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Introduction

Obesity is a major public health problem worldwide that also 
affects adolescents in our country, with a combined prevalence 
of 38.4% according to data from the 2018 National Health and 
Nutrition Survey [1]. Therefore, its prevention and treatment are 
relevant since it is considered the second preventable cause of 
death after smoking and, in addition, it is estimated that overweight 
adolescents have a 40 to 70% risk of being adults with obesity 
[2,3]. Obesity is defined as the disease characterized by excess 
adipose tissue in the body in which there is an imbalance between  

 
intake and energy expenditure and develops as a consequence 
of genetic, social, psychological and metabolic factors, causing 
chronic inflammation of low grade [4,5]. This inflammatory state 
is associated with comorbidities that increase cardiometabolic risk, 
such as insulin resistance, dyslipidemia, high blood pressure and 
fatty liver disease, which start from early stages of life [6].

Treatment for obesity and its underlying disorders, changes 
in lifestyle and diet are implemented to decrease the relationship 
between intake and energy expenditure. As part of dietary 
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modifications, a decrease in the intake of sugars and saturated 
fats has been recommended, as well as an increase in fruits and 
vegetables, which contribute to the reduction of the energy 
density of food [7,8]. Within the diet, it is also possible to include 
functional foods, which have the characteristic that they not only 
have nutritional components, but also provide other components 
that favor the health, physical and mental state of the person who 
consumes them [9]. In Mexican traditional gastronomy there is a 
wide variety of functional foods such as chili pepper, cocoa, and 
the different varieties of corn and beans, which contain bioactive 
compounds such as polyphenols. The bioactive molecules are 
divided into flavonoids, phenolic acids, lignans and stilbenes, with 
flavonoids being the group most studied until now [10,11]. Within 
this group are anthocyanins, which are water-soluble pigments 
responsible for giving bright blue, red and purple colors to plants, 
fruits, and some cereals, such as in the case of ancestral (i.e., part 
of the traditional diet since prehispanic times but nowadays not 
frequently consumed due to margination as they are not widely 
commercial even though accessible) maize and beans [12,13].

Corn is the main cereal consumed in Mexico commonly in the 
form of tortilla, however, there are different types of corn that 
provide great health benefits for its rich content of antioxidants 
and anthocyanins, such is the case of chapalote corn, with its 
characteristic red color due to its phenolic content [14,15]. Beans, 
for its side, are another of the main components of the Mexican 
diet, with around 70 varieties among which is the ayocote bean, 
characterized by its purple color because of its anthocyanin content 
[16,17]. Different studies have identified the anti-inflammatory 
and antioxidant properties of anthocyanins through the inhibition 
of NF-κB, the reduction of reactive oxygen species, the decrease of 
low-density cholesterol (LDL), the prevention of obesity and insulin 
resistance [12,18].

Materials and Methods

This study complies with the guidelines stipulated in the 
International Ethical Guidelines for Biomedical Research Involving 
Human Subjects, in the Declaration of Helsinki [19] and the 
Nuremberg Code [20], as well as NOM-012-SSA3-2012 [21]. This 
work was approved by the Research Committee of the Faculty of 
Health Sciences of the Universidad Anáhuac México Norte (reg. 
201848) and accepted and registered by the Research Committee 
of the Hospital Regional Lic. Adolfo López Mateos (RPI. 492.2018, 
029/AE/I/2018).

Patients were recruited from Hospital Regional Lic. Adolfo 
López Mateos and invited to participate in the study. Inclusion 
criteria were both sexes, between 12 and 18 years of age, with 
abdominal obesity, Tanner 2 to 4 and use of metformin as treatment 
for cardiometabolic disease. After signing the informed consent and 
assent, patients were randomly allocated into one of two double-

blinded groups: control or experimental. The first group received 
placebo (drink with white corn and bay bean, 50 gr) and the second 
one a drink with chapalote corn and ayocote bean (50 gr, 100 mg of 
gallic acid equivalents), both orally, as a part of the breakfast, every 
24 hours for 12 weeks. 

Anthropometric measurements (weight, height, waist 
circumference, body fat percentage, muscle mass) and blood 
pressure were registered, and further the body mass index 
(BMI) and waist-to-height ratio was calculated. A blood sample 
was collected to determine the levels of glucose, triglycerides, 
insulin, HDL cholesterol, glycated hemoglobin (HbA1C) in serum, 
and further HOMA and TG/HDL indexes were calculated. For 
measuring the weight and body fat percentage a bioelectric 
impedance scale was used, for the height a wall stadiometer, for 
waist circumference a metal tape, for collecting the blood pressure 
a digital arm baumanometer, finally the glucose and lipids samples 
were performed by spectrophotometry, glycated hemoglobin 
by high performance liquid chromatography, and insulin by 
chemiluminescence [22-24].

An individualized eating plan also was prescribed to each patient 
calculating their energy requirement according to the Schofield 
equation [25]. Patients were monitored twice again (at 4 and 8 
weeks), measuring anthropometric features and blood pressure. At 
the end of the period, the blood sample, anthropometric variables 
and blood pressure were obtained again.

Statistical Analysis

The variables were expressed as means ± standard 
deviation;categorical variables were expressed as frequencies. 
Subsequently, an intragroup analysis was carried out with ANOVA 
for repeated samples. Intergroup comparison was made with 
t-Student for independent samples. p<0.05 was considered as 
statistical significance. All the above was done using version 5 of 
the GraphPad Prism software.

Results

From November 2018 to August 2019, 140 patients who 
attended the Nutrition-Pediatrics outpatient clinic at the Hospital 
Regional Lic. Adolfo López Mateos were screened. Of these, 28 
(i.e., 20%) met the established inclusion criteria, however, 16 
(i.e., almost 6 out of 10) did not agree to participate for various 
reasons, the most common being lack of interest and “lack of time” 
to attend consultations both by the school for work commitments 
from parents or guardians. 12 patients agreed to participate, but 
only 9 attended the initial consultation, and of these, 8 continued 
with the treatment. The patient who did not continue after the first 
consultation returned several weeks later, saying that she no longer 
desired to continue participating.

The above are summarized in (Figure 1).
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Figure 1: CONSORT flow diagram. This figure shows the flow of patients through the trial according to the criteria recommended in the 
CONSORT. 

Baseline characteristics

In total, the study protocol was completed by 8 patients, of 
which 5 were men (62.5%) and 3 women (37.5%), with a mean age 
of 13.5 ± 4.78 years and whose baseline characteristics are detailed 
in (Table 1). All patients had a BMI >95th percentile thus indicating 
obesity; they also had a waist-to-height ratio >0.50, implying an 
increased risk of developing cardiometabolic diseases [26,27]. 

50% had mixed dyslipidemia, with serum triglycerides above 130 
mg/dL (cut-off point for the 10-19 age group), and HDL-c less than 
50 mg/dL [28]. This yielded a TG/HDL index >4.5 in 37.5% of 
patients, which also indicates that the population is at high risk of 
presenting cardiometabolic diseases [29,30]. Blood pressure was 
within normal percentiles for age, height, and sex, in all patients so 
it was decided that it was not considered a cardiometabolic factor 
to be analyzed hereinafter.

Table 1: Baseline cardiometabolic profile of participants.

Age 
(years) Gender BMI  

(kg/m2)
BMI 

Percentil 
WH 

Ratio
Fat 
(%)

MM 
(kg)

Glu 
 (mg/dL)

Insulin 
 (µU/ml) HOMA HbA1c 

(%)

TG  
(mg/
dL)

HDL 
(mg/
dL)

Índice 
TG/
HDL

13 M 27.3 99 0.55 38.6 24.9 75 20.89 3.9 - 206 47 4.38

13 M 28 99 0.58 41 22.7 77 - - 5.2 213 30 7.1

15 M 30.4 99 0.57 41 30.6 80 14.6 2.9 5.3 197 32 6.1

12 M 24.6 98 0.53 40.8 19.4 76 - - - 142 63 2.2

12 F 27.1 98 0.53 43.5 20.3 74 20.94 3.8 - 78 54 1.4

17 F 38 >99 0.68 52.9 27.1 69 18.2 3.1 5.8 65 48 1.3

14 M 26.1 97 0.61 40.9 20.2 98 - - 5.6 166 33 5

12 F 28.4 99 0.6 47.7 18.7 90 19.92 4.4 - 120 48 2.5

*M: male, F: female, BMI: Body Mass Index, Glu: serum glucose, WH Ratio: Waist-to-Height Ratio, MM: Muscle Mass, HbA1c: Glycated Hemoglobin, 
TG: serum triglycerides.

Overall results

As detailed in the methodological section, patients received 
an individualized dietary plan calculated with the Schofield 
formula with adjusted weight and height, with a distribution of 

carbohydrates of 40-60%, lipids of 30-35% and protein of 10-
20%. The beverage was included within such plan. Results of the 
evolution of the anthropometric variables of the complete sample 
during the 3-mo intervention are presented in (Table 2). 
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Table 2: Overall anthropometric indicators throughout the treatment.

Variable Mean ± sd Week 0 Week 4 Week 8 Week 12 p

Weight (kg) 74.39 ± 14.93 74.38 ± 15.26 74.95 ± 15.91 75.28 ± 14.92 ns

BMI 28.74 ± 4.10 28.53 ± 4.21 28.68 ± 4.46 28.78 ± 4.11 ns

WH Ratio 0.58 ± 0.04 0.56 ± 0.04 0.56 ± 0.05 0.56 ± 0.04 ns

Waist circumference 94.14 ± 9.16 92.04 ± 9.33 91.94 ± 9.86* 92.3 ± 9.83 *week 0 vs. 8

Fat % 43.3 ± 4.72 42.57 ± 4.88 42.19 ± 4.78 41.88 ± 4.61 p trend 0.06

Muscle mass (kg) 22.99 ± 4.22 23.93 ± 3.92 23.56 ± 4.23 23.79 ± 3.90 Ns

SD: Standard deviation, BMI: Body Mass Index, WH Ratio: Waist-to-Height Ratio. 

*p<0.05 in week 0 vs. 8, after ANOVA for repeated simples with Tukey post hoc. p trend: trend towards statistical significance after ANOVA for repeated 
samples.

As observed in the previous table, a statistically significant 
difference was only found in waist circumference at the eighth week 
of treatment and, in fact, the following month, it was recovered. 
Linked to this, a trend in fat loss was observed, which could indicate 
that, if the treatment were prolonged, a statistically significant 
decrease in fat would be observed. Table 3 presents serum 

analytes: as shown, no changes were found except for a statistically 
significant difference in HbA1c, revealing that despite receiving 
medical-nutritional treatment, there was no improvement, quite 
the opposite. Furthermore, all the other indicators, although they 
do not reach statistical significance, the trend is towards increasing 
them, thereby increasing the cardiometabolic risk of the patients.

Table 3: Overall biochemical indicators throughout the treatment.

Variable Mean ± sd Week 0 Week 12 P

Serum glucose 79.88 ± 9.49 81.88 ± 4.12 ns

Serum triglycerides 148.4 ± 57.22 161.9 ± 77.09 ns

HDL 44.38 ± 11.72 43 ± 11.45 ns

HbA1c 5.54 ± 0.27 5.75 ± 0.22 *0.02

Insulin 18.91 ± 2.64 23.33 ± 13.68 ns

TG/HDL 3.76 ± 2.19 4.12 ± 2.54 ns

HOMA 3.62 ± 0.61 5.18 ± 2.43 ns

SD: Standard deviation, HbA1c: Glycated hemoglobin. *p<0.05 after T Student for independent samples

Results by groups

Figure 2: Analysis of anthropometric indicators by group (t-Student for independent samples) and throughout the treatment period (ANOVA for 
repeated measures). BMI: body mass index.
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Upon opening the blinding, each group was made up of 4 
individuals. The results of the intra- and intergroup evaluations are 
presented below in (figure 2). As observed in the previous figure, 
no statistically significant change was found over the 12 weeks 
in any group and, consequently, there was no difference between 
them either. By separating the groups, the sample size decreases, 
and with this, the dispersion of the data increases, unlike the 
global analysis, in which the number of patients increases and the 
standard deviation decreases. Regarding the biochemical aspects, 

there was also no improvement in the fasting indicators as shown 
in figure 3; therefore, no improvement and differences were 
found in cardiometabolic risk indexes (i.e., focus on the chronic 
phenomenon) as is can be observed in figure 4. *A statistically 
significant difference is observed in the TG/HDL index between the 
supplement/placebo groups since the supplement group includes 2 
patients with lower triglyceride values compared to the rest of the 
values, just as in the placebo group there is a patient with a higher 
triglyceride value compared to the rest of the patients.

Figure 3: Analysis of biochemical aspects by group (t-Student for paired and independent samples).

   

   

Figure 4: Analysis cardiometabolic indexes by group (t-Student for paired and independent samples).
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Discussion 

Obesity is a multifactorial and highly prevalent disease in 
Mexico, which has been identified as a risk factor for various 
comorbidities such as cardiovascular diseases, type 2 diabetes 
mellitus, high blood pressure, dyslipidemias, osteoarthritis, 
depression and cancer. Furthermore, in cases of extreme obesity, 
life expectancy could decrease between 6 and 14 years [31,32]. 
In the present study it was possible to observe that the patients 
have both anthropometric and biochemical alterations: obesity 
(i.e., being above the 95th percentile of BMI for age), with a waist-
height index greater than 0.5, which increases the cardiometabolic 
risk due to excess adipose tissue, mainly visceral [26,27]. This 
latter is of the most relevance as initial average of 0.58 ± 0.04 did 
not significantly change (final value of 0.56 ± 0.04) after 3-mo 
treatment and values remained as high cardiometabolic risk. For its 
side, fat mass percentage, despite showing a tendency to decrease, 
persisted in very high figures, even for the adult population [33]. 
This excessive accumulation of fat increases the inflammatory 
state, and with it, the production of proinflammatory cytokines, 
such as TNFα, PCR, IL-6, PAI-1, which contribute to the state of low-
grade chronic inflammation hence persisting the risk of developing 
and/or exacerbating comorbidities such as insulin resistance, high 
blood pressure and dyslipidemias [34-36], as seen in these patients.

During puberty, physiological insulin resistance occurs, 
however, ectopic fat deposition leads to dysfunction of pancreatic β 
cells [37,38]. Initially, pancreatic β cells increase insulin production 
with the aim of compensating for insulin resistance and, thus, blood 
glucose remains at normal levels [38]. It is possible to observe that 
the patients present baseline insulinemia of 18.91 ± 2.64 µU/ml 
and final of 23.33 ± 13.68 µU/ml, in both cases, above the reference 
values of 14.38 µU / ml [39]. In correspondance, an initial HOMA 
index of 3.62 ± 0.61 and final of 5.18 ± 2.43, indicated high risk of 
insulin resistance [24,37]. This insulin resistance is also a risk factor 
for cardiovascular diseases and, together with obesity, increases 
the risk of developing dyslipidemias [38,40]. 

Similarly, the pathophysiological mechanism of 
hypertriglyceridemia is observed, in which high triglyceride 
levels, together with the increase in VLDL concentrations, 
provide triglycerides to LDL and HDL particles in exchange for 
cholesterol esters, causing the HDL particles are more susceptible 
to being degraded, increasing the risk of presenting atherogenic 
dyslipidemia, and with it, a higher cardiovascular risk [41,42]. The 
increase in triglycerides contributes to their contribution to HDL 
particles, causing greater purification of the same. In this way, it is 
possible to observe the dyslipidemia characteristic of the metabolic 
syndrome, hypertriglyceridemia and decrease in serum HDL levels 
[41]. 

According to the National Cholesterol Education Program 
(NCEP), for adolescents, triglycerides are considered to be elevated 
when they are equal to or greater than 130 mg/dL, and HDL is 
considered low when it is less than 40 mg/dL. In the present study, 
the patients had an initial triglyceridemia average of 148.4 ± 57.22 
mg/dL and a final concentration of 161.9 ± 77.09 mg/dL; for its side 
and despite the fact that the average HDL is 44.38 ± 11.72 mg/dL 
and 43 ± 11.45 mg/dL, respectively, individual values reach down 
to 30 mg/dL, evidencing the pathophysiology of dyslipidemia [28]. 
In a study in Mexico, the characteristics of school and adolescent 
patients with obesity were described, in which it was reported 
that they presented a HOMA index of 3.23 ± 2.19 40, similar to 
the baseline characteristics of the present sample. Another study 
is South America with population with obesity between 10 and 18 
years old, with and without insulin resistance, found that those 
patients without insulin resistance had a HOMA of 1.8 and a TG/
HDL ratio of 1.69, while those Insulin resistance patients had 4.5 
and 2.28, respectively [43]. These data do not resemble those 
obtained in the present study, since the TG/HDL index is lower than 
that presented by our patients.

On the other hand, also in the lipid aspect, it has been suggested 
that a TG/HDL index of ≥3 is associated with higher concentrations 
of small LDL particles, which increases cardiovascular risk as they 
are atherogenic particles [30]. The TG/HDL index not only speaks 
of cardiovascular risk but is also related to insulin secretion and 
sensitivity 37, and it was possible to observe that the average value 
of this index was, initially, 3.76 ± 2.19, and finally, 4.12 ± 2.54, in 
both cases, above the proposed cut-off point. In Mexico, a study was 
carried out in which children from 5 to 9 years of age participated, 
it was identified that those with a TG/HDL index ≥1.71, presented 
3 times more risk of having high LDL, this being an important risk 
factor cardiometabolic [44]. A study done in the United States 
in adolescents with a mean age of 13.1 ± 2.9 years, found, in the 
Hispanic population, a mean TG/HDL of 3.41 ± 3.09 in men and 
3.00 ± 2.29 in women, and at the time of dividing this index in 
tertiles, a HOMA of 6.38 ± 4 in the lowest tertile and 9.65 ± 5.2 in 
the highest tertile [45]. Another study in Malaysia, with overweight 
and obese patients between 9 and 16 years old, showed within the 
characteristics of the population that they had an HbA1c of 5.2% 
and TG/HDL. Specifically, the mean TG/HDL in patients with insulin 
resistance was 2.48 and the highest tertile was 3.1, with these 
values being lower than what was found in the present study [46].

 We were most surprised by the fact that neither patients nor their 
families show commitment to carrying out the actions that decrease 
this inflammatory state (i.e., compliance to dietary prescription, 
regular exercising, no consumption of ultra-processed foods, etc.). 
Since screening, more than half (57.1%) of patients decided not 
to participate for various reasons, including lack of “interest in 
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the study protocol” and/or lack of time to attend consultations 
within the study. Now, of those patients who met selection criteria 
and initially agreed to participate, only 75% attended the initial 
consultation, and finally 89% of those completed the study yielding 
a total of 8 patients. Among the patients who completed the study, 
some reported difficulty in maintaining the indicated dietary 
treatment due to causes such as “boredom” and incompatibility 
with family activities. This reflects the lack of commitment on the 
part of the patient and his family, as well as the difficulty of the 
health personnel to maintain the motivation and commitment of 
the adolescents. It was fairly clear that the magnitude of the disease 
and its comorbidities is not well-dimensioned since both the 
patients and their relatives do not consider the presence of obesity 
as an important factor of morbidity and mortality and the relevance 
of having an adequate adherence to nutritional treatment.

However, our findings actually concord with other such as 
the study of Nogueira and Zambon, who reported that among 
the barriers that made it difficult for patients to adhere to their 
obesity management were the lack of time to go to consultations, 
since adolescents had to miss school and parents to work; patients 
refusal to continue treatment; dissatisfaction with the results 
achieved; that parents could not deny food to their children and that 
they had no control over their diets. Furthermore, they highlighted 
the fact that although the parents knew the risk of developing 
comorbidities associated with obesity, this did not represent a 
stimulus to continue treatment [47].

Regarding nutritional indications, it was reported that few 
patients had difficulty understanding them, however, most 
presented difficulties in carrying them out [47]. In addition, it 
should be noted that the results not only indicate lack of adherence 
to nutritional treatment and eating plan, but there is also a lack 
of adherence to medical treatment, since despite the fact that 
the patients were under metformin management no statistically 
significant difference was observed regarding biochemical 
parameters in the 3 months of intervention. A meta-analysis that 
aimed to assess the effect of metformin on the HOMA index, fasting 
glucose and insulin, HDL and LDL, in children and adolescents with 
overweight and obesity, reported that metformin could improve 
LDL levels but did not have a significant effect on insulin resistance. 
Furthermore, it was observed that some patients abandoned the 
different studies due to lack of interest, loss of contact, or refusal to 
participate [48]. Another study evaluating the efficacy, tolerability 
and safety of metformin in adolescents with obesity and insulin 
resistance, found that, during the first months of treatment, there 
was a decrease in BMI and HOMA, however, it was not possible to 
observe the same long-term result secondary to factors such as 
low adherence to treatment and the possible low doses indicated 
[49]. Finally, a pilot study with patients between 6 and 13 years of 

age with obesity, who were given metformin or placebo, reported a 
decrease in BMI, fat mass, serum leptin levels and CRP. However, no 
decrease in the HOMA index was observed, probably due to the low 
insulin resistance status of the patients. The study methodology 
shows that 6 patients in the metformin group refused to continue, 
and 2 in the placebo group abandoned the study due to low 
attachment [50].

All this takes relevance since there is a high risk that patients 
presenting obesity and cardiometabolic disorders from childhood 
and adolescence present early comorbidities such as type 2 
diabetes mellitus, cardiovascular disease, non-alcoholic liver 
steatosis, obstructive sleep apnea, some types of cancer, kidney 
disease, polycystic ovary syndrome; which translates into an 
epidemiological risk, which, in the long term, will collapse the 
health system [30,51,52].

Conclusions

No significant differences were found on cardiometabolic 
markers of adolescents with obesity after consuming a drink based 
on ancestral Mexican maize and bean (chapalote corn and ayocote 
beans, respectively) for 12 weeks. The most relevant fact herein 
found is that patient’s compliance is minimal thus therapeutic 
efficacy is almost null, therefore, urgent measures regarding 
health staff’s abilities, patients’ and their family’s commitment on 
medical-nutrition treatment and, moreover, their awareness on the 
importance of the diseases they are currently undergoing as well as 
their future complications. In addition, monitoring by psychology is 
essential, since it allows working the emotional area of the patients 
and the support network they have at home and being able to give a 
completely individualized treatment.

Study Limitations

Sample size was very small thus inferential (particularly 
grouped) analysis is probably limited. Some modifications to the 
protocol can be considered for future research, e.g., reducing the 
age range hence considering not only adolescents but scholar 
individuals in order to increase screening and further recruitment/
sample size. Furthermore, the inclusion of children with obesity 
already in pharmacologic treatment (additional to metformin) for 
comorbidities should be considered.
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