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Introduction

Abstract
Introduction: In adults obesity is normally accompanied by
complications known as comorbidities. The most important are type 2
diabetes, cardiovascular disease and non-alcoholic fatty liver disease
because of their clinical burden and the associated risk of premature
death. Although they do exist in pediatric ages, they are not fully
considered in obese children and adolescents.
Objective: To make pediatricians aware of the real prevalence
of comorbidities and metabolic syndrome as common stage prior to
them and the necessity of an earlier diagnosis.

Comorbidities recent outcomes: Four main search engines
were used for obtaining the present information on prevalence,
etiology and pathogenesis of pediatric comorbidities. There is a
growing prevalence of non alcoholic fatty liver disease (NAFLD) and
type 2 diabetes (T2D): The analysis of the different causes shows that
besides obesity and unbalanced energy intake, genetic predisposition
is the most important. Pathogenesis is related to the concept and
evolving status of insulin resistance (IR) being basic for detection in
compensation phase.

Non-alcoholic fatty liver disease: An analysis of different metabolic
syndrome (MetS) definitions has been made and after applying the IDF
definition its clinical usefulness was evident. Non-alcoholic fatty liver
disease is treated more extensively because it is the most common liver
abnormality in pediatric ages, also because of the eventual evolution to
steatohepatitis (and cirrhosis) and particularly for the difficulties of an
early diagnosis. Consequently the noninvasive methods should be tried
before the gold standard liver biopsy.
Prevention and care are also considered including pharmacological
therapy.

Conclusion: Comorbidities in the obese child and adolescent are
frequently overlooked although they are the real origin of the severe
complications in adult life.
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In a general population obesity is normally accompanied
by a series of complications that are known as comorbidities
or comorbid states that include type 2 diabetes (T2D),
cardiovascular diseases (CVD) [1], non alcoholic fatty liver
disease (NAFLD) [2], hyperuricemia [3], hemostatic diseases
[4], and respiratory disorders. The first three are the most
important as they can result in premature death. Although they
are also a reality in the case of pediatric obesity, they are often
not adequately evaluated because of their clinical subtleness
and a general idea that they are adult clinical problems despite
their origin in pediatric ages. It can be said that at least in T2D,
CVD and NAFLD, insulin resistance (plus leptin resistance and
proinflammatory adipokines) is a common and determinant
factor as will be shown below. The metabolic syndrome (Met
S) as it is accepted at present is made up of obesity, impaired
glucose homeostasis, hypertension and dislipemia and has the
advantage of being highly predictive of T2D and CVD especially
if it appears in obese children or adolescents [5]. This precursory
character has been accepted as one of its strong points but is less
so for NAFLD which sometimes is the first of the comorbidities.

Metabolic syndrome was first described in 1920 in Sweden
but the concept spread in English literature from the 1950s
[6]. In the 1980s, Reaven [7] linked Met S to insulin resistance
(Syndrome X), but only recently has a consensus been reached
through the initiative of the International Diabetes Federation [8,
9]. Unfortunately a single definition for Met S for children and
adolescents does not exist. In the course of this review, we have
found 11 different definitions Table 1 with varying cut-off points.
One of these even uses adult parameters for pediatric cases.
Again a consensus of the International Diabetes Federation [10]
proposed a definition for different pediatric ages, ie 6-10 yrs;
10-16 yrs and over 16 yrs. Table 2. It is important to establish
a single definition because according to which definition is
applied the frequency can double [11]. This definition of growing
consensus differs from the adult one because of the obligatory
presence of visceral adiposity due to the proven action as an
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Table 1: PREVALENCE OF METABOLIC SYNDROME Met S) IN
PEDIATRICS.
Number of studies

15

Number of patients /study

128-13383

Number of patients

Number of studies using IDF
Met S in total population
Met S in overweight

25433
8

2.3% - 11.5%
6.7% - 30.8%

Study of cohorts (level 4 of evidence) in 13 countries according to the
different used definitions (References 8 -11, 18, 20 - 22, 24)

independent factor for insulin resistance. It can be evaluated
through abdominal circumference as well as those on abdominal
(trunk) fat obtained through DXA or MRI. This definition of Met S
is a unified method of diagnosis in clinical care that can be used
everywhere and allows comparison of children and adolescents
(and adults) from different areas or countries.
The aim of this review is to update the prevalence,
pathophysiology and clinical aspects of present comorbidities
in pediatric obesity and to make pediatricians aware of the
importance of an early diagnosis.

Comorbidities recent outcomes

To analyze prevalence and pathophysiology a literature
search has been made through PubMed, Cochrane Database of
Systematic Reviews, Medscape (for treatment) and Scopus. After
the search the obtained references were: Scopus: 286, PubMed
142, Medscape 78 and Cochrane Database 17. In the first two
searches the temporal limit was of 10 years and was limited to
humans. Only the base of PubMed allowed a controlled search
and the used descriptors: Fatty Liver, Metabolic Syndrome X,
Comorbidity, Obesity, Abdominal obesity. After the primary
selection, results obtained from PubMed data base were mainly
chosen due to the fact of the combination of free and controlled
search being possible

Prevalence

It is difficult to approach frequency due to the lack of
uniformity of diagnosis for T2D, CVD or NAFLD in pediatric ages.
In a valuable non-systematic review Lobstein [12], made an
estimation for the pediatric European population of 20,000 cases

of T2D, 400,000 cases of altered glucose tolerance test and more
than 1,000,000 with CVD stigmata. More recently the NHANES
1999-2008 survey [13] on more than 3000 participants aged 12
to 19 years showed a prevalence of 14% for prehypertension/
hypertension, 22% for borderline-high/ high LDL cholesterol,
6% for low HDL cholesterol and 15% for prediabetes/
diabetes. The figures for cardiovascular risk were greater if the
adolescents were overweight or obese. The important problem
is that according to hypertension screening during ambulatory
pediatric visits, basic facts are disregarded [14]. In two- thirds
of cases, blood pressure was not measured and/or the sodium
intake related to systolic blood pressure increases was largely
ignored [15]. Finally the important data from a systematic review
and meta-analysis of nearly 50,000 children [16] show that being
overweight or obese implies a systolic blood pressure of 4.54
mm Hg and 7.49 mm Hg respectively above the levels of the
controls. Apart from the expected change in the lipidic profile
and fasting insulin levels, this study shows that children have a
significant increase in the left ventricular mass. According to our
own experience [17] if, in addition, the interventricular septum
thickness measurement were used as a screening method, the
diagnosis of CVD in otherwise ‘healthy’ obese children would
erode this widespread misconception. In Metabolic syndrome,
it is worth analyzing the evolution of its frequency. In the data
from NHANES III [18] which assessed nearly 2,500 adolescents,
between 1988 and 94, through the National Cholesterol
Education Program (Adult Treatment Panel III), the prevalence
was 4.2% in the general population (28.7% in the overweight).
Similar data appeared in different US studies over the same
period. In comparison with this so called scratch situation in the
last 20 years and using the same definition [NCEP] prevalence
has doubled [19]. In other emerging areas such as Korea [20] or
Brazil [21], frequency is also growing.

Causes of comorbidities

The Raine study, carried out in Australia [22], shows
that rises in glycemic load evaluated after a three-day survey
independently increase the risk of Met S. Similar conclusions
arise from a large study in US [23]. Rises in plasma uric acid in
preadolescents [3] coincide with two or more cardiometabolic
risk factors, as in the NHANES 1999-2006 [24], particularly if
there is an increase in waist circumference. Hyperuricemia will

Table 2: The IDF definition of the Risk Group and Metabolic Syndrome in Children and Adolescents [REF 8].
Age group (years)

Obesity (WC)

Triglycerides
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HDL-C

Blood pressure

Fasting plasma
glucose

> 90° percentile
Systolic BP > 130 or
FPG 100 mg/dL or
> 90th percentile or adult
150 mg/dL
< 40 mg/dL
diastolic BP? 85 mm Hg
known T2DM
cut-off if lower
WC > 94 cm for Europid
< 40 mg/dL in males
> 150 mg/dL or
Systolic BP >_ 130 or
males and > 80 cm for
and < 50 mg/dL in
16 + (Adult criteria)
specific treatment
diastolic BP >_ 85 mm Hg
FPG 100 mg/dL or
Europid females, (with
females, or specific
for high
or treatment of previously
known T2DM
ethnic-specific values for
treatment for low HDL
triglycerides
diagnosed hypertension
other groups)
For clinical purposes, but not for diagnosing the MetS, if FPG 5.6-6.9 mmol/L (10 (M25 mg/dL) and not know to have diabetes, an Oral Glucose
Tolerance Test should be performed. Diagnosing the metabolic syndrome requires the presence of central obesity plus any two of the other four factors.
6-<10
10-< 16
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also provide information on protein intake besides its added
diagnostic values. On this point, it is also worth considering other
surrogate factors of Met S such as fasting insulin levels, HbA1c
and high sensitivity CRP, the use of which raises the predictive
capacity [25] particularly if waist circumference is measured [26].
This leads to the question whether they should be considered
diagnostic or causative factors. The excessive intake of energy
and fats is an important cause. Physical activity. If sedentary lifestyles are considered first, it is clear that screen time greater
than 35 hours per week will increase the prevalence of Met S and
comorbidities [27], it has also been demonstrated in the NHANES
2003-4 [28], that the counterproof exists; vigorous physical
activity is not associated with comorbities. Sleep duration of less
than 8 hours per day in obese children is also associated with
Met S [29]. These circumstances, together with mechanization,
central heating and fewer playgrounds, all contribute to increases
in obesity.
This causal approach could be concluded with the
consideration of the Mexican studies in severe obese adolescents
[30]: 13% do not show Met S and neither do obese patients
suffering from Prader-Willi syndrome [31] Prevalence studies
always show a proportion of non-overweight children and
adolescents who are affected by comorbidities or Met S. In the US/
Korea study [2], this proportion is 0.7% of the population of 1219 year-olds. This is a suitable framework to evaluate individual
predisposition after gene analysis and genome-wide studies [32].
Preliminary results show a certain variety of pleiotropic genes
(responsible for different phenotypic traits) that are involved
but only cause moderate effect; in the case of Met S, only 10 %
of its variability is related to genetic grounds [33]. The PTEN
(tumor suppressor phosphatase and tensing homologue) gene
haploinsufficiency leading to low insulin resistance and obesity
[34] in the Cowden syndrome, or the variation of adiponectin
activity, or SRBP-1c (sterol regulatory element binding protein
1c) [35] could represent a model for explaining the different
appearance of comorbidities.
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variation. There is ample evidence [37] on how the coexistence of
insulin resistance (insulinemia >2SD) increases the risk of other
metabolic disturbances of Met S components and consequent
comorbidities.

Mechanisms leading to insulin resistance

The first step is the positive energetic balance in the obese
child with the elevation of fatty acids and other lipids together
with hyperglycemia that follows frequent food intake. Raised
insulin levels are crucial for the increased fat content of the
adipocyte due to the stimulation of lipoprotein lipase activity
that favors the entrance of fatty acids. Insulin also directly
favors the entry into adipocyte of glucose which is the natural
precursor of intracytoplasmic glycerol and then the synthesis
of triacylglycerols occurs, almost the unique component of the
intracellular droplet. When this increment takes place in the
abdominal cavity, it will have more important consequences than
when it does so in subcutaneous adipose tissue Table 3 as will be
seen below. In the insulin resistant status abdominal adipocytes
lipolysis is increased with a release of FFA into the portal system
and then to the liver with the important consequences of this
accumulation as can be seen in the next stage. The richer vagal
innervation of perivisceral fat implies an easier lipolysis and
increase of free fatty acids in the blood stream [38]. Concerning
abdominal obesity, the wider adult experience [39] indicates
that even when assessed through waist circumference, it has
a greater diagnostic capacity than BMI [40] and this has been
recognized in pediatric ages [41, 42]. The consequences of
visceral fat accumulation are summarized in Figure 2. The cellular
mechanisms are beyond the present aim but schematically, in the
hepatocyte, the chronic and high insulinemia levels are not able
to decrease the gluconeogenesis. Besides, these are stimulating
the de novo lipogenesis. Both circumstances together with the
postabsorptive supply give way to an export of VLDL contributing

Pathophysiology

Insulin resistance is defined as a state of blunted response(s)
to present levels of circulating insulin. Because insulin has a
multiplicity of actions wider than the mere conservation of
euglycemia, they can explain certain pathogenetic aspects of
comorbidities and Met S. Insulin resistance evolves through
three phases: the first is the compensation phase where raised
insulin levels maintain normal levels of glycemia. After a
normally prolonged period this phase is followed by one in
which hyperglycemia occurs after meals or even during fasting.
In the third phase glycemia remains high throughout the 24
hours and T2D is established and insulin resistance status
ends. In this phase there is insulin deficiency and an increase in
alpha cells with enhanced glucagon production Figure 1. Oral
glucose challenge could identify the insulin sensitive or resistant
status but keeping in mind that this transit is also a different
continuum in different tissues. Classic studies with hyper
and euglycemic clamps in normal subjects [36] showed that
hypeglycemia decreases beta cells sensitivity to blood glucose

Figure 1: Phase 1 or compensation, insulin higher levels maintain glycemia. Phase 2 or insulin resistance itself, higher levels of insulin do not
control postprandial or fasting hyperglycemia. Phase 3 or T2D, insulin
levels decrease because of the dysfunction of beta-cells and decrease of
beta-cells mass [70,79] .
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to the dislipemia and also to hyperglycemia due to the added
decrease of activity of the GLUT 4 owing to the action of DAGs on
the insulin receptor substrate (IRS).

Non-alcoholic fatty liver disease (NAFLD)

The non-alcoholic fatty liver disease will be treated more
extensively because it is the most common liver abnormality in
pediatric ages, because of the eventual evolution to steatohepatitis
(and cirrhosis) and particularly for the difficulties of an early
diagnosis. In this part the clinical results of our own patients are
included.
Non-alcoholic fatty liver disease is a co-morbidity of obesity
caused by accumulated macrovesicular fat, triglycerides, in the
hepatocyte, worsened by hyperinsulinemia with a poorly and
unpredictable progression to steatohepatitis [43]. It was first
described in 1952 by Zelman in obese adults and in 1983 in
pediatrics by Morant [44].
Fatty liver develops when fatty acid uptake and the novo

Table 3: Fat Distribution.

Visceral fat is located in the abdominal cavity among the:
Stomach
Liver
Gall bladder
Pancreas
Small intestine and mesentery
Large intestine
Perinephric fat and epididymal fat
Subcutaneous fat also includes
Hips
Thighs
Buttocks
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fatty acid synthesis exceed fatty acid oxidation and export
as very low-density lipoproteins o triglycerides. The uptaken fatty acids have two origins: dietary and adipose tissue.
Around 20% of dietary fats go directly to the liver, which is an
important quota, but dietary carbohydrates also promote de
novo synthesis of FFA from acetyl-coenzyme A and the insulin
stimulated SREBP-1c as seen above and the stimulation of the
transcription factor carbohydrate responsive element-binding
protein (ChREBP) that also stimulates the FFA synthesis [45].
Fructose plays a special role because unlike circulating glucose it
is taken solely by the liver [46] and because its phosphorylation
occurs in carbon 1, it cannot be incorporated to the metabolic
path of glycogen synthesis, instead it is converted into
glycerladehyde -3 phosphate which is an adequate substrate
for the novo lipogenesis. This fact is important in light of the
growing consumption of sucrose. Normally in the visceral
adipose tissue and during fasting, TG hydrolysis is carried out by
the adipocyte TG hydrolase and a fraction of this is transported
by albumin to the liver. This hepatic fatty acid deposit has three
main destinations: oxidation in mitochondria, reesterification as
TG and stored and finally added to apolipoproteins and excreted
as VLDL. If the uptake is greater than the sum of oxidation and
export quotas, the storing will increase. This does not occur in
all individuals nor in all obese individuals with positive energy
balance, therefore underlying circumstances or genetic causes
[47] should be considered, namely monogenic defects (PNPLA3,
Apo A5..,) gender and ethnicity and predisposition picked up
by genome-wide association studies. The better known cellular
mechanisms [48] reveal that in humans DAG content in the liver
is the best predictor of insulin resistance, through protein kinase
epsilon and its inherent consequences as described above.
Prevalence of NAFLD varies according to the evaluation
method, if for example, high definition ultrasound plus AST /ALT
elevation is used then prevalence ranges between 10-77% [49],
which clearly implies a low specificity. Schwimmer [50] reviewed
742 autopsies from children and adolescents after accidental
death, fatty liver [equal or greater than 5% of hepatocytes
containing macrovesicular fat, droplet equal or larger than
nucleus] was found in 97 cases and 38% of them were overweight
or obese. This gives a more realistic figure for prevalence. As the
prevalence of pediatric obesity has risen so have comorbidities
with priority of NAFLD. This has been considered a common liver
disease in adults but also in pediatric ages now the development
of detection methods is on the verge of generalization.

Fat liver histology

Figure 2: Clinical consequences are particularly important in the case
of the increased abdominal fat. Insulin higher levels acting on the target
tissues will lead to the comorbidities. Leptin higher levels will contribute to obesity maintenance.

Steatosis is defined as a hepatic TG content greater than the
95th percentile [~55 mg /g of liver] for lean healthy individuals
[51] or as is more usual when more than 5 % of hepatocytes
contain fat droplets equal or greater than the nuclear size [76].
Hepatic steatosis is often self-limited but it can progress to
non-alchoholic steatoheaptitis (NASH). There are two different
forms of NAFLD [52]. Type I implies hepatocyte ballooning and
cell injury/death, an inflammatory infiltrate and perisinusoidal
fibrosis and is closer to the adult type, is less common in pediatrics
and it predominantly affects girls. Type II is the habitual form in
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pediatric obesity; it is characterized by macrovesicular steatosis
plus portal inflammation, periportal mononuclear cell infiltration
and portal fibrosis. It is different from the adult type which in
addition shows ballooning degeneration, perisinusoidal fibrosis
and PMN infiltration. We have studied seven obese children and
adolescents suffering from NAFLD, out of them there were five
cases of type II steatosis, a case of steatohepatitis, and a case
of Wilson disease. Figure 3 shows a portal space of one of our
patients with typical pediatric pattern. Histology is probably
at present the gold standard for evaluating fat liver, but liver
biopsies are quite an invasive procedure, therefore strict criteria
are imposed in our Unit, trunk fat > 40%, raised AST, ALT and
gamma GT and fasting insulinemia >15 uU/ml. The rationale
for liver biopsy and a complete histopathologic description and
evaluation can be found elsewhere [53].

Clinical clues

Despite its high prevalence, NAFLD is largely underdiagnosed,
probably because it is a clinico-pathological diagnosis and most
children are asymptomatic. Diagnosis depends on the eventual
finding of hepatomegaly and elevated aminotransferases. If waist
circumference is above the 90th percentile, then suspicion grows
and may even imply liver fibrosis [54]. Serum liver enzymes
alone have low sensitivity and specificity according to previous
biopsy levels but they can be helpful when measuring AST, ALT
and gamma-GT in an obese child older than 3 years with an
increase in waist circumference and with history of NAFLD in
relatives [55, 56].
Image techniques. Liver biopsy remains as the gold standard,
it can qualify the degree of steatosis, stage liver fibrosis and
assess the degree of liver cells injury, but percutaneous biopsy
has a certain risk of bleeding and requires experience and a
hospital setting. Clinico-pathological correlation is necessary in
each individual case because the histology is similar regardless
of etiology: drug toxicity (steroids, antiretrovirals), metabolic
diseases (Wilson disease, tyrosinemia, and total parenteral
nutrition), severe pediatric malnutrition or adult alcohol
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consumption [57]. MRI can be used previously, which allows
a quite accurate diagnosis and measurement of the fat liver
deposit. It is easy to perform and interpret and in adult patients
has demonstrated a good correlation between hepatic steatosis
and liver biopsies. In pediatric ages and using this technique the
hepatic fat fractions in lean and obese children can be measured
and when this proportion is over 8.7 % it indicates a mild
steatosis [58]. New techniques using intravenous contrast enable
an assessment of the degree of fibrosis. MRS has the capacity to
detect minimal amounts of fat in the hepatocyte but its availability
in clinical practice is restricted. Ultrasound, although less precise
is the most employed modality because of safety, availability and
cost. Its weak points are that it only detects steatosis greater
than 30%, the attenuation of the US beam by fat outside the liver
and its subjectivity. When an ultrasound score (0-3) based on
hepatorenal echo contrast, liver echogenicity, visualization of
intrahepatic vessels and visualization of liver parenchima and
diaphragm is used, the result is a good correlation with histological
classification [59]. Ultrasonic transient elastography, alone or
together with pediatric NAFLD fibrosis index is used more for
following hepatic fibrosis in a determined chronic patient [60]. It
is important to consider that NAFLD precedes T2D and probably
metabolic syndrome itself, thus the importance of its diagnosis.

Prognosis

Although simple steatosis is largely benign and nonprogressive, this fat liver is associated with cardiovascular
disease and type 2 diabetes to a greater extent than obesity
without this co-morbidity. Chronic NAFLD can progress to
NASH. Once in the stage of NASH, the progressive severity of this
condition towards fibrosis and cirrhosis increases [52]. Due to
the chronic spectrum it is pertinent to consider that in the adult
[61, 62] cirrhosis develops in a proportion of 10-30 % after
ten years, hepatocellular carcinoma after the stage of cirrhosis
develops in a smaller proportion. Such evolution depends on
genetic (gene polymorphysms) and environmental factors. The
latter are the only ones that can be modified, thus the importance
of treating (abdominal) obesity [49,63]. However in the case of
NAFLD, because hepatic fat deposit is different, in individuals
with equivalent adiposity, other genetic and inflammatory
factors such as TNF-alpha, IL-6, endoplasmic reticulum stress
... deserve a prominent position in the clinical management of
obese children and adolescents.

Preventive and therapeutic aspects

Figure 3: A portal space of one of our patients with typical pediatric
pattern appears: macrovesicular steatosis [no ballooning] and inflammatory pattern with MN cells. On the right of the picture [ Masson’s trichrome stain] a portal fibrosis can be seen. HUSJ biopsies from 7 severe
obese children: steatohepatitis 1; type II 5; other 1.

It is worth mentioning the importance of the maternal
situation of overweight or obesity besides the general preventive
actions [64]. It is widely documented that the maternal obesity
has adverse outcomes both for herself and for the offspring
the (extreme) preterm delivery [65], being the most important
risk even reducing weight in pre-pregnancy or the gestation
weight gain (GWG) decreases the premature births and also the
premature rupture of membranes [66]. Optimal fetal growth
depends on the fetal nutrition mediated via maternal- fetal
glucose/ insulin/ insulin-like growth factor axis, the point is that
fetal growth restriction and fetal overgrowth have been related to
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later obesity development [67]. Important epidemiologic studies
have shown that maternal obesity is associated with higher BMI
at 2 years of age [68] and abdominal obesity to the excessive
gestational weight gain [69].

The therapeutic actions are presently a subject of controversy
particularly as regards the pharmacological treatment. In
general therapy of comorbidities has two main branches, one
for the treatment of the metabolic syndrome i.e. obesity and
the other for specific comorbidities. Multidisciplinary lifestyle
intervention has been considered as the only effective way to
approach the former, reducing the energy balance and body mass
index diminution (rBMI %) of 10% is probably the most efficient
way, achieving a relative body mass even for improving liver
histology. Details of this wide program (diet, exercise and family
involvement) have been described elsewhere [64]. Bariatric
surgery has proved its usefulness in adults and now it is being
applied to children and adolescents with notable improvements
of comorbidities, although an experienced setting is required.
Concerning the use of metformin in T2D, the initial enthusiasm
has waned and probably the concomitant use of insulin would
be advisable [70]. The long-acting basal insulin analogs such as
insulin detemir, insulin glargine or even insulin degludec [71]
used in the adult reduce nocturnal hypoglycemic episodes and
can be used in pediatric patients in not well controlled type 2
diabetic patients. It is important to consider how the use of low
caloric sweeteners could play an important role in prevention of
T2D in patients at risk besides the reduction of caloric intake [72].
As regards cardiovascular disease, the present aim is to control
hypertension by means of ACE inhibitors or receptor blockers
for angiotensin among others. Recently some controversy about
cardiovascular complications prevention through lifestyle
change has occurred: the Look AHEAD research [73] is an
important study carried out on more than 5000 overweight
adults with T2D in which intensive lifestyle intervention has
been made. Surprisingly the cardiovascular events were not
reduced. By no means should these results should not jeopardize
the effective action that such change of habits has on the well
proved diminution of the other negative outcomes of obesity.
[74] For NAFLD even a minimal reduction of overweight led to
an improvement of this. For given reasons diet with high glucose
and high fructose should be avoided, hence force food with low
glycemic index and low fat should be set up, docosahexaenoic
acid or other n-3 polyunsaturated fatty acids have been not so
successful as expected including the conjugated linoleic acid
[75]. Conversely the pharmacological treatment of NAFLD is
seldom used in pediatric patients [76]. The use of antioxidants
including probucol (inhibitor of cholesterol oxidation and
therefore foam cells production) has also been used in adults and
children, but with irregular results. The use of insulin- sensitizing
agents (glitazones, PPAR-ɣ agonists) has a limited experience in
pediatrics, finally metformin with or without added vitamin E
was not superior to placebo [77]. A new way is opened with the
use of pentoxyfilline, a xanthine derivative which lowers the TNFalpha activity [78, 79]. Liver transplant is not a durable solution
unless the treatment of obesity is controlled.
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In conclusion, Obesity and insulin resistance are the most
common ground factors for subtle development of comorbidities,
the identification of metabolic syndrome in obese children
will contribute to an early and specific diagnosis of them, thus
prevention of NAFLD, CVD or T2D will only be possible in a vast
majority of children and adolescents if obesity is controlled.
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