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Rationale: Endothelial dysfunction is a potential complication of
obstructive sleep apnea syndrome (OSAS) in children ascribed to
systemic inflammatorychanges.However,notall childrenwithOSAS
will manifest endothelial dysfunction.
Objectives: The variability in endothelial function in pediatric OSAS
may be related to the ability to recruit repair mechanisms such as
endothelial progenitor cells (EPCs).
Methods: Prepubertal nonhypertensive children with or without
polysomonographically confirmed OSAS had endothelial function
assessed in a morning fasted state using a modified hyperemic test
involving cuff-induced occlusion of the radial and ulnar arteries.
Blood was drawn and EPCs were assessed by flow cytometry and
triple staining using antibodies against CD133, CD34, and vascular
endothelial growth factor receptor-2 after isolation of peripheral
blood mononuclear cells. SDF-1 levels were measured by ELISA.
Measurements and Main Results: Eighty children with OSAS (mean age
8.2 6 1.4 yr, mean body mass index [BMI] z-score, 1.43 6 0.3) and 20
controls (CO) matched for BMI, age, sex, and ethnicity were studied.
Significant delays to peak capillary reperfusion after occlusion re-
lease (Tmax) occurred in OSAS children, but substantial variability
was present. Despite similar OSAS severity, EPC counts, and stromal
cell–derived factor-1 (SDF-1) levels were significantly lower among
the 20 OSAS children with the longest Tmax, when compared with
either the 20 children with normal Tmax values or to CO ( P , 0.01).
Furthermore, Tmax was significantly and inversely correlated with
EPCs (r2, 0.51; P , 0.01), but neither EPCs nor Tmax were associated
with apnea-hyponea index (AHI).
Conclusions: Endothelial dysfunction is frequently present in OSAS.
Variance in endothelial functional phenotype may not only reside in
the individual susceptibility but also in the ability to recruit endo-
thelial repair mechanisms.
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Obstructive sleep apnea syndrome (OSAS) in children is a fre-
quent condition in which intermittent collapse of the upper
airway during sleep leads to recurrent oxyhemoglobin desatu-
rations, elevated carbon dioxide levels, sleep fragmentation,
and reduced sleep efficiency (1). Among other significant
morbidities, OSAS independently elevates the risk for systemic
hypertension and cardiovascular disease (2), and also alters lipid
homeostasis (3). In fact, endothelial dysfunction, an early risk
marker of cardiovascular disease, is frequently present in adults
with OSAS (4–7). Recent work from our laboratory has
illustrated that endothelial dysfunction, as assessed by a modi-
fied hyperemic test after cuff-induced occlusion of the brachial
artery, is more likely to be present among nonobese 6- to 9-

year-old children diagnosed with OSAS when compared with
matched controls (8). In addition, the abnormalities in post-
occlusive reperfusion responses were reversed upon adequate
and effective treatment of the underlying OSAS (8).

It should be emphasized that not all children with OSAS will
develop evidence of endothelial dysfunction, and that multiple
factors could be playing a role in the endothelial phenotype in
the context of pediatric OSA (2, 9). Mechanisms leading to
increased sympathetic activity, systemic inflammation and oxi-
dative stress, and ultimately underlying endothelial injury and
dysfunction have been extensively examined (4, 9). However,
less attention has been paid to repair mechanisms, even though
the magnitude of recruitment of such repair mechanisms could
account for the substantial variability in endothelial function
among patients with OSAS. Three main inducible processes are
responsible for maintaining cardiovascular homeostasis, name-
ly, the regenerative production of endothelial progenitor cells,
angiogenesis, and macrophage-mediated reverse cholesterol
transport (10). Among these, endothelial progenitor cells
(EPCs) have generated interest for their potential to reverse
vascular injury (11–14). In the context of OSAS, an initial
report suggested that adult patients with OSAS who were free
of any other known cardiovascular risk factors had reduced
numbers of circulating EPCs (15). Such findings were not
confirmed in another small group of adult patients with OSAS
who seemed to be free of any cardiovascular risk factors (16).
Furthermore, EPCs and flow-mediated vascular dilation were
reduced in 32 adult patients with OSAS compared with 15
controls, and adherent treatment with CPAP led to improve-
ments in both of these outcomes (17). In contrast, mesenchymal
stem cells are increasingly released to the peripheral circulation
in a rodent model of OSAS (18). The number of circulating
EPCs is greater in children than in adults (19) such that
variances in the recruitment potential of EPCs could underlie
the differences in the magnitude of endothelial dysfunction in
children with OSAS. However, we are unaware of any similar
studies in children. Therefore, the purpose of the current study
was to investigate whether circulating EPCs are altered by the
presence OSAS in children and whether there are any associ-
ations between EPCs and endothelial function.

AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Obstructive sleep apnea leads to abnormal endothelial
function in some but not all children afflicted with this
condition. The reasons underlying such differences are
unclear.

What This Study Adds to the Field

The number of circulating endothelial progenitor cells in
children with sleep apnea may be an important determi-
nant of the magnitude of endothelial dysfunction.
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METHODS

Consecutive healthy habitually snoring and nonsnoring prepubertal
children (ages 4–12 yr) participating in a study on neurocognitive
function and sleep in children at the University of Louisville Pediatric
Sleep Medicine Center were recruited to investigate endothelial
function in the context of OSAS. All methods outlined in this study
were approved by the University of Louisville Human Research
Committee. Subjects were recruited from November 2007 through
September 2008. All participants underwent baseline overnight poly-
somnography and a fasting blood draw in the morning.

Anthropometry

Children were weighed in a calibrated scale and their weight was
recorded to nearest 0.1 kg. Height (to 0.1 cm) was measured with
a stadiometer (Holtain, Crymych, UK). Body mass index (BMI) was
calculated and BMI z-score was computed using the Center for Disease
Control 2000 growth standards (www.cdc.gov/growthcharts) and online
software (www.cdc.gov/epiinfo). A BMI z-score greater than 1.65
(.95th percentile) was considered as fulfilling obese criteria.

Sphygmomanometry

Arterial blood pressure was measured noninvasively in all children
using an automated mercury sphygmomanometer (Welch Allyn,
Skaneateles Falls, NY) at the brachial artery using a guidelines-defined
appropriate cuff size on the nondominant arm (20). Blood pressure
measurements were made in the evening before commencement of
nocturnal polysomnography and in the morning immediately after
awakening. Systolic and diastolic blood pressure indices were calcu-
lated by dividing the average systolic and diastolic pressure by the
respective 95th percentile for blood pressure (www.nhlbi.nih.gov/guide-
lines/hypertension/child_tbl.htm) computed for age, sex, and height.
Hypertension was defined by a systolic or a diastolic blood pressure
index exceeding 1 and led to exclusion from the study.

Overnight Polysomnography

Polysomnographies (PSG) were conducted and scored as previously
reported (21–25). The diagnosis of children with OSAS was defined by
the presence of an obstructive apnea index of 1 or more per hour of
total sleep time and an obstructive apnea-hypopnea index (AHI) of 5
or more per hour of total sleep time, respectively and a nadir
oxyhemoglobin saturation less than 92% (23). Control children had
AHI of less than 1 per hour of total sleep time and no oxygen
desaturations events during sleep.

Endothelial Function

Endothelial function was assessed using a modified hyperemic test after
cuff-induced occlusion of the radial and ulnar arteries by placing the
cuff over the wrist. All tests were performed at awakening to ensure
that children were in a fasted state. A laser Doppler sensor (Periflux
5000 System integrated with the PF 5050 Pressure Unit, Perimed;
Järfälla, Sweden) was applied over the volar aspect of the hand at the
first finger distal metacarpal surface and the hand was gently immobi-
lized. This site was chosen as an area to minimize the effects of motion
artifact and was also found to have a density of skin capillary blood
flow that was of appropriate magnitude for detection. Again, children
lay supine with the head of the bed elevated 458. Once cutaneous blood
flow over the area became stable, the pressure within an inflatable cuff
placed at the forearm and connected to a computer-controlled ma-
nometer was raised to 200 mm Hg for 60 seconds during which blood
flow was reduced to undetectable levels. An occlusion time of 60
seconds was chosen to minimize discomfort for the child. Using
a computer-controlled pressure release to allow for consistent deflation
times, the cuff was rapidly deflated and the hyperemic responses were
measured by the laser-Doppler device. The maneuver was repeated
twice within 10 minutes with at least 2 minutes separating both trials to
ensure a return to baseline perfusion. The average of both maneuvers
was then computed for subsequent analyses. Laser Doppler determines
the magnitude of perfusion at rest, at occlusion, and at post- occlusion.
Although detection of microvascular perfusion varies by child accord-
ing to density of capillary blood vessels, thickness of skin, etc., all

measurements are extrapolated to baseline perfusion before cuff
occlusion, and analysis of reperfusion kinetics is based on time
measurements. Commercially available software (Perimed; Järfälla,
Sweden) allowed for unbiased estimates of the time to peak regional
blood flow response post- occlusion release, which is considered
representative of the postocclusion hyperemic response, an index of
endothelial function (26).

Circulating EPCs Assay

Fasting blood samples were drawn by venipuncture in the morning
immediately after the endothelial function testing and the nocturnal
polysomnogram. After the initial 5 ml of blood was drawn by venipunc-
ture and used for standard lipid measurements, high sensitivity C-
reactive protein (CRP), and fasting insulin and glucose levels, using
methods previously described (3), the subsequent 5 ml were obtained
and immediately transferred into ethylenediaminetetraacetic acid col-
lection tubes. Blood specimens were immediately transferred on wet ice
to the laboratory for EPCs assay. Circulating EPCs were quantitated
using the method described by Duda and colleagues (27) with some
modifications. In brief, peripheral blood mononuclear cells were pre-
pared by gradient centrifugation using Ficoll-Hypaque (Amersham
Biosciences; Piscataway, NJ). The expression of cell-surface antigens
was determined by 4-color immunofluorescence-staining. One hundred
ml of peripheral blood mononuclear cell (containing 1 3 106 cells) were
incubated with 10 ml of Fc receptor–blocking reagent (Miltenyi Biotec;
Bergisch Gladbach, Germany) for 10 minutes to inhibit nonspecific
binding. Cells were then incubated at 48C for 30 minutes with 10 ml
phycoerythrinconjugated antihuman CD133 mAb (Miltenyi Biotec),
10 ml peridinin chlorophyll protein–conjugated anti-human CD34 mAb
(BD Biosciences; San Jose, CA), 10 ml allophycocyanin-conjugated
VEGF R2 mAb (R&D Systems; Minneapolis, MN), and 10 ml fluo-
rescein isothiocyanate–conjugated Annexin V mAb (BD Biosciences).
Phycoerythrin-, peridinin chlorophyll protein-,allophycocyanin-, and
fluorescein isothiocyanate–conjugated isotypematched immunoglobu-
lin G1 and immunoglobulin G2a antibodies (DakoCytomation;
Glostrup, Denmark) were used for each subject and each measure-
ment, and served as negative controls. The cells were washed three
times to remove unbound antibodies and finally resuspended in 400 ml of
fluorescence-activated cell sorting (FACS) solution (BD Biosciences).
FACS analysis was performed on a FACS ARIA flow cytometer (BD
Biosciences). A minimum of 500, 000 events were collected. FACS
analysis of each probe was performed in triplicate. The frequency of
EPCs in peripheral blood was determined by a 2-dimensional side-
scatter/fluorescence dot-plot analysis of the samples after exclusion of
Annexin V-positive cells and appropriate gating. The exclusion of
Annexin V-positive cells was performed to rule out contamination with
apoptotic cells. EPC counts were expressed as percentage of total
peripheral blood mononuclear cells in each subject.

Exclusion Criteria

All children found hypertensive (with either a systolic or diastolic blood
pressure index .1) or using anti-hypertensive therapies were excluded.
Furthermore, children with diabetes (fasting serum glucose >120 mg/dl),
with a craniofacial, neuromuscular or defined genetic syndrome, and
children on chronic anti-inflammatory therapy, or with any known
acute or chronic illness were excluded. In addition, children placed on
sympathomometic agents such as psychostimulants were not tested.

Stromal cell–derived factor-1 (SDF-1) levels were measured using
a commercially available ELISA kit according to the manufacturer’s
instructions (Human SDF-1 ELISA Kit; R&D Systems; cat # DSA00).
The assay has a sensitivity of 20 and was linear between 100 and 20,000
pg/ml. The inter-assay and intra-assay of coefficients of variability were
3.8 and 7.3%, respectively.

Data Analysis

Results are presented as means 6 SD, unless stated otherwise. All
numerical data were subjected to statistical analysis using independent
Student t tests or analysis of variance followed by post-hoc tests as
appropriate using Statistica (StatSoft, Inc.; 2008; version 8.0. www.statsoft.
com). No variance stabilizing transformations were undertaken. A two-
tailed P , 0.05 was considered to define significance.
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RESULTS

In total, 147 children fitting initial inclusion criteria were
recruited into the study. Of these, 80 children fulfilled criteria
for OSAS and were included, and 20 were age-, sex-, ethnicity-,
and proportion of BMI z score-defined obese and overweight
matched nonsnoring controls (Table 1). The remaining 47
children with primary snoring were not included in this study.
Twenty-seven children were obese in the OSAS group, and six
obese children were included in the control group. The mean
age of nonobese and obese groups was similar (7.2 6 1.4 yr
compared with 7.1 6 1.6 yr, respectively; P value was not
significant). Sex and ethnic distribution were also similar across
the two groups (Table 1). Eighteen children in the OSAS group
and five children in the control group had parents with systemic
essential hypertension or with early onset cardiovascular dis-
ease (before age 50). Overnight polysomnographic findings
revealed the anticipated differences in respiratory and sleep
measures (Table 2). The main differences consisted in reduc-
tions in delta sleep in OSA along with increased respiratory
events, desaturations, and arousals due to either snoring or after
a respiratory event (Table 2). Although blood pressure mea-
surements did not fulfill any of the criteria for hypertension in
the 100 children included in the present study, they revealed
that OSAS children had significantly higher mean systolic blood
pressures (114.2 6 7.7 vs. 96.9 6 6.8 mm Hg ; P , 0.01) and
systolic blood pressure indices (0.95 6 0.04 vs. 0.83 6 0.07 ; P ,

0.01) compared with control children. There were no differ-
ences in either diastolic blood pressure or diastolic blood
pressure indices between the two groups.

Metabolic profiles revealed small, albeit significant differ-
ences in fasting serum cholesterol levels but not triglyceride
levels (Table 1 ). Fasting glucose levels were similar in the two

groups, but insulin levels were higher in OSAS (Table 1). Serum
levels of high sensitivity CRP were significantly elevated in the
OSAS group (Table 1).

Endothelial Function Testing

Laser-Doppler analysis of cutaneous blood flow did not reveal
significant differences in resting blood flow between both
groups (Table 3). Release of occlusion did not reveal significant
differences in the magnitude of peak flow after release of
occlusion. However, the time to attain peak reperfusion flow
(Tmax) in children with OSAS was significantly delayed com-
pared with nonobese children (Figure 1A). However, there was
significant variability in Tmax among the 80 children with
OSAS (Figure 1B) and no significant associations were identi-
fied between Tmax and AHI, nadir SaO2, or any of the other
sleep-related measures. Similarly, there were no significant
correlations between lipid profile or fasting insulin and Tmax.
However, high-sensitivity CRP (hsCRP) was significantly cor-
related with vascular function even after controlling for poten-
tial confounders (r2: 0.16; P , 0.04).

Although mean EPCs counts were lower in the OSAS group,
these differences did not reach significance. Mean SDF-1 levels
were similar in OSAS and controls. However, a highly signif-
icant inverse correlation emerged between EPC counts and
Tmax (r2: 0.55; P , 0.000001; Figure 2). Accordingly, and based
on the variance found in Tmax in controls, we partitioned the

TABLE 1. DEMOGRAPHIC CHARACTERISTICS, BLOOD PRESSURE,
AND BLOOD METABOLIC PROFILES IN 80 CHILDREN
WITH OSAS AND 20 CONTROL SUBJECTS

Characteristics OSAS Controls P value

Number of Subjects 80 20

Age, years 7.2 6 1.4 7.1 6 1.6 NS

Sex, males 48 11 NS

Race

White non-Hispanic 47 12 NS

African American 26 5 NS

Hispanic 3 1 NS

Biracial 2 2 NS

Other 2 0 NS

Family history of

cardiovascular disease

18 5 NS

BMI z score 0.96 6 0.3 0.56 6 0.2 ,0.04

Obese BMI z score . 1.65 27 (33.7%) 6 (30%) NS

Triglycerides, mg/dl 83.2 6 21.5 77.2 6 30.8 NS

Cholesterol, mg/dl 169.5 6 24.2 154.0 6 18.5 ,0.04

HDL, mg/dl 46.8 6 9.7 61.0 6 8.4 ,0.02

LDL, mg/dl 98.1 6 14.2 89.6 6 17.1 ,0.02

Glucose, mg/dl 79.5 6 15.8 77.2 6 8.4 NS

Insulin, mIU/ml 12.9 6 7.6 7.5 6 6.2 ,0.05

hsCRP, mg/L 2.9 6 1.7 0.4 6 0.7 ,0.01

Mean systolic blood

pressure, mm Hg

114.2 6 7.7 96.9 6 6.8 ,0.01

Systolic blood

pressure index

0.95 6 0.04 0.83 6 0.07 ,0.01

Mean diastolic blood

pressure, mm Hg

67.4 6 5.4 62.5 6 5.8 NS

Diastolic blood

pressure index

0.81 6 0.12 0.77 6 0.10 NS

Definition of abbreviations: HDL 5 high density lipoprotein ; hsCRP 5 high

sensitivity C-reactive protein; LDL 5 low density lipoprotein; NS 5 not signifi-

cant; OSAS 5 obstructive sleep apnea syndrome.

TABLE 2. POLYSOMNOGRAPHIC CHARACTERISTICS OF 80
CHILDREN WITH OSAS AND 20 CONTROL SUBJECTS

OSAS (n 5 80) Controls (n 5 20) P value

Total sleep time, min 478.1 6 47.4 468.3 6 48.3 NS

Sleep efficiency, % 86.9 6 8.2 89.8 6 8.3 NS

Sleep onset latency, min 23.7 6 23.2 32.2 6 25.7 NS

REM onset latency, min 143.7 6 59.2 153.7 6 60.3 NS

Awakenings, n 14.3 6 5.5 11.6 6 5.8 ,0.05

WASO, %TST 4.7 6 5.1 4.1 6 4.9 ,0.05

Stage 1 6.1 6 3.2 4.5 6 3.4 NS

Stage 2 47.9 6 7.6 41.3 6 7.4 0.05

Stage 3 7.2 6 7.4 12.1 6 7.3 ,0.05

Stage 4 18.4 6 7.3 23.1 6 9.0 ,0.05

Stage REM, %TST 14.2 6 6.1 17.1 6 5.2 NS

SAI/hr TST 8.3 6 6.7 12.4 6 7.7 ,0.05

RAI/hr TST 6.5 6 1.9 0.2 6 0.6 ,0.01

PLMI/hr TST 7.8 6 8.5 4.7 6 2.4 NS

PLMAI/hr TST 0.2 6 0.7 0.1 6 0.5 NS

OAHI/hr TST 12.9 6 8.5 0.4 6 0.3 ,0.0001

O2 saturation nadir, % 86.9 6 5.8 93.3 6 2.3 ,0.0001

Mean ETCO2, mm Hg 45.2 6 3.1 42.7 6 2.9 NS

Peak ETCO2, mm HG 55.9 6 2.8 50.1 6 1.4 ,0.01

Definition of abbreviations: ETCO2 5 end tidal carbon dioxide; NS 5 not

significant; OAHI 5 obstructive apnea hypopnea index; OSAS 5 obstructive

sleep apnea syndrome; PLMAI 5 periodic limb movement with arousal index;

PLMI 5 periodic limb movement index; RAI 5 respiratory arousal index; REM 5

rapid eye movement, SAI 5 spontaneous arousal index; TST 5 total sleep time;

WASO 5 wake after sleep onset.

TABLE 3. PERFUSION KINETIC MEASURES OF ENDOTHELIAL
FUNCTION IN 80 CHILDREN WITH OSAS AND 20
CONTROL SUBJECTS

OSAS (n 5 80) Controls (n 5 20) P value

Rest flow, PU 21.2 6 10.6 21.8 6 8.6 NS

Biological zero, PU 3.3 6 2.1 3.1 6 1.7 NS

Peak flow, PU 46.7 6 19.8 49.2 6 22.3 NS

Time to peak flow, s 42.9 6 9.7 30.1 6 4.7 P , 0.001

Definition of abbreviations: NS 5 not significant; OSAS 5 obstructive sleep

apnea syndrome; PU 5 perfusion units.

94 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 182 2010



OSAS group into two subgroups, namely, those with abnormal
endothelial function (i.e., Tmax . 45 s; OSAS1) and those with
endothelial function within two standard deviations of the range
found in control subjects (Tmax < 45 s; OSAS2). EPCs were
significantly lower in OSAS1 compared with control subjects
( P , 0.01; Figure 3A) and significantly higher in OSAS2 ( P ,

0.01; Figure 3A). Of note, the severity of OSAS in the two
subgroups was similar based on their mean AHI and nadir SaO2.
In addition, BMI z scores and the proportion of obese children
in these two OSA subgroups were similar, and the proportion of
obese children was also similar to control subjects. Similarly,
SDF-1 levels showed a similar pattern, with concentrations
being significantly higher in OSAS2 compared with OSAS1
( P , 0.01), and similar to control subjects (Figure 3B).

DISCUSSION

The major findings of this study are that OSAS in children leads
to altered endothelial function in some but not all patients and
that the variance in vascular function can be accounted for, at
least in part, by differential induction of SDF-1 concentration
gradients and corresponding changes in recruitment of EPCs to
the peripheral circulation. Thus, delays in vascular reperfusion
kinetics do occur in some of the children with OSA and are
indicative of compromised integrity of the vasculature that is
critical for adequate responses to vasodilatory stimuli. How-
ever, although we found that such impairments were not
correlated to the degree of OSAS severity, dyslipidemia, or
insulin resistance, a significant, but weak association emerged
between Tmax and hsCRP. More importantly, the density of
EPCs in patients with OSAS seemed to account for a substantial
proportion of the variance in vascular function.

Before discussing the potential implications of our findings,
several methodological issues deserve comment. First, the
present study confirms and expands upon our previous findings
in a smaller cohort of nonobese children with severe OSAS (8).
However, the large variability in vascular function, independent
of the spectrum of OSAS severity, points toward the presence
of substantial phenotypic variation in the vasculature that
appears to be partially related to inflammatory processes as
evidence by the association with hsCRP. Of note, this observa-
tion is reminiscent of the previously reported association
between neurocognitive morbidity and hsCRP in the context
of pediatric OSAS (28). Second, it is highly unlikely that
differences in the presence of significant family history of early

onset hypertension or premature cardiovascular disease may
have accounted for the large differences in vascular function
among the children with OSAS . Third, only nonhypertensive
children were included in the study, further restricting
the potential confounder effects of hypertension on the impact
of OSAS on vascular function (29). However, and worthy of
comment, is the observation that the children with OSAS
studied herein were not hypertensive, yet increases in systolic
blood pressures and systolic blood pressure indices were
identified in the absence of similar changes in diastolic mea-
sures. Fourth, we should emphasize that our approach to
delineation of endothelial dysfunction using a cutaneous vascular
reperfusion test differs from the more widely use of flow-
mediated reperfusion tests using Doppler technology assess-
ments of a muscular artery (e.g., brachial artery), and that
therefore, the present findings should not be assumed as
identical to those obtained with other measurement techniques.

Postnatal vasculogenesis is increasingly being identified in
a variety of conditions characterized by vascular growth and
vascular repair. As initially described by Asahara and colleagues,
new blood vessels arise from circulating bone marrow–derived
EPCs in postnatal vasculogenesis rather than from local endo-
thelial cells (30). Evidence to the presence of heightened ability

Figure 1. (Left panel ) Boxplots of postocclusive maximal reperfusion times (Tmax) in 80 children with OSAS and 20 control subjects. (Right panel )
Scatterplot of Tmax against corresponding obstructive apnea-hypopnea index (AHI) in 80 children with OSAS (closed squares) and 20 control

subjects (open circles). TST 5 total sleep time.

Figure 2. Scatterplot showing the relationship between time to
reperfusion peak flow (Tmax) and circulating endothelial progenitor

cells (EPCs; r2 5 0.55; P , 0.000001).
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to recruit EPCs in childhood has begun to emerge and seem to
be responsive to the beneficial effects of exercise on the
vasculature (19, 31, 32). To the best of our knowledge, this
study is the first to document not only that the number of
circulating EPCs is adversely affected by the presence of OSAS
in some children, but also that such changes are strongly
associated with the vascular functional phenotype. Based on
the association between inflammatory markers such as hsCRP
along with that of EPCs and endothelial function, it is reason-
able to assume that the balance between OSAS-activated
injury-mediating processes and repair processes such as those
associated with recruitment and homing of EPCs will ultimately
dictate the phenotypic presentation of vascular function in any
given pediatric patient with OSAS.

The mechanisms leading to endothelial injury are only now
being elucidated. Nevertheless, substantial evidence would
support an important role by intermittent hypoxia during sleep
that most likely would involve activation of systemic low-grade
inflammatory processes and increased oxidative stress (33–35)
leading to a conglomerate interaction of pathways affecting
endothelial, platelet, and inflammatory cells that are orches-
trated into an enhanced proatherogenic state (9). Indeed, in
children with OSAS up-regulation of adhesion molecules and
other markers of inflammation have been previously reported
(36–40), and the present study further reinforces this concept.
However, we also present evidence to suggest that reparative
mechanisms are also activated in a substantial proportion of
children and may effectively palliate any adverse consequence
on endothelial function.

During hypoxia, the increased expression and stabilization
of the transcription factor, hypoxia inducible factor-1 (HIF-1),
promotes the local production of SDF-1 and vascular endo-
thelial growth factor (VEGF) hypoxic endothelial cells (41).
Although we now report on the increased plasma concentra-
tions of SDF-1 in the very same children in whom circulating
EPCs are increased, we have previously shown that serum
VEGF concentrations are increased in children with OSAS
in a severity-dependent fashion (42). Both SDF-1 and VEGF
are capable of enhancing the mobilization and recruitment of
EPCs to damaged endothelium during postnatal vasculogene-
sis (43, 44).

The endothelial surface of the vascular wall constitutes the
frontline of vascular functional integrity and is instrumental in
the early formation of the atherogenic plaques. Whereas para-
crine functioning of healthy vascular endothelium contributes to
protection against such plaque formation, the identification of
abnormal endothelial function in some but not all children with

OSAS would suggest that these homeostatic processes have
failed to preserve normal function in those with prolonged
postocclusive reperfusion times, thereby posing the risk of early
onset atherosclerosis in prepubertal children. Based on our
findings, it would seem that these children are either unable to
mount a chemokine recruitment response (as evidenced by the
reduced SDF-1 plasma levels among those children with
abnormal vascular responses), or that despite mounting of the
appropriate initial response of the SDF-1–EPCs axis, these
children were unable to sustain the repair-targeted response.
These possibilities would require future assessment of changes
in vasculature and EPCs after treatment of OSAS and also
genotyping studies of children with and without vascular
dysfunction and enhanced or reduced SDF-1–EPCs responses.
A recent study assessing SDF-1 single nucleotide polymor-
phisms has indeed identified an association between specific
SDF-1 genotypes and the number of circulating EPCs (45).

Conclusions

Cardiovascular morbidity is emerging as a relatively frequent
complication of OSAS in children. In this article, we show that
abnormal endothelial function is significantly associated with
OSAS in otherwise healthy, nonhypertensive, prepubertal chil-
dren, and that the presence of endothelial dysfunction appears
to be associated not only with the magnitude of the systemic
inflammatory response to OSAS as measured by hsCRP, but
also with reduced SDF-1 plasma concentrations and a lower
number of circulating EPCs . Further studies are warranted to
assess the role of specific genotypes and the effect of OSAS
treatment on these parameters.
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Pharmacological approaches to improve endothelial repair mecha-
nisms. Expert Rev Cardiovasc Ther 2008;6:1071–1082.

14. Umemura T, Higashi Y. Endothelial progenitor cells: therapeutic target
for cardiovascular diseases. J Pharmacol Sci 2008;108:1–6.
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