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The metabolic consequences 
of obstructive sleep apnoea in 
children

Educational aims
 To define the metabolic syndrome in the paediatric population.
 To describe the long-term morbidity of paediatric metabolic syndrome in early adulthood.
 To investigate the relationship between OSA and metabolic syndrome during childhood, 
 across age ranges and across different degrees of obesity.
 To identify future areas of research.

Summary
The metabolic syndrome is defined as the clustering of hyperinsulinaemia, obesity, hyper-
tension and hyperlipidaemia. Its prevalence in the paediatric population in the US is esti-
mated at ~4%, but this can rise to 20–50% in obese children. The presence of aspects of 
the metabolic syndrome in childhood is closely linked to factors such as obesity, insulin 
resistance and early signs of cardiovascular disease in young adulthood.
While in adults there is a strong relationship between sleep-disordered breathing and obes-
ity, and hence with other factors associated with the metabolic syndrome, the evidence 
in children has not been as clear-cut, although factors such as arterial oxygen saturation 
(Sa,O2) and apnoea–hypopnoea index (AHI) have been shown to correlate with aspects of 
the metabolic syndrome.
Intervention studies in sleep-disordered breathing with metabolic syndrome, using ade-
notonsillectomy, continuous positive airway pressure (CPAP) and weight loss, have pro-
duced mixed results, and the optimum treatment remains unclear. Randomised controlled 
trials of these treatments, along with larger-scale and longitudinal studies to tease out the 
associations between sleep-disordered breathing, obesity and the metabolic syndrome in 
a paediatric context, are needed.
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The metabolic syndrome
The metabolic syndrome is defi ned as the cluster-
ing of hyperinsulinaemia, obesity, hypertension 
and hyperlipidaemia, all cardiovascular risk fac-
tors. Adults with the metabolic syndrome are at 
greater risk of cardiovascular morbidity and mor-
tality, and have a fi ve-fold increased risk of devel-
oping type 2 diabetes. 

There are currently three main defi nitions of 
the metabolic syndrome [1–3], based on criteria 
such as abdominal obesity, triglyceride and high-
density lipoporotein cholesterol, blood pressure 
and fasting glucose. In children, these are modi-
fi ed according to age, sex, ethnicity or even cen-
tre-specifi c criteria. 

In addition to the defi nitive criteria, a number 
of conditions co-occur frequently with the meta-
bolic syndrome. These include: microalbuminuria, 
kidney dysfunction; nonalcoholic fatty liver dis-
ease, which is considered to be the hepatic mani-
festation of the metabolic syndrome; oxidative 
stress and infl ammation; and hypercoagulability.

The triggers for the metabolic syndrome are 
similar to those for obesity. There is a very strong 
genetic predisposition, together with classic envi-
ronmental factors such as excess calorie intake 
and reduced physical activity, leading to central 
obesity and insulin resistance.

Paediatric context
In the paediatric population, the prevalence of 
the metabolic syndrome is estimated to be ~4% 
[4], although values of 20–50% have been given 
for obese children [5, 6]. Two quite old, but none-
theless elegant studies illustrate the relevance of 
the metabolic syndrome in children. 

The fi rst of these [7] was an autopsy study 
in children and young adults who died from 

traumatic causes. The authors examined pre-
atherosclerotic lesions – fatty streaks and fi brous 
plaques – in the aorta and coronary arteries of 
their subjects. They then correlated the extent of 
these lesions with a panel of ante mortem cardio-
vascular risk factor variables, such as body mass 
index (BMI), blood pressure and smoking, gath-
ered from childhood medical notes. There was a 
close relationship between the number of risk fac-
tors present during childhood and the extent of 
the pre-atherosclerotic lesions (fi gure 1).

The other study [8] measured the blood pres-
sure, weight and height of children at 13 yrs of 
age, then re-examined them, with additional 
measurements of lipid levels and insulin resist-
ance. The study found that BMI at age 13 cor-
related well with that at age 22, and also with 
insulin resistance. 

These studies present two key messages. First, 
obese children tend to become obese adults. Sec-
ondly, and most importantly, the development of 
cardiovascular and metabolic disease begins in 
childhood and early adolescence. 

Sleep-disordered 
breathing
Metabolic syndrome
To date, two studies have investigated whether 
sleep-disordered breathing in children is an inde-
pendent risk factor for the development of meta-
bolic syndrome. The fi rst of these [9], carried out 
by the present author’s team, looked at >100 
overweight or obese children at a paediatric obes-
ity clinic. It transpired that the severity of sleep-
disordered breathing was indeed a risk factor for 
the metabolic syndrome. Two parameters – mean 
Sa,O2 and nadir Sa,O2 during sleep – were inde-
pendint predictors for the presence of the meta-
bolic syndrome. In other words, the more ‘normal’ 
the Sa,O2 during sleep, the lower the risk of pre-
senting with the metabolic syndrome. 

These fi ndings were replicated by a larger 
study performed in the USA [10]. Figure 2 shows 
the proportion of subjects with metabolic syn-
drome at different AHI levels. The two studies 
show that, in children as well as in adults, the 
severity of sleep-disordered breathing is associ-
ated with the metabolic syndrome.

Insulin resistance
Several studies have also addressed the relation-
ship between the severity of sleep apnoea and 
insulin resistance, the core factor of the metabolic 
syndrome (for a review, see [11]). Here, the results 

Figure 1
The effect of multiple risk factors on 
the extent of atherosclerosis in the 
aorta and coronary arteries in chil-
dren and young adults. Reproduced 
from [7], with permission from the 
publisher. Number of risk factors:
         =0;         =1;         =2;         =3 or 4. 
**: p<0.01; #: p<0.03.
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Weight loss
Although the effect of weight loss does seem to 
be very promising in children the only studies to 
examine this have looked either at bariatric sur-
gery or at children undergoing inpatient treat-
ment. There is no data about the effect of weight 
loss on sleep apnoea in children aged <10 yrs. 
There is no data about modest weight loss and 
again, as always with weight loss, there is a ques-
tion about long-term compliance. 

To give an example, the present author’s 
group studied the effect of weight loss therapy in 
resolving sleep apnoea in obese teenagers [17]. 
The success rate ranged from 62–91%, depend-
ing on the defi nition of success. Whichever meas-
ure is taken, this is a better rate than that of 
adenotonsillectomy. 

Conclusions and next 
steps
In conclusion, sleep-disordered breathing is 
indeed associated with metabolic dysregulation 
in children, but this is dependent on the degree 
of obesity and the age of the subject. More large-
scale studies are needed to tease out the effect 
of these variables. Furthermore, the correlations in 
general between sleep-disordered breathing and 
metabolic dysregulation in children are relatively 
small, so the long-term health consequences of 
sleep-disordered breathing in children remain 
unknown. For this, logitudinal studies are needed. 

Is there a need for a specifi c treatment? Well, 
weight loss is certainly important, but that does 
not mean adenotonsillectomy should be wholly 
abandoned. Perhaps a combination of the two 
might prove effective. Randomised controlled 
trials are needed. 

are confl icting. Some studies found a relation-
ship, others did not. Even when a relationship 
was present, it was usually small. 

The effects of age and degree of obesity 
add another layer of diffi culty. Studies of normal-
weight and morbidly obese children have failed 
to fi nd an association between sleep apnoea and 
insulin resistance. However, the relationship does 
exist in moderately obese children. Meanwhile, 
in young children no relationship between sleep-
disordered breathing and insulin resistance was 
found – it appears only in older children, suggest-
ing that the duration of exposure to obesity and 
sleep-disordered breathing, or perhaps the hormo-
nal changes of puberty, could have a role. 

Intervention studies looking at sleep apnoea 
and insulin resistance have also produced con-
fl icting results. In the largest before- and-after 
study on adenotonsillectomy in obese and non-
obese children [12], a link was seen: in obese 
subjects whose obstructive sleep apnoea resolved 
completely, there was a signifi cant improvement 
in many metabolic variables, such as insulin resist-
ance, dyslipidaemia and infl ammation. This was 
signifi cantly better than the improvement seen 
in patients with residual sleep apnoea. However, 
two other studies [13, 14] found opposing or non-
signifi cant results.

Treatment
Discussion of intervention studies leads naturally 
to the topic of the best treatment. For an obese 
child with obstructive sleep apnoea and meta-
bolic abnormalities, the ideal treatment should 
target both conditions. 

Adenotonsillectomy
A recent meta-analysis [15] showed that ade-
notonsillectomy resolves obstructive sleep apnoea 
in less than 50% of obese children. Furthermore, 
there is often a signifi cant post-operative increase 
in BMI, which may worsen metabolic problems.

CPAP
The data on CPAP are very scarce, and there are 
persistent questions over long-term compliance in 
children. The study by NAKRA et al. [16] suffered 
from poor compliance, although the report did 
produce some interesting fi ndings. No improve-
ment in insulin resistance was seen, but leptin lev-
els fell signifi cantly, therefore the treatment did 
have some effect in children with sleep-disordered 
breathing.

Figure 2 
Prevalence of the metabolic syn-
drome in increasingly severe 
categories of sleep-disordered 
breathing, as defi ned by increasing 
levels of the AHI. A linear associa-
tion (p<0.001) was demonstrated 
between the metabolic syndrome 
and AHI category.         : non-met-
abolic syndrome;       : metabolic 
syndrome.  Reproduced from [10], 
with permission from the publisher. 
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It is also known that sleep-disordered breath-
ing interacts with oxidative stress and infl amma-
tion, and with leptin, and studies are ongoing 
regarding the mechanisms. In addition, the role 
of the adipose tissue, which secretes a number 

of adipocytokines that have a huge effect on a 
range of end-organs, remains to be fully eluci-
dated. The effect of intermittent hypoxia on the 
fatty tissue is a very interesting question for the 
next few years.
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