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Abstract

Introduction: the childhood obesity is a serious public 
health problem because if weight gain continues, compli-
cations such as insulin resistance, dyslipidemia, orthope-
dic disorders, sleep apnea, and metabolic syndrome may 
occur in other stages of child development.

Objective: the objective of this study was to evaluate 
C-reactive protein (CRP) concentrations, lipid profiles, 
and glucose levels in obese children three to five years of 
age and compare them to eutrophic children.

Methods: in this study, 100 children aged three to five 
years were selected and divided into two groups (n = 50 
per group): a group of eutrophic children (< 84th percen-
tile) and a group of obese children (> 95th percentile). An 
anthropometric evaluation and quantification of plasma 
levels of ultrasensitive CRP, triglycerides, cholesterol, 
LDL-C, HDL-C, and glucose were performed.

Results: the data showed a significant increase in 
obese children with regard to height (p < 0.005), weight 
(p < 0.0001), body mass index (p < 0.0001), ultrasensi-
tive CRP (p < 0.0001), triglycerides (p < 0.0001), LDL 
(p < 0.0001), and glucose levels (p < 0.0001) as well as 
decreased levels of HDL (p < 0.0001) compared to eutro-
phic children.

Conclusions: metabolic changes that occur in obese 
preschool children are characterized by increases in in-
flammatory markers and lipid profiles. Considering that 
during preschool age the programming and number of 
adipocytes that will remain with the individual for the 
rest of their life are determined, this stage is crucial in the 
development of complications associated with obesity.
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CAMBIOS EN LA PROTEÍNA C REACTIVA 
Y PERFIL BIOQUÍMICO EN NIÑOS 
PREESCOLARES CON OBESIDAD

Resumen

Introducción: la obesidad infantil es un grave proble-
ma de salud pública, ya que si el aumento de peso conti-
núa, pueden producirse complicaciones tales como resis-
tencia a la insulina, dislipidemia, trastornos ortopédicos, 
apnea del sueño y síndrome metabólico en otras etapas 
del desarrollo del niño.

Objetivo: el objetivo de este trabajo fue estudiar las 
concentraciones de proteína C reactiva, perfil de lípidos y 
glucosa en niños de 3-5 años con obesidad, y compararlos 
con niños eutróficos.

Métodos: para dicho fin, cien niños de 3 a 5 años de 
edad fueron seleccionados y divididos en dos grupos (n:50 
por grupo); un grupo de niños eutróficos (percentil < 84) 
y un grupo de niños con obesidad (percentil > 95). Se rea-
lizó una evaluación antropométrica y una cuantificación 
en plasma de proteína C reactiva ultrasensible, triglicéri-
dos, colesterol, LDL-C, HDL-C y glucosa.

Resultados: los datos obtenidos muestran un aumen-
to significativo en los niños que presentan obesidad en 
relación a la talla (p < 0,005), peso (p < 0,0001), índice 
de masa corporal (p < 0,0001), proteína C reactiva ul-
trasensible (p < 0,0001), triglicéridos (p < 0,0001), LDL 
(p < 0,0001) y glucosa (p < 0,0001), así como una dismi-
nución en los niveles de HDL (p < 0,0001), comparados 
con los niños eutróficos.

Conclusiones: los cambios metabólicos presentes en los 
niños preescolares obesos son caracterizados por un in-
cremento en los marcadores inflamatorios y del perfil de 
lípidos. Tomando en consideración que durante la edad 
preescolar se determinan la programación y el número 
de adipocitos que se tendrán en la vida del individuo, esta 
etapa es clave en el desarrollo de las complicaciones aso-
ciadas a la obesidad.
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Abbreviators

WHO: World Health Organization.
ENSANUT: National Survey of Health and Nutri-

tion.
BMI: body mass index.
IL-6: interleukin-6.
CRP: C reactive protein.
CDC: Centers for Disease Control and Prevention.
HDL: High-density lipoprotein.
LDL: Low-density lipoprotein.

Introduction

The World Health Organization (WHO) estimates 
that there are approximately 42 million obese pres-
choolers, of which 38% live in developing countries1. 
In the case of Mexico, the National Survey of Health 
and Nutrition in 2012 (Encuesta Nacional de Salud y 
Nutrición - ENSANUT) reported a 25% prevalence 
of obesity in children under 5 years of age2. There-
fore, it can be stated that childhood obesity is a se-
rious public health problem because if weight gain 
continues, complications such as insulin resistance, 
dyslipidemia, orthopedic disorders, sleep apnea, and 
metabolic syndrome may occur in other stages of 
child development3,4.

Preschool age, which is between three to five 
years of age, is crucial in the development of obesi-
ty because, in this age group, the genesis, develop-
ment, and programming of adipose tissue occurs and 
will be retained for life5,6,7. If a preschooler gains an 
additional 2 or more kilograms of weight per year3,5, 
which is expressed as an increased body mass in-
dex (BMI), this will cause an increase in interleu-
kin-6 (IL-6) secretion by hypertrophic adipocytes, 
resulting in the stimulation of liver production of 
C reactive protein (CRP)8. This 118 kDa molecular 
weight globulin is composed of 5 subunits and plays 
a key role in the adipocytes by promoting infiltra-
tion, polarization, and recruitment of monocytes 
and preadipocytes to form macrophages and thus 
initiate the process of low grade subclinical inflam-
mation3,8,9,10,11.

Another risk factor that contributes to weight 
gain in preschool age children is the increased con-
sumption of saturated fats from the diet, which will 
cause adipocytes to store more triglycerides and es-
terified cholesterol, resulting in hyperplasia of the 
tissue12,13. With the adipocyte unable to continue 
to store fatty acids, these fatty acids are released 
into the extracellular space, generating lipotoxicity. 
Coupled with a decrease in blood supply, adipose 
tissue necrosis will occur and cause changes in the 
physiology of adipocytes. During necrosis, mono-
cytes are attracted from the circulation and are pola-
rized by CRP to form M2 macrophages. In addition, 
fibroblasts and preadipocytes will also be polarized 

to M1 macrophages10, causing a loss of regulation of 
the inflammatory response, which leads to a vicious 
cycle that is perpetuated as long as weight gain is 
maintained.

Despite the importance of CRP and lipid profile due 
to their involvement in chronic degenerative diseases, 
there are still no studies that clearly indicate which pa-
rameters are adequate for children from three to five 
years of age, given the importance of this age in the 
pathogenesis of obesity.

Therefore, the objective of this study is to evaluate 
CRP concentrations, lipid profiles and glucose levels 
in obese three- to five-year-old children compared to 
eutrophic children.

Material and methods

This study was approved by the Bioethics Commit-
tee of the School of Medicine of the National Autono-
mous University of Mexico, the Secretary of Health 
of the Federal District, and the Xochimilco Pediatric 
Hospital.

A prospective cohort study was conducted in Mexi-
co City in the Xochimilco Maternal Pediatric Hospital 
of the Ministry of Health of the Federal District. The 
study was conducted from March to December 2013 
in a population of children that attended the pediatric 
outpatient clinic for child health. The parents of the 
children were informed of the study procedures before 
they signed the letter of informed consent, following 
the agreement established in the protocol of the Hel-
sinki declaration.

Selection of the sample was intentional and con-
sisted of forming two unpaired groups: the eutrophic 
or control group, which consisted of children with 
weights between the 50th to 84th percentile, and the 
group of obese children with weights greater than 
the 95th percentile (n = 50 per group). Additionally, 
children from both groups had to meet the following 
inclusion criteria: age between three to five years, 
apparently healthy, with no anatomical malforma-
tions, family history of dyslipidemia, or heart disea-
se, and permission from the parents to participate in 
the study.

Determination of nutritional status

An anthropometric evaluation of weight and height 
was conducted in the presence of the parents (with 
patients barefoot, standing upright with arms straight 
on both sides of the body, and in underwear) using 
the Tanita BF-2000 children’s scale. The recorded 
value was expressed in kilograms. Height was deter-
mined by the plumb technique and is expressed in 
centimeters. Subsequently, to determine the nutritio-
nal status, BMI was calculated based on the formula 
weight/height2 and is expressed in kg/m2. From the-
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se measurements, the BMI percentiles for each child 
based on age and sex were determined according to 
a chart from the Centers for Disease Control and Pre-
vention (CDC), updated in 2006 (CDC-WHO 2006). 
The Z-score was determined according to the WHO 
criteria.

Determination of biochemical profile

For the laboratory tests, blood samples were obtai-
ned in the laboratory of the Xochimilco Pediatric Ma-
ternal Hospital by qualified staff, and 10 ml of blood 
was obtained by venipuncture after fasting for 12 hrs. 
Serum quantification of ultrasensitive CRP was per-
formed by a Siemens model BNII nephelometer with a 
detection limit of 0.1 mg/dl according to the manufac-
turer’s instructions. Subsequently, the lipid profile, tri-
glycerides, total cholesterol, LDL, HDL, and glucose 
levels were analyzed with a SYNCHRON CX7 blood 
chemistry analyzer (Beckman Coulter, Inc. Fullerton, 
California, USA) based on the manufacturer’s indica-
tions.

The results were compared between the group of 
eutrophic children (control group) and the obese group 
of children (n = 50 per group) because there are no 
data regarding normal levels of these parameters for 
the Mexican population in this age group.

According to the data distribution, nonparame-
tric statistical tests using the Mann-Whitney U test 
were conducted for comparisons between groups. 
Graph-Pad Prism VI® software was used for the sta-
tistical analyses.

Results

The children who participated in this study were 
distributed as follows: 48% were female and 52% 
male, with a mean age of 4.1 years. Regarding their 
nutritional status, 50% were between the 50th and 84th 
percentile, indicating a normal weight for their age 
(control group), and the remaining 50% were above 
the 95th percentile, which corresponds to obesity (obe-
se group).

The results indicated that the group of obese chil-
dren showed a statistically significant increase in the 
concentrations of ultrasensitive CRP, triglycerides, 
HDL-C, LDL-C, and glucose compared to the children 
in the control or eutrophic group.

Mann-Whitney U tests were performed to compare 
the biochemical parameters. The CRP level in obese 
children ( = 0.66 mg/dl ± 0.1) showed a statistically 
significant increase (p <0.0001) compared to control 
children ( = 0.0 mg/dl ± 0.0). The triglyceride le-
vels in obese children ( = 116 mg/dL ± 1.6) showed 
a significant increase (p <0.0001) compared to con-
trol children ( = 85 mg/dl ± 5.2). The LDL-C levels 
showed a significant difference (p <0.0001) between 

obese children ( = 86.3 mg/dL ± 3.1) and control 
children ( = 103.1 mg/dl ± 7.6). Finally, the gluco-
se levels showed a significant difference (p <0.0001) 
between obese children ( = 98 mg/dl ± 2.8) and con-
trol children ( = 86.06 mg/dl ± 1.0). For the other 
biochemical markers, no statistically significant di-
fferences were observed. In addition, no statistically 
significant correlation was found between the para-
meters evaluated (Fig. 1).

Discussion

The results from this study show that obese pres-
choolers presented inflammatory and metabolic alte-
rations in very early stages of life, as evidenced by 
the levels of CRP, lipid profile (triglycerides, HDL-C 
and LDL-C), and glucose levels, which were compa-
red with eutrophic children from the same population. 
These changes indicate the beginning of chronic de-
generative diseases at school age and during adoles-
cence, as demonstrated by multiple studies in different 
populations around the world.

The increase in the serum concentration of ultra-
sensitive CRP in obese children compared to eutro-
phic children is of utmost importance because CRP 
is involved in the acute phase of the immune res-
ponse, which appears after an imbalance in the in-
nate immune system occurs. Thus, CRP is used as 
an inflammatory marker and is regulated by trans-
criptional factors of IL-6, which are secreted directly 
by adipocytes9,14,15. Another action that can directly 
impact the levels of CRP is related to the type of diet 
consumed. A diet high in sweeteners, semi-synthe-
tic sweeteners, and saturated fats increases plasma 
concentrations of CRP in obese patients. However, 
if lifestyle is modified, if the consumption of fruits, 
vegetables, and bioactives derived from milk is in-
creased, and if a diet high in antioxidants is consu-
med, the concentrations of CRP will decrease inde-
pendently of BMI8,16,17,18,19.

The concentrations of triglycerides and LDL-C 
were higher in obese children than in eutrophic chil-
dren, and the HDL-C concentrations were lower. If 
this metabolic modification of lipids continues, adipo-
cyte dysfunction will be stimulated, causing the accu-
mulation of fatty acids in muscle (intramyocellular), 
resulting in insulin resistance. However, if this pheno-
menon occurs at an early age, the effect will be more 
severe18 (Table I). 

In addition, the glucose concentrations of the chil-
dren studied showed statistically significant differen-
ces between groups; these figures may be related to 
the age that children begin to consume bottled juices 
sweetened with high fructose corn syrup, which is 
approximately 3.2 years of age in different popula-
tions20.

The results from this study coincide with those of 
Lo et al., who conducted a therapeutic intervention 
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Fig. 1.—Effect of early obesity 
in children aged 3-5 years gra-
phics for levels of glucose (A), 
triglyceride (B), HDL-c (C), 
LDL-C (D), C-reactive protein 
(E ), note the increase of gluco-
se, triglycerides, LDL-C, C-re-
active protein and decrease in 
HDL-C of the children who had 
obesity.

Table I 
Distribution of data by age and body mass index with the biochemical parameters studied  

(Group control children <85 percentile group of obese children and ≥ 95 percentile)

Variables n = 100
Control n = 50 Obeses n = 50

Mean ± std error Mean ± std error

Size (cm) 104.5 ± 1.05 108.62 ± 1.12

Weight (kg) 15.64 ± 0.32 23.07 ± 0.82

BMI (kg/m2) 14.78 ± 0.13 18.13 ± 0.30

Glucose (mgs/dl) 86.06 ± 1.05 98 ± 2.81

Cholesterol (mgs/dl) 148.3 ± 3.93 153.1 ± 4.56

Tryglicerides (mgs/dl) 85.46 ± 5.28 116.42 ± 11.05

LDL-C (mgs/dl) 86.32 ± 3.12 103.12 ± 7.12

HDL-C (mgs/dl) 45.64 ± 1.51 42.71 ± 1.69

C reactive Protein us (mgs/L) 0.00 + 0.00 0.66 + 0.16
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(lifestyle change) in morbidly obese North American 
preschoolers (three to five years old) and concluded 
that these children are more likely to present me-
tabolic diseases at earlier ages21. However, perhaps 
one of the important findings of our study is that 
when we compared obese children with eutrophic 
children, we found statistically significant differen-
ces between groups in the serum concentrations of 
CRP, triglycerides, LDL-C, HDL-C, and glucose. 
It is essential to perform biochemical profiles that 
include CRP, lipids, and glucose early in preschool 
children that present obesity, as the relationship be-
tween these markers is a strong predictor of insulin 
resistance and metabolic syndrome in later stages 
of life21,22.

Conclusions

It can be concluded that children that are obese du-
ring preschool age have alterations in CRP concentra-
tions and lipid profiles compared to eutrophic children 
and that the continued elevation of these biochemical 
parameters creates more severe clinical consequences 
at later ages in child development.

We suggest performing anthropometric and bio-
chemical evaluations of all obese preschool age chil-
dren because this age is critical to the development of 
obesity and its complications, which can occur in the 
pediatric stage and develop into chronic degenerative 
diseases during young adulthood.
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