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Background: Metabolic syndrome (MetS) is a cluster of conditions that increases the risk of
cardiovascular disease (CVD) and is related to genetic background, dietary habits, and
lifestyle. Anthropometric indices and lipid parameters have been shown to be simple and
useful tools in clinical practice for predicting MetS. The aim of the present study was to
evaluate the differential magnitudes of anthropometric characteristics (waist circumference
and body mass index [BMI]) and lipid parameters, namely, lipid accumulation product
(LAP), cardiometabolic index (CMI), and Castelli Risk Index (CRI-I), to estimate MetS,
usingappropriate cut-off values, among adults from a public hospital in Yucatan, Mexico.
Methods: A cross-sectional study among 250 adults (77 men, 173 women) was carried out
in the Regional High Speciality Hospital of the Yucatan Peninsula (HRAEPY) in Merida,
Yucatan. MetS was diagnosed using standard criteria (central obesity, arterial hypertension,
hyperglycemia, and dyslipidemia), and derived parameters (LAP, CMI, and CRI-I) were
calculated. Binary logistic regression analysis-based receiver operating characteristics (ROC)
curves were used to predict MetS.

Results: Of the 250 participants, 48% had MetS. High prevalences of overweight (35.2%) and
obesity (48.8%) were found in the sample. The CMI and LAP were found to be the best
parameters in the prediction of MetS in men and women. The optimal cut-off values of the
parameters were higher in men and decreased with advancing age.

Conclusion: The CMI and LAP were shown to be the most effective indicators to diagnose
MetS among adults from Yucatan, Mexico.

Keywords: BMI, waist circumference, blood pressure, lipid profile, lipid accumulation

product, cardiometabolic index, Castelli Risk Index, cut-off values

Background

Non-communicable diseases (NCDs) are the major cause of death worldwide.! A
similar situation is observed in Mexico, where cardiovascular diseases (CVDs) and
type 2 diabetes mellitus (T2DM) are the leading causes of mortality, according to
the Ministry of Health of the Federal Government of Mexico.” Metabolic syndrome
(MetS) is characterized by the presence of risk factors, namely, central obesity,
hypertension, elevated levels of fasting plasma glucose (FPG) and triglycerides
(TG), and reduced levels of high-density lipoprotein cholesterol (HDL-C).?
Scientific evidence has linked MetS to the risk of developing CVDs and T2DM.*
MetS represents one of the major public health challenges for the Mexican health-
care system. In Mexico, government reports have revealed high rates of obesity and
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T2DM among adults and children.* Therefore, the adop-
tion of preventive measures and the early diagnosis of
MetS are important in Mexico.

Anthropometric indices and lipid parameters have been
shown to be simple and useful tools in the clinical setting for
predicting CVDs, diabetes, and MetS.”® However, studies
from different countries and ethnic groups have reported
different results regarding the differential advantages of the
predictors. Differences have been found in the selection of
cut-off values of the parameters used to diagnose MetS. It is
recommended that the appropriate cut-off points to identify
the best predictors of MetS should be estimated for separate
populations.®™®

Most of the literature representing the Mexican popu-
lation has addressed the utility of some predictors, namely,
body mass index (BMI), waist circumference (WC), and
waist-to-height ratio (WHtR), in identifying cardiometa-
bolic risk.”'® A prospective study reported WC as a better
predictor for T2DM, compared to BMI and WHItR, in
Mexican Americans.'' Another study demonstrated that
WHItR, with a cut-off value >0.6, was a better predictor
for MetS than WC and BMI in obese adolescents in
Mexico.'? However, there is no agreement on the selection
of the best predictor. In the past decade, new anthropo-
metric indices and lipid parameters have been developed
to evaluate MetS in different populations across the world
to overcome some limitations of BMI, WC, and WHtR.
The lipid accumulation product (LAP)," cardiometabolic
index (CMI),'* and Castelli Risk Index I (CRI-I)'® are
some of the indicators that have been postulated and
explored as good predictors of MetS.

Against this background, the aim of the present study
was to evaluate the differential magnitudes of anthropo-
metric characteristics (WC and BMI) and lipid parameters
(LAP, CMI, and CRI-I) to estimate MetS, using appropri-
ate cut-off values, among adults in a public hospital in
Yucatan, Mexico.

Methods

Study Design

The present cross-sectional study was carried out between
August and November 2018. A total of 13,959 individuals
attended the outpatient specialty units at the Regional High
Speciality Hospital (HRAEPY in the Spanish acronym) in
Merida, Yucatan, Mexico. Patients under medical treat-
ment for specific diseases in the cardiology, neurology,

endocrinology, and oncology units, as well as pregnant

women, were excluded from the study; accordingly, the
records of 6888 patients were selected. To ensure the
representativeness of the population, a sample size was
calculated using a standard formula for an unknown
population.'® The parameters were 95% confidence level,
an estimation error of 6.2%, and an unknown prevalence
of 50% for MetS. From this calculation, the minimum
required sample size was 246 individuals. Finally, a sam-
ple of 250 patients (77 men and 173 women) aged 2065
years who received services at the outpatient units was
selected for this study (Figure 1).

Ethical Clearance

The study was approved by the Ethics Committee of the
HRAEPY (no. CONBIOETICA-31-CEI-002-20170731) in
connection with a research project (identification code:
2017-025), following the guideline for human experiments
as laid down in the Helsinki Declaration. The participants
signed the informed consent form before the start of the
study.

Anthropometric Measurements
Anthropometric measurements were recorded from the
individuals, who were wearing light clothes. Weight (kg)
and height (cm) were measured using an electronic scale
(Seca, Germany) and a stadiometer (Seca, Germany),
respectively. Body weight was recorded to the nearest
0.05 kg and height (cm) was measured to the nearest
0.1 cm. Waist circumference (WC) (cm) was measured to
the nearest 0.1 cm using a standard tape measure (Lufkin)
at the midpoint between the lower costal margin and the
superior of the iliac crest. BMI was calculated as weight
divided by the square of height (kg/m?)."”

Blood pressure (BP) (systolic and diastolic, SBP and
DBP, respectively) was estimated after 15 minutes of rest
in the sitting position, using an automatic electronic
sphygmomanometer (Omron, Japan).'® A prevalidated
questionnaire was used to collect a brief clinical history
of the participants.

Clinical Biochemistry, Diagnostic Criteria,

and Calculations

Blood samples were collected after 12 hours of over-
night fasting, by a trained researcher following standard
procedures. Clinical biochemistry tests were conducted
following standard protocols to estimate levels of fasting
plasma glucose (FPG) (mg/dL), cholesterol (mg/dL),
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13,959 patients from outpatient specialty units

3,504 patients excluded
(cardiology, neurology,
endocrinology, oncology units)

3,567 patients excluded

"""""""""""""""" (<20>65 years)
6,888 eligible patients
Sample selection
n=250
y A
Patients with MetS Patients without MetS
n=120 n=130

Figure | Sampling design to select participants (n=250).

triglycerides (TG) (mg/dL), and high-density lipopro-
teincholesterol (HDL-C) (mg/dL). Prevalidated equip-
ment (autoanalyzer COBAS®™ Integra 400 Plus, Roche
Diagnostics) was used for the clinical biochemistry
tests.

The diagnosis of MetS was based on the National
Cholesterol Education Program Adult Treatment Panel III
(NCEP ATP III) criteria,® if subjects had three out of the
following five components:

1. Abdominal obesity (WC >102 c¢cm for men, >88 cm
for women)

2. Elevated FPG (=100 mg/dL)

3. Elevated TG (=150 mg/dL)

4. Low level of HDL-C (<40 mg/dL for men, <50 mg/
dL for women)

5. Elevated BP (SBP >130 mmHg or DBP >85 mmHg
or current use of antihypertensive medications).

The derived lipid parameters were calculated following
standard equations:

Lipid accumulation product (LAP) in men = [(WC-
65) (TG)]

Lipid accumulation product (LAP) in women = [(WC —
58) (TG)]

Cardiometabolic index (CMI) = [WHtR (TG/HDL
-0l

Castelli Risk Index I (CRI-I) = [TC/HDL — C]

Clinical history (pre-existing hypertension and dia-
betes) and lifestyle habits (smoking, alcohol consumption,
and physical activity) were recorded for each participant.

Statistical Analyses

Data were analyzed using SPSS statistical software (ver-
sion 15.00) and the statistical package Jamovi (version
0.9). Based on the diagnosis of MetS, the participants
were assigned to either the with MetS or the without
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MetS group. Analyses were performed taking the entire
sample of men (n=77) and women (n=173) and also by age
groups of 20-39 years (46 women), 40-59 years (45 men,
101 women), and above 60 years (15 men, 26 women). No
men had MetS in the age group of 20-39 years (n=17),
which was excluded from the analysis. The distribution of
variables was tested following the principle of the
Shapiro—Wilk test (p>0.05). Since variables did not show
a normal distribution, median values were used for the
Mann—Whitney U-test. Descriptive statistics (median
values and interquartile ranges [IQRs]) of MetS compo-
nents, anthropometric indices, and lipid indices were com-
puted. The area under the receiveroperating characteristics
(ROC) curve (AUC) was estimated using binomial logistic
regression analysis, which was has been used to assess the
discriminatory abilities of anthropometric and lipid indices
to identify MetS (Yes = 1, No = 0).

Cut-off values were based on the Youden Index (sensi-
tivity + specificity —1). The sensitivity and specificity of
each cut-off value of the MetS components, and the
anthropometric and lipid indices were calculated to evalu-
ate MetS. Furthermore, AUC and cut-off values for
anthropometric and lipid indices were grouped by age
among women (20-39, 40-59, and >60 years) and men
(40-59 and >60 years). Statistical significance was set at
p<0.05 for all analyses.

Results

Prevalence of MetS and Its Components
The prevalence of MetS in the sample (n=250) was
remarkable (48%); 92 (36%) women and 28 (11.2%)
men were diagnosed as having MetS. The average age of
individuals with MetS was significantly higher (50.84+9.53
years) than the group without MetS (46.83+£11.75 years).
Among the participants, 67 (26.8%) had been previously
diagnosed with T2DM and 85 (34%) with hypertension;
88 participants (35.2%) were overweight and 122 (48.8%)
were obese. Besides, 98 (39.2%) participants presented
with dyslipidemia (elevated levels of TG and low levels
of HDL).

Table 1 shows the baseline characteristics of the sam-
ple of men (n=77). The mean age in men with MetS (54
years) was higher than in those without MetS (49 years);
83% of men were excess weight (overweight and obesity).
Among men, 15 participants (19.48%) had an earlier diag-
nosis of T2DM and 25 individuals (32.46%) of hyperten-
sion. In addition, 11 men (14.28%) reported smoking, 15

(19.48%) regular alcohol consumption, and 28 (32.46%)
having regular physical activity. Median values of MetS
components, anthropometric indices, and lipid indices
were higher (except HDL-C and LAP) in men with MetS
in comparison with those without MetS.

Table 2 displays the characteristics of the sample of
women (92 with MetS, 81 without MetS). Lifestyle habits
of women, such as smoking in four (2.31%), alcohol use in
15 (8.67%), and physical activity in 42 (24.27%), were
reported. An earlier diagnosis of T2DM and hypertension
was found in 52 (30%) and 60 women (34.68%), respec-
tively. MetS components and other characteristics were
statistically significantly different between the two groups.
The majority of the women (84%) were excess weight
(overweight and obesity).

Among the patients with MetS, the prevalences of pre-
existing hypertension (men 18.18%, women 27.16%) and
T2DM (men 10.38%, women 23.12%) were higher than in
the participants without MetS (prehypertensive men
14.28% and women 7.51%; pre-existing T2DM in 9.09%
of men and 6.93% of women). Significant differences in
median values with respect to the anthropometric and lipid
parameters and derived indices were observed between the
groups (MetS and without MetS) in men and women, as
expected. Among the participants, women had lower mean
values of SBP, DBP, WC, FPG, TG, LAP, CM], and CRI-I,
and higher BMI compared to men (Tables 1 and 2).

Optimal Cut-Off Values of MetS
Components Among the Population in

Yucatan

The AUCs were developed using binomial logistic regres-
sion analysis, with MetS (Yes = 1, No = 0) as a response
variable and anthropometric and lipid parameters as the
predictors. Table 3 and Figure 2 show that the AUCs for
the components of MetS among men were greater than 0.5
(p<0.05), suggesting their diagnostic significance for
MetS. Among the variables, SBP reported the largest
AUC (0.75), with a cut-off value of 126.50 mmHg, fol-
lowed by TG (0.72), with a cut-off value of 156 mg/dL,
WC (0.70), with a cut-off value of 100.5 c¢cm, HDL-C
(0.68), with a cut-off value of 39.60 mg/dL, and FPG
(0.68), with a cut-off value of 101.45 mg/dL. The lowest
AUC was for DBP (0.68), with a cut-off value of
71.50 mmHg. In men, the highest value of the Youden
Index (0.53) was found for SBP, with an odds ratio (OR)
of 1.05.
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Table | Descriptive Characteristics of Men (n=77) Between 20 and 65 Years With and Without MetS

Characteristics With MetS (n=28) Without MetS (n=49) p-Value
Median (IQR) Median (IQR)
WC (cm) 101.0 (92, 105) 93.0 (86, 99) 0.003
SBP (mmHg) 140.0 (127, 148) 120.0 (110, 128) <0.001
DBP (mmHg) 80.0 (71.5, 83) 70.0 (62, 79) 0.006
FPG (mg/dL) 100.0 (91.4, 120) 91.3 (85.8, 96.2) 0.008
TG (mg/dL) 192.0 (156, 373) 131.0 (104, 191) 0.001
HDL-C (mg/dl) 36.8 (30.5, 39.5) 42.0 (37.4, 483) 0.006
BMI (kg/m?) 30.8 (28.3, 33.3) 27.8 (244, 31.8) 0.003
LAP 47.8 (24.7, 65.2) 59.4 (40.9, 75.5) 0.180
CMI 3.4 (1.19, 2.76) 1.8 (1.19, 2.76) <0.001
CRI-I 5.0 (4.44, 6.32) 4.2 (3.56, 5.13) 0.011

Note: p-Value of differences between patients with MetS and without MetS (according to Mann—-Whitney U-test).

Abbreviations: MetS, metabolic syndrome; IQR, interquartile range; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting
plasma glucose; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; BMI, body mass index; LAP, lipid accumulation product; CMI, cardiometabolic index; CRI-I,
Castelli Risk Index .

Table 2 Descriptive Characteristics of Women (n=173) Between 20 and 65 Years With and Without MetS

Characteristics With MetS (n=92) Without MetS (n=81) p-Value
Median (IQR) Median (IQR)
WC (cm) 95.5 (90, 101) 85.0 (79, 93) <0.001
SBP (mmHg) 126.0 (113, 135) 111.0 (106, 120) <0.001
DBP (mmHg) 72.0 (66.8, 80) 66.0 (61, 74) <0.001
FPG (mg/dL) 101.0 (90, 140) 89.1 (82.3, 96) <0.001
TG (mg/dL) 182.0 (149, 239) 113.0 (84, 135) <0.001
HDL-C (mg/dL) 41.4 (37.3,45.7) 51.6 (43.1, 60) <0.001
BMI (kg/m?) 32.5 (285, 35.7) 27.7 (24.9,31.7) <0.001
LAP 68.7 (53.8,91.3) 31.6 (20.7, 44.7) <0.001
CMI 2.9 (2.21, 3.57) 1.3 (0.89, 1.76) <0.001
CRI-I 4.7 (4.09, 5.58) 3.6 (3.02, 4.27) <0.001

Note: p-Value of differences between patients with MetS and without MetS (according to Mann—Whitney U-test).

Abbreviations: MetS, metabolic syndrome; IQR, interquartile range; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting
plasma glucose; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; BMI, body mass index; LAP, lipid accumulation product; CMI, cardiometabolic index; CRI-I,
Castelli Risk Index .

Table 3 Area Under the Receiver Operating Characteristics Curve, Optimal Cut-Off Points of the MetS Components in Men (n=77)

Predictors AUC (95% CI) p-Value Cut-Off Sensitivity (%) Specificity (%) Youden Index OR
wcC 0.70 (0.58-0.82) 0.003 100.50 54.0 8l1.6 0.36 1.096**
DBP 0.69 (0.56-0.81) 0.006 71.50 75.0 55.1 0.30 1.075%*
SBP 0.75 (0.63-0.87) <0.001 126.50 79.0 735 0.53 1.052%*
FPG 0.68 (0.55-0.81) 0.008 101.45 50.0 85.7 0.36 1.008
TG 0.72 (0.59-0.84) <0.001 156.00 75.0 65.3 0.43 1.008**
HDL-C 0.69 (0.55-0.82) 0.006 39.60 65.0 75.0 0.40 0.973
Notes: Dependent variable: MetS (yes = |, no = 0); p-values *¥<0.01.

Abbreviations: MetS, metabolic syndrome; WC, waist circumference; DBP, diastolic blood pressure; SBP, systolic blood pressure; FPG, fasting plasma glucose; TG,
triglycerides; HDL-C, high-density lipoprotein cholesterol; AUC, area under the curve; 95% Cl, 95% confidence interval; OR, odds ratio.

with a cut-off value of 122.5 mmHg, and FPG (0.70), with
a cut-off value of 95.45 mg/dL. DBP showed the lowest
AUC (0.67), with a cut-off value of 68.50 mmHg. In
women, the highest value of the Youden Index (0.58)
was obtained for TG, with an OR of 1.016.

Table 4 and Figure 3 show the AUCs for MetS com-
ponents in women. The result show that TG had the largest
AUC (0.81), with a cut-off value of 148.0 mg/dL, followed
by WC (0.77), with a cut-off value of 85.50 cm, HDL-C
(0.74), with a cut-off value of 51.55 mg/dL, SBP (0.72),

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 submit your manuscript 695

Dove


http://www.dovepress.com
http://www.dovepress.com

Datta Banik et al

Dove

1.001
0.754 MEASURES
— we
2 —- DBP
=
3050 --. SBP
8 — FPG
— - Triglycerides
0.251 .= HDL-C
0.00-
1.00 075 0.50 025 0.00

Specificity

Figure 2 Area under the receiver operating characteristics curve of the para-
meters to predict MetS in men (n=77).

AUC, Optimal Cut-Off Points, and
Validity of the Predictors of MetS

Table 5 and Figure 4 illustrate the results of logistic
regression models in men by age group; the AUCs for
indices were greater than 0.5 (p<0.05). In men between 40
and 59 years of age (n=45), the highest AUCs were found
for LAP (0.72), with a cut-off value of 58.83, and CMI
(0.72), with a cut-off value of 2.78. However, CMI
reported a higher Youden Index (0.39) and OR (1.62)
than LAP. In men aged 60 years and above (n=15), CMI
had the highest values of the Youden Index (0.82) and OR
(4.66), with an AUC of 0.90.

Table 6 and Figure 5 present the AUCs of predictors
(anthropometric indices and lipid parameters) in women.
The AUC values were greater than 0.5 (p<0.05). In women
aged 20-39 years (n=46), WC had the largest AUC (0.82),
with a cut-off value of 91.50 cm. In women between 40
and 59 years of age (n=101), CMI was observed to be the
best predictor, with an AUC of 0.90 and a cut-off value of
1.97. CMI reported the highest Youden Index (0.73) and

1.00 4
0.75- MEASURES
— WC
= —- DBP
3
3 050 o
K — FPG
— - Triglycerides
0.25+ --- HDL-C
0.004
1.00 0.75 0.50 0.25 0.00
Specificity

Figure 3 Area under the receiver operating characteristics curve of the para-
meters to predict MetS in women (n=173).

OR (7.65). In women aged 60 years and above (n=26),
LAP was found to have the highest AUC (0.96), Youden
Index (0.95), and OR (1.14); the cut-off value was 42.06.

Discussion

We observed a high prevalence of MetS (48%) in the
sample. Among the MetS components, the most frequent
health problems were elevated levels of triglycerides
(54.5%) in men and low levels of HDL-C (72.9%) in
women, but triglycerides were observed to the better pre-
dictor for the risk of MetS in both sexes. Regarding the
anthropometric indices and lipid parameters, CMI and
LAP were other important predictors. The optimal cut-off
values of the parameters showed higher values in men.
The cut-off values decreased with age in men and women.
To the best of our knowledge, this is the first study of its
kind, at least from the Yucatan Peninsula in Mexico, that
obtained optimal cut-off values and assessed the ability of
the individual components and selected derived parameters
to predict the risk of MetS.

Table 4 Area Under the Receiver Operating Characteristics Curve, Optimal Cut-Off Points of the MetS Components in VWomen

(n=173)

Predictors AUC (95% CI) p-Value Cut-Off Sensitivity (%) Specificity (%) Youden Index OR

wcC 0.77 (0.69-0.84) <0.001 85.50 85.9 64.2 0.50 |.103%#*
DBP 0.67 (0.59-0.75) <0.001 68.50 72.8 55.6 0.28 1067+
SBP 0.72 (0.64-0.79) <0.001 122.50 69.6 61.7 0.31 1048+
FPG 0.70 (0.62-0.78) <0.001 95.45 69.6 74.1 0.44 1.007*
TG 0.81 (0.74-0.87) <0.001 148.00 76.1 81.5 0.58 1.01 6%+
HDL-C 0.74 (0.66-0.81) 0.001 51.55 50.6 924 0.43 0.9 | 7%

Notes: Dependent variable: MetS (yes = |, no = 0). p-values ¥<0.05; ***<0.001.

Abbreviations: MetS, metabolic syndrome; WC, waist circumference; DBP, diastolic blood pressure; SBP, systolic blood pressure; FPG, fasting plasma glucose; TG,
triglycerides; HDL-C, high-density lipoprotein cholesterol; AUC, area under the curve; 95% CI, 95% confidence interval; OR, odds ratio.
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Table 5 Area Under the Receiver Operating Characteristics Curve and Cut-Off Points of the Indices Predicting MetS in Men (n=60)

by Age Group

Age Groups | Predictors | AUC (95% Cl) | p-Value | Cut-Off | Sensitivity (%) | Specificity (%) | Youden Index OR
40-59 years BMI 0.59 (0.42-0.75) 0.31 32.87 41.7 81.0 0.23 1.10
(n=45) wcC 0.65 (0.48-0.81) 0.08 100.5 58.3 71.4 0.30 1.06
LAP 0.72 (0.57-0.87) 0.00 58.83 70.8 66.7 0.38 1.03*
CMI 0.72 (0.57-0.87) 0.01 2.78 62.5 76.2 0.39 1.62*
CRI-I 0.69 (0.53-0.84) 0.02 4.74 75.0 66.7 0.42 1.47
260 years BMI 0.70 (0.43-0.97) 0.24 28.49 75.0 727 0.48 1.37
(n=15) wcC 0.62 (0.31-0.93) 0.47 87.00 100 36.4 0.36 1.04
LAP 0.88 (0.71-1.00) 0.02 36.41 100 72.7 0.73 1.05
CMI 0.90 (0.75-1.00) 0.01 2.74 100 81.8 0.82 4.66
CRI-I 0.55 (0.21-0.90) 0.74 3.39 100 27.3 0.27 1.31
Notes: Dependent variable: MetS (yes = |, no = 0). p-values *<0.05.

Abbreviations: MetS, metabolic syndrome; BMI, body mass index; WC, waist circumference; LAP, lipid accumulation product (cm.mmol/L); CMI, cardiometabolic index;
CRI-l, Castelli Risk Index I; AUC, area under the curve; 95% Cl, 95% confidence interval; OR, odds ratio.

The MetS prevalence found in this study (48%) was
higher than that reported in a meta-analysis of MetS pre-
valence among adults in Mexico (41%)."” Most of the
studies on the estimation of the prevalence of MetS in
Mexico were based on samples from central and northern
and the 69%.' ">
Accumulating evidence indicates that MetS prevalence

Mexico, highest frequency was
has been constantly increasing not only for high- but also
for low- and middle-income countries.?'** MetS and obe-
sity can be considered major contributors to the problem
of chronic diseases worldwide.”>** Key risk factors for
MetS were observed in this study: high prevalences of
overweight (35.2%) and obesity (48.8%) were recorded.
A high prevalence of obesity among adults was reported in
the West South Central (37.5%) and East South Central

1.004
0.751 MEASURES
— BMI
>
s —- we
§0’50' =+ LAP
@ — oMl
—- CRHI
0.25-
0.00-
1.00 0.75 0.50 025 0.00
Specificity

Figure 4 Area under the receiver operating characteristics curve of the anthro-
pometric characteristics and lipid indices to predict MetS in men (n=60).

(37.2%) provinces of the USA.** That study also reported
a high MetS prevalence (>35%) in these regions.*’

In the present study, elevated levels of triglycerides were
the most frequent component (54.5%) in men and low levels
of HDL-C (72.9%) in women. The results are in agreement

with earlier reports;***’

where high levels of triglycerides
and low HDL-C were shown to be two of the most important
components in estimating MetS prevalence among popula-
tions from central Mexico. Until now, only one study carried
out in the Yucatan Peninsula has assessed the prevalence of
MetS, reporting a high prevalence (49%), and estimated
central obesity using WC (59.8%); hypertriglyceridemia
(50%) was the most frequent health problem.*® It was evident
in the present study that low HDL-C levels, elevated levels of
triglycerides, and central obesity were the major health risks
among adults with MetS in Yucatan. The diverse ethnic and
genetic backgrounds and lifestyle habits of Mexican popula-
tions are the principal characteristics of the country. Yucatan
is one of the states in Mexico with the highest prevalence of
obesity and diabetes.” Therefore, it is important to establish
the optimal cut-off values of the individual MetS components
for the early diagnosis of several health problems. Simple,
cost-effective and reliable anthropometric indices or lipid
parameters are the effective criteria in this regard.

The lack of consensus on the diagnostic criteria for MetS is
an important issue. Owing to the differences in standards
criteria (ATP III, IDF, AHA/NHLBI, and WHO) used to
diagnose MetS and discrepancies in the cut-off values,”” it is
often difficult to compare the results obtained in different
studies. Results from our study revealed that the optimal cut-
off values were different in men and women. In general, men
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Table 6 Area Under the Receiver Operating Characteristics Curve and Cut-Off Points of the Indices Predicting MetS in Women

(n=173) by Age Group

Age Groups | Predictors | AUC (95% CI) | p-Value | Cut-Off | Sensitivity (%) | Specificity (%) | Youden Index OR
20-39 years | BMI 0.78 (0.63-0.93) 0.004 32.65 66.7 8l1.8 0.48 |.21%*
(n=46) wcC 0.82 (0.68-0.96) 0.001 91.50 83.3 758 0.59 |42+
LAP 0.79 (0.63-0.94) 0.003 50.19 66.7 8l1.8 0.48 1.02*
CMI 0.76 (0.58-0.93) 0.008 2.53 58.3 90.9 0.49 |.58%
CRI-I 0.67 (0.49-0.85) 0.074 5.17 41.7 90.9 0.33 1.72
40-59 years | BMI 0.65 (0.54-0.77) 0.007 27.85 8l1.7 537 0.35 1.09*
(n=101) wcC 0.71 (0.60-0.82) <0.001 88.5 85.0 58.5 0.43 1.07+*
LAP 0.87 (0.81-0.94) <0.001 54.01 783 85.4 0.64 |08
CMI 0.90 (0.84-0.96) <0.001 1.97 80.0 92.7 0.73 7.65%F*
CRI-I 0.80 (0.71-0.89) <0.001 3.66 88.3 634 0.52 2.9 |k
>60 years BMI 0.89 (0.76-1.00) 0.004 27.26 90.0 83.3 0.73 |.42%
(n=26) wcC 0.91 (0.80-1.00) 0.002 87.50 85.0 100 0.85 1.27*
LAP 0.96 (0.89-1.00) 0.001 42.06 95.0 100 0.95 I.14%
CMI 0.95 (0.88-1.00) 0.001 2.08 90.0 100 0.90 36.27%
CRI-I 0.75 (0.52-0.98) 0.068 4.17 85.0 66.7 0.52 2.10

Notes: Dependent variable: MetS (yes = |, no = 0). p-values *<0.05, *¥<0.01,

*%£<0.001.

Abbreviations: MetS, metabolic syndrome; BMI, body mass index; WC, waist circumference; LAP, lipid accumulation product (cm.mmol/L); CMI, cardiometabolic index;
CRI-l, Castelli Risk Index I; AUC, area under the curve; 95% Cl, 95% confidence interval; OR, odds ratio.

showed higher values of optimal cut-offs of the parameters
than those estimated among women, which conformed with
the results obtained in previous studies.’® Regarding sex dif-
ferences, with respect to the parameters in the present study,
compared with other reports, the criteria proposed by ATP 1III,
IDF, and AHA/NHLBI seem to be reliable in diagnosing MetS
in Mexican populations.”” Most reports from Asian and
African countries have, in general, found lower cut-off values
of parameters than the corresponding values obtained in the
studies on Mexican adults, especially for WC. A study carried
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Figure 5 Area under the receiver operating characteristics curve of the anthro-
pometric characteristics and lipid indices to predict MetS in women (n=173).

out among Ethiopian adults showed WC cut-off values of
78.0 cm in women and 83.7 in men to diagnose MetS.*!
Another study from Indonesia reported a WC cut-off value
of 76.8 cm for adults,>? and in China, cut-off values of WC
were >85 cm for men and >82 cm for women.™ A study from
Merida, Mexico, estimated a WC cut-off value of 93 cm to
identify central obesity among women aged 2241 years with
Mayan ethnic background.*® This result is similar to the WC
cut-off value of 91.50 cm in women aged 20-39 years to
identify MetS in our study.

Some of the anthropometric and lipid indices that were
analyzed as predictors in the present study showed signifi-
cant ability to estimate the risk of MetS. In general, AUC
values of the parameters were higher among women than
men. The vast majority of the studies in Mexico that
explored the utility of some indices as predictors focused
on WC, BMI, and waist-to-height ratio (WHtR). In a study
from Guerrero (central Mexico), WC was the best predic-
tor,with an AUC of 0.85, followed by BMI and WHItR,
with AUCs of 0.79 and 0.63, respectively.*> However, the
results from our study showed that WC was a good pre-
dictor in women.

A new era of the use of anthropometric indices and lipid
parameters has recently started. For example, LAP, CMI, and
CRI-I were found to be effective proxy indicators of several
health problems, including CVDs***” and chronic kidney
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diseases.”®** However, the predictive power of these para-
meters did not match between studies representing different
populations. The parameters have not been explored in
Mexican populations before. Kahn described LAP for the
first time in 2005; since then, this parameter has been widely
used in different populations.*” A cross-sectional study among
middle-aged and older Korean men and women investigated
the usefulness of LAP and WHIR as predictors for MetS; LAP
(AUC=0.92) had higher accuracy in the diagnosis.*' In
women with polycystic ovary syndrome, LAP has been
found to be a useful marker to screen subjects susceptible to
diabetes and other insulin resistance-related comorbidities,
including CVD.** A study by Rivera-Mancia et al among the
residents of Mexico City reported that LAP was strongly
associated with prehypertension.”> In 2015, Wakabayashi
and Daimon introduced and evaluated CMI among Japanese
men and women and reported that this parameter was a good
predictor of both coronary artery disease and MetS.'* In our
study, both LAP and CMI have been observed to be effective
indicators in predicting MetS among men and women. Studies
have reported that interactions of lipid ratios can reveal impor-
tant and additional information for patients with chronic dis-
eases such as dyslipidemia and MetS." In our study, CRI-I
was shown to be a good predictor among women aged 40
years and above and among men aged 40-59 years. However,
LAP and CMI were found to be better predictors of MetS than
CRI-L

The optimal cut-off values of anthropometric indices and
lipid parameters as predictors of MetS in a Mexican popula-
tion were assessed in the present study. It is known that values
can vary widely depending on the lifestyle habits of people in
different populations. Our results showed that the cut-off value
for WC was similar to the one that has been established before,
following the standard criteria to diagnose MetS. However,
BMI showed a higher cut-off value (27.85 kg/m?); this dis-
parity between the actual and expected global average of BMI
may be due to the relatively short adult height in the study
population (152.94£9.35 cm). Overall, the cut-off values of
parameters were higher than in other reports,™'**'=” which
may be due to the high prevalences of obesity and diabetes in
the Mexican population.>** The cut-off values reported here
could be considered for further verification in future studies.

Limitations and Strengths

The present work has some limitations. The study was
cross-sectional in nature, which limits the interpretation
of causality of the association of anthropometric and lipid
indices with MetS. Even though several variables were

integrated, information on other potential confounders
such as environmental factors, dietary habits, and genetic
predispositions was not considered. Despite these limita-
tions, our study has contributed some important data from
Mexico. The findings provide the first evidence from this
region of the optimal cut-off values of anthropometric and
lipid indices to predict MetS.

Conclusion

Establishing the indicators for effective and easy diagnosis
of MetS is crucial, especially in clinical settings where
resources are very limited, particularly in the Yucatan
Peninsula. In summary, our study reports a high preva-
lence of MetS in Mexican adults. In addition, CMI and
LAP were found to be effective indicators to predict the
risk of MetS. However, given the limitations of our study,
further well-designed longitudinal studies are warranted to
confirm our findings.

Abbreviations
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CMI, cardiometabolic index; CVD, cardiovascular disease;
CRI-I, Castelli Risk Index I; DBP, diastolic blood pressure;
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