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Introduction
Adenotonsillectomy for sleep disordered breathing (SDB) is one of the most 
commonly performed operations in the paediatric group.  In the UK approximately 
30,000 adenotonsillectomies are performed each year with a complication rate of 
5.7%, including potentially life threatening secondary haemorrhage 1.  However, 
there is still little understanding of the aetiology and development of adenotonsillar 
hypertrophy.  The current proposed models for the pathogenesis include allergy, 
disordered lymphoproliferation and apoptosis and biofilms 2-4, however none of 
these theories are conclusive.  
A number of studies in adult sub-populations with SDB have shown that iron 
supplementation can reduce the clinical incidence and effects of SDB.  Zilberman 
et al noted a relationship between iron deficiency and SDB in patients with chronic 
heart failure 5.  Participants were given intravenous iron and erythropoietin and over 
the three month study the mean Hb rose from 10.4g/dL to 12.3g/dL. Associated 
with this rise was a significant reduction in all but one of their measure of SDB. 
Specifically there was a reduction in episodes of OSA as well as an improvement 
in the severity of the nocturnal hypoxia. Furthermore, a preliminary study of 10 
adult haemodialysis patients by Benz et al showed improvements in day-time 
sleepiness and periodic limb movements in sleep associated with improving iron 
status and anaemia 6.  Therefore it is worth presenting the developing of evidence 
of the associations between iron deficiency, adenotonsillar hypertrophy and sleep 
disordered breathing.
Iron deficiency within the North London SDB population.
A study of the iron status of 94 children consecutively presenting to the Royal Free 
Hospital London, between January 2007 and January 2008, for adenotonsillectomy 
for SDB was performed by the authors. The routine pre-operative blood tests 
(Table 1) were used to assess iron status in three ages groups; Group A (0-2yr), 
Group B (3-6yr) and Group C (>6 yrs).
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Table 1. Pre-operative Routine Blood Tests
Haemoglobin (Hb) Ferritin, total iron binding capacity (TIBC)
Mean Cell Volume (MCV) serum iron concentration (SI)

Mean Cell Haemoglobin (MCH) Iron Saturation

Mean Cell Haemoglobin Concentration (MCHC) 

The results showed that children undergoing adenotonsillectomy for sleep 
disordered breathing had a higher incidence of low iron stores when compared 
to the normal paediatric population.  This is most pronounced in the lower age 
groups but some older children also display higher than expected serological 
evidence of low iron stores.  The WHO states that approximately 2.5% of a 
normal paediatric population will have evidence of iron deficiency anaemia (Hb 
<11g/dL) and greater than 5% within a population is considered abnormal 7 .  In 
this study there is a greater proportion of children with anaemia, as defined by the 
WHO.  This is most pronounced in the younger age groups (25% in group A vs. 
18% and 9% in groups B and C respectively).  
The markers of iron status (Table 2 and Graphs 1-4) mirrored the haemoglobin 
level within each patient group.

Table 2.  Markers of Iron Deficiency and Iron Deficiency Anaemia
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Change in Iron Deficiency ↔ ↓ ↓ ↔ ↓ ↑ ↓ ↓
Change in Iron Deficiency Anaemia ↓ ↓ ↓ ↔ ↓ ↑ ↓ ↓

Graphs 1-4.  Pre-operative blood results in the groups.
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Graph 1. A comparison of haemaglobin concen-
tration ranges and means between the groups and 
the normal range.

Graph 2. A comparison of mean cell volume ranges 
and means between the groups and the normal range.
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Iron deficiency
According to the World Health Organisation (WHO), iron deficiency is the 
commonest nutritional deficiency worldwide 8.  In the normal healthy population 
this is attributable to inadequate dietary intake and increased iron requirement 
during the rapid development in the child’s early development.  The iron 
requirement in infancy is higher than at any other point is a person’s life.  
Inadequate dietary intake of iron may also be attributable to diets rich in ‘fast-
foods’ and non-fortified formula milk in the paediatric population.  
Iron and Neurological development
Adequate iron stores are important in the developing brain due to the dependence on 
iron containing enzymes for myelination, synaptogenesis, and neurotransmission 9.  
Iron deficiency in early brain development can be seen through to adulthood even 
when the deficiency has been corrected. Dallman et al investigated iron storage 
in the brains of adult rats known to have had low iron stores. They found that the 
adult brain also demonstrated low iron storage, despite correction of iron storage 
parameters, possibly due to the blood brain barrier decreasing in permeability 
to iron with increasing age 10. In addition, Algarin et al demonstrated adverse 
effects on adult auditory and visual cortices relating to childhood iron deficiency 
11.  Further studies have investigated the adverse effects of iron deficiency on 
childhood behaviour and cognitive ability but it should be noted that the review 
articles are inconclusive due to the presence of confounding factors such as low 
socioeconomic class on iron status and behaviour. 12

Iron and Immunity
There is some emerging evidence that iron deficiency may increase childhood 
susceptibility to infection.  This may be due to reduced neutrophil and macrophage 
function and reduced production of pro-inflammatory cytokines, increasing the 
risk of extracellular infections 13-14.  Iron plays a vital role in the generation of 
immune cells in the bone marrow and in the proliferation of these cells in response 
to an antigenic stimulus due to its utilisation in DNA production. Laboratory 
studies have shown a direct correlation between reduced numbers of peripheral 
blood T-cells and iron deficiency.  Clinically iron deficiency has been shown to 
affect the function of primary lymphoid organs 15.
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Graph 3. A comparison of mean cell haemo-
globin ranges and means between the groups 
and the normal range.

Graph 4. A comparison of ferritin ranges and 
means between the groups and the normal 
range.
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We suggest that altered immunity, due to iron deficiency, may lead to chronic 
sinonasal inflammation in affected children with resultant adenotonsillar 
hypertrophy, nasal obstruction and a worsening of SDB.  Conversely, iron 
deficiency may be a resulting outcome of chronic sinonasal infection.
SDB 
Sleep Disordered Breathing (SDB) encompasses a spectrum of clinical presentations 
from simple snoring to severe obstructive sleep apnoea (OSA). In the UK 3% of 
the paediatric population has OSA.
The causes of SDB can be classified into 3 groups (Table 3). 

Table 3. Causes of Sleep Disordered Breathing in Children 16

Type Cause of sleep disordered breathing

1 Lymphadenoid hypertrophy in the absence of obesity

2 Obesity and only mild lymphadenoid hypertrophy

3 Children with craniofacial and neuromuscular disorders

Most children presenting to an ENT out-patient for SDB will have type 1, and 
will be treated with an adenotonsillectomy, with the risks as described above. The 
importance of treating this cohort is well described in the literature and is based 
on the clinical association of SDB.  SDB has been associated with failure to thrive 
and neurological damage 17, as well as the behavioural sequelae of hyperactivity, 
hypersomnolence, depression and anxiety 18.
Conclusion 
This is still a novel area of research; however it is already opening up interesting 
avenues.  It is not currently clear whether there is a direct relationship between 
SDB and iron deficiency or if there is an association, which is the cause and which 
is the effect.  Regardless of this the potential consequences of iron deficiency in 
this young age group should not be overlooked.  Berger et al [] demonstrated that 
3 month daily oral iron supplementation had a significant positive effect on iron 
status and some immune factors.  
If iron deficiency contributes to adenotonsillar hypertrophy, correcting this 
shortage may reduce the number of young children requiring surgery. If the deficit 
is a result of chronic upper airway infections or the association is not a direct 
relationship then supplementing the iron may prevent the other effects of the 
insufficiency.  In conclusion it is felt that being prompted to give iron supplements 
to children with SDB can be beneficial.  
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