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Abstract

BACKGROUND: This trial study aimed to assess the effects ohaidiectomy on the markers of endothelial functiod a
inflammation in normal-weight and overweight prepsbent children with obstructive sleep apnea (OSA).

METHODS: This trial study was conducted in Isfahan, Irar2@®9. The study population was comprised of 90 prep
bescent children (45 normal-weight and 45 overwedgdfildren), aged between 4-10 years old, who velered for
adenoidectomy and had OSA documented by validatestmpnnaire. The assessment included filling domesaire,
physical examination, and laboratory tests; it wasducted before the surgery and was repeated waksvand Six

months after the surgery.

RESULTS: Out of the 90 children evaluated, 83 completed 2hgeek evaluation and 72 patients continued with t
study for the 6-month follow up. Markers of enddidlefunction, i.e., serum adhesion molecules idahg endothelial-
leukocyte adhesion molecule (E-selectin), intetdatl cell adhesion molecule-1 (ICAM-1), and vascwell adhesion
molecule-1 (sVCAM-1), and the markers of inflamroatii.e., interleukin-6, and high-sensitive C-réaeprotein (hs-
CRP) decreased significantly in both normal-weigihd overweight children after both two weeks amdnsbnths. Af-
ter six months, the total and LDL-cholesterol shdwesignificant decrease in the overweight children

CONCLUSIONS: The findings of the study demonstrated that irregpe of the weight status, children with OSA had
increased levels of the endothelial function arfthinmation markers, which improved after OSA treatnby adenoi-
dectomy. This might be a form of confirmatory evide on the onset of atherogenesis from the eabestof the life,
and the role of inflammation in the process. Thesrsibility of endothelial dysfunction after imprewent of OSA un-
derscores the importance of primordial and prinmgwention of chronic diseases from the early stajehe life.
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bstructive Sleep Apnea (OSA) is a pre-
Ovalent medical condition, with an es-
timated prevalence of 2-3% in child-
ren; it is characterized by repetitive upper air-
way obstruction, resulting in continued breath-
ing effort with diminished airflow.1
Although the main symptom of OSA is day-
time hypersomnolence, patients with OSA are
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at a higher risk of metabolic disorders>¢ and
the incidence of cardiovascular disease (CVD)
morbidity and mortality.” It was previously
assumed that these complications are related
to obesity; however, the recent data suggests
that OSA may have an independent associa-
tion with cardio metabolic risk factors.8

There is a growing body of evidence on the
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interaction of OSA with the metabolic dysfunc-
tion, which is known as a risk factor for CVD in
adults.8? Although it is well-documented that
CVDs origin from the early stages of life and the
CVD risk factors tend to track from childhood
into the adulthood,012 limited experience exist
on the association of OSA and cardio metabolic
risk factors in the pediatric age group.

Improvement of OSA by adenoidectomy
might have beneficial effects on metabolic dys-
function. The current trial aimed to assess the
effects of adenoidectomy on the markers of
endothelial function and inflammation in the
normal-weight and overweight prepubescent
children with OSA.

Methods

This clinical trial study was conducted among
children who volunteered for adenoidectomy
in Isfahan, the second large city in Iran from
May to December 2009.

Participants

The study population were comprised of 90
prepubescent children (45 normal-weight and
45 overweight children), aged between 4-10
years old, who volunteered for adenoidectomy
and had OSA documented by a validated ques-
tionnaire. Those children with syndromic obesi-
ty, endocrine disorders, any physical disability,
and or history of any chronic medication use
were not included in the trial. Two groups of
normal-weight and overweight children’® were
selected consecutively among the children who
were referred for adenoidectomy.

The study was conducted according to the
Declaration of Helsinki, and was approved by
the Ethics Committee of the School of Medi-
cine, Isfahan University of Medical Sciences.
After providing detailed oral information to
the children and their parents, written in-
formed consents were obtained from the par-
ents of eligible children.

OSA was documented by a widely used and
validated questionnaire.’* The questionnaire
was extended with questions concerning (i)
Child’s demographic data (i.e., gender, age,
height, weight, household smoking, and pa-
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rental education), (ii) Daytime behavior (e.g.,
hyperactive-inattentive behavior and tired-
ness), (iii) Frequent sleep problems (i.e., sleep-
onset delays, enuresis, night waking, night-
mares, and sleep walking), and (iv) the Current
health status (e.g., frequency of upper respira-
tory tract infections).

Except for the first three items, which were
on a 4-point rating scale: ‘Never’, ‘occasional-
ly’, ‘frequently’, and “always’, most questions
were to be answered on a 5-point rating scale
(never’, ‘rarely’, ‘occasionally’, ‘frequently’,
‘almost always’).

Anthropometric Measurement and Clinical
Examination

All measurements were made by a trained
team of general physicians and nurses under
supervision of the same pediatrician, using ca-
librated instruments and standard protocols.
The weight (Wt) and the height (Ht) were
measured by calibrated scale and Stadiometer
(Seca, Japan) with participants lightly clothed
and barefooted nearest to 0.1 cm and 0.1 kg,
respectively. Body Mass Index (BMI) was
computed as Wt (kg) divided by Ht (m)
squared. The BMI percentiles was compared to
the BMI charts of the Centers for Disease Con-
trol and Prevention; the BMI levels corres-
ponding the age and gender-specific 5th-85th
percentile were considered as normal-weight,
and the BMI > 85t percentile was considered
as overweight.’3 The blood pressure (BP) was
measured using mercury sphygmomanometer
under the standard protocol. The readings at
the first and the fifth Korotkoff phase were
taken as systolic and diastolic BP (SBP and
DBP), respectively. The average of the two BP
measurements was recorded.?>

Biochemical measurements

Participants were asked to fast for 12 hours be-
fore the screening and compliance with fasting
was determined by interview on the morning of
examination. While one of the parents accom-
panied the child, fasting blood samples were
taken from the ante-cubital vein, and within 30
minutes after venipuncture were centrifuged
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for 10 minutes at 3000 rpm. The fasting blood
glucose (FBG), total cholesterol (TC), high den-
sity lipoprotein cholesterol (HDL-C), low densi-
ty lipoprotein cholesterol (LDL-C) and triglyce-
rides (TG), and high-sensitive C-reactive protein
(hs-CRP) were measured using auto-analyzer.
HDL-C level was determined after dextran sul-
phate-magnesium chloride precipitation of non-
HDL-C.16 Serum adhesion molecules, i.e., inter-
cellular cell adhesion molecule-1 (ICAM-1), vas-
cular cell adhesion molecule-1 (VCAM-1) and
endothelial-leukocyte adhesion molecule (E-
selectin), as well as interleukin-6 (IL-6) were
measured by enzyme-linked immunosorbent
assay (ELISA) method using standard Kkits
(Bender Med Systems, GmbH, Vienna, Austria).

Comparisons
All the baseline assessments including filling
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the questionnaire, physical examination and
laboratory tests were repeated within two
weeks and six months after adenoidectomy to
determine the short-term and long-term
changes in both groups after the OSA treat-
ment.

Statistical Analysis

The data was stored in a computer database.
Statistical analyses were performed using SPSS
for Windows software (version 15.00, SPSS,
Chicago, IL.). The descriptive data are pre-
sented as mean + standard deviation (SD). The
normality of the distribution of variables was
verified by Kolmogorov- Smirnov test. The
time trend of the changes within and between
the groups was analyzed by the analysis of va-
riance (ANOVA) and post-hoc tests. The signi-
ficance level was considered at p < 0.05.

Candidate Children for Adenoidectomy

Completing Valida[ted questionnaire

Proved OSA

Normal BMI| (n=495) |

BMI = 85tk percentile (n = 45)
| |

¢ | Adenoidectomy | i

After dee‘s{
n=41

Lost the follow up: 4
Refused blood sampling: 3
Declined o come: 1

After 6 months
L n =237

Lost the follow up: 5
Refused blood sampling: 2
Declined to come: 1

Moved: 1

AMeks
n=42

Lost the follow up: 3
Refused blood sampling: 3

|
After 6 months

n=235
Lost the follow up: 7
Refused blood sampling: 3
Declined to come: 2
Had personal reasons: 2

Included in the analysis

Figure 1. Participants' retention vs. attrition
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Table 1. Mean (SD) of variables studied from baseline to 2 weeks and 6 months after
adenoidectomy in normal-weight and overweight children

Total BMI < 85" percentile BMI > 85" percentile
Fasting Plasma Glucose (mg/dl)
Baseline 80.4(5.3) 81.8(5.3) 89.0 (7.7)
After 2 Weeks 81.7(5.7) 83.1(7.1) 88.7 (4.1)
After 6 Months 80.8(6.7) 82.1(5.7) 89.0 (7.2)
Total Cholesterol (mg/dL)
Baseline 170.7(22.7) 158.3 (28.1) 179.2 (24.0)
After 2 Weeks 170.8(22.5) 154.7 (28.6) 179.7 (24.5)
After 6 Months 171.1(21.7) 153.1 (28.7) 174.2 (23.5'"
LDL-Cholesterol (mg/dl)
Baseline 101.6 (10.1) 101.2(10.7) 107.0 (30.2)
After 2 Weeks 102.4 (10.4) 100.7(15.9) 105.4 (31.1)
After 6 Months 100.7 (10.8) 100.9(10.8) 101.8 (314)"
HDL- Cholesterol (mg/dl)
Baseline 36.0(7.9) 36.2(6.7) 35.8 (9.2)
After 2 Weeks 36.2(7.8) 36.4(6.8) 35.4(9.1)
After 6 Months 36.7(8.4) 36.8(7.2) 36.1(9.5)
Triglycerides (mg/dL)
Baseline 156.8 (26.8) 145.0(22.0) 158.6(28.4)
After 2 Weeks 157.4 (26.5) 145.4(21.2) 157.1(27.1)
After 6 Months 155.2 (26.1) 146.1(24.1) 159.1(21.8)
s-ICAM-1 (ng/ml)
Baseline 226.1(41.5) 226.3(42.7) 229.1(40.4)
After 2 Weeks 222.3(42.0)* 221.0 (43.2)* 224.2 (451)*

After 6 Months
s-VCAM-1 (ng/ml)
Baseline

After 2 Weeks
After 6 Months
SE-selectin (ng/ml)
Baseline

After 2 Weeks
After 6 Months
Interleukin-6 (pg/ml)
Baseline

After 2 Weeks
After 6 Months

C-reactive Protein (mg/dl)

Baseline
After 2 Weeks
After 6 Months

218.5 (41.2)

619.1 (150.5)
615.2 (151.7)*
607.5(154.1}"

95.1(21.7)
92.7 (22.4)*
88.6 (22.1)'

9.5(2.1)
7.8(2.2)
6.1(2.4)"

1.48(0.02)
1.04 (0.04)*
1.01(0.01)"

217.9(41.6§"

618.3 (142.5)
611.3 (142.1)*
608.1(141.5}"

94.4 (27.4)
91.8 (27.7)*
87.7 (27.5)

9.7 (2.3)
8.1 (2.6)
7.2 (2.4§"

1.41(0.04)
1.21(0.05)*
1.01(0.06)"

219.5(45.1Y

622.6(146.4)
617.8(143.2)*
610.6(145.1)"

99.5(28.7)
97.4 (28.1)
91.7(24.1)"

10.2(1.8)
8.7(2.4)*
7.1(2.1)"

1.55(0.02)
1.28(0.01)*
1.04 (0.01)"

BMI: Body Mass Index

In each column: *: p < 0.05 After 2 weeks vs. hase p < 0.05 After 6 months vs. baseline; p <50AGter 6 months

vs.2 weeks
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Results

As presented in Figure 1, among the 90 poten-
tial candidates who initially agreed to partici-
pate in the study, there were 41 children in
group A (normal BMI) and 42 children in
group B (BMI = 85th percentile) after two weeks
follow up, because some participants refused
the blood sampling or declined to come for the
follow up visits. At the 6-month follow up, the
number of participants reduced to 37 in group
A and 35 in group B. Based on the data ob-
tained from the questionnaires, the OSA symp-
toms disappeared in both study groups.

Table 1 shows the metabolic and inflamma-
tory changes in the normal-weight and over-
weight children before the operation and two
weeks and six months after undergoing the
adenoidectomy.

After six months, the total and LDL-
cholesterol had significant decreases in over-
weight children. The most remarkable changes
were the decline in the levels of markers of en-
dothelial function and inflammation, i.e.,
ICAM-I, VCAM-], E-Selectin, IL-6, and hs-CRP,
which decreased in both normal-weight and
overweight participants after both two weeks
and six months.

Discussion

This trial revealed an independent association
between OSA and the level of endothelial func-
tion and inflammation markers, which de-
creased after adenoidectomy in normal-weight
and overweight children. These changes oc-
curred in absence of the changes in most con-
ventional cardio metabolic risk factors.

The relationship of the inflammatory
processes with the progress of atherosclerosis
provides important links between underlying
mechanisms of atherogenesis and CVD risk
factors. Therefore, the inflammatory biomark-
ers are considered as potential predictors of the
present and future risk of CVD. Up-regulation
of endothelial adhesion molecules, i.e., endo-
thelial-leukocyte adhesion molecule (E-
selectin), intercellular cell adhesion molecule-1
(ICAM-1), and vascular cell adhesion mole-
cule-1 (sVCAM-1), might have a crucial role in
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the earliest phases of atherosclerosis.1”18 Con-
centrations of inflammation markers and so-
luble adhesion molecules were found to be
higher in obese children than those in lean
children.1%2 These findings suggest early stag-
es of endothelial dysfunction in children.

Atherosclerosis starts from the fetal life and
its natural course consists of interrelations be-
tween the traditional risk factors and inflamma-
tory and endothelial biomarkers. The features of
chronic inflammation can be detected in fatty
streaks, i.e., the first stage of atherosclerotic le-
sions.zt Childhood obesity has become a health
issue problem among Iranian children, even in
those as young as six years of age,22 and consi-
dering that many studies have documented the
presence of atherosclerosis and inflammation
surrogate markers as well as structural arterial
changes among obese children,2 the impor-
tance of the prevention and controlling this type
of nutritional disorder is underscored.

The findings of the current study suggested
the independent association of OSA with the
inflammation marker levels in the normal-
weight and overweight children. Concentra-
tion of these markers declined shortly after the
OSA treatment. Children with OSA, expe-
rience a combination of oxidative stress, in-
flammation, autonomic activation, and disrup-
tion of sleep homeostasis.?” The independent
association of the OSA with markers of in-
flammation in the normal-weight and over-
weight prepubescent children documented in
the current trial is consistent with the inde-
pendent association of the OSA with the meta-
bolic syndrome in adults.?

Our findings are in line with the findings of
a previous study conducted in the normal-
weight children with OSA who underwent
adenoidectomy, which reported a decrease in
the endothelial function markers levels.?

It was also found that children with resolu-
tion of OSA abnormalities experienced a
change in the total and LDL-cholesterol levels,
supporting the hypothesis that reversal of OSA
may also reverse the progression of dyslipi-
demia over time, which is an important impli-
cation for the future CVD risk.3
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The main limitation of this study was the
questionnaire-based diagnosis of OSA, because
of the high costs of polysomnography (PSG).
The main novelty of the study is the measure-
ment of markers such as adhesion molecules
that have not been previously examined in tri-
als among children with OSA.

Kelishadi et al

dence on the onset of atherogenesis from the
early stages of life and the role of inflammation
in this process. The reversibility of endothelial
dysfunction after the OSA treatment unders-
cores the importance of the primordial and
primary prevention of chronic diseases from
the early stages of life. Future longitudinal

studies documenting OSA by polysomnogra-
Conclusion phy (PSG) are recommended.
The findings of the study demonstrated that
irrespective of the weight status, children with
OSA had increased the endothelial function
and inflammation markers level, which im-
proved after the OSA treatment by adenoi-

dectomy. This might be complementary evi-
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