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Abstract The prevalence of overweight and obesity has increased significantly in Westernized countries including
Mexico. In general, unbalanced diets and physical inactivity have been identified as environmental factors that
contribute to the obesity epidemic. The aim of this study was to compare the patterns of dietary intake and physical
activity between Mexican individuals with normal-weight and overweight. In a cross-sectional and analytical study,
500 subjects were included. A 3-day food record and a food frequency questionnaire were used to evaluate dietary
intake. In general, both groups had a higher intake of total fatty acids (36.9 ± 7.1%), saturated fatty acids (12.2 ±
3.5%), simple carbohydrates (19.2 ± 6.9%), dietary cholesterol (338.1 ± 253.8 mg/d) and a high n-6:n-3 PUFA ratio
(12:1). In contrast, an insufficient daily consumption of PUFA (6.7 ± 5.7%), vitamins A and E, magnesium and zinc
were found. The main foods that contributed to these dietary characteristics were an overconsumption of sugars, fats,
and meat as well as an insufficient consumption of fruits and vegetables. Additionally, the normal-weight group had
a higher prevalence of physical activity than the overweight group (56.7% vs. 33.3%, p<0.05). In conclusion both
normal-weight and overweight groups had an inadequate dietary pattern, which could lead to the development of
obesity, type 2 diabetes, and metabolic disease. Our work highlights the importance of dietary guidance and lifestyle
intervention in both normal-weight and overweight groups.
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1. Introduction
In the last decades, the prevalence of overweight and
obesity has increased significantly in Westernized
countries including Mexico [1]. Currently more than 70%
of the Mexican population presents overweight and
obesity [2,3]. Obesity is considered as an important risk
factor for the development of type 2 diabetes mellitus
(T2DM), cardiovascular diseases (CVD) and liver
diseases [4,5], in which cultural, environmental,
behavioral and genetic factors are involved [6]. Moreover,
unbalanced diets and physical inactivity have been
identified as the main environmental factors that
contribute to the obesity epidemic in Mexico [7].
In this context, a frequent consumption of industrially
processed foods in West Mexico including sweetened
beverages, fast food, sausages and confectionery products,
increase the proportional amounts of calories, simple
carbohydrates, saturated fat and cholesterol [8,9]. In
contrast, reductions in the inputs of essential
micronutrients and dietary fiber were documented as the
result of a low consumption of vegetables and fruits [9].

On the other hand, a recent study showed more than 65%
of the general population in West Mexico were physically
inactive [9]. Moreover, the ENSANUT reported a 47%
increase in the prevalence of physical inactivity in
Mexican adults from 2006 to 2012 [10]. These trends are
similar to the global physical activity levels in adults and
are explained by sedentary behaviors [11].
To date, there are no intervention strategies with enough
effectiveness in the reduction of obesity rates in our
population, despite the high prevalence of obesity in
Mexico and its impact on health [12,13]. Most studies have
described dietary habits and physical activity in overweight
and obese individuals [14,15]; whereas the analysis of
these factors in normal-weight individuals remains less
explored. The aim of this study was to compare the
patterns of dietary intake and physical activity between
normal-weight, and overweight Mexican subjects.

2. Materials and Methods
2.1. Study Population
In this study, 500 subjects between the age of 18 and 65
years were enrolled from April 2011 to May 2013. These
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subjects went through a general medical screening at the
Nutrigenomic and Nutrigenetic Clinic at the Civil Hospital
“Fray Antonio Alcalde” in Guadalajara, Jalisco, Mexico.
Subjects were selected using a stratified cluster random
sampling frame. Exclusion criteria included a history of
cardiovascular, liver, kidney or pancreas disease and
history of malabsorption or alcoholism (consumption ≥
40g and ≥20g of alcohol per day for man and woman,
respectively).
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these: 15% Ps, TFA <30%, SFA <7%, MUFA >10%,
PUFA >10%, CH consumption <55%, of these <10% of
sCH and at least 20g of fiber [15,16]; and the cutoff for
the n-6:n-3 PUFA ratio was 5:1 [23]. Micronutrients
intake were compared with the daily recommended intake
established by the National Institute of Medical Sciences
and Nutrition “Salvador Zubirán” for the Mexican
population [24]. Portions intake were compared with the
National Mexican Academy of Medicine recommendations
[25].

2.2. Dietary Intake
Each subject was interviewed with a medical history
questionnaire to obtain sociodemographic data which
included the assessment of physical activity and dietetic
habits. Habitual dietary intake was estimated by a
validated food frequency questionnaire and a 3-day food
consumption record, including a weekend day. Food
scales and models were used to enhance the accuracy of
the portions sizes based on Mexican food composition
tables as a reference [16]. All subjects were instructed to
write the dietary history questionnaire. Then, completed
questionnaires were analyzed using the Nutritionist Pro™
Diet Analysis software, (Axxya Systems, USA) by a
professional nutritionist.
Data were interpreted and contrasted according to the
ranges expressed as percentage of total kilocalories (Kcal)
recommended by the Official Mexican Norms: NOM-037SSA2-2012 [15], NOM-015-SSA2-2010 [17], and ATPIII
[18].

2.3. Anthropometric Measurements
Height and weight were measured after a 12 hour fast
wearing light clothes. Waist circumference was measured
at the narrowest diameter between the xiphoid and iliac
crest. Tetrapolar body electrical bioimpedance was used to
determine the body composition (InBody 3.0, Biospace
CO., Korea). Body mass index (BMI) was calculated as
weight in kilograms divided by height squared in meters
(kg/m2). All subjects were classified by BMI to assess the
nutrition status according to criteria established by the
World Health Organization (WHO) in 2012 [19]. Subjects
were classified into two groups: normal-weight (NW: BMI
18.5 to < 25 Kg/m2) and overweight (OW: BMI ≥25Kg/m2).
We used the cut-off points of the International Diabetes
Federation to determine abdominal obesity [20].

2.4. Physical Activity Assessment
The physical activity information was obtained through
a questionnaire. The information included the type of
exercise, number, duration and frequency of sessions per
week. Subjects were classified as sedentary if they did not
perform any kind of physical activity or less than 2 times
per week. Subjects who exercised 3 times or more a week
for a minimum of 30 minutes each, were classified as
physically active according to WHO recommendations
2010 [21]. Besides, physical activity was classified
according to Rapid Assessment of Physical Activity
(RAPA) for the Latin population [22].

2.5. Definitions
For purposes of comparison, the following cut-off
points were established: total energy intake >1200kcal, of

2.6. Statistical Analysis
All quantitative variables are shown as mean ± SD,
whereas qualitative variables are expressed as absolute
frequency (n) and percentage (%). For comparative
purposes, subjects were grouped as NW and OW. The
distribution of variables was analyzed by KolmogorovSmirnov test. Quantitative variables with normal
distribution were analyzed with a two-tailed Student’s
t-test. Nonparametric variables were analyzed with the U
Mann–Whitney test. The differences in average intake
versus recommended dietary references were statistically
analyzed using the one-sample t-test. All analyses were
done using the SPSS statistical package (Version 19,
SPSS Inc, Chicago IL). A p<0.05 value was considered
statistically significant.

2.7. Ethical Guidelines
Subjects were informed about the procedures of the
study and signed a consent form before their inclusion. All
practices were performed according to the Helsinki´s
Declaration 2013. This study was approved by the
Committee of Ethics for Human Research of the
University of Guadalajara, Jalisco, Mexico (Register
number: CI/019/2010).

3. Results
3.1. Population Description
Demographic and anthropometric characteristics of the
study participants are showed in Table 1. The mean of age
of the study population was 37.6±10.8 years, 71% (n=355)
were women and 29% (n=145) were men. Among the
study group, 27% (n=137) had normal-weight (NW) and
73% (n=363) had overweight (OW). The mean of waist
circumference was 91.6 ± 14.3 cm and by gender was:
97.6 ± 12.8cm and 89.2 ± 14.2 cm in males and females,
respectively. According to these data, the 60.8% (n=304)
of the total study population had abdominal obesity. No
significant differences in gender and age between NW and
OW group were found.

3.2. Physical Activity
Regarding physical activity, 58.2% of total subjects did
not perform physical activity. The NW subjects had a
higher prevalence of physical activity (56.7%) compared
with OW subjects (33.3%), p<0.0001. The type of
mild-intensity physical activity were walking, yoga and
housework; moderate-intensity physical activity was fast
walking, aerobics classes, dancing and weightlifting and
in vigorous-intensity physical activity were jogging or
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running, soccer and swimming. The significant differences

are showed in Table 1.

Table 1. Demographic, anthropometric and physical activity characteristics of study participants
Variable

General population

Number of subjects
Age (years)
Gender (F/M)

NW Group

OW Group

P value

500

137

363

---

37.6±10.9

36.5±11.1

38±10.9

0.166

355/145

94/43

261/102

0.573

Waist circumference (cm)

91.6 ± 14.3

77.6±8.5

97.0±12.3

<0.0001

Weight (kg)

75.7±16.1

61.5±8.9

81±14.9

<0.0001

BMI (Kg/m2)

28.5±5.4

22.2±1.7

31.2±5.1

<0.0001

Physical Activity Frequency (%)

41.8

56.7

33.3

<0.0001

Mild (%)

15.6

9.7

27.9

0.016

Moderate (%)

76.3

79.2

69.1

0.045

Vigorous (%)

8.1

11.1

3.9

0.054

The p-value are significant differences between the groups (Normal-weight vs overweight).

3.3. Macronutrients Intake
According to the 3-day food consumption record, the
average of total energy intake in the subjects was 2570 ±
817.2 kcal/day. The mean value of macronutrients in the
study subjects in comparison with the recommendations
showed an excessive intake of TFA, SFA, cholesterol, and

sCH, but deficient intake of PUFA (Table 2). Overall,
both groups had an inadequate pattern of macronutrients
intake (excessive in TFA, SFA, cholesterol, sCH, and
insufficient PUFA). However, the analysis of the pattern
of macronutrients intake showed that the NW group had a
significantly higher intake of maltose and galactose
(p<0.05), while OW group showed a higher intake of
MUFA (p<0.01) (Table 2).

Table 2. Comparison of nutrients intake between normal-weight and overweight subjects
Nutrients
Energy (Kcal/d)

Dietary referencesa

General intake

NW group

OW group

P value

------

2570 ± 817.2

2651.7 ± 977.6

2522.1 ± 1094

0.439

Ps (%)

15

17.2 ± 3.7

16.8 ± 3.1

17.4 ± 4.0

0.309

TFA (%)

<30

36.9 ± 7.1*

36.0 ± 8.0

37.4 ± 6.5

0.222

SFA (%)

<7

12.2 ± 3.5 *

12.2 ± 3.58

12.2 ± 3.5

0.991

MUFA (%)

>10

11.0 ± 3.5

9.6 ± 3.5

11.1 ± 3.3

0.007

PUFA (%)

10

6.7 ± 3.0†

6.21 ± 3.2

6.9 ± 2.7

0.125

<5:1

12:1

11.4:1

11.6:1

0.812

CH (%)

n-6:n-3 PUFA ratio

55

47.5 ± 8†

46.26 ± 8.6

44.7 ± 7.1

0.203

sCH %

<10

19.2 ± 6.9*

19.3 ± 8.07

19.1 ± 6.1

0.812

sCH (g/d)

<50

119.3 ± 58.1*

120±49

118.9±63.1

0.907

Glucose (g/d)

17.2 ± 13.9

16.05 ± 13.2

17.9 ± 14.3

0.405

Fructose (g/d)

20.0 ± 15.3

18.9 ± 14.2

20.7 ± 15.9

0.475

Galactose (g/d)

0.10 ± 0.3

0.21± 0.6

0.04 ± 0.1

0.033

Sucrose (g/d)

23.9 ± 18.3

22.7 ± 19.0

24.5 ± 18.0

0.534

Lactose (g/d)

10.8 ± 12.2

10.2 ± 13.2

11.2 ± 11.6

0.587

Maltose (g/d)

1.8 ± 1.9

1.19 ± 0.9

0.96 ± 2.3

<0.001

Cholesterol (mg/d)

<200

338.1 ± 253.8*

369.2 ± 311.2

319.6 ± 212.5

0.219

Fiber (g)

20-30

26.7 ± 13.5

27.46 ± 10.6

26.2 ± 15.0

0.580

Ps: proteins, TFA: total fatty acids, SFA: saturated fatty acids, MUFA: monounsaturated fatty acids, PUFA: polyunsaturated fatty acids, CH:
carbohydrates, and sCH: simple carbohydrates. a Dietary references adapted according to NOM-015-SSA2-2010, NOM-037-SSA2-2012 and ATP III.
*Excessive or †Insufficient intake according to the dietary reference values. The p-value are significant differences between the groups (Normal-weight
vs overweight).

The fatty acid intake profile is provided in Table 3. The
main saturated fatty acids consumed were palmitic (SFA
16:0) and stearic acid (SFA 18:0). Oleic acid (MUFA 18:1)
was the main monounsaturated fatty acid consumed; while
linoleic acid (PUFA 18:2) and linolenic acid (PUFA 18:3)
were the most common polyunsaturated omega-6 and
omega-3 fatty acids consumed, respectively. However, no
significant differences between groups were found except

for the intake of arachidic acid, which was higher in OW
group (p<0.05).
In regards to the n-6:n-3 PUFA ratio intake, the study
population had a ratio of 12:1 which indicates an
imbalance between the intake of n-6 and n-3 according to
recommendations. No statistically significant differences
in the n-6:n-3 PUFA ratio (11.4:1 versus 11.6:1) between
the NW and OW group were recorded.
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Table 3. Fatty acid profile intake in the study population
General population
NW Group

Fatty Acid

732

OW Group

P value

Saturated Fat (g)

36.77 ± 25.14

37.86 ± 25.77

36.13 ± 24.86

0.668

Monounsaturated Fat (g)

31.06 ± 20.65

28.45 ± 14.71

32.60 ± 23.39

0.207

Polyunsaturated Fat (g)

19.42 ± 11.75

18.49 ± 12.25

19.97 ± 11.46

0.439

SFA 4:0 Butyric acid (g)

0.50 ± 0.73

0.51 ± 0.62

0.50 ± 0.79

0.943

SFA 6:0 Caproic acid (g)

0.37 ± 0.58

0.35 ± 0.48

0.38 ± 0.63

0.730

SFA 8:0 Caprylic acid (g)

0.30 ± 0.40

0.29 ± 0.36

0.31 ± 0.42

0.791

SFA 10:0 Capric acid (g)

0.51 ± 0.83

0.51 ± 0.70

0.52 ±0.90

0.929

SFA 12:0 Lauric acid (g)

0.77 ± 1.28

0.80 ± 1.46

0.75 ± 1.17

0.791

SFA 14:0 Myristic acid (g)

2.29 ± 3.15

2.32 ± 2.64

2.28 ± 2.43

0.936

SFA 16:0 Palmitic acid (g)

13.70 ± 10.17

12.9 ± 8.29

14.1 ± 11.14

0.422

SFA 17:0 Margaric acid (g)

0.08 ± 0.08

0.06 ± 0.08

0.09 ± 0.08

0.127

SFA 18:0 Stearic acid (g)

5.95 ± 4.28

5.71 ± 3.77

6.08 ± 4.56

0.569

SFA 20:0 Arachidic acid (g)

0.07 ± 0.06

0.06 ± 0.06

0.08 ±0.06

0.023

SFA 22:0 Behenic acid (g)

0.04 ± 0.07

0.04 ± 0.08

0.05 ±0.06

0.668

MUFA 14:1 Myristoleic acid (g)

0.05 ± 0.07

0.04 ± 0.07

0.06 ±0.06

0.098

MUFA 16:1 Palmitoleic acid (g)
MUFA 18:1 Oleic acid (g)

1.17 ± 1.20

1.16 ± 0.77

1.18 ± 0.40

0.893

24.40 ± 18.11

22.69 ± 13.22

25.41 ± 20.45

0.294

MUFA 20:1 Gadoleic acid (g)

0.21 ± 0.15

0.19 ± 0.14

0.22 ± 0.15

0.298

MUFA 22:1 Erucic acid (g)

0.01 ± 0.05

0.02 ± 0.06

0.01 ± 0.04

0.329

PUFA 18:2 (N-6) Linoleic acid (g)

15.80 ± 10.66

14.80 ± 11.53

16.38 ± 10.13

0.367

PUFA 18:3 (N-3) Linolenic acid (g)

1.32 ± 0.76

1.18 ± 0.52

1.41 ± 0.86

0.056

PUFA 18:4 (N-3) Stearidonic acid (g)

0.00 ± 0.02

0.01 ± 0.03

0.006 ± 0.02

0.130

PUFA 20:4 (N-6) Arachidonic acid (g)

0.15 ± 0.13

0.17 ± 0.16

0.14 ± 0.10

0.120

PUFA 20:5 (N-3) Eicosapentaenoic acid EPA (g)

0.03 ± 0.09

0.05 ± 0.13

0.02 ± 0.06

0.103

PUFA 22:5 Docosapentaenoic acid DPA (g)

0.02 ± 0.04

0.03 ± 0.06

0.02 ± 0.03

0.132

PUFA 22:6 (N-3) Docosahexaenoic acid DHA (g)

0.09 ± 0.25

0.12 ± 0.34

Trans Fatty Acid (g)
1.31 ± 1.30
1.22 ± 1.68
SFA: Saturated fatty acids, MUFA: Monounsaturated fatty acids, PUFA: Polyunsaturated fatty acids.

0.06 ± 0.16

0.127

1.36 ± 1.03

0.424

in comparison with the recommendations in all study
subjects. In contrast, other micronutrients intake were
above the recommendations, except pyridoxine. No
significant differences between groups were found.

3.4. Micronutrients Intake
The comparative micronutrients intake between NW
and OW subjects are shown in Table 4. The intake of
vitamins A and E, magnesium, and zinc were insufficient

Table 4. Comparison of micronutrients intake between normal-weight and overweight subjects
Nutrients

Dietary referencesa

General intake
†

NW group

OW group

P value

Vitamin A (µg/d)

900

599 ± 651.8

646.1 ± 571.3

571.3 ± 613.0

0.471

Thiamin (mg/d)

1.5

1.85 ± 1.2*

1.7 ± 1.3

1.9 ± 1.2

0.402

Riboflavin(mg/d)

1.7

1.85 ± 0.7*

1.7 ± 0.7

1.8 ± 0.79

0.401

Pyridoxine (mg/d)

2

2.05 ± 0.9

2.0 ± 0.8

2.0 ± 0.9

0.622

Cobalamin (µg/d)

2

5.5 ± 5.2*

6.1 ± 6.9

5.1 ± 3.8

0.298

Vitamin C (mg/d)

60

133 ± 97.1*

139.6 ± 94.9

129.2 ± 98.7

0.503

1.3 ± 1.9

1.5 ± 1.7

0.646

†

Vitamin E (mg/d)

10

1.4 ± 1.8

Folate (µg/d)

200

366 ± 191.3*

355.2 ± 145.7

372.4 ± 214.0

0.573

Calcium (mg/d)

800

1044.6 ± 877.2*

1072.5 ± 742.7

1028.2 ± 950.5

0.752

17.7 ± 9.8

18.2 ± 10.0

0.758

2989 ± 1103.2

2932.7 ± 1381.0

0.783

Iron (mg/d)
Potassium (mg/d)

*

10

18.0 ± 9.9

1800

2953.5 ± 1282.2*
†

Magnesium (mg/d)

350

323.5 ± 128.7

Sodium (mg/d)

2200

3578.5 ± 1884.4*
*

Phosphorus (mg/d)

800

1563 ± 788.4

Selenium (µg/d)

62.5

106.8 ± 55.0*

Zinc (mg/d)

15

12.6 ± 6.4

†

323.8 ± 127.0

323.3 ± 130.2

0.983

3808.5 ± 1854.2

3443 ± 1897.5

0.223

1525.7 ± 707.1

1585 ± 835.1

0.637

101.9 ± 54.6

109.7 ± 55.2

0.372

12.5 ± 6.7

12.7 ± 6.3

0.866

Variables are expressed as mean ± standard deviation. a Dietary references values according to the daily recommend intake by National Institute of
Medical Sciences and Nutrition Salvador Zubirán. * Excessive or † insufficient intake compared to dietary references. The p-value are significant
differences between the groups (Normal-weight vs overweight).
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Table 5. Comparison of food portions intake between normal-weight and overweight

Food Group

Recommended Portionsa

General intake

NW group

OW group

P value

†

Fruits

3.0

1.5 ± 1.5

1.6 ± 1.3

1.4 ± 1.6

0.612

Vegetables

3.0

1.6 ± 1.3†

1.5 ± 1.3

1.6 ± 1.2

0.288

Cereals

8.0

11.2 ± 3.5*

11.5 ± 2.7

11.0 ± 3.7

0.822

Sugar

2.0

5.8 ± 4.4*

6.1 ± 2.6

5.5 ± 4.7

0.492

Meat

3.5

8.0 ± 3.3*

8.3 ± 3.1

7.8 ± 3.4

0.709

Fat

5.0

10.1 ± 3.5*

9.8 ± 3.9

10.5 ± 3.6

0.530

Dairy products

2.0

0.9 ± 1.1

1.1 ± 1.2

0.8 ± 1.1

0.639

Portions of food intake by groups are expressed as mean ± standard deviation. a Recommendations values per day. * Excessive or † insufficient intake
according to National Mexican Academy of Medicine recommendations. The p-value are significant differences between the groups (Normal-weight vs
overweight).

3.5. Food Portion Intakes by Groups.
Study subjects in both groups indicated an excessive
intake of sugar, fat, and meat, and an insufficient intake of
fruits and vegetables (Table 5), no significant differences
were found.

4. Discussion
The relationship between dietary intake and health
status has been extensively studied. Diets with adequate
fat intake (<30% of the total energy consumed) contribute
to optimal function of essential physiological processes
such normal growth, tissue repair, and structural function
[26]. However, high-fat diets are strongly associated with
overweight and obesity [15]. In addition, it has been
reported that the excessive intake of SFA and cholesterol
induce lipid and lipoprotein alterations, inflammation and
insulin resistance (IR) increasing the risk of CVD, T2DM,
liver disease and other metabolic diseases [27,28]. In this
study, a high intake of total fat, SFA and cholesterol was
found among the studied population, with no differences
between NW and OW groups. The most important foods
that contributed to total fat intake were meat, over fried
foods and pastry products. These observations are
consistent with previous studies in West Mexico and
reflect the current pattern of dietary intake of the Mexican
population [8,9]. Recently, we also reported the
association of the high frequency of the A allele of CD36
polymorphism (rs1761667) with a higher fat intake among
the population of West Mexico [29].
It has been documented that n-6:n-3 PUFA ratios equal
or greater that 10:1 are related to the development of
chronic diseases such as CVD, nonalcoholic steatohepatitis
(NASH), and some types of cancer [23,30,31]. In this
study, an imbalance in the n-6:n-3 PUFA ratio intake was
detected. In general, subjects had a low intake of n-3
PUFA with an n-6:n-3 PUFA ratio of 12:1, which
exceeded the optimal ranges recommended (2:1 to 5:1).
Dietary n-6 PUFA such as arachidonic acid that was found
in higher amounts in OW group may promote the
oxidation of low-density lipoprotein particles, which in
turn leads to atherosclerosis and CVD [32]. Moreover,
decreased n-3 PUFA induces fat accumulation in the liver
and the production of proinflammatory eicosanoids such
as prostaglandins, thromboxanes, leukotrienes, hydroxy
fatty acids, and lipoxins, all resulting in lipotoxicity that
triggers IR, obesity, NASH, T2DM, depresion and some
types of cancer [33,34,35,36]. Our results demonstrate a
high intake of SFA and low in PUFA and MUFA; this

feature is different to some European countries, where the
Mediterranean diet is high in PUFA and MUFA and
where the prevalence of obesity is minor. Also, it has been
suggested that the epidemic of obesity is due in part to a
diet low in PUFAs [37].
On the other hand, Nelson G et al demonstrated that
low-fat diets versus high-fat diets with similar fatty acid
composition at constant caloric intake: identical ratios of
PUFA:SFA (1:0), n-6:n-3 PUFA ratio and MUFA:TFA
ratio had similar effects on total cholesterol and LDL
levels in healthy man; therefore this demonstrates that the
main problem is the composition of the consumed total
FA, where quality has a major impact than quantity [38].
In regards to dietary carbohydrates, an excessive intake
of sCH was observed among the subjects which are
widely related to the elevated consumption of sugared
beverages and other refined foods. Consistent with these
data, is the fact that Mexico is one of the countries with
the highest consumption of these food items worldwide
[8]. In this context, more than 70% of the Mexicans
consume sugared beverages daily or almost daily leading
to an average consumption of 160 liters per year [8].
These dietary trends have increased the input of fructose
in the Mexicans which is positively associated with the
increasing occurrence of multiple metabolic disorders
including IR, dyslipidemia, vascular disease, inflammation
and liver steatosis [39,40,41]. Recently, the high frequency of
Val191Val variant of sweet taste TAS1R2 receptor among
the Mexican population has been associated to the
overconsumption of carbohydrates which may play a
major role in this condition [42].
Chronic inflammation and oxidative stress contribute
significantly to the development of highly prevalent
chronic diseases such as CVD and cancer [43,44], these
conditions are commonly related to low plasma levels of
antioxidants, vitamins, and minerals [45]. In this study, we
found substantial deficiencies in the intake of vitamin A,
vitamin E, magnesium and zinc which are micronutrients
recognized by their antioxidant and anti-inflammatory
properties [46,47,48]. Similar data were reported in a
previous study in West Mexico and is linked to a poor
consumption of fruits, vegetables and oilseeds among our
population [8]. In contrast, an excessive intake of sodium
and iron was observed, which have been considered for
impaired fasting glucose and T2DM [49,50]. The
overconsumption of meat and processed products could be
contributing to these dietary characteristics.
On the other hand, numerous studies have shown that
physical inactivity is a risk factor for multiple adverse
health outcomes and all-cause mortality [51,52,53]. The
main detrimental effects of physical inactivity include
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increases in adiposity, IR, dyslipidemia and liver steatosis
[54,55,56]. In this study, 58% of the population analyzed
was physically inactive which is consistent with the
current trends of physical inactivity in Mexico [10]. NW
subjects were more active than those with OW, which
could explain why these study subjects did not present
excess of weight. However, if NW subjects become
physically inactive and continue with the same unhealthy
dietary pattern, they would increase the medium or longterm risk to develop obesity and metabolic disorders. This
observation highlights the importance of dietary
counseling and lifestyle intervention in both NW and OW
groups. Furthermore, it is evident that dietary patterns
(amount and type fat, meat, dairy products and diversity of
season’s fruits and vegetables) differ by population due to
genetics, geographic locality, and food cultures [57], thus
warranting the implementation of individualized-diets
based on the genetic and environmental characteristics of
the population [13,58].

CH: carbohydrates
sCH: simple carbohydrates
BMI: Body mass index
WHO: World Health Organization
RAPA: Rapid Assessment of Physical Activity
IR: insulin resistance
NASH: nonalcoholic steatohepatitis
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