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Rationale: In adults, obstructive sleep apnea (OSA) is associated
with metabolic dysfunction that improves with treatment of OSA.
No equivalent studies exist in children.
Objective: To examine the relationship between metabolic markers
and OSA with time and treatment in children.
Methods: Metabolic markers measured on a fasting morning blood
sample at diagnostic polysomnography and follow-up 1.3 ⫾ 0.6 yr
later.
Measurements and Main Results: Forty-five children (34 males), aged
6.9 ⫾ 3.5 yr, and including 12 obese subjects, were in the final
analysis. There were no differences in metabolic markers between
children with and without OSA at initial study; however, obese
children had significantly higher insulin (106.1 ⫾ 72.1 vs. 66.7 ⫾
37.6 pmol/L; p ⫽ 0.028), insulin/glucose ratio (23.7 ⫾ 14.3 vs.
14.7 ⫾ 8.0; p ⫽ 0.02), and significantly lower high-density lipoprotein cholesterol (1.3 ⫾ 0.2 vs. 1.6 ⫾ 0.4 nmol/L; p ⫽ 0.005) than
nonobese children. Twenty children underwent surgical removal
of adenotonsillar tissue, whereas 12 children with OSA elected not
to have treatment. OSA persisted after treatment in five children,
and resolved in 27. Thirteen children did not have OSA on initial
or follow-up studies. At follow-up, there was a small but significant
improvement in total cholesterol in those children whose OSA was
resolved (4.8 ⫾ 0.8 to 4.7 ⫾ 0.6 nmol/L; p ⫽ 0.005) and a trend
for obese children with persisting OSA to have elevated insulin
levels compared with obese children without OSA (p ⫽ 0.07).
Conclusion: Obesity appears to be the major influence on metabolic
dysfunction in children with OSA, but these preliminary data also
suggest that resolution or persistence of OSA may affect changes
in metabolic function over time.
Keywords: longitudinal; metabolic syndrome; obstructive sleep apnea;
respiratory

Evidence is emerging for a link between obstructive sleep apnea
(OSA) and metabolic dysfunction in adults that is independent
of obesity, although obesity is an independent risk for both
OSA and the metabolic syndrome (1–3). The term “metabolic
syndrome” refers to the clustering of insulin resistance, dyslipidemia, hypertension, and obesity (4, 5). An important ﬁnding has
been that the severity of insulin resistance correlates with the
severity of OSA independent of body mass index (BMI), despite
the high prevalence of obesity among adults in those study
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groups (6, 7). Vgontzas and colleagues (8) found that fasting
blood insulin and glucose levels of obese adults with OSA were
signiﬁcantly higher than BMI-matched control subjects without
OSA, suggesting that OSA is an independent risk factor for
hyperinsulinemia. More recently, a large study by Shin and coworkers (9) demonstrated that habitual snoring in nonobese
men altered glucose-insulin metabolism independently of diabetes and hypertension. Furthermore, treatment of OSA with continuous positive airway pressure (CPAP) has been shown to
improve insulin sensitivity (10), although others have found improvements in triglycerides but not insulin levels after 6 mo of
CPAP therapy (11).
Longitudinal studies, especially those from the Bogalusa
Heart Study, have tracked separate components of the metabolic
syndrome and demonstrated that cardiovascular diseases often
have their origins during childhood (12, 13). Cardiovascular risk
variables tend to cluster from childhood into adulthood (14–17).
For example, the persistence of sympathetic activation and hypertension has been tracked longitudinally from childhood to
young adulthood (18–20). Finally, obesity is linked to cardiovascular disease and is a known trigger for development of the
other components of the metabolic syndrome (21, 22).
We previously found an independent association between
OSA and metabolic dysfunction in a group of obese children
(23). An ongoing study is evaluating the association in a broader
population group, for whom this study is the ﬁrst report. We
hypothesized that reversal of the respiratory elements of OSA
would be associated with improvement in metabolic markers
and studied fasting insulin, glucose, and lipids to evaluate their
associations with pediatric OSA at the time of diagnostic and
follow-up sleep studies.

METHODS
This longitudinal study was approved by the Human Research Ethics
Committee for the Children’s Hospital at Westmead. Written parental
consent was obtained before both diagnostic and follow-up studies
(there is no requirement for written assent from pediatric research
subjects in Australia).

Subjects
Children underwent diagnostic sleep studies between 1999 and 2003.
Data from the diagnostic study have been reported for some of the
obese children (23). Treatment recommendations were made by clinicians on the basis of sleep study and clinical evaluation. Surgery was
generally recommended when the respiratory disturbance index (RDI)
was 4 h⫺1 or more.
Eligibility criteria for the current study required that children were
younger than 19 yr and had undergone both baseline investigations and
follow-up studies. Families were contacted by telephone, in alphabetical
order of their family name, between February and July 2003. Exclusion
criteria included the following: treatment for indications other than
OSA; the presence of an intercurrent respiratory tract infection, neuromuscular disorder, or craniofacial or genetic syndrome; or ongoing
treatment with anticonvulsant or sedative medication.
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Anthropometry
Standing stretched height to the nearest 0.1 cm and weight were measured in light clothing on the evening of the sleep study. BMI was
calculated as weight/height2 (kg/m2).

Polysomnography
A single overnight sleep study was undertaken in the Read Sleep Unit
for each child and recorded using a digital data acquisition system
(Compumedics, Melbourne, Australia). A minimum of ﬁve channels
for sleep staging and seven channels for respiratory analysis were used,
including oxygen saturation and transcutaneous carbon dioxide.

Sleep Study Analysis
Comparisons between diagnostic and follow-up data were only made
after the follow-up study had been analyzed without access to previous
data. Sleep stages were assigned using the criteria of Rechtschaffen
and Kales (24). Respiratory analyses followed standard criteria, with
the exception that, in our laboratory, respiratory events were only
considered signiﬁcant if they lasted at least two respiratory cycles and
were accompanied by either an arousal from sleep or 3% or more
oxygen desaturation (25). Brieﬂy, apnea was deﬁned when the airﬂow
amplitude fell by 80% or more of the baseline, and hypopnea when
airﬂow amplitude fell by 50 to 80%. Obstructive events were distinguished by the continued presence of respiratory effort during the
event. The RDI was deﬁned as the total number of obstructive and
central apneas and hypopneas per hour of sleep. The obstructive RDI
(ORDI) only included obstructive apneas and hypopneas, but RDI was
chosen as the primary measure of OSA severity because the index
incorporated several polysomnographic measures and correlated highly
with ORDI (Kendall’s correlation coefﬁcient ⫽ 0.87, p ⬍ 0.001). For
analysis of follow-up data, an RDI of 5 or more was used as the threshold
for deﬁning OSA.

Assays for the Metabolic Syndrome
Subjects fasted before or at 12:00 a.m., and plasma samples were obtained in the morning before discharge from the sleep unit. Insulin,
glucose, and lipids (total cholesterol, high-density lipoprotein [HDL]
cholesterol, and triglycerides) were assayed.

Statistical Analysis
Statistical analyses were performed using SPSS for Windows, version
13.0 (SPSS, Inc., Chicago, IL). The variables have been expressed as
mean ⫾ SD to indicate the distribution of the data. Data were analyzed
using independent t tests, paired t tests, and analysis of variance, where
appropriate. Three subject groups of persisting OSA, resolved OSA,
and no OSA were used to describe the follow-up results. Statistical
signiﬁcance was set at p ⬍ 0.05.

RESULTS
Subject Characteristics

The dataset available for recruitment at the time of this study
included 166 children. From this group, 96 children were approached and 60 children (62.5%) were restudied. To reduce
variability attributable to late follow-up, data from 10 children
who were restudied more than 2 yr after their initial study were
excluded. The remainder (n ⫽ 36) declined participation. Analyses for the follow-up study refer to the 50 children restudied
within 2 yr of their diagnostic study.
The mean age at the initial diagnostic study was 6.9 ⫾ 3.5 yr.
Consistent with the demography of our unit, 68% (n ⫽ 34) were
male and 12 (24%) were deﬁned as obese (BMI standard deviation
[BMIsds] ⬎ 2 SD from the mean adjusted for age and sex). The
initial RDI was 8.6 ⫾ 12.0 events · h⫺1 (range, 0.5–75.5), and 31
children had an RDI of 5 or more. The observational study design
meant that the treating physician’s assessment and treatment recommendation were simply noted.
Of 37 children with treatment recommendations, 20 underwent surgical removal of tonsils and adenoids (T&A) including

two children with an initial RDI of less than 5 (4.5 and 4.9 h⫺1).
One child was treated with nasal CPAP and four children with
an initial RDI of less than 5 were noted to have been treated
with improved sleep hygiene and weight management. For clarity
in this study, our treatment cohort comprises only the 20 children
who underwent surgical removal of tonsils and adenoids. Another 12 children, together with 13 children found not to have
OSA on their ﬁrst study, did not undergo any treatment. Thus,
the ﬁnal cohort of children comprised 45 children. The group
that elected to have treatment did not differ from those who
chose not to have treatment (see Table 1).
The mean time between diagnostic and follow-up studies was
1.3 ⫾ 0.6 yr (range, 0.3–2.0). Of 20 children who underwent T&
A, the RDI was improved in 19 (95%), although residual OSA
(RDI ⭓ 5) was present in two children (10%). Of the 12 children
who elected not to undergo treatment, only three (25%) had an
RDI of 5 or more at follow-up. There was no difference in the
proportion of treated versus nontreated children with residual
OSA at follow-up (p ⫽ 0.53). All 13 children without OSA at
the initial study remained without OSA at follow-up. Thus, three
groups could be identiﬁed: those with persistent OSA (n ⫽ 5),
those with resolved OSA (n ⫽ 27), and those with no OSA at
diagnostic or follow-up studies (n ⫽ 13). No differences were
found in age or BMI at initial or follow-up studies, or in time
to follow-up among these groups. The demographics of these
groups are given in Tables 2 and 3. Furthermore, paired analysis
showed that BMI did not signiﬁcantly change from initial to
follow-up studies in any of the three groups.
Metabolic Markers

The results of the metabolic indices are shown in Table 4. At
initial study, there were no differences in any of the metabolic
markers between children with and without OSA (RDI ⭓ 5).
Bivariate correlations showed that age, and especially
BMIsds, correlated with metabolic markers. Age at initial study
was correlated with insulin levels at both initial and follow-up
studies (r ⫽ 0.42, p ⫽ 0.006, and r ⫽ 0.45, p ⫽ 0.006, respectively),
and insulin/glucose ratio at initial and follow-up studies (r ⫽
0.48, p ⫽ 0.003, and r ⫽ 0.57, p ⬍ 0.001, respectively). BMIsds
correlated with insulin at initial and follow-up studies (r ⫽ 0.38,
p ⫽ 0.002, and r ⫽ 0.42, p ⫽ 0.01, respectively), insulin/glucose
ratio at initial and follow-up studies (r ⫽ 0.41, p ⫽ 0.016, and
r ⫽ 0.45, p ⫽ 0.012, respectively), triglycerides at initial and
follow-up (r ⫽ 0.38, p ⫽ 0.025, and r ⫽ 0.43, p ⫽ 0.012, respectively), and HDL cholesterol at initial and follow-up studies
(r ⫽ ⫺0.37, p ⫽ 0.037, and r ⫽ ⫺0.46, p ⫽ 0.006, respectively).
Therefore, all correlations between RDI and metabolic markers

TABLE 1. SUBJECT CHARACTERISTICS AT INITIAL
POLYSOMNOGRAPHY
Treatment Group
(n ⫽ 20)
Male, %
Age, yr
BMI, kg/m2
RDI/h
Lowest SpO2 (%)

6.2
19.8
15.6
86.1

70
⫾ 3.8
⫾ 6.3
⫾ 16.6*
⫾ 6.1†

Refused Treatment
(n ⫽ 12)
67
6.4 ⫾
18.3 ⫾
7.7 ⫾
89.9 ⫾

3.5
5.3
2.7
3.2‡

No OSA
(n ⫽ 13)
69
8.4 ⫾
18.8 ⫾
1.6 ⫾
92.2 ⫾

3.0
3.9
1.0
2.9

Definition of abbreviations: BMI ⫽ body mass index; OSA ⫽ obstructive sleep
apnea; RDI ⫽ respiratory disturbance index.
Values are mean ⫾ SD.
* p ⬍ 0.01 compared with no OSA.
†
p ⬍ 0.001 compared with no OSA.
‡
p ⬍ 0.05 compared with no OSA.

Waters, Sitha, O’Brien, et al.: Metabolic Sequelae of Childhood OSA
TABLE 2. CHARACTERISTICS OF CHILDREN WITH
PERSISTENT OBSTRUCTIVE SLEEP APNEA, RESOLVED
OBSTRUCTIVE SLEEP APNEA, AND NON–OBSTRUCTIVE
SLEEP APNEA AT INITIAL SLEEP STUDY

Male, %
Age at initial PSG, yr
BMI at initial PSG
RDI at initial PSG
Lowest SpO2 at initial PSG

Persistent OSA
(n ⫽ 5)

Resolved OSA
(n ⫽ 27)

100
8.3 ⫾ 4.0
19.3 ⫾ 7.3
11.5 ⫾ 6.8*
88.6 ⫾ 3.6

63
5.9 ⫾ 3.5
19.3 ⫾ 7.8
12.8 ⫾ 14.6†
87.2 ⫾ 5.8‡

TABLE 4. METABOLIC MARKERS IN CHILDREN WITH AND
WITHOUT OBSTRUCTIVE SLEEP APNEA (RDI ⭓ 5)
OSA (n ⫽ 29)
No OSA
(n ⫽ 13)
69
8.4 ⫾
18.8 ⫾
1.6 ⫾
92.2 ⫾

3.0
3.9
1.0
2.9

Definition of abbreviations: BMI ⫽ body mass index; OSA ⫽ obstructive sleep
apnea; PSG ⫽ polysomnography; RDI ⫽ respiratory disturbance index.
Values are mean ⫾ SD.
* p ⫽ 0.078 compared with no OSA.
†
p ⬍ 0.001 compared with no OSA.
‡
p ⬍ 0.01 compared with no OSA.

were adjusted for age and BMIsds, and after adjusting for age
and BMIsds no correlations remained.
Other methods of analysis to examine for changes with treatment included stepwise multiple regression equation. Fasting
insulin at the time of follow-up was best explained by age,
BMIsds at initial study, and change in BMIsds (adjusted R2 ⫽
0.51, p ⬍ 0.001). Note that “change in BMI” was included in
the analysis even though there was no signiﬁcant difference in
the BMI between initial and follow-up studies, because BMI is
strongly associated with insulin and it tends to increase with age.
Comparisons among children in groups with persistent, resolved,
or no OSA at follow-up also showed no differences in any of
the metabolic variables (Tables 5 and 6). Paired t test comparisons, after adjusting for age and time to follow-up, showed a
signiﬁcant reduction in total cholesterol in the group with resolved OSA (p ⫽ 0.005), but no changes in insulin, glucose,
triglycerides, or HDL cholesterol whether treatment occurred
or not.
Obese Children

Twelve children were classiﬁed as obese (BMIsds ⭓ 2 SD from
the mean). Because obesity is a confounding factor affecting
both OSA and metabolic markers, we also compared ﬁndings
between obese and nonobese children. Demographic comparisons between obese and nonobese children are shown in Table 7.
There were no signiﬁcant differences in age at initial study, time
to follow-up, or RDI at initial study between obese and nonobese
children but metabolic markers were signiﬁcantly higher in obese
children (Tables 8 and 9). For obese children with OSA, insulin

Time to follow-up, yr
BMI at follow-up
RDI at follow-up
Lowest SpO2 at follow-up

1.3
19.3
8.6
85.4

⫾
⫾
⫾
⫾

0.7
8.2
4.1*
6.5

Resolved OSA
(n ⫽ 27)
1.4
20.4
2.2
91.2

⫾
⫾
⫾
⫾

0.5
5.5
1.3
2.9

Insulin, pmol/L
Glucose, mmol/L
Insulin/glucose ratio
Triglycerides, mmol/L
HDL, mmol/L
Cholesterol, mmol/L

80.1
4.2
23.3
0.9
1.5
4.8

⫾
⫾
⫾
⫾
⫾
⫾

No OSA (n ⫽ 16)

62.1
0.7
27.1
0.5
0.5
0.9

72.9
4.5
15.4
0.8
1.4
4.5

⫾
⫾
⫾
⫾
⫾
⫾

28.5
0.4
5.3
0.4
0.2
0.9

Definition of abbreviations: HDL ⫽ high-density lipoprotein; OSA ⫽ obstructive
sleep apnea; RDI ⫽ respiratory disturbance index.
Values are mean ⫾ SD.

levels and insulin/glucose ratio at initial study tended to be higher
compared with obese children without OSA, and these levels
were signiﬁcantly higher than nonobese children with or without
OSA (Figure 1).
Eight of the obese children had an RDI of 5 or more at initial
study and all of these children, together with one child with
an RDI of 4, were recommended for treatment. Of the nine
recommended for treatment, seven children underwent T&A
and two children elected not to have treatment. OSA was resolved in ﬁve of seven (71%) children after T&A and in one
child who did not receive treatment. Three children did not have
OSA at either initial or follow-up study. Despite these small
sample sizes, metabolic indices at follow-up were signiﬁcantly
higher in the obese group, despite most of these children undergoing T&A and having resolved OSA (Table 9). Group numbers
were too small to permit comparative analysis among obese
subjects with persistent, resolved, or no OSA.

DISCUSSION
The main ﬁnding of the present study is that obesity is the
predominant inﬂuence on metabolic function in children with
OSA. The preliminary data presented in this study suggest that
resolution of OSA can inﬂuence changes in metabolic markers
(cholesterol) in children over time.
Our original report was of a correlation between insulin resistance and OSA in obese children (23), but a recent report from
Tauman and colleagues (26) found little, if any, correlation between sleep-disordered breathing and metabolic abnormalities
in snoring children. It is possible that OSA only inﬂuences metabolic dysfunction or insulin resistance in obese subjects. Another
possibility is that persisting insulin resistance or the occurrence
of OSA somehow triggers weight gain. Freedman and colleagues

TABLE 5. METABOLIC MARKERS IN CHILDREN WITH
PERSISTENT OBSTRUCTIVE SLEEP APNEA, RESOLVED
OBSTRUCTIVE SLEEP APNEA, AND NON–OBSTRUCTIVE
SLEEP APNEA AT INITIAL SLEEP STUDY

TABLE 3. CHARACTERISTICS OF CHILDREN WITH
PERSISTENT OBSTRUCTIVE SLEEP APNEA, RESOLVED
OBSTRUCTIVE SLEEP APNEA, AND NON–OBSTRUCTIVE
SLEEP APNEA AT FOLLOW-UP SLEEP STUDY
Persistent OSA
(n ⫽ 5)
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No OSA
(n ⫽ 13)
1.1
20.6
1.7
91.4

⫾
⫾
⫾
⫾

0.7
5.0
0.8
3.6

For definition of abbreviations, see Table 1.
Values are mean ⫾ SD.
* p ⬍ 0.05 compared with no OSA, and p ⫽ 0.06 compared with resolved
OSA.

Persistent
(n ⫽ 5)
Insulin, pmol/L
Glucose, mmol/L
Insulin/glucose ratio
Triglycerides, mmol/L
HDL, mmol/L
Cholesterol, mmol/L

65.5
3.8
14.3
0.8
1.3
4.4

⫾
⫾
⫾
⫾
⫾
⫾

32.9
0.7
6.2
0.3
0.3
1.3

Resolved
(n ⫽ 27)
82.1
4.3
18.8
0.9
1.5
4.8

⫾
⫾
⫾
⫾
⫾
⫾

63.9
0.6
13.3
0.5
0.5
0.8

No OSA
(n ⫽ 13)
73.4
4.5
15.2
0.9
1.4
4.4

⫾
⫾
⫾
⫾
⫾
⫾

28.6
0.4
5.2
0.5
0.3
1.0

Definition of abbreviations: HDL ⫽ high-density lipoprotein; OSA ⫽ obstructive
sleep apnea.
Values are mean ⫾ SD.
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TABLE 6. METABOLIC MARKERS IN CHILDREN WITH
PERSISTENT OBSTRUCTIVE SLEEP APNEA, RESOLVED
OBSTRUCTIVE SLEEP APNEA, AND NON–OBSTRUCTIVE
SLEEP APNEA AT FOLLOW-UP SLEEP STUDY
Persistent
(n ⫽ 5)
Insulin, pmol/L
Glucose, mmol/L
Insulin/glucose ratio
Triglycerides, mmol/L
HDL, mmol/L
Cholesterol, mmol/L

73.0
4.5
19.6
0.9
1.5
4.3

⫾
⫾
⫾
⫾
⫾
⫾

66.2
0.7
12.7
0.3
0.3
0.9

Resolved
(n ⫽ 27)
96.9
4.7
20.9
0.9
1.5
4.7

⫾
⫾
⫾
⫾
⫾
⫾

TABLE 8. METABOLIC MARKERS IN OBESE AND NONOBESE
CHILDREN AT INITIAL SLEEP STUDY
Obese (n ⫽ 12)
No OSA
(n ⫽ 13)

58.3
0.3
11.4
0.6
0.5
0.6

90.7
4.6
20.7
0.9
1.5
4.4

⫾
⫾
⫾
⫾
⫾
⫾

46.5
0.7
12.1
0.3
0.2
0.5

For definition of abbreviations, see Table 5.
Values are mean ⫾ SD.

(16) found preliminary evidence that normal weight children
who became obese adults were at a much higher risk of developing morbidity associated with metabolic dysfunction than
those who maintained obesity from a young age. The numbers
of obese and nonobese subjects at follow-up did not allow us to
distinguish effects of OSA from those of obesity. It also seems
unlikely that this effect can be easily distinguished in adult populations where weight loss is associated with reduced severity of
OSA (27). These are important questions for future large-scale
studies.
Insulin resistance is measured routinely using fasting insulin,
the insulin/glucose ratio, or the homeostasis model assessment
(HOMA) index. Although the insulin:glucose clamp method is
considered the gold standard for documenting insulin resistance,
the technique was not suitable for our study design, although it
remains an option for future investigations. Studies in obese
adults have used hyperinsulinemic euglycemic clamps to show
that treatment of OSA leads to improved insulin responsiveness
by measuring glucose disposal rate (28). A similar technique has
been used in longitudinal studies of children to show a correlation
between childhood BMI and decreased ability to utilize glucose
in young adults (29).
We found that children with resolution of OSA abnormalities
experienced a small but signiﬁcant decrease in total cholesterol
levels, supporting the hypothesis that reversal of OSA may also
reverse the progression of dyslipidemia over time. This has important implications for adult risks for cardiovascular disease,
considering results from the longitudinal Muscatine Study, where
elevated cholesterol in childhood was associated strongly with
elevated levels in adult life in over 2,000 subjects (30).
Large epidemiologic studies, such as the Bogalusa Heart
Study and the Muscatine Study, provide stronger statistical evidence for accurate prediction of future abnormalities (12, 13, 18).

TABLE 7. COMPARISON OF OBESE AND
NONOBESE CHILDREN
Obese (n ⫽ 12)
Male, %
Age, yr
BMI, kg/m2
RDI/h
Lowest SpO2, %
Time to follow-up, yr

83
7.2 ⫾ 3.3
25.9 ⫾ 3.6*
12.3 ⫾ 20.4
86.8 ⫾ 7.8
1.4 ⫾ 0.5

Insulin, pmol/L
Glucose, mmol/L
Insulin/glucose ratio
Triglycerides, mmol/L
HDL, mmol/L
Cholesterol, mmol/L

106.1 ⫾ 72.1*
4.3 ⫾ 0.4
23.7 ⫾ 14.3*
1.2 ⫾ 0.7*
1.3 ⫾ 0.2†
4.7 ⫾ 1.1

Nonobese (n ⫽ 33)
66.7
4.3
14.7
0.8
1.6
4.6

⫾
⫾
⫾
⫾
⫾
⫾

37.6
0.7
8.0
0.3
0.4
0.9

Definition of abbreviation: HDL ⫽ high-density lipoprotein.
Values are mean ⫾ SD.
* p ⬍ 0.05.
†
p ⬍ 0.01.

Limited conclusions can be drawn from this small population
cohort. However, we do provide early observations that can be
incorporated into such larger studies.
An interesting observation was the proportion of children
who did not undergo surgery yet had spontaneous resolution
of disease (75%), compared with 90% of children whose OSA
resolved after T&A. This ﬁnding appears somewhat surprising
at ﬁrst. However, results in Table 1 show that those who refused
treatment tended to have milder disease, although this difference
did not reach statistical signiﬁcance. Because the initial disease
was not as severe, the change in RDI to be considered “OSA
resolved” at follow-up did not need to be as large. This has
inﬂuenced our methods of analysis and it is a pertinent point
for consideration in future large-scale studies.
Limitations of the Study

Because of our small subject numbers, we excluded children
who were restudied more than 2 yr from their initial study to
minimize potential confounding effects attributable to the variability in time to follow-up. Although we were unable to address
the issue in our current study, it remains possible that duration
of disease also inﬂuences metabolic function. Duration of exposure to disease (or effective treatment) may also help to explain,
in part, the associations between OSA and insulin resistance in
adults, where the duration of disease is likely to be much longer
than in children.
The question of whether a single overnight sleep study can
represent accurately the OSA characteristics in children could
be raised, given the amount of night-to-night variability observed
in adults (31). However, Katz and coworkers (32) have demonstrated that this level of variability is not signiﬁcant in children
with and without a diagnosis of OSA. We used children with
“no OSA” as our control group. However, these children had
been referred to the sleep unit for evaluation of suspected OSA

TABLE 9. METABOLIC MARKERS IN OBESE AND NONOBESE
CHILDREN AT FOLLOW-UP SLEEP STUDY
Nonobese (n ⫽ 33)
64
6.8 ⫾
16.8 ⫾
8.4 ⫾
89.6 ⫾
1.3 ⫾

3.7
3.5
8.2
4.0
0.6

Definition of abbreviations: BMI ⫽ body mass index; RDI ⫽ respiratory disturbance index.
Values are mean ⫾ SD.
* p ⬍ 0.001.

Obese (n ⫽ 12)
Insulin, pmol/L
Glucose, mmol/L
Insulin/glucose ratio
Triglycerides, mmol/L
HDL, mmol/L
Cholesterol, mmol/L

130.5 ⫾ 81.7*
4.9 ⫾ 0.3
29.4 ⫾ 13.5†
1.3 ⫾ 0.7*
1.3 ⫾ 0.3*
4.9 ⫾ 0.7*

For definition of abbreviation, see Table 8.
Values are mean ⫾ SD.
* p ⬍ 0.05.
†
p ⬍ 0.01.

Nonobese (n ⫽ 33)
96.2
4.6
17.4
0.7
1.6
4.4

⫾
⫾
⫾
⫾
⫾
⫾

30.8
0.5
8.7
0.2
0.4
0.5
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Figure 1. (A ) Insulin levels with 95% confidence intervals
(95% CI) for obese and nonobese children with and without
obstructive sleep apnea (OSA) at initial sleep study. (B )
Insulin/glucose ratio with 95% CI for obese and nonobese
children with and without OSA at initial sleep study. §p ⫽
0.07 compared with obese OSA; *p ⬍ 0.05 compared with
obese OSA; **p ⬍ 0.01 compared with obese OSA.

and studies now suggest that children with symptoms of OSA
reﬂect a diagnostic category rather than true control subjects,
and that they may have pathology, such as neurocognitive deﬁcits
(33). Future studies using community control subjects would
provide additional valuable information for evaluating the trends
of our markers.
In conclusion, this study shows that obesity is a major factor
in metabolic abnormalities in children with OSA. We provide
preliminary evidence that obese children with OSA appear to
have elevated insulin levels compared with obese children without OSA and that treatment of OSA with adenotonsillectomy
may be associated with small improvements in cholesterol levels.
The precise mechanism for these links remains the subject of
further investigations.
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