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CHILDHOOD OBESITY

Obesity represented a real public health problem
in the last decades because of its increased preva-
lence among both adult and pediatric population
and also because of its long-term systemic conse-
quences (cardiovascular, metabolic, renal, neuro-
logical, orthopedic, and psychosocial). According
to data published by the National Health and Nutri-
tion Examination Survey (comparative evaluation
for the years 1976-1980 and 2003-2006), obesity
prevalence increased significantly (increase from
5% to 12.4% for age group 2-5 years, from 6.5% to
17% for age group 6-11 years and from 5% to
17.6% for children between 12 and 19 years) (1).

To define obesity we have the CDC charts for
body mass index: a body mass index above the 85th
percentile for age and sex is suggestive of an over-
weight child and a BMI above the 95th percentile
means obesity.

Obesity can be regarded as a systemic involve-
ment, with effects on the entire body. Among the
complications associated with obesity a central role
is occupied by the liver disease defined by two
pathological entities: NAFLD (nonalcoholic fatty
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liver disease) and NASH (nonalcoholic steatohepa-
titis). The physiopathology of these hepatic diseas-
es is characterised by local effects (steatosis, hepa-
tocyte destruction, impaired liver function,
inflammation) and systemic ones (increased car-
diovascular risk, insulin resistance and type II dia-
betes, dyslipidemia). (2)

Metabolic syndrome is a clinical entity of its
own, clearly defined in children over 6 years (not
enough data to have a definition for children young-
er than 6 years) by the following criteria (IDF
2007): central obesity — waist circumference larger
than 94 cm for boys and 80 cm for girls; triglycer-
ides above 150 mg/dl; HDL cholesterol less than
40 mg/dl in boys and 50 mg/dl in girls or specific
treatment for dyslipidemia; blood pressure over
130/85 mm Hg or treatment of previously diag-
nosed hypertension, fasting glucose level greater
than 100 mg/dl or diabetes mellitus type Il previ-
ously diagnosed. (3)

Other complications associated with obesity
are: accelerated bone maturation, orthopedic pa-
thology, hyperandrogenism, glomerulosclerosis,
emotional and psychosocial problems. (4)
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OBSTRUCTIVE SLEEP APNEA

Regarding respiratory pathology associated
with obesity, obstructive sleep apnea is characteris-
tic. This syndrome has been described in children
in 1970 and has the following definition: breathing
disorder characterized by recurrent episodes of par-
tial or complete upper airway obstruction, usually
associated with intermittent hypoxemia and sleep
fragmentation. (5)

The prevalence of obstructive sleep apnea is be-
tween 1 and 5.7%, obesity being the most impor-
tant risk factor for this condition (6), the peak inci-
dence being encountered in the age group 5-10
years (11). The prevalence is equal in the boys —
girls groups, but there are also studies in which the
proportion of boys is higher. (7)

Regarding the association between obstructive
sleep apnea and obesity, the literature shows that
approximately 10% of children diagnosed with ob-
structive sleep apnea are obese (8) and between 46
and 59% of obese children have respiratory sleep
pathology on polysomnography. (9,10); studies
show that obesity also increases the risk of sleep
apnea approximately 4 times.

From the pathophysiological point of view the
obstructive sleep apnea syndrome has 4 pheno-
types: the first one is characterized by adeno-tonsil-
lar hypertrophy, it affects 2% of children between
2 and 8 years old and can cause severe cardiovascu-
lar and neurocognitive deficits if left untreated; the
second one is associated with craniofacial malfor-
mations, is a syndromic phenotype (Down, Pierre-
Robin) in which the respiratory impairment occurs
soon after birth; the third phenotype is character-
ized by the association with primary neuromuscu-
lar disorders (Duchenne muscular dystrophy, spinal
muscular atrophy) — can be associated with other
respiratory changes (hypoxemia, hypoventilation
without respiratory airways obstruction); the fourth
phenotype is found in obese children.

OBSTRUCTIVE SLEEP APNEA AND OBESITY

In physiopathologycal terms, the association of
these two entities can be explained by the interac-
tion of anatomical factors (adenoid and tonsillar
hypertrophy) and functional factors (increased air-
way collapsibility, chest wall mechanic alterations,
decreased response to hypoxia and hypercapnia).
Adeno-tonsillar hypertrophy (present in 45% of
obese children with respiratory pathology associ-
ated) can be influenced by local or systemic inflam-
mation, hormonal factors, the presence of other lo-

cal structures — soft tissue — which can reduce the
airway diameter. From another point of view, obe-
sity decreases lung compliance and functional re-
sidual capacity, the consequences being: hypoven-
tilation, increased work of breathing, ventilation/
perfusion mismatch. Obese children have also de-
creased ventilatory responses to hypoxia and hy-
percapnia.

CLINICAL DIAGNOSTIC OF OBSTRUCTIVE
SLEEP APNEA

For infants and younger children the character-
istic symptoms are: increased respiratory effort
during sleep, snoring, breathing pauses/apnea,
mouth breathing. They show abnormal positions
during sleep (prone with the neck extended), and
parents may complain of “sleep problems” such as:
restless sleep, frequent movements, frequent awak-
enings. Children can have secondary enuresis and
daytime fatigue, irritability

In older children the first sign is the presence of
loud snoring; they may have also breathing diffi-
culties, daytime sleepiness, impaired attention and
concentration; morning headache may be associat-
ed occasionally.

OSAS WORKUP

The simplest method of diagnosis (but with low
specificity) is an anamnestic one, by applying ques-
tionnaires to measure nocturnal respiratory symp-
toms. In this way we may identify some specific
aspects (snoring), but respiratory pauses can’t al-
ways be noticed by parents (mostly occur during
REM sleep). Pediatric sleep questionnaire are few,
mostly adaptations of the adults specific question-
naires; they have questions to show the respiratory
symptoms during sleep, sleep quality, sleep pattern
and daytime sleepiness.

Another diagnostic method is the nocturnal
home oximetry, considered positive when the graph
shows desaturations occurring during at least one
period of 10-30 minutes. Positive oximetry may be
specific for obstructive sleep apnea, but negative
oximetry does not exclude the disease.

Another diagnostic method is respiratory polyg-
raphy (overnight recordings of respiratory parame-
ters). This technique does not allow monitoring of
neurological parameters and sleep stages.

The gold standard for the diagnosis of obstruc-
tive sleep apnea is the polysomnography. With this
technique we can assess the neurological (EEG,
EMG) and respiratory parameters (nasal pressure,
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pulse oximetry, CO2 pressure). Obstructive Sleep
Apnea is longer than two respiratory periods and
occurs predominantly in REM sleep. OSAS is de-
fined by the presence of apnea index greater than 1
and AHI (apnea — hypopnea index) greater than 1.5.

It should be mentioned that for younger children
there is a different pattern of respiratory changes
during sleep, they present significant upper airway
obstruction during sleep, but without apneas, only
with hypercapnia and/or hypoxemia; this pattern is
called obstructive hypoventilation. (11)

DIAGNOSTIC ALGORITHM FOR OBESE
CHILDREN WITH POSSIBLE OBSTRUCTIVE
SLEEP APNEA

There are two main approaches for screening
and diagnosis in children with these disorders: first
we should have a proper diagnostic for overweight
and obese children and for those we should apply
the modified questionnaires validated for adult
population with respiratory sleep disorders (Berlin
questionnaire, Epworth sleepiness scale) and then
perform another tests for the group of patients with
positive questionnaires. The second approach is to
make a proper diagnosis for the obese and non-
obese children with sleep-related pathology (snor-
ing, apnea, hypopnea, sleep fragmentation). (5)

COMPLICATIONS OBESITY - OSAS

Cardiovascular

As long-term effects of this combination we can
talk about: pulmonary hypertension that can reach
up to cor pulmonale, severe nocturnal hypoxemia
due to hypercapnia and acidosis occurring during
hypoventilation/apnea; we can also talk about sys-
temic hypertension, left ventricular hypertrophy
(left ventricular remodeling). (12)

In adults the association between obesity and
sleep related respiratory pathology is clearly cor-
related with cardiovascular risk (acute coronary pa-
thology, acute heart failure, stroke), as shown in a
study realised on 6400 obese adults. (13) In chil-
dren we don’t have so many studies, but the litera-
ture also shows increased risk for systemic hyper-
tension and loss of circadian modulation of blood
pressure (lack of physiological nocturnal decline of
blood pressure - nocturnal dipping). (14)

The pathophysiological mechanisms leading to
these cardiovascular effects are: intermittent hy-
poxia and sleep fragmentation leading to activation
of the sympathetic nervous system and increased

oxidative stress, causing endothelial dysfunction
and platelet activation.

Metabolic

Obstructive sleep apnea is a mediator for insulin
resistance, dyslipidemia, inflammation, thrombosis
through the following mechanisms: sympathetic
discharge, intermittent hypoxemia, inflammation,
thrombosis. Morbidity associated with these events
is higher in children than in adults because of early
onset.

There is an independent association of sleep re-
spiratory disorders with insulin resistance (in the
absence of obesity). (15)

The treatment of obstructive sleep apnea (ade-
no-tonsillectomy, CPAP) lowers the blood glucose
level and the insulin resistance and determines a
better functioning of pancreatic cells. The metabol-
ic effects of the pathological association obesity —
OSAS are difficult to analyse because obesity by
itself can have, alone, these consequences.

Neurological

The neurocognitive changes mentioned in the
literature include: behavioral changes, learning dif-
ficulties, attention deficit, hyperactivity, aggressiv-
ity, decreased school performance.

Decreased school performance is determined by
memory impairment and attention deficiency,
learning skills damage; IQ of these children is low-
er compared with children of the same age who do
not associate this pathology.

The neurocognitive changes can be explained
by the following mechanisms: nocturnal hypox-
emia due to repeated episodes of apnea/hypopnea
causes cerebral ischemic injury, also sleep frag-
mentation and poor quality of sleep causes daytime
somnolence, further contributing to the attention
and concentration deficits.

Obese children with obstructive sleep apnea
present memory deficits, poor vocabulary, speech
disorders, learning difficulties, compared to obese
children without respiratory pathology. (17)

Regarding the psychiatric pathology associated,
a particular attention has to be accorded to ADHD,
respiratory sleep disorders are highly predictive of
long-term diagnosis of hyperactivity. (18)

Neuropsychological and cognitive deficits in
children with respiratory pathology associated to
sleep improve after treatment of this condition (im-
provement observed for hyperactivity, impulsivity,
attention deficit); the quality of life of these chil-
dren improves after treatment.

It is important to note that not all neuropsycho-
logical deficiencies improve with treatment, there



REvisTA ROMANA DE PEDIATRIE — VoLumuL LXIV, NRr. 1, AN 2015 13

are studies showing that language disorders and 1Q
are not significantly improved after treatment. (11)

TREATMENT

For the obese children with sleep-associated pa-
thology the first therapeutic measure is weight loss
(essential step that can often resolve the respiratory
impairment or, if not, may be associated with other
therapeutic measures).

Adeno-tonsillectomy is the treatment of choice
for obstructive sleep apnea in children. As a com-
plication of this therapeutic method is mentioned in
the literature (greater frequency than in the general
population) the appearance of laryngospasm. (19)

Studies have shown that the percentage of obese
children with residual respiratory impairment after
adeno-tonsillectomy is greater than the non-obese
pediatric patients with the same treatment (70%
versus 30%). Adeno-tonsillectomy improves AHI
and oxygenation in obese children with obstructive
sleep apnea, but 50% of them still have AHI (apnea
index/hypopnea) greater than 5. (5) In conclusion
we can talk about the improvement of obstructive
sleep apnea after adeno-tonsillectomy in obese
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