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Introduction: dietary patterns (DP) analyse the relationship between consumption of foods or nutrients and disease or health outcomes. High
prevalence of obesity in adults in Mexico is associated with factors such as high consumption of certain food groups and nutrients. However, few
studies have been conducted to explore associations between dietary patterns and obesity in apparently healthy adults.
Objective: to identify major dietary patterns (DP) associated with central-obesity (CO) and lipid concentrations in healthy adults.
Methods: longitudinal study including usual dietary intakes derived from multiple 24-hour-recalls. Waist-circumference (WC) and biochemical
measurements were obtained by standardized procedures and DP by principal component analysis. Adjusted-logistic regression was used to
examine associations between DP, CO and serum-lipid concentrations.
Results: three DP were identified: healthy-DP, risky-DP and empty-DP. Participants in the healthy-DP were more likely to have lower risk for
central-obesity according to WC criteria (OR = 0.31, CI = 0.12, 0.82), p = 0.017, but also had the highest risk for elevated LDL-cholesterol
(OR = 2.98, CI = 1.16, 7.66), p = 0.030. There was no significant association between risky and empty DP with obesity or overweight by body
mass index (BMI), central-obesity by WC or serum lipid abnormalities.
Conclusions: the healthy-DP is associated with lower risk for CO, with higher risk for elevated LDL-cholesterol. It is necessary to develop
longitudinal studies of foods and nutritional analysis of the diet to clarify these associations, to promote the reduction of modifiable risk factors.

Resumen

Palabras clave:
Patrones de dieta.
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Lípidos séricos.

Introducción: los patrones de dieta (PD) analizan la relación entre el consumo de alimentos o nutrimentos con la salud y el desarrollo de
enfermedades en poblaciones. La elevada prevalencia de obesidad en adultos mexicanos se asocia con factores como el elevado consumo
de ciertos grupos de alimentos y nutrimentos. Sin embargo, pocos estudios han explorado la asociación entre los patrones dietéticos y la obesidad
en adultos aparentemente sanos.
Objetivo: identificar los patrones dietéticos (PD) asociados con la obesidad central (OC) y las concentraciones séricas de lípidos en adultos.
Métodos: estudio longitudinal del consumo dietético obtenido de múltiples recordatorios de consumo de 24 horas. La circunferencia de cintura
(CC) y las mediciones bioquímicas se obtuvieron mediante procedimientos estandarizados; los PD, por análisis del componente principal. Mediante
regresión logística se identificaron las asociaciones entre PD, OC y las concentraciones séricas de lípidos.
Resultados: se identificaron tres PD: PD saludable, PD de riesgo y PD vacío. Los participantes del PD saludable presentaron menor riesgo de
OC de acuerdo con los criterios de la CC (OR = 0.31, CI = 0.12, 0.82), p = 0.017, pero también fueron los que presentaron mayor riesgo
de cifras elevadas de colesterol-LDL (OR = 2.98. CI = 1.16, 7.66), p = 0.030. No hubo asociación estadísticamente significativa entre el PD de
riesgo y el PD vacío con obesidad o sobrepeso por IMC, OC por CC o con la presencia de dislipidemias.
Conclusiones: el PD saludable se asocia con un menor riesgo para OC pero con mayor riesgo de elevación del colesterol-LDL. Se necesitan
estudios longitudinales para esclarecer estas asociaciones para promover la reducción de factores de riesgo modificables.
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INTRODUCTION
Diet related diseases are on the rise worldwide. Poor diet
increases risk for chronic and metabolic diseases such as obesity and dyslipidemias. Dietary patterns analysis (DP) has emerged
as a useful method for the description of relationships between
diet and health. The principal component analysis method (PCA)
extracts correlation coefficients between foods or dietary elements
to classify subjects in groups according to their consumption (1,2).
Evidence based on prospective studies indicates that prudent
DP (high intakes of fruits, vegetables, whole grains and fish, and
low intakes of saturated fats) were associated with decreased
cardiovascular disease in the general population, while those
DP with high intake of red or processed meats, sugars or alcoholic beverages were associated with an increased risk (3,4).
The evidence is still inconsistent, especially in young and healthy
people; only a few epidemiological studies have demonstrated
association between DP and serum lipid concentrations (5,6).
Therefore, low consumption of fruits, vegetables and fiber, and
high consumption of energy, sugars, saturated fats and animal
protein increase the risk of chronic non-communicable diseases
such as obesity, considered as a public health problem worldwide.
Since 2009, a cross-sectional study revealed that DP including
cereals, small fish, crackers, fruits-vegetables, and olive oil were
related to a beneficial cardiovascular disease risk profile, in contrast with those DP with sweets, red meat, margarine, nuts with
salt and cheese, which were related to an unfavorable risk profile
in adults (7).
A recent meta-analysis determined that prudent DP have
positive effects on biomarkers associated with adiposity, insulin
resistance and especially with inflammation in adults (8). Also, in
a multi-city cohort study, authors reported that a prudent DP was
associated with reduced plasma concentrations of apo B, total
cholesterol and LDL-cholesterol, but a western DP, characterized
by higher intake of eggs, pastry-cakes, pizza, snacks, refined
grains, red meat, vegetable oils and poultry was not (9).
Mexican adults have reported a rapid increase in hypercholesterolemia, hypertriacylglyceridemia and low HDL-cholesterol
trends since past decades (10), being the most common lipid
abnormality low HDL-cholesterol, a condition that promotes cardiovascular risk factors for morbidity and mortality in addition to
the burden of chronic diseases in Mexico (11).
According to the last National Health and Nutrition Survey carried out in 2016 (ENSANUT 2016), the prevalence of abdominal
obesity in Mexican adults was 65.4% for men and 87.7% for
women. It is known that obesity increases the risk for diabetes
mellitus (12,13). Particularly in young healthy adults in Mexico,
researchers have found that abdominal obesity is the most prevalent metabolic syndrome component (14).
With respect to diet, the first study of adherence to the World
Health Organization dietary recommendations in Mexico reported the presence of a double burden of malnutrition in some
segments of the population. A very low percentage of Mexican
adults (< 35%) consume the recommended intake of fruits and
vegetables, making Mexico one of the countries with the lowest
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consumption of fruits and vegetables worldwide (12). This dietary
situation seems to remain currently, since ENSANUT 2016 reported that one-half of the adults in Mexico eat fruits while only 42.3%
eat vegetables. In contrast, the food group with the highest consumption was sweetened beverages (15). These conditions make
diet poor in quality; therefore, the study of DP has special interest.
For this study, our principal aim was to identify major dietary
patterns associated with central-obesity and serum lipid concentrations in healthy Mexican adults.
MATERIAL AND METHODS
PARTICIPANTS
The data used in this study were obtained from 102 healthy
adults. During seven months follow-up, a sample of 102 from a
total of 134 adult school-workers (76% participation rate) completed anthropometric and dietary data. LDL-, HDL- serum total cholesterol and triacylglycerides were determined in all subjects for
analysis.
All participants denominated “administrative staff” carried out
activities such as laboratory technicians, clerks, cleaning or maintenance in the School of Medicine of the Autonomous University
of the State of Mexico, located in the central region of México.
Participants eligible for inclusion were men or women, aged
20-70 years old, with body mass index (BMI) ≥ 20 kg/m2 according to the World Health Organization (WHO) criteria, who agreed
to provide a serum-sample as well as to participate in dietary
and anthropometric evaluations. Health or previous disease
conditions in each participant was registered, but it was not
considered as an exclusion criteria. The study was approved by
the Ethics Committee of the School of Medicine (CONBIOETICA15CEI03420140313). Written informed consents were obtained
from all participants prior to their voluntary participation.
Gender, age, physical activity, smoking habits, concomitant
medication and level of education were obtained from a self-administered questionnaire. To compare variables between sexes,
Student’s t test was used for age, BMI and WC; Chi-square Fisher’s exact test was used to compare physical activity, smoking,
concomitant medication and level of education. No statistically
significant differences were observed for age, physical activity,
concomitant medication or level of education by sex. BMI and WC
were considered for obesity diagnosis.
ANTHROPOMETRIC MEASUREMENTS
All measurements were performed by trained-standardized
personnel using standard procedures. Body weight was recorded
to the nearest 0.1 kg using a digital electronic scale (Tanita®
model 1631); height was recorded to the nearest 0.1 cm using
a wall stadiometer (Seca® model 1013522). BMI was computed
as a ratio of weight (kg): height squared (m2). BMI cut-off points
defined by the WHO according to height and sex were categorized
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as < 18.5: underweight; 18.5-24.9: normal; 25-29.9: overweight;
and ≥ 30.0: obese (16,17). Waist circumference was expressed in
centimeters, and recorded to the nearest 0.1 cm using a flexible
vinyl Gülick tape at the level of midpoint between the iliac crest
and the lower border of tenth rib, at the end of normal expiration
in supine position. Central-obesity was defined by waist circumference ≥ 80 cm for females, and ≥ 90 cm for males according to
the International Diabetes Federation criteria (IDFC) (18). The percentage of fat mass was determined by bioimpedance with the
same calibrated electronic scale used for weight measurement.
High body fat proportion was defined as > 25% for men and
> 32% for women (19).
BIOCHEMISTRY DATA
Participants came to the Nutrition Research Laboratory facilities, after an overnight fasting for 10-12 hours. Two venous
blood samples were obtained in suitable Vacutainer® tubes and
centrifuged. Total-cholesterol, LDL-cholesterol, VLDL-cholesterol,
HDL-cholesterol and triacylglycerides (mg/dl) were measured in
a Selectra® autoanalyzer equipment by automatized enzymatic-colorimetric methods. LDL-cholesterol was calculated by the
Friedewald equation. Altered serum lipid concentrations were
classified according to these criteria: total-cholesterol: ≥ 200 mg/
dl; triacylglycerides: ≥ 150 mg/dl; LDL-cholesterol: ≥ 150 mg/dl;
and low HDL-cholesterol: ≤ 50 mg/dl for women and ≤ 40 mg/
dl for men (20,21).
DIETARY ASSESSMENT
Multiple 24-hour recalls (24-h recall)
According to the information reported by each participant, frequency, type and form of food consumption were used to assess
habitual dietary intakes; 24-hour recalls interviews were carried
out over a seven month period, including weekdays and weekends. Household measures registered were converted into units
of volume or weight according to the Mexican equivalents food
system. Nutrimind® software 2015 was used to obtain nutrients
from 144 different registered foods. Sixteen food-groups were
considered depending on the foods items derived from participant’s recalls: peanuts-nuts-almonds, vegetables, fruits, no fat
cereals, fish and sea food, legumes, lean meat, high fat meat,
alcoholic beverages, dairy products, oils and fats, saturated fats,
sugars, high fat cereals and fast food (ultra-processed food).
Dietary patterns (DP)
After categorizing 144 food-items into 16 food-groups, factor
analysis by principal component analysis (PCA) procedures with
Varimax orthogonal rotation were used to identify DP, based on
the eating frequency of each food group. Factor loadings refer
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the coefficients that define the components in each DP, named
according to the food-groups with the highest factor loadings. The
number of factors was based on the components with an eigenvalue of 1 and the interpretability of the factors. The eigenvalues
signify the amount of variance explained by each of the factors. If
a food item had an absolute correlation ≥ 0.5, it was considered
to load on a factor. Factorability of data was confirmed with the
Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and
Bartlett’s test of sphericity achieving correct estimation of statistical significance. Each factor corresponds to each dietary pattern,
therefore, three dietary patterns were derived: healthy-pattern,
risk-pattern and empty-pattern, based on the above.
The healthy-pattern included highest consumption of nuts,
almonds, peanuts, vegetables, fruits, no fat cereals and fish or sea
food, although the risk pattern presented the highest consumption
of cereals with fat, high fat meat, fast food and oils and fats. The
empty dietary pattern included the highest intakes of alcoholic
beverages and sugars. We named dietary patterns considering
general dietetic recommendations for healthy adults. All dietary
data were adjusted by energy intake.
Statistical analysis
Participants’ characteristics were compared by gender, presented as means, standard deviations, and percentages for categorical variables. Student’s t test, Chi-square test or ANOVA were
used to compare means; logistic regression models were used to
explore the association between DP and central-obesity (present/
absent) and serum lipid concentrations (desirable/elevated) by
calculating odds ratio (OR) with 95% confidence intervals (95%
CI). The reference condition (OR = 1.0) represented the chances
of being included in the healthy pattern, according to the different anthropometric or lipid categories. Statistical significance was
considered at p < 0.05. Statistical analyses were performed with
SPSS® 21.0 software (UAEM).
RESULTS

CHARACTERISTICS OF PARTICIPANTS
The characteristics of participants are summarized in table I.
The mean BMI and WC were 28.3 kg/m2 and 97.1 cm for men
and 26.2 kg/m2 and 85.2 cm for women, respectively. BMI and
WC as continuous variables were higher in men (p < 0.05). As
expected, mean of body fat mass percentage was higher among
women; however, the prevalence of excessive body fat mass
was not dependent on sex by classifying body fat mass percentage. Also, there were no significant differences between women and men on age nor physical activity, concomitant medication
and educational level (p > 0.05). Smoking habit was more prevalent in males.
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DIETARY PATTERNS
Table II shows factor loadings for the three DP between participants. We extracted three distinct DP with factor loadings
> 0.50: the first one was characterized by a high intake of fruits,

vegetables, non-fat cereals, fish and shellfish, legumes and fats
with protein, named healthy pattern; the second one, named risk
pattern, was highly correlated with high-fat food, high-saturated
fats, fast-foods, high-fat meals, sausages, and sweet-beverages;
and the third one, named empty pattern, was highly correlated

Table I. Characteristics of participants
Men
n (%)
Age (years)*

Women

All

24 (23.5)

78 (76.5)

102

38.5 ± 8.9

38.14 ± 11.0

38.23 ± 10.6

p†
0.872

BMI (kg/m )*

28.3 ± 3.5

26.2 ± 4.4

26.68 ± 4.3

0.036

WC (cm)*

97.1 ± 10.5

85.2 ± 10.8

88.01 ± 11.8

0.001

Body fat mass percentage (%)*

26.7 ± 5.6

33.8 ± 7.5

32.15 ± 7.7

0.001

Prevalence of excessive body fat
mass percentage, n (%)

14 (13.7)

50 (49.0)

64 (62.7)

0.390

Physical activity, n (%)

14 (58.3)

34 (43.6)

48 (47.1)

0.246

Smokers, n (%)

2

12 (50.0)

14 (17.9)

26 (25.5)

0.003

Concomitant medication, n (%)

6 (25.0)

14 (17.9)

20 (19.6)

0.312

Basic level of education, n (%)

18 (75.0)

48 (61.5)

66 (64.7)

0.168

BMI: body mass index; WC: waist circumference. *Age, body mass index (BMI), waist circumference (WC) and body fat mass percentage are presented as mean ±
standard deviation (SD). Categorical variables are presented as a percentage. †Student’s t test was used for continuous variables and Chi-square, Fisher’s test, for
categorical variables.

Table II. Factor loadings for three dietary patterns among adults derived by principal
component analysis*
Healthy pattern
n = 40
Variance explained (%)

23.7

Nuts, almonds,
peanuts

0.879

Risk pattern
n = 35

Empty pattern
n = 27
17.4

Cereals with fat

0.815

10.2
Alcoholic beverages

0.742

Vegetables

0.780

High fat meat

0.786

Sugars

0.529

Fruits

0.670

Fast food

0.735

Cereals (no fat)

0.429

Cereals (no fat)

0.636

Oils and fats

0.547

Fast food

0.147

Fish/sea food

0.539

Sugars

0.444

Meat (high fat)

0.051

Legumes

0.461

Meat (lean)

0.396

Nuts, almonds,
peanuts

0.048

Meat (lean)

0.279

Fats (saturated)

0.353

Fats (saturated)

0.029

Alcoholic beverages

0.240

Cereals (no fat)

0.248

Legumes

0.007

Dairy

0.226

Legumes

0.215

Cereals (with fat)

0.006

Oils and fats

0.218

Alcoholic beverages

0.140

Fish and sea food

-0.084

Fats (saturated)

0.089

Dairy

0.136

Vegetables

-0.087

Meat (high fat)

0.000

Fruits

0.079

Fruits

-0.277

Sugars

-0.048

Fish and sea food

0.048

Oils and fats

-0.277

Cereals (with fat)

-0.063

Vegetables

-0.088

Meat (lean)

-0.406

Fast food

-0.136

Nuts, almonds,
peanuts

-0.120

Dairy

-0.523

Correlation values ≥ 0.50 are presented in bold style, for easy identification of the major food group intakes. Variance explained is expressed as a percentage.
*Adjusted for energy intake.
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with alcohol and soft-drinks. These three DP explained 23.7%,
17.4% and 10.2% of the variance of food intake, respectively.
Average consumption of food groups, energy and nutrients is
presented in table III. Participants in the healthy DP were those who
consumed fewer cereals with fat, dairy products and alcoholic beverages, while those in the risk-DP had greater amounts of high fat
meat. Adults in the empty-DP group had the highest intake of dairy
products and alcohol (p < 0.05). Adults in the healthy-DP group
had the lowest cholesterol consumption (p = 0.007) and the highest
monounsaturated fats consumption, with a p-value close to statistical
significance (p = 0.056). For the other components, while there were
no significant differences between DP, although it was observed that
adults in the healthy-DP presented lower energy consumption, those
in the risk-DP ate more proteins and fats, and those in the empty-DP
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consumed higher amounts of carbohydrates, polyunsaturated, and
saturated fats than adults in the other DP. In addition, it is notorious
that with respect to the recommendations for healthy adults, average
fiber intake was low in the three DP (< 30 g/day).
DIETARY PATTERNS, CENTRAL-OBESITY
AND SERUM LIPID CONCENTRATIONS
Table IV shows the data on obesity and overweight, central-obesity, body fat-mass percentage, total cholesterol, LDL-cholesterol,
HDL-cholesterol, triacylglycerides, and atherogenic index according to DP. Since there were more women in the healthy pattern,
it was expected that the highest body fat-mass percentage was

Table III. Intake of dominant food-groups, energy and nutrients for three dietary patterns
derived by principal component analysis among healthy adults*
Dietary pattern
Healthy pattern
n = 40

Risk pattern
n = 35

Empty pattern
n = 27

p†

129.6 ± 76.5

0.078

Food groups
Vegetables (g/day)

188.0 ±147.9

182.7 ± 71.5

Fruits (g/day)

229.8 ± 232.7

237.0 ± 128.0

219.6 ± 157.9

0.933

Cereals without fats (g/day)

208.7 ± 102.2

216.5 ± 74.9

193.4 ± 136.5

0.688

Cereals with fats (g/day)

38.9 ± 21.7

58.2 ± 38.3

41.1 ± 22.0

0.010

Legumes (g/day)

52.4 ± 46.2

44.9 ± 42.1

29.3 ± 23.8

0.241

Meat (lean) (g/day)

47.4 ± 28.4

58.0 ± 28.6

57.7 ± 34.2

0.230

Fish and sea food (g/day)

12.4 ± 14.6

16.8 ± 12.8

13.2 ± 10.7

0.318

High fat meat (g/day)

10.0 ± 8.8

15.9 ± 15.8

9.8 ± 6.8

0.046

Dairy products (g/day)

103.4 ± 86.7

144.6 ± 92.0

172.3 ± 170.9

0.045

Oils and fats (g/day)

17.2 ± 14.7

22.5 ± 17.3

19.8 ± 14.8

0.355

3.5 ± 1.9

4.9 ± 3.2

4.0 ± 2.9

0.108

High saturated oils/fats (g/day)
Oils and fats with protein (g/day)

14.6 ± 14.9

9.9 ± 6.2

11.2 ± 9.7

0.169

Sugars (g/day)

93.7 ± 98.9

129.7 ± 121.6

115.4 ± 113.8

0.372

Fast food (g/day)
Alcohol in beverages (g/day)

8.2 ± 7.4

12.7 ± 14.9

7.8 ± 5.9

0.104

11.2 ± 13.2

15.9 ± 14.1

28.9 ± 43.4

0.019

Energy and nutrients
1,774.5 ± 376.8

1,879.2 ± 477.7

1,853.4 ± 424.4

0.544

Carbohydrates (g/day)

Energy (kcal/day)

225.9 ± 54.9

238.8 ± 62.8

247.2 ± 68.1

0.361

Proteins (g/day)

73.5 ± 16.4

77.6 ± 16.1

75.2 ± 14.4

0.526

Lipids (g/day)

61.9 ± 19.1

68.1 ± 21.7

62.7 ± 16.9

0.344

Fiber (g/day)

20.5 ± 5.4

19.6 ± 5.5

20.5 ± 5.5

0.767

149.5 ± 46.5

187.4 ± 59.6

181.1 ± 56.7

0.007

Monounsaturated fats (g/day)

Cholesterol (mg/day)

8.54 ± 2.4

5.9 ± 2.5

6.4 ± 2.6

0.056

Polyunsaturated fats (g/day)

5.6 ± 2.8

5.4 ±2.9

6.5 ± 3.3

0.335

Saturated fats (g/day)

7.7 ± 2.9

7.6 ± 3.3

8.9 ± 3.1

0.599

*All values are mean ± standard deviation, adjusted for energy intake except for the energy variable.
†
p-values calculated with ANOVA test adjusted by energy intake.
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Table IV. Association between obesity, central-obesity, body fat mass percentage,
serum lipid concentrations and dietary patterns in healthy adults*
Dietary pattern
Healthy
n = 40

Risk
n = 35

Empty
n = 27

p-value‡

Male, n (%)

4 (16.7)

8 (33.3)

12 (50.0)

0.135

Female, n (%)

36 (46.2)

27 (34.6)

15 (19.2)

0.014

BMI (kg/m )

27.2 ± 3.7

25.9 ± 4.2

26.9 ± 4.6

0.687

Prevalence of obesity/overweight by BMI† (%)

28.4

19.6

16.6

0.372

Prevalence of obesity by BMI (%)

8.8

4.9

5.9

0.619

88.4 ± 9.6

86.5 ± 12.4

90.5 ± 12.5

0.605

80.0

62.9

66.7

0.206

2

WC (cm)
Prevalence of central-obesity by WC (%)
Body fat mass percentage (%)

34.6 ± 6.7

30.8 ± 7.3

30.3 ± 8.2

0.033

Body fat mass percentage in women (%)

34.9 ±7.2

32.3 ± 8.8

33.8 ± 5.3

0.001

Body fat mass percentage in men (%)

31.6 ± 4.0

25.6 ± 6.1

25.7 ± 5.2

0.001

Prevalence of excessive body fat mass, n (%)

28 (42.4)

20 (30.3)

18 (27.3)

0.595

Prevalence of excessive body fat mass in women, n (%)

25 (69.4)

13(65.0)

8 (44.4)

0.208

3 (10.7)

7 (35.0)

10 (55.6)

0.861

Total cholesterol (mg/dl)

Prevalence of excessive body fat mass in men, n (%)

213.9 ± 52.4

209.0 ± 54.5

213.7 ± 53.5

0.998

LDL-cholesterol (mg/dl)

110.4 ± 43.3

96.1 ± 42.3

95.5 ± 38.7

0.236

HDL-cholesterol (mg/dl)

36.5 ± 8.9

34.2 ± 8.7

34.4 ± 9.4

0.712

Triacylglycerides (mg/dl)

146.7 ± 85.4

160.2 ± 75.2

183.7 ± 108.4

0.250

6.4 ± 1.9

6.7 ± 2.1

6.5 ± 2.1

0.888

Atherogenic index

BMI: body mass index; WC: waist circumference.*All values are mean ± standard deviation. †According to BMI overweight and obesity in the same category. ‡p-value
calculated with ANOVA test, adjusted by energy intake for continuous variables; Chi-square test for categorical variables. §≥ 32% for females, ≥ 25% for males.

observed in this dietary pattern (p < 0.05). Nonetheless, it should
be noted that body fat mass percentage was the highest in women and men in the healthy pattern (p < 0.05). Also, it should be
noted that the mean of body fat mass percentage was above the
healthy limits among adults in the three DP. In addition, for a more
complete analysis, a subsample of 24 women was extracted to
analyze their distribution in the three dietary patterns based on the
consumption of the characteristic food groups of each of them.
As no statistically significant differences were found, we assume
that sex does not determine the classification of participants in
dietary patterns.
Even when differences were not statistically significant
(p > 0.05), it is interesting to observe that according to BMI and
WC, obesity/overweight, obesity, central obesity, the highest average HDL-cholesterol and lowest atherogenic index were more
prevalent in adults in the healthy-DP group, but all participants
had elevated averages of total cholesterol, triacylglyderides and
low HDL-cholesterol concentrations.
Finally, ordinal logistic regression is shown in table V. Participants in the healthy-DP group were more likely to have lower risk
for central obesity according to WC criteria (OR = 0.31, CI = 0.12,
0.82), p = 0.017. Interestingly, participants in the healthy-DP
group also had the highest risk for elevated LDL-cholesterol
(OR = 2.98, CI = 1.16, 7.66), p = 0.030. No significant associa-

tion was found between risky and empty DP with obesity or overweight by BMI, central-obesity by WC or serum lipid abnormalities.
DISCUSSION
In this study in Mexican healthy adults, three major DP were identified and their association with central obesity and serum lipid concentrations was investigated. With the use of PCA, we applied a complex
epidemiological method recently used in Mexico. Clearly these three
DP characterize the diet of young urban adults, describing a large
variety of fresh, industrialized and traditional foods as habitual diet.
It is interesting that with no differences between the three DP, consumption of dairy products is an important feature in this population,
which may indicate that it is a habit derived from decades of dairy
consumption, possibly due to a high availability of milk in childhood.
The first dietary pattern, which we considered as healthier because
it included consumption of nuts, vegetables, fruits, cereals without
fats, fish and the lowest intake of high fat meat and dairy, was associated with a low intake of cholesterol and a high intake of monounsaturated fats. The risk-DP and the empty-DP were considered
as unhealthy because they had high amounts of non-recommended
foods like high-fat cereals and meats, fast-foods, alcohol and sugars.
Adults from the healthy-DP group were more likely to eat less
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Table V. Odds ratios (OR) and 95% confidence intervals (95% CI) of the association
between dietary patterns, obesity, abdominal obesity and elevated serum lipid
concentrations in 102 healthy adults
Dietary pattern
Healthy

Risky

Empty

1.78 (0.75, 4.21)

0.61 (0.26, 1.42)

0.90 (0.36, 2.25)

0.20

0.28

0.81

0.31 (0.12, 0.82)

1.82 (0.76, 4.31)

1.77 (0.71, 4.43)

0.01

0.18

0.23

1.02 (0.45, 2.32)

0.75 (0.33, 1.73)

1.36 (0.55, 3.38)

1.0

0.52

0.64

2.98 (1.16, 7.66)

0.42 (0.14, 1.24)

0.63 (0.21, 1.91)

0.03

0.14

0.59

0.73 (0.29, 1.84)

1.15 (0.44, 3.03)

1.26 (0.44, 3.58)

0.63

0.81

0.79

0.55 (0.24, 1.26)

1.31 (0.57, 3.01)

1.47 (0.61, 3.59)

0.21

0.53

0.49

BMI (kg/m2)
Normal (18.5-24.9)
Obesity/overweight (≥ 25.0)
p-value

1

Waist circumference (cm)
Normal
Abdominal obesity (≥ 80 for women; ≥ 90 for men)
p-value

1

Serum lipid concentrations (mg/dl)
TC desirable
TC elevated (≥ 200)
p-value
LDL-C desirable
LDL-C elevated (≥ 150)
p-value
HDL-C desirable
HDL-C low (≤ 50 for female; ≤ 40 for male)
p-value
Triacylglycerides desirable
Triacylglycerides elevated (≥ 150)
p-value

1

1

1

1

BMI: body mass index; TC: total cholesterol; LDL: low density lipoproteins; VLDL: very low density lipoproteins; HDL: high density lipoproteins; TG: triglycerides.

fats and to drink less alcoholic beverages, possibly in concordance
with a healthier behavior. Furthermore, this healthy DP was also
associated with a lower risk for central obesity in adults, although
adults in this healthy-DP presented higher body fat mass. In our
study, adults with higher body fat mass percentage were more
likely to eat healthier, while no significant association was found
regarding risk or empty DP and prevalence of obesity. This probably could be because when adults perceive they have overweight
or obesity, they improve their diet; in other words, selection of
healthier foods and, as a consequence, a healthier diet is perhaps
the product of overweight or obesity.
Analyzing the overall diet components and combined nutrients
resulted in a better way to examine dietary effects on health outcomes and a good interpretation of possible risk factors in the
future. It is very important to remember that participants in this
study were healthy young adults, and the importance of the dietary
analysis is related to the promotion of modification of risk factors
for metabolic conditions (22).
Another important finding in our results was the low consumption of fiber in all participants; even in participants of the healthyDP group, who presented higher consumption of vegetables and
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fruits, the intake of dietary fiber does not cover recommendations
for a healthy population (23). However, we agree with the evidence that promotes the study of all the components of the diet,
rather than one of its components, particularly with respect to
fruits and vegetables consumption (24). In this study, it must be
noted that PCA is one of the best techniques for the extraction of
dietary patterns in nutritional epidemiology (25).
With respect to the transcendence of chronic diseases related
to diet, some studies mention that the nutritional epidemiological transition leads to chronic diseases as the growing epidemic
obesity in Latin America (26,27). From the perspective of public
health, obesity represents the most important challenge. In Mexico, the total cost of overweight and obesity and their indirect
costs are estimated to reach 150.860 billion pesos (8.122 billion
dollars) for 2017 (28).
The imbalance in the diet is crucial to the development of obesity, especially the high consumption of fats and sugars, comprised
in the risky-DP group in our study, which is similar to previous
findings (29-32).
Likewise, associations between high consumption of risky or
empty foods with metabolic disorders such as hypercholester-
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olemia and hypertriacylgliceridemia had been described previously (33,34), and similarly with our results, despite not having
found significant associations, abnormal concentrations of total
cholesterol and triacylglycerides were observed in apparently
healthy subjects. In this regard, McNaughton et al. have reported
that a high intake of white bread, chips, sugar in hot-beverages,
hamburgers and soft drinks and a low intake of vegetables are
associated with an increase in serum total-cholesterol, triacylglycerides and low concentration of HDL-cholesterol (35). These
are conditions that, unless they are modified, could lead to the
development of obesity as well (34,36,37).
On the other hand, we found in this study a healthy-DP integrated with food groups such as fruits and vegetables considered a
prudent or healthy-DP as in other studies, which have been linked
to the prevention of chronic diseases such as obesity, diabetes,
hypertension and cancer (34,38-40). These could be used for the
assessment of diet quality in future studies, or in interventions to
modify risk factors such as diet.
CONCLUSIONS
In this sample of Mexican adults, three DP were identified: a
healthy-DP, a risk-DP and an empty-DP. The healthy-DP was associated with a low risk of central obesity. Our results confirm that
higher intakes of vegetables, fruit, lean protein, nuts and lower
intakes of dairy and alcohol are likely beneficial for the prevention
of central obesity, but not for desirable lipid concentrations.
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