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BACKGROUND: The aim of this study was to assess insulin-like growth factor-1 (IGF-1) and
insulin-like growth factor-binding protein-3 (IGFBP-3) concentrations in children with obstructive
sleep apnea-hypopnea syndrome (OSAHS) and to compare the results according to disease severity
and duration. METHODS: Fifty-one children with OSAHS underwent polysomnography and were
classified as having mild, moderate, or severe disease. All children underwent bilateral tonsillec-
tomy/adenoidectomy or adenoidectomy. IGF-1 and IGFBP-3 concentrations were assessed before
surgery and 3 and 6 months after surgery. RESULTS: Before surgery, IGF-1 and IGFBP-3 con-
centrations were significantly higher (P < .05) in the < 5-y group (125.20 � 42.38 �g/L and
2.00 � 0.54 mg/L) compared with the > 5-y group (61.92 � 19.07 �g/L and 1.20 � 0.37 mg/L).
After surgery, concentrations significantly increased (P < .05) in both groups, but remained lower
in the > 5-y group. Before surgery, there were no significant differences in IGF-1 (mild:
93.82 � 37.52 mg/L; moderate: 109.06 � 58.42 mg/L; severe: 73.88 � 28.51 mg/L) and IGFBP-3
(mild: 1.76 � 0.57 mg/L; moderate: 1.67 � 0.72 mg/L; severe: 1.33 � 0.45 mg/L) concentrations
by severity. After surgery, concentrations significantly increased (P < .05) in both groups, but
did not differ by severity. After adjusting for time after surgery, disease duration, apnea-
hypopnea index, time spent at SpO2

< 90%, and body mass index Z score, IGF-1 and IGFBP-3
concentrations significantly decreased with every year of age. CONCLUSIONS: These results
suggest that disease duration, but not severity, affects the concentrations of 2 important mediators
of growth/development (IGF-1 and IGFBP-3) in children with OSAHS before and after surgery.
Key words: children; duration; development; disease; growth; obstructive sleep apnea-hypopnea syn-
drome; pediatric; severity. [Respir Care 2015;60(2):1–•. © 2015 Daedalus Enterprises]

Introduction

Estimates suggest that 1–3% of children experience ob-
structive sleep apnea-hypopnea syndrome (OSAHS),1,2 which

is typically caused by adenoidal and/or tonsillar hypertro-
phy.3,4 In addition to the overt clinical manifestations (ie,
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snoring and mouth breathing), children with OSAHS may
experience poor appetite, neurocognitive/behavioral issues,
and impaired growth/failure to thrive.5,6 As childhood is a
critical time of growth and development, appropriate and
timely treatment is of paramount importance.

Surgery is the standard treatment for OSAHS caused by
adenoidal and/or tonsillar hypertrophy in children. Of note,
findings from a number of studies indicate that children
with OSAHS who undergo adenoidectomy and/or tonsil-
lectomy experience various improvements, including rate
of growth.5,7 The decreased growth before surgery and
improved growth after surgery would appear to be medi-
ated, at least in part, by alterations in growth hormone and
associated factors, namely insulin-like growth factor-1
(IGF-1) and its major carrier/binding protein, insulin-like
growth factor-binding protein-3 (IGFBP-3), both of which
are commonly used measures of growth and development
and reflect growth hormone secretion.8-11 Indeed, it has
been suggested that the normal pulsatile secretion of growth
hormone from somatotrophs may be adversely affected by
the abnormal sleep rhythms in children with OSAHS.12,13

Strong support for the involvement of IGF-1 and IGFBP-3
in contributing to growth deficits in children with OSAHS
comes from the findings of a meta-analysis published in
2009,7 which demonstrated that standardized height and
weight and IGF-1 and IGFBP-3 concentrations signifi-
cantly increased following adenotonsillectomy.

Although there is reasonably strong evidence that per-
turbations in IGF-1 and IGFBP-3 play a role in mediating
the growth deficits in children with OSAHS, there is little
information available on how the severity of OSAHS or
the duration of disease affects these parameters. We be-
lieve that determining whether IGF-1 and IGFBP-3 con-
centrations in children with OSAHS are affected by these
variables is important not only to increase our understand-
ing of the condition but also to potentially aid in clinical
decision-making. Hence, the aim of this study was to ex-
amine IGF-1 and IGFBP-3 concentrations in children with
OSAHS before and after interventional surgery and to make
comparisons on the basis of disease severity (as deter-
mined by polysomnography) and disease duration. We also
assessed changes in apnea-hypopnea index (AHI) and low-
est oxygen saturation.

Methods

Subjects

This was a retrospective analysis of prospective data
obtained from the records of children with OSAHS who
were treated in the Department of Otolaryngology of the
Hangzhou First People’s Hospital (affiliated with Nanjing
Medical University) from February 2010 to October 2011.

The study was approved by the independent ethics com-
mittee of the Hangzhou First People’s Hospital. Informed
consent was obtained for all children from their families.

Most of the children in this study were brought for
treatment because of parent-reported snoring or sleep
arousal. Others were brought because their parents had
scientific knowledge of OSAHS or had heard that other
children recovered after treatment, and the parents sus-
pected that their child had the disease. Some subjects were
referred by pediatricians, psychologists, or dentists due to
hyperactivity, inattention, restlessness, or abnormalities of
the palate. Through detailed interviews, especially in con-
firming the medical records showing the first diagnosis
and strict screening, recall bias was minimized.

All children suspected to have OSAHS in our clinics
underwent polysomnography monitoring to determine
whether they had OSAHS and, if so, what type (central,
peripheral, or mixed). The combined results of diagnostic
imaging were used to determine whether surgery was war-
ranted in each case. However, polysomnography is not
generally a routine test that is conducted before preoper-
ative treatment and assessment.

Because the included subjects still needed to undergo
some unconventional serological testing in addition to con-
ventional treatment, the subjects and parents were informed
of the purpose of the study, specific processes, and pro-
cedures. If the parents did not agree to participate in the
study group, the children were treated with conventional
therapies. If they fully understood and agreed to partici-

QUICK LOOK

Current knowledge

Surgery is the standard treatment for obstructive sleep
apnea caused by adenoidal and/or tonsillar hypertrophy
in children. In children with obstructive sleep apnea-
hypopnea syndrome who undergo adenoidectomy and/or
tonsillectomy, the rate of growth has been shown to
accelerate.

What this paper contributes to our knowledge

Obstructive sleep apnea caused by adenoidal and/or
tonsillar hypertrophy reduces the concentrations of 2
key mediators of growth and development in chil-
dren. Adenoidectomy and/or tonsillectomy significantly
increased the concentrations of growth mediators re-
gardless of disease severity. Prompt treatment may
help alleviate the potential impact on growth and
development.
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pate in the study, informed consent forms were signed by
the parents, and the children were included. The families
of the subjects were informed that the children could with-
draw from the study at any time, without justification, and
their treatment would not be affected.

Inclusion Criteria

Children with OSAHS were considered for inclusion in
the study if they underwent polysomnography and met the
criteria for childhood OSAHS according to the 2007 guide-
lines for diagnosis and treatment of OSAHS in children
(Otolaryngology Branch, Chinese Medical Association)14;
had a normal history of birth, feeding, and growth; were
5–12 y old; experienced OSAHS onset at 3 y of age
based on the subjects’ medical record and the parents’
recollection; were prepubertal; and had a stable living
environment.

OSAHS onset at 3 y of age represented the majority of
cases in our clinic. For the convenience of screening, chil-
dren with an onset at 3 y were chosen. The exact time of
onset in children was calculated to determine the disease
duration (child’s age � onset age � disease duration). If
the time of onset (in specific subjects) was difficult to
accurately determine, those individuals were excluded
because accuracy of the study results would have been
affected.

Seventy subjects were selected from more than 500 pa-
tients and followed for � 2 y. Fifty-one subjects com-
pleted the entire course of the study. The disease course
was distinguished as being � 5 or � 5 y in duration be-
cause: (1) OSAHS is a chronic disease, so the symptoms
are not obvious in the short-term; and (2) currently, there
are no international standards for the disease course of
OSAHS, and from our OSAHS diagnosis and treatment
experience and observation (although without clinical
evidence), the symptoms are generally obvious in children
with a disease course of � 5 y, so the � 5-y and � 5-y
classifications for the study groups were used. Seventy-
two healthy children (non-OSAHS or without growth ab-
normalities) from the same age group as the experimental
group (5–12 y of age) who had undergone routine physical
examinations were randomly selected to serve as a control
group.

Exclusion Criteria

Children were excluded from the study if they had any
congenital anatomic abnormality of the mouth, nose, or
pharynx; experienced severe asphyxia or hypoxic-ischemic
encephalopathy at birth; chronic diseases such as tuber-
culosis, viral hepatitis, or nephrotic syndrome; a history
of major trauma, cerebral palsy, epilepsy, or repeated up-

per respiratory tract infection; a family history of familial
short stature, congenital mental retardation and mental ill-
ness, or any other disease potentially affecting growth
and development (eg, genetic or metabolic diseases); or
OSAHS not caused by adenoid hyperplasia and/or tonsil-
lar hypertrophy.

Surgery

All children underwent bilateral tonsillectomy and ad-
enoidectomy or adenoidectomy alone and recovered un-
eventfully.

Assessments

Children were divided into 2 groups according to the
duration of OSAHS: � 5 y or � 5 y. According to the
guidelines for diagnosis and treatment of OSAHS in
children,14 the diagnosis of OSAHS is based primarily
on the AHI, whereas the lowest oxygen saturation is
supplementary information. OSAHS was classified as
mild (5 � AHI � 10 times/h), moderate (10 � AHI �
20 times/h), or severe (AHI � 20 times/h).14 Polysomnog-
raphy was performed using a multi-channel sleep moni-
toring system (Embletta X100, Embla, Broomfield, Colo-
rado) for � 7 h before surgery and 3 and 6 months after
surgery. The AHI and lowest oxygen saturation were de-
termined during each polysomnography assessment. Body
mass index (BMI) measurements were also taken at each
time point. Venous blood samples were collected before
surgery and 3 and 6 months after surgery.

We enrolled a total of 70 subjects and extracted
3 mL/patient/time point from blood samples. In addition,
51 subjects exhibited good compliance and completed
the 3 blood collection time points according to the ex-
perimental design requirements. Serum was obtained by
centrifugation, and IGF-1 and IGFBP-3 concentrations
were determined by chemiluminescence enzyme-linked
immunosorbent assay using a commercially available kit
(Siemens Healthcare Diagnostics, Tarrytown, New York).
The IGF-1 and IGFBP-3 detection device used was the
DPC Immulite 2000 automatic immune analyzer (Siemens
Healthcare Diagnostics) and its original reagents. Accord-
ing to the reagent manual supplied by the manufacturer,
the normal reference ranges of IGF-1 and IGFBP-3 are
64–345 �g/L and 1.6–6.5 mg/L, respectively.

Sample Size Estimate

The study sample size was estimated according to the
repeated measurement method: mean correlation coeffi-
cient � 0.5, effect size � 0.57, repeated measurements � 3,
power � 0.8, and � level � .05. This estimation revealed
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that a sample size of at least 14 participants was required
for each group.

Statistical Analysis

Continuous variables are presented as mean � SD
and were compared by the independent sample t test
(2 groups) or one-way analysis of variance with the
Bonferroni post hoc test (3 or more groups). Categorical
variables are presented as count (percentage) and were
compared between groups by a chi-square test. For re-
peated measures (IGF-1, IGFBP-3, AHI, lowest oxygen
saturation, BMI Z score, weight, height, and SpO2

factors),
linear mixed models were used to investigate the effect of
groups (denoted as group effect), timing of assessment
(denoted as time effect), and their interaction (denoted as
group � time effect). When significance was detected for
the main effect or interaction, Bonferroni correlations were
used to control for the type-1 error rate during post hoc
multiple comparisons. Statistical analyses were performed
using SAS 9.2 (SAS Institute, Cary, North Carolina). A
2-tailed P value of � 0.05 was considered to indicate
statistical significance.

Results

A total of 70 children with OSAHS were eligible for
inclusion in the study. Of these, 19 were lost to follow-up
or had incomplete follow-up; hence, 51 children with
OSAHS who had complete medical records (35 boys and
16 girls) were included in the analyses.

Demographic and Clinical Characteristics

Children in the OSAHS group had lower IGF-1 and
IGFBP-3 concentrations (month 0/baseline), and the con-
centration of IGF-1 and IGFBP-3 increased gradually after
3 and 6 months after surgery (see the supplementary ma-
terials at http://www.rcjournal.com). The majority of chil-
dren (� 80%) with OSAHS underwent tonsillectomies and
adenoidectomies.

Children with a disease duration of � 5 y were signif-
icantly younger than those with a disease duration of � 5 y
(P � .001) (Table 1). Thus, linear regression analyses
were performed, which showed that age also significantly
influenced disease duration. Children with a disease dura-
tion of � 5 y had significantly higher IGF-1 and IGFBP-3
concentrations and significantly lower weights and heights

Table 1. Summary of Baseline Demographic and Disease Characteristics by Disease Duration in Children With Obstructive Sleep Apnea-
Hypopnea Syndrome

Characteristic
Disease Duration

P
� 5 y (n � 25) � 5 y (n � 26)

Age (mean � SD), y 5.88 � 0.83 9.42 � 1.47 � .001
Sex, n (%) .19

Male 15 (60) 20 (76.92)
Female 10 (40) 6 (23.08)

Severity, n (%) .38
Mild 8 (32) 9 (34.62)
Moderate 11 (44) 7 (26.92)
Severity 6 (24) 10 (38.46)

BMI (mean � SD), kg/m2 17.07 � 2.98 18.99 � 5.33 .12
BMI Z score (mean � SD) 0.71 � 1.3 0.32 � 1.45 .33
AHI (mean � SD) 16.92 � 11.42 17.98 � 9.06 .72
Lowest oxygen saturation (mean � SD) 0.77 � 0.09 0.77 � 0.07 .94
Lowest oxygen level (mean � SD), % 77.48 � 9.19 77.31 � 7.23 .94
SpO2

(mean � SD), % 83.16 � 4.91 83.68 � 4.42 .69
Time spent at SpO2

� 90% (mean � SD), % 76.68 � 22.03 78.8 � 18.58 .71
IGF-1 (mean � SD), �g/L 125.2 � 42.38 61.92 � 19.07 � .001
Abnormal IGF-1, n (%) 0 (0) 15 (57.69) � .001
IGFBP-3 (mean � SD), mg/L 2.00 � 0.54 1.20 � 0.37 � .001
Abnormal IGFBP-3, n (%) 5 (20%) 21 (80.77%) � .001

BMI � body mass index
AHI � apnea-hypopnea index
IGF-1 � insulin-like growth factor-1
IGFBP-3 � insulin-like growth factor-binding protein-3
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compared with children with a disease duration of � 5 y
(all P � .001).

IGF-1, IGFBP-3, AHI, Lowest Oxygen Saturation,
BMI Z Score, and SpO2

Factors

There were significant effects of time, group, and
group � time on IGF-1 and IGFBP-3 concentrations (all
P � .001) (Table 2). Regardless of disease duration, chil-
dren with OSAHS had significantly higher IGF-1 and
IGFBP-3 concentrations at 3 and 6 months compared with
0, as well as at 6 months compared with 3 months (all
P � .001). Children with a disease duration of � 5 y had

significantly higher concentrations of IGF-1 and IGFBP-3
at each time point compared with children with a disease
duration of � 5 y (all P � .001).

There were significant effects of time on AHI and low-
est oxygen saturation (all P � .001). Regardless of disease
duration, children with OSAHS had significantly lower
AHI and significantly higher lowest oxygen saturation at 3
and 6 months compared with 0 months (all P � .001).
Children with a disease duration of � 5 y also had a
significantly higher lowest oxygen saturation at 6 months
compared with 3 months (P � .05).

There were significant effects of time on BMI Z scores
(all P � .001). Regardless of disease duration, children

Table 2. Comparison of Variables by Disease Duration and Time After Surgery in Children With Obstructive Sleep Apnea-Hypopnea Syndrome

Variable and Disease
Duration (y)

Time After Surgery
Time Effect P Group Effect P

Group � Time
Effect P0 Months 3 Months 6 Months

AHI
� 5 16.92 � 11.42 4.98 � 2.44* 4.03 � 1.30* � .001 .79 .83
� 5 17.98 � 9.06 4.85 � 2.00* 4.05 � 1.59*

Lowest oxygen saturation
� 5 0.77 � 0.09 0.86 � 0.05* 0.89 � 0.05*† � .001 .26 .25
� 5 0.77 � 0.07 0.84 � 0.05* 0.86 � 0.04*

BMI Z score
� 5 0.71 � 1.3 0.67 � 1.26* 0.63 � 1.24*† � .001 .31 .28
� 5 0.32 � 1.45 0.27 � 1.46* 0.22 � 1.49*†

Weight, kg
� 5 22.06 � 4.32 23.02 � 3.82* 24.6 � 3.33*† � .001 � .001 .06
�5 34.23 � 12.16‡ 34.69 � 11.39‡ 35.76 � 10.72*†‡

Height, cm
� 5 113.84 � 7.47 116.55 � 7.41* 120.76 � 8.11*† � .001 � .001 .02
�5 133.09 � 11.19‡ 134.5 � 10.61*‡ 137.18 � 11.96*†‡

Lowest oxygen level, %
� 5 77.48 � 9.19 85.44 � 5.1* 89.32 � 4.64* � .001 .26 .25
� 5 77.31 � 7.23 84.12 � 4.8* 86.15 � 4.34*†

SpO2
, %

� 5 83.16 � 4.91 90.04 � 3.36* 91.03 � 4.96* � .001 .86 .65
� 5 83.68 � 4.42 89.58 � 3.74* 91.47 � 3.55*†

Time spent at SpO2
� 90%

� 5 76.68 � 22.03 28.15 � 27.22* 6.55 � 13.18*† � .001 .99 .47
� 5 78.8 � 18.58 23.49 � 22.14* 9.13 � 10.5*†

IGF-1, �g/L
� 5 125.20 � 42.38 196.92 � 71.46* 388.12 � 111.85*† � .001 � .001 � .001
� 5 61.92 � 19.07‡ 88.35 � 27.77*‡ 150.65 � 52.64*†‡

IGFBP-3, mg/L
� 5 2.00 � 0.54 2.75 � 0.65* 4.74 � 1.08*† � .001 � .001 � .001
� 5 1.20 � 0.37‡ 1.71 � 0.53*‡ 2.91 � 0.88*†‡

Data are presented as mean � SD.
* Significant difference compared with 0 months (P � .05).
† Significant difference compared with 3 months (P � .05).
‡ Significant time point difference compared with disease duration of � 5 y (P � .05).
AHI � apnea-hypopnea index
BMI � body mass index
IGF-1 � insulin-like growth factor-1
IGFBP-3 � insulin-like growth factor-binding protein-3
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with OSAHS had significantly lower BMI Z scores at 3
and 6 months compared with 0 months (all P � .001) and
had significantly lower BMI Z scores at 6 months com-
pared with 3 months (all P � .001).

There were significant effects of time and group on
weight. Children with a disease duration of � 5 y had
significantly higher weights at 3 and 6 months compared
with 0 months (all P � .002) and had significantly higher
weights at 6 months compared with 3 months (P � .001).
Children with a disease duration of � 5 y had significantly
higher weights at 6 months compared with 0 and 3 months
(all P � .001). There were significant effects of time,
group, and group � time on height (all P � .02).

Regardless of disease duration, children with OSAHS
had significantly higher heights at 3 and 6 months com-
pared with 0 months (all P � .044) and had significantly
higher heights at 6 months compared with 3 months (all
P � .001). Children with a disease duration of � 5 y had
significantly lower weights and heights at each time point
compared with children with a disease duration of � 5 y
(all P � .001).

There were significant effects of time on SpO2
factors

(all P � .001). Regardless of disease duration, children
with OSAHS had significantly higher percentages of low-
est SpO2

and significantly lower percentages of time spent
at SpO2

� 90% at 3 and 6 months compared with 0 months
(P � .001). Children with a disease duration of � 5 y had
significantly higher percentages of lowest SpO2

and lower
percentages of time spent at SpO2

� 90% at 6 months com-
pared with 3 months (P � .02). Children with a disease
duration of � 5 y also had a significantly lower percentage
of time spent at SpO2

� 90% at 6 months compared with
3 months (P � .003).

There were significant effects of time on IGF-1 and
IGFBP-3 concentrations (all P � .001) (Table 3). Regard-
less of disease severity, children with OSAHS had sig-
nificantly higher IGF-1 and IGFBP-3 concentrations at
6 months compared with 0 months (all P � .05). Children
with mild or moderate disease also had significantly higher
IGF-1 and IGFBP-3 concentrations at 3 months compared
with 0 months, whereas children with severe disease had
significantly higher IGFBP-3 concentrations at 3 months
compared with 0 months (all P � .05).

There were significant effects of time, group, and
group � time on AHI and lowest oxygen saturation (all
P � .001). Regardless of disease severity, children with
OSAHS had significantly lower AHI at 3 and 6 months
compared with 0 months (all P � .001). At 0 months,
children with moderate or severe disease had significantly
higher AHI compared with children with mild disease, and
children with severe disease had significantly higher AHI
compared with children with moderate disease (all
P � .001). Regardless of disease severity, children with
OSAHS had significantly higher lowest oxygen saturation

at 6 months compared with 0 and 3 months (all P � .05).
Children with moderate and severe disease also had sig-
nificantly higher lowest oxygen saturation at 3 months com-
pared with 0 months (both P � .001). At all time points,
children with severe disease had significantly lower lowest
oxygen saturation compared with children with mild dis-
ease (P � .01). At 0 and 6 months, children with severe
disease also had significantly lower lowest oxygen satu-
ration compared with children with moderate disease
(P � .05). At 0 months, children with moderate disease
had significantly lower lowest oxygen saturation compared
with children with mild disease (P � .001).

There were significant effects of time on BMI Z scores
(all P � .001). Regardless of disease severity, children
with OSAHS had significantly lower BMI Z scores at
6 months compared with 0 and 3 months (all P � .006)
and also had significantly lower BMI Z scores at 3 months
compared with 0 months (all P � .001). For weight and
height, there were significant effects of time (all P � .001).
Regardless of disease severity, children with OSAHS had
significantly higher weight at 6 months compared with 0
and 3 months (all P � .02); children with moderate dis-
ease had significantly higher weights at 3 months com-
pared with 0 months (P � .002). Regardless of disease
severity, children with OSAHS had significantly higher
heights at 6 months compared with 0 and 3 months (all
P � .03); children with moderate and severe disease had
significantly higher heights at 3 months compared with
0 months (all P � .001).

There were significant effects of time, group, and
group � time on SpO2

factors (all P � .046). At all time
points, children with severe disease had significantly lower
percentages of the lowest oxygen level compared with
children with mild disease (P � .007). At 0 and 6 months,
children with severe disease also had significantly lower
percentages of the lowest oxygen level compared with
children with moderate disease (P � .05). At all time
points, children with moderate and severe disease had sig-
nificantly lower percentages of SpO2

compared with chil-
dren with mild disease (P � .031).

After making adjustments for duration, age, AHI, time
spent at SpO2

� 90%, and BMI Z score, IGF-1 concentra-
tions were significantly decreased at 0 and 3 months after
surgery compared with those at 6 months after surgery.
After adjusting for time after surgery, age, AHI, time spent
at SpO2

� 90%, and BMI Z score, IGF-1 concentrations
significantly increased in subjects with a disease duration
of � 5 y compared with those with a duration of � 5 y.
After adjusting for time after surgery, disease duration,
AHI, time spent at SpO2

� 90% and BMI Z score, IGF-1
concentrations significantly decreased with every year of
age (Table 4).

After making adjustments for duration, age, AHI, time
spent at SpO2

� 90%, and BMI Z score, IGFBP-3 concen-
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trations significantly decreased with time after surgery at 0
and 3 months after surgery compared with 6 months after
surgery. After making adjustments for time after surgery,

disease duration, AHI, time spent at SpO2
� 90%, and BMI

Z score, IGFBP-3 concentrations significantly decreased
with every year of age. After adjusting for time after sur-

Table 3. Comparison of Variables by Disease Severity and Time After Surgery in Children With Obstructive Sleep Apnea-Hypopnea Syndrome

Variable and Disease Severity
Time After Surgery

Time Effect P Group Effect P
Group � Time

Effect P0 Months 3 Months 6 Months

AHI
Mild 8.46 � 1.13 4.15 � 2.31* 3.12 � 0.96* � .001 � .001 � .001
Moderate 16.02 � 2.58† 4.61 � 0.9* 4.02 � 1.00*
Severe 28.53 � 10.39†‡ 6.08 � 2.72* 5.05 � 1.66*

Lowest oxygen saturation
Mild 0.85 � 0.02 0.87 � 0.04 0.9 � 0.04*§ � .001 � .001 � .001
Moderate 0.77 � 0.05† 0.85 � 0.04* 0.88 � 0.04*§
Severe 0.7 � 0.08†‡ 0.82 � 0.06*† 0.85 � 0.05*†‡§

BMI Z score
Mild 0.5 � 1.15 0.45 � 1.15* 0.4 � 1.16*§ � .001 .90 .70
Moderate 0.62 � 1.52 0.57 � 1.5* 0.53 � 1.49*§
Severe 0.4 � 1.51 0.36 � 1.51* 0.32 � 1.51*§

Weight, kg
Mild 28.97 � 10.6 29.65 � 10.19 31.16 � 9.44*§ � .001 .81 .94
Moderate 26.92 � 10.56 27.77 � 10.06* 28.97 � 9.85*§
Severe 29.03 � 12.36 29.61 � 11.27 30.84 � 10.33*§

Height, cm
Mild 126.85 � 12.22 128.61 � 11.6 132.34 � 11.51*§ � .001 .43 .99
Moderate 120.95 � 13.08 123.28 � 13.57*126.36 � 14.45*§
Severe 123.3 � 15.46 125.34 � 13.44*128.83 � 13.18*§

Lowest oxygen level, %
Mild 84.76 � 2.28 86.82 � 3.99 89.71 � 4.37*§ � .001 � .001 � .001
Moderate 77.22 � 5.08† 85.17 � 3.91* 88.28 � 4.06*§
Severe 69.75 � 7.97†‡ 82.13 � 5.9*† 84.94 � 4.73*†‡§

SpO2
, %

Mild 87.77 � 1.39 92.51 � 2.52* 93.18 � 3.96* � .001 � .001 .006
Moderate 82.99 � 3.82† 89.24 � 2.25*† 90.63 � 4.87*†
Severe 79.31 � 3.62†‡ 87.57 � 3.89*† 89.91 � 3.22*†§

Time spent at SpO2
� 90%, %

Mild 61.18 � 26.09 21.08 � 23.93* 4.09 � 6.76*§ � .001 � .001 .05
Moderate 81.73 � 9.37† 22.91 � 18.63* 5.63 � 9.14*§
Severe 90.91 � 3.91† 33.99 � 30.16*†14.39 � 16*§

IGF-1, �g/L
Mild 93.82 � 37.52 150.12 � 81.44*281.88 � 147.47*§ � .001 .14 .21
Moderate 109.06 � 58.42 158.56 � 83.39*303.89 � 158.79*§
Severe 73.88 � 28.51 113.38 � 56.91 209.88 � 124.14*§

IGFBP-3, mg/L
Mild 1.76 � 0.57 2.48 � 0.78* 4.28 � 1.52*§ � .001 .10 .32
Moderate 1.67 � 0.72 2.27 � 0.87* 3.74 � 1.24*§
Severe 1.33 � 0.45 1.89 � 0.6* 3.38 � 1.16*§

Data are presented as mean � SD.
* Significant difference compared with 0 months (P � .05).
† Significant time point difference compared with mild disease severity of � 5 y (P � .05).
‡ Significant time point difference compared with moderate disease severity of � 5 y (P � .05).
§ Significant difference compared with 3 months (P � .05).
AHI � apnea-hypopnea index
BMI � body mass index
IGF-1 � insulin-like growth factor-1
IGFBP-3 � insulin-like growth factor-binding protein-3
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gery, disease duration, age, time spent at SpO2
� 90%, and

BMI Z score, IGFBP-3 concentrations significantly in-
creased with increases in AHI (see Table 4).

Discussion

In this study, we examined IGF-1 and IGFBP-3 con-
centrations in children with OSAHS before and after sur-
gical intervention. We then compared the concentrations
of these mediators of growth with regard to OSAHS dis-
ease duration and disease severity. To the best of our
knowledge, this is the first study to investigate the effect of
OSAHS duration on growth. After surgery (bilateral ton-
sillectomy and adenoidectomy or adenoidectomy), the con-
centrations of both IGF-1 and IGFBP-3 increased. Our
results also indicate that age and disease duration (but not
disease severity) may affect IGF-1 and IGFBP-3 concen-
trations in children with OSAHS before and after surgery.

Our findings that IGF-1 and IGFBP-3 concentrations
increased in children with OSAHS after adenoidectomy
and/or tonsillectomy are consistent with findings from sev-
eral other studies. For instance, Gümüssoy et al15 reported
that serum levels of IGF-1 and IGFBP-3 in children with
sleep-disordered breathing were significantly increased at
6 months after adenoidectomy and tonsillectomy. Like-
wise, Nieminen et al12 found that children with symptoms
of OSAHS who underwent adenoidectomy and tonsillec-
tomy had significantly higher IGF-1 and IGFBP-3 con-

centrations at 6 months after surgery compared with chil-
dren who did not undergo surgery. Bar et al16 also reported
that both IGF-1 concentrations and body weight were sig-
nificantly increased in children with OSAHS who under-
went adenoidectomy and tonsillectomy. These changes in
IGF-1 and IGFBP-3 and the significant improvements in
AHI and lowest oxygen saturation (indicating relief of
airway obstruction) emphasize the importance of surgical
intervention for the treatment of OSAHS in children.

We found that the mean serum concentrations of IGF-I
and IGFBP-3 significantly increased with time after sur-
gery (particularly between 3 and 6 months) and were sig-
nificantly lower among children with a disease duration of
� 5 y at each assessment point. These findings suggest
that children who have had OSAHS for a longer period of
time experience more pronounced perturbations in under-
lying mediators of growth. Furthermore, recovery of IGF-1
and IGFBP-3 concentrations after surgery is clearly much
slower in these children. Indeed, further study is needed to
determine how long it takes for IGF-1 and IGFBP-3 con-
centrations to recover fully in children with a disease du-
ration of � 5 y. Taken together, our findings regarding
disease duration lead us to suggest that prompt surgical
intervention may be of significant benefit to normalize
IGF-1 and IGFBP-3 concentrations (and thus help main-
tain normal growth) in children with OSAHS caused by
adenoidal and/or tonsillar hypertrophy. Further studies
should be conducted to determine whether delaying sur-

Table 4. Results of Multivariate Linear Mixed Model

� (SE) P

IGF-1
Time after surgery

0 months (reference of 6 months) �197.78 (38.23) � .001
3 months (reference of 6 months) �162.89 (20.58) � .001

Disease duration of � 5 y (reference of � 5 y) 79.13 (37) .038
Age �28.00 (8.89) .003
AHI 0.06 (1.52) .97
Time spent at SpO2

� 90% �52.97 (47.67) .27
BMI Z score �6.47 (7.85) .41

IGFBP-3
Time after surgery

0 months (reference of 6 months) �2.49 (0.36) � .001
3 months (reference of 6 months) �1.89 (0.18) � .001

Disease duration of � 5 y (reference of � 5 y) 0.42 (0.43) .33
Age �0.29 (0.1) .007
AHI 0.001 (0.01) .007
Time spent at SpO2

� 90% �0.7 (0.45) .94
BMI Z score 0.08 (0.09) .12

IGF-1 � insulin-like growth factor-1
AHI � apnea-hypopnea index
BMI � body mass index
IGFBP-3 � insulin-like growth factor-binding protein-3
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gical intervention could potentially impact the growth and
development of children or further aggravate the problems
of development in children with growth retardation.

Before surgery, we found that serum IGF-I and IGFBP-3
concentrations were near the lower limit of normal in chil-
dren with OSAHS. Of note, however, there were no sig-
nificant differences in IGF-1 and IGFBP-3 concentrations
regarding disease severity as determined by polysomnog-
raphy. Furthermore, after surgery, IGF-1 and IGFBP-3
concentrations increased over time to a similar extent, re-
gardless of disease severity. These findings suggest that
the severity of OSAHS, at least as determined by poly-
somnography, is not a major determinant of disease impact
on the important mediators of growth and development:
IGF-1 and IGFBP-3. In this context, surgery would appear
to be just as likely to benefit children with mild disease as
children with severe disease.

Bedogni et al17 found that IGF-1 concentrations rose
with increasing age in their cross-sectional study of 24,403
subjects 0–18 y old. Conversely, IGF-1 and IGFBP-3 con-
centrations decreased following surgery in our study as the
children aged (after making adjustments for time after sur-
gery, disease duration, AHI, time spent at SpO2

� 90%,
and BMI Z score). The findings of Blum et al11 may ex-
plain this phenomenon. They hypothesized that there may
be increased sensitivity of IGF-I regulation by growth hor-
mone for individuals who have reached puberty compared
with their prepubertal counterparts.

OSAHS is a progressive disease, and its severity can
change over time theoretically, but monitoring the entire
duration of the patient’s disease is currently not possible.
We can only determine children’s OSAHS severity at the
time of study visits. Children who had not entered puberty
have different IGF-1 and IGFBP-3 levels at different ages,
so different disease severities were compared horizontally
among the 3 groups. The age distribution of each group
must be balanced, so we conducted a statistical analysis to
minimize the impact of the age factor. In theory, when 2
groups with different disease durations are compared, the
impact of age factor can affect outcomes. Theoretically,
the greater the age, the higher the levels of IGF-1 and
IGFBP-3. However, the results we obtained from the sta-
tistical analyses showed that IGF-1 and IGFBP-3 levels in
older children (with longer disease durations) are lower
than those in younger children (with shorter disease dura-
tions). These data suggest that even with the age factors,
there are still significant differences between the 2 groups.

In clinical diagnosis, the first consideration of physi-
cians is often the impact of the severity of OSAHS on
complications. In the case of patients with the same dis-
ease duration, we assume that complications are usually
more severe in patients with severe OSAHS compared
with those in patients with mild disease. However, due to
complications of OSAHS such as chronic injuries, even in

patients with severe OSAHS of shorter durations, the dam-
age will not be necessarily greater than that for patients
with mild OSAHS of longer durations. Therefore, if one
considers the severity of the disease as an independent
factor, the results obtained above are also reasonable. As
we can see from the above analysis, determining the extent
of damage caused by complications of OSAHS by judging
one single factor is prone to subjective bias. Therefore,
disease duration should be taken into account to make a
more objective judgment.

IGF-1 and IGFBP-3 levels increased after intervention,
whereas BMI-Z scores decreased. Another study reported
a high correlation between age-adjusted and sex-adjusted
SD scores for IGF-I and leptin in obese children (modu-
lated by sex, pubertal stage, and body weight).10 Another
study found that weight and height gains exceeded expec-
tations in 75% of subjects, especially during the first year
following tonsillectomy.4 A review of 20 studies found
that standardized height and weight and IGF-1 and IGFBP-3
concentrations increased significantly after adenotonsillec-
tomy.7 Because BMI actually decreased in our study, this
suggests that surgical intervention had varying effects on
height and weight.

Our results concerning AHI and lowest oxygen satura-
tion are unsurprising in that these variables improved re-
gardless of disease duration or severity after surgery and
that AHI and lowest oxygen saturation at baseline differed
by disease severity. The improvement in AHI after surgery
was evident at 3 months; there was little change between
3 and 6 months. Interestingly, the recovery of lowest oxy-
gen saturation did seem to be affected by both time and
disease severity, with measures increasing with time after
surgery and generally being lower in children with severe
disease compared with those with mild disease.

This study has several limitations that warrant mention.
Although our analyses were appropriately powered, they
included a relatively small number of children. Further
larger scale studies are needed to confirm and extend the
findings presented herein. We chose to use the normal
reference ranges of IGF-1 and IGFBP-3 provided by
the manufacturer of the detection device. The length of
follow-up was limited to 6 months after surgery. Longer
term changes (ie, � 6 months) in IGF-1 and IGFBP-3
should be assessed, in addition to direct measures of growth
and development. Children with a disease duration of � 5 y
were significantly younger than those with a disease du-
ration of � 5 y. This age difference may have confounded
our analyses regarding disease duration. The subject co-
hort was composed of children who experienced OSAHS
onset at 3 y of age. Therefore, the data cannot necessarily
be extrapolated to children who experienced OSAHS with
earlier or later onsets. A final limitation is the retrospective
study design (retrospective analysis of prospective data).
Future prospective studies on this topic are needed to ob-
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viate the inherent biases and limitations associated with
retrospective studies.

Conclusions

In summary, OSAHS caused by adenoidal and/or ton-
sillar hypertrophy significantly reduces concentrations of
2 key mediators of growth and development in children:
IGF-1 and IGFBP-3. Adenoidectomy and/or tonsillectomy
significantly increased the concentrations of IGF-1 and
IGFBP-3, regardless of disease severity. Disease duration
was an important factor in the level of increase observed
in these parameters. Our findings suggest that OSAHS-
related perturbations in IGF-1 and IGFBP-3 are more pro-
nounced and slower to recover in children with a longer
disease duration. Prompt treatment may help alleviate the
potential impact of the aforementioned changes on growth
and development.
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