
Growth After Adenotonsillectomy for Obstructive Sleep
Apnea: An RCT

WHAT’S KNOWN ON THIS SUBJECT: Growth failure has been
frequently reported in children who have obstructive sleep apnea
syndrome (OSAS) owing to adenotonsillar hypertrophy.
Adenotonsillectomy (AT) has been reported to accelerate weight
gain in children who have OSAS in nonrandomized uncontrolled
studies.

WHAT THIS STUDY ADDS: This randomized controlled trial of AT
for pediatric OSAS demonstrated significantly greater weight
increases 7 months after AT in all weight categories. AT
normalizes weight in children who have failure to thrive, but
increases risk for obesity in overweight children.

abstract
BACKGROUND AND OBJECTIVES: Adenotonsillectomy for obstructive
sleep apnea syndrome (OSAS) may lead to weight gain, which can have
deleterious health effects when leading to obesity. However, previous
data have been from nonrandomized uncontrolled studies, limiting
inferences. This study examined the anthropometric changes over
a 7-month interval in a randomized controlled trial of adenotonsillec-
tomy for OSAS, the Childhood Adenotonsillectomy Trial.

METHODS: A total of 464 children who had OSAS (average apnea/hypopnea
index [AHI] 5.1/hour), aged 5 to 9.9 years, were randomized to Early
Adenotonsillectomy (eAT) or Watchful Waiting and Supportive Care
(WWSC). Polysomnography and anthropometry were performed at
baseline and 7-month follow-up. Multivariable regression modeling was
used to predict the change in weight and growth indices.

RESULTS: Interval increases in the BMI z score (0.13 vs 0.31) was observed
in both the WWSC and eAT intervention arms, respectively, but were
greater with eAT (P , .0001). Statistical modeling showed that BMI
z score increased significantly more in association with eAT after consid-
ering the influences of baseline weight and AHI. A greater proportion of
overweight children randomized to eAT compared with WWSC developed
obesity over the 7-month interval (52% vs 21%; P, .05). Race, gender, and
follow-up AHI were not significantly associated with BMI z score change.

CONCLUSIONS: eAT for OSAS in children results in clinically significant
greater than expected weight gain, even in children overweight at baseline.
The increase in adiposity in overweight children places them at further risk
for OSAS and the adverse consequences of obesity. Monitoring weight, nu-
tritional counseling, and encouragement of physical activity should be con-
sidered after eAT for OSAS. Pediatrics 2014;134:282–289
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Adequate growth trajectory is an impor-
tant measure of wellness in children.
Growth failure has been frequently
reported (27%–56%) in children who
have obstructive sleep apnea syn-
drome (OSAS).1–5 Adenotonsillar hy-
pertrophy is the primary cause of OSAS
in children, and is usually treated with
adenotonsillectomy (AT). AT has been
reported to accelerate weight6–14 in
children with baseline failure to thrive
(FTT),1,3,4,15 normalweightpatients,9,11,14,16–20

obese individuals,9,13,16,21,22 and infants.10

The majority of studies also have dem-
onstrated an increase in the height
growth rate after AT for OSAS,3,6,11,17,23,24

but other studies reported no significant
differences.9,12 Whereas accelerated
weight gain post-AT is likely beneficial in
the setting of baseline FTT, an exagger-
ated increase in adiposity in overweight
children could increase their risk for
OSAS recurrence and obesity-related
morbidity.

The current study uses longitudinal
anthropometric data froma large-scale,
randomized controlled trial of AT for
polysomnographically verified OSAS in
a diverse sample of prepubertal chil-
dren. The primary aim of the study is to
determine if AT for OSAS leads to weight
gain in children across a wide range of
BMI. The secondary goal is to assess the
influence of race, baseline weight, OSAS
severity, and residual OSAS on growth
after AT. Identifying children at risk for
obesity after AT has considerable im-
portance owing to the adverse conse-
quences of childhood obesity.25

METHODS

Study Sample and Recruitment

A detailed description of thismulticenter,
single-blind, randomized controlled trial
of AT for OSAS in children has been
published26 and the primary cognitive
and behavioral outcomes have been
reported.27 The influence of ATon growth
was an a priori secondary outcome for
this study. Briefly, children referred for

evaluation of OSAS, tonsillar hypertro-
phy, or frequent snoring were recruited
primarily from general pediatric, sleep,
and otolaryngology clinics, as well as
other community sources from January
2008 to September 2011 (Fig 1). Children
were eligible for study entry if they were
5 to 9.9 years of age, had a history of
snoring, tonsillar hypertrophy, and were
considered to be surgical candidates for
AT by an otolaryngologist. Exclusion cri-
teria included a history of recurrent
tonsillitis, extreme obesity (BMI z score
$3), therapy for failure to thrive, medi-
cations for psychiatric or behavioral
disorders (including attention deficit
hyperactivity disorder), developmental
delays requiring school accommoda-
tions, and known genetic, craniofacial,
neurologic, or psychiatric conditions
likely to affect the airway, cognition, or
behavior. Children were screened fur-

ther by standardized polysomnography
(PSG). ChildrenwhohadOSAS, defined as
an obstructive apnea-hypopnea index
(AHI) between 2 and 30/hour or an ob-
structive apnea index between 1 and 20/
hour, and without prolonged oxygen
desaturation time (arterial oxygen satu-
ration [SpO2] ,90% that was ,2% of
total sleep time) were eligible for study
participation.

Children were randomized to either
early adenotonsillectomy (eAT; surgery
within 4 weeks of randomization) or to
Watchful Waiting with Supportive Care
(WWSC). Repeat PSG and anthropome-
try were performed at approximately 7
months after randomization. The study
was approved by the Institutional Re-
viewBoardof each institution. Informed
consent was obtained from caregivers,
and assent from children $7 years of
age.

FIGURE 1
Flow diagram of subject enrollment for whom anthropometric data were available.
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Protocol

Anthropometric measurements were
obtained at baseline and at 7-month
follow-upusing a standardizedprotocol
by centrally trained and certified per-
sonnel. Measurements were made by a
2-member team that included a “mea-
surer” and a “recorder.” All children
underwent full, in-laboratory PSG by
study-certified technicians according
to a standardized protocol, using sim-
ilar sensors, and following American
Academy of Sleep Medicine guide-
lines.28 The AHI was defined as the
numbers of obstructive apnea and
hypopneas per hour of sleep. The arousal
index was defined as the number of
electrocortical arousals per hour of
sleep. The oxygen desaturation index
(ODI) was defined as the number of 3%
oxygen desaturation per hour of sleep.
The sleep duration and physical activity
levels of each child were determined by
parental questionnaire at the baseline
visit. Weight classification definitions
were based on percentiles for age and
gender as follows: FTT,,5th percentile;
normal, $5th and ,85th; overweight,
$85th and,95th; and obese,$95th.29

Statistical Considerations

Comparisons of demographic, sleep,
activity, and polysomnographic data
within and between groups were con-
ducted by using unpaired t tests or x2

and Fisher’s exact tests. The primary
outcome was change in BMI z score,
with secondary analyses examining
change in absolute BMI, weight, weight
z score, height, height z score, and BMI
and Weight velocities (change in vari-
able per time in years). The primary
analysis was an intention to treat
analysis comparing anthropometric
outcomes in children randomized to
eAT versus WWSC (noted as interval
change between groups). Analyses
were adjusted for factors that included
site, age (5 to 7 vs 8 to 9 years), race
(African American versus other), base-

line weight status (overweight versus
non-overweight), gender, season, and
baseline AHI. A series of multivariable
regression models were used to also
consider the possible influences of
physical activity, sleep duration, and
various polysomnographic indices.
Secondary analyses also examined
groups defined according to therapy
received (eAT versus WWSC) and
according to resolution of OSAS at
follow-up (AHI ,2/hours and obstruc-
tive apnea index ,1/hour) and tested
for the presence of effect modification
of treatment group with race, age,
weight status, and gender. Analyses
were conducted for the raw and z
scores for weight, height, and BMI.
Group differences were analyzed 3
ways; as an intention to treat analysis,
as an analysis based on actual treat-
ment received, and according to reso-
lution of OSAS. Variables with highly
skewed distributions were log trans-
formed for analysis. Exploratory anal-
yses were performed by using the
reported sleep duration, daily running
duration, and polysomnographic var-
iables. Owing to the large number of
0 values, the percentage of time with
an oxygen saturation ,90% was in-
cluded in the models as a binary
variable (0 vs .0). Analyses were
performed by using SAS 9.3 (SAS In-
stitute, Inc, Cary, NC).

RESULTS

Figure 1 demonstrates the flow of par-
ticipants. Baseline anthropometric,
sleep, and activity characteristics were
not significantly different between in-
tervention groups (Table 1). Approxi-
mately half of the subjects were
overweight or obese. Follow-up anthro-
pometric data were available for 98%
of participants. Only 14 children were
considered FTT at baseline (7 eAT, 7
WWSC). Initial analyses indicated that
patterns of growth change were similar
for FFT and normal weight children, and

for overweight and obese children.
Therefore, the weight classification data
are reported as a binary variable, not
overweight (,85th percentile) and
overweight or obese ($85th percentile).

Baseline polysomnographic data were
not significantly different between
intervention groups (Table 2). At follow-
up, the eAT group had greater reduc-
tions compared with the WWSC group
in the AHI, arousal index, rapid eye
movement (REM) ODI, and the per-
centage of sleep time ,95% oxygen
saturation (Table 2).

Weight/BMI

The weight, weight z scores, BMI, and
BMI z scores all increased during the
study interval in both the eATandWWSC
groups (Table 3). After adjusting for
baseline weight status and other
covariates, regression modeling dem-
onstrated that eATwas associated with
a significantly larger increase in the
weight, weight velocity, weight z scores,
BMI, BMI velocity, and BMI z scores,
compared with the WWSC group. Mul-
tivariable regression modeling fur-
thermore showed that BMI z score
change was independently and posi-
tively associated with eAT, baseline BMI
,85% percentile, and baseline but not
follow-up AHI. After considering these
variables, BMI z score change was not
associated with age, gender, or race
(Table 4). Exploratory models did not
identify BMI z score change to be as-
sociated with reported duration of
sleep or daily running activity. Of the
polysomnographic measures, only the
baseline REM ODI and decrease in REM
ODI had a significant positive relation-
ship to the interval change in the BMI
z score (after adjusting for baseline AHI).
There was no evidence of interactions
between intervention arm and baseline
weight status, race, age, or gender. The
findings for the weight z score were
generally similar to the BMI z score in all
regression models.
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Therewere 14 childrenwhoweredefined
as FTT at baseline (7 eATand 7 WWSC). In
the eAT group, all 7 of these children in-
creased their weight z scores at follow-
up (P , .05), and entered the normal

range. In the WWSC group, 5/7 of the FTT
children increased theirweight z score, 3
of whom entered the normal range (P =
.13). Considering children who had
a normal BMI, 16 children (15%) in the

eAT group became overweight at follow-
up, compared with 17 (17%) in the WWSC
group (P = .72). Considering only chil-
dren who were overweight at baseline,
14 (52%) in the eAT group became obese
at follow-up, compared with only 5 (21%)
in the WWSC group (P , .05). Both chil-
dren,10th percentile and between the
10th and 85th percentile had a signifi-
cant increase in the BMI z score in the
eAT group compared with the WWSC
group (Fig 2A). Children who were over-
weight at baseline and randomized to
eAT had a larger absolute BMI change
compared with comparable children
randomized to WWSC (Fig 2B). Table 5
further shows the absolute weight
change as a function of age, treatment
group, and baseline weight.

Height

An increase in height over the 7-month
follow-upperiodwasobservedinboththe
eAT and WWSC groups. The follow-up
height z score was slightly but signifi-
cantly higher in the eAT group (Table 3).
However, the interval changes in height
and height z score, as well as the height
velocity measures (data not shown)
were not significantly different between
the eATandWWSC groups. Height change
was not associated with age, race, gen-
der, treatment arm, site, weight status,
baseline AHI, or follow-up AHI.

Other Secondary Analyses

Approximately 5% of children did not
receive the assigned intervention do
to parental preferences or treatment
failure. There were no significant dif-
ferences between the intention-to-treat
analysis and that based on actual in-
tervention received. Analyzing the
changes in height, weight, and BMI as a
“velocity” (expressed as changes over
the individual time intervals between
measurements) was comparable to
the primary analyses. In an alternative
analysis, children whose OSAS re-
solved did not differ in regard to change

TABLE 1 Demographic, Sleep, and Activity Data

eAT (n = 204) WWSC (n = 192) P value

Age (y) 7.03 (1.41) 6.99 (1.39) .73
Gender (% female) 54 49 .12
Race (% African American) 55 54 .74
Failure to thrive (%)
Baseline 3.4 3.6 .58
Follow-up 0.9 2.2 .25
Interval change P value .055 .766 .38

Overweight and obese (%)
Baseline 47.4 46.7 .89
Follow-up 51.8 48.7 .51
Interval change P value .34 .67 .15

Obese (%)
Baseline 32.7 33.5 .87
Follow-up 36.7 35.0 .69
Interval change P value .37 .74 .57

Sleep duration (h)
Baseline 9.46 (1.54) 9.59 (1.39) .40
Follow-up 9.38 (1.28) 9.56 (1.30) .17
Interval change P value .48 .98 .64

Running (min/d)
Baseline 5.22 (11.33) 7.38 (12.40) .05
Follow-up 6.76 (11.94) 7.62 (12.82) .49
Interval change P value .07 .63 .44

Mean (SD).

TABLE 2 Polysomnographic Data

eAT (n = 204) WWSC (n = 192) P value

Apnea/hypopnea index (events/h)
Baseline 5.22 (2.05) 5.00 (2.12) .46
Follow-up 0.71 (4.22) 2.12 (5.47) ,.0001
Interval change P value ,.0001 ,.0001 ,.0001

Arousal index (events/h)
Baseline 8.08 (1.43) 7.85 (1.45) .30
Follow-up 6.69 (1.42) 7.69 (1.57) .0007
Interval change P value ,.0001 .64 ,.0001

Slow wave sleep (% TST)
Baseline 31.5 (7.2) 31.6 (7.6) .84
Follow-up 29.9 (7.0) 30.9 (6.8) .14
Interval change P value .01 .08 .48

REM sleep (% TST)
Baseline 18.6 (4.2) 18.2 (4.3) .24
Follow-up 18.7 (4.0) 17.8 (4.2) .04
Interval change P value .85 .36 .61

ODI in REM #3% (events/h)
Baseline 10.6 (3.3) 9.1 (3.6) .21
Follow-up 3.9 (6.0) 6.5 (3.9) ,.0001
Interval change P value ,.0001 .0008 ,.0001

Oxygen saturation #95%
(% of total sleep time)
Baseline 1.8 (5.8) 1.7 (5.8) .73
Follow-up 0.8 (6.0) 1.4 (5.5) .004
Interval change P value ,.0001 .023 .012

Mean (SD).
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in anthropometric variables compared
with children who did not have resolution
of OSAS.

DISCUSSION

This randomized controlled trial of eAT
for polysomnographically confirmed
pediatric OSAS revealed significantly
greater increases in weight and BMI z

score 7 months after AT as compared
with WWSC. After adjusting for de-
mographic variables and overweight
status at baseline, eAT was associated
with an average increase in BMI z score
of 0.12 U compared with WWSC. Fur-
thermore, we observed no evidence of
a significant interaction between inter-
vention group and baseline overweight

status on change in BMI, indicating that
BMI increases associated with eAT
occurred in both overweight and non-
overweight children. However, over-
weight but not normal weight children
randomized to eAT were more likely to
become obese at follow-up compared
with children randomized to WWSC.
Overweight and obese children also had
an increase in the absolute BMI in the
eAT compared with the WWSC group.
Although not statistically significant,
children who were initially classified as
FFT tended to be more likely to develop
a normal weight when treated with eAT
as compared with WWSC. There was no
evidence that the influence of eATvaried
by gender, race, age, or baseline OSAS
severity. Thus, these findings are con-
sistent in demonstrating greater in-
creases in weight in the 7 months after
eAT compared with WWSC, and suggest
that eAT results in a small overall in-
crease in weight in children regardless
of their baseline weight. Thus, in chil-
dren who are initially FFT, eAT may have
a positive effect on reaching targeted
weight goals. In contrast, in children
who are overweight at baseline, eAT
may increase the short-term likelihood
of developing obesity.

Several previous studies have also
reported excessive weight gain post-AT
in obese and non-obese children.16,21,22

Weight gain measured using population
z scores has been reported to increase
after AT in some uncontrolled studies,12

but not others.30–32 However, the ob-
servation that untreated children in
the WWSC group also significantly in-
creased their weight and BMI z scores
during the 7-month follow-up interval
underscores the importance of the
randomized controlled design of the
study in quantifying treatment effects.
Previous longitudinal population-based
anthropometric studies have observed
that school-aged children are in-
creasing their BMI z score over time.33

The explanation for the increasing

TABLE 3 Anthropometric Measures in the Early Adenotonsillectomy Compared With the Watchful
Waiting Group at Baseline and Follow-up

eAT (n = 204) WWSC (n = 192) Unadjusted P P value 1 P value 2

Wt (kg)
Baseline 31.21 (12.96) 30.45 (12.37) .524
Follow-up 34.58 (14.11) 32.76 (12.60) .175
P value ,.0001 ,.0001
Interval change between groups .005 .004 .013

Wt (z score)
Baseline 1.02 (1.32) 0.99 (1.23) .748
Follow-up 1.20 (1.22) 1.03 (1.16) .152
P value ,.0001 ,.0001
Interval change between groups .003 .001 .001

BMI (kg/m2)
Baseline 19.10 (5.02) 18.92 (4.80) .682
Follow-up 19.98 (5.27) 19.27 (4.72) .157
P value ,.0001 ,.0001
Interval change between groups .015 .014 .026

BMI (z score)
Baseline 0.87 (1.35) 0.87 (1.25) .998
Follow-up 1.18 (1.21) 1.00 (1.27) .163
P value ,.0001 ,.0001
Interval change between groups .004 .003 .003

Height (cm)
Baseline 125.5 (11.30) 124.8 (10.76) .503
Follow-up 129.2 (11.17) 128.5 (10.57) .479
P value ,.0001 ,.0001
Interval change between groups .113 .068 .070

Height (z score)
Baseline 0.69 (1.02) 0.62 (0.99) .445
Follow-up 0.74 (1.02) 0.62 (0.96) .235
P value .0022 .2612
Interval change between groups .412 .371 .295

P value 1 adjusts for site, race (African American vs non-African American), age (5–7 vs 8–10 y), and weight (,85th vs$85th
percentile).
P value 2 adjusts for site, race (African American vs non-African American), age (5–7 vs 8–10 y), and weight (,85th vs$85th
percentile), gender, season (August to November vs other), baseline Log (AHI), and baseline value of outcome variable.
Mean (SD)

TABLE 4 Regression Modeling to Predict the Change in BMI z score

Variable Model 1 Model 2 Model 3

b SE p b SE p b SE p

eAT 0.121 0.04 .0031 0.116 0.04 .0039 0.136 0.04 .0019
Race (African American) 0.26 0.04 .545 0.005 0.04 .9141 0.021 0.04 .629
Weight ,85% 0.206 0.04 ,.0001 0.211 0.04 ,.0001 0.206 0.04 ,.0001
Age (5 to 7 y) 0.054 0.05 .281 0.05 0.05 .308 0.055 0.05 .272
Gender 20.024 0.04 .563
Baseline AHI 0.081 0.03 .004
Follow-up AHI 0.012 0.01 .397

Recruitment site was not a significant variable (not shown). Age variable was 5 to 7 vs 8 to 10 years.
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incidence of obesity has been attributed
to a shift toward sedentary lifestyles
and high caloric food choices. Never-
theless, children in the eAT group had
greater increases in weight and BMI z
scores compared with WWSC controls
over the study interval, suggesting that
AT has an independent effect on weight
gain in this population. Analyses
showed that non-obese children had the
greatest increases in BMI z score after
AT, consistent with previous studies.34

Nevertheless, increases in the absolute
BMI were also observed in the over-
weight and obese children, and over-
weight children treated with eAT were
the ones most likely to develop obesity.
Thus, the risk for worsening overweight
and obesity after AT should be incor-
porated into the preoperative counsel-
ing for at-risk children.

Significant increases in height z scores
after adenotonsillectomy for pediatric
OSAS have been reported in many
studies,3,11,14,16,18 but not others.9,12 Our
results demonstrated no significant
differences between the eAT and WWSC
groups with regard to postoperative
height, although in the eAT group there
was a significant increase in the height
z score after 7 months. Linear height is
generally more resistant to changes in
nutrition and growth hormone dysre-
gulation than body weight. Also, 1 study
reported that an increase in height
post-AT was observed in the second
6-month postoperative period, but not
the first.14 Furthermore, a study with
a 5-year follow-up demonstrated a sig-
nificantly increased height post-AT.35

Nevertheless, the observation that only
the eAT group had a statistically sig-
nificant increase in the height z scores
over the study interval suggests that
perhaps an association would be ob-
served in a larger population of chil-
dren, with more severe OSAS, or over
a longer postoperative interval.

Thebaseline AHIwaspositively correlated
with increases inweight and BMI z scores
during the study interval regardless of
treatment group or baseline BMI. There
are 2 broad mechanisms by which OSAS

could mediate alterations in growth.
First, the intermittent hypoxemia associ-
ated with OSAS may result in metabolic
compensation that aims to maintain ad-
equate growth. With improvement of
OSAS severity (which was seen in both
treatment arms), thismetabolic adaption
may predispose toward excessive weight
gain. We indeed observed a relationship
between the baseline REM ODI and
change in the REM ODI with growth.
Second, children who have OSAS may
consume excessive calories in the setting
of disrupted metabolism or insufficient
sleep.36 Once the OSAS has been treated,
the hormonal dysregulation resolves in
the setting of continued high caloric in-
take. The mechanisms by which AT
results in increased weight gain in chil-
dren who have OSAS include increased
caloric intake,3 unhealthy food choices,7

decreased caloric expenditure owing to
lower work of breathing, resolution of
intermittent hypoxemia, and increased
growth hormone secretion. Hyperactivity
and total daily activity are also reported
to decrease after AT, thus potentially
contributing to a higher BMI z score.
Differences in the work of breathing
resulting in changes in energy expendi-
ture over the course of the study may
also explain the greater weight gain in
children who had a higher baseline AHI.
Finally, several studies have reported
increases in growth velocity after AT in
children who had recurrent adeno-
tonsillitis.8,35 The decreased number of
tonsillitis episodes post-AT may reduce
inflammation, thereby improvinggrowth.12

However, it is possible that some of the
children in these studies with recurrent
infection also had unrecognized OSAS.
Alternatively, chronic inflammation per
se may mediate the growth-inhibiting
effects of adenotonsillar enlargement.

Amin et al reported that 1 year after AT
for OSAS, the BMI increased more in the
children who had recurrence of OSA
afterresolutionof theirapneameasured
6 weeks after AT.25 In our study, children

FIGURE 2
Change in the A, BMI z score, and B, absolute BMI
for both treatment groups as a function of
baseline BMI z score percentile. The change in
BMI z score for children who had a baseline BMI
z score either ,10% or between the 10th and
85th percentile was significantly increased in
the eAT group compared with the WWSC group.
The absolute change in BMI for children who had
a baseline BMI z score .85th percentile was
significantly greater in the eAT group compared
with the WWSC group.

TABLE 5 Average Weight (kg) Gain Over 7-Month Study Interval

Age (y) eAT (n = 204) WWSC (n = 192)

5 6 7 8 9 5 6 7 8 9

FTT 2.4 2.8 NA 0 NA 1.1 1.4 NA NA NA
,10th 2.2 2.3 2.2 2.6 NA 1.2 1.6 1.7 1 3.1
Normal 2.5 2.4 2.9 2.4 3 2 2.2 2.5 1.7 3
Overweight 3.6 2.5 3.9 2.7 6.8 1.6 1.7 4.1 3.9 3.9
Obese 4 5.1 4.5 4 4.7 2.6 3.4 4.7 4.3 4

FTT, ,5th percentile; ,10th, weight less than the 10th percentile; NA, not available.
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who had a higher AHI at baseline, and in
particular those who had an elevated
REM ODI, had greater postoperative
increases in their ponderal indices 7
months after AT. However, there was
no significant association between
changes in any anthropometric mea-
sure and follow-up AHI, or between
children with or without OSAS resolu-
tion. This paradox may be explained by
several mechanisms. First, the AHI may
not fully define the severity of OSAS.
More precise measures of respiratory
effort, such as esophageal manometry,
were not made during this study and
therefore airflow limitation unasso-
ciated with obstruction may have been
missed. Secondly, changes in AHI and
BMI are correlated, which may limit the
ability to discern longitudinal associa-
tions between changes in those mea-
sures.37 Third, Amin et al observed
a significant increase in the AHI from the
6-month to the 12-month time point,
whereas our study followed children
only 6 months postoperatively.

There are several limitations of the
study that may have influenced our

interpretation of the results. First, the
follow-up study interval was limited to
only 7 months and therefore it is pos-
sible that greater changes in anthro-
pometric measures, especially height,
would have been seen with a longer
follow-up period. Conversely, it is un-
knownwhether the observed increases
in weight z scores will be sustained
long-term. Second, we primarily used
BMI z scores, which may lead to a
“ceiling effect” for children who have
high baseline BMI in longitudinal
studies.38 That is, for children who have
a high BMI z score at baseline, large
increases in BMI result in small addi-
tional increases in the BMI z score. We
thus performed an additional analysis
using absolute BMI changes along with
age in the regression model to estab-
lish that excessive weight gain was
also observed in obese children.

CONCLUSIONS

This is the first study to evaluate the
effect of eAT for OSAS on anthropo-
metric variables using a randomized
controlled design including laboratory-

based PSG. eAT resulted in greater
increases in weight and BMI z scores in
generally healthy 5- to 9.9-year-old
children who had OSAS than did
WWSC. Particularly, increases in the
BMI z score were observed after AT in
children who had FTT, normal weight,
and overweight. Notably, 51% of over-
weight children randomized to eAT be-
came obese after eAT over the study
interval. OSAS has been shown to have
important adverse effects on energy
balance and metabolism, and this
study suggests that these changes
are at least partially reversible after
treatment. However, the observation
that increases in the BMI z score were
observed even in overweight children
after AT suggests that monitoring
weight, nutritional counseling, and en-
couragement of physical activity are
important considerations after surgi-
cal intervention for OSAS in children.

ACKNOWLEDGMENTS
We thank Xiaoling Hou and Yutuan Gao
for their assistance with SAS program-
ming.

REFERENCES

1. Brouillette RT, Fernbach SK, Hunt CE. Ob-
structive sleep apnea in infants and chil-
dren. J Pediatr. 1982;100(1):31–40

2. Bonuck K, Parikh S, Bassila M. Growth
failure and sleep disordered breathing:
a review of the literature. Int J Pediatr
Otorhinolaryngol. 2006;70(5):769–778

3. Selimo�glu E, Selimo�glu MA, Orbak Z. Does
adenotonsillectomy improve growth in chil-
dren with obstructive adenotonsillar hyper-
trophy? J Int Med Res. 2003;31(2):84–87

4. Williams EF, Woo P. MIller R, Kellman RM.
The effects of adenotonsillectomy on
growth in children. Otolaryngol Head Neck
Surg. 1991;104:509–516

5. Guilleminault C, Korobkin R, Winkle R. A re-
view of 50 children with obstructive sleep
apnea syndrome. Lung. 1981;159(5):275–287

6. Fernandes AA, Alcântara TA, D’Avila DV, D’Avila
JS. Study of weight and height development
in children after adenotonsillectomy. Braz J
Otorhinolaryngol. 2008;74(3):391–394

7. Gkouskou KK, Vlastos IM, Hajiioannou I,
Hatzaki I, Houlakis M, Fragkiadakis GA. Di-
etary habits of preschool aged children
with tonsillar hypertrophy, pre- and post-
operatively. Eur Rev Med Pharmacol Sci.
2010;14(12):1025–1030

8. Kiris M, Muderris T, Celebi S, Cankaya H,
Bercin S. Changes in serum IGF-1 and
IGFBP-3 levels and growth in children fol-
lowing adenoidectomy, tonsillectomy or
adenotonsillectomy. Int J Pediatr Oto-
rhinolaryngol. 2010;74(5):528–531

9. Bar A, Tarasiuk A, Segev Y, Phillip M, Tal A.
The effect of adenotonsillectomy on serum
insulin-like growth factor-I and growth in
children with obstructive sleep apnea
syndrome. J Pediatr. 1999;135(1):76–80

10. Greenfeld M, Tauman R, DeRowe A, Sivan Y.
Obstructive sleep apnea syndrome due to
adenotonsillar hypertrophy in infants. Int
J Pediatr Otorhinolaryngol. 2003;67(10):
1055–1060

11. Ahlqvist-Rastad J, Hultcrantz E, Melander H,
Svanholm H. Body growth in relation to
tonsillar enlargement and tonsillectomy. Int
J Pediatr Otorhinolaryngol. 1992;24(1):55–
61

12. Aydogan M, Toprak D, Hatun S, Yüksel A,
Gokalp AS. The effect of recurrent tonsillitis
and adenotonsillectomy on growth in
childhood. Int J Pediatr Otorhinolaryngol.
2007;71(11):1737–1742

13. Camilleri AE, MacKenzie K, Gatehouse S. The
effect of recurrent tonsillitis and tonsillec-
tomy on growth in childhood. Clin Otolar-
yngol Allied Sci. 1995;20(2):153–157

14. Ersoy B, Yücetürk AV, Taneli F, Urk V, Uyanik
BS. Changes in growth pattern, body com-
position and biochemical markers of
growth after adenotonsillectomy in pre-
pubertal children. Int J Pediatr Oto-
rhinolaryngol. 2005;69(9):1175–1181
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