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Abstract
Objective. To estimate the prevalence of metabolic syn-
drome (MetS) and its association with sociodemographic 
factors in Mexican older adults (OA). Materials and 
methods. This study analyzes data from the Mexican Na-
tional Health and Nutrition Survey 2016. We incorporated 
data from 804 participants aged 60 years or older. Information 
on sex, age, body mass index, scholar level, ethnicity, smoking 
status, geographic region, socioeconomic status, and alcohol 
consumption was analyzed. For MetS, the International Dia-
betes Federation harmonized definition was used. Multiple 
logistic regression models were used to assess the odds 
ratio (OR) and 95% confidence interval (95%CI) between 
sociodemographic factors and MetS. Results. The preva-
lence of MetS was 77.4% (95%CI 72.2,81.9), 71.2% for men, 
(95%CI 63.2,78.9) and 83.7% for women (95%CI 77.9,88.2). 
The OA presented higher odds of MetS when they lived with 
overweight, obesity, and those who had more years of educa-
tion. Conclusion. The prevalence of MetS among Mexican 
OA is substantial. Moreover, individuals living with obesity 
exhibit a heightened odd of experiencing elevated Fasting 
Plasma Glucose and high blood pressure. This study provides 
a comprehensive perspective underscoring the imperative 

Resumen
Objetivo. Estimar la prevalencia del síndrome metabólico 
(SMet) y su asociación con factores sociodemográficos en 
adultos mayores (AM) mexicanos. Material y métodos. 
Se analizaron datos de la Encuesta Nacional de Salud y Nu-
trición 2016; se incluyó información de 804 participantes 
≥60 años. Se analizó información sobre sexo, edad, índice de 
masa corporal, escolaridad, origen étnico, tabaquismo, región 
geográfica, nivel socioeconómico y consumo de alcohol. Para 
el SMet, se utilizó la definición armonizada de la Federación 
Internacional de Diabetes. Se utilizaron modelos de regresión 
logística múltiple para evaluar la razón de momios (RM) e 
intervalos de confianza de 95% (IC95%) entre los factores 
sociodemográficos y el SMet. Resultados. La prevalencia 
del SMet fue de 77.4% (71.8% en hombres y 83.7% en muje-
res). Los AM presentaron mayores momios de MetS cuando 
viven con sobrepeso, con obesidad, y los que tienen más años 
de escolaridad. Conclusión. La prevalencia de SMet en AM 
mexicanos es alta. Las mujeres, los fumadores y quienes viven 
con sobrepeso u obesidad presentan un mayor riesgo de 
padecer este síndrome. Este estudio es una visión panorámica 
de la necesidad de políticas para reducir la obesidad y otras 
enfermedades crónicas en esta población.

https://creativecommons.org/licenses/by-nc-sa/4.0/
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In older adults, metabolic syndrome (MetS) is an im-
portant public health problem.1-3 In 2015, the Global 

Burden of Disease study estimated that 28.9% of the 
global burden was attributable to adults over 60 years, 
and non-communicable diseases (NCD) accounted for 
86.8% of the burden of disease in this age-group.4 Also, 
MetS increase the risk of all-cause mortality; a meta-
analysis observed a 24% increased risk of cardiovascular 
disease (CVD) mortality and a 23% increased risk of all-
cause mortality compared to older adults without MetS.1 
In 2016, in México, the majority of disability-adjusted 
lost years were caused by ischemic heart disease.5 The 
prevalence of MetS is increasing worldwide, including 
in Mexico, as the aging of the population keeps moving 
forward.1,6,7 MetS is a cluster of conditions8 associated 
with geriatric syndromes, such as sarcopenia,9,10 osteo-
sarcopenic obesity,11 frailty,12 and cognitive decline.13

The increased prevalence of MetS in older adults 
had been associated with an unfunctional disability, 
decreased physical activity, an unbalanced diet,14 and a 
low intake of fruits and vegetables.15 In addition, previ-
ous studies in China, Brazil, and Colombia considered 
sociodemographic variables, including urban or rural 
areas, regions of residence, educational level, and socio-
economic status, as independent risk factors for MetS in 
this population.16-18 Nevertheless, in Mexico, there is not 
previous literature of the prevalence of this syndrome 
and its association with sociodemographic factors in 
the in the population aged 60 years and older from a 
national representative sample.

Therefore, this study aimed to estimate the preva-
lence of metabolic syndrome and its association with 
sociodemographic factors in older Mexican adults.

Materials and methods
Study design and study population

This study examined data from the Mexican National 
Health and Nutrition Survey 2016 (Ensanut, by its ac-
ronym in Spanish). This national survey of the Mexican 
population was a cross-sectional, multistage, strati-
fied, and clustered probabilistic sample with national, 
regional, and urban-rural representativity. Sample size 
calculation and more details about the survey design 

were described in previous reports.19,20 For the present 
analysis, we included 804 older adults (≥60 years old) 
with a complete sociodemographic questionnaire, an-
thropometric measures, and a blood sample. 

The Instituto Nacional de Salud Pública (INSP) Com-
mittees of Research, Ethics, and Biosafety approved 
the protocol of Ensanut 2016 with strict adherence to 
the principles set by the Declaration of Helsinki. For 
participants who agreed, their sign was recorded in the 
informed consent and assent forms. 

Sociodemographic variables measurement

The sociodemographic and anthropometric variables 
were obtained by trained and standardized personnel. 
Variables such as: sex, age, BMI, scholar level, ethnicity 
(indigenous or not), smoking status, geographic region, 
socioeconomic status, and alcohol consumption were 
based on a self-reported survey. 

An asset index was generated for the socioeco-
nomic status indicator. This index was calculated with 
information on specific services and characteristics of 
the household, such as construction material, number 
of rooms, water disposal, car ownership, number of 
appliances, and number of electronic devices.21 Then, 
we divided by tertiles as cut-off into low, medium, and 
high. The area of residence was classified as urban 
(≥2 500 residents) and rural (<2 500 residents). Ethnic-
ity was defined if the participant speaks an indigenous 
language or considers himself indigenous. The smok-
ing habit was categorized as “Current smoker” for 
those who had smoked >100 cigarettes lifetime and 
who currently smoke; “Former smoker” for those who 
have smoked ≤100 cigarettes lifetime and are currently 
non-smokers; and never smoker.

Clinical variables

For blood pressure (BP), trained personnel take two 
measurements with an automatic device (Omron HEM-
907 XL); the patient was seated and had five minutes of 
rest before the first measurement, then 30 seconds differ-
ence between each measurement, the mean of those was 
used.22 The blood sample was collected and preserved 
in cryotubes. Triglycerides (TG), total cholesterol, and 

for policies aimed at mitigating obesity and addressing other 
chronic conditions within this population.

Keywords: metabolic syndrome; National Health and Nutri-
tion Survey; older adults; sociodemographic factors; Mexico
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high-density lipoprotein cholesterol (HDL-c) concentra-
tions were determined in a minimum of 250 microliters of 
serum.23 The Abbot Architect CI8200 equipment was used 
with the enzymatic method of glycerol phosphate oxidase 
to determine TG; for cholesterol was used the enzymatic 
colorimetric method of quinonimine and for HDL-c was 
via peroxidase.24 Fasting plasma glucose (FPG) was esti-
mated by centrifuging venous blood samples at 3 000 g, 
in situ, for 20 min. The samples were quantified using a 
Beckman-Coulter autoanalyzer (Brea, CA), using the glu-
cose oxidase technique and the reference material NIST965 
to ensure its precision (variation between assays<3%).25 

Weight was measured with a calibrated electronic 
TANITA scale (model BC-533), and participants were 
with minimal clothing and were barefoot. For the mea-
sure of height, a conventional stadiometer was used. 
Waist circumference was measured at the high point 
of the iliac crest at the end of normal expiration to the 
nearest 0.1 cm. Body mass index (BMI) was weight (kg) 
divided by the square of height in meters (m2); for effects 
of this study, we use the classification of BMI proposed 
for older adults; underweight (<23 kg/m2), normal 
weight (23-28 kg/m2), overweight (28-31.9 kg/m2) and 
obesity (≥32 kg/m2).26

Metabolic syndrome definition

For the definition of MetS were used the consensus of 
the joint of International Diabetes Federation Task Force 
on Epidemiology and Prevention (IDF); National Heart, 
Lung, and Blood Institute (NHLBI); American Heart 
Association (AHA); World Heart Federation (WHF); 
International Atherosclerosis Society (IAS); and Interna-
tional Association for the Study of Obesity (IASO) with 
the presence of any three of five risk factors:27 1) Elevated 
waist circumference: ≥90 cm for women and ≥80 cm 
for men; 2) Elevated triglycerides: ≥150 mg/dL (1.7 
mmol/L); 3) Reduced HDL-c: <40 mg/dL (1.0 mmol/L) 
for men and <50 mg/dL (1.3 mmol/L) for women; 4) 
Elevated blood pressure: Systolic ≥130 and/or diastolic 
≥85mm Hg and; 5) Elevated FPG: ≥100mg/dL.

Statistical analysis 

We conducted a comprehensive descriptive analysis of 
baseline characteristics. Significant differences between 
means (M±SD) for individuals with MetS versus those 
without MetS were determined using ANOVA. The 
prevalence (%) was calculated using the chi-square 
test (X2). Multiple logistic regressions were employed 
to evaluate the odds ratio (OR) and 95% confidence 
intervals (95%CI) for sociodemographic factors in rela-
tion to each MetS component and its overall prevalence.

For the prevalence of MetS and elevated waist 
circumference, multivariate logistic regression was 
adjusted for the following variables: sex, age, BMI, 
scholar level, ethnicity, smoking status, geographic 
region, socioeconomic status, and alcohol consump-
tion. Conversely, in the case of elevated FPG, elevated 
triglycerides, reduced HDL-c, and elevated blood pres-
sure, adjustments were made for sex, age, scholar level, 
ethnicity, smoking status, geographic region, socioeco-
nomic status, and alcohol consumption.

P values <0.05 were considered statistically signifi-
cant. All analyses were conducted while accounting for 
expansion factors and adjusting for design effects using 
Stata’s SVY module, which incorporates the complex 
sampling structure of the survey. The analysis was 
performed using Stata 17.0.* 

Results
Detailed characteristics of the study population are 
presented in tables I and II. The majority of the total 
population fell within the 60-69 age group (65.3%, 
95%CI: 60.0,70.0). Women constituted 51.8% (95%CI: 
42.0,54.4), and 78.2% (95%CI: 74.4,81.4) resided in 
urban areas, with 63.5% (95%CI: 57.3,69.3) having 
completed elementary school. In terms of socioeco-
nomic status, 50.6% (95%CI: 43.8,57.4) of females and 
45.0% (95%CI: 34.8,53.6) of males were classified as 
high-income earners. Regarding BMI, obesity was 
prevalent in 30.2% of women (95%CI: 22.9,38.7) and 
19.8% of men (95%CI: 13.0,28.9). Additionally, 30.4% 
(95%CI: 23.2,38.6) of older women and 33.2% (95%CI: 
24.8,42.8) of older men were living with overweight. 
The overall prevalence of chronic diseases such as 
diabetes and hypertension was 33.8% and 58.5%, re-
spectively. Women exhibited higher mean levels of total 
cholesterol, triglycerides, and low-density lipoprotein 
cholesterol (LDL-c) compared to men.

The overall prevalence of MetS in the popula-
tion was 77.4% (95%CI: 72.2,81.9), with 71.2% (95%CI: 
63.2,78.9) for men and 83.7% (95%CI: 77.9,88.2) for wom-
en. Analyzing MetS criteria, 83.8% (95%CI: 78.9,87.7) had 
elevated waist circumference, with a higher prevalence 
in women at 91.8% (95%CI: 87.1,95.0). Elevated triglyc-
erides were present in 55.3% (95%CI: 49.1,61.3), with a 
higher prevalence in women compared to men (62.1 vs. 
50.7%). Reduced HDL-C was found in 73.7% (95%CI: 
68.1,78.6), elevated FPG in 53.8% (95%CI: 47.5,60.0), and 
elevated blood pressure in 69.0% (95%CI: 62.7,74.6) of 
older adults (table III).

* StataCorp. Stata Stadistical Software 17.0. Collage Station, TX: Stata-
Corp LLC, 2021.
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Table I
CharaCteristiCs of the soCiodemographiC faCtors of older

adults in the mexiCan ensanut 2016. mexiCo

Characteristics
N expanded 
(N= 12.2)
(millions)

Total* 
(n= 793)       

% (95%CI)         

Male‡  
(n= 317)  

% (95%CI)

Female§ 
(n= 476)     

% (95%CI)        

Age (years)     

60-69 7.9 65.3 (60.0,70.0) 64.7 (56.3,72.4) 65.9 (58.1,73.0)

70-79 2.8 23.3 (19.3,27.9) 19.1 (14.3,25.2) 27.8 (21.3,35.3)

≥80 1.4 11.3 (8.0,16.0) 16.1 (10.0,24.9) 6.3 (4.2,9.4)

Area of residence     

Urban 9.4 78.2 (74.4,81.4) 81.3 (76.8,85.0) 74.8 (70.0,79.1)

Rural 2.6 21.8 (18.5,25.6) 18.1 (15.9,23.2) 25.2 (21.0,30.0)

Education level     

None 2.7 22.3 (18.1,27.2) 20.1 (14.7,28.2) 24.0 (18.6,30.4)

Elementary school 7.7 63.5 (57.3,69.3) 63.6 (53.5,72.7) 63.3 (55.7,70.3)

High school 0.7 5.7 (3.3,9.7) 4.2 (1.8,9.8) 7.2 (3.5,14.2)

Bachelor’s degree or high 1.0 8.6 (4.5,15.6) 11.5 (5.3,23.2) 5.5 (2.3,12.5)

Indigenous (yes) 3.73 30.8 (25.3,36.9) 29.7 (22.3,38.3) 31.9 (25.7,38.9)

Socioeconomic status     

Low 2.6 21.7 (17.5,26.7) 21.3 (15.2,29.1) 22.2 (17.9,27.1)

Medium 3.8 31.1 (25.3,37.5) 34.7 (25.4,45.4) 27.2 (21.6,33.7)

High 5.7 47.2 (41.1,53.4) 44.0 (34.8,53.6) 50.6 (43.8,57.4)

Region     

North 3.3 26.9 (22.4,32.0) 24.9 (18.7,32.5) 29.0 (23.8,34.9)

Central 3.4 27.7 (23.3,32.6) 26.9 (20.4,34.4) 28.7 (23.6,34.4)

Mexico City 2.3 18.8 (13.8,25.1) 22.1 (14.5,32.2) 15.2 (11.5,20.0)

South 3.2 26.5 (22.6,30.9) 26.0 (21.0,31.8) (27.0 (22.4,32.3)

Smoking     

Never smoker 5.4 56.2 (49.1,63.0) 30.1 (22.1,41.3) 82.4 (75.1,88.0)

Current smoker 3.3 34.2 (28.0,41.1) 55.7 (44.5,66.3) 12.0 (7.6,18.5)

Former smoker 0.9 9.6 (5.3,16.6) 13.4 (6.2,26.6) 5.6 (2.6,11.6)

Alcohol consumption (drinks/week)#,&

<3.5 1.1 9.8 (6.3,15.0) 15.0 (8.9,24.3) 3.8 (1.8,7.9)

>3.5 3.8 33.8 (27.4,40.8) 30.8 (22.1,41.1) 37.2 (29.6,45.6)

Former drinker 6.3 56.4 (49.4,63.2) 54.2 (44.4,63.7) 59.0 (50.8,66.7)

Medication consumption  

None 0.4 5.9 (3.2,10.5) 7.0 (2.6,17.7) 5.3 (2.2,11.5)

1 1.4 21.1 (14.0,30.6) 12.3 (11.5,36.1) 20.9 (13.0,32.0)

2 1.6 24.6 (18.4,32.1) 25.6 (16.6,37.2) 23.9 (16.3,33.5)

3 or more 3.2 48.4 (40.7,56.3) 46.1 (33.4,59.3) 50.1 (39.5,60.7)

%: percent; N: number; CI95%: 95% confidence interval; Ensanut: Encuesta Nacional de Salud y Nutrición.
* Total sample size: n= 793 representing 12 117 078 older adults >60 years old.
‡ Sample size for men: n= 317 representing 6 227 783 older man >60 years old.
§ Sample size for women: n= 476 representing 5 831 067 older woman >60 years old.
# Among drinkers.
& Alcohol consumption for women was considered as <2.5 and >2.5 drinks per week.
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In the sex-stratified analysis (table IV), men with 
MetS exhibited a high prevalence of obesity (92.6%), 
elevated FPG (90.6%), elevated triglycerides (50.8%), 
reduced HDL-C (78.9%), and elevated blood pressure 
(89.6%). Women with MetS showed prevalence rates 
of 45% for obesity, 91.9% for abdominal obesity, 62.1% 
for elevated triglycerides, 76.5% for low HDL-C, and 
71.3% for high blood pressure. Multivariate logistic 
regression analysis results, detailed in table V, indicate 
that older adults with basic and medium scholar levels 
had OR of 2.51 (95%CI: 1.20,5.26) and 8.25 (95%CI: 
1.49,45.6), respectively, compared to those with no 
scholar level. Those with a bachelor’s degree or higher 
had an increased OR of 9.10 (95%CI: 2.43,33.72) for 
elevated triglycerides. Individuals living with obesity 
exhibited increased odds of presenting elevated FPG 
(OR= 1.69, 95%CI: 9.75,3.82) and elevated waist circum-
ference (OR= 9.21, 95%CI: 3.60,23.5). Elevated triglyc-
erides were more prevalent in individuals residing in 
the Central and South geographic regions compared 

to the North (OR=3.93, 95%CI: 1.72,8.96 and OR=3.68, 
95%CI: 1.72,7.87). Concerning alcohol consumption, 
former drinkers had an OR= 1.40 (95%CI: 9.46,4.30) for 
reduced HDL-C compared with non-drinkers. 

Discussion 
The prevalence of MetS identified in Mexican older 
adults was 77.4% using data from Ensanut 2016, ac-
cording to the definition proposed by consensus of 
IDF/NHLBI/AHA/WHF/IAS/IASO;27 by gender, it 
was 71.2% for men and 83.7% for women. According to 
the sociodemographic factors, older adults with more 
school years had a higher risk of present MetS. This 
study did not find significant differences in geographic 
region, ethnicity, and socioeconomic status regarding 
the presence of MetS.

The prevalence of MetS in our population was 
higher than in previous studies with similar group 
age populations in other middle-income countries in 

Table II
CharaCteristiCs of the metaboliC faCtors of older adults in the

mexiCan ensanut 2016. mexiCo

Characteristics
N expanded 
(N= 12.1)
(millions)

Total* 
(n= 793)              
(95%CI)  

Male‡  
(n= 317)  
(95%CI)

Female§ 
(n= 476)  
(95%CI)           

BMI (%, kg/m2)    

Underweight 1.3 10.7 (7.9,14.4) 10.0 (6.3,16.6) 11.5 (7.4,17.5)

Normal weight 3.9 32.7 (27.4,38.3) 37.1 (29.7,45.1) 27.9 (20.7,36.4)

Overweight 3.7 31.8 (26.4,37.7) 33.2 (24.8,42.8) 30.4 (23.2,38.6)

Obesity 3 24.8 (19.9,30.4) 19.8 (13.0,28.9) 30.2 (22.9,38.7)

Waist circumference (mean, cm) 11.5 98.6 (97.0,100.3) 100.0 (97.5,102.6) 97.0 (95.1,98.9)

Type 2 diabetes (%, yes) 4.1 33.8 (28.4,39.8) (30.4 (23.2,38.7) 37.5 (39.2,45.5)

FPG (mean, mg/dL) 12.1 116.1 (111.5,120.7) 114.3 (108.0,120.5) 118.0 (111.7,124.3)

HbA1c (%) 11.8 6.3 (6.15,6.5) 6.2 (6.0,6.37) 6.5 (6.2,6.7)

Hypertension (%, yes) 11.3 58.5 (52.2,64.5) 56.6 (47.8,65.1) 60.6 (52.3,68.2)

Systolic blood pressure (mean, mmHg) 11.3 136.9 (134.1,139.8) 137.2 (132.3,142.2) 136.6 (133.2,140.0)

Diastolic blood pressure (mean, mmHg) 11.3 74.5 (73.0,75.9) 74.6 (72.1,77.1) 74.3 (72.4,76.1)

Total cholesterol (mean, mg/dL) 12.1 192.8 (187.0,198.7) 184.0 (175.5,192.5) 202.3 (194.6,210.1)

Triglycerides (mean, mg/dL) 12.1 187.2 (174.9,199.5) 173.6 (156.9,190.3) 201.8 (184.2,219.5)

LDL-c (mean, mg/dL) 11.7 117.6 (113.3,121.9) 113.1 (107.0,119.3) 122.6 (116.5,128.8)

HDL-c (mean, mg/dL) 12.1 39.2 (38.1,40.3) 36.3 (34.9,37.7) 42.3 (40.9,43.9)

BMI: body mass index; FPG: fasting plasma glucose; HbA1c: glycated hemoglobin; LDL-c: low-density lipoprotein cholesterol; HDL-c: high-density lipoprotein 
cholesterol; CI95%: 95% confidence interval; Ensanut: Encuesta Nacional de Salud y Nutrición. 
BMI for older adults: underweight (<23 kg/m2), normal weight (23-28 kg/m2), overweight (28-31.9 kg/m2) and obesity (≥32 kg/m2).
* Total sample size: n= 793 representing 12 058 850 older adults >60 years old.
‡ Sample size for men: n= 317 representing 6 227 783 older man >60 years old.
§ Sample size for women: n= 476 representing 5 831 067 older woman >60 years old.
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Table III
prevalenCe of mets of older adults in the mexiCan ensanut 2016,

following the harmonized definition. mexiCo

Prevalence 
N expanded 
(N= 11.3)
(millions)

Total* 
(n= 734)

% (95%CI)        

Male‡ 
(n= 294)

% (95%CI)

Female§

(n= 440)
% (95%CI)          

MetS#     

   No 2.8 22.6 (18.1,27.8) 28.3 (21.1,36.8) 16.3 (11.8,22.1)

   Yes 9.5 77.4 (72.2,81.9) 71.2 (63.2,78.9) 83.7 (77.9,88.2)

Elevated waist circumference&     

   No 1.9 16.4 (12.3,21.1) 23.7 (16.9,32.1) 8.2 (5.0,12.9)

   Yes 9.7 83.8 (78.9,87.7) 76.3 (67.9,83.1) 91.8 (87.1,95.0)

Elevated triglycerides�     

   No 5.4 44.7 (38.6,50.9) 51.0 (41.1,60.8) 37.9 (30.7,45.6)

   Yes 6.7 55.3 (49.1,61.3) 49.0 (39.2,58.9) 62.1 (54.4,69.3)

Reduced HDL-c∞     

   No 3.2 26.3 (21.4,31.9) 28.9 (21.1,38.3) 23.5 (17.4,30.9)

   Yes 8.9 73.7 (68.1,78.6) 71.1 (61.7,78.9) 76.5 (69.1,82.6)

Elevated FPGø     

   No 5.6 46.2 (40.0,52.5) 48.8 (40.2,57.4) 43.4 (35.1,52.0)

   Yes 6.5 53.8 (47.5,60.0) 51.2 (42.6,59.8) 56.6 (48.0,64.9)

Elevated blood pressure◊     

   No 3.6 31.0 (25.4,37.3) 32.9 (24.9,41.9) 29.0 (22.3,36.7)

   Yes 8.0 69.0 (62.7,74.6) 67.1 (58.1,75.1) 71.0 (63.3,77.7)

FPG: fasting plasma glucose; LDL-c: low-density lipoprotein cholesterol; HDL-c: high-density lipoprotein cholesterol; 95%CI: confidence interval;
Ensanut: Encuesta Nacional de Salud y Nutrición; MetS: metabolic syndrome
* Total sample size: n= 734 representing 11 263 993 older adults >60 years old.
‡ Sample size for men: n= 294 representing 5 893 432 older man >60 years old.
§ Sample size for women: n= 440 representing 5 370 561 older woman >60 years old. 
# Metabolic syndrome was defined as the presence of any three of five risk factors: elevated waist circumference, elevated triglycerides, reduced HDL-c, 
elevated fasting glucose or elevated blood pressure.
& Elevated waist circumference: ≥90 cm for women and ≥80 cm for men.
� Elevated triglycerides: ≥150 mg/dL (1.7 mmol/L).
∞ Reduced HDL-c: <40 mg/dL (1.0 mmol/L) for men and <50 mg/dL (1.3 mmol/L) for women.
ø Elevated fasting glucose: ≥100mg/dL.
◊ Elevated blood pressure: systolic ≥130 and/or diastolic ≥85mm Hg

Latin-American, results from Survey on Health, Well-
Being, and Aging 2015 (SABE, by its Spanish acronym) 
in Colombia identified a prevalence of 54.9%.17 Also, in 
the United States, with information from the National 
Health and Nutrition Examination Survey 2011-2016, a 
prevalence of 57.3% of MetS in Hispanic older adults 
was identified. 

In Mexico, previous studies reported the prevalence 
of MetS in older adults, 73% in the Encuesta Nacional 
de Salud y Nutrición del Derechohabiente 2007 (Ensader 
2007),6 in Northwest Mexico in were identified a wide 
range from 36% to 52% using diverse definitions,28 
and another study in the North of Mexico identified a 
prevalence in ≥65 years old of 61% in 2011/2012 health 
survey.7 But they are not comparable to our analysis be-

cause of the differences in inclusion and the diagnosis of 
MetS criteria, differentiated mainly by the cut points in 
the waist circumference depending on the geographical 
location or ethnicity.28

Concerning the sociodemographic factors, two 
times higher risk was identified in women, six times 
higher risk for older adults living with overweight, 13 
times older adults living with obesity, and three times 
higher risk for smokers. Although MetS is a worldwide 
public health problem in older adults, sociodemo-
graphic risk factors remain controversial. Our study 
agrees with Barranco-Ruiz  and colleagues, in the SABE 
study that suggests a higher risk for women, obesity, 
and smokers.17 A previous study of non-diabetic older 
adults in the northwest region of Mexico also presents 
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Table IV
anthropometriC and bioChemiCal parameters of the older adults with

and without mets in the mexiCan ensanut 2016. mexiCo

Variable

Men Women

N expanded* 
(N= 5.8)

Without MetS  
(n= 104)
(95%CI)

With MetS  
(n= 190)
(95%CI)

P-value‡ N expanded§ 
(N= 5.4)

Without MetS  
(n= 76)
(95%CI)

With MetS  
(n= 364)
(95%CI)

P-value‡

Age (years, %)   0.091    0.091

60-69 4.0 25.4 
(16,6,36.9)

74.6 
(63.1,83.4)  3.8 15.8 

(10.2,23.8)
84.2 

(76.2,89.9)  

70-79 1.2 26.4 
(15.7,40.8)

73.6 
(59.2,84.3) 1.6 19.8 

(11.5,31.8)
80.2 

(68.2,88.5)

≥80 1.0 43.3 
(22.0,67.5)

56.7 
(32.5,78.0)  0.4 8.6 (3.5,19.8) 91.4 

(80.3,96.5)  

BMI (kg/m2), %     <0.001    0.001

Underweight 0.7 84.1 
(66.7,93.4) 15.9 (6.6,33.3) 0.7 44.8 

(24.3,67.3)
55.2 

(32.7,75.7)

Normal weight 2.7 46.5 
(33.9,59.5)

53.5 
(40.5,66.1)  1.7 13.3 (7.1,23.4) 86.7 

(76.6,92.9)  

Overweight 2.2 5.3 (2.3,11.8) 94.6 
(88.2,97.7) 2.0 12.8 (6.7,23.1) 87.2 

(76.9,93.3)

Obesity 1.3 7.4 (1.8,26.1) 92.6 
(73.9,98.2)  1.9 9.0 (4.2,18.5) 91.0 

(81.5,95.8)  

Waist circumference (cm, mean) 4.5 89.7 
(87.8,91.6)

103.9 
(101.1,106.7) <0.001 4.9 89.8 

(84.4,95.3)
98.7 

(96.9,100.4) <0.001

Elevated waist circumference (yes, %)# 5.1 16.2 
(10.5,24.3)

83.8 
(75.7,89.6) <0.001 5.5 11.5 (8.0,16.3) 88.5 

(83.7,92.0) 0.003

Glucose levels (mg/dL, mean) 4.5 94.2 
(90.3,98.1)

122.7 
(115.3,130.1) <0.001 4.9 98.9 

(87.1,110.1)
122.0 

(115.3,128.7) 0.001

Elevated FPG (yes, %)& 3.5 9.4 (5.6,15.4) 90.6 
(84.6,94.4) <0.001 3.6 4.3 (2.0,91.2) 95.7 

(91.2,98.0) <0.001

Total cholesterol (mg/mL, mean) 4.5 185.5 
(176.8,194.2)

187.3 
(176.2,198.4) 0.795 4.9 201.0 

(187.4,214.5)
205.4 

(196.7,214.2) 0.580

TG (mg/dL, mean) 4.5 126.8 
(101.0,152.6)

199.6 
(178.4,220.1) <0.001 4.9 118.0 

(105.2,130.7)
222.2 

(200.6,243.9) <0.001

Elevated triglycerides (%, yes)� 3.5 9.0 (3.4,21.8) 91.0 
(78.2,96.6) <0.001 4.0 15.5 

(11.2,21.0)
84.6 

(79.0,88.8) <0.001

HDL-c (mg/dL, mean) 4.5 43.3 
(40.1,46.6)

34.6 
(32.9,36.4) <0.001 4.9 53.1 

(48.1,58.0)
40.4 

(39.0,41.8) <0.001

Reduced HDL-c (%, yes)∞ 4.7 21.1 
(13.3,31.8)

78.9 
(68.2,86.7) 0.002 4.9 6.7 (3.8,11.5) 93.3 

(88.5,96.2) <0.001

LDL-c (mg/dL, mean) 4.4 117.0 
(109.9,124.1)

113.0 
(104.5,121.5) 0.475 4.6 124.1 

(113.6,134.6)
124.5 

(117.4,131.5) 0.955

Elevated blood pressure (yes, %)ø 4.3 13.1 (7.5,21.9) 86.9 
(78.1,92.5) <0.001 4.0 6.6 (3.8,11.4) 93.4 

(88.6,96.2) <0.001

SBP (mmHg, mean) 4.5 121.8 
(115.9,127.8)

142.0 
(136.3,147.8) <0.001 4.8 123.9 

(118.0,129.8)
137.9 

(134.1,141.7) <0.001

DBP (mmHg, mean) 4.5 67.6 
(65.8,69.4)

77.4 
(74.7,80.0) <0.001 4.8 70.4 

(67.3,73.6)
75.3 

(73.5,77.1) 0.004

BMI: body mass index; TG: triglycerides, HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol, Chol: total cholesterol, SPB: systolic blood pressu-
re, DBP: diastolic blood pressure; 95%CI: 95% confidence interval; Ensanut: Encuesta Nacional de Salud y Nutrición; MetS: metabolic syndrome
* Sample size for men: n= 294 representing 5 893 432 older man >60 years old. 
‡ Significant differences (with MetS vs. without MetS) between means (M±SD) were obtained by ANOVA, and prevalence (%) was obtained by chi2.
§ Sample size for women: n= 440 representing 5 370 561 older woman >60 years old.
# Elevated waist circumference: ≥90 cm for women and ≥80 cm for men.
& Elevated triglycerides: ≥150 mg/dL (1.7 mmol/L).
� Reduced HDL-c: <40 mg/dL (1.0 mmol/L) for men and <50 mg/dL (1.3 mmol/L) for women.
∞ Elevated fasting glucose: ≥100mg/dL.
ø Elevated blood pressure: Systolic ≥130 and/or diastolic ≥85mm Hg.
Note: The presence of any three of five risk factors: elevated waist circumference, elevated triglycerides, reduced HDL-c, elevated fasting glucose or elevated blood pressure.
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Table V
mets prevalenCe and its Components aCCording to soCiodemographiC and lifestyle variables of 

the older adults in the mexiCan ensanut 2016. mexiCo

Variable
MetS  

prevalence*
OR (95%CI)

Elevated  
FPG‡

OR (95%CI)

Elevated triglycerides‡ 
OR (95%CI)

Reduced 
HDL-c‡ 

OR (95%CI)

Elevated waist 
circumference*
OR (95%CI)

Elevated blood 
pressure‡

OR (95%CI)

Sex       

Male 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

Female 1.64 (0.89,3.04) 1.92 (0.99,3.75) 1.42 (0.76,2.65) 1.58 (0.76,3.27) 2.38 (0.94,6.03) 1.24 (0.57,2.72)

Age (years)       

60-69 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

70-79 1.24 (0.63,2.42) 0.97 (0.55,1.69) 0.75 (0.40,1.41) 0.85 (0.43,1.70) 0.82 (0.37,1.81) 1.94 (0.90,4.17)

≥80 0.50 (0.17,1.51) 0.24 (0.09,0.65) 0.37 (0.10,1.40) 1.19 (0.30,4.77) 0.26 (0.09,0.76) 0.77 (0.20,2.89)

BMI       

Normal weight -- 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

Overweight -- 1.30 (0.64,2.64) 1.50 (0.73,3.08) 1.42 (0.70,2.88) -- 2.01 (0.89,4.53)

Obesity -- 1.69 (9.75,3.82) 0.82 (0.41,1.65) 1.57 (0.62,4.00) -- 9.21 (3.60,23.5)

Scholar level       

None 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

Basic 2.51 (1.20,5.26) 0.84 (0.44,1.62) 1.39 (0.77,2.52) 0.95 (0.44,2.02) 1.29 (0.62,2.68) 0.70 (0.33,1.49)

Medium school 8.25 (1.49,45.6) 0.70 (0.17,2.98) 1.40 (0.32,6.15) 0.91 (0.22,3.87) -- 0.53 (0.10,2.87)

Bachelor’s degree or more 2.34 (0.58,9.50) 0.42 (0.13,1.32) 9.10 (2.43,33.72) 1.66 (0.40,6.92) 0.58 (0.13,2.53) 0.61 (1.62,1.28)

Ethnicity       

Indigenous (no) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

Indigenous (yes) 0.82 (0.46,1.47) 1.68 (0.89,3.17) 1.43 (0.77,2.67) 0.93 (0.47,1.81) 0.70 (0.34,1.43) 0.99 (0.51,1.92)

Smoking      

Never smoker 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

Smokers 2.92 (1.58,5.37) 1.14 (0.52,2.50) 2.10 (1.17,3.76) 1.09 (0.28,1.88) 3.33 (1.33,8.33) 1.41 (0.80,2.48)

Former smoker 3.41 (1.39,8.35) 1.51 (0.86,2.65) 2.37 (1.20,4.70) 1.11 (0.52,1.73) 4.18 (2.12,8.24) 1.31 (0.27,6.37)

Geographic region       

North 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

Central 0.67 (0.32,1.43) 0.49 (0.22,1.08) 3.93 (1.72,8.96) 0.82 (0.40,1.64) 0.50 (0.19,1.29) 0.65 (0.24,1.72)

Mexico City 1.79 (0.71,4.53) 0.60 (0.22,0.65) 2.55 (0.88,7.35) 0.52 (0.21,1.25) 3.02 (0.66,13.90) 1.44 (0.47,0.43)

South 1.12 (0.52,2.37) 0.49 (9.24,1.03) 3.68 (1.72,7.87) 0.88 (0.51,1.49) 0.94 (0.41,2.15) 1.46 (0.66,3.23)

Socioeconomic status       

Low 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

Medium 1.05 (0.47,2.35) 1.32 (0.60,2.90) 0.93 (0.41,2.09) 1.21 (0.56,2.60) 1.23 (0.53,2.86) 0.90 (0.37,2.19)

High 0.92 (0.40,2.11) 2.11 (0.97,4.59) 0.70 (0.34,1.43) 1.04 (0.47,2.30) 1.50 (0.60,3.70) 0.83 (0.34,1.98)

Alcohol consumption       

<3.5 d/w 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

>3.5 d/w 0.91 (0.30,2.75) 1.88 (0.51,6.93) 0.47 (0.16,1.35) 1.52 (0.44,5.24) 0.72 (0.22,2.33) 0.15 (0.05,0.48)

Former d/w 1.83 (0.44,7.60) 1.77 (0.61,5.10) 0.89 (0.33,2.42) 1.40 (9.46,4.30) 1.46 (0.48,4.46) 0.18 (0.58,0.56)

BMI: body mass index; HDL-C: high-density lipoprotein cholesterol; 95%CI: 95% confidence interval; d/w: drinks per week; OR: odds ratio; ; MetS: metabolic syndrome; Ensanut: 
Encuesta Nacional de Salud y Nutrición
* For MetS prevalence and Elevated waist circumference, multivariate logistic regression was adjusted for: sex, age, BMI, scholar level, ethnicity, smoking status, geographic region, 
socioeconomic status, and alcohol consumption.
‡ For elevated FPG; elevated triglycerides, reduced HDL-c, and elevated blood pressure, multivariate logistic regression was adjusted for: sex, age, scholar level, ethnicity, smoking 
status, geographic region, socioeconomic status, and alcohol consumption.
Note: Multiple logistic regressions were used to assess the association between sociodemographic factors (dependent variables) and each component and the prevalence of MetS 
(independent variable).
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a significant association between MetS and sociode-
mographic characteristics like schooling or education 
level.28 This national sample differed from that study 
because socioeconomic factors do not show a higher 
risk. While schooling, in a previous study in Brazil, the 
prevalence of MetS was higher in those with less educa-
tion level,18 but our study in Mexico identified higher 
risk in those with a bachelor’s degree or more. 

The increased risk of metabolic syndrome due to ag-
ing is challenging in this population. Insulin resistance 
in old age, chronic metabolic inflammation, changes in 
body composition proper of aging (increasing body fat, 
decreasing muscle mass), and cellular aging may play 
an essential role in the increased prevalence of MetS in 
this age-group.2,3 In women, estrogen deficiency during 
menopause contributes to increased abdominal obesity, 
triglycerides, and reduced HDL-c; that is a possible ex-
planation for the increased risk of MetS.29 Nevertheless, 
some modifiable factors, such as a diet rich in fruits and 
vegetables and physical activity, have been associated 
with this syndrome and can improve some components 
to reduce the risk.14,15,30 Also, modified risk habits such 
as smoking in this population can improve the fight to 
reduce the prevalence of this problem in Mexican OA.31 

Our study presents some strengths; the large sample 
size, the population-based sampling, and the national 
coverage of the survey make certain that this report is 
representative of the Mexican older adult population. 
However, our findings should be interpreted in light of 
certain limitations. Firstly, the cross-sectional nature of 
the data restricts our ability to establish causality, em-
phasizing that this study can only illuminate associations 
between variables. Secondly, the potential for residual 
confounding exists due to unmeasured or imperfectly 
measured covariates, such as smoking, where consider-
ations like intensity, duration, recent smoking (amount 
currently consumed), and life course smoking patterns 
were not fully captured. Thirdly, relying on self-reported 
questionnaires for age, smoking, education, and eth-
nicity introduces the possibility of measurement error 
stemming from self-reported bias. In fourth place, it is 
crucial to acknowledge the limited representativeness of 
the sample in capturing the entire spectrum of Mexican 
older adults, impacting the precision of our calculations. 
This consideration is crucial when interpreting the results. 
Lastly, because the study includes participants ≥60 years 
of age, we cannot rule out survival bias, therefore our 
findings may only be applicable to OA.

Conclusion

The prevalence of MetS is notably high among Mexican 
OA. Additionally, individuals living with obesity face 

an elevated risk of experiencing elevated FPG and high 
blood pressure. This study is essential to present the ac-
tual scenario of MetS and sociodemographic factors for 
OA in Mexico. With this panoramic view of the situation, 
it is necessary to promote more programs and policies 
to reduce obesity and overweight in this population. 
Additionally, reducing the prevalence of MetS can help 
to reduce other significant cardiovascular diseases.

Author contributions

A-GR, conceptualization, writing, editing, and review; 
BIA-G, resources, data curation, and review; SB, IC-N, 
PM-A, MAO-R, BIA-G and BLS-T, analysis, writing, 
editing and review; ED-G, conceptualization, method-
ology, editing and review. All authors reviewed and 
approved the final version.

Data statement

The databases of Ensanut 2016 are available to the 
public, as a matter of transparency, at: https://ensanut.
insp.mx/

Declaration of conflict of interests. The authors declare that they have no 
conflict of interests.

References

1. Ju SY, Lee JY, Kim DH. Association of metabolic syndrome and its com-
ponents with all-cause and cardiovascular mortality in the elderly: A meta-
analysis of prospective cohort studies. Medicine (Baltimore). 2017;96(45): 
e8491. https://doi.org/10.1097/MD.0000000000008491
2. Scuteri A, Najjar SS, Morrell CH, Lakatta EG. The metabolic syndrome in 
older individuals: prevalence and prediction of cardiovascular events: The 
Cardiovascular Health Study. Diabetes Care. 2005;28(4):882-7. https://doi.
org/10.2337/diacare.28.4.882
3. Dominguez LJ, Barbagallo M. The biology of the metabolic syndrome 
and aging. Curr Opin Clin Nutr Metab Care. 2016;19(1):5-11. https://doi.
org/10.1097/MCO.0000000000000243
4. Wang H, Naghavi M, Allen C, Barber RM, Bhutta ZA, Carter A, et al. Glob-
al, regional, and national life expectancy, all-cause mortality, and cause-specif-
ic mortality for 249 causes of death, 1980-2015: a systematic analysis for the 
Global Burden of Disease Study 2015. Lancet. 2016;388(10053):1459-544. 
https://doi.org/10.1016/S0140-6736(16)31012-1
5. Parra-Rodríguez L, González-Meljem JM, Gómez-Dantés H, Gutiérrez-
Robledo LM, López-Ortega M, García-Peña C, et al. The Burden of Disease 
in Mexican Older Adults: premature mortality challenging a limited-
resource health system. J Aging Health. 2020;32(7-8):543-53. https://doi.
org/10.1177/0898264319836514
6. Ortiz-Rodríguez MA, Yáñez-Velasco L, Carnevale A, Romero-Hidalgo S, 
Bernal D, Aguilar-Salinas C, et al. Prevalence of metabolic syndrome among 
elderly Mexicans. Arch Gerontol Geriatr. 2017;73:288-93. https://doi.
org/10.1016/j.archger.2017.09.001
7. Salas R, Bibiloni M del M, Ramos E, Villareal JZ, Pons A, Tur J, et al. 
Metabolic syndrome prevalence among Northern Mexican adult popula-

https://ensanut.insp.mx/
https://ensanut.insp.mx/
https://doi.org/10.1097/MD.0000000000008491
https://doi.org/10.2337/diacare.28.4.882
https://doi.org/10.2337/diacare.28.4.882
https://doi.org/10.1097/MCO.0000000000000243
https://doi.org/10.1097/MCO.0000000000000243
https://doi.org/10.1016/S0140-6736(16)31012-1
https://doi.org/10.1177/0898264319836514
https://doi.org/10.1177/0898264319836514
https://doi.org/10.1016/j.archger.2017.09.001
https://doi.org/10.1016/j.archger.2017.09.001


Artículo originAl

276 salud pública de méxico / vol. 66, no. 3, mayo-junio de 2024

González-Rocha A y col.

tion. PLoS ONE. 2014;9(8):e105581. https://doi.org/10.1371/journal.
pone.0105581
8. Alberti KGMM, Zimmet P. The metabolic syndrome: Time to reflect. 
Curr Diab Rep. 2006;6(4):259-61. https://doi.org/10.1007/s11892-006-
0057-0
9. Merchant RA, Chan YH, Lim JY, Morley JE. Prevalence of metabolic 
syndrome and association with grip strength in older adults: findings from 
the HOPE Study. Diabetes Metab Syndr Obes Targets Ther. 2020;13:2677-
86. https://doi.org/10.2147/DMSO.S260544
10. Nishikawa H, Asai A, Fukunishi S, Nishiguchi S, Higuchi K. Metabolic 
syndrome and sarcopenia. Nutrients. 2021;13(10):3519. https://doi.
org/10.3390/nu13103519
11. Su YH, Chang YM, Kung CY, Sung CK, Foo WS, Wu MH, et al. A study 
of correlations between metabolic syndrome factors and osteosarcope-
nic adiposity. BMC Endocr Disord. 2021;21(1). https://doi.org/10.1186/
s12902-021-00880-w
12. Liaw FY, Kao TW, Wu LW, Wang CC, Yang HF, Peng TC, et al. Compo-
nents of metabolic syndrome and the risk of disability among the elderly 
population. Sci Rep. 2016;6(1). https://doi.org/10.1038/srep22750
13. Tsai CK, Kao TW, Lee JT, Wu CJ, Hueng DY, Liang CS, et al. Increased 
risk of cognitive impairment in patients with components of meta-
bolic syndrome. Medicine (Baltimore). 2016;95(36):e4791. https://doi.
org/10.1097/MD.0000000000004791
14. Terschüren C, Damerau L, Petersen EL, Harth V, Agustin M, Zyriax BC. 
Association of dietary pattern, lifestyle and chronotype with metabolic 
syndrome in elderly-lessons from the population-based Hamburg City 
health study. Int J Environ Res Public Health. 2022;19(1):377. https://doi.
org/10.3390/ijerph19010377
15. Papaioannou KG, Kadi F, Nilsson A. Benefits of fruit and vegetable 
consumption on prevalence of metabolic syndrome are independent 
of physical activity behaviors in older adults. Nutrients. 2022;14(2):263. 
https://doi.org/10.3390/nu14020263
16. Li Y, Zhao L, Yu D, Wang Z, Ding G. Metabolic syndrome prevalence and 
its risk factors among adults in China: A nationally representative cross-
sectional study. PLoS ONE. 2018;13(6):e0199293. https://doi.org/10.1371/
journal.pone.0199293
17. Barranco-Ruiz Y, Villa-González E, Venegas-Sanabria LC, Chavarro-
Carvajal DA, Cano-Gutiérrez CA, Izquierdo M, et al. Metabolic syndrome 
and its associated factors in older adults: a secondary analysis of SABE 
Colombia in 2015. Metab Syndr Relat Disord. 2020;18(8):389-98. https://
doi.org/10.1089/met.2019.0066
18. De Oliveira-Costa AC, De Oliveira-Duarte YA, Bof de Andrade F. 
Síndrome metabólica: inatividade física e desigualdades socioeconômicas 
entre idosos brasileiros não institucionalizados. Rev Bras Epidemiol. 
2020;23. https://doi.org/10.1590/1980-549720200046
19. Romero-Martínez M, Shamah-Levy T, Cuevas-Nasu L, Gómez-Humarán 
IM, Gaona-Pineda EB, Gómez-Acosta LM, et al. Diseño metodológico de 
la Encuesta Nacional de Salud y Nutrición de Medio Camino 2016. Salud 
Publica Mex. 2017;59(3):299. https://doi.org/10.21149/8593
20. Hernández-Alcaraz C, Shamah-Levy T, Romero-Martínez M, Sepúlveda-
Amor J, Aguilar-Salinas CA, Rivera-Dommarco JA, et al. Submuestra para el 

análisis de enfermedades crónicas con biomarcadores, Encuesta Nacional 
de Salud y Nutrición 2016. Salud Publica Mex. 2020;62(5):504-10. https://
doi.org/10.21149/11306
21. Howe LD, Galobardes B, Matijasevich A, Gordon D, Johnston D, On-
wujekwe O, et al. Measuring socio-economic position for epidemiological 
studies in low- and middle-income countries: a methods of measurement 
in epidemiology paper. Int J Epidemiol. 2012;41(3):871-86. https://doi.
org/10.1093/ije/dys037
22. Campos-Nonato I, Hernández-Barrera L, Pedroza-Tobías A, Medina 
C, Barquera S. Hipertensión arterial en adultos mexicanos: prevalencia, 
diagnóstico y tipo de tratamiento. Ensanut MC 2016. Salud Publica Mex. 
2018;60(3):233-43. https://doi.org/10.21149/8813
23. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentra-
tion of low-density lipoprotein cholesterol in plasma, without use of the 
preparative ultracentrifuge. Clin Chem. 1972;18(6):499-502. https://doi.
org/10.1093/clinchem/18.6.499
24. Hernández-Alcaraz C, Aguilar-Salinas CA, Mendoza-Herrera K, Pedro-
za-Tobías A, Villalpando S, Shamah-Levy T, et al. Dyslipidemia prevalence, 
awareness, treatment and control in Mexico: results of the Ensanut 2012. 
Salud Publica Mex. 2020;62(2):137-46. https://doi.org/10.21149/10520
25. Basto-Abreu A, Barrientos-Gutiérrez T, Rojas-Martínez R, Aguilar-
Salinas CA, López-Olmedo N, De la Cruz-Góngora V, et al. Prevalencia 
de diabetes y descontrol glucémico en México: resultados de la Ensanut 
2016. Salud Publica Mex. 2019;62(1):50-9. https://doi.org/10.21149/10752
26. Kıskaç M, Soysal P, Smith L, Capar E, Zorlu M. What is the optimal body 
mass index range for older adults? Ann Geriatr Med Res. 2022;26(1):49-
57. https://doi.org/10.4235/agmr.22.0012
27. Alberti KGMM, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato 
KA, et al. Harmonizing the metabolic syndrome: a joint interim statement 
of the International Diabetes Federation Task Force on Epidemiology 
and Prevention; National Heart, Lung, and Blood Institute; American 
Heart Association; World Heart Federation; International Atheroscle-
rosis Society; and International Association for the Study of Obesity. 
Circulation. 2009;120(16):1640-45. https://doi.org/10.1161/CIRCULA-
TIONAHA.109.192644
28. Alemán-Mateo H, López-Teros MT, Urquidez-Romero R, Huesca 
L. Prevalence of metabolic syndrome and its determinants in older 
Mexican non-diabetic adults. Nutr Hosp. 2018;35(2):294-304. https://doi.
org/10.20960/nh.1518
29. Pucci G, Alcidi R, Tap L, Battista F, Mattace-Raso F, Schillaci G. Sex- and 
gender-related prevalence, cardiovascular risk and therapeutic approach 
in metabolic syndrome: A review of the literature. Pharmacol Res. 
2017;120:34-42. https://doi.org/10.1016/j.phrs.2017.03.008
30. Gallardo-Alfaro L, Bibiloni M del M, Mascaró CM, Montemayor S, Ruiz-
Canela M, Salas-Salvador J, et al. Leisure-time physical activity, sedentary 
behaviour and diet quality are associated with metabolic syndrome sever-
ity: The PREDIMED-Plus Study. Nutrients. 2020;12(4):1013. https://doi.
org/10.3390/nu12041013
31. Bechtold M, Palmer J, Valtos J, Lasiello C, Sowers J. Metabolic syndrome 
in the elderly. Curr Diab Rep. 2006;6(1):64-71. https://doi.org/10.1007/
s11892-006-0054-3

https://doi.org/10.1371/journal.pone.0105581
https://doi.org/10.1371/journal.pone.0105581
https://doi.org/10.1007/s11892-006-0057-0
https://doi.org/10.1007/s11892-006-0057-0
https://doi.org/10.2147/DMSO.S260544
https://doi.org/10.3390/nu13103519
https://doi.org/10.3390/nu13103519
https://doi.org/10.1186/s12902-021-00880-w
https://doi.org/10.1186/s12902-021-00880-w
https://doi.org/10.1038/srep22750
https://doi.org/10.1097/MD.0000000000004791
https://doi.org/10.1097/MD.0000000000004791
https://doi.org/10.3390/ijerph19010377
https://doi.org/10.3390/ijerph19010377
https://doi.org/10.3390/nu14020263
https://doi.org/10.1371/journal.pone.0199293
https://doi.org/10.1371/journal.pone.0199293
https://doi.org/10.1089/met.2019.0066
https://doi.org/10.1089/met.2019.0066
https://doi.org/10.1590/1980-549720200046
https://doi.org/10.21149/8593
https://doi.org/10.21149/11306
https://doi.org/10.21149/11306
https://doi.org/10.1093/ije/dys037
https://doi.org/10.1093/ije/dys037
https://doi.org/10.21149/8813
https://doi.org/10.1093/clinchem/18.6.499
https://doi.org/10.1093/clinchem/18.6.499
https://doi.org/10.21149/10520
https://doi.org/10.21149/10752
https://doi.org/10.4235/agmr.22.0012
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.20960/nh.1518
https://doi.org/10.20960/nh.1518
https://doi.org/10.1016/j.phrs.2017.03.008
https://doi.org/10.3390/nu12041013
https://doi.org/10.3390/nu12041013
https://doi.org/10.1007/s11892-006-0054-3
https://doi.org/10.1007/s11892-006-0054-3

