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Introduction: the high prevalence gives the obesity in the pediatric ages it outlines the development of
comorbilidades inside which it is the glucidic alterations. Objective: to determine if glucidic alteration
exists in patient pediatric with obesity.
Material and method: descriptive cross-sectional study, in 76 pediatric patients with diagnostic of obesity assisted in the service of Endocrinology of the Juan Manuel Márquez hospital (La Habana, Cuba) in
the period between January 2015 and January 2019. The variables in study were: age, sex, time of
prediabetes, time of evolution and grade of the obesity. The qualitative variables were statistically described by absolute and relative frequencies; the association among the categorical variables was explored with the χ2 test and Fisher’s exact probability. In all statistical tests, it was considered a significance level of alfa equal to 0.05.
Results: 71,05% of the studied patients presented prediabetes, give which 40,59% belonged to the feminine sex and 72,22% they were bigger than 10 years it gives age. The patients prevailed with tolerance
to the altered glucose (70,37%) it gives which 50,0% was bigger than 10 years it gives age and 37,04%
they were it gives the feminine sex. The time gives evolution it gives the obesity it was not significant,
and an increment was verified it gives the prediabetes to more degree it gives the obesity (p = 0,0095).
Conclusions: alterations the metabolism of carbon hydrates was present in form the prediabetes. It
prevailed the feminine sex and the biggest ages or similar to 10 years. The prediabetes was not related
with the time of evolution of the obesity, but it was related with the grade of obesity.

Resumen

Alteraciones del metabolismo de los hidratos de carbono en pacientes
pediátricos con obesidad

Palabras clave:
 Malnutrición
 Obesidad
 Prediabetes

Introducción: la elevada prevalencia de la obesidad en las edades pediátricas plantea el desarrollo de
comorbilidades, dentro de las cuales se encuentran las alteraciones glucídicas. Objetivo: determinar si
existe alteración glucídica en pacientes pediátricos con obesidad.
Material y método: estudio descriptivo, transversal, en 76 pacientes pediátricos con diagnóstico de
obesidad atendidos en el Servicio de Endocrinología del Hospital Juan Manuel Márquez (La Habana,
Cuba), en el periodo de enero de 2015 a enero de 2019. Las variables en estudio fueron: edad, sexo, tipo
de prediabetes, tiempo de evolución y grado de obesidad. Las variables cualitativas se describieron estadísticamente mediante frecuencias absolutas y relativas, la asociación entre las variables categóricas
se exploró con el test χ2 y la probabilidad exacta de Fisher. En todas las pruebas estadísticas se consideró un nivel de significación de α igual a 0,05.
Resultados: el 71,05% de los pacientes presentaron prediabetes, de los cuales el 40,59% pertenecían al
sexo femenino y el 72,22% eran mayores de 10 años de edad. Predominaron los pacientes con TGA
(70,37%), de los cuales el 50,0% eran mayores de 10 años de edad y el 37,04% eran del sexo femenino.
El tiempo de evolución de la obesidad no resultó significativo y se constató un incremento de la prediabetes a mayor grado de la obesidad (p = 0,0095).
Conclusiones: se presentaron alteraciones del metabolismo de los hidratos de carbono expresadas por
la presencia de prediabetes. Predominó el sexo femenino. No existió asociación entre la prediabetes con
el tiempo de evolución de la obesidad, pero sí con el grado de obesidad.

How to cite this article: Basain Valdés JM, Valdés Alonso MC, Pérez Martínez M, Álvarez Viltres M, Marín Juliá SM. Alteraciones del metabolismo de los hidratos de carbono en pacientes pediátricos con obesidad. Rev Pediatr Aten Primaria. 2020;22:371-7.
Rev Pediatr Aten Primaria. 2020;22:371-7
ISSN: 1139-7632 • www.pap.es

371

José M.ª Basain Valdés, et al. Alteraciones del metabolismo de los hidratos de carbono en pacientes pediátricos con obesidad

INTRODUCTION
In recent years there have been changes in epidemiological patterns, the most marked of which
include a decrease in the incidence of infectious
diseases and a gradual increase in the incidence of
untransmissible chronic and progressive diseases,
such as obesity and its complications,1 which are
developing at increasingly early ages and have a
clinical impact on children and adolescents (psychological disorders, social adjustment disorders,
orthopaedic problems, hyperlipidaemia, hypertensin, sleep apnoea, among others)2.
The inflammation induced by obesity plays an important role in the development of insulin resistance, yet it is still unknown whether inflammation
of adipose tissue is a cause or a consequence of
insulin resistance.3
According to estimates from 34 member countries
of the Organisation for Economic Co-operation
and Development, 21% of girls and 23% of boys
have excess weight.4 Data from the National
Health and Nutrition Examination Survey
(NHANES) of the United states show a prevalence
of obesity of 9.5% in children aged 0-2 years and a
prevalence of 16.9% in children aged 2-19 years.5
Since diabetes can be mostly asymptomatic for
many years, 46% of individuals with diabetes are
unaware of having the disease, and there is also a
group of patients that, while not meeting the criteria for diagnosis of diabetes, have blood sugar
levels that are too high to be considered normal
and who are at increased risk of developing diabetes mellitus.6 This dysglycaemic state is known as
prediabetes.
It has been proposed that in the transition from
normal to impaired and diabetic glucose tolerance,
insulin sensitivity deteriorates by about 40%,
whereas insulin secretion deteriorates by 3- to
4-fold.7 At present, new concepts such as the epigenetic programming of gene expression and body
composition in the foetal period, infancy and early
childhood offer a better explanation for the interrelation between obesity and type 2 diabetes (T2D),
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leading to the coining of the term “diabesity” to refer to this issue. The basis of this assumed interrelation is that adipose tissue is considered an actual
endocrine organ that secretes adipokines, which
have diverse endocrine functions, and enzymes
such as the aromatases and 11β-hydroxysteroid dehydrogenase (11-β-HSD), which are actively involved in hormone regulation. There is evidence of
overexpression of 11-β-HSD in obese individuals,
which is associated with high blood pressure, insulin resistance and dyslipidaemia, among other
health problems. These are mainly associated with
increased abdominal fat, which promotes the development of so-called “dysglycaemic states,” disorders of glucose metabolism of varying severity.8
Type 2 diabetes is believed to result from the
chronic low-grade inflammation present in the
context of obesity. However, the mechanisms that
link low-grade systemic inflammation to obesity
and T2D are poorly understood, although several
have been investigated, such as the function of the
intestinal microbiota, which plays an important
role in obesity due to the increased intestinal permeability, which results in higher levels of circulating lipopolysaccharides (LPS) from gram-positive
bacteria in the gut. Lipopolysaccharides can trigger a proinflammatory cascade by activating pattern recognition receptors in adipocytes, such as
toll-like receptor 4 (TLR4, a LPS receptor), leading to
low-grade systemic inflammation, insulin resistance and eventually T2D.9
The obesity-insulin resistance relationship is most
likely causal, as demonstrated by studies that show
that weight gain/loss is unquestionably correlated
to a decrease/increase in insulin sensitivity.10
Prediabetes is an old term first coined by the World
Health Organization as a retrospective diagnosis
that described the condition of an individual prior
to diagnosis of diabetes mellitus.11 At present, the
American Diabetes Association uses the term with
prospective implications, so that a given blood glucose or post-load glucose level would be a predictor of future development of the corresponding
individuals of a prediabetic state, diabetes or increased risk of cardiovascular complications.12
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The term dysglycaemia encompasses different abnormalities, such as impaired fasting glucose (IFG),
impaired glucose tolerance (IGT), combined or
double prediabetes (presence of both IFG and IGT)
and diabetes itself. Impaired fasting glucose is defined as a fasting glucose greater than 5.6 mmol/l
and less than 7.1 mmol, IGT as is defined as 2-hour
glucose levels of 7.8 to 11.0 mmol/l on the oral glucose tolerance test, and combined prediabetes as
meeting the criteria for both IFG and IGT.8 The duration of dysglycaemia varies, as it is directly associated to its natural history, and is estimated to
range from 7 to 10 years. Of the total individuals
that develop prediabetes, 70% eventually progress
to diabetes.11
The term IGT was introduced in 1979 and reflects
peripheral resistance to insulin activity, while the
term IFG emerged in 1997 and reflects increased
gluconeogenesis in the liver and impaired early insulin secretion. Both are considered intermediate
states between normal glucose tolerance and diabetes.11
Several epidemiological studies suggest that lowering the cut-off point used to define the normal
fasting glucose range to 5.6 mmol/l would optimise the sensitivity and specificity of this test in
predicting the likelihood of T2D, especially in individuals with obesity and hypertriglyceridemia, introducing the concept of “fasting dysglycaemia”.
Fasting dysglycaemia, as an expression of insulin
resistance at the level of the liver, has exhibited a
correlation of approximately 0.7 with peripheral
insulin resistance.13
Given this current global and domestic situation,
we wondered about the patterns of carbohydrate
intolerance in paediatric patients with obesity
managed in the specialised obesity clinic of our
hospital.
The aim of our study was to assess abnormalities
in carbohydrate metabolism in paediatric patients
with obesity managed in the specialised obesity
clinic of the Department of Paediatric Endocrinology of the Hospital Pediátrico Docente Juan Manuel Márquez in the period ranging from January
2015 to January 2019.

MATERIAL AND METHODS
We conducted a cross-sectional descriptive study
in 76 patients with obesity diagnosed according to
the World Health Organization standards (N = n =
76) of both sexes aged 1 to 18 years and managed
in the specialised obesity clinic of the Department
of Endocrinology of the Hospital Pediátrico Docente Juan Manuel Márquez between January
2015 and January 2019. We stratified the sample,
which resulted in the following distribution: 38
male patients (19 aged less than 10 years and 19
aged 10 or more years) and 38 female patients (19
aged less than 10 years and 19 aged 10 or more
years). We excluded patients with genetic or endocrine-metabolic disorders, drug-induced obesity or
whose health records did not include all the necessary information for the analysis.
The variables under study were age, sex, presence
of prediabetes, type of prediabetes, duration of
obesity and degree of obesity. We retrieved the following information from patient health records:
age, sex and duration of obesity. We measured the
weight and height of every patient, after which we
measured the fasting blood glucose level and the
glucose level at 2 hours.
Based on the weight and height measurements,
we calculated the body mass index (BMI) applying
the Quetelet formula: BMI = weight (kg)/height
(m2). Once we had calculated the BMI, we found
the percentile for each patient in the growth
charts for age and sex for the Cuban population.
We defined obesity as a BMI above the 97th percentile for sex in the Cuban charts.
Blood samples were obtained by venepuncture following a 12-hour fast at the clinical laboratory of
the Hospital Pediátrico Docente Juan Manuel
Márquez. Blood glucose measurements were
made at the same laboratory with the glucose oxidase method.
We entered the data in an Excel 2003 spreadsheet
to create an automated database. We summarised
the data as absolute frequency and percentage
distributions. We analysed the association beRev Pediatr Aten Primaria. 2020;22:371-7
ISSN: 1139-7632 • www.pap.es
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tween categorical variables with the Fisher exact
test and the χ2 test of independence, and considered it statistically significant if p <0,05. As for
ethical considerations, we requested the informed
consent from the parents or legal guardians of all
patients, and the study was approved by the scientific committee and the research ethics board of
the hospital.

RESULTS
Table 1 shows the distribution of the sample by sex
and diagnosis of prediabetes. We found prediabetes in 71.05% of patients, with a higher prevalence
in female patients (40.79%).
The age distribution by type of prediabetes is
shown in Table 2. We did not find a statistically significant association between age and type of prediabetes (p = 0.9572), although 70.37% of patients
had IGT, 22.22% IFG and a very small minority
(7.41%) combined prediabetes.

X2 = 0.0182; p = 0.8927.
* Percentage of the total number of patients in the sample (n = 76).

fasting glucose, oral glucose tolerance test and
more recently the concentration of glycated haemoglobin (HbA1c). Most published studies are
based on patient self-reporting rather than experiments or tests. Using this approach, a time series
conducted in the Ciego de Ávila province found a
very low prevalence of diabetes, of only 2.89%, and
did not contribute any data on prediabetes.14

Table 3 presents the sex distribution of the different types of prediabetes. As can be seen, there was
no significant association between these two variables.

A study by Girón Bombull et al.in 50 prediabetic
patients residing in the village of Boniato in the
province of Santiago de Cuba11 found a predominance of the female sex (92.0% of cases), which
was consistent with the findings of González et
al.,15 who found that out of the 40 cases included
in their study, 29 corresponded to female patients,
which is also in agreement with our own findings.

The distribution of patients with prediabetes
based on the duration of obesity and sex can be
found in Table 4. We found that changes in glucose
levels were not significantly associated with the
duration of obesity (p = 0.7640).

In 2009, a study conducted by Valdés et al.16 found
a greater prevalence of IGT compared to IFG. In addition, the American Diabetes Association17 considers that IFG is a better predictor of the risk of
diabetes

Table 5 shows the distribution of patients with prediabetes based on the degree of obesity. We found
a statistically significant association between
these two variables (p = 0.0095).

A study by Girón Bombull et al.11 in 2012 in the village of Boniato in Santiago de Cuba found a prevalence of fasting glucose intolerance of 64.0%.

DISCUSSION
EFew domestic articles have been published in
Cuba allowing to draw firm conclusions on the
prevalence of diabetes. González Tabares et al.6
consider that this is due to the diagnosis of glycaemia not being something that can be completed at
once, but a process involving several measures:
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Table 1. Distribution by sex and diagnosis of
prediabetes
Prediabetes
Yes
No
Total
Sex
n
%*
n
%*
n
%*
Male
23 30.26
9
11.84 32 42.11
Female
31 40.79 13 17.11 44 57.89
Total
54 71.05 22 28.95 76 100.0
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The frequency of abnormal fasting glucose levels
found in the study by Bustillo Solano et al.18 on the
prevalence of diabetes and IFG in a neighbourhood
of the city of Sancti Spíritus was 25.22%.
Our online search of the biomedical literature did
not yield any other studies on the prevalence of
IFG in other cities or provinces in Cuba.
A recent study conducted in four cities in India
found frequencies of IFG or IGT ranging from 8.1 to
14.6%.19
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Table 2. Age distribution of the different types of prediabetes
Age
IGT
IFG
(years)
n
%*
n
%*
<10
11
20.37
3
5.56
≥10
27
50.0
9
16.67
Total
38
70.37
12
22.22

IGT/IFG
n
1
3
4

Total
%*
1.85
5.56
7.41

n
15
39
54

%*
3.70
3.70
7.40

n
25
29
54

%*
27.78
72.22
100.0

IFG: impaired fasting glucose; IGT: impaired glucose tolerance.
X2 = 0.0874; p = 0.9572.
* Percentage of the total number of patients with prediabetes (n = 54).

Table 3. Sex distribution of the different types of prediabetes
Sex
IGT
IFG
n
%*
n
%*
Male
18
33.33
5
9.26
Female
20
37.04
7
12.96
Total
38
70.37
12
22.22

IGT/IFG
n
2
2
4

Total
%*
46.30
57.30
100.0

IFG: impaired fasting glucose; IGT: impaired glucose tolerance.
X2 = 0.1431; p = 0.9310.
* Percentage of the total number of patients with prediabetes (n = 54).

India21 and, within Cuba, the study conducted in
the municipality of Centro Habana, in which 16.1%
of the sample had abnormal fasting glucose levels,22 while the study conducted in Sancti Spíritus
found a high prevalence of IFG of 25.22%.18 These
results were consistent with the results of our
study.

It has not been established with certainty whether
IGT and IFG are two stages in a continuum of disease that ranges from normal glucose tolerance to
T2D or two distinct forms of glucose tolerance impairment.20 There is variability between studies in
the diagnosis of these two states, and the greater
frequency of IFG detected in our study was consistent with the findings of studies in several other

In our study we found a greater number of patients of both sexes with prediabetes and none

regions such as the United States, China, Denmark,

Table 4. Distribution of patients with prediabetes by duration of obesity and sex
Duration of obesity (years)

Sex
Male

<5
≥5
Total

n
6
19
25

X2 = 0.0902; p = 0.7640.
* Percentage of the total number of patients with prediabetes (n = 54).

%
11.11
35.19
46.30

Total
Female
%
n
8
14.81
21
38.89
29
53.70

Table 5. Distribution of patients with prediabetes based on the degree of obesity
Degree of obesity
Prediabetes
Yes
No
n
%
n
%
Mild
9
11.84
10
13.16
Moderate
19
25.00
7
9.21
Severe
27
35.53
4
5.26
Total
54
72.37
22
27.63

X2 = 9.3080; p = 0.0095.
* Percentage of the total number of patients in the sample (n = 76).

%
14
40
54

n
25.93
74.07
100.0

Total
n
19
26
31
76

%
25.00
34.21
40.79
100.0
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with diabetes mellitus, as well as an increase directly associated with age with a predominance of
IFG, which was consistent with the findings of Arteaga et al.23 but diverged from the findings of
Alayón et al.24 in Cartagena de Indias, where the
prevalence of diabetes was greater.

The findings of our study highlight the need to actively screen for prediabetes, which is the starting
point to initiate the investigation of this disorder
of carbohydrate metabolism and to start interventions to prevent it at the primary care level.

A study conducted by Díaz Díaz et al.8 in 1982 patients that visited the clinics of the Instituto Nacional de Endocrinología (National Institute of Endocrinology) due to suspected T2D, found that the
most frequent type of dysglycaemia in male patients was IFG, detected in 95 patients in the sample (20.9%), followed by diabetes mellitus in 60
patients (13.2%), combined prediabetes in 38 patients (8.4%) and IGT in 25 patients (5.55%), while
the most frequent type of dysglycaemia in female
patients was IFG, found in 36 patients in the sample (6.9%), followed by IGT in 31 patients (5.9%),
combined prediabetes in 24 patients (4.6%) and
diabetes mellitus in 19 (3.6%).

CONCLUSIONS

A study conducted in a Chinese population studied
the impact of different blood glucose levels
through performance of oral glucose tolerance
tests in normoglycaemic subjects and comparing
the quartiles. The study found a clear positive relationship between increasing blood glucose levels
and obesity.25

We found abnormalities in carbohydrate metabolism manifesting as prediabetes. We found a higher prevalence in female patients and patients aged
10 or more years. We did not find an association
between prediabetes and the duration of obesity,
but we did find an association between prediabetes and the severity of obesity.
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ABBREVIATIONS
11-β-HSD: 11-β- hydroxysteroid dehydrogenase • T2D: type
2 diabetes • IFG: impaired fasting glucose • BMI: body mass
index • LPS: lipopolysaccharides • NHANES: National Health
and Nutrition Examination Survey • IGT: impaired glucose
tolerance.

In a population-based study on adults conducted
in Trujillo in 2011, Castillo et al.26 found a gradual
increase in the BMI associated with the increase in
abnormal fasting glucose levels.
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