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INTRODUCTION
Adenotonsillar hypertrophy is an important risk factor for 

obstructive sleep disordered breathing (SDB), but its patho-
genesis remains obscure.1 Hypertrophic pharyngeal lymphoid 
tissue in children with obstructive sleep apnea (OSA), the 
most severe form of SDB, has enhanced expression of gluco-
corticoid receptors.2 Although this finding suggests a favor-
able response profile for topical steroid therapy in children 
with OSA, its pathogenetic role in adenotonsillar hypertrophy 
is unknown. It is possible that overexpression of glucocorti-
coid receptors in adenoid and tonsils reflects low endogenous 
cortisol levels that cannot restrict lymphoid tissue growth.3,4 
Addition of dexamethasone in tonsillar cell cultures from 
sleep apneic children induces cellular apoptosis and inhibits 
cellular growth rate.5

Furthermore, the effect of intermittent upper airway obstruc-
tion during sleep on the hypothalamic-pituitary-adrenal axis 
activity has not been clarified. Nocturnal awakenings are asso-
ciated with increased pulsatile cortisol release.6 Several case-
control studies have compared cortisol levels in adult subjects 
with and without OSA and in sleep apneic patients after 
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treatment with continuous positive airway pressure.7 However, 
the majority of studies in adults have provided conflicting 
evidence regarding the influence of sleep apnea on the release 
of cortisol, and no pediatric reports have been published.

In an old report,3 low baseline and after stimulation serum 
cortisol levels were measured in children with tonsillar hyper-
trophy and SDB, and they remained low after adenotonsil-
lectomy. Thus, in the current study, it was hypothesized that 
children with OSA and tonsillar hypertrophy have lower 
morning serum cortisol levels relative to healthy control 
subjects, whereas such a relationship is not identified in 
subjects with OSA but without tonsillar hypertrophy. To test 
this hypothesis, we have evaluated the effect of the interaction 
between tonsillar hypertrophy and OSA severity on morning 
serum cortisol levels.

METHODS

Participants
Consecutive children (2-13 years) with snoring who were 

referred to the sleep disorders laboratory for polysomnography 
and had an AHI > 1/h were enrolled in the study. Subjects who 
underwent polysomnography for various sleep problems other 
than SDB and had AHI ≤ 1/h were recruited as controls. Exclu-
sion criteria for both patients and controls were: (i) symp-
toms or signs of acute or chronic inflammatory disease; (ii) 
treatment with systemic, intranasal or inhaled corticosteroids 
over the past 6 months; and (iii) genetic syndromes, neuro-
muscular disorders, or craniofacial abnormalities. The study 
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was approved by the institutional review board of the Larissa 
University Hospital, and informed consent was provided by 
the caregivers.

Clinical Evaluation and Polysomnography
Α detailed history was received from parents, and all partic-

ipants underwent physical examination in the evening prior to 
polysomnography. Weight and standing height were recorded, 
and body mass index z-score was calculated.8 Obesity was 
defined as BMI z-score > 1.645. After direct inspection of the 
oropharynx by a single examiner (E.I.A.), tonsillar size was 
graded from 1+ to 4+, and tonsillar hypertrophy was diag-
nosed if the size was greater than 2+.9 In 10 subjects, examina-
tion of the oropharynx was repeated by the same investigator 
one week after polysomnography, and tonsillar size grading 
did not change.

Overnight polysomnography was carried out in the sleep 
disorders laboratory, and recordings of the following signals 
were obtained: electroencephalogram; right and left oculogram; 
submental and tibial electromyogram; body position; electro-
cardiogram; thoracic and abdominal wall motion; oronasal 
airflow (3-pronged thermistor and nasal pressure transducer); 
and oxygen saturation of hemoglobin (SpO2). Sleep stages 
and respiratory events were scored according to the American 
Academy of Sleep Medicine (AASM) recent recommenda-
tions.10 Respiratory arousals were defined as those occurring 
within 3 sec following an apnea, hypopnea, or snore.11 Apnea-
hypopnea index (AHI) was the mean number of obstructive, 
central, and mixed apneas and hypopneas/h of total sleep time 
in agreement with the AASM Manual for the Scoring of Sleep 
and Associated Events.10 Obstructive AHI was also calculated 
as the mean number of obstructive and mixed apneas and 
hypopneas/h of total sleep time.

Measurement of Morning Serum Cortisol
Children were woken up and polysomnography was termi-

nated around 08:30; 30 min later, a venous blood sample was 
collected in a test tube without anticoagulant.12 After centrifu-
gation, serum was obtained and stored immediately at −70°C 
until assayed with electrochemiluminescence (ECLIA, Roche 
Diagnostics GmbH; Manheim, Germany), using the analyzer 
Modular Analytics E170 (Roche Diagnostics, Germany). 
Lower and upper detection limits of the method were 0.018 and 
63.4 mcg/dL, respectively.

Data Analysis
For data analysis, recruited subjects were distributed in 3 

groups: (i) participants with moderate-to-severe OSA (AHI > 
5/h); (ii) children with mild OSA (AHI > 1 and ≤ 5/h); and 
(iii) control subjects without snoring (AHI ≤ 1/h). The 3 groups 
were compared regarding age, gender, BMI z-score, frequency 
of obesity and tonsillar hypertrophy, polysomnography indices, 
and morning serum cortisol concentration using one-way anal-
ysis of variance followed by post hoc tests (continuous vari-
ables) or χ2 (categorical characteristics). Student t-test was 
also applied to compare OSA patients to control subjects and 
to compare participants with OSA and tonsillar hypertrophy 
to participants with OSA and without tonsillar hypertrophy in 
terms of cortisol levels. Pearson correlation was carried out to 

assess the association of cortisol levels with polysomnography 
indices and BMI z-score.

A general linear model was used to evaluate the possible 
effect of: (i) tonsillar hypertrophy, (ii) OSA severity, and (iii) 
the interaction of tonsillar hypertrophy with OSA severity on 
cortisol concentration. Obesity, gender, and age were included 
as covariates in the model. In addition, one-way analysis of 
variance followed by post hoc tests was carried out to compare 
the subgroups of children with tonsillar hypertrophy and (i) 
moderate-to-severe OSA, (ii) mild OSA, or (iii) controls, in 
terms of serum cortisol levels. The same subgroup analysis was 
repeated for participants without tonsillar hypertrophy.

Linear regression analysis was applied in children with or 
without tonsillar hypertrophy to assess whether AHI or oxygen 
saturation of hemoglobin nadir (independent variable) were 
significant predictors of morning serum cortisol levels (depen-
dent variable). Age, gender, and BMI z-score were included 
in the same regression analysis model. Subsequently, ordinal 
regression analysis was performed to evaluate low morning 
cortisol level (< 25th percentile of cortisol concentrations in all 
participants) as predictor of tonsillar size (tonsillar grade 1, 2, 3, 
or 4) adjusted by age (≤ 8 years vs. > 8 years).13,14

RESULTS

Subject Characteristics and Polysomnography Findings
A total of 70 children were recruited in the study, of whom 

56 had OSA (AHI > 1/h) and 14 were controls without snoring 
(AHI ≤ 1/h). Sleep problems in the control group included 
nocturnal enuresis (n = 11), somniloquy (n = 1), and nocturnal 
bruxism (n = 2). Twenty-six of the participants with OSA had 
mild disease; the remaining had moderate-to-severe disease. 
Use of the obstructive AHI—instead of the AHI—did not 
change the classification of subjects in groups with mild or 
moderate-to-severe OSA.

The 3 study groups were similar regarding age, frequency 
of female gender or obesity, and prevalence of tonsillar hyper-
trophy (Table 1). Children with moderate-to-severe OSA had 
significantly higher BMI z-scores than those with mild OSA (P 
< 0.05). As expected, polysomnography indices were substan-
tially worse in children with moderate-to-severe OSA when 
compared to those with mild OSA or to control participants 
(Table 1). The 3 study groups did not differ in percentages of 
sleep stages (Table 1).

Morning Cortisol Serum Levels in Children with and without 
Tonsillar Hypertrophy

The 3 study groups were similar in terms of morning serum 
cortisol levels (Table 1). Patients with OSA and control subjects 
did not differ in serum cortisol concentrations (21.6 ± 8.4 mcg/dL 
vs. 22.3 ± 5.3 mcg/dL, respectively; P > 0.05). Subjects with OSA 
and tonsillar hypertrophy (n = 31) tended to have lower cortisol 
levels than those with OSA and without tonsillar hypertrophy 
(n = 25): 19.8 ± 7.6 mcg/dL vs. 23.8 ± 8.9 mcg/dL, respectively; 
P = 0.07. When both patients with OSA and control partici-
pants were considered, there were no significant correlations of 
morning serum cortisol concentrations with BMI z-score, AHI, 
obstructive AHI, respiratory arousal index, oxygen desaturation 
of hemoglobin (≥ 3%) index, or SpO2 nadir (P > 0.05).
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Application of the general linear model did not reveal signifi-
cant effects of severity of OSA (P = 0.56) or presence of tonsillar 
hypertrophy (P = 0.43) adjusted by obesity (P = 0.87), gender 
(P = 0.86), and age (P = 0.09) on the morning serum cortisol 
levels. However, there was a significant effect of the interaction 

between presence of tonsillar hypertrophy and severity of OSA 
on cortisol levels (P = 0.04) (Figure 1).

More specifically, when only subjects with tonsillar hyper-
trophy were considered, children with moderate-to-severe OSA 
(n = 17; 6.1 ± 2.2 years; AHI 14.7 ± 10.6/h), children with 
mild OSA (n = 14; 6.8 ± 2.3 years; AHI 2.3 ± 1.2 episodes/h), 
and control participants (n = 6; 6 ± 2.1 years; AHI 0.7 ± 0.2/h) 
were significantly different regarding cortisol levels (P = 0.02). 
Participants with moderate-to-severe OSA had lower cortisol 

Table 1—Summary statistics and significance of comparisons regarding characteristics, polysomnography indices, and morning serum cortisol levels in study 
groups

Control subjects
n = 14

Mild OSA
n = 26

Moderate-to-severe OSA
n = 30

Age, years 6.5 ± 2.5 6.8 ± 2.3 5.6 ± 1.8
Gender, female (%) 5 (35.7) 9 (34.6) 12 (40)
BMI z-score 0.8 ± 1 0.5 ± 1.7 1.5 ± 1.4*
Obese (%) 4 (28.6) 8 (30.8) 13 (43.3)
Tonsillar hypertrophy (%) 6 (42.9) 14 (53.8) 17 (56.7)
Total sleep time, min 360.6 ± 102.8 391.1 ± 74.6 403.2 ± 85.4
Sleep efficiency, % 79.3 ± 13.1 81.4 ± 9.5 82.2 ± 10.6
Stage N1, % of total sleep time 17.6 ± 24.7 13.5 ± 11.8 14.6 ± 10.1
Stage N2, % of total sleep time 52 ± 14.4 47.4 ± 13.6 47.5 ± 12.1
Stage N3, % of total sleep time 21.7 ± 6.2 22.3 ± 8.5 20.3 ± 8.2
Stage REM, % of total sleep time 16 ± 7.5 18.1 ± 5.9 17.7 ± 6.7
AHI, episodes/h 0.7 ± 0.2 2.5 ± 1.2 13.2 ± 8.9†

Obstructive AHI, episodes/h 0.7 ± 0.2 2.4 ± 1.2 13 ± 8.9†

Respiratory arousal index, episodes/h 0.4 ± 0.2 1.1 ± 1.1 4.8 ± 2.8†

Oxygen desaturation of hemoglobin (≥ 3%) index, episodes/h 1.1 ± 0.5 4.4 ± 4.4 17.8 ± 15.5†

SpO2 nadir, % 91.7 ± 1.5 89.9 ± 2.1 82.0 ± 7.1†

Morning serum cortisol levels (mcg/dL) 22.3 ± 5.3 22.6 ± 7.1 20.6 ± 9.3

Continuous variables are presented as mean ± standard deviation. *P < 0.05 for the comparisons of moderate-to-severe OSA vs. mild OSA group. †P < 0.001 
for the comparisons of moderate-to-severe OSA vs. mild OSA or vs. control groups. AHI, apnea-hypopnea index; BMI, body mass index; OSA, obstructive 
sleep apnea; SpO2, oxygen saturation of hemoglobin by pulse oximetry.

Figure 1—A significant effect of the interaction between presence of 
tonsillar hypertrophy (tonsillar size > 2+) and severity of OSA on morning 
serum cortisol levels was demonstrated (P = 0.04). Among children 
with hypertrophic tonsils, those with moderate-to-severe OSA had 
lower cortisol levels than subjects with mild OSA (P = 0.01) or controls 
(P = 0.04). No significant differences were identified in subjects without 
tonsillar hypertrophy.

Figure 2—Among children with hypertrophic tonsils (tonsillar size > 2+), 
subjects with moderate-to-severe OSA had significantly lower morning 
serum cortisol levels than participants with mild OSA (P = 0.01) or 
controls (P = 0.04).
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concentrations (16.9 ± 8.7 mcg/dL) than those with mild OSA 
(23.3 ± 4.2; P = 0.01) or control subjects (23.6 ± 5.3 mcg/dL; 
P = 0.04; Figure 2). Linear regression analysis revealed that 
in children with hypertrophic tonsils, AHI (or obstructive AHI) 
was negatively associated and oxygen saturation of hemoglobin 
nadir was positively associated with morning serum cortisol 
levels (r2 = 0.33, P = 0.01; r2 = 0.33, P = 0.01; and r2 = 0.41, 
P < 0.01, respectively; Table 2).

In contrast, subjects with normal-size tonsils and moderate-
to-severe OSA (n = 13; 5.1 ± 1.1 years; AHI 11.1 ± 5.6/h) had 
similar cortisol levels relative to subjects with normal-size 
tonsils and mild OSA (n = 12; 6.7 ± 2.5 years; AHI 2.4 ± 1.2/h) 
and relative to control participants with normal-size tonsils and 
without snoring (n = 8; 6.8 ± 2.8 years; AHI 0.7 ± 0.2/h): 25.6 
± 8.1 vs. 21.8 ± 9.6 and 21.3 ± 5.4 mcg/dL (P > 0.05; Figure 3). 
AHI (or obstructive AHI) and oxygen saturation of hemoglobin 

nadir were not significant predictors of morning serum cortisol 
concentrations (P > 0.05).

Low Morning Cortisol Serum Level as Predictor of Tonsillar 
Hypertrophy

The 25th percentile for cortisol levels in all participants 
was 16.5 mcg/dL. Of all participants, 81.4% were 8 years or 
younger. When ordinal regression analysis was performed, 
it was demonstrated that low morning cortisol levels (< 25th 
percentile) was significantly associated with greater tonsillar 
size (Figure 4) after adjustment for age (Table 3).

DISCUSSION
In the present study, a negative association was demonstrated 

between severity of OSA and morning serum cortisol levels among 
sleep apneic children with tonsillar hypertrophy, but not among 
those without enlarged tonsils. Results of the present report may 
indicate that children with OSA and pharyngeal lymphoid tissue 
hypertrophy represent a distinct subgroup as compared to sleep 
apneic subjects without hypertrophic palatine tonsils.15

Figure 3—Among children without tonsillar hypertrophy (tonsillar size 
≤ 2+), subjects with moderate-to-severe OSA, mild OSA, and controls 
did not differ in terms of morning serum cortisol levels (P > 0.05).

Figure 4—A larger proportion of children with low morning serum cortisol 
levels (below the 25th percentile of values for all participants) had grade 
3+ and 4+ tonsils compared to subjects with high cortisol levels (over the 
25th percentile).

Table 2—Multiple linear regression analysis models assessing the 
independent effect of variables on morning serum cortisol levels in 
children with tonsillar hypertrophy

Independent variables

β
(Standardized

coefficient) P value

 Adjusted r2 = 0.33 P = 0.01
AHI -0.46 < 0.01
Age, years -0.19 NS
Gender 0.04 NS
BMI z-score -0.17 NS

 Adjusted r2 = 0.41 P < 0.01
SpO2 nadir 0.55 < 0.01
Age, years -0.23 NS
Gender 0.06 NS
BMI z-score -0.15 NS

AHI, apnea-hypopnea index; BMI, body mass index.

Table 3—Ordinal regression analysis model assessing the effect of low 
cortisol levels (< 25th percentile) on tonsillar size adjusted for young age

Ordinal Regression Analysis Model, P = 0.03
Estimate SE P-value

Threshold values
Tonsillar grade 1 -2.72 0.65 < 0.01
Tonsillar grade 2 -0.63 0.55 0.25
Tonsillar grade 3 1.14 0.57 0.04

Location
Young age -0.84 0.57 0.14
Low cortisol 1.12 0.53 0.03

SE, standard error.



SLEEP, Vol. 36, No. 9, 2013 1353 OSA, Tonsillar Hypertrophy and Cortisol—Malakasioti et al

In an old report, Soboczyński et al. studied the basal and 
after ACTH stimulation serum cortisol levels in children with 
tonsillar hypertrophy and SDB or recurrent angina and in 
healthy controls.3 Children with upper airway lymphoid tissue 
proliferation and sleep-related respiratory difficulties had lower 
serum cortisol levels than healthy controls, at baseline and after 
ACTH stimulation. Of interest, reduced levels persisted after 
adenotonsillectomy, implying an inherent defect in the HPA 
axis of children with SDB and hypertrophic tonsils. This pattern 
was not identified in subjects with recurrent angina.

Ordinal regression analysis indicated that participants with 
cortisol levels lower than the 25th percentile for all subjects 
were at greater risk to have large tonsils relative to subjects with 
high serum cortisol concentrations (over the 25th percentile). 
We propose that low serum cortisol concentrations in children 
with sleep apnea and adenotonsillar hypertrophy contribute to 
the uninhibited growth of pharyngeal lymphoid tissue and to 
persistence of OSA.

Results of the present study and of the report by Soboczynski 
et al.3 are consistent with the enhanced expression of α- and 
β-glucocorticoid receptors in tonsillar tissue excised from 
children with OSA relative to subjects with recurrent tonsil-
litis.2 This increased expression may represent upregulation 
of the glucocorticoid receptors in response to low circulating 
cortisol.16 The active role of glucocorticoids on pharyngeal 
lymphoid tissue proliferation was delineated by Kheirandish-
Gozal et al.5 with their work on tonsillar cell cultures. Incuba-
tion with corticosteroids abrogated the high proliferative rate 
of tonsillar cells, induced cellular apoptosis, and suppressed 
synthesis of proinflammatory cytokines.

The present study takes a step further into the understanding 
of the chain of events linking sleep apnea, tonsillar proliferation, 
and glucocorticoids. Children with moderate-to-severe SDB 
who manifest the clinical phenotype of hypertrophic tonsils 
seem to have reduced morning serum cortisol levels, and poten-
tially decreased glucocorticoid inhibitory effects on tonsillar cell 
growth such as those reported by Kheirandish-Gozal et al.5

Endogenous cortisol contributes to the tight control of the 
immune system by suppressing inflammatory reactions and 
immune processes and by triggering lymphocyte apoptosis.4,16 
Hypocortisolism and enhanced expression of glucocorticoid 
receptors follows chronic stress conditions, as, for example, 
posttraumatic stress disorder or Gulf War Illness.16 It has been 
proposed that increased concentration of glucocorticoid recep-
tors in the pituitary cells after a period of chronic stress potenti-
ates the negative feedback effect of cortisol on ACTH synthesis 
that maintains a persistent low-cortisol state.16

Intranasal administration of corticosteroids such as fluti-
casone for 6 weeks to children with adenoidal hypertrophy 
and OSA of moderate severity is accompanied by significant 
improvement in polysomnography indices.17 Similar beneficial 
effects have been demonstrated in subjects with mild OSA after 
treatment with intranasal budesonide.18 Clinical improvement 
is maintained for at least nine months after completion of the 
treatment course.19 These effects of intranasal corticosteroids 
are due to a decrease in adenoidal size and reduction in upper 
airway resistance.20

Release of endogenous cortisol follows a circadian rhythm 
with the lowest serum concentration at midnight and the highest 

30 minutes after awakening.12 Hence, the low-cortisol state in 
children with moderate-to-severe OSA and tonsillar hyper-
trophy should be confirmed in future studies using nocturnal 
and diurnal cortisol profile.7 Moreover, evaluation of adenoidal 
tissue size was not possible in control subjects since lateral neck 
x-rays could not be performed for ethical reasons, and parents 
did not consent to performance of nasopharyngoscopy by flex-
ible endoscope. Thus, adenoidal hypertrophy was a potential 
confounding factor not addressed in this study.

In conclusion, the present study is the first to demonstrate 
a significant negative correlation between endogenous cortisol 
levels and OSA severity, concerning only those children with 
pharyngeal lymphoid tissue hypertrophy. A low- cortisol state 
might promote persistence of adenotonsillar hypertrophy and 
OSA in children.
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