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  BACKGROUND:    Adenotonsillectomy (AT) is commonly performed for childhood OSA syndrome 

(OSAS), but little is known about prognosis without treatment. 

  METHODS:    Th e Childhood Adenotonsillectomy Trial (CHAT) randomized 50% of eligible 

children with OSAS to a control arm (watchful waiting), with 7-month follow-up symptom 

inventories, physical examinations, and polysomnography. Polysomnographic and symptom-

atic resolution were defi ned respectively by an apnea/hypopnea index (AHI)  , 2 and obstruc-

tive apnea index (OAI)  , 1 and by an OSAS symptom score (Pediatric Sleep Questionnaire 

[PSQ])  ,  0.33 with  �  25% improvement from baseline. 

  RESULTS:    Aft er 194 children aged 5 to 9 years underwent 7 months of watchful waiting, 82 (42%) 

no longer met polysomnographic criteria for OSAS. Baseline predictors of resolution included 

lower AHI, better oxygen saturation, smaller waist circumference or percentile, higher-

positioned soft  palate, smaller neck circumference, and non-black race (each  P   ,  .05). Among 

these, the independent predictors were lower AHI and waist circumference percentile  ,  90%. 

Among 167 children with baseline PSQ scores  �  0.33, only 25 (15%) experienced symptom-

atic resolution. Baseline predictors were low PSQ and PSQ snoring subscale scores; absence 

of habitual snoring, loud snoring, observed apneas, or a household smoker; higher quality of 

life; fewer attention-defi cit/hyperactivity disorder symptoms; and female sex. Only lower PSQ 

and snoring scores were independent predictors. 

  CONCLUSIONS:    Many candidates for AT no longer have OSAS on polysomnography after 

7 months of watchful waiting, whereas meaningful improvement in symptoms is not common. 

In practice, a baseline low AHI and normal waist circumference, or low PSQ and snoring 

score, may help identify an opportunity to avoid AT. 
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  More than 500,000 adenotonsillectomies (ATs) are per-

formed annually in the United States.  1   Many nonrandom-

ized studies  2-7   and one multicenter, randomized clinical 

trial—the Childhood Adenotonsillectomy Trial 

(CHAT)  8  —have indicated that OSAS treatment improves 

behavior, sleepiness, symptoms, and quality of life (QoL). 

However, given the frequency of AT and the potential 

for serious, if uncommon, complications,  9,10   surprisingly 

little is known about the natural history of childhood 

OSAS in the absence of treatment. Without surgery, habitual 

snoring resolves in one-half to two-thirds of aff ected 

children within 1 to 3 years.  11-13   Studies of documented 

OSAS, however, have been small, and focused mainly on 

risk that untreated OSAS might worsen over time,  13,14   

rather than spontaneous resolution of untreated OSAS. 

 Th e CHAT study randomized just over 200 OSAS 

subjects to “watchful waiting and supportive care” for 

 Materials and Methods 
 Participants 

 The CHAT design has been described previously,  8,15   and additional 

details relevant to the present study are available in the online supple-

ment ( e-Appendix 1 ). Institutional review board approvals ( e-Table 1 ), 

consent from caregivers, and assent from children aged  �  7 years were 

obtained.   Participants aged 5 to 9 years, recruited from pediatric sleep 

clinics and otolaryngology practices, had an obstructive apnea/hypop-

nea index (AHI)  �  2 events per hour of sleep, or an obstructive apnea 

index (OAI)  �  1. Exclusion criteria included severe OSAS (AHI  .  30, 

OAI  .  20, or oxygen saturation  ,  90% for  �  2% of total sleep time), recur-

rent tonsillitis, a BMI  z  score  �  3, or medication for attention-defi cit/

hyperactivity disorder (ADHD). Among 453 children randomized in 

CHAT, 194 had complete follow-up, remained untreated surgically, and 

provided data for the current analyses. 

 Outcomes 

 Objective resolution of OSAS was defined as an AHI  ,  2 and an 

OAI  ,  1 on PSG at 7-month follow-up. PSG followed standard guide-

lines, as did centralized scoring using pediatric criteria.  8,15,16   Resolution 

of OSAS symptoms was defi ned by scores on the caregiver-completed 

Pediatric Sleep Questionnaire Sleep-Related Breathing Disorder (PSQ-

SRBD) scale. Th is well-validated  17,18   symptom inventory includes 22 items 

on snoring; other symptoms of obstructed breathing; observed apneas; 

ancillary symptoms such as mouth breathing; sleepiness; and behavioral 

symptoms. Component scores include subscales for sleepiness, snoring, 

and behavior. Substantive resolution of OSAS symptoms was defi ned 
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by a total PSQ-SRBD score  �  0.33 at baseline,  17    ,  0.33 at 7-month 

follow-up, and at least 25% below baseline at follow-up. 

 Explanatory Variables 

 Variables tested for ability to predict spontaneous resolution of OSAS 

included demographic, history, physical examination, and polysomno-

graphic fi ndings. History data included several symptoms from the PSQ-

SRBD scale, the subscales described in the previous section, and the 

total score. Additional variables included caregiver report of allergies, 

nasal allergies more specifi cally, frequent colds or upper respiratory 

infections, asthma, frequent ear infections, attention-defi cit disorder or 

ADHD, nasal steroids, montelukast, or a current smoker in the house-

hold. Global QoL was assessed by the Pediatric Quality of Life Inventory 

(PedsQL) caregiver version as well as the child version, with higher 

scores indicating better QoL.  19,20   Behavior was assessed by the Conners 

Rating Scale Revised: Long Version ADHD and hyperactivity T scores.  21   

 Physical examinations generated BMI  z  scores,  8   waist circumference,  22   

waist circumference percentiles,  23   and classifi cation of tonsil size as 

 ,  50% vs  .  50% of the oropharyngeal cross-sectional area. Th e tongue 

and palatal position were classifi ed as Friedman class I or II vs class III 

or IV,  24   and also as Mallampati class I or II vs III or IV.  25   Neck circumfer-

ence was assessed just below the thyroid prominence. Morning, resting 

systolic, and diastolic BPs were measured three times, and blood was 

taken to measure C-reactive protein (CRP) level. Polysomnographic 

OSAS severity was assessed by the AHI, OAI, percent of sleep time with 

oxygen saturation  ,  92%, and minimum oxygen saturation. 

 Analyses 

 Univariate associations were tested using logistic regression models. 

Variables predictive ( P   ,  .05) of either objective or symptom-based 

resolution of OSAS as the outcome were considered in two diff erent 

forward stepwise logistic multiple regression models, with twofold cross-

validation, to assess for independent predictive value. Th e entry crite-

rion was  P   ,  .20 and explanatory variables were retained as long as they 

showed  P   ,  .10. Th e only exception to this procedure occurred in the 

analysis that used objective resolution of OSAS as the outcome. As AHI 

and OAI were not independent of each other (a child with OAI  ,  1 had 

to have an AHI  .  2 to participate, and a child with AHI  ,  2 had to have 

an OAI  .  1), and AHI was the stronger predictor in univariate analysis, 

OAI was not entered in the multiple regression models. All calculations 

were performed using SAS version 9.2 (SAS Institute Inc). No adjust-

ment was made for multiple comparisons.    

FOR EDITORIAL COMMENT SEE PAGE  1129 

7 months: 46% showed resolution of their OSAS on 

repeat polysomnography (PSG),  8   although a small 

number of participants nonetheless had surgery prior 

to 7-month follow-up. Resolution on follow-up PSG 

was predicted by milder OSAS on baseline PSG, 

absence of obesity, and non-black race. Further insight 

into predictors of spontaneous resolution in the 

absence of AT would be useful in practice when 

decisions are made about this common surgery. 

Th erefore, we investigated whether baseline fi ndings 

on histories, physical examinations, laboratory tests, 

or polysomnograms predicted spontaneous OSAS 

resolution on either follow-up PSG or symptom 

inventories. 

mailto:chervin@umich.edu
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 Results 

 Participants 

 Th e mean  �  SD age among 194 participants was 

6.5  �  1.4 years, and 92 (47%) were girls. The 

mean  �  SD baseline AHI was 6.7  �  5.6 (range, 1.1-29.3) 

and mean  �  SD minimum oxygen saturation was 

88.8%  �  5.1% (range, 59%-97%). Th e mean  �  SD base-

line PSQ-SRBD score was 0.48  �  0.18 (range, 0.05-0.90). 

 Polysomnographic Resolution of OSAS 

 Among the 194 participants, 82 (42%) experienced 

spontaneous resolution with AHI  ,  2 and OAI  ,  1 on 

PSG at 7 months. Th e likelihood of resolution did not 

vary by sex or age ( Table 1 ).   Black children in compar-

ison with others were less likely to experience resolution 

( P   5  .029). Family income and study site showed no 

associations. 

 Habitual snoring, loud snoring, or observed apneas (or 

lack thereof), as reported on the PSQ-SRBD scale, all 

failed to predict polysomnographic resolution, as did 

scores on the total scale and its subscales ( Table 2 ).   QoL 

ratings, those for ADHD symptoms and hyperactive 

behavior, and several historical features and comorbidi-

ties all failed to predict resolution. Absence of a current 

smoker in the household also showed no predictive 

value. At baseline, use of nasal steroids was reported for 

17 children (9.3%). Usage was unchanged at follow-up, 

and no evidence emerged that nasal steroids improved 

likelihood of spontaneous polysomnographic resolu-

tion. Similarly, baseline use of montelukast did not 

change at follow-up and did not predict resolution, 

though only six children used this medication. 

 On physical examination at baseline, children destined 

to have spontaneous polysomnographic resolution of 

their OSAS had smaller waist circumference percentiles 

compared with others; more widely patent oropharyn-

geal anatomy by Friedman, if not Mallampati, position 

assessments; and smaller neck circumferences ( Table 3 ).   

Lower BMI  z  scores and lower log CRP values showed 

 P  values  ,  .10 and  ,  .05, respectively. Tonsillar size and 

BPs showed no predictive value. 

 Polysomnographic fi ndings at baseline included the 

strongest predictors of spontaneous polysomnographic 

resolution at follow-up ( Table 4 ), as might be expected; 

  TABLE 1   ]     Demographic Variables at Baseline as Predictors of Spontaneous OSA Resolution, as Assessed by 
PSG or Symptoms at 7-Month Follow-up  a   

Polysomnographic Evidence for OSA Symptoms Suggestive of OSA

Characteristic  
Not Resolved 

(n  5  112)
Resolved 
(n  5  82)  P  Value

Not Resolved 
(n  5  142)

Resolved 
(n  5  25)  P  Value

Sex .80 .03

 Male 58 (56.9) 44 (43.1) 79 (90.8) 8 (9.2)

 Female 54 (58.7) 38 (41.3) 63 (78.8) 17 (21.3)

Age, mean  �  SD, y 6.6  �  1.4 6.5  �  1.4 .43 6.6  �  1.3 6.4  �  1.3 .42

Race .03 .92

 Black 67 (65.0) 36 (35.0) 78 (84.8) 14 (15.2)

 Non-black 45 (49.5) 46 (50.5) 64 (85.3) 11 (14.7)

Family income, USD .47 .43

  ,  30,000 43 (54.4) 36 (45.6) 62 (82.7) 13 (17.3)

  �  30,000 54 (60.0) 36 (40.0) 62 (87.3) 9 (12.7)

 Missing 15 (60.0) 10 (40.0) 18 (85.7) 3 (14.3)

Study site .26 .74

 1 36 (58.1) 26 (41.9) 41 (82.0) 9 (18.0)

 2 13 (40.6) 19 (59.4) 28 (90.3) 3 (9.7)

 3 34 (65.4) 18 (34.6) 39 (83.0) 8 (17.0)

 4 15 (53.6) 13 (46.4) 19 (82.6) 4 (17.4)

 5 5 (71.4) 2 (28.6) 7 (87.5) 1 (12.5)

 6 9 (69.2) 4 (30.8) 8 (100) ...

 Data given as No. (row %) unless otherwise indicated. PSG  5  polysomnography; USD  5  US dollars. 
  a Tests were conducted excluding subjects with missing values. 



 journal.publications.chestnet.org     1207 

  TA
B

L
E
 2

   ]
     S

ym
pt

om
, 

Q
ue

st
io

nn
ai

re
, 

an
d 

H
is

to
ri
ca

l V
ar

ia
bl

es
 a

t 
B
as

el
in

e 
as

 P
re

di
ct

or
s 

of
 S

po
nt

an
eo

us
 O

SA
 R

es
ol

ut
io

n,
 a

s 
A
ss

es
se

d 
by

 P
S
G

 o
r 

Sy
m

pt
om

s 
at

 7
-M

on
th

 F
ol

lo
w

-u
p  a

  
 

B
as

el
in

e 
Va

ri
ab

le
  

Po
ly

so
m

no
gr

ap
hi

c 
Ev

id
en

ce
 f
or

 O
SA

Sy
m

pt
om

s 
Su

gg
es

ti
ve

 o
f 
O

SA

N
ot

 R
es

ol
ve

d 
(n

  5
  1

12
)

Re
so

lv
ed

 (
n 

 5
  8

2)
 P  

Va
lu

e
N
ot

 R
es

ol
ve

d 
(n

  5
  1

42
)

Re
so

lv
ed

 (
n 

 5
  2

5)
 P  

Va
lu

e

H
a
b
it
u
a
l 
sn

o
ri
n
g

.6
4

.0
3

 
Ye

s
8
8
 (

5
9
.9

)
5
9
 (

4
0
.1

)
1
2
0
 (

8
7
.0

)
1
8
 (

1
3
.0

)

 
N

o
1
6
 (

5
5
.2

)
1
3
 (

4
4
.8

)
9
 (

6
4
.3

)
5
 (

3
5
.7

)

 
M

is
si

n
g
/n

o
t 

su
re

8
 (

4
4
.4

)
1
0
 (

5
5
.6

)
1
3
 (

8
6
.7

)
2
 (

1
3
.3

)

L
o
u
d
 s

n
o
ri
n
g

.6
1

.0
4

 
Ye

s
8
3
 (

6
0
.1

)
5
5
 (

3
9
.9

)
1
1
8
 (

8
8
.1

)
1
6
 (

1
1
.9

)

 
N

o
2
8
 (

5
6
.0

)
2
2
 (

4
4
.0

)
2
1
 (

7
2
.4

)
8
 (

2
7
.6

)

 
M

is
si

n
g
/n

o
t 

su
re

1
 (

1
6
.7

)
5
 (

8
3
.3

)
3
 (

7
5
.0

)
1
 (

2
5
.0

)

O
b
se

rv
e
d
 a

p
n
e
a
s

.5
8

.0
2

 
Ye

s
5
2
 (

5
7
.8

)
3
8
 (

4
2
.2

)
7
6
 (

9
0
.5

)
8
 (

9
.5

)

 
N

o
5
5
 (

6
1
.8

)
3
4
 (

3
8
.2

)
5
1
 (

7
6
.1

)
1
6
 (

2
3
.9

)

 
M

is
si

n
g
/n

o
t 

su
re

5
 (

3
3
.0

)
1
0
 (

6
6
.0

)
1
5
 (

9
3
.8

)
1
 (

6
.3

)

P
S
Q

-S
R
B
D

 s
ca

le
 t

o
ta

l 
sc

o
re

, 
  

 m
e
a
n
  �

  S
D

0
.4

8
  �

  0
.1

8
0
.4

9
  �

  0
.1

7
.9

5
0
.5

7
  �

  0
.1

4
0
.4

4
  �

  0
.0

8
 ,

 .0
0
0
1

 
S
n
o
ri
n
g
 s

u
b
sc

a
le

0
.7

6
  �

  0
.2

8
0
.7

4
  �

  0
.3

0
.6

3
0
.8

5
  �

  0
.2

3
0
.7

0
  �

  0
.3

1
.0

1

 
S
le

e
p
in

e
ss

 s
u
b
sc

a
le

0
.4

3
  �

  0
.3

3
0
.4

6
  �

  0
.3

1
.5

3
0
.5

5
  �

  0
.3

0
0
.4

5
  �

  0
.2

6
.1

4

 
B
e
h
a
v
io

ra
l 
su

b
sc

a
le

0
.4

6
  �

  0
.3

5
0
.4

8
  �

  0
.3

4
.6

2
0
.5

7
  �

  0
.3

2
0
.4

1
  �

  0
.3

3
.0

3

P
e
d
sQ

L
, 

p
a
re

n
t

7
6
.9

6
  �

  1
5
.5

7
7
7
.3

0
  �

  1
4
.8

9
.8

8
7
3
.6

5
  �

  1
5
.1

8
8
0
.7

3
  �

  1
1
.5

0
.0

3

P
e
d
sQ

L
, 

ch
il
d

6
5
.4

0
  �

  1
4
.5

2
6
7
.0

7
  �

  1
5
.0

8
.4

4
6
5
.0

2
  �

  1
5
.8

0
6
7
.6

6
  �

  1
3
.7

9
.4

3

C
o
n
n
e
rs

 A
D

H
D

5
2
.5

9
  �

  1
1
.6

7
5
2
.7

2
  �

  9
.7

2
.9

3
5
5
.4

0
  �

  1
1
.5

4
5
0
.1

6
  �

  6
.5

9
.0

3

H
y
p
e
ra

ct
iv

it
y
  b   

5
3
.6

9
  �

  1
0
.8

4
5
4
.2

6
  �

  9
.9

2
.7

1
5
5
.8

5
  �

  1
1
.1

5
5
1
.8

4
  �

  6
.6

8
.0

9

A
ll
e
rg

ie
s

.0
7

.1
4

 
Ye

s
5
2
 (

6
5
.8

)
2
7
 (

3
4
.2

)
6
2
 (

8
9
.9

)
7
 (

1
0
.1

)

 
N

o
6
0
 (

5
2
.6

)
5
4
 (

4
7
.4

)
7
9
 (

8
1
.4

)
1
8
 (

1
8
.6

)

 
M

is
si

n
g

…
1
 (

1
0
0
)

1
 (

1
0
0
)

…

N
a
sa

l 
a
ll
e
rg

ie
s

.7
8

.1
4

 
Ye

s
2
7
 (

6
0
.0

)
1
8
 (

4
0
.0

)
3
6
 (

9
2
.3

)
3
 (

7
.7

)

 
N

o
8
3
 (

5
7
.6

)
6
1
 (

4
2
.4

)
1
0
2
 (

8
2
.3

)
2
2
 (

1
7
.7

)

 
M

is
si

n
g

2
 (

5
0
.0

)
2
 (

5
0
.0

)
4
 (

1
0
0
)

…

(C
on
tin
ue
d)

http://journal.publications.chestnet.org


 1208   Original Research      [     1 4 8   #   5     C H E S T     N OV E M B E R     2 0 1 5    ]  

B
as

el
in

e 
Va

ri
ab

le
  

Po
ly

so
m

no
gr

ap
hi

c 
Ev

id
en

ce
 f
or

 O
SA

Sy
m

pt
om

s 
Su

gg
es

ti
ve

 o
f 
O

SA

N
ot

 R
es

ol
ve

d 
(n

  5
  1

12
)

Re
so

lv
ed

 (
n 

 5
  8

2)
 P  

Va
lu

e
N
ot

 R
es

ol
ve

d 
(n

  5
  1

42
)

Re
so

lv
ed

 (
n 

 5
  2

5)
 P  

Va
lu

e

U
se

 o
f 
n
a
sa

l 
st

e
ro

id
s

.9
2

.3
6

 
Ye

s
1
0
 (

5
8
.8

)
7
 (

4
1
.2

)
1
4
 (

9
3
.3

)
1
 (

6
.7

)

 
N

o
1
0
2
 (

5
7
.6

)
7
5
 (

4
2
.4

)
1
2
8
 (

8
4
.2

)
2
4
 (

1
5
.8

)

U
se

 o
f 
m

o
n
te

lu
k
a
st

.6
5

.9
8

 
Ye

s
4
 (

6
6
.7

)
2
 (

3
3
.3

)
5
 (

1
0
0
)

…

 
N

o
1
0
8
 (

5
7
.4

)
8
0
 (

4
2
.6

)
1
3
7
 (

8
4
.6

)
2
5
 (

1
5
.4

)

F
re

q
u
e
n
t 

co
ld

s/
in

fl 
u
e
n
za

.9
3

.5
0

 
Ye

s
5
4
 (

5
8
.1

)
3
9
 (

4
1
.9

)
7
3
 (

8
6
.9

)
1
1
 (

1
3
.1

)

 
N

o
5
8
 (

5
7
.4

)
4
3
 (

4
2
.6

)
6
9
 (

8
3
.1

)
1
4
 (

1
6
.9

)

F
re

q
u
e
n
t 

e
a
r 

in
fe

ct
io

n
s

.0
6

.7
8

 
Ye

s
9
 (

3
9
.1

)
1
4
 (

6
0
.9

)
2
0
 (

8
7
.0

)
3
 (

1
3
.0

)

 
N

o
1
0
2
 (

6
0
.0

)
6
8
 (

4
0
.0

)
1
2
2
 (

8
4
.7

)
2
2
 (

1
5
.3

)

 
N

o
t 

su
re

1
 (

1
0
0
)

…
…

…

A
st

h
m

a
.1

2
.2

4

 
Ye

s
4
1
 (

6
6
.1

)
2
1
 (

3
3
.9

)
5
0
 (

8
9
.3

)
6
 (

1
0
.7

)

 
N

o
7
0
 (

5
4
.3

)
5
9
 (

4
5
.7

)
8
8
 (

8
2
.2

)
1
9
 (

1
7
.8

)

 
M

is
si

n
g
/n

o
t 

su
re

1
 (

3
3
.0

)
2
 (

6
6
.0

)
4
 (

1
0
0
)

…

A
D

D
/A

D
H

D
.4

0
.9

9

 
Ye

s
1
 (

3
3
.3

)
2
 (

6
6
.7

)
2
 (

1
0
0
)

…

 
N

o
1
1
1
 (

5
8
.7

)
7
8
 (

4
1
.3

)
1
3
7
 (

8
4
.6

)
2
5
 (

1
5
.4

)

 
M

is
si

n
g

…
2
 (

1
0
0
)

3
 (

1
0
0
)

…

C
u
rr

e
n
t 

sm
o
k
e
r 

in
 h

o
u
se

h
o
ld

0
.5

4
  �

  0
.8

6
0
.4

3
  �

  0
.8

0
.3

7
0
.5

8
  �

  0
.8

9
0
.2

0
  �

  0
.5

0
.0

5

M
o
n
th

s 
o
f 
e
n
tr

y
 t

o
 s

tu
d
y

.0
6

.9
3

 
D

e
ce

m
b
e
r-

Ju
ly

7
5
 (

5
3
.6

)
6
5
 (

4
6
.4

)
1
0
9
 (

8
5
.2

)
1
9
 (

1
4
.8

)

 
A
u
g
u
st

-N
o
v
e
m

b
e
r

3
7
 (

6
8
.5

)
1
7
 (

3
1
.5

)
3
3
 (

8
4
.6

)
6
 (

1
5
.4

)

 D
at

a 
gi

ve
n 

as
 N

o.
 (
ro

w
 %

) 
un

le
ss

 o
th

er
w

is
e 

in
di

ca
te

d.
 A

D
D
  5

  a
tt

en
ti
on

-d
efi

 c
it
 d

is
or

de
r;

 A
D
H
D
  5

  a
tt

en
ti
on

-d
efi

 c
it
/h

yp
er

ac
ti
vi

ty
 d

is
or

de
r;

 C
on

ne
r 

AD
H
D
  5

  C
on

ne
rs

 R
at

in
g 

Sc
al

e-
Re

vi
se

d:
 L

on
g 

Ve
rs

io
n,

 A
tt

en
ti
on

-D
efi

 c
it
/

H
yp

er
ac

ti
vi

ty
 D

is
or

de
r 

su
bs

ca
le

; 
Pe

ds
Q

L 
 5

  P
ed

ia
tr

ic
 Q

ua
lit

y 
of

 L
ife

 I
nv

en
to

ry
; 

PS
Q

-S
R
B
D

  5
  P
ed

ia
tr

ic
 S

le
ep

 Q
ue

st
io

nn
ai

re
 S

le
ep

-R
el

at
ed

 B
re

at
hi

ng
 D

is
or

de
r.
 S

ee
  T

ab
le

 1
  le

ge
nd

 f
or

 e
xp

an
si

on
 o

f 
ot

he
r 

ab
br

ev
ia

ti
on

. 
  a  T

es
ts

 w
er

e 
co

nd
uc

te
d 

ex
cl

ud
in

g 
su

bj
ec

ts
 w

it
h 

m
is

si
ng

 v
al

ue
s.

 
  b  H

yp
er

ac
ti
vi

ty
 r

ef
er

s 
to

 C
on

ne
rs

 R
at

in
g 

Sc
al

e-
Re

vi
se

d:
 L

on
g 

Ve
rs

io
n,

 H
yp

er
ac

ti
vi

ty
 s

ub
sc

al
e.

 

T
A

B
L
E
 2

 ]
 (
co
nt
in
ue
d)



 journal.publications.chestnet.org     1209 

  TA
B

L
E
 3

   ]
     P

hy
si

ca
l E

xa
m

in
at

io
n 

an
d 

La
bo

ra
to

ry
 V

ar
ia

bl
es

 a
t 

B
as

el
in

e 
as

 P
re

di
ct

or
s 

of
 S

po
nt

an
eo

us
 O

SA
 R

es
ol

ut
io

n,
 a

s 
A
ss

es
se

d 
by

 P
S
G

 o
r 

Sy
m

pt
om

s 
at

 
7-

M
on

th
 F

ol
lo

w
-u

p  a
  

 

B
as

el
in

e 
Va

ri
ab

le
  

Po
ly

so
m

no
gr

ap
hi

c 
Ev

id
en

ce
 f
or

 O
SA

Sy
m

pt
om

s 
Su

gg
es

ti
ve

 o
f 
O

SA

N
ot

 R
es

ol
ve

d 
(n

  5
  1

12
)

Re
so

lv
ed

 
(n

  5
  8

2)
 P  

Va
lu

e
N
ot

 R
es

ol
ve

d 
(n

  5
  1

42
)

Re
so

lv
ed

 
(n

  5
  2

5)
 P  

Va
lu

e

B
M

I 
 z 

 sc
o
re

1
.0

2
  �

  1
.2

9
0
.6

8
  �

  1
.1

7
.0

7
0
.9

7
  �

  1
.1

7
0
.9

0
  �

  1
.4

1
.7

9

W
a
is

t 
ci

rc
u
m

fe
re

n
ce

, 
m

e
a
n
  �

  S
D

6
4
.2

9
  �

  1
3
.6

7
5
9
.3

6
  �

  1
0
.6

7
.0

1
6
3
.1

2
  �

  1
3
.2

3
6
3
.0

7
  �

  1
2
.9

5
.9

9

W
a
is

t 
ci

rc
u
m

fe
re

n
ce

, 
cm

.0
2

.9
5

 
 ,

  9
0
th

 p
e
rc

e
n
ti
le

6
6
 (

5
1
.6

)
6
2
 (

4
8
.4

)
9
0
 (

8
4
.9

)
1
6
 (

1
5
.1

)

 
 �

  9
0
th

 p
e
rc

e
n
ti
le

4
6
 (

6
9
.7

)
2
0
 (

3
0
.3

)
5
2
 (

8
5
.3

)
9
 (

1
4
.8

)

To
n
si

ll
a
r 

si
ze

.4
1

.0
7

 
0
-5

0
3
3
 (

6
2
.3

)
2
0
 (

3
7
.7

)
4
3
 (

9
3
.5

)
3
 (

6
.5

)

 
5
0
-1

0
0

7
8
 (

5
5
.7

)
6
2
 (

4
4
.3

)
9
8
 (

8
1
.7

)
2
2
 (

1
8
.3

)

 
M

is
si

n
g

1
 (

1
0
0
)

…
1
 (

1
0
0
)

…

F
ri
e
d
m

a
n
 p

a
la

te
 p

o
si

ti
o
n

.0
2

.9
3

 
I/

II
2
9
 (

4
5
.3

)
3
5
 (

5
4
.7

)
3
8
 (

8
4
.4

)
7
 (

1
5
.6

)

 
II

I/
IV

8
0
 (

6
3
.0

)
4
7
 (

3
7
.0

)
1
0
2
 (

8
5
.0

)
1
8
 (

1
5
.0

)

 
N

o
t 

d
o
n
e

3
 (

1
0
0
)

…
2
 (

1
0
0
)

…

M
a
ll
a
m

p
a
ti
 p

o
si

ti
o
n

.1
0

.5
4

 
I/

II
5
8
 (

5
2
.3

)
5
3
 (

4
7
.7

)
8
2
 (

8
6
.3

)
1
3
 (

1
3
.7

)

 
II

I/
IV

5
2
 (

6
4
.2

)
2
9
 (

3
5
.8

)
5
8
 (

8
2
.9

)
1
2
 (

1
7
.1

)

 
N

o
t 

d
o
n
e

2
 (

1
0
0
)

…
2
 (

1
0
0
)

…

N
e
ck

 c
ir
cu

m
fe

re
n
ce

, 
m

e
a
n
  �

  S
D

, 
cm

  
2
8
.3

3
  �

  2
.8

9
2
7
.4

8
  �

  2
.3

7
.0

3
2
8
.1

6
  �

  2
.8

0
2
7
.8

8
  �

  3
.1

4
.6

5

L
o
g
 C

-r
e
a
ct

iv
e
 p

ro
te

in
 l
e
v
e
l,
 

  
 m

e
a
n
  �

  S
D

, 
m

g
/L

 (
n
  5

  1
3
1
)

 2
 0
.4

8
  �

  1
.8

2
 2

 1
.1

8
  �

  1
.8

1
.0

2
 2

 0
.6

8
  �

  1
.8

3
 2

 0
.7

2
  �

  1
.7

6
.9

3

S
y
st

o
li
c 

B
P,

 m
e
a
n
  �

  S
D

, 
m

m
 H

g
6
3
.1

9
  �

  8
.3

4
6
1
.4

3
  �

  7
.0

8
.1

3
6
2
.5

6
  �

  7
.9

4
6
2
.7

5
  �

  6
.9

4
.9

1

D
ia

st
o
li
c 

B
P,

 m
e
a
n
  �

  S
D

, 
m

m
 H

g
9
8
.6

3
  �

  8
.7

2
9
7
.1

0
  �

  8
.5

0
.2

2
9
8
.0

3
  �

  8
.3

2
9
8
.0

4
  �

  1
0
.1

4
.9

9

 D
at

a 
gi

ve
n 

as
 N

o.
 (
ro

w
 %

) 
un

le
ss

 o
th

er
w

is
e 

in
di

ca
te

d.
 S

ee
  T

ab
le

 1
  le

ge
nd

 f
or

 e
xp

an
si

on
 o

f 
ab

br
ev

ia
ti
on

. 
  a  T

es
ts

 w
er

e 
co

nd
uc

te
d 

ex
cl

ud
in

g 
su

bj
ec

ts
 w

it
h 

m
is

si
ng

 v
al

ue
s.

 

http://journal.publications.chestnet.org


 1210   Original Research      [     1 4 8   #   5     C H E S T     N OV E M B E R     2 0 1 5    ]  

the mildest OSAS at baseline only required a small 

change in AHI, OAI, or both to be considered resolved.   

Low OAI and especially low AHI at baseline were pre-

dictive; the only other eff ective predictors were min-

imum oxygen saturation and percent of sleep time with 

CO 2  level  .  50 mm Hg. 

 A forward stepwise multiple logistic regression of poly-

somnographic resolution on all baseline explanatory 

variables that had shown signifi cance ( P   ,  .05) on uni-

variate analyses yielded a fi nal model with  R  2   5  0.22, but 

only two predictors were retained: low AHI (OR, 0.83; 

95% CI, 0.77-0.90) and waist circumference  ,  90th per-

centile (OR, 2.0; 95% CI, 1.03-3.91  ).  Figure 1  illustrates 

the number of participants within each baseline AHI 

quartile who experienced spontaneous polysomno-

graphic resolution.   

 To reduce infl uence of small changes in AHI among 

children whose baseline AHI was already close to 2, 

the described univariate analyses were repeated aft er 

limiting the sample of 194 children to 95 children who 

all had AHI  .  5 at baseline, 23 (24%) of whom showed 

spontaneous resolution. In these analyses, however, 

no baseline predictive variables were identifi ed (though 

AHI did come close:  P   5  .09), so no multivariate analysis 

was performed. 

 Resolution of OSAS Symptoms 

 Among the 194 children, 167 (86%) had baseline PSQ-

SRBD scale scores  .  0.33 and available follow-up PSQ-

SRBD scores. Follow-up scores  ,  0.33 with a minimum 

25% improvement from baseline (defi ning “symptom 

resolution”) were observed in only 25 (15%) of the 

167 children. Girls were more than twice as likely as boys 

to experience symptom resolution ( P   5  .033), but no other 

demographic variables were predictive ( Table 1 ). Among 

the 167 children, only 20 (12%) showed both polysom-

nographic and symptomatic resolution at 7 months. 

 In univariate analyses, PSQ-SRBD symptom resolution 

was predicted by baseline absence of each of the three 

symptoms analyzed—habitual snoring, loud snoring, 

and observed apneas (each  P   ,  .05)—and by lower 

PSQ-SRBD scale scores ( P   ,  .0001), snoring subscales 

( P   5  .012), and behavioral subscales ( P   5  .026) ( Table 2 ). 

Better QoL on parent- but not child-completed 

measures predicted spontaneous resolution. Lower 

Conner scores for ADHD symptoms, though not 

those for hyperactive behavior per se, predicted resolu-

tion. Absence of a household smoker was associated 

with resolution of symptoms. Resolution of OSAS 

symptoms was not associated with polysomnographic 

  TABLE 4   ]     Polysomnographic Variables at Baseline as Predictors of Spontaneous OSA Resolution, as Assessed 
by PSG or Symptoms at 7-Month Follow-up  a   

Baseline Variable  

Polysomnographic Evidence for OSA Symptoms Suggestive of OSA

Not Resolved 
(n  5  112)

Resolved 
(n  5  82)  P  Value

Not Resolved 
(n  5  142)

Resolved 
(n  5  25)  P  Value

Apnea/hypopnea index 8.40  �  6.19 4.41  �  3.72  ,  .0001 7.08  �  5.90 7.27  �  6.02 .88

Obstructive apnea index 2.50  �  3.20 1.48  �  1.69 .01 2.30  �  3.09 1.88  �  2.18 .52

% of sleep time with 
oxygen saturation 
 ,  92%

1.12  �  4.67 0.31  �  0.76 .07 0.92  �  4.20 0.72  �  1.23 .82

Minimum oxygen 
saturation, %

87.88  �  5.16 90.02  �  4.87 .01 88.95  �  4.65 87.96  �  6.82 .37

% of sleep time with 
CO 2   .  50 mm Hg

10.52  �  19.54 5.31  �  13.96 .08 9.46  �  19.04 8.71  �  18.07 .87

 Data given as mean  �  SD unless otherwise indicated. See  Table 1  legend for expansion of abbreviation. 
  a Tests were conducted excluding subjects with missing values. 

  Figure 1  – For   194 participants randomized to watchful waiting and 
supportive care, the percent whose OSA resolved aft er 7 mo, within each 
baseline AHI quartile, is shown. AHI  5  apnea/hypopnea index.   
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fi ndings, laboratory fi ndings, physical examination 

findings, nasal allergies, or other comorbidities 

( Tables 2-4 ). 

 Multiple logistic regression of OSAS symptom resolu-

tion on explanatory variables that were signifi cant in 

the univariate analyses showed that the only indepen-

dent predictors retained in the fi nal model were lower 

baseline PSQ-SRBD scale total scores (lower by 0.1 

on a scale of 0.0 to 1.0, representing a change of 

positive to negative responses for about two of 

22 symptom-items; OR, 0.38; 95% CI, 0.23-0.62) 

and lower PSQ-SRBD snoring subscale scores (OR, 0.18; 

95% CI, 0.04-0.94). 

 Discussion 

 Th is sizable, multicenter study of outcomes in untreated 

childhood OSAS—analyses made possible by the control 

arm of CHAT—suggests that almost one-half (42%) of 

children considered to be surgical candidates by their 

otolaryngologists no longer have OSAS on PSG when it 

is repeated aft er 7 months of watchful waiting. In con-

trast, only 15% of untreated children who were signifi -

cantly symptomatic at baseline experienced meaningful 

improvement and resolution of their OSAS symptoms. 

Few baseline independent predictors of spontaneous 

polysomnographic OSAS resolution were identifi ed: 

Other than lower baseline polysomnographic measures 

of OSAS severity, only less central obesity, defi ned by 

a waist circumference under the 90th percentile, was 

found to add independent predictive value. Similarly, 

independent baseline predictors of spontaneous symp-

tom resolution, other than lower total symptom scores 

at study entry, only included a snoring subscale. All 

these fi ndings, including the absence of many tested 

associations, provide new insight that should be useful 

to clinicians and families who must make diffi  cult 

decisions about whether to pursue AT for children 

with OSAS. Th ese data represent some of the most spe-

cifi c patient-oriented evidence yet generated to assist 

with predictions of spontaneous improvement in objec-

tive or subjective OSAS features without surgery. 

 Multiple potential mechanisms could explain objective 

or subjective improvement in OSAS over a 7-month period 

without specifi c intervention: Reduction in tonsillar 

size, airway enlargement with growth, and regression 

to the mean may have all contributed. “Supportive 

care” during watchful waiting may also have helped, 

but nasal saline rinses oft en went unused, and only a 

small minority of subjects took antiinfl ammatory 

agents. Given plausible explanations for “spontaneous” 

improvement, however, the discrepancy between poly-

somnographic and symptomatic resolution may seem 

surprising. In part, the discrepancy arose because 25% 

improvement, in addition to a specifi ed threshold, was 

required to achieve substantive symptomatic but not 

polysomnographic resolution. Previous studies of fewer 

symptoms did show frequent resolution of habitual 

snoring.  11,12   In our cohort, 34 of 147 habitual snorers 

(23%) were no longer habitual snorers at follow-up 

(data not shown). However, within a 7-month period, 

overall OSAS symptom burden appears unlikely to 

diminish substantially without AT. 

 Interestingly, physical examination features appeared 

more promising than symptoms or comorbidities as 

predictors in our univariate models of spontaneous 

polysomnographic resolution of OSAS. Epidemic obe-

sity has been blamed for failure of OSAS to resolve aft er 

AT, especially in samples that have included many 

obese subjects.  8,26   Similarly, among nonoperated chil-

dren, we found two measures of obesity—large waist 

circumference, particularly as a percentile, and neck 

circumference—to predict less OSAS resolution. In 

practice, this observation may be useful to assist in 

decisions to defer surgical treatment of children who 

have not had PSG.  27,28   Surprisingly, the baseline AHI 

and measures of hypoxemia did not help predict spon-

taneous symptom resolution. However, many previous 

studies,  2,29-34   in addition to the CHAT study itself,  8   have 

shown little or no association between baseline OSAS 

polysomnographic measures and concurrent morbidity 

or future outcomes. 

 Several limitations of the present study deserve discus-

sion. First, the fi nding that AHI and PSQ-SRBD scores 

most strongly predicted objective and symptomatic 

spontaneous resolution of OSAS, respectively, is likely 

to arise, in part, from use of these same variables as out-

come measures. Th e fi nding that children with low AHI 

or low PSQ-SRBD scores at baseline were most likely to 

cross specifi ed thresholds for spontaneous resolution 

may arise in part from test-retest variability and regres-

sion to the mean. Children who crossed over from the 

watchful waiting arm to AT were excluded from 

analyses. However, the number of crossovers was small 

and their exclusion provided a more realistic view of 

outcomes without surgery. Finally, the severity of OSAS 

among CHAT participants was predominantly mild to 

moderate, as in previous studies that recruited AT can-

didates from otolaryngology clinics,  2,35   and most likely 

refl ects national clinical practice. Only 3.5% of CHAT 

candidates were excluded because of severe OSAS.  8   

http://journal.publications.chestnet.org
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