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Catecholamine Alterations in Pediatric
Obstructive Sleep Apnea: Effect of Obesity
Ayelet B. Snow, MD, Abdelnaby Khalyfa, PhD, Laura D. Serpero, PhD,
Oscar Sans Capdevila, MD, Jinkwan Kim, PhD, Muhamad O. Buazza, BSc, and David Gozal, MD*
Summary. Study Objectives: Obstructive sleep apnea (OSA) elicits increased sympathetic
activity in adults and increased urinary catecholamines. Moreover, urinary catecholamine excretion
is altered in obese patients. We hypothesized that morning urine catecholamine levels would be
correlated with the severity of obstructive sleep apnea and degree of obesity in children. Methods:
Children referred to the pediatric sleep center for habitual snoring underwent overnight
polysomnography, and the first morning voided urine sample was collected. Urinary concentrations
of norepinephrine, epinephrine and dopamine were measured and corrected for creatinine levels.
In a subset of children, blood samples were drawn and gene expression of catecholamine-relevant
genes analyzed by quantitative real-time PCR. Results: One hundred fifty-nine children were
recruited and completed the protocol. Children with OSA had significantly higher urinary
norepinephrine and epinephrine levels, but not dopamine, compared to habitual snorers
(norepinephrine: 40.1  24.7 ng/mg creatinine vs. 31.6  16.2 ng/mg creatinine, P < 0.01;
epinephrine: 6.4  10.5 ng/mg vs. 4.5  0.5 ng/mg, P < 0.01). There was a positive correlation
between norepinephrine and epinephrine values and polysomnographic indices, but no effect of
obesity on catecholamine levels. In addition, expression of several of the major genes involved in
synthesis and transport of catecholamines, as well as in selected receptors were compatible with
increased bioavailability of catecholamines. Conclusions: In children with OSA, morning urinary
norepinephrine and epinephrine levels are significantly higher than those without OSA, and
correlate with the severity of the disease. Gene expression patterns are in agreement with such
findings. Urine catecholamine levels do not appear to be influenced by the presence of obesity.
Thus, altered sympathetic activity in OSA patients appears to occur independently of the presence
of obesity. Pediatr Pulmonol. ß 2009 Wiley-Liss, Inc.
Key words: autonomic nervous system; sympathetic; catecholamines; hypoxia; sleep
apnea.

BACKGROUND

Obstructive sleep apnea (OSA) is a relatively prevalent
disorder among both adults and children.1–4 Over the last
decades, the association between OSA and cardiovascular
morbidities has been extensively studied. Indeed,
OSA will increase the risk for systemic hypertension,5,6
promote ischemic heart disease and the propensity for
stroke,7 and lead to changes in cardiac structure and
function.8 Furthermore, OSA may also lead to chronic
systemic inflammation and endothelial dysfunction
along with significant metabolic disturbances.1,8–11 The
mechanisms underlying the association between OSA and
cardiovascular disease are not fully understood. Obstructive respiratory events can result in gas exchange
abnormalities, that is, intermittent hypoxia and hypercapnia, as well as sleep fragmentation and exaggerated
intrathoracic pressure swings. All of these events, either
alone or in combination, have been shown to promote the
formation of reactive oxygen species, increase oxidative
stress, and elicit sustained activation of the sympathetic
autonomic nervous system.12 As a corollary to the latter,
ß 2009 Wiley-Liss, Inc.

elevated catecholamines levels were reported in the serum
and urine of adult patients diagnosed with OSA.13–16
The relative wealth of research data on OSA and
cardiovascular morbidity in adults is unfortunately not
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matched by a similar extent of information in children.
Since the initial study by Marcus et al.17 reporting that
OSA children had higher sleep and wake diastolic blood
pressure compared with habitually snoring children,
several other groups of investigators have identified
heightened prevalence of elevated systemic blood pressure in children with OSA.18–24 Along with such
findings, evidence for altered sympathetic tonic activity
and increased sympathetic reactivity were recently
reported in children with OSA25–27 suggesting that similar
to adult patients with OSA, the presence of OSA in
children will elicit substantial changes in autonomic
nervous system regulation, and more particularly
increased sympathetic outflow and reduced parasympathetic tone. Increased sympathetic activity could be
directly and invasively measured using microneurographic recordings of sympathetic fibers in the extremities12 or can alternatively be assessed through
measurement of catecholamine levels in either the serum
or urine. We therefore hypothesized that the previous
evidence supporting increased sympathetic activity in
children with OSA would be further confirmed by
increased secretion of urinary catecholamines in a
severity-dependent manner. Because obesity and enlarged
adenotonsillar tissues are the two major risk factors for
OSA in children,28 we further posited that obese children
with OSA may display increased levels of urinary
catecholamines compared to non-obese children with
OSA of similar severity.
METHODS AND PATIENTS
Patients

Consecutive snoring children referred to the University
of Louisville Pediatric Sleep Medicine Center for
evaluation of sleep disordered breathing were recruited
to the study.
Exclusion criteria included the presence of chronic
illnesses, genetic disorders, neuromuscular diseases, craniofacial abnormalities and the presence of acute infection,
or treatment with any medications that may potentially alter
catecholamine metabolism, such as methylphenidate and
other psychostimulants, or corticosteroids.
The study was approved by the institutional human
study review committee. Parental consent and child assent
for children 7 years of age, in the presence of a parent,
were obtained.
Patients voided before bedtime to ensure that the first
morning urine void would reflect the cumulative changes
in overnight sympathetic activity.
Night Time Polysomnography (NPSG)

A standard overnight multichannel polysomnographic
evaluation was performed at the University of Louisville
Pediatric Pulmonology

Pediatric Sleep laboratory. Children were studied for up to
12 hr in a quiet, darkened room with an ambient
temperature of 248C with a parent or guardian present.
No drugs were used to induce sleep.
The following parameters were measured: chest and
abdominal wall movements assessed by inductance
plethysmography, heart rate assessed by electrocardiography, and air flow monitored by sidestream end-tidal
capnography, which also provided breath-by-breath
assessments of end-tidal carbon dioxide levels (BCI SC300; Menomonee Falls, WI), nasal pressure, and an
oronasal thermistor. Arterial oxygen saturation (SPO2)
was assessed by pulse oximetry (Nellcor N 100; Nellcor
Inc., Hayward, CA), with simultaneous recording of
the pulse waveform. Bilateral electroculograms, eight
channels of the electroencephalogram, chin and anterior
tibial electromyograms, and analog output from a bodyposition sensor (Braebon Medical Corp, Ogdensburg,
NY) were also monitored. All measures were digitized
with a commercially available polysomnographic
system (Stellate, Montreal, Canada). Tracheal sounds
were monitored with a microphone sensor (Sleepmate,
Midlothian, VA), and a digital, time-synchronized video
recording was obtained.
Sleep architecture was assessed by standard techniques.29 The proportion of time spent in each sleep stage
was expressed as percentage of the total sleep time (TST).
Awakenings were defined as sustained arousal lasting for
15 sec. The apnea index was defined as the number of
episodes of apnea per hour of TST. Central, obstructive,
and mixed apneic events were counted. Obstructive apnea
was defined as the absence of airflow with continued chest
wall and abdominal movements for the duration of at least
two breaths.30–32 Hypopnea was defined as a decrease in
nasal flow of 50% with a corresponding decrease in
SPO2 of 4% and/or arousal.30,32 The obstructive apnea/
hypopnea index (AHI) was defined as the number of
episodes of obstructive apnea and hypopnea per hour
of TST. Children with AHI values of 1 episode per hour
of TST but <5 episodes/hr of TSTwere considered to have
mild OSA, whereas children with AHI values of 5
episodes/hr of TST were considered to have OSA. Control
children were defined as children with AHI values of <1
episode/hr of TST. For blood draw-based gene expression
studies, consecutive children (10 obese and 10 non-obese)
fulfilling OSA criteria (i.e., obstructive AHI  5/hrTST)
were selected, after which, matching healthy controls
were identified.
The mean SPO2, as measured by pulse oximetry in the
presence of a pulse waveform signal void-of-motion
artifact, and the SPO2 nadir were recorded.
Arousals were expressed as the total number of
arousals per hour of sleep time (arousal index), and
were defined as recommended by the American Sleep
Disorders Association Task Force report33,34 and included
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respiratory-related (occurring immediately following an
apnea, hypopnea, or snore), technician-induced, and
spontaneous arousals.
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isolated revolves around 2–3 mg from 2.5-ml whole blood.
The RIN is a software tool that scans the peaks of RNA
electropherograms for RNA intactness. All the purified
samples were stored at 808C until further analyses.

BMI z Score Calculation

Height and weight were recorded for each child.
Body mass index z score was calculated using an online
BMI z score calculator provided by the CDC (http://
www.cdc.gov/epiinfo/). Children with BMI z score values
greater than 1.67 were considered as obese.35
Urine Samples

Subjects urinated prior to the sleep study and a first
morning urine sample was collected immediately after
completing the overnight polysomnographic evaluation.
Children who urinated during the night were excluded
from the study. Urine was stored shortly after collection in
a 808C freezer until assay
Urinary epinephrine, norepinephrine and dopamine
were measured using a solid phase competitive
enzyme linked immunosorbent assay (ELISA) (Tri-Cat
EIA, Alpco diagnostics, Salem, NH). The ELISA
sensitivity for epinephrine is 0.33 ng/ml; for norepinephrine 1.33 ng/ml and for dopamine 0.83 ng/ml, with crossreactivity ranges between 14% and 20%. The interassay
and intra-assay coefficients of variability were 13.2% and
15% for epinephrine, 8.5% and 16.1% for norepinephrine,
and 15.9% and 9.5% for dopamine. All samples were
assayed in duplicates and values were retained if they were
within 10% of each other.
Urinary creatinine level was measured for each sample.
Catecholamine levels were corrected for corresponding
urine creatinine concentration.
Blood Samples

Following the sleep study, fasting peripheral blood
samples were drawn from a total of 20 children with OSA
(10 obese and 10 non-obese) and 20 age, gender, BMI, and
ethnicity-matched controls within the first hour after
awakening in vacutainer tubes containing EDTA (Becton
Dickinson, Franklin Lakes, NJ). Total RNA was extracted
from the peripheral leukocytes in the blood samples using
PAXgene Mini columns and DNase treated (Qiagen,
Valencia, CA), according to the manufacturer protocol.
The RNA quality and integrity were determined using the
Eukaryote Total RNA Nano 6000 LabChip assay (Agilent
Technologies) on the Agilent 2100 Bioanalyzer using
Agilent’s RNA Integrity Number software.36 All RNA
samples showed A260/280 ratios between 1.9 and 2.1. RNA
samples were quantified by measuring A260 nm on a UV/
Vis spectrophotometer (ND-1000, NanoDrop Technologies, Wilmington, DE). The yield of RNA from peripheral
blood leukocytes varies, but typically, the amount of RNA

Real-Time RT-PCR

Quantitative real time RT-PCR analyses were performed for a set of genes involved in catecholamine
synthesis or in its biological activity using sets of specific
primers and the ABI PRISM 7500 System (Applied
Biosystems, Foster City, CA). The genes examined
included tyrosine hydroxylase (NM_199292), dopamine
b hydroxylase (NM_000787), monoamine oxidases A
(NM_000240) and B (NM_000898), monooxygenase,
DBH-like 1 (MOXD1), transcript variant 2 (NM_
015529), catechol-O-methyltransferase (COMT), transcript variant MB-COMT (NM_000754), catechol-Omethyltransferase domain containing 1 (COMTD1;
NM_144589), adrenergic a1A receptor (NM_033304),
a1B receptor (NM_000679), a1D receptor (NM_
000678), a2B receptor (NM_000682), and b2 receptor
(NM_000024). cDNA synthesis was performed using a
High-Capacity cDNA Archive Kit (Applied Biosystems).
Housekeeping gene, ribosomal 18S rRNA, was used as a
reference gene to normalize the expression ratios for the
gene of interest. One microgram of total RNA from OSA
and control group samples was used to generate cDNA
templates for RT-PCR, and TaqMan1 Master Mix
Reagent Kit (Applied Biosystems) was used to amplify
and quantify each transcript of interest in 25 ml reactions.
Triplicate PCR reactions were performed in 96-well plates
for each gene in parallel with the 18S rRNA. The steps
involved in the reaction program included: the initial
step of 2 min at 508C; denaturation at 958C for 10 min,
followed by 45 thermal cycles of denaturation (15 sec at
958C) and elongation (1 min at 608C). The expression
values were obtained from the cycle number (Ct value)
using the Biosystems analysis software. All the genes of
interest and 18S rRNA were performed in triplicates to
determine the Ct-diff. These Ct values were averaged
andthe difference between the 18S Ct (Avg) and the gene
of interest Ct (Avg) was calculated (Ct-diff). The relative
expression of the gene of interest was analyzed using the
2DDCt method.37
Data Analysis

Data are presented as mean  SD unless stated otherwise. Data were assessed for kurtosis and confirmed as
being normally distributed. Multiple analyses of variance
were applied for analysis of the variables. Pearson
correlation tests were performed to assess potential
relationships between catecholamine levels and polysomnographic indices. Data were analyzed by using SPSS
Pediatric Pulmonology
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14.0 (SPSS, Chicago, IL). A P value of 0.05 was
considered to achieve statistical significance.
RESULTS

Overall, 159 consecutive habitually-snoring children
(57% male) with a mean age of 6.9  1.2 years (range 4–
16 years) were recruited into the study. Of these,
81 children (65% male) had evidence of OSA. OSA and
non-OSA subjects were further subdivided into obese and
non-obese subgroups according to their individual BMI-z
scores.
Except for significant differences in BMI z score and
severity of respiratory disturbance, there were no
significant differences in age, gender, ethnicity, total
sleep time and sleep stages distribution between groups.
The characteristics of the subjects included in each of the
four subgroups are described in Table 1.
Catecholaminergic Gene Expression in
Peripheral Blood Leukocytes

There were no significant differences among any of the
catecholamine-related gene expression among non-obese
and obese children. However, significant differences
emerged when 20 children with OSA were compared
to age-, gender-, ethnicity-, and BMI-matched controls
(Table 2). Indeed, the following genes exhibited
increases in their expression: tyrosine hydroxylase:
7.57  1.78-fold; P < 0.0001; dopamine b hydroxylase:

1.88  0.28-fold; P < 0.01; monoamine oxidase A: 3.4 
0.8; P < 0.0001; monooxygenase, DBH-like 1 (MOXD1),
transcript variant 2: 19.3  4.9; P < 0.0001; adrenergic
a1A receptor: 16.8  4.6-fold; P < 0.00001; adrenergic
a2B receptor: 3.47  4.9; P < 0.0001 (Table 2). In contrast,
decreases in the expression of catechol-O-methyltransferase (COMT) (0.23  0.04; P < 0.0001), transcript variant
MB-COMT (0.05  0.02; P < 0.0001), and b2 adrenergic
receptor (0.13  0.03; P < 0.0001) emerged (Table 2). No
significant changes occurred in catechol-O-methyltransferase domain containing 1 (COMTD1) and in adrenergic
receptors a1B receptor and a1D (Table 2).
Urinary Catecholamines

Urinary norepinephrine and epinephrine levels in children
with OSA were significantly higher when compared to
children without OSA (norepinephrine: 40.1  24.7 ng/mg
creatinine in OSA vs. 31.6  16.1 ng/mg creatinine in
controls; P < 0.01; epinephrine: 6.4  10.5 ng/mg creatinine
in OSAvs. 4.5  0.5 ng/mg creatinine in controls; P < 0.01).
Analysis of variance failed to demonstrate any significant
effect of obesity on urinary catecholamines levels. However,
significant correlation emerged between norepinephrine
levels and AHI, SPO2 nadir, and respiratory arousal index
(r ¼ 0.43; P < 0.01; r ¼ 0.24; P < 0.01; r ¼ 0.22; P < 0.01,
respectively). In addition, epinephrine levels were positively
correlated with AHI (r ¼ 0.23; P < 0.01), but did not show
any significant association with either SPO2 nadir or arousal
index (Fig. 1A–D).

TABLE 1— Demographic and Polysomnographic Characteristics of 159 Children Included in the Study

Age (years)
Gender (% males)
% African American
BMI z score
TST (min)
Sleep efficiency (%)
NREM sleep (%TST)
Stage 1
Stage 2
Stage 3 þ 4
REM sleep (%TST)
OAHI (/hrTST)
SPO2 Nadir (%)
TAI (/hrTST)
PETCO2 > 50 mmHg (%TST)
Norepinephrine (ng/mg)

Non-obese
AHI < 1 (n ¼ 40)

Obese
AHI < 1 (n ¼ 38)

Non-obese
AHI > 1 (n ¼ 37)

Obese
AHI > 1 (n ¼ 44)

P value

6.7  0.7
50
27%
0.015  1.29
475.6  48
88.7  8.9

6.9  0.7
54
34%
2.35  0.41
471.5  34.5
89.9  5.2

6.7  0.8
59
29%
0.27  0.87
481.9  40
91.1  6.3

7.1  2
60
34%
2.46  0.49
469.9  56
88.8  9.9

NS
NS
NS
<0.05
NS
NS

6.8  4.3
44.8  8.5
27.5  7.8
18.9  5.1
0.34  0.3
94  2.3
6.6  2.9
0.01  0.03
32.6  18.6

7.3  4.8
45.5  7
33.1  34
22  16.9
0.4  0.3
92.1  6.2
8.3  4.2
0
30.5  13.4

7.9  8.4
44  6.7
26.5  7.4
23.9  17.2
6  8.2
90.3  4.1
11.2  7.4
0.01  0.06
36.8  18.5

7.1  4.5
42.5  8.4
28.4  8.7
17.4  5.8
10  11.3
83.6  9.4
11.6  6.7
3.4  13.5
42.9  28.8

3.7  2.5

6.1  6.7

NS
NS
NS
NS
<0.05
<0.05
<0.05
NS
NS
<0.05
NS
<0.05
NS
NS

31.6  16.1
Epinephrine (ng/mg)

5.4  6

40.1  24.7

4.5  0.5
Dopamine (ng/mg)

528.9  286.4
508.4  284.9
518.9  284

6.6  13
6.4  10.5
502.1  257.6
485.4  198
493  226.1

BMI, body mass index; NS, not significant; TST, total sleep time; NREM, non-rapid eye movement; REM, rapid eye movement; OAHI, obstructive
apnea hypopnea index; SPO2, oxygen saturation measured by pulse oxymetry; TAI, total arousal index; PETCO2, end tidal carbon dioxide tension.
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TABLE 2— Catecholaminergic Gene Expression in Peripheral Blood Leukocytes of
Children With OSA and Matched Control Children

Up-regulated genes
Tyrosine hydroxylase
Dopamine b hydroxylase
Monoamine oxidase A
Monooxygenase, DBH-like 1 (MOXD1), transcript
variant 2
Adrenergic a1A receptor
Adrenergic a2B receptor
Down-regulated genes
Catechol-O-methyltransferase (COMT)
Transcript variant MB-COMT
b2 adrenergic receptor
Unchanged expression
Catechol-O-methyltransferase domain containing
1 (COMTD1)
Adrenergic receptor a1B
Adrenergic receptor a1D

OSA/control, Mean  SE (range)

P value

7.57  1.78 (4.78–22.8)
1.88  0.28 (1.33–2.76)
3.4  0.8 (2.77–9.62)
19.3  4.9 (15.8–39.6)

<0.0001
<0.01
<0.0001
<0.0001

16.8  4.6 (10.8–23.5)
3.47  4.9 (1.78–14.7)

<0.00001
<0.0001

0.23  0.04 (0.09–0.45)
0.05  0.02 (0.01–0.08)
0.13  0.03 (0.07–0.19)

<0.0001
<0.0001
<0.0001

1.03  0.12 (0.89–1.22)

NS

0.97  0.07 (0.91–1.17)
0.95  0.02 (0.92–1.02)

NS
NS

NS, not significant.
Gene expression is indicated in fold change compared to controls after correction for corresponding
housekeeping gene in quantitative PCR reaction (see Methods and Patients Section for more details).

Fig. 1. Scatterplots of norepinephrine urine levels (corrected for creatinine) as a function of AHI
(panel A), SPO2 nadir (panel B), and arousal index (panel C) for the cohort (n ¼ 159), as well as for
epinephrine and AHI (panel D). Linear regression lines are shown and were all statistically
significant (P < 0.01).

Pediatric Pulmonology

6

Snow et al.

DISCUSSION

In this study, we show that urinary epinephrine and
more particularly norepinephrine levels are significantly
higher in children diagnosed with sleep disordered
breathing when compared to habitually snoring children
with overall normal polysomnographic evaluations. In
addition, norepinephrine levels correlated significantly
with nocturnal oxygen saturation nadir and the magnitude
of respiratory events induced sleep fragmentation. Furthermore, OSA is associated with substantial alterations in
the transcriptome of some of the major genes involved in
production and transport of catecholamines, as well as in
eliciting changes in the expression of some of the main
catecholamine receptors. These findings suggest that
OSA constitutes an independent risk factor for induction
of increased sympathetic tone,27 and thus may contribute
to the pathogenesis of systemic hypertension in this
disease.
It has now become well recognized that OSA is a fairly
frequent condition in children, affecting 2–3% of all preschool and school-aged children.1,3,4,38–44 Moreover, in
recent years the association between cardiovascular
morbidities and OSA in children has emerged, and
includes thus far increased risk for systemic hypertension,18,19,21,45 changes in cardiac left ventricular
geometry and function that exhibit severity-dependent
relationships.25,46,47
The mechanisms related to the developing alterations in
blood pressure and cardiac structure are most probably a
combination of several overlapping and parallel pathogenic processes that are activated or exaggerated in
the presence of OSA. Such processes may include onset
and propagation of endothelial dysfunction and atherogenesis,48 increased systemic inflammation and oxidative
stress and activation of vascular adhesion molecules,49–53
and perhaps most importantly the sustained activation of
increased sympathetic tone as well as enhanced sympathetic reactivity.26,27
While mechanistic studies are lacking in children,
extensive research has been conducted on the relationships between OSA and cardiovascular morbidities and
hypertension in the adult population.5,6,54,55 The extensive
body of literature available clearly supports a predominant
effect of OSA, particularly via intermittent hypoxia, in the
induction and maintenance of net increases in sympathetic
activity both during sleep and wakefulness, the latter
correlating with gradual elevations in systemic blood
pressure over time.56–58
In an effort to obtain easier correlates of sympathetic
activation than direct sympathetic nerve recordings,
plasma and urine catecholamine levels where examined,
and showed treatment-reversible increases in norepinephrine levels in adults with OSA when compared to
adults with habitual snoring.59–61 Furthermore, Kanstrup
Pediatric Pulmonology

et al.62 reported that following exposures to acute
hypoxia, transient increments in plasma epinephrine and
norepinephrine levels occurred, and that the kinetics of
norepinephrine decrements were slower than those of
epinephrine. In agreement with the more rapid disappearance of epinephrine, additional studies in adults with OSA
could not find increases dopamine and epinephrine in the
presence of OSA.13–16 To the best of our knowledge, no
data are currently available regarding catecholamine
levels in children with OSA, although a preliminary
communication has been recently published by Kaditis
et al. in this Journal.63
Catecholamines are derived from the amino acid
tyrosine. Tyrosine is generated from phenylalanine by
the action of phenylalanine hydroxylase, but may be
directly ingested from dietary protein as well. Tyrosine is
then further metabolized in the adrenal medulla and other
components of the sympathetic nervous system through a
variety of tightly regulated enzymatic processes to
release catecholamines. In the present study, we show
that expression of several of the genes underlying both the
synthesis and catabolism of catecholamines is altered by
the presence of OSA in children, and we would surmise
that such changes would predict increased overall
bioavailability of catecholamines. In addition, the parallel
increased expression of specific catecholaminergic receptors, such as adrenergic a1A and a2B receptors, along
with decreases in b2 adrenergic receptor expression would
further suggest that specific cardiovascular targets would
be effected and likely to promote systemic blood pressure
elevations.
Based on such findings, we speculated that urinary
catecholamines measured from the first voided urine
following an overnight sleep study would likely represent
the mean cumulative level of autonomic activity throughout the night, and as such would reflect the potential
effects of sleep apnea on global autonomic nervous system
activity. However, special attention was also given to the
occurrence of obesity as a possible confounding factor
influencing sympathetic activity. Indeed, obesity is now
recognized as a low grade systemic inflammatory
disorder,64,65 and is associated with an increased risk
for hypertension as well as for OSA.66–68 Furthermore,
obesity has been associated with increased urinary and
plasma levels of norepinephrine.69–72 However, in the
current study we found no evidence for an increase in
urinary catecholamines in obese children without OSA, no
differences in gene expression within catecholaminergic
pathways among obese and non-obese children, and no
significant association between urinary catecholamine
levels and the degree of obesity. While the discrepancies
between our current findings and those previously
reported for obese children are unclear, we should
emphasize that earlier studies failed to assess for the
presence of sleep apnea in their cohorts. Furthermore, Li
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et al. have recently demonstrated elevated diurnal and
nocturnal blood pressure among children diagnosed with
OSA, independently of obesity, thereby suggesting that
the contribution of OSA to catecholaminergic pathways
and subsequent induction of blood pressure elevations is
probably small. The possibility exists that OSA and
obesity in children do not induce a measurable change
in blood pressure, by virtue of highly competent
compensatory mechanisms, which may require more
severe disease or longer duration of disease until
decompensation occurs. While we did not conduct
concomitant measurements of blood pressure in our
cohort we propose that assessment of urinary catecholamine changes in children may provide a sensitive
reflection on the activation of upstream mechanisms that
may ultimately lead to the systemic hypertension and
other adverse cardiovascular outcomes recently identified
in children with OSA.18–21,25,45,48,49
In summary, we have shown that children with OSA are
at risk for having increased morning urinary norepinephrine and to a lesser extent epinephrine levels, which are not
influenced by the presence of obesity, and that appear to
reflect up-regulation of several genes involved in the
production and metabolism of these amines. Urinary
catecholamines were also associated with the severity of
OSA, such as the apnea–hypopnea index, SPO2 nadir, and
arousal index. Future longitudinal studies may allow for
characterization of the relationships between the changes
in sympathetic activation in childhood OSA, the effects of
treatment on these measures, and ultimately the long-term
impact of such alterations on cardiovascular function later
in life.
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