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Pedro A. Reyes-Castillo1, Raquel González-Vázquez2, Angélica Gutiérrez-Nava3, Felipe Mendoza-Pérez3, María del Carmen Navarro-
González4, Alfonso Salgado-Aguayo4, Edgar Torres-Maravilla1,5, Lino Mayorga-Reyes3 and Alejandro Azaola-Espinosa3

1MSc program in Pharmaceutical Sciences and 3Department of Biological Systems. Universidad Autónoma Metropolitana - Unidad Xochimilco. Coyoacán. Mexico City, 
Mexico. 2CONACYT - Universidad Autónoma Metropolitana - Campus Xochimilco. Coyoacán. Mexico City, Mexico. 4Laboratory of Rheumatic Diseases. National Institute of 
Respiratory Diseases. Tlalpan. Mexico City, Mexico. 5Micalis Institute. INRA. AgroParisTech. Paris-Saclay University. Jouy-en-Josas, France

Palabras clave: 

Obesidad. 
Antropometría. 
Dieta. Insulina. 
Leptina. Riesgo 
cardiovascular. Riesgo 
cardiometabólico.

Resumen 
Introducción: la obesidad es la acumulación excesiva de tejido adiposo relacionada con la ingesta de alimentos y otros factores. El objetivo 
de este estudio fue evaluar la ingesta de nutrientes, parámetros antropométricos, indicadores de salud, adipocinas y niveles de insulina en una 
población de jóvenes universitarios con una dieta habitual.

Método: en este estudio se invitó a participar a 378 jóvenes universitarios. Debido a los criterios de inclusión y su propia decisión de participar, 90 
asistieron a los estudios antropométricos y de indicadores de salud: circunferencia de cintura (WC), índice de cadera cintura (WHR), índice de cintura-talla 
(WHtR) y modelo homeostático de evaluación-índice de resistencia a la insulina (HOMA-IR) y completaron el cuestionario de frecuencia de ingesta de 
alimentos. Treinta y cuatro participantes fueron seleccionados para realizar la determinación de los parámetros bioquímicos, niveles de insulina y adipocinas 
(leptina, IL-6, IL-8, factor de necrosis tumoral alfa [TNF- α], proteína quimioatractante de monocitos-1 [MCP-1] y factor de crecimiento hepático [HGF]).

Resultados: de acuerdo con WC, WHR y WHtR (mujeres: 104 ± 20, 0,87 ± 0,08, 0,6 ± 0,13; hombres: 112 ± 10, 0,95 ± 0,09, 0,64 ± 0,06, 

respectivamente), la población obesa mostró riesgo cardiovascular, metabólico y para la salud. La población con sobrepeso mostró riesgo cardiome-
tabólico. En general, la ingesta de lípidos fue superior al 30% y la grasa animal fue la más consumida. Los niveles de leptina (mujeres: 17,2 ± 9,2, 
28 ± 11,3, 36,8 ± 17,8; hombres: 4,3 ± 3,6, 9,5 ± 3,1, 24,6 ± 16,4 para delgados, sobrepeso y obesos, respectivamente) e insulina (mujeres: 408 
± 182, 438 ± 187, 768 ± 167; hombres: 244 ± 88, 520 ± 256, 853 ± 590) aumentaron junto con el índice de masa corporal (BMI), porcentaje 
de grasa corporal (BFP), área de grasa visceral (VFA), WC, WHR y WHtR. Las mujeres delgadas (2,4 ± 1,3), con sobrepeso (2,2 ± 0,9) y obesas (4,3 
± 1,1) y los hombres con sobrepeso (2,8 ± 1,2) y obesos (5,0 ± 3,1) mostraron resistencia a la insulina de acuerdo con HOMA-IR. Se encontró 
una correlación signifi cativa entre leptina y HOMA-IR (p = 0,41). BMI, BFP, VFA, WC y WHtR correlacionaron positivamente con leptina (p = 0,67, 
0,75, 0,66, 0,60 y 0,67, respectivamente) e insulina (p = 0,37, 0,40, 0,48, 0,49 y 0,42, respectivamente), mientras que el WHR solo con insulina 
(p = 0,43). No se encontraron diferencias signifi cativas en las otras adipocinas.

Conclusión: el uso de indicadores de salud como VFA, WC, WHR, WHtR y HOMA-IR es una herramienta útil en la determinación del riesgo 
metabólico, cardiovascular y de salud, y dichos indicadores correlacionaron con los niveles de leptina e insulina en la población estudiada.
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Abstract 
Background: obesity is the excessive accumulation of adipose tissue related to food intake and other factors. The aim of this study was to eval-
uate the intake of nutrients, anthropometric parameters, health indicators, adipokines and insulin levels in a population of young undergraduates. 
Method: in this study, 378 young undergraduates were invited to participate. Due to the inclusion criteria and their own decision of participating, 
90 attended the anthropometric, health indicators: waist circumference (WC), waist to hip ratio (WHR), waist to height ratio (WHtR), and homeostatic 
model assessment-insulin resistance index (HOMA-IR) studies and completed the questionnaire of frequency of food intake; and 34 participants 
were selected to perform the determination of biochemical parameters, insulin and adipokines levels: leptin, IL-6, IL-8, tumor necrosis factor 
alpha (TNF- α), monocyte chemoattractant protein-1 (MCP-1) and hepatocyte growth factor (HGF). 

Results: according to WC, WHR and WHtR (women: 104 ± 20, 0.87 ± 0.08, 0.6 ± 0.13; men: 112 ± 10, 0.95 ± 0.09, 0.64 ± 0.06, respectively), 
obese population showed health, cardiovascular and metabolic risk. Overweight population showed cardiometabolic risk. In general, lipid intake 
was higher than 30%, being animal fat the most consumed. The levels of leptin (women: 17.2 ± 9.2, 28 ± 11.3, 36.8 ± 17.8; men: 4.3 ± 3.6, 
9.5 ± 3.1, 24.6 ± 16.4 to lean overweight and obese, respectively) and insulin (women: 408 ± 182, 438 ± 187, 768 ± 167; men: 244 ± 88, 
520 ± 256, 853 ± 590) increased along with body mass index (BMI), body fat percentage (BFP), visceral fat area (VFA), WC, WHR and WHtR. 
Lean (2.4 ± 1.3), overweight (2.2 ± 0.9) and obese (4.3 ± 1.1) women and overweight (2.8 ± 1.2) and obese (5.0 ± 3.1) men showed insulin 
resistance according to HOMA-IR. Signifi cant correlation between leptin and HOMA-IR was found (p = 0.41). BMI, BFP, VFA, WC, and WHtR 
positively correlated with leptin (p = 0.67, 0.75, 0.66, 0.60, 0.67, respectively) and insulin (p = 0.37, 0.40, 0.48, 0.49, 0.42, respectively), while 
WHR only with insulin (p = 0.43). No signifi cant differences were found in the other adipokines.

Conclusion: the use of health indicators such VFA, WC, WHR, WHtR and HOMA-IR are useful tools in the determination of health, cardio vascular 
and metabolic risk and are correlated with levels of leptin and insulin in the studied population.
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INTRODUCTION

Obesity is considered to be a serious health problem affect-
ing a significant proportion of people of all ages worldwide (1). 
The World Health Organization (WHO) defined obesity as an 
abnormal or excessive fat accumulation that may impair health 
(2). Epidemiological studies indicate a strong link between 
increased food intake and obesity (3); however, other factors, 
like genetics, the environment, socioeconomic and demograph-
ic factors, also contribute to the development of obesity (4). In 
addition, obesity is a state of chronic low grade of inflammation 
characterized by an excess of adipose tissue (5). Adipose tissue 
is a metabolic and endocrine organ, responsible for the storage 
of energy and the secretion of biologically active molecules 
(adipokines), including hormones (leptin), cytokines (IL-6 and 
TNF- α), chemokines (IL-8 and MCP-1), growth factors (nerve 
growth factor [NGF], HGF) and others (6). The main function of 
adipokines is to regulate appetite, energy balance, fat deposi-
tion, glucose homeostasis, lipid metabolism, immunity, insulin 
sensitivity, angiogenesis, inflammation processes, and blood 
pressure (7).

On the other hand, a high level of leptin and inflammato-
ry markers (IL-1 β, IL-6, TNF- α, IL-8 and MCP-1) in serum 
has been associated with obesity. Leptin is one of the prin-
cipal adipokines that influence food intake, body weight and 
energy homeostasis. Leptin is synthesized and secreted by 
adipose tissue, enters the systemic circulation and crosses the 
blood-brain-barrier before being joined to the leptin receptor 
in the hypothalamus; this gives information about body energy 
stores and triggers the expression of anorexigenic neuropeptides 
to inhibit food intake and regulate energy homeostasis (8). The 
leptin concentration is variable and increased in relation to the 
increase in adipose tissue. However, studies show that leptin 
concentration in serum can be modified by macronutrient (fatty 
acids, carbohydrates and proteins) and micronutrient (minerals 
and vitamins) intakes (9). 

IL-6 and TNF- α are pro-inflammatory markers that are related 
to obesity. IL-6 influences body weight, inhibits the lipase lipopro-
tein, and increases glucose uptake and insulin sensitivity. TNF- α 
contributes to adipose tissue regulation and the infiltration of M1 
macrophages, suppresses adiponectin expression, reduces fatty 
acid oxidation in hepatocytes, and induces apoptosis and insulin 
resistance (6). IL-8 and MCP-1 are two chemokines that seem to 
be increased in obese subjects (10). IL-8 has a major impact on 
the inflammation and obesity complications, is overexpressed in 
visceral adipose tissue and is a marker of oxidative stress (10,11). 
Also, MCP-1 regulates the migration and infiltration of monocytes, 
natural killer cells and memory T lymphocytes (12), and a higher 
expression of MCP-1 was detected in adipose tissue of obese 
patients (13).

Nutrients intakes have a direct influence on weight gain 
and, consequently, on BMI, body fat, and other anthropometric 
parameters and impacts on the levels of adipokines. The aim 
of this study was to evaluate the intake of nutrients, anthro-
pometric parameters, health indicators, adipokines and insulin 

levels in a population of young undergraduates with a usual 
diet.

MATERIAL AND METHODS

SUBJECTS

In this study, 378 young undergraduate adults between 18 
and 22 years old from Metropolitan Autonomous University - 
Campus Xochimilco in Mexico City were invited to participate. 
The exclusion criteria were alcoholism, smoking, pregnancy, 
menstrual period, use of antibiotics, narcotics, lactation, diar-
rhea and vegetarianism or veganism. Due to these criteria, 
117 young people were excluded; the rest of the students 
were invited to participate, however, 171 failed to attend and 
only 90 attended the anthropometric study and completed the 
questionnaire regarding frequency of food intake. To perform 
the determination of biochemical parameters and adipokines, 
the population had to be paired by age, sex and BMI; therefore, 
34 participants were selected to take blood samples from, of 
which 17 were women and 17 were men. These individuals 
were separated into three groups: six lean, five overweight and 
six obese. The project was approved by the local Committee 
of Ethics according to the 1964 Declaration of Helsinki and its 
later amendments, and has been performed in accordance with 
ethical standards. All participants signed an informed consent 
prior to the study.

ANTHROPOMETRIC ANALYSIS

Body mass index (BMI) was measured according to the WHO 
criteria (lean ≤ 25 kg/m2, overweight 25-30 kg/m2 and obese ≤ 
30 kg/m2) (2). Waist and hip circumference were determined to 
calculate the waist to hip ratio (WHR) and waist to height ratio 
(WHtR); the reference values used of both ratios were the ones 
cited on references 14 and 15. Body fat percentage (BFP) and vis-
ceral fat area (VFA) were determined by segmental multifrequen-
cy bioelectrical impedance (SMF-BIA) analysis using an Inbody 
720 Biospace, Seoul, Korea.

DIETARY ANALYSIS

Dietary information was recorded and evaluated by previously 
trained nutritionists using a semi-quantitative food questionnaire 
(FFQ). The questionnaire was used to determine the total energy 
intake, proportion of protein, carbohydrates, lipids, minerals and 
vitamins in the diet of all participants during the previous year, as 
in other studios (16). The estimation and interpretation of nutrient 
intake was determined using the SNUT software and the tables of 
composition of energy and nutrients, developed and validated by 
the National Institute of Public Health (INSP) (17). The results were 
compared with the ones recommended to Mexican population (18).
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BIOCHEMICAL ANALYSIS

A fasting blood sample was collected after 12-hour fasting. 
Serum was obtained by centrifugation at 2,000-3,500 rpm for five 
minutes and stored at -20 °C until analysis. Biochemical analysis 
included glucose, triglycerides, total cholesterol and high-densi-
ty lipoproteins; all biomolecules were determined by automated 
Biochemical Analyzer Ikem (Kontrollab, Mexico), and results were 
compared with the reference (19). Very low-density lipoprotein 
(vLDL cholesterol) and low-density lipoprotein (LDL cholesterol) 
were calculated according to Friedewald et al. (20). 

ADIPOKINES ANALYSIS 

Serum samples were used to determine leptin, TNF α, IL-6, 
IL-8, MCP-1, HGF, and insulin. All components were assayed with 
the MILLIPLEX MAP Human Adipokine Magnetic Bead Panel 2 
(Millipore, USA) Endocrine Multiplex Assay kit and analyzed with 
the MAGPIX® (Luminex, USA). 

STATISTICAL ANALYSIS

Descriptive analyses were performed for all variables. Signif-
icant differences in anthropometric data, blood, adipokines and 
dietary analysis among lean, overweight and obese individuals 
were determined by Kruskal-Wallis (p ≤ 0.05) and the test of 
multiple comparisons of Dunn using GraphPad Prism software 
version 5.01 (GraphPad Software, Inc., San Diego, CA). 

The correlations between adipokine levels, anthropometric param-
eters, and nutrients were evaluated in the whole population without 
stratification. All data were normalized by raising them to the square, 
before the Pearson’s analysis of correlation was performed (p ≤ 0.05).

RESULTS 

The average body composition of the groups studied is shown 
in table I. No significant differences were found in height for each 
sex (159.6 ± 14.8 women and 171.2 ± 6.2 men). As expected, 
the BMI was different (p ≤ 0.05) between lean and obese women 
and men. In addition, WC, WHR, WHtR, BFP and VFA increased 
as BMI increased (Table I). According to WC, obese women and 
men showed a risk of cardiovascular diseases due to the higher 
values shown.

Body fat percentage (BFP) was also different between lean and 
overweight and lean and obese women (p ≤ 0.05); in men, differ-
ences (p ≤ 0.05) were found between lean and obese individuals. 
Overweight and obese participants of both sexes showed higher 
BFP than the recommendation, which confirms the nutritional sta-
tus of the individuals (Table I) since the BMI does not consider the 
amount of fat in the body. Overweight and obese women and men 
showed higher VFA than the recommendation (Inbody 720 user 
manual) which also agreed with WC. Furthermore, WC showed 
the same behavior as BMI (Table I). 

The WHR was significantly different between lean and obese 
women and men. Furthermore, obese women and men showed 
higher values than recommended, which indicates a risk of cardi-
ometabolic diseases. On the other hand, no significant difference 
was found in WHtR overweight and obese individuals of both sex 
compared to lean individuals (Table I). Additionally, overweight 
and obese individuals of both sexes showed a risk of developing 
cardiovascular diseases.

In the case of HOMA-IR, both sexes showed higher values than 
the recommendations, except for the lean men group.

The total energy intake was not significantly different between 
lean, overweight and obese individuals (Table II). No significant 
differences were found between the groups and each macro-
nutrient. However, when the percentage intake was compared  

Table I. Body composition and health indicators of the studied population

Women Men

Lean
n = 6

Overweight
n = 5

Obese
n = 6

Lean
n = 6

Overweight
n = 5

Obese
n = 6

Weight (kg) 54 ± 6† 70 ± 8* 94 ± 21* 65 ± 7† 81 ± 7* 107 ± 13*

BMI (kg/m2) 22 ± 2† 28 ± 1* 35 ± 6* 22 ± 2† 28 ± 1* 35 ± 4*

BFP (%) 31 ± 6† 39 ± 3* 47 ± 4* 16 ± 3† 25 ± 11*† 41 ± 7*

VFA (cm2) 53 ± 12† 89 ± 12* 149 ± 51* 53 ± 13† 101 ± 13* 167 ± 36*

WC (cm) 74 ± 6† 86 ± 5* 104 ± 20* 77 ± 5† 93 ± 5* 112 ± 10*

WHR 0.80 ± 0.01† 0.83 ± 0.04*† 0.87 ± 0.08* 0.86 ± 0.01† 0.90 ± 0.02*† 0.95 ± 0.09*

WHtR 0.46 ± 0.01† 0.5 ± 0.05* 0.6 ± 0.13* 0.4 ± 0.05† 0.5 ± 0.04* 0.64 ± 0.06*

HOMA-IR 2.4 ± 1.3†‡ 2.2 ± 0.9*† 4.3 ± 1.1*‡ 1.3 ± 0.5† 2.8 ± 1.2*†‡ 5.0 ± 3.1*‡

BMI: body mass index; BFP: body fat percent (normal range for men is 15.5% and for woman 23.5%); VFA: visceral fat area (normal range: < 100 cm2; over: 100~150 
cm2; extremely over: > 150 cm) (Inbody 720 user manual); WC: waist circumference (≥ 112 cm and ≥ 88 cm indicate high risk regarding men and women, respectively) 
(17); WHR: waist-hip ratio (> 0.90 in women and > 0.95 in men indicate high risk of cardiometabolic disease) (17); WHtR: waist to height ratio (> 0.5 indicates centralized 
obesity associated with cardiometabolic risk) (18); HOMA-IR: insulin resistance index (> 2.37 indicates insulin resistance) (19). Different symbols (*,†) mean difference (p ≤ 
0.05) between groups of the same gender. The symbol ‡ indicates that these values were high according to normal ranges for the Mexican population.
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with the Mexican population recommendations, it was observed 
that the intake of carbohydrates and proteins in both sexes agreed 
with the recommendations. In the case of lipids, it was found 
that all groups consumed more than 30%, which is higher than 
the recommendation (Table II). Additionally, both male and female 
groups consumed more animal fat than vegetable oil (data not 
shown); nevertheless, no significant differences were found. In 
addition, the intake of saturated fat was higher than the recom-
mendation. The mono and poly-unsaturated fat agreed with the 
recommendation.

The biochemical values obtained in all groups were within the 
recommended range, in agreement with the reference values 
(data not show).

Significant differences in leptin levels between lean and obese 
women and men are shown in figure 1A; no significant differ-
ences were found between obese women and men. Additionally, 
the levels of leptin increased along with BMI. Figure 1B shows 
significant differences in insulin levels between lean and obese 

women and men. The levels of leptin and insulin increased along 
with BFP (Table I and Fig. 1A and B).

On the other hand, no significant differences were found in 
the levels of inflammatory markers IL-6, IL-8, MCP-1 and TNF-α 
(Fig. 2A and 2B) and HGF (Fig. 2C) between overweight and obese 
women and men compared to lean individuals.

The correlation analysis between leptin and insulin levels with 
anthropometric parameters and health indicators is shown in 
table III. The other adipokines did not show any correlations.

DISCUSSION

BMI is an indicator used to set the nutritional condition; how-
ever, this does not differentiate between lean and fat tissue since 
it does not consider body fat distribution, which is an important 
limitation due to obesity being more closely related to visceral 
adiposity than overall adiposity (21). There are other indicators 

Table II. Percentage of energy intake of each nutrient  
and recommendations for Mexican population

Women Men Recommendation 
(20)Lean Overweight Obese Lean Overweight Obese

Total energy intake 2,274 ± 1,499 2,066 ± 935 1,886 ± 447 2,231 ± 662 2,668 ± 2,080 1,885 ± 761

Carbohydrates (%) 48 ± 7.5 49 ± 8 48 ± 8 49 ± 8 44 ± 8 45 ± 8 50-60

Proteins (%) 15 ± 2 15 ± 2 14 ± 0.9 14 ± 3 14 ± 2 17 ± 3 10-15

Lipids (%) 36 ± 6 36 ± 6 36 ± 4 36 ± 6 41 ± 11 39 ± 6 20-30

Fat (%)
 Saturated 
 Monounsaturated
 Polyunsaturated 

11.4 ± 2.0
15.1 ± 2.7
6.9 ± 1.7

11.9 ± 2.0
15.6 ± 2.5
6.6 ± 1.6

11.3 ± 1.8
15.1 ± 3.0
7.6 ± 1.3

11.5 ± 2.7
14.8 ± 2.9
7.1 ± 2.7

12.0 ± 2.2
17.3 ± 3.3
8.6 ± 3.6

12.3 ± 1.8
14.8 ± 2.7
6.4 ± 1.7

< 10
15-20
6-11

Figure 1.

Leptin (A) and insulin (B) levels in serum of studied population. *Difference p ≤ 0.01.
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which consider body fat distribution, such as WC and VFA, and the 
relations WHR and WHtR, which have also been associated with 
overweight and obesity (14,15). WHR has been also correlated 
with coronary heart disease, adult-onset diabetes mellitus and 
stroke (22). In this study, WC was significantly different between 
lean regarding overweight and obese women and men; in addi-
tion, the obese population showed health risks in accordance with 
Mexican recommendations (14) (Table I). Regarding WHR, obese 
women and men showed a risk of developing metabolic compli-
cations. In the case of WHtR, overweight and obese women and 
men showed a high cardiometabolic risk (15) (Table I).

In this work, to study the body composition of the studied popu-
lation, BFP and VFA were used; they were also used as indicators 
of fat distribution. In general, the obese population showed the 
highest values of BFP and VFA (Table I), which could increase 
the health and metabolic risks (Inbody 720 user manual).

As there were no significant differences between the over-
weight and lean and obese groups, we considered the overweight 
groups to denote an intermediate state between lean and obese 
states. Therefore, the overweight condition must be considered 
as an independent group when obesity is studied. In addition, 
this behavior could indicate that there is a high possibility that  

their nutritional condition will soon be transformed to obese if they 
do not change their nutritional habits and lifestyle.

In this study, insulin resistance was also calculated according to 
HOMA-IR. A value of HOMA-IR of 4.3 and 5.0 was found for obese 
women and men, respectively, which is higher than the reference 
for the young Mexican population (23). Also, lean and overweight 
women and overweight men showed the same behavior. These 
studies also indicate that fat mass and insulin levels could be the 
major determinants of serum leptin levels in adults. In addition, this 
study showed a significant correlation between leptin and HOMA-IR 
(r2 = 0.41) (Table III). Zuo et al. (24) reported an association between 
HOMA-IR and serum leptin level; the authors suggest that the leptin 
level could be used as an indicator of insulin resistance and that 
leptin level contributes to identify a metabolic risk.

Leptin levels were different (p ≤ 0.01) according to sex. Wom-
en showed higher levels of leptin than men, possibly due to her 
body composition since they have more BFP (Table I and Fig. 
1A). In addition, leptin levels increase according to BMI, VFA, WC, 
WHR and WHtR; however, the obese population did not show any 
significant differences between sexes. Therefore, it seems that 
leptin levels could be related to the fat content and its distribution 
in the body (Table III). These results were like those of Hellström  

Figure 2. 

Adipokine levels in serum of studied population. A. Inflammatory markers levels of women. B. Inflammatory markers levels of men. IL-6, IL-8, MCP-1 and TNF-α. C. Hepatic 
grow factor levels of women and men.
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et al. (25), who explained that a higher proportion of adipose 
tissue in women increased the production of leptin per unit mass 
of adipose tissue in comparison to men. 

On the other hand, the levels of insulin were high in obese 
women and men (761.4 and 852.7 pg/ml, respectively); these 
values were higher than those recommended by reference ranges 
of the Endocrine Self-Assessment Program (56-564 pg/ml) (26). 
As in the case of leptin, the levels of insulin increased along with 
BMI, VFA, WC, WHR and WHtR. 

For the Mexican population, there are no levels of references 
reported for inflammatory markers; however, our results (Fig. 2A-C) 
agreed with those of Kleiner et al. (2013) (27) and Kim et al. (2011) 
(28), who reported similar levels in young healthy individuals to 
those aged 18 years and above. No significant differences were 
found in IL-6, IL-8, MCP-1 and TNF- α and HGF between lean, 
overweight and obese women and men, probably due to the healthy 
state of the studied population since their biochemical parameters 
were in normal range. In addition, no correlation was found between 
these and any anthropometric parameters, possibly due to the size 
of the studied population. It is important to highlight that obesity 
is an inflammatory cellular stage and that the elevation of inflam-
matory markers (IL-6, TNF- α) is age-associated (26); hence, it is 
important to study these markers of obesity during youth.

In conclusion, the use of health indicators such VFA, WC, WHR, 
WHtR and HOMA-IR is a useful tool in the determination of health 
risk and these indicators are correlated with the levels of leptin 
and insulin in the studied population, which could probably be due 
to BFP and the high intake of fat from food. If the nutritional habits 
of study groups are not modified, these levels could remain and, 
in the future, lead to a decrease in the healthy state.
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García-Macedo R, Cruz M. La obesidad como un proceso inflamatorio. Bol 
Med Hosp Infant Mex 2010;67(2):88-97.

6. Coelho M, Oliveira T, Fernandes R. Biochemistry of adipose tissue: an 
endocrine organ. Arch Med Sci 2013;9(2):191-200. DOI: 10.5114/
aoms.2013.33181

7. Jung UJ, Choi MS. Obesity and its metabolic complications: the role of 
adipokines and the relationship between obesity, inflammation, insulin 
resistance, dyslipidaemia and non-alcoholic fatty liver disease. Int J Mol Sci 
2014;15:6184-223. DOI: 10.3390/ijms15046184

8. Myers MG, Cowley MA, Münzberg H. Mechanisms of leptin action and lep-
tin resistance. Annu Rev Physiol 2008;70:537-56. DOI: 10.1146/annurev.
physiol.70.113006.100707

9. Chopra M, Siddhu A, Tandon N. Effect of nutritional regulation on adipokines 
in obesity: a review. Am J Food Nutr 2014;2(4):66-70. DOI: 10.12691/ajfn-
2-4-4

10. Kim CS, Park HS, Kawada T, Kim JH, Lim D, Hubbard NE, et al. Circulating 
levels of MCP-1 and IL-8 are elevated in human obese subjects and asso-
ciated with obesity related parameters. Int J Obes 2006;30:1347-55. DOI: 
10.1038/sj.ijo.0803259 

11. Alvehus M, Simonyte K, Andersson T, Söderström I, Burén J, Rask E, et al. 
Adipose tissue IL-8 is increased in normal weight women after menopause 
and reduced after gastric bypass surgery in obese women. Clin Endocrinol 
2012;77:648-90. DOI: 10.1111/j.1365-2265.2011.04322.x

12. Deshmane SL, Kremlev S, Amini S, Sawaya BE. Monocyte chemoattractant 
protein-1 (MCP-1): an overview. J Interferon Cytokine Res 2009;29(6):313-
26. DOI: 10.1089/jir.2008.0027

13. Panee J. Monocyte chemoattractant protein 1 (MCP-1) in obesity and diabe-
tes. Cytokine 2012;60:1-12. DOI: 10.1016/j.cyto.2012.06.018

14. Barquera FS, Barquera S, García E, González-Villalpando C, Hernández AM, 
Lonngi G, et al. Obesidad en el adulto (E66). Práctica Médica Efectiva 2003. 
Available from: http://bvs.insp.mx/articulos/1/13/v5n2.pdf 

15. Wen-Cheng L, I-Chuan C, Yu-Che C, Song-Seng L, Shih-Hao W, Kuang-Yu 
H. Waist-to-height ratio, waist circumference, and body mass index as indi-
ces of cardiometabolic risk among 36,642 Taiwanese adults. Eur J Nutr 
2013;52(1):57-65. DOI: 10.1007/s00394-011-0286-0

16. Mayorga Reyes L, González Vázquez R, Cruz Arroyo SM, Meléndez Avalos A, 
Reyes Castillo PA, Chavaro Pérez DA, et al. Correlation between diet and gut 
bacteria in a population of young adults. Int J Food Sci Nutr 2016;67(4):470-
8. DOI: 10.3109/09637486.2016.1162770

17. Hernández-Ávila JE, González-Avilés L, Rosales-Mendoza E. Manual de usu-
ario. SNUT - Sistema de evaluación de hábitos nutricionales y consumo de 
nutrimentos. México: INSP; 2003. 

18. Bourges H, Casanueva E, Rosado J. Recomendaciones de ingestión de nutri-
mentos para la población mexicana. Bases fisiológicas. México: Ed. Médica 
Panamericana; 2008. pp. 159-70.

19. Expert Panel on Detection, Evaluation, and Treatment of High Blood Cho-
lesterol in Adults (Adult Treatment Panel III). Executive summary of the 
third report of the National Cholesterol Education Program (NCEP). JAMA 
2001;285:2486-97.

Table III. Correlation between leptin and 
insulin with anthropometric parameters 

and health indicators
Leptin Insulin

Weight 0.60* 0.45*

BMI 0.67* 0.37*

BFP 0.75* 0.40*

VFA 0.66* 0.48*

WC 0.60* 0.49*

WHR --- 0.43*

WHtR 0.67* 0.42*

HOMA-IR 0.41* ----

*Differences p ≤ 0.05. BMI: body mass index; BFP: body fat percent; VFA: 
visceral fat area; WC: waist circumference; WHR: waist-hip ratio; WHtR: waist 
to height ratio; HOMA-IR: insulin resistance index.



86 P. A. Reyes-Castillo et al.

[Nutr Hosp 2019;36(1):80-86]

20. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of 
low-density lipoprotein cholesterol in plasma, without use of the preparative 
ultracentrifuge. Clin Chem 1972;18(6):499-502.

21. Lam BCC, Koh GCH, Chen C, Wong MTK, Fallows SJ. Comparison of body 
mass index (BMI), body adiposity index (BAI), waist circumference (WC), 
waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR) as predictors of 
cardiovascular disease risk factors in an adult population in Singapore. PLoS 
ONE 2015;10(4):e0122985. DOI: 10.1371/journal.pone.0122985

22. Adebamowo CA, Ogundiran TO, Adenipekun AA, Oyesegun RA, Campbell OB. 
Waist-hip ratio and breast cancer risk in urbanized Nigerian women. Breast 
Cancer Res 2015;5(2):R18-R24. DOI: 10.1186/bcr567

23. Murguía-Romero M, Jiménez-Flores JR, Méndez-Cruz AR, Sigrist-Flores 
SC, Villalobos-Molina R. Insulin and HOMA-IR in healthy young Mexicans: 
a cut-off points proposal. Intern Med 2014;S6:1-5. DOI: 10.4172/2165-
8048.S6-001

24. Zuo H, Shi Z, Yuan B, Dai Y, Wu G, Hussain A. Association between serum 
leptin concentrations and insulin resistance: a population-based study from 
China. PLoS One 2013;8(1):1-7. DOI: 10.1371/journal.pone.0054615

25. Hellström L, Wahrenberg H, Hruska K, Reynisdottir S, Arner P. Mecha-
nisms behind gender differences in circulating leptin levels. J Intern Med 
2000;247:457-62.

26. Endocrine Self-Assessment Program (ESAP). Laboratory reference ranges; 
2015. Available from: http://education.endocrine.org/system/files/ESAP%20
2015%20Laboratory%20Reference%20Ranges.pdf 

27. Kleiner G, Marcuzzi A, Zanin V, Monasta L, Zauli G. Cytokine levels in the 
serum of healthy subjects. Mediators Inflamm 2013;2013:1-6. DOI: 
10.1155/2013/434010

28. Kim HO, Kim HS, Youn JC, Shin EC, Park S. Serum cytokine profiles in healthy 
young and elderly population assessed using multiplexed bead-based immu-
noassays. J Transl Med 2011;20(9):113. DOI: 10.1186/1479-5876-9-113


