS (OR = 6.99,
CI = 3.67–13.30, p < 0.0001), BF% increases 8.78 times the risk of MS (OR = 8.78, CI = 4.87–15.81,
p < 0.0001), WHtR increases the risk of MS by 18.8 times (OR = 18.84, CI = 9.49–37.40, p < 0.0001),
finally, the increase in MS risk by the Waist-Hip R is 6.39 times (OR = 6.39, CI = 3.43–11.89, p < 0.0001)
(Figure 1). When all body composition parameters were adjusted for age, BMI and gender (Table 3),
only WHtR (OR = 9.43, CI = 3.4–26.13, p < 0.0001), and BF% (OR = 3.18, CI = 1.42–7.13, p = 0.005),
were significant.

Figure 1. Risk of metabolic syndrome from each anthropometric parameter of body composition.

Table 3. Adjusted ORs (95% CI) for Metabolic Syndrome.

b Coefficient Standard Error OR (95% CI) p

WC, cm 0.095 0.51 1.09 (0.4–2.98) 0.85
BMI, kg/m2 0.76 0.43 2.15 (0.92–5.06) 0.07
BF% 1.15 0.41 3.18 (1.42–7.13) 0.005
WHtR 2.24 0.52 9.43 (3.4–26.13) <0.000
Waist-Hip R 0.482 0.42 1.61 (0.7–3.71) 0.25

WC = waist circumference, BMI = body mass index, BF% = body fat percentage, WHtR = waist-height ratio,
Waist-Hip R = waist-hip ratio. Multivariable logistic regression analyses were adjusted for Age, BMI, and Sex.

3.3. Efficacy of WHtR in the Prediction of Metabolic Syndrome

The discriminative and diagnostic efficacy of body composition parameters were determined
using ROC curves (Figure 2, Tables 4 and 5). The AUC of WHtR was superior to all other parameters
(WC, BMI, BF%, Waist–Hip R) in the diagnosis of MS. The WHtR proves to be the most sensitive
test, for diagnosis. But it was found that WC, BF%, and Waist–Hip R, were more specific, than the
other parameters.
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Figure 2. Receiver operating characteristic (ROC) curve for predicting metabolic syndrome.

Table 4. Receiver operating characteristic (ROC) curve analysis for predicting MS.

AUC SE p
Confidence Interval at 95%

Lower Limit Upper Limit

WC 0.810 0.030 <0.000 0.751 0.868
BMI 0.813 0.034 <0.000 0.748 0.879
%BF 0.811 0.034 <0.000 0.744 0.878
WHtR 0.855 0.026 <0.000 0.804 0.905
Waist-Hip R 0.695 0.045 <0.000 0.608 0.782

WC = waist circumference, BMI = body mass index, BF% = body fat percentage, WHtR = waist-height ratio,
Waist-Hip R = waist-hip ratio, MS = metabolic syndrome.

Table 5. Sensitivity, specificity, and predictive values of different anthropometric parameters for the
diagnosis of MS.

Sensitivity Specificity PPV NPV LR+ LR−

WC 66 87 16.3 98.5 5 0.39
BMI 74 71.1 9 98.6 2.5 0.36
%BF 46 91 16.7 97.8 5.1 0.59
WHtR 78 84 15.9 99 4.8 0.26
Waist-Hip R 34 92.5 14.9 97.3 4.5 0.7

PPV = Positive predictive value, NPV = Negative predictive value, LR = Likelihood ratio.

All categories were defined as mutually exclusive events to perform probable calculations. The
probability to present metabolic syndrome in the study population was 4%, and the chance not show it
was 96%. The likelihood of high WC was 15%, of BMI > 25 was 31%, of high BF% was 10%, of high
WHtR was 18%, and high Waist–Hip R was 8%.

The conditional probability of high WC given the presence of MS was 66%, and the conditional
probability of high WC given the absence of MS was 13%. Applying the Bayes’ Theorem, the conditional
probability of developing MS increases from 4–17% when high WC occurs. The probabilistic notation
was the following:

P(A1B) =
(0.66)(0.04)

(0.66)(0.04) + (0.13)(1 − 0.04)
= 0.17
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Regarding BMI, the conditional probability of BMI ≥ 25 given the presence of MS was 74%,
and the conditional probability of high BMI ≥ 25 given the absence of MS was 29%. Applying the
Bayes theorem, the conditional probability of developing MS increases only 6%, from 4–10%. The
probabilistic notation was the following:

P(A1B) =
(0.74)(0.04)

(0.74)(0.04) + (0.29)(1 − 0.04)
= 0.1

For BF%, the conditional probabilities were the following: 46% of high BF% given the presence of
MS, 10% of high BF% given the absence of MS, and 16% of developing MS. The probabilistic notation
was the following:

P(A1B) =
(0.46)(0.04)

(0.46)(0.04) + (0.1)(1 − 0.04)
= 0.16

The conditional probability of high WHtR given the presence of MS was 78%, and the conditional
probability of high WHtR given the absence of MS was 16%. Applying the Bayes theorem, the
conditional probability of developing MS was the same as WC, which increases from 4–17% when
high WHtR occurs. The probabilistic notation was the following:

P(A1B) =
(0.78)(0.04)

(0.78)(0.04) + (0.16)(1 − 0.04)
= 0.17

Finally, the probabilities of Waist-Hip R were: 34% of conditional probability of high Waist–Hip
R given the presence of MS, 7% of conditional probability of high WC given the absence of MS and
17% of conditional probability of developing MS when high Waist-Hip R occurs, the same as WC and
WHtR. The probabilistic notation was the following:

P(A1B) =
(0.34)(0.04)

(0.34)(0.04) + (0.07)(1 − 0.04)
= 0.17

4. Discussion

The age between 18 and 19 years allows us to show that the population studied was young adults.
Likewise, it is necessary to point out that when the anthropometric parameters were analyzed, it was
shown that all were below the cut-off points, making it appear that the population did not have any
alteration in their body composition.

The findings of this study indicate that, in a population of young adults, WHtR is the most useful
anthropometric parameter of body composition to diagnose and detect the presence of MS.

In the Mexican population, different parameters of body composition such as BMI, height-adjusted
weight, waist circumference, hip circumference, waist–hip ratio, and waist-to-height ratio have been
associated with some components of MS [23]. This association was found in an adult population, which
had an age range of 35–89 years. The studies carried out on the risk of MS or its associations with these
markers were mainly in the adult population or child population [21,24–29]. Research on young adult
populations has been left mostly out of the question. Research in this group is of great importance
since some studies have suggested that controlling some risk factors such as anthropometry could
reduce the incidence of MS in similar populations by up to 93% [30]. As a result, it is necessary to find
other MS biomarkers that can be used as routine diagnostic tests by clinicians.

The findings on the prediction of the MS were similar to those found by Rodea-Montero [31] that
show that WHtR is a better anthropometric parameter in than BMI and WC. Also, their AUC was very
similar to ours (0.737), but the sample they evaluated was small (n = 110), and although adolescents
were assessed, the age range is completely different.

Two studies were conducted in young adults in the Mexican population. The study by
Ramos-Jiménez A. et al. [32] performed in young adults with intellectual disabilities (aged
13–30 years) found that WC adjusted to height correlated with MS. In the research developed by
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Ferreira-Hermosillo A. et al. [33] in relatively young adult patients (aged 26–42 years) found evidence
on the prediction of MS from the WHtR (AUC 0.71). The results were similar to ours, but the study was
performed in patients with type 1 DM, and the individuals of this research, whether with or without
MS, did not present a history of cardiometabolic alterations during the collection of the clinical history,
assuming that they were apparently healthy.

The superiority of the WHtR in the predictions of the metabolic syndrome had been demonstrated
by Asian authors [12,13]. They consider that their populations are smaller than the Caucasian ones.
Thus, WHtR achieves an improved representation of the central adiposity than other anthropometric
parameters; we believe this hypothesis since the Mexican population does not differ from the
anthropometric characteristics (height and weight) of the Asian population.

Evidence of anthropometric parameters has been sought as predictors of MS has been sought
in heterogeneous populations. It is controversial but is not far from reality, since MS is a public
health problem on a global scale. Studies in North American populations [34] found that WC and
BMI were equally functional parameters in the Mexican-American people for detection of MS. Other
studies [35,36] have shown that WC is the best predictor. Ashweel, in a review of 21 studies [15],
explained the superiority of WHtR as the best predictor for adverse events in different populations
mainly those with already previous metabolic alterations and none of the healthy young adults. On the
other hand, the same author, in a recently published study [37], showed the superiority of WHtR in the
detection of metabolic alterations. Like her, we perform a regression to examine the different levels of
risk adjusted by age, sex, and BMI, but we do it to detect the risk of MS and not metabolic alterations.

All the above suggests that, for such a heterogeneous sample of ethnic groups, different cutoff
values would be required for each of the ratios. Regarding WHtR, the amount most used in research,
whether in adults or children, was 0.5, which was estimated to have a specificity of 100% [15–18,37] and
which was used in this study. Concerning the Mexican population, Elizondo-Montemayor et al. [38],
in a study in children diagnosed with overweight or obesity, showed that the cutoff of 0.59 would have
a sensitivity of 81.8% and specificity of 78.5%. In the present study, focused on young adults, we found
that the cutoff point at 0.45 would have a sensitivity of 97.1% and a specificity of 67.1%, but we did not
emphasize that value since this was not the purpose of this research.

This study was the first in which the predictive capacities of different anthropometric parameters
of body composition were evaluated. No study had used the Bayes’ Theorem to obtain the conditional
probabilities of developing MS given that there was some alteration of some parameter of body
composition. This study is a pioneer in applying Bayesian statistics to obtain the conditional
probabilities post-test.

WC, WHtR, and Waist–Hip Ratio showed that an alteration of these anthropometric parameters
increases more than four times the probability of having MS, since the inherent probability of the
population was 4%, and in those individuals who present an alteration in these anthropometric
parameters, its probability was 17%.

Although the results obtained during the application of Bayesian statistics suggested that the WC,
WHtR, and Waist–Hip Ratio probabilities are similar, we must analyze each element of the theorem,
that is, each conditional probability. The conditional probability of having a high WHtR given that
MS was higher than any other anthropometric parameters, this being the ability to detect patients
who have MS. The similarity of the results was caused by the conditional probability of having an
altered anthropometric parameter given that MS was not present, there. The Waist-Hip Ratio was the
highest since only a conditional probability of 7% was presented, less than a half than in the other tests,
the above suggests that the best way to detect MS is through WHtR, and the best way to identify an
individual without MS is when the Waist–Hip Ratio is not altered.

With the analysis of all the epidemiological tests performed (risk analysis, prediction analysis,
and probability analysis), we found a superior utility of WHtR in the diagnosis of MS.

In the present study, we found the association between the different anthropometric parameters
of body composition and MS. Risk analyses adjusted for age, sex, and BMI showed that WHtR had an
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excellent prediction of MS risk. It is necessary to evaluate the association along with other types of
confounding factors such as smoking, dietary intake, or family inheritance background that allow for
affirming this risk. Another inherent limitation of our study is its design: being a cross-sectional study,
there is a limitation in the interpretation of cause-and-effect temporality. Similarly, our population
was from a single state in central Mexico, suggesting that it would not be representative for other
communities, so it is necessary to perform multicenter longitudinal observational studies in which the
usefulness of WHtR for diagnosis of MS can be confirmed

5. Conclusions

The findings in this study indicate that, in a population of young adults, WHtR was the best
predictor of metabolic syndrome, superior to WC, BMI, BF%, or Waist–Hip Ratio. The use of
the Bayes Theorem shows that WHtR, at the cut-off value of 0.5, increases up to four times the
conditional probability of presenting MS in populations of Mexican young adults. Studies in different
populations with larger samples can validate the utility as well as the limitations of WHtR as a marker
of Metabolic Syndrome.
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