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Abstract: Dietary patterns (DPs) are an essential tool to analyze the relationship between diet
and health as they have presented an association with the incidence of chronic non-communicable
diseases. Therefore, the aim of this study was the identification and characterization of DPs and
their association with cardiovascular risk factors. For this purpose, a cross-sectional descriptive
study was carried out in 165 Mexican adults, including dietary intakes derived from a validated
food frequency questionnaire, clinical history, anthropometry, and biochemical biomarkers using
standardized procedures for glucose, total cholesterol, triglycerides, LDL-c, and HDL-c. DPs were
identified through principal component analysis and ordinal logistic regression was used to examine
associations between DPs and cardiovascular disease risk factors. Three DPs were identified: Mexican
Fast-Food, Variety-Food, and Healthy-Economic, with a high prevalence of overweight and obesity
(78%). Having a high adherence to a Mexican Fast-Food pattern (OR 1.71 CI 1.4–2.8), being sedentary
(OR 4.85 2.32–10.15) and smoking (0R 6.4 CI 2.40–16.9) increased the risk of having a high scale
of risk factors (four or more risk factors simultaneously). In conclusion, the Mexican Fast-Food
pattern showed an increase in the risk of having multiple risk factors, while a sedentary lifestyle and
overeating were largely responsible for the prevalence of overweight and obesity in this group of
Mexican adults.

Keywords: dietary patterns; Mexican adults; overweight; obesity; cardiovascular disease risk factor

1. Introduction

In recent years, dietary patterns (DPs) have become an essential tool for the analysis
of diet and its association with the risk of developing chronic diseases [1,2]. Unhealthy
diets have been linked to the high prevalence and development of overweight and obesity,
cardiovascular disease (CVD), and insulin resistance, which leads to type 2 diabetes mellitus
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(DM2) [3]. In this sense, it is estimated that 90% of CVD and DM2 cases in the Mexican
population are a result of overweight and obesity [4].

According to the National Health and Nutrition Survey in Mexico, the prevalence
of obesity increased by 12.35% from 2012 to 2020. In fact, Mexico is the country with the
second-highest prevalence of obesity in the adult population worldwide. More than 70% of
Mexican adults over 20 years of age are overweight, this incidence being higher in men
than in women, while the prevalence of obesity is usually higher in women than in men [5].

There is strong scientific evidence demonstrating that consuming healthy DPs is
associated with a lower risk of CVD [2]. These DPs are typically defined by the regular con-
sumption of vegetables, fruits, whole grains, low-fat dairy, fish, and shellfish. Conversely,
they involve reducing intake of red and processed meats, refined grains, and sweetened
foods and beverages. Additionally, the inclusion of nuts and moderate alcohol consumption
have also been identified as beneficial components of a healthy DP [6]. Likewise, results
from clinical studies of dietary interventions have suggested a significant impact of these
DPs on cardiovascular disease risk, dyslipidemias, and blood pressure [6].

Results of different studies carried out in the Mexican population, both in children and
adults, revealed that the main foods consumed belong to diverse DPs, such as Westernized
(defined by the consumption of ultra-processed foods, commercial food, red meat, and
sugary drinks), healthy (characterized by the consumption of fruits, vegetables, white
meats such as chicken and fish, grains, and whole grains), and rural or traditional (in-
cluding consumption of tortillas and foods derived from corn, legumes, vegetables, and
small amounts of foods of animal origin such as chicken and eggs) [7–10]. Thus, results
have shown an association and adherence to the consumption of Westernized DPs with
a greater probability of developing CVD and metabolic disorders [8]. On the contrary,
adherence to healthy DPs has been associated with a lower risk of presenting high lipid
concentrations in the blood [10]. The incidence of dyslipidemia, a disease characterized by
high concentrations of total cholesterol (TC) and low-density lipoproteins (LDL-c) along
with low concentrations of high-density lipoproteins (HDL-c), leads to the accumulation
and oxidation of LDL-c in the arterial wall. This phenomenon has been associated with an
increased risk of atherosclerotic disease, including coronary artery disease and stroke [11].
Additionally, higher abdominal obesity is associated with hyperglycemia, insulin resistance,
hyperlipidemia, and low HDL-c concentrations [12], while the LDL-HDL-c ratio strongly
predicts atherosclerosis progression [13].

In the current challenging landscape for public health, emphasizing the promotion
of a healthy lifestyle and the formulation of policies and strategies to address the afore-
mentioned epidemiological situation in Mexico, this study aimed to delineate and analyze
various DPs and their correlation with cardiovascular disease risk factors among a cohort
of Mexican adults.

2. Materials and Methods
2.1. Study Design and Volunteers

A flow chart of the participants enrolled in the present study is represented in the Sup-
plementary Material (Figure S1). Briefly, approximately 4500 adults from a company located
in Zapopan, Jalisco, Mexico, were invited to participate in the present study through an
information campaign. In the recruitment phase, 444 volunteers were registered; 231 were
contacted by telephone and agreed to make an appointment at the company’s medical office
to have a personal interview to explain the study, clarify doubts, sign the informed consent
form, and verify compliance with the criteria. The procedures and methods used to measure
and collect anthropometric, biochemical, clinical, and dietary data were explained to each
volunteer orally and in writing, and those who agreed to participate signed the informed
consent and provided general data. After a thorough evaluation, it was determined that
165 adults should meet the required criteria: (I) body mass index (BMI) ≤ 35; (II) not suffer-
ing from any chronic disease or maintaining anti-inflammatory drug treatment, hormones,
or corticosteroids; (III) no drug or alcohol abuse; and (IV) not being pregnant or lactating.
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The methodology used in this study was approved by the Ethics and Research Committee
of the University Center for Health Sciences at the University of Guadalajara (reference
CI-02613). The 165 participants included in this study were summoned to an interview in
which the sociodemographic, clinical, and dietary questionnaires were completed and the
anthropometric measurements were obtained (Supplementary Material Figure S1)

2.2. Variables and Data Collection
2.2.1. Clinical History

A questionnaire was administered to the participants to collect their sociodemo-
graphic data, including age, marital status, education, lifestyle habits, and history of
chronic diseases.

2.2.2. Anthropometric Measurements

Body weight was measured using a TANITA® digital scale (model UM-061, TANITA,
Amsterdam, The Netherlands) with 0.1 kg accuracy. Participants were instructed to wear
light clothing and asked to remove their shoes. Height was measured using a SECA®

portable wall stadiometer (SECA, Hamburg, Germany), placing the individual in a standing
position and verifying that the head complied with the Frankfort plane, and the BMI value
[weight (kg)/height2 (m)] was subsequently obtained. The BMI cut-off points were defined
in accordance with the criteria set by the World Health Organization (WHO) as follows:
<18.5, indicating underweight; 18.5–24.9, classified as normal; 25–29.9, categorized as
overweight; and ≥30.0–34.9, indicating obesity I [14]. To measure waist circumference, a
Gülick® (Leverkusen, Germany) flexible vinyl tape was used, with an accuracy of 0.1 cm;
participants were asked to stand, locating the waist at the midpoint between the upper edge
of the iliac crest and below the last floating rib; after a normal expiration, the data were
obtained in triplicate and expressed in centimeters. Abdominal obesity was subsequently
defined according to the criteria of the International Diabetes Federation (IDF) (i.e., ≥80 cm
for women and ≥90 cm for men) [15].

2.2.3. Physical Activity

A validated questionnaire was applied to determine the level of physical activity [16].
Participants were asked about the time (min) and frequency (days/week) that they per-
formed physical activity, such as walking, dancing, or climbing stairs, or whether they
performed physical conditioning exercises or a particular sport. The total time/week was
obtained, and the level of physical activity was determined based on the recommendations
of the WHO (2022) [17] to avoid a sedentary lifestyle, which states that moderate physical
activity should be carried out at least 150 to 300 min/week.

2.2.4. Diet and Pattern Analysis

A 165-item semiquantitative food frequency questionnaire (FFQ) was applied, which
was validated in 97 Mexican adults (men and women) [18]. The authors of this FFQ
evaluated its reproducibility and validity for nutrients and food groups, obtaining results
suitable to determine the average daily energy and nutrient intake in the Mexican adult
population [18]. Each participant was asked the amount and frequency (number of times
in each period) that they usually consumed each food; responses ranged from “never or
rarely” to “six or more times a day”. The responses obtained from each item were converted
to energy/day (kcal/d) and grams per day (g/d). In addition, foods and beverages were
classified into food groups according to their nutritional content, taking Mexican food com-
position tables as references [19] and obtaining 22 food groups (Table S3, Supplementary
Materials). These groups were used to perform the principal component analysis (PCA)
and to identify the DPs most consumed by the study participants. Foods that obtained
very low consumption responses in the FFQ (less than 10%) were eliminated, which corre-
sponded to semi-skimmed milk, cottage cheese, lamb meat, rabbit meat, asparagus, olives,
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a mixture of different oils, safflower oil, rosé wine, aged red wine, young red wine, white
wine, and liqueurs.

2.3. Blood Extraction and Determination of Biomarkers

Personnel from an accredited laboratory performed the blood collection. After 12 h of
fasting, blood samples were extracted by venipuncture in vacuum tubes using a vacutainer
system and stored in containers at 4 ◦C. They were then transferred to the laboratory for
processing the same day. Plasma was separated by centrifugation at 3500 rpm for 10 min
and transferred to properly labeled Eppendorf (Hamburg, Germany) tubes for storage.
Subsequently, each analyte was measured according to the method established by the man-
ufacturer for each of the different reagents, namely glucose, total cholesterol, triglycerides,
LDL-c, and HDL-c, which were provided by the SPINREACT brand, Barcelona, Spain.
Quality control was performed jointly by observing the characteristics of the reagent and
pathological control for each analyte to ensure the accuracy and precision of the results.

2.4. Statistic Analysis

The normality of all variables was accepted after the employment of the Kolmogorov–
Smirnov test. Sociodemographic, clinical, and anthropometric variables were described
according to the gender of the participants; the Chi-squared test was used for qualitative
variables and Student’s t-test for quantitative variables. Biochemical data were described
in relation to the participants’ BMI, and the ANOVA test and Bonferroni post hoc test were
used. Multivariate PCA analysis was used to identify PDs, and Varimax rotation was used
to maintain non-correlation and improve precision and interpretability. The factorability of
the data was confirmed using the Kaiser–Meyer–Olkin (KMO) test of sampling adequacy
and Bartlett’s test of sphericity, achieving a correct estimate for the statistical values of
this sample. The factor loadings refer to the coefficients that define the components in
each DP, and an absolute value ≥ 0.30 was established; those foods that had this value
were significant enough to characterize each of the three DPs. At least five food groups
defined each pattern as well as the absolute value (≥0.30) of the factor loading for the PCA
components. Subsequently, tertiles were created with the factor loadings resulting from
the PCA, which indicated adherence to each of the DPs identified in this analysis. Finally,
ordinal logistic regression models and a generalized linear regression model were created,
and Odds Ratios were calculated (95% CI) with the objective of determining adherence to
DPs and its relationship with cardiovascular risk factors. The level of statistical significance
for all tests was set at p ≤ 0.05. Data were analyzed using the SPSS Statistics v 22.0
(SPSS Inc., Chicago, IL, USA).

3. Results

The participants had an average age of 39 years; 74% were female; 60% of the partici-
pants were married, and their school grades were secondary level (36.1%) and high school
(32.7%). When analyzing the anthropometric data, 78% of the participants were overweight
or obese (Table 1).

Table 2 shows the anthropometric, biochemical, and clinical variables categorized
according to BMI classification into normal weight, overweight, and obese; the data com-
parison was performed with normal weight versus overweight and obese, respectively.
Circulating glucose concentrations were within normal ranges in the three groups, but
when conducting intergroup comparisons, differences were observed between overweight
and obese subjects (p = 0.005). Concerning triglycerides, increased levels were found in
the obesity group compared to the overweight (p = 0.003) and normal-weight (p = 0.001)
groups, respectively. HDL-c parameters were significantly higher in normal-weight indi-
viduals when compared to those who were overweight (p = 0.01) and obese (p = 0.006).
Regarding the LDL/HDL-c ratio, significant differences were observed when comparing
the normal-weight group with overweight (p = 0.003) and obesity (p = 0.02), this contrast
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being greater in the latter scenario. Finally, no significant differences were observed in total
cholesterol, LDL-c, and systolic blood.

Table 1. Sociodemographic characteristics of the participants included in this study.

Variables Men
(n = 42)

Women
(n = 124)

Total
(n = 165) p

Age (years), M ± SD 36.24 ± 9.15 40.13 ± 9.69 39.9 ± 9.6 0.02 *
Age group, n (%)

≤49 38 (22.9) 98 (59.6) 136 (82.4)
0.11≥50 4 (2.4) 25 (15.1) 29 (17.5)

Civil status, n (%)
Single 17 (10.2) 33 (20.5) 50 (30.3)

0.14
Married 25 (15.1) 75 (45.2) 100 (60.2)
Divorced 0 (0) 6 (3.6) 6 (3.6)
Living together 0 (0) 7 (4.2) 7 (4.2)
Widower 0 (0) 2 (1.2) 2 (1.2)

School level, n (%)
Primary 0 (0) 6 (3.6) 6 (3.6)

<0.001 *

Secondary 4 (2.4) 56 (33.7) 60 (36.1)
High school 12 (7.2) 42 (25.9) 54 (32.7)
Degree 20 (12.0) 9 (5.4) 29 (17.5)
Technical career 4 (2.4) 10 (6.0) 14 (8.4)
Master’s degree 2 (1.2) 0 (0) 2 (1.2)

Smoking, n (%)
Smoker 6 (3.6) 19 (11.4) 25 (15.1)

0.04 *Non-smoker 31 (18.7) 101 (61.4) 132 (80.0)
Former smoker 5 (3.0) 3 (1.8) 8 (4.8)

Family history of illness in close relatives (parents, brothers, and sisters), n (%)
Obesity 15 (9.0) 35 (21.1) 50 (30.1) 0.36
Diabetes mellitus 2 16 (9.6) 59 (35.5) 75 (45.2) 0.28
Dyslipidemias 5 (3.0) 23 (13.9) 28 (16.9) 0.32
Arterial hypertension 11 (6.6) 57 (34.3) 68 (41.0) 0.02 *
Heart disease 1 (0.6) 20 (12.0) 21 (12.7) 0.02 *

Physical activity, n (%)
Active (150–300 min/week) 21 (50) 25 (20.16) 46 (27.8)

<0.001 *Sedentary (<150 min/week) 21 (50) 98 (79.03) 114 (72.12)

Data are presented in the form of numerical values and percentages; the X2 test was used, and a p-value < 0.05 is
considered statistically significant. Values with * superscript are significantly different.

Figure 1 displays the food groups included in each of the three DPs identified in
our study, considering a score ≥0.3 as significant in the factor-loading matrix of the food
groups that make up each of the DPs, as presented in Table S1 (Supplementary Materi-
als). The observed patterns explained 31.62% of the total variance in food consumption
among the study participants. The first category, “Mexican Fast-Food”, was defined by
the consumption of commercial and ultra-processed foods, including pizza, commercial
pastries, sweet bread, bread and wheat-based products, rice, dairy products, dairy products
with sugar, sweet foods, and beverages, red and processed meats, Mexican dishes, tortillas,
and corn derivatives. The second category, which was referred to as “Variety-Food”, in-
cluded the consumption of vegetables, fruits, monounsaturated and polyunsaturated oils,
avocado, oilseeds (almonds, nuts, and peanuts), mature and fresh cheeses, saturated and
vegetable fats, dairy with sugar, sugary drinks, Mexican dishes, tortillas, and corn deriva-
tives. Finally, the third category, called “Healthy-Economic”, involved the consumption
of vegetables, polyunsaturated oils, white meat, eggs, legumes, fish, shellfish, low-calorie
drinks, and water.
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Table 2. Anthropometric, clinical, and biochemical parameters evaluated in the study participants
according to their BMI classification.

Variables Normal Weight
(n = 34)

Overweight
(n = 69)

Obesity
(n = 58)

Total
(n = 161) p

Anthropometric
BMI (kg/m2) 23.0 ± 1.6 a 27.4 ± 1.4 b 32.0 ± 1.2 c 28.0 ± 3.6 0.001 *
Waist circumference (cm) 76.5 ± 6.2 a 85.5 ± 7.4 b 95.5 ± 10.4 c 87.0 ± 10.9 0.001 *
Biochemical
Glucose (mg/dL) 79.1 ± 7.9 76.0 ± 7.0 c 85.1 ± 24.9 c 79.5 ± 16.5 0.005 *
Cholesterol total (mg/dL) 172.5 ± 38.4 188.0 ± 41.8 182.2 ± 34.0 182.8 ± 38.6 0.161
HDL-c (mg/dL) 54.9 ± 8.7 ab 47.2 ± 11.0 a 45.9 ± 15.0 b 48.2 ± 12.5 0.005 *
LDL-c (mg/dL) 99.4 ± 36.7 116.0 ± 37.8 111.7 ± 31.5 110.9 ± 35.7 0.08
Triglycerides (mg/dL) 93.8 ± 43.2 b 119.6 ± 49.5 c 161.5 ± 97.2 bc 129.2 ± 74.0 0.001 *
LDL/HDL-c ratio 1.89 ± 0.80 ab 2.60 ± 1.06 a 2.60 ± 0.96 b 2.44 ± 1.01 0.003 *
Clinical (mm /Hg)
Systolic blood pressure 111.5 ± 9.9 115.4 ± 14.7 117.8 ± 13.7 115.4 ± 13.5 0.080
Diastolic blood pressure 66.1 ± 6.7 b 67.7 ± 9.0 c 71.7 ± 10.4 bc 68.7 ± 9.3 0.009 *

Abbreviations: BMI, body mass index; HDL-c, high-density lipoproteins; LDL-c, low-density lipoproteins. Data
expressed as mean ± standard deviation. p-value calculated with ANOVA statistical test and Bonferroni post
hoc test. p < 0.05 was considered significant, * indicates significant differences. Different superscript letters
indicate significant differences in post hoc test. (a) normal weight vs. overweight; (b) normal weight vs. obesity;
(c) overweight vs. obesity.
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The adherence to the three identified DPs and their correlation with the sociodemographic,
anthropometric, and biochemical variables are depicted in Table S2 (Supplementary Materials).
Among adults, a predominance of adhesion to the “Mexican Fast-Food” DP (35.2%) was
observed, followed by the “Variety-Food” DP (32.7%), while the “Healthy-Economic” DP had
the least adherence (32.1%). Nevertheless, no significant differences were observed between the
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three DPs for gender, smoking, BMI, prevalence of overweight or obesity, waist circumference,
presence of abdominal obesity, biochemical parameters, and the LDL/HDL-c ratio.

The results regarding energy, macronutrients, dietetic fiber, and cholesterol intake are
presented in Table 3. In this sense, the participants who adhered to the consumption of
the Mexican Fast-Food DP presented the highest intake of energy (p < 0.01) and saturated
fatty acids (p < 0.001) compared to those consuming the other identified DPs. On the other
hand, regarding the consumption of carbohydrates, the Variety-Food DP pattern presented
the highest carbohydrate (p = 0.05) intake. As for the consumption of polyunsaturated
fatty acids (p < 0.001) and dietary cholesterol (p < 0.01), these parameters were significantly
higher in the Healthy-Economic pattern compared to the other two DPs. Concerning
dietary fiber, in the Variety-Food DP, a significantly greater (p ≤ 0.05) fiber contribution
was observed (27.94 g) than in the Mexican Fast-Food (23.24 g) and Healthy-Economic
(22.56 g) DPs.

Table 3. Energy, macronutrients, dietary fiber, and cholesterol according to identified dietary patterns.

Variable Mexican Fast-Food Variety-Food Healthy-Economic p

Energy (kcal/d) 3166 ± 1185 a 2762 ± 852 b 2624 ± 827 b 0.01 *
Carbohydrates (%) 48.53 ± 4.28 b 49.46 ± 4.35 a 47.15 ± 5.84 b 0.05 *
Sugar (%) 5.87 ± 4.07 5.75 ± 3.69 4.93 ± 4.14 0.41
Protein (%) 13.48 ± 2.80 13.55 ± 1.61 14.27 ± 2.76 0.17
Lipids (%) 38.00 ± 4.17 36.99 ± 3.75 38.57 ± 5.05 0.16
Saturated fatty acids (%) 31.26 ± 5.99 a 27.97 ± 4.47 b 27.21 ± 4.83 b 0.001 *
Monounsaturated fatty acids (%) 26.26 ± 3.60 27.31 ± 3.85 26.35 ± 4.92 0.31
Polyunsaturated fatty acids (%) 18.42 ± 4.40 a 19.93 ± 4.31 b 22.65 ± 5.00 c 0.001 *
Dietary cholesterol (mg) 366.54 ± 157.63 a 285.01 ± 95.77 b 383.52 ± 251.53 c 0.01 *
Dietary fiber (g) 23.24 ± 12.98 a 27.94 ± 15.77 b 22.56 ± 6.00 a 0.05 *

Values are determined by the total energy value of the diet. Data presented as mean ± standard deviation,
p-values calculated with ANOVA test and Bonferroni post hoc test. p < 0.05 was considered significant, * indicates
significant differences. Different superscript letters indicate significant differences in post hoc tests. (a) Mexican
Fast-Food vs. Healthy-Economic; (b) Mexican Fast-Food vs. Variety-Food; (c) Variety-Food vs. Healthy-Economic.

Table 4 displays the findings of the ordinal logistic regression model, which was used
to assess the impact of compliance with three different DPs on the prevalence of cardio-
vascular disease risk factors (as shown in Figure 2). This study considered the following
categories of cardiovascular disease risk factors: “low” (indicating a risk score of 0–1 con-
dition), “moderate” (indicating a risk score of 2–3 conditions), and “high” (indicating a
risk score of ≥4 conditions). The analysis was based on the following covariates: BMI
(normal weight, overweight, obesity), abdominal obesity (≥80 for women; ≥90 for men),
LDL/HDL-c ratio (≥2 with risk/≥1.9 without risk), triglycerides (≤149 mg/dL = desirable,
≥150 mg/dL = elevated), and smoking (Smoker, Non-smoker); the factors of physical activ-
ity and smoking habits were included. The model was statistically significant (X2 = 39.510,
p = <0.001) and explained 25.4% (R2 = 0.254) of the categories of the dependent variable.
Table 4 shows the results of a generalized linear model that calculated the Odds Ratios
(ORs) and prediction values. The analysis found that being sedentary increases the chances
of scoring high on cardiovascular disease risk factors by 4.85 times, smoking increases the
chances by 6.21 times, and having a high adherence to a Mexican Fast-Food DP increases
the chances by 1.71 times. However, the Variety-Food DP and the Healthy-Economic DP
did not affect cardiovascular disease risk factors.
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Table 4. Odds Ratios (ORs) and 95% confidence intervals (95% CI) of the scale of cardiovascular
disease risk factors, dietary patterns, physical activity, and smoking habits in 165 Mexican adults.

(95% CI for OR)

Cardiovascular Disease Risk Factors Scale B (ES) p Odds Ratio Lower Higher

Physical activity 1.5 (0.37) <0.001 * 4.85 2.32 10.15
Smoking habits 1.8 (0.48) <0.001 * 6.21 2.40 16.09
Adherence to the Mexican Fast-Food DP 0.59 (0.25) 0.032 * 1.71 1.04 2.80
Adherence to the Variety-Food DP 0.16 (0.29) 0.570 1.18 0.65 2.12
Adherence to the Healthy-Economic DP −0.34 (0.34) 0.310 0.70 0.36 1.39

* Logistic regression model and generalized linear model, 95% CI. Variable scale of cardiovascular disease risk
factors under 1–2 risk conditions; moderate 2–3 risk conditions; ≥4 risk conditions. Risk conditions: BMI (normal
weight, overweight, obesity), abdominal obesity (≥80 for women; ≥90 for men), LDL/HDL-c ratio (≥2 with
risk/≥1.9 without risk), triglycerides (≤149 mg/dL = desirable, ≥150 mg/dL = elevated), smoking (Smoker,
Non-smoker), physical activity (active, sedentary).
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4. Discussion

In the present study, the dietary behaviors of a group of Mexican adults were evaluated
in order to identify intake patterns and their association with an increased risk of the
incidence of CVD. An exhaustive analysis of the obtained data resulted in the identification
of three distinct dietary patterns labeled as Mexican Fast-Food, Variety-Food, and Healthy-
Economic DPs, accounting for 31.6% of the total food consumption variance, as reported by
the PCA. In this sense, the Mexican Fast-Food DP proved to be the most frequent with 35.2%
adherence. Its main characteristics revolved around a higher calorie (3166 kcal/d) and
saturated fat intake (31.26 g/day p = 0.001) than observed for the other patterns, being in
line with previous literature on the dietary behavior of the Mexican population [7,10,20–23].
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Thus, this prominent pattern (Mexican Fast-Food) describes an eating behavior high
in commercial and ultra-processed foods, red and processed meats, and added-sugar
foods, which appear to be related to poor health quality. Indeed, adherence to this type of
dietary pattern has been associated with a higher risk of developing metabolic syndrome
(MetS) [24]. Furthermore, research has linked the consumption of foods rich in sugars and
fats with postprandial inflammation, contributing to an increase in advanced glycation
end products (AGEs), which may raise concerns about the adequacy of their ingestion.
However, the presence of certain antioxidants provided by a healthy and nutrient-rich diet
could partially reduce the presence of these AGEs, thus decreasing the impact of these
foods on postprandial inflammation and the effect on overall health [25].

This Westernization of the diet, which has been supported by recent ENSANUT 2020
data, could pose not only a health concern but also an environmental challenge for the
Mexican population. Urban citizens consume a wider variety of foods related to a higher
strain on natural resources, including meat [26]. The presented PCA results revealed a
significant correlation of the Mexican Fast-Food DP with increased consumption of red
and processed meats (0.48) and, especially, of commercial and ultra-processed foods (0.68),
which is a pressing health concern. Ultra-processed foods are responsible for 30% of energy
intake in Mexico, resulting in a reduction in dietary diversity and micronutrient intake as
well as an increased risk for chronic disease [27,28]. This is consistent with observations in
our study, where adherence to this DP resulted in a 1.7-fold increase in cardiovascular risk
when compared to the other identified patterns.

On the other hand, the Variety-Food DP, with a caloric contribution of 2762.76 kcal/day
(Table 3), showed a higher carbohydrate consumption compared to other dietary patterns
(p < 0.05). Interestingly, it also showed the highest presence of dietary fiber among the
studied patterns (27.94 g/day, Table 3). As opposed to previous research, our results did
not associate the inherent food diversity of this pattern with an increase in overweight and
obesity among the considered participants [23].

Finally, the Healthy-Economic DP had a reduced caloric contribution (2624 kcal/day)
while exhibiting the highest intake of polyunsaturated fatty acids (22.65 g/day, p = 0.001)
and total dietary cholesterol (383.52 mg/day, p = 0.01) (Table 3). The healthy DP, also known
as prudent, has been commonly described in various populations [29–31] and has been
associated with the prevention of CVD and MetS [7,24]. However, in the present results, the
adherence to this DP did not show an association with a lower prevalence of overweight or
obesity. Conversely, higher BMI and abdominal obesity were observed in participants who
adhered to this pattern (Table S2) compared with other DPs, but it did not reach statistical
significance. This may be related to behavioral changes leading to an improvement in the
quality of their diet as a result of being confronted with high BMI results. Indeed, these
results agreed with previous literature on healthy adults, in which those who adhered to a
healthy pattern presented a higher percentage of body fat [10].

In our study, obese participants had high levels of triglycerides and lower levels
than recommended of HDL-c (Table 2), factors known to increase cardiovascular risk and
lead to insulin resistance development [32,33]. Moreover, our study revealed that 73% of
participants were leading sedentary lifestyles (Table 1), highlighting yet another modifiable
risk factor for cardiovascular diseases. A sedentary lifestyle not only escalates the risk of
all-cause mortality but also doubles the likelihood of developing cardiovascular disease,
diabetes, and obesity [34].

According to the WHO, healthy calorie intake in adults should be around 2000 kcal/day [35].
However, the observed caloric contribution of the three DPs studied largely exceeds this value,
being up to 1166 kcal above the recommendation (Table 3). The observed difference between
consumed kcal and energy expended appears to be one of the main causes of the increase in
overweight and obesity. This phenomenon is usually related to the combined effect of both
overconsumption of high-calorie foods found in modern diets and a sedentary lifestyle [36],
which were confirmed for the Mexican population by the evidence recorded in the present study.
Particularly, research has shown the importance of the reduction in physical activity among
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Westernized countries as a determinant factor for the prevalence of these conditions [37,38] where
the lifestyle is increasingly defined by a more sedentary approach to work and leisure time,
requiring increasingly less physical effort [39,40]. Indeed, this is further observed in our study,
where most of the studied subjects were office workers, spending a significant amount of their
8 h shift sitting.

Regarding the LDL/HDL-c ratio, overweight and obese individuals had significantly
higher levels of this parameter (2.60, p = 0.001) as compared to the normal-weight group,
with a value above the recommended specification of ≤2 (Table 2). On this basis, a cut-
off value of 2.5 for the LDL/HDL-c ratio has been proposed as a predictive marker for
cardiovascular disease risk [41]. Additionally, according to the United States Department
of Agriculture, cholesterol intake should not exceed 300 mg/day in the habitual diet in
order to avoid developing dyslipidemia [42]. In our study, both the Mexican Fast-Food and
the Healthy-Economic DPs had the highest contribution in terms of total cholesterol in the
diet, with 366 mg/dL/day and 383 mg/dL/day, respectively (Table 3).

Overweight and obese participants in our study did not meet sufficient criteria for a
MetS diagnosis [15]. However, previous evidence has suggested an increased tendency in
obese individuals towards low-grade inflammation mediated by pro-inflammatory markers
from the adipose tissue, which have been related to insulin resistance and metabolic disor-
ders and were not observed in normal-weight subjects [25]. Even though these biomarkers
were not evaluated in the present study, it should be highlighted that a significant propor-
tion of the overweight and obese participants presented multiple concurrent cardiovascular
risk factors, with over 49.6% exhibiting three or more of them (Figure 2). This observa-
tion implies an increased likelihood of subclinical inflammation among individuals with
excess adipose tissue. Furthermore, the persistence of deleterious DPs and sedentary
behavior in these individuals may heighten the susceptibility to metabolic disorders and
insulin resistance.

Finally, an ordinal logistic regression model was created to evaluate the associations
between a scale of risk factors and adherence to the three different patterns identified in
this study. The resulting prediction values exhibit three fundamental aspects related to
an increased scoring of cardiovascular disease risk factors: (1) smoking, with a 6.21-fold
increased likelihood of scoring the highest on the cardiovascular disease risk scale (95% CI,
2.40–16.9); (2) a sedentary lifestyle, which presented a 4.85-fold increase (95% CI, 2.32–10.15);
and 3) and adherence to Mexican Fast-Food DP, increasing this probability 1.71 times (95%
CI, 1.04–2.80). Thus, these results confirm the relation of the adherence to a Westernized
DP with an increase in the presence of cardiovascular disease risk factors. This is further
supported by previous research, where the presence of dietary patterns rich in refined foods
increases the risk of developing CVD [7] and the prevalence of overweight, obesity, and
abdominal obesity [23]. As previously mentioned, a sedentary lifestyle is one of the main
modifiable risk factors in the development of CVD and all-cause mortality [43]. In addition,
consumption of tobacco has been associated by considerable epidemiological evidence
with cardiovascular diseases [44]. However, the complexity of the chemical composition of
cigarette smoke, which includes a mixture of more than 4000 chemical components that are
distributed in particulate and gaseous phases, makes it difficult to discern the molecular
mechanisms by which their effects are mediated [45].

Some limitations can be observed in this study, such as the obtention of self-reported
diet information, an underestimation of food intake [46], the small sample size of male
participants, and homogeneity in participants’ jobs. Nevertheless, the present study also
has some important strengths that should be highlighted. In this sense, the interviews
were performed by nutrition professionals who received training in the application and
methodology of the FFQ, in addition to using a validated FFQ for the Mexican population,
ensuring a rigorous methodology in the application of the validated questionnaire to
identify eating patterns in the Mexican adult population [18]. Furthermore, a specialized
software Nutricloud® v 2016 [47] was used for the interpretation of this diet information,
which allowed a more precise description of the diet analysis. Overall, these procedures
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allowed for meticulous and accurate interpretation of the obtained data for the identification
of the predominant dietary patterns of Mexican adults and their impact on health.

5. Conclusions

In this study, three distinct dietary patterns were identified among Mexican adults,
describing different approaches to eating and a different impact on cardiovascular disease
risk. The Mexican Fast-Food pattern showed an increase in the likelihood of the concomi-
tance of three or more cardiovascular risk factors. The prevalence in this group of a higher
BMI was significant, related to a more sedentary lifestyle and increased overeating. On the
other hand, the Variety-Food pattern showed an elevated carbohydrate intake while the
Healthy-Economic pattern was characterized by a higher consumption of polyunsaturated
fatty acids and total dietary cholesterol.

These findings elucidate the diversity of the dietary profiles in Mexican adults and
their potential implications on health in this population, paving the way for future research
furthering the implications of behavioral aspects and the importance of epigenetic studies
focused on the development and perpetuation of overweight and obesity conditions.

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/nu16060804/s1. Figure S1. Flow-chart of the participants
included in this study; Table S1. Factor-loading matrix for four major dietary patterns identified
by principal component analysis; Table S2. Adherence to dietary patterns and sociodemographic
characteristics, BMI, abdominal obesity, and lipid concentrations in Mexican adults; Table S3. Food
groups for multivariate analysis of principal components.

Author Contributions: P.J.L.-U. was responsible for conceiving the study, developing the overall
research plan, and supervising the study. A.V.-A. carried out the fieldwork, analyzed the data, and
was primarily responsible for the final content, A.R.-R., L.R.-G., C.M.D.-S., K.L.J.-L., H.V.-L., I.C.M.-A.,
M.A.S.-J. and P.J.L.-U. contributed to the final review and provided important contributions. This
paper contains results included in the Master’s thesis of A.V.-A., which was written within the context
of the program of Master’s Degree in Behavioral Science with an orientation in Food and Nutrition
at the University of Guadalajara. All authors have read and agreed to the published version of
the manuscript.

Funding: A.V.A. was granted a fellowship from the National Council for Science and Technology
(CONAHCYT). Grant No. 367450 and Registration No. 298671.

Institutional Review Board Statement: The present study was conducted by the procedures of
the Declaration of Helsinki and approved by the Ethics and Research Committee of the Univer-
sity Center for Health Sciences at the University of Guadalajara (reference CI-02613 approved on
20 November 2013). Finally, the procedures involved minimal risks, considering that they do not
violate the ethical principles for medical research on human subjects established in the rules of Law
14/2007 on Biomedical Research and the Organic Law 15/1999, RD 1720/2007, on the protection of
personal data as well as the international rules for research using samples from human beings.

Informed Consent Statement: Each of the participants accepted their inclusion in the study, signing
the approved protocol in writing. The confidentiality of the data obtained and any personal data
used in this study has been maintained and respected.

Data Availability Statement: The datasets generated during and/or analyzed during the current
study are available from the corresponding author upon reasonable request.

Acknowledgments: To the company in which this study was carried out; to the adults in the
company’s production area for their availability to participate, their permanence in the project, and
their time attending their appointments; to Erika Noemí Salazar for her guidance in carrying out this
study; and to Luis Ángel Jiménez, Cony Anaid González, and Mónica Miramontes for their support
and collaboration.

Conflicts of Interest: The authors declare that they have no conflicts of interest from any commercial
or financial relationships.

https://www.mdpi.com/article/10.3390/nu16060804/s1


Nutrients 2024, 16, 804 12 of 13

References
1. Fung, T.T.; Willett, W.C.; Stampfer, M.J.; Manson, J.A.E.; Hu, F.B. Dietary patterns and the risk of coronary heart disease in women.

Arch. Intern. Med. 2001, 161, 1857–1862. [CrossRef]
2. Hu, F.B.; Rimm, E.B.; Stampfer, M.J.; Ascherio, A.; Spiegelman, D.; Willett, C.W. Prospective study of major dietary patterns and

risk of coronary heart disease in men. Am. J. Clin. Nutr. 2000, 72, 912–921. [CrossRef]
3. OMS. Obesidad y Sobrepeso. Available online: https://www.who.int/es/news-room/fact-sheets/detail/obesity-and-

overweight (accessed on 18 November 2020).
4. Rivera, J.A.; Barquera, S.; Campirano, F.; Campos, I.; Safdie, M.; Tovar, V. Epidemiological and nutritional transition in Mexico:

Rapid increase of non-communicable chronic diseases and obesity. Public Health Nutr. 2002, 5, 113–122. [CrossRef]
5. Shamah-Levy, T.; Romero-Martínez, M.; Barrientos-Gutiérrez, T.; Cuevas-Nasu, L.; Bautista-Arredondo, S.; Colchero, M.; Gaona-

Pineda, E.; Lazcano-Ponce, E.; Martínez-Barnetche, J.; Alpuche-Arana, C.; et al. Encuesta Nacional de Salud y Nutrición 2021 Sobre
COVID-19. Resultados Nacionales; Instituto Nacional de Salud Pública: Cuernavaca, Mexico, 2022; ISBN 9786075112220.

6. USDA Nutrition Evidence Systematic Review. Dietary Patterns and Risk of Cardiovascular Disease|Nutrition Evidence System-
atic Review. Available online: https://pubmed.ncbi.nlm.nih.gov/35294140/ (accessed on 20 January 2024).

7. Denova-Gutiérrez, E.; Tucker, K.L.; Flores, M.; Barquera, S.; Salmerón, J. Dietary patterns are associated with predicted cardiovas-
cular disease risk in an urban mexican adult population. J. Nutr. 2016, 146, 90–97. [CrossRef]

8. Denova-Gutiérrez, E.; Castañón, S.; Talavera, J.O.; Gallegos-Carrillo, K.; Flores, M.; Dosamantes-Carrasco, D.; Willett, W.C.;
Salmerón, J. Dietary patterns are associated with metabolic syndrome in an urban Mexican population. J. Nutr. 2010, 140,
1855–1863. [CrossRef]

9. Flores, M.; Macías, N.; Rivera, M.; Barquera, S.; Hernández, L.; García-Guerra, A.; Rivera-Dommarco, J. a Energy and nutrient
intake among Mexican school-aged children, Mexican National Health and Nutrition Survey 2006. Salud Publica Mex. 2009, 51
(Suppl. S4), S540–S550. [CrossRef]

10. Neri-Sánchez, M.; Martínez-Carrillo, B.E.; Valdés-Ramos, R.; Soto-Piña, A.E.; Vargas-Hernández, J.A.; Benítez-Arciniega, A.D.
Dietary patterns, central obesity and serum lipids concentration in Mexican adults|Patrones de dieta, obesidad central y
concentración de lípidos séricos en adultos Mexicanos. Nutr. Hosp. 2019, 36, 109–117. [CrossRef] [PubMed]

11. Karr, S. Epidemiology and management of hyperlipidemia. Am. J. Manag. Care 2017, 23, S139–S148. [PubMed]
12. Wajchenberg, B.L.; Lé, B.; Wajchenberg, O. Subcutaneous and Visceral Adipose Tissue. Endocr. Rev. 2000, 21, 697–738. [CrossRef]

[PubMed]
13. Enomoto, M.; Adachi, H.; Hirai, Y.; Fukami, A.; Satoh, A.; Otsuka, M.; Kumagae, S.-I.; Nanjo, Y.; Yoshikawa, K.; Esaki, E.; et al.

LDL-C/HDL-C Ratio Predicts Carotid Intima-Media Thickness Progression Better Than HDL-C or LDL-C Alone. J. Lipids 2011,
2011, 549137. [CrossRef] [PubMed]

14. World Health Organization. Malnutrition. Available online: https://www.who.int/health-topics/malnutrition#tab=tab_1
(accessed on 20 January 2024).

15. Tong, P.C.Y.; Kong, A.P.; So, W.Y.; Yang, X.; Ho, C.S.; Ma, R.C.; Ozaki, R.; Chow, C.C.; Lam, C.W.; Chan, J.C.N.; et al. The usefulness
of the International Diabetes Federation and the National Cholesterol Education Program’s Adult Treatment Panel III definitions
of the metabolic syndrome in predicting coronary heart disease in subjects with type 2 diabetes. Diabetes Care 2007, 30, 1206–1211.
[CrossRef]

16. Elosua, R.; Garcia, M.; Aguilar, A.; Molina, L.; Covas, M.I.; Marrugat, J. Validation of the Minnesota leisure time physical activity
questionnaire in Spanish women. Med. Sci. Sports Exerc. 2000, 32, 1431–1437. [CrossRef]

17. World Health Organization. Physical Activity. Available online: https://www.who.int/news-room/fact-sheets/detail/physical-
activity (accessed on 24 February 2024).

18. Macedo-Ojeda, G.; Vizmanos-Lamotte, B.; Márquez-Sandoval, Y.F.; Rodríguez-Rocha, N.P.; López-Uriarte, P.J.; Fernández-Ballart, J.D.
Validation of a semi-quantitative food frequency questionnaire to assess food groups and nutrient intake. Nutr. Hosp. 2013, 28,
2212–2220. [PubMed]

19. de Chàvez, M.M. Composiciòn de Alimentos, 2nd ed.; McGraw-Hill: Mexico City, Mexico, 2009; ISBN 9789701067413.
20. Denova-Gutiérrez, E.; Clark, P.; Muñoz-Aguirre, P.; Flores, M.; Talavera, J.O.; Chico-Barba, L.G.; Rivas, R.; Ramírez, P.; Salmerón, J.

Dietary patterns are associated with calcium and vitamin D intake in an adult Mexican population|Asociación entre los patrones
dietarios y el consumo de calcio y vitamina D en población adulta mexicana. Nutr. Hosp. 2016, 33, 663–670. [CrossRef] [PubMed]

21. Gaona-Pineda, E.B.; Martinez-Tapia, B.; Rodríguez-Ramírez, S.; Guerrero-Zúñiga, S.; Perez-Padilla, R.; Shamah-Levy, T. Dietary
patterns and sleep disorders in Mexican adults from a National Health and Nutrition Survey. J. Nutr. Sci. 2021, 10, e34. [CrossRef]
[PubMed]

22. Rodríguez-Ramírez, S.; Gaona-Pineda, E.B.; Martínez-Tapia, B.; Arango-Angarita, A.; Kim-Herrera, E.Y.; Valdez-Sánchez, A.;
Concepción Medina-Zacarías, M.; Ramírez-Silva, I.; Shamah-Levy, T. Consumo de grupos de alimentos y su asociación con
características sociodemográficas en población mexicana. Ensanut 2018–19. Salud Publica Mex. 2020, 62, 693–703. [CrossRef]
[PubMed]

23. Rodríguez-Ramírez, S.; Martinez-Tapia, B.; González-Castell, D.; Cuevas-Nasu, L.; Shamah-Levy, T. Westernized and Diverse
Dietary Patterns Are Associated With Overweight-Obesity and Abdominal Obesity in Mexican Adult Men. Front. Nutr. 2022,
9, 891609. [CrossRef] [PubMed]

https://doi.org/10.1001/archinte.161.15.1857
https://doi.org/10.1093/ajcn/72.4.912
https://www.who.int/es/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/es/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1079/PHN2001282
https://pubmed.ncbi.nlm.nih.gov/35294140/
https://doi.org/10.3945/jn.115.217539
https://doi.org/10.3945/jn.110.122671
https://doi.org/10.1590/S0036-36342009001000009
https://doi.org/10.20960/nh.2002
https://www.ncbi.nlm.nih.gov/pubmed/30834763
https://www.ncbi.nlm.nih.gov/pubmed/28978219
https://doi.org/10.1210/edrv.21.6.0415
https://www.ncbi.nlm.nih.gov/pubmed/11133069
https://doi.org/10.1155/2011/549137
https://www.ncbi.nlm.nih.gov/pubmed/21773051
https://www.who.int/health-topics/malnutrition#tab=tab_1
https://doi.org/10.2337/dc06-1484
https://doi.org/10.1097/00005768-200008000-00011
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.ncbi.nlm.nih.gov/pubmed/24506403
https://doi.org/10.20960/nh.276
https://www.ncbi.nlm.nih.gov/pubmed/27513503
https://doi.org/10.1017/jns.2021.24
https://www.ncbi.nlm.nih.gov/pubmed/34094514
https://doi.org/10.21149/11529
https://www.ncbi.nlm.nih.gov/pubmed/33620966
https://doi.org/10.3389/fnut.2022.891609
https://www.ncbi.nlm.nih.gov/pubmed/35811984


Nutrients 2024, 16, 804 13 of 13

24. Moe, Å.M.; Ytterstad, E.; Hopstock, L.A.; Løvsletten, O.; Carlsen, M.H.; Sørbye, S.H. Associations and predictive power of dietary
patterns on metabolic syndrome and its components. Nutr. Metab. Cardiovasc. Dis. 2023, 34, 681–690. [CrossRef] [PubMed]

25. Calder, P.C.; Ahluwalia, N.; Brouns, F.; Buetler, T.; Clement, K.; Cunningham, K.; Esposito, K.; Jönsson, L.S.; Kolb, H.;
Lansink, M.; et al. Dietary factors and low-grade inflammation in relation to overweight and obesity. Br. J. Nutr. 2011, 106
(Suppl. S3), S1–S78. [CrossRef]

26. Guibrunet, L.; Ortega-Avila, A.G.; Arnés, E.; Ardila, F.M. Socioeconomic, demographic and geographic determinants of food
consumption in Mexico. PLoS ONE 2023, 18, e0288235. [CrossRef]

27. Marrón-Ponce, J.A.; Sánchez-Pimienta, T.G.; Rodríguez-Ramírez, S.; Batis, C.; Cediel, G. Ultra-processed foods consumption
reduces dietary diversity and micronutrient intake in the Mexican population. J. Hum. Nutr. Diet. 2023, 36, 241–251. [CrossRef]

28. Marrón-Ponce, J.A.; Flores, M.; Cediel, G.; Monteiro, C.A.; Batis, C. Associations between Consumption of Ultra-Processed Foods
and Intake of Nutrients Related to Chronic Non-Communicable Diseases in Mexico. J. Acad. Nutr. Diet. 2019, 119, 1852–1865.
[CrossRef]

29. Ciobanu, D.; Porojan, M.; Bala, C.; Zah, A.M.; Oroian, I.; Roman, G.; Rusu, A. Lifestyle factors, dietary patterns, and social
determinants of social and eating jetlag: A cross-sectional survey. Chronobiol. Int. 2024, 41, 248–258. [CrossRef]

30. Białkowska, A.; Górnicka, M.; Zielinska-Pukos, M.A.; Hamulka, J. Associations between Dietary Patterns, Anthropometric
and Cardiometabolic Indices and the Number of MetS Components in Polish Adults with Metabolic Disorders. Nutrients 2023,
15, 2237. [CrossRef]

31. Chen, M.; Xu, Y.; Wang, X.; Shan, S.; Cheng, G. Association between the prudent dietary pattern and blood pressure in Chinese
adults is partially mediated by body composition. Front. Nutr. 2023, 10, 1131126. [CrossRef]

32. Ginsberg, H.N.; Zhang, Y.L.; Hernandez-Ono, A. Regulation of plasma triglicerides in insulin resistance and diabetes. Arch. Med.
Res. 2005, 36, 232–240. [CrossRef]

33. Morales-Gurrola, G.; Simental-Mendia, L.E.; Castellanos Juarez, F.X.; Salas-Pachecho, J.M.; Guerrero-Romero, F. The triglycerides
and glucose index is associated with cardiovascular risk factor in metabolically obese normal-weight subjects. J. Endocrinol.
Investig. 2020, 43, 995–1000. [CrossRef]

34. World Health Organization. Physical Inactivity a Leading Cause of Disease and Disability, Warns WHO. Available online:
https://www.who.int/news/item/04-04-2002-physical-inactivity-a-leading-cause-of-disease-and-disability-warns-who
(accessed on 20 January 2024).

35. World Health Organization. Alimentación Sana. Available online: https://www.who.int/es/news-room/fact-sheets/detail/
healthy-diet (accessed on 29 November 2023).

36. Milagro, F.I.; Mansego, M.L.; De Miguel, C.; Martínez, J.A. Dietary factors, epigenetic modifications and obesity outcomes:
Progresses and perspectives. Mol. Asp. Med. 2013, 34, 782–812. [CrossRef]

37. Must, A.; Tybor, D.J. Physical activity and sedentary behavior: A review of longitudinal studies of weight and adiposity in youth.
Int. J. Obes. 2005, 29 (Suppl. S2), S84–S96. [CrossRef]

38. Thorp, A.A.; Owen, N.; Neuhaus, M.; Dunstan, D.W. Sedentary behaviors and subsequent health outcomes in adults a systematic
review of longitudinal studies, 1996–2011. Am. J. Prev. Med. 2011, 41, 207–215. [CrossRef]

39. Heini, A.F.; Weinsier, R.L. Divergent trends in obesity and fat intake patterns: The American paradox. Am. J. Med. 1997,
102, 259–264. [CrossRef] [PubMed]

40. Weinsier, R.L.; Hunter, G.R.; Heini, A.F.; Goran, M.I.; Sell, S.M. The etiology of obesity: Relative contribution of metabolic factors,
diet, and physical activity. Am. J. Med. 1998, 105, 145–150. [CrossRef]

41. Chen, Q.J.; Lai, H.M.; Chen, B.D.; Li, X.M.; Zhai, H.; He, C.H.; Pan, S.; Luo, J.Y.; Gao, J.; Liu, F.; et al. Appropriate LDL-C-to-HDL-C
Ratio Cutoffs for Categorization of Cardiovascular Disease Risk Factors among Uygur Adults in Xinjiang, China. Int. J. Environ.
Res. Public Health 2016, 13, 235. [CrossRef]

42. Snetselaar, L.G.; de Jesus, J.M.; DeSilva, D.M.; Stoody, E.E. Dietary Guidelines for Americans, 2020–2025: Understanding the
Scientific Process, Guidelines, and Key Recommendations. Nutr. Today 2021, 56, 287–295. [CrossRef] [PubMed]

43. Lavie, C.J.; Ozemek, C.; Carbone, S.; Katzmarzyk, P.T.; Blair, S.N. Sedentary Behavior, Exercise, and Cardiovascular Health. Circ.
Res. 2019, 124, 799–815. [CrossRef]

44. Benditt, E. Origins of human atherosclerotic plaques. The role of altered gene expression. Arch. Pathol. Lab. Med. 1988,
112, 997–1001.

45. Villablanca, A.C.; McDonald, J.M.; Rutledge, J.C. Smoking and cardiovascular disease. Clin. Chest Med. 2000, 21, 159–172.
[CrossRef]

46. Togo, P.; Osler, M.; Sørensen, T.I.A.; Heitmann, B.L. Food intake patterns and body mass index in observational studies. Int. J.
Obes. Relat. Metab. Disord. 2001, 25, 1741–1751. [CrossRef]

47. Nutricloud. Available online: https://www.nutricloud.mx/ (accessed on 20 January 2024).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.numecd.2023.10.029
https://www.ncbi.nlm.nih.gov/pubmed/38161114
https://doi.org/10.1017/S0007114511005460
https://doi.org/10.1371/journal.pone.0288235
https://doi.org/10.1111/jhn.13003
https://doi.org/10.1016/j.jand.2019.04.020
https://doi.org/10.1080/07420528.2023.2298700
https://doi.org/10.3390/nu15102237
https://doi.org/10.3389/fnut.2023.1131126
https://doi.org/10.1016/j.arcmed.2005.01.005
https://doi.org/10.1007/s40618-020-01184-x
https://www.who.int/news/item/04-04-2002-physical-inactivity-a-leading-cause-of-disease-and-disability-warns-who
https://www.who.int/es/news-room/fact-sheets/detail/healthy-diet
https://www.who.int/es/news-room/fact-sheets/detail/healthy-diet
https://doi.org/10.1016/j.mam.2012.06.010
https://doi.org/10.1038/sj.ijo.0803064
https://doi.org/10.1016/j.amepre.2011.05.004
https://doi.org/10.1016/S0002-9343(96)00456-1
https://www.ncbi.nlm.nih.gov/pubmed/9217594
https://doi.org/10.1016/S0002-9343(98)00190-9
https://doi.org/10.3390/ijerph13020235
https://doi.org/10.1097/NT.0000000000000512
https://www.ncbi.nlm.nih.gov/pubmed/34987271
https://doi.org/10.1161/CIRCRESAHA.118.312669
https://doi.org/10.1016/S0272-5231(05)70015-0
https://doi.org/10.1038/sj.ijo.0801819
https://www.nutricloud.mx/

	Introduction 
	Materials and Methods 
	Study Design and Volunteers 
	Variables and Data Collection 
	Clinical History 
	Anthropometric Measurements 
	Physical Activity 
	Diet and Pattern Analysis 

	Blood Extraction and Determination of Biomarkers 
	Statistic Analysis 

	Results 
	Discussion 
	Conclusions 
	References

