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Abstract

Background F2-isoprostanes are considered to be a reliable
standard biomarker of oxidative stress in vivo because they
are not influenced by the intake of lipids in the diet, and they
are chemically stable molecules and easily detected. This
study aimed to test the hypothesis that 8-isoprostane level is
a useful marker to valuate the severity of pediatric obstructive
sleep apnea (OSA).

Methods Sixty-five children with sleep-disordered breathing
(SDB) (mean age 5.9+2.0 years; 63.1 % males) were recruit-
ed. The urine sample for the measurement of 8-isoprostane
was collected the morning after the polysomnographic record-
ing. Children were divided into two groups according to their
apnea—hypopnea index (AHI).

Results Urinary 8-isoprostane levels positively correlated with
the sleep clinical record score (#=0.38, p=0.002) and AHI
(r=0.24, p=0.05) and negatively correlated with age (r=—0.36,
p=0.003) and body surface area (r=—0.38, p=0.002). Urinary
8-isoprostane levels were significantly higher in the group
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with AHI of >5 events (ev)/h than in the group with AHI
of <§ ev/h (p<0.01).

Conclusions Urinary 8-isoprostane may be used as a specific
inflammatory marker to predict the severity of OSA; this
method has the advantage of being noninvasive and easy to
use in both compliant and noncompliant children.

Keyword 8-Isoprostane - Obstructivesleepapnea - Children -
Biomarker

Introduction

Obstructive sleep apnea (OSA) is characterized by prolonged
partial upper airway obstruction or intermittent complete ob-
struction (obstructive apnea) that disrupts normal ventilation
during sleep and normal sleep patterns [1]. OSA may affect
children of all ages, though the highest incidence is between 2
and 6 years of age [2]. The prevalence of OSA in children
ranges from 1.2 to 5.7 % [1].

The repeated episodes of hypoxia and reoxygenation that
cause ischemia-reperfusion events are currently believed to pro-
mote the production of reactive oxygen species and oxidative
stress. Oxidative stress may lead to the development of endothe-
lial dysfunction, systemic inflammation (increased IL-8, TNF-«,
8-isoprostane), increased adhesion molecule expression in leu-
kocytes (ligand for CD40), and lipid peroxidation. Consequently,
oxidative stress may promote atherogenesis and vascular dys-
function in both children and adults with OSA [3-7].

F2-isoprostanes are formed in situ from fatty acid esterified
in membrane phospholipids induced by free radicals, whereas
classic prostaglandins are formed by PGH synthase isozymes
from free arachidonic acid [8—10]. Isoprostanes are released
from membrane phospholipids in response to cellular activa-
tion, presumably through a phospholipase A2. They may
circulate either freely or as esters in phospholipids. The factors
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that regulate the release of endogenous isoprostanes from cell
membranes and interconversion between the free and esteri-
fied forms have yet to be fully understood [11]. F2-
isoprostanes are considered to be a reliable standard biomark-
er of oxidative stress in vivo because they are not influenced
by the intake of lipids in the diet, and they are chemically
stable molecules and easily detected [12, 13]. These properties
allow the molecule to be detected not only in plasma and
exhaled breath condensate but also in urine, which thus offers
the possibility of noninvasive measurements even in
noncollaborative patients.

In a recent study conducted on adults, Monneret et al.
showed that the urinary 8-isoprostane levels were significantly
higher in severe OSA patients than in controls and that the
mean carotid intima-media thickness positively correlated
with urinary 8-isoprostane concentrations [14]. Studies on
children have yielded contradictory results; when Biltagi
et al. examined oxidative stress in children with OSA by
analyzing exhaled concentrations of 8-isoprostane and IL-6,
they observed that concentrations increased according to the
severity of the disease [15]. By contrast, Hawley et al. did not
observe any correlation between urine F2-isoprostane levels
and the severity of SDB in children [11].

The aim of this study was to investigate whether urinary
concentrations of 8-isoprostane (also called 8-iso-PGF,,, 8-
epi-PGF,,, 15-F,+isoprostane, or iPF,,-1I1) could be used as a
marker of severity of pediatric OSA in a group of children in
whom OSA was diagnosed by means of a validated sleep
clinical record (SCR) and by polysomnography[16].

Methods
Study subjects

Between May 2012 and May 2013, we consecutively enrolled
65 children who were referred to our pediatric sleep center
(Rome, Italy) for habitual snoring, apnea, or restless sleep, as
reported by their parents. Exclusion criteria were as follows:
epilepsy, acute or chronic cardiorespiratory or neuromuscular
diseases, dysmorphism, chronic inflammatory diseases, major
craniofacial abnormalities, chromosomal syndromes, previous
treatment for OSAS, and age under 3 years on account of poor
compliance. Standard informed consent was obtained from
the parents of each child before enrolment in the study.

Polysomnography

All the subjects were evaluated in our pediatric sleep center for
one full-night polysomnography (PSG) after a night of adap-
tation in the hospital. Standard overnight PSG recordings were
performed using a Grass Heritage polygraph. The variables
recorded included a six-channel electroencephalogram

@ Springer

(frontal, central temporal, and occipital, referred to the contra-
lateral mastoid), an electrooculogram (electrodes placed 1 cm
above the right outer cantus and 1 cm below the left outer
cantus and referred to A1), a submental electromyogram, and
an electrocardiogram (one derivation). Chest and abdomen
movements were measured by strain gauges. Oronasal airflow
was recorded using a thermocouple; nasal pressure was re-
corded by means of a nasal cannula. Arterial oxygen satura-
tion (SaO,) was monitored using a pulse oximeter.

Total sleep time was subdivided into 30-s epochs, and sleep
stages were scored according to the standard criteria of the
American Academy of Sleep Medicine (AASM) [17]. We
considered a clinical cutoff value of AHI>5 for moderate—
severe OSAS [18, 19].

Evaluation of patients

A detailed personal and family history was obtained for all the
participants, and a clinical examination was performed. We
calculated the body mass index (BMI), the BMI percentile,
and the body surface area (BSA) in all the children [20].
According to the literature, which defines subjects as obese
when they have a BMI of >95th percentile, the sample was
divided in two groups: nonobese and obese children [21].
We filled out the SCR, which combines the patient’s his-
tory and clinical items, for each child [16]. The first part
considers the nose, oropharynx, dental, and skeletal occlusion.
Tonsillar hypertrophy was graded according to a standardized
scale ranging from 0 to 4. Tonsillar size was graded as follows:
1+, medial borders of tonsils lateral to or extending to the
pillars; 2+, medial borders of tonsils lateral to or extending to
the lateral uvular margins; 3+, medial borders of tonsils me-
dial to the lateral uvular margins; and 4+, includes “kissing”
tonsils, which meet at the midline [22]. Grades 3 and 4 were
considered as positive. The position of the palate was graded
according to the Friedman classes, with classes 3 and 4 being
considered as positive [23]. The second part is based on the
Brouillette questionnaire [24], while the last part examines the
possible presence of symptoms of inattention and hyperactiv-
ity by means of the attention deficit hyperactive disorder
rating scale [25], adapted to the Italian population [26].

Urinary 8-isoprostane level measurement

The urine sample was collected the morning after the poly-
somnographic recording.

In order to avoid oxidation of the compound, 0.005 % butyl
hydroxy toluene (10 pl of 5 mg/ml solution in ethanol per 1 ml
sample) was added to each sample, which was then quickly
stored at —80 °C until analysis. The concentration of 8-
isoprostane was measured using an enzyme immunoassay
(Cayman Chemical Co., Ann Arbor, MI, USA) and is
corrected for creatinine levels.
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Table 1 Characteristics of the 65 subjects divided according to the AHI (ev/hour)
Subjects with AHI<S ev/h (n=28) Subjects with AHI>S ev/h (n=37) P

Males, n (%) 21 (75) 20 (54.1) 0.120
Age, years 6.2+2.0 5.6£2.1 0.201
Weight, kg 23.549.1 25.4+12.5 0.643
Height, cm 116.5+12.7 114.5+15.4 0.567
BMLI, percentile 572+37.4 80.9+27.1 0.004
Body surface area, m” 0.87+0.21 0.89+0.27 0.832
Sleep clinical record score 72+1.7 7.6+1.5 0.291
8-Isoprostane, ng/mg creatinine (IQR) 0.68 (0.61-0.87) 0.87 (0.68-1.31) 0.009
AHI, ev/h 2.8+3.4 12.9+8.9 <0.001
Mean Sa0,, % 97.6+0.7 96.9+1.7 0.032
Minimal SaO,, % 90.8+4.3 87.0+8.9 0.044
TST, min 4332+61.0 434 8+73.8 0.922
Stage N1, %TST 12.6+7.4 13.6+10.5 0.572
Stage N2, %TST 39.0+£10.4 36.2+12.7 0.347
Stage N3, %TST 30.3+8.2 31.1+£5.2 0.634
REM, %TST 17.4+4.1 18.7+7.7 0.402
WASO, % 28.5(3.5-84.3) 14.0 (1.3-39.0) 0.090
Sleep efficiency, % 86.4+10.1 90.0+10.4 0.175

Variables are expressed as percentages, arithmetic means + SD, or median (interquartile range)

BMTbody mass index, 4HI apnea—hypopnea index, SaO, hemoglobin oxygen saturation, 7S7 total sleep time, WASO wake time after sleep onset, /OR

interquartile range

The antiserum used in this assay displays a cross-reactivity
of 100 % with 8-isoprostane, of 0.16 % with prostaglandin D,
and of 0.02 % with prostaglandin E,.

Intra- and inter-assay coefficients of variation were 4.9 and
4.7 %, respectively.

Statistical analysis

The normality of the data distribution was assessed by
the Kolmogorov—Smirnov test. Values were expressed as
arithmetic means + standard deviation (SD) for normally
distributed data or as a median and interquartile range
(IR) for nonparametric data. The Mann—Whitney test

Table 2 Sleep clinical record score of the sample

was used to compare impaired nonparametric data, while
Student’s ¢ test was used for normal data. The y* was used to
compare categorical variables. The Pearson (normal data) or
Spearman (nonparametric data) tests were used to assess any
correlations between variables.

A multiple linear regression analysis (stepwise method)
was performed with 8-isoprostane as the dependent variable
against age, sex (female=0, male=1), BMI percentile, AHI,
mean and minimal SaO,, SCR score, severity of disease
(subjects with AHI<S ev/h=0, subjects with AHI>5 ev/h=
1), and BSA as potentially explanatory (independent) vari-
ables. A p value of <0.05 was considered statistically
significant.

Table 3 Structural and inflammatory characteristics of sample

Primary snoring OSA (n= p
Primary snoring OSA  p n=7) 58)
n=7) (n=58)
— Septum nose deviation 0(0) 3(5.2) ns
Sleep clinical record score 6.3+0.8 7.6£1.6 0.037 Tonsillar hypertrophy (grades 3 4 (57.1) 37(638) s
Oral breathing and nasal obstruction 1.3+0.8 1.2£0.7 ns and 4)
(part 1) ) Friedman classes (grades 3 and 4) 1 (14.3) 24 (41.4) ns
Structural al"ld. inflammatory 4.6+1.0 59+1.7 0.037 Narrow palate 4(672) 51(87.9) ns
characteristics (part 2) ]
Brouillette and SDAG questionnaire  0.6+0.3 04+0.2 ns Dental/skeletal malocclusion 6 (85.7) 48(82.8) ms
(part 3) Obese or adenoid phenotype 1(14.3) 6(10.3) ns

ns not significant

ns not significant
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Fig. 1 Correlation between 8-isoprostane levels (in nanograms per mil-
ligram of creatinine) and sleep clinical record score

Results

The sample was composed of 65 children (mean age 5.9+
2.0 years, 63.1 % males). Children were divided into two
groups according to their AHI. Primary snoring/mild OSA
subjects (n=28, 43.1 %, mean age 6.2+2.0 years) had an AHI
of <5 ev/h, while moderate/severe OSA subjects (n=37,
56.9 %, mean age 5.6+2.1) had an AHI of >5 ev/h. The
children’s anthropometric, clinical parameters, polysomno-
graphic respiratory variables and 8-isoprostane levels are
shown in Table 1. There was no difference in sex, age, or
clinical parameters between the two groups. The BMI percen-
tile was higher in the group with AHI>5 ev/h than in the
group with AHI<S ev/h (p<0.01). There was no significant
difference in the urinary 8-isoprostane levels between male
and female patients: 0.73 (0.59-0.97) vs 0.99 (0.66—1.49)ng/
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Fig. 2 Correlation between 8-isoprostane levels (in nanograms per mil-
ligram of creatinine) and apnea-hypopnea index (ev/hour)

@ Springer

8- isoprostane levels (ng/mg creatinine)

2 4 6 8 10 12 14
(r=-036 p=0.003)

Fig. 3 Correlation between 8-isoprostane levels (in nanograms per mil-
ligram of creatinine) and age (years)

Age (years)

mg creatinine, p=0.062. Urinary 8-isoprostane levels were
significantly higher in the group with AHI>5 ev/h than in
the group with AHI<5 ev/h, (p<0.01) (Table 1).

No differences emerged between the two groups in the
SCR (p>0.05). The SCR differentiates snorers from children
with OSA and, as expected, the OSA children in our sample
had a higher score (Tables 2 and 3) in part 2 of the Sleep
Clinical Record (structural and inflammatory items).

Urinary 8-isoprostane levels positively correlated with the
SCR score (=0.38, p=0.002; Fig. 1) and AHI (+=0.24, p=
0.05; Fig. 2) and negatively correlated with age (=—0.36, p=
0.003; Fig. 3) and body surface (r=—0.38, p=0.002, Fig. 4).
No correlation emerged between 8-isoprostane and the mean
and minimal Sa0,, or the BMI percentile AHI positively
correlated with the SCR score (=0.26, p=0.04).

3.0

2,51

2,04 g

8-isoprostane (ng/mg creatinine)

6 8 10 1.2 1.4 16 1,8 2,0

Body Surface Area (m2) (r=-0.38 p=0.002)

Fig. 4 Correlation between 8-isoprostane levels (in nanograms per mil-
ligram of creatinine) and body surface area (in square meter)
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Table 4 Characteristics of the 65 subjects divided according to the AHI (ev/hour) and presence of obesity

Nonobese Obese

Subjects with Subjects with P Subjects with Subjects with p

AHI<S ev/h (n=24)  AHI>5 ev/h AHI<S ev/h (n=4)  AHI>S ev/h (n=13)

(n=24)

Age, years 6.0£2.0 49413 0.043  7.2+18 7.0£2.5 0.823
Weight, kg 21.5+7.2 19.5+4.4 0233 355+114 36.4+15.3 0.900
Height, cm 115.0+12.6 108.2+9.6 0.042  125.6+9.5 126.1+17.5 0.946
BMI, percentile 48.6+33.0 67.1£23.5 0.071  108.5+13.2 106.5+8.1 0.786
Body surface area, m* 0.82+0.18 0.76+0.11 0.174  1.11+0.22 1.13+0.31 0.925
Sleep clinical record score 72+1.8 7.5+1.5 0.603  7.3+£0.96 80.0£1.5 0.292
8-Isoprostane, ng/mg creatinine IQR)  0.68 (0.61-0.79) 0.91 (0.76-1.50) 0.001 091 (0.51-1.13) 0.69 (0.53-1.26) 0.785
AHI, ev/h 2.1£1.7 14.94£10.0 <0.001  1.4+0.6 9.1+4.8 0.007
Mean Sa0,, % 97.6+0.8 96.8+2.0 0.058  97.8+0.6 97.1£0.9 0.112

Variables are expressed as percentages, arithmetic means + SD, or median (interquartile range)

BMIbody mass index, AHI apnea—hypopnea index, SaO, hemoglobin oxygen saturation, /OR interquartile range

The AHI was higher in the nonobese group than in obese
group. The nonobese children with AHI>5 ev/h were shorter
than those in the other groups. Urinary 8-isoprostane levels
were significantly higher in the nonobese group with
AHI>5 ev/h than in the nonobese group with AHI<5
ev/h (p=0.001) (Table 4).

The multiple linear regression analysis (stepwise) with 8-
isoprostane values as a dependent variable and age, sex, BMI
percentile, AHI, mean and minimal SaO,, SCR score, severity
of OSA, and body surface area as independent variables yielded
a three-variable model (7=0.53, 7#=0.28). This model included
the SCR score (=2.93, p=0.005), severity of disease (-=2.32,
p=0.02), and body surface area (=—2.16, p=0.04) (Table 5).

Discussion

Our study demonstrates that urinary concentrations of 8-
isoprostane may be used as a marker of inflammation in pediatric
OSA to predict the severity of disease. The results of our study
suggest that the increase of urinary 8-isoprostane levels and that
of the severity of OSA might indirectly be expressed by the SCR
score [16]. The SCR score is a validated instrument adopted to
screen OSA which combines clinical examination and patient
history and is able to provide a better overview of a child
compared to the analysis of the single items taken alone.

The correlation between 8-isoprostane levels and the se-
verity of disease is confirmed by the fact that urinary 8-
isoprostane levels were higher in children with moderate/
severe OSA than in those with mild OSA. Our results are in
keeping with those reported in a previous study by Biltagi
et al. conducted on the breath condensate of children with
OSA [15]. By contrast, Hawley and coauthors did not find any

association between F2-isoprostane metabolites and PSG
values in children with SDB of varying severity [11]. A
possible explanation for this discrepancy between the studies
may be that the patient sample investigated by Hawley et al.
was composed of 47 children with OSA, fewer of whom (7
out of 47 children) had a moderate—severe form of OSA than
in our patient sample.

When we divided the sample not only according to the
severity but also to the BMI percentile, 8-isoprostane levels
remained high only in nonobese children with more severe
disease. This finding highlights the fact that 8-isoprostane is a
marker of inflammation that is related to the severity of the
disease rather than to the degree of obesity. Moreover, it
suggests that exposure to intermittent hypoxia during the night
might trigger lipid peroxidation. Episodes of intermittent hyp-
oxia and associated episodes of intermittent reoxygenation
may result in the activation of inflammatory genes and in the
production of reactive oxygen species (ROS) that increase IL-
8, TNF-«, IL-6, and 8-isoprostane levels [27, 28]. This hy-
pothesis is in keeping with the results of a study by Monneret
conducted on nonobese adults, in which 8-isoprostane levels
correlated with the severity of the pathology [14]. Our

Table 5 Multiple linear regression analysis for 8-isoprostane as a depen-
dent variable

15} SE of 8 t )4
coefficient coefficient
Sleep clinical record 0.339 0.030 2.934 0.005
score
Severity of disease 0.266 0.094 2.319 0.024
Body surface area, m>  —0.250 0.193 -2.159 0.035

R=0.529; B> =0.279; adj R* =0.241
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hypothesis is further supported by the study conducted by Del
Ben showing that 8-isoprostane levels in obese adult patients
decrease significantly after treatment with CPAP for 6 months,
in the absence of changes in the BMI [29].

When we investigated the possibility of using 8-isoprostane
as a predictor of severity, the linear regression analysis identi-
fied the SCR score, the severity of disease, and the BSA as the
most significant predictors of increased urinary 8-isoprostane
levels in children with OSA (Table 5). Levels of 8-isopostane
were found to be associated with body surface area and the
children’s age, with the highest levels being detected in younger
subjects with a reduced body surface area (Table 4).

Since there was no correlation with mean and minimal
Sa0,, other variables dependent on oxidative stress, such as
sleep fragmentation, may explain the increase in 8-
isoprostane. In the study conducted by Del Ben et al. [29] on
138 adults with OSA, the authors found that 8-isoprostane
correlated with the AHI, though not with the mean Sa0O,. By
contrast, in their study conducted on a smaller population of
adults with OSA [14], Monneret et al. reported a correlation
between 8-isoprostane and both the AHI and the mean SaO,.

In conclusion, our results indicate that urinary 8-
isoprostane levels may be considered a specific inflammatory
marker of the severity of OSA that can be assessed noninva-
sively and can thus easily be adopted for both compliant and
noncompliant children. The measurement of urinary 8-
isoprostane, combined with administration of the SCR, may
thus, we believe, be recommended as a valid and inexpensive
diagnostic tool for pediatric OSA. Further studies on larger
populations of children are warranted to confirm our results.
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