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ABSTRACT

Interleukin (IL)-8 has been shown to play an important role in obstructive sleep apnea syndrome
(OSAS). However, its role in OSAS development is still controversial. This meta-analysis was to
explore the correlation between interleukin (IL)-8 concentration and OSAS. Database (from the
inception to July 2021) searches on PubMed, Web of Science, Medline, EMBASE, and Cochrane
Library were conducted for studies analyzing the correlation between IL-8 concentration and
OSAS, regardless of the language of publication. Standardized mean difference (SMD) and 95%
confidence intervals (Cl) were used to analyze any prospective association between IL-8 concen-
tration and OSAS. A total of 25 eligible studies, including 2301 participants and 1123 controls,
were included in this meta-analysis. The included studies evaluating the association between
serum IL-8 concentration and OSAS indicated that adults and children with OSAS had elevated
serum concentrations of IL-8 compared with controls (SMD = 0.997, 95% Cl = 0.437-1.517,
P < 0.001; SMD = 0.431, 95% Cl = 0.104-0.759, P = 0.01). Categorization of the study population
into subgroups according to body mass index, apnea-hypopnea index (AHI), ethnicity, and
sample size also showed that individuals with OSAS had elevated serum concentrations of IL-8
compared with controls. Additionally, the results demonstrated that the higher the AHI, higher
was the IL-8 concentration. Similar results were observed in the literature on the association
between plasma IL-8 concentration and OSAS. This meta-analysis verified that compared with
controls, children and adults with OSAS have significantly elevated IL-8 concentrations.
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1. Introduction

Obstructive sleep apnea syndrome (OSAS) is
a common sleep-related breathing disorder charac-
terized by snoring and repetitive pharyngeal col-
lapse. OSAS is associated with an increased risk of
cardiovascular and cerebrovascular morbidity and
mortality [1]. Additionally, several studies demon-
strated that patients with OSAS had a high preva-
lence of cancer and diabetes [2,3]. Epidemiological
studies showed that the prevalence of OSAS varied
from 14.7% to 36.5% depending on age, sex, and
ethnicity. Furthermore, the incidence of OSAS in
people aged >65 years ranges from 20% to 40%
[4,5]. Consequently, OSAS is increasingly becoming
a serious health problem [6].

Researchers noted that in individuals with
OSAS (children and adults), chronic intermittent
hypoxia led to a systemic inflammatory response.
Furthermore, typical inflammatory cytokines,
including interleukin (IL)-8, tumor necrosis fac-
tor-a, and IL-6, are upregulated, which may be
related to the activation of the nuclear factor path-
way [7] OSAS constitutes a low-grade chronic
inflammatory respiratory disease because recur-
rent chronic intermittent hypoxia during sleep
causes and triggers an anti-inflammatory cascade.
Inflammatory factors, such as IL-8, mediate and
aggravate vascular inflammation and damage the
homeostasis of the cardiovascular system [8]. As
an inflammatory cell chemokine, IL-8 is primarily
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generated by  mononuclear  macrophages.
Epithelial cells and endothelial cells can also pro-
duce IL-8 under suitable stimulation conditions
[9]. IL-8 can promote inflammation by attracting
and inducing neutrophil degranulation to release
protein hydrolase, arachidonic acid, and other
substances that cause tissue damage [10,11].

However, the level of IL-8 concentration as
a predisposition factor for OSAS remains contro-
versial. The association between serum concentra-
tion of IL-8 and OSAS has been previously
examined in two meta-analyses conducted in
2013 and 2021 [7,12]. Their findings illustrated
that compared to controls, individuals with OSAS
had increased IL-8 concentrations. IL-8 concentra-
tions may be used to assist in both the diagnosis
and post-treatment follow-up in patients with
OSAS. However, the meta-analysis conducted in
2021 included only 10 articles published between
2003 and 2013 and did not include a subgroup
analysis according to disease severity or type of
sample [12], whereas in the 2013 meta-analysis,
only two articles were included [7]. Moreover,
meta-regression analysis was not performed in
these two meta-analyses.

Therefore, this study aimed to conduct a meta-
analysis to explore the correlation between IL-8
concentration and OSAS. Considering the draw-
backs of the previous meta-analyses, we included
a larger number of studies in our meta-analysis
and used standardized mean difference (SMD) to
analyze IL-8 concentrations in adults and children
with OSAS. Additionally, we performed subgroup
analysis and meta-regression analysis according to
ethnicity, disease severity, age, sample type, and
body mass index (BMI). We tried to investigate
whether IL-8 concentration could be a useful clin-
ical biological indicator, which can be used to
objectively evaluate the severity of OSAS and the
immune function of patients with OSAS.

2. Methods

This systematic review was conducted according to
the Preferred Reporting Items for Systematic
reviews and Meta-Analysis guidelines for report-
ing systematic reviews and meta-analysis [13]. The
meta-analysis was registered at the prospective
register of systematic reviews (PROSPERO, the
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website is https://www.crd.york.ac.uk/
PROSPEROY/, and the ID is CRD42021262013).

2.1. Retrieval strategy and literature screening

A researcher conducted a comprehensive search of
articles published in the PubMed, Medline,
EMBASE, Cochrane Library, and Web of Science
databases from the respective times of establish-
ment of the databases to 8 July 2021. The following
search terms and keywords were applied to iden-
tify eligible publications: ‘obstructive sleep apnea
OR sleep apnea OR OSA OR obstructive sleep
apnea syndrome OR OSAS’, ‘expression’, ‘interleu-
kin-8 OR IL-8'. The reference lists of the eligible
studies were also manually screened to determine
other relevant articles.

2.2, Eligibility criteria

The inclusion criteria for the studies in this meta-
analysis were as follows: 1) case-control studies
that assessed the relationship between IL-8 con-
centration in plasma, serum, or other tissue sam-
ples and OSAS, regardless of age, sex, or BMI; 2)
the diagnostic criteria for OSAS were an apnea-
hypopnea index (AHI) of >5 events/hour for
adults or an AHI of > 1 event/hour for children; 3)
OSAS was diagnosed using overnight polysomno-
graphy; 4) studies that reported IL-8 concentration
before treatment; and 5) studies that provided
sufficient data for the calculation of SMD and
95% confidence intervals (CI) in the case and
control groups.

The exclusion criteria were as follows: 1) studies
without relevant data or with inadequate general
or clinical data; 2) meta-analyses, review articles,
animal research studies, and conference papers; 3)
studies with no control group; 4) studies in which
the control group constituted individuals with an
AHI of >5 events/h for adults or AHI of >1 event/
h for children; and 5) articles with data that over-
lapped with those in the articles already included
in this study.

2.3. Data abstraction

Data from each study were abstracted indepen-
dently by two researchers. Disagreements, if any,
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between the two researchers were resolved through
a discussion with a third researcher, who helped
reach a consensus. The data included the first
author, the number of years post-publication, the
country of origin of the study, the ethnicity and
age of the participants, experimental methods,
sample types, and the average and standard devia-
tion of IL-8 concentration.

2.4. Quality evaluation

Two researchers utilized the Newcastle-Ottawa-
Scale (NOS) [14] to evaluate the quality of the
included literature. Disputes or disagreements
were resolved through discussion with a third
researcher. The maximum total score of the NOS
is 9 points.

2.5. Statistical analysis

The data were analyzed by a researcher. SMD and
95% CI were calculated. Stata 11.0 software
(StataCorp, Texas, USA) was used to evaluate the
importance of merging SMD and to conduct the
Z-test. Cochrane Q and the I2 statistic were used
to detect heterogeneity. When heterogeneity was
detected (P heterogeneity < 0.1 and 12 > 50%) — which
suggests statistically remarkable heterogeneity -
random-effects model analysis was used to explore
the combined SMD and 95% CI; otherwise, the
fixed-effects model was used. Begg’s and Egger’s
tests were used to evaluate publication bias in the
results. Subgroup assessment was performed
according to ethnicity, disease severity, age, sample
type, and BMI. Sensitivity analysis, namely ‘cumu-
lative analysis’ and ‘one study removed, was
employed to explore the consistency and stability
of our data. Statistical significance was set at
p < 0.05.

Meta-regression analysis was performed to
assess the impact of moderator variables on the
study effect size. The trim-and-fill approach was
adopted to determine articles lost due to publica-
tion bias in the funnel chart and to adjust the
estimation of the overall effect.

Few articles reported the ‘median and inter-
quartile range’ or ‘median and range’ of IL-8 con-
centration. In such cases, data were converted to

‘mean and standard deviation’ the methods out-
lined by Hozo et al. and Wan et al. [15,16].

2.6. Ethics

Approval of the Ethics Committee was not applic-
able for this study because it does not contain any
human or animal subjects and the data used were
extracted from previously published papers.

3 Results

A total of 25 eligible studies, including 2301
participants and 1123 controls, was included in
this meta-analysis. The included studies evaluat-
ing the association between serum IL-8 concen-
tration and OSAS indicated that adults and
children with OSAS had elevated serum concen-
trations of IL-8 compared with controls.
Categorization of the study population into sub-
groups according to body mass index, apnea-
hypopnea index (AHI), ethnicity, and sample
size also showed that individuals with OSAS
had elevated serum concentrations of IL-8 com-
pared with controls. Additionally, the results
demonstrated that the higher the AHI, higher
was the IL-8 concentration. Similar results were
observed in the literature on the association
between plasma IL-8 concentration and OSAS.
Furthermore, the concentrations of IL-8 in the
tonsil tissue, sputum, alveolar lavage fluid, and
nasopharyngeal lavage fluid obtained from
patients with OSAS were higher than those in
the specimens obtained from controls. The spe-
cifics of this meta-analysis for each outcome are
provided below.

3.1. Study selection

Overall, 271 articles were abstracted from the data-
base. Of these, 157 articles were selected after
removing duplicates. Thereafter, an additional 120
articles that did not have relevant data or adequate
clinical data were excluded; thus, 37 full-text articles
remained. Twelve full-text articles were further
excluded because five of them were reviews, two
were letters to the editor, two were reports of studies
that had no control group, one had no relevant data,
one reported polymorphisms of leptin, and one
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Figure 1. Flow diagram of literature selecting process and results.

reported animal experiments. Figure 1 illustrated
the process of literature screening with a flowchart.
Twenty-five studies [8,17-40], having 2301 partici-
pants in the OSAS group and 1123 participants in
the control group, were included in this meta-
analysis (Table 1). In these studies, serum (n = 16)
[17-22,26-33,35,36], plasma (n = 4) [8,23,37,38],
sputum (n = 2) [25,34], nasal and pharyngeal lavage
(n = 2) [37,40], bronchoalveolar lavage fluid (n = 1)
[39], and tonsil tissue (n = 1) [24] were examined
(Figure 1).

3.2. Serum IL-8 concentration

The association between serum IL-8 concentration
and OSAS was analyzed in 16 studies [17-22,26-

33,35,36]. The results indicated that compared
with controls, patients with OSAS had significantly
elevated serum IL-8 concentrations (SMD = 0.914,
95% CI = 0.418-1.411, P < 0.001, I* = 96.9%,
Ph<0.001) (Figure 2).

3.3. Plasma IL-8 concentration

The relationship between plasma IL-8 concentra-
tion and OSAS was evaluated in four studies
[8,23,37,38]. In these studies, compared with con-
trols, individuals with OSAS had significantly ele-
vated serum IL-8 concentrations (SMD = 0.748,
95% CI = 0.308-1.189, P = 0.001, I* = 82.3%,
Ph<0.001) (Figure 2).
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3.4. Sputum IL-8 concentration

The association between sputum IL-8 concentra-
tion and OSAS was assessed in two studies
[25,34]. The results of these studies indicated
that compared to controls, individuals with
OSAS had significantly elevated sputum IL-8
concentrations (SMD = 2.889, 95% CI = 0.754-
5.024, P = 0.008, I*> = 86.5%, Ph = 0.006)
(Figure 2).

3.5. Bronchoalveolar fluid IL-8 concentration

The relationship between the IL-8 concentration
in bronchoalveolar lavage fluid and OSAS was
evaluated in only one study [39]. In this study,
compared with controls, individuals with OSAS
had significantly elevated bronchoalveolar lavage
IL-8 concentration (P < 0.05).
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3.6. Nasal and pharyngeal lavage IL-8
concentration

The association between nasal and pharyngeal
lavage concentrations of IL-8 and OSAS was
examined in two studies [37,40]. The results
showed that compared with controls, individuals
with OSAS had significantly increased nasal and
pharyngeal lavage concentrations of IL-8
(SMD = 0.819, 95% CI = 0.494-1.143, P < 0.001,
I> = 0%, Ph = 0.474) (Figure 2).

3.7. Tonsil tissue IL-8 concentration

The relationship between IL-8 concentration in the
tonsils of children and OSAS was investigated in
only one study [24]. In this study, compared with
controls, children with OSAS had significantly ele-
vated IL-8 concentrations in tonsil tissue (P = 0.04).

Study %
D SMD (95% CI) Weight
Serum | :
Alzoghaibi (2005) (17) | —_ 422(3.11,5.33) 226
Archontogeorgis K (2016) (18) - . —-0.12(-0.62,0.38)  2.78
Bhatt SP (2021) (19) * 0.68 (0.37, 0.98) 290
Bilal N(mild) (2021) (20) - 0.93 (0.19, 1.68) 2.60
Bilal N(moderate) (2021) (20) —— 0.87(0.13, 1.62) 2.60
Bilal N(severe) (2021) (20) U —p— 3.61(2.53,4.69) 228
Borel JC (2009) (21) - ! ~0.31(-0.92,031) 270
Bouloukaki I (2014) (22) - 0.00(-0.61,0.62) 270
Hirsch D (2011) (26) - 0.31(-0.33,0.94) 2.69
Jin F (2017) 7 (] ——  1227(10.84,13.71) 1.94
Kim J(moderate) (2010) (28) - | ~0.25(-1.03,0.53) 257
Kim J(severe) (2010) (28) - 0.09 (-0.47, 0.65) 275
Li AM (2008) (29) * 0.48 (0.13, 0.83) 287
Ming H (2019) (30) 1 ® 2.05(1.86,2.23) 2.94
Ohga E (2003) (31) - 1 ~336 (-4.52,-220) 221
Ryan S(mild to moderate) (2006) (32) - —0.04 (-0.53,045) 279
Ryan S(severe) (2006)(32) 4= 0.55 (0.03, 1.06) 2.78
Santamaria—Martos F(mild) (2018) (33) > . —0.11(-0.37,0.14)  2.92
Santamaria—Martos F(moderate to severe) (2018) (33) * 0.50 (0.24, 0.75) 2.92
Tam CS (2006) (35) * 0.48 (0.09, 0.86) 286
Thunstrom E(non—obesity) (2015) (36) LN 0.17 (-0.06, 0.41) 2.92
Thunstrom E(obesity) (2015) (36) ¢! 0.16(-0.12,043) 291
Subtotal (I-squared = 96.9%, p <0.0001) ? 0.91(0.42, 1.41) 58.88
Plasma !
Carpagnano GE(non—obesity) (2010)(23) ! e ] 6.95(4.37,9.53) 110
Carpagnano GE(obesity) (2010) (23) |—— 229(1.19,3.39) 227
Smith DF(AM mild) (2017) (8) - 0.98 (0.47, 1.49) 278
Smith DF(AM severe) (2017)(8) <+ 028 (-0.13, 0.69) 2.84
Smith DF(PM mild) (2017) (8) 1 0.69 (0.22, 1.16) 2.81
Smith DF(PM severe) (2017) (8) * 0.10(-0.27,0.47) 2.87
Vicente E(mild to moderate)(plasma) (2016) (37) - 0.32(-0.17,0.82) 2.79
Vicente E(severe)(plasma) (2016) (37) = 0.54 (0.05, 1.03) 2.80
Wang W (2021) (38) bt 023(-0.38,084) 271
Subtotal (I-squared = 82.3%, p <0.0001) d 0.75 (031, 1.19) 2296
Tonsil tissue !
Chen VG (2020) (24) —— 052(-0.17,120) 265
:>I 0.52(-0.17,120) 265
Sputum !
Devouassoux G (2007) (25) i 1.89(1.21,2.57) 265
Taille C (2016) (34) e ol 4.07 (2.66, 5.49) 1.96
Subtotal (I-squared = 86.5%, p = 0.006) — 2.89(0.75, 5.02) 461
1
BAL fluid |
Wang Y (2015) (39) - 1.09 (0.59, 1.59) 2.79
O 1.09 (0.59, 1.59) 2.79
1
Nasal/Pharyngeal lavage '
Zhang D (2019) (40) - 1.09 (0.29, 1.90) 255
Vicente E(mild to moderate)(pharyngeal lavage) (2016) (37) el 0.59 (0.09, 1.09) 2.79
Vicente E(severe)(pharyngeal lavage) (2016) (37) - 0.94 (0.4, 1.45) 278
Subtotal (I-squared = 0.0%, p = 0.474) Q 0.82(0.49, 1.14) 8.12
Overall (I-squared = 95.2%, p <0.0001) ¢ 0.98 (0.64, 1.33) 100.00
NOTE: Weights are from random effects analysis 1
I
=37 0 13.7

Figure 2. Forest plot of random-effects analysis of IL-8 levels in the overall patients.
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Study %
D SMD (95% CI) Weight
Adult |
Alzoghaibi (2005) (17) ' e 422(3.11,533) 3.96
Archontogeorgis K (2016) (18) - ~0.12 (-0.62, 0.38) 470
Bhatt SP (2021) (19) - 0.68 (037, 0.98) 485
Bilal N(mild) (2021) (20) -‘— 093 (0.19, 1.68) 444
Bilal N(moderate) (2021) (20) 4+ 0.87 (0.13, 1.62) 445
Bilal N(severe) (2021) (20) | —— 3.61(2.53,4.69) 400
Borel JC (2009) (21) +| : ~031(-0.92,031) 459
Bouloukaki I (2014) (22) -, 0.00 (-0.61,0.62) 459
Jin F (2017) (27) | ! ——  12.27(10.84,13.71) 349
Kim J(moderate) (2010) (28) - | ~0.25 (-1.03, 0.53) 440
Kim J(severe) (2010) (28) - 0.09 (047, 0.65) 4.65
Ming H (2019) (30) | ! . 2,05 (1.86,2.23) 4.90
Ohga E (2003) (31) —— . 336 (~452,-2.20)  3.89
Ryan S(mild to moderate) (2006) (32) - : ~0.04 (~0.53,0.45) 471
Ryan S(severe) (2006) (32) I-O: 0.55(0.03, 1.06) 4.69
Santamaria—Martos F(mild) (2018) (33) * ~0.11 (-0.37,0.14) 488
Santamaria—Martos F(moderate to severe) (2018) (33) |0: 0.50 (0.24, 0.75) 488
Thunstrom E(non—obesity) (2015) (36) . 0.17 (=006, 0.41) 488
Thunstrom E(obesity) (2015) (36) . 0.16 (-0.12,0.43) 436
Subtotal (I-squared = 97.4%, p<0.0001) (o3 101 (0.4, 1.59) 85.81
1
Children '
Hirsch D (2019) (26) -0-: 0.31(-0.33, 0.94) 457
Li AM (2008) (29) 0-: 048 (0.13, 0.83) 4.82
Tam CS (2006) (35) el 0.48 (0.09, 0.86) 480
Subtotal (I-squared = 0.0%, p = 0.883) [’ 045 (0.21, 0.69) 14.19
1
Overall (I-squared =96.9%, p <0.0001) ¢ 0.91(0.42, 1.41) 100.00
NOTE: Weights are from random el"feclts analysis ! I
=13.7 0 13.7

Figure 3. Meta-analysis for the association between serum IL-8 levels and OSAS: subgroup analysis by age.

Table 2. Subgroup analysis for serum and plasma levels of interleukin-8.

Categories Subgroup analysis SMD (95%Cl) p-Value 1? Ph meta-analysis model
Serum level Overall 0.915(0.418,1.411) <0.001 96.9% <0.001 Random-effects model
Age
Children 0.445(0.214,0.689) 0.01 0% 0.646 Fixed-effect model
Adult 1.013(0.437,1.587) <0.001 97.2% <0.001 Random-effects model
Ethnicity
Asian 1.573(0.240,2.905) 0.021 98.6% <0.001 Random-effects model
Caucasian 0.558(0.237,0.877) 0.001 87.7% <0.001 Random-effects model
Mean BMI (kg/m?
<30 1.137(0.429,1.844) <0.001 98.0% <0.001 Random-effects model
>30 0.568(0.052,1.084) 0.031 87.5% <0.001 Random-effects model
Mean AHI (events/h)
<30 0.275(0.077,0.473) 0.007 67.1% <0.001 Random-effects model
>30 2.064(0.791,3.337) 0.001 98.4% <0.001 Random-effects model
Total number of participants
>100 1.883(0.925,2.841) <0.001 98.8% <0.001 Random-effects model
<100 0.461(—0.020,0.950) 0.064 90.1% <0.001 Random-effects model
Overall 0.748(0.308,1.189) 0.001 82.3% <0.001 Random-effects model
Age
Children 0.440(0.120,0.760) 0.007 58.4% 0.048 Random-effects model
Adult 1.832(0.521,3.144) 0.006 91.0% <0.001 Randome-effects model
Ethnicity
Asian NA NA NA NA
Caucasian 0.837(0.345,1.328) 0.001 84.2% <0.001 Random-effects model
Mean BMI (kg/m?)
<30 0.589(0.177,1.001) 0.005 79.7% <0.001 Randome-effects model
>30 NA NA NA NA
Mean AHI (events/h)
<30 0.660(0.297,1.022) <0.001 39.3% 0.193 Random-effects model
>30 0.936(0.240,1.631) 0.008 87.4% <0.001 Random-effects model




3.8. Subgroup analysis of serum IL-8
concentration

3.8.1. Age

The result indicated that the serum IL-8 concen-
trations in adults (SMD = 1.013, 95% CI = 0.437-
1.587, P < 0.001) and children (SMD = 0.445, 95%
CI = 0.214-0.689, P = 0.01) with OSAS in the
included studies were higher than those of controls
(Figure 3, Table 2).

3.8.2. Mean body mass index

The serum IL-8 concentrations of patients with
OSAS with an average BMI >30 kg/m2 and that
of those with an average BMI <30 kg/m2 were
higher than those of controls (SMD = 0.568, 95%
CI = 0.052-1.084, P = 0.031; SMD = 1.137, 95%
CI = 0.429-1.844, P < 0.001, respectively)
(Figure 4, Table 2).

3.8.3. Ethnicity

The results showed that Caucasian (SMD = 0.557,
95% CI = 0.237-0.877, P < 0.001) and Asian
(SMD = 1.573, 95% CI = 0.240-2.905, P < 0.001)
patients with OSAS had higher serum IL-8 con-
centrations than did the controls. (Figure 5,
Table 2).
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3.8.4. Total number of subjects

Combined assessment of studies with a sample size
of more than 100 patients showed that compared to
controls, individuals with OSAS had significantly
elevated serum IL-8 concentrations (SMD = 1.883,
95% CI = 0.925-2.841, P < 0.001). However, there
was no significant difference between the serum IL-
8 concentrations of patients with OSAS and that of
the controls in studies with a sample size of fewer
than 100 patients (SMD = 0.461, 95% CI = —0.027-
0.950, P = 0.064) (Figure 6, Table 2).

3.8.5. Mean apnea-hypopnea index

Subgroup analysis according to disease severity
demonstrated that compared to controls, patients
with OSAS with a mean AHI >30 had significantly
elevated serum IL-8 concentrations (SMD = 2.064,
95% CI = 0.791-3.337, P = 0.001). Compared with
controls, patients with OSAS who had a mean AHI
<30 also had significantly elevated serum IL-8
concentrations (SMD = 0.275, 95% CI = 0.077-
0.473; P = 0.007) (Figure 7, Table 2).

3.8.6 Meta-regression analysis of the serum IL-8
concentrations of patients with obstructive sleep
apnea syndrome

The meta-regression data of serum IL-8 concen-
trations are outlined in Table 3. Age, mean BMI,

Study %
ID SMD (95% CI) Weight
Mean BMI >30 '
Alzoghaibi (2005)(17) : — 4.22(3.11,5.33) 3.96
Archontogeorgis K (2016) (18) - —0.12 (~0.62, 0.38) 470
Bilal N(mild) (2021)(20) -OI— 0.93 (0.19, 1.68) 4.44
Bilal N(moderate) (2021) (20) - 0.87 (0.13, 1.62) 4.45
Borel JC (2009) (21) -ol- | -031 (-0.92,0.31) 4.59
Bouloukaki I (2014) (22) - ' 0.00 (-0.61,0.62) 459
Ryan S(mild to moderate) (2006) (32) E 0.04 (-0.53,0.45) 471
Ryan S(severe) (2006) (32) I-O; 0.5 (0.03, 1.06) 4.69
Thunstrom E(obesity) (2015) (36) * : 0.16 (-0.12, 0.43) 4.86
Subtotal (I-squared = 87.5%, p <0.0001) <>| 0.57 (0.05, 1.08) 41.00
1
Mean BMI <30 :
Bhatt SP (2021) (19) - 0.68 (0.37, 0.98) 4.85
Bilal N(severe) (2021)(20) : — 3.61 (2,53, 4.69) 4.00
Hirsch D (2019) (26) -0-1 0.31(-0.33,0.94) 457
Jin F (2017) (27) 1 —— 1227(10.84, 13.71) 3.49
Kim J(moderate) (2010)(28) —— : ~0.25 (-1.03,0.53) 4.40
Kim J(severe) (2010)(28) - : 0.09 (-0.47, 0.65) 4.65
Li AM (2008) (29) el 0.48 (0.13, 0.83) 4.82
Ming H (2019)(30) : . 2.05 (1.86,2.23) 4.90
Ohga E (2003) (31) — : 336(-452,-2200  3.89
Santamaria—Martos F(mild) (2018) (33) * —0.11 (-0.37,0.14) 4.88
Santamaria—Martos F(moderate to severe) (2018) (33) . 050 (0.24, 0.75) 4.88
Tam CS (2006)(35) OJI 0.48 (0.09, 0.86) 4.80
Thunstrom E(non—obesity) (2015)(36) . 0.17 (-0.06, 0.41) 4.88
Subtotal (I-squared = 98.0%, p <0.0001) <> 114 (0.43, 1.84) 59.00
1
Overall (I-squared = 96.9%, p <0.0001) ¢ 0.91 (0.42, 1.41) 100.00
NOTE: Weights are from random effects analysis '
T T T
—-13.7 0 13.7

Figure 4. Meta-analysis for the association between serum IL-8 levels and OSAS: subgroup analysis by mean BMI.
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Study %
ID SMD (95% CI) Weight
Caucasian |
Alzoghaibi (2005) (17) V= 422(3.11,5.33) 396
Archontogeorgis K (2016)(18) - ~0.12 (-0.62, 0.38) 470
Bilal N(mild) (2021) (20) - 0.93(0.19, 1.68) 444
Bilal N(moderate) (2021)(20) - 087 (0.13, 1.62) 445
Bilal N(severe) (2021) (20) : —— 3.61 (2.53,4.69) 400
Borel JC (2009)(21) -OI- 1 0.31 (-0.92,0.31) 4.59
Bouloukaki I (2014)(22) -?- : 0.00 (-0.61,0.62) 459
Hirsch D (2019)(26) -loJI 0.31 (-0.33, 0.94) 457
Ryan S(mild to moderate) (2006) (32) E ~0.04 (~0.53,0.45) 471
Ryan S(severe) (2006) (32) I-O-'r 0.55 (0.03, 1.06) 469
Santamaria—Martos F(mild) (2018)(33) .. ~0.11 (-0.37,0.14) 488
Santamaria—Martos F(moderate to severe) (2018)(33) * 0.50(0.24,0.75) 4.88
Tam CS (2006) (35) -0-: 0.48 (0.09, 0.86) 4.80
Thunstrom E(non—obesity) (2015) (36) g ' 0.17 (<006, 0.41) 488
Thunstrom E(obesity) (2015)(36) - 0.16 (-0.12,0.43) 486
Subtotal (I-squared = 87.7%, p<0.0001) ()' 056 (0.24, 0.88) 69.00

1

1
Asian !
Bhatt SP (2021)(19) - 0.68 (0.37, 0.98) 485
Jin F (2017)(27) ' —— 1227(1084,1371) 349
Kim J(moderate) (2010)(28) - ~0.25 (-1.03, 0.53) 440
Kim J(severe) (2010) (28) - 0.09 (-0.47,0.65) 465
Li AM (2008) (29) - 0.48 (0.13, 0.83) 482
Ming H (2019) (30) 1. 2,05 (1.86,2.23) 490
Ohga E (2003) (31) —_ ! -3.36 (-4.52,-220)  3.89
Subtotal (I-squared = 98.6%, p<0.0001) <> 157(0.24,2.91) 31.00

|
Overall (I-squared = 96.9%, p <0.0001) ¢ 0.91(0.42, 1.41) 100.00
NOTE: Weights are from random effects analysis !

T T
-13.7 0 13.7

Figure 5. Meta-analysis for the association between serum IL-8 levels and OSAS: subgroup analysis by ethnicity.

Study %
ID SMD (95% CI) Weight
Total number of participants <100 :
Alzoghaibi (2005) (17) ' —— 422(3.11,5.33) 3.96
Archontogeorgis K (2016)(18) - : ~0.12 (-0.62,0.38) 470
Bilal N(mild) (2021)(20) - 093 (0.19, 1.68) 444
Bilal N(moderate) (2021)(20) -0'- 0.87(0.13, 1.62) 445
Bilal N(severe) (2021) (20) o 3.61(2.53,4.69) 400
Borel JC (2009) (21) -ol- 1 ~0.31(0.92,031) 459
Bouloukaki I (2014)(22) -T- : 0.00 (-0.61,0.62) 4.59
Hirsch D (2019)(26) -|0-1 0.31(-0.33, 0.94) 457
Kim J(moderate) (2010) (28) e ~0.25 (-1.03,0.53) 440
Kim J(severe) (2010)(28) - : 0.09 (-0.47,0.65) 465
Li AM (2008) (29) -0-: 0.48(0.13, 0.83) 482
Ohga E (2003)(31) — 1 ~336(-452,-220)  3.89
Ryan S(mild to moderate) (2006)(32) - : ~0.04 (~0.53, 0.45) 471
Ryan S(severe) (2006)(32) -OJI- 0.5 (0.03, 1.06) 4.69
Tam CS (2006) (35) Rl 0.48 (0.09, 0.86) 480
Subtotal (I-squared = 90.1%, p<0.0001) ' 0.46 (=0.03,0.95) 67.26
1
Total number of participants >100 |
Bhatt SP (2021) (19) 0' 0.68 (0.37, 0.98) 4.85
Jin F (2017) (27) : —— 1227(10.84,13.71) 349
Ming H (2019)(30) : * 2.05 (1.86,2.23) 4.90
Santamaria—Martos F(mild) (2018) (33) * ~0.11(-0.37,0.14) 488
Santamaria—Martos F(moderate to severe) (2018)(33) - 0.50 (0.24,0.75) 4.88
Thunstrom E(non—obesity) (2015) (36) IO : 0.17 (-0.06, 0.41) 4.88
Thunstrom E(obesity) (2015)(36) . 0.16 (-0.12,0.43) 486
Subtotal (I-squared = 98.8%, p<0.0001) < 1.8 (0.92, 2.84) 3274
1
Overall (I-squared = 96.9%, p<0.0001) ¢ 0.91 (0,42, 1.41) 100.00
NOTE: Weights are from random effeclts analysis !
T
-13.7 0 13.7

Figure 6. Meta-analysis for the association between serum IL-8 levels and OSAS: subgroup analysis by total number of participants.
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Study %
D SMD (95% CI) Weight
Mean AHI >30 :
Alzoghaibi (2005)(17) i — 422(3.11,5.33) 3.96
Bilal N(severe) (2021)(20) . 361 (2.53,4.69) 400
Bouloukaki I (2014) (20) - 0.00 (~0.61, 0.62) 4.59
Jin F (2017) (27) ' —— 1227(1084,1371) 349
Kim J(severe) (2010)(28) - 0.09 (<047, 0.65) 465
Ming H (2019) (30) e 2.05 (1.86,2.23) 4.90
Ohga E (2003) (31) —— : ~336(-4.52,-220)  3.89
Ryan S(severe) (2006) (32) -OJI- 0.5 (0.03, 1.06) 4,69
Thunstrom E(obesity) (2015) (36) . 0.16 (-0.12,0.43) 486
Subtotal (I-squared = 98.4%, p<0.0001) 1'0 2.06 (0.79, 3.34) 39.03
1
Mean AHI <30 :
Archontogeorgis K (2016) (18) * ~0.12(-0.62, 0.38) 470
Bhatt SP (2021)(19) ‘. 0.68 (0.37, 0.98) 485
Bilal N(mild) (2021) (20) -?— 0.93 (0.19, 1.68) 444
Bilal N(moderate) (2021)(20) —— 087 (0.13, 1.62) 445
Borel JC (2009) (21) -ol- : ~031(-0.92,031) 459
Hirsch D (2019) (26) -Io-: 0.31 (-0.33, 0.94) 4.57
Kim J(moderate) (2010) (28) - 025 (-1.03,0.53) 4.40
Li AM (2008) (29) |-0-: 0.48 (0.13, 0.83) 4.82
Ryan S(mild to moderate) (2006) (32) - ~0.04 (-0.53, 0.45) 471
Santamaria—Martos F(mild) (2018)(33) * ~0.11 (037, 0.14) 488
Santamaria—Martos F(moderate to severe) (2018) (33) . 0.50(0.24,0.75) 4.88
Tam CS (2006) (35) -QJI 0.48 (0.09, 0.86) 480
Thunstrom E(non—obesity) (2015) (36) . 0.17 (<006, 0.41) 488
Subtotal (I-squared = 67.1%, p<0.0001) X 027 (0.08,0.47) 6097
1
Overall (I-squared = 96.9%, p <0.0001) ¢ 091 (042, 1.41) 100.00
NOTE: Weights are from random effeclts analysis | ! I
-13.7 0 13.7

Figure 7. Meta-analysis for the association between serum IL-8 levels and OSAS: subgroup analysis by mean AHI.

number of patients, mean AHI, and ethnicity had
no independent significant impact on serum IL-8
concentration.

3.9. Subgroup analysis of plasma IL-8
concentration

3.9.1. Age

The combined analysis showed that compared with
controls and children with OSAS, adult patients
with OSAS had significantly higher plasma IL-8

Table 3. Meta-regression analysis of variables predicting serum
and plasma levels of IL-8.

Age R Adjusted R? p
Serum 0.696 —0.049 0.749
Plasma 1.463 0.019 0.24
Mean BMI of OSAS R Adjusted R? p
Serum -1.21 0.005 0.347
Plasma 1.775 0.952 0.205
Mean AHI of OSAS R Adjusted R? p
Serum 0.657 0.003 0.308
Plasma 0.691 0.404 0.625
Ethnicity R Adjusted R? p
Serum 0.458 —-0.029 0.495
Plasma —0.987 —0.352 0.638
Number of participants R Adjusted R? p
Serum 1.657 0.029 0.208
Plasma NA NA NA

concentrations (SMD = 1.832, 95% CI = 0.521-
3.144, P = 0.006) (SMD = 0.440, 95% CI = 0.120-
0.760, P = 0.007) (Supplementary Figure 1, Table 2).

3.9.2. Ethnicity

The results showed that compared to controls,
Caucasian patients with OSAS had significantly
higher plasma IL-8 concentrations (SMD = 0.837,
95% CI = 0.345-1.328, p = 0.001) (Supplementary
Figure 2, Table 2).

3.9.3. Mean body mass index

Compared with controls, patients with OSAS with
BMI <30 kg/m” had significantly elevated plasma
IL-8 concentrations (SMD = 0.589, 95%
CI = 0.177-1.001, P = 0.005) (Supplementary
Figure 3, Table 2).

3.9.4. Mean apnea-hypopnea index

Subgroup analysis according to disease severity
indicated that compared with controls, individuals
with OSAS with a mean AHI >30 had significantly
elevated plasma IL-8 (SMD = 0.936, 95%
CI = 0.240-1.631, P = 0.008). Plasma IL-8 concen-
trations were also significantly elevated in
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individuals with OSAS with a mean AHI <30
compared with that in controls (SMD = 0.660,
95% CI = 0.297-1.022, P < 0.001)
(Supplementary Figure 4, Table 2).

3.9.5. Meta-regression analysis of plasma
interleukin-8 concentrations of patients with
obstructive sleep apnea syndrome

The meta-regression data of plasma IL-8 concen-
tration are shown in Table 3. Age, mean AHI,
mean BMI, number of participants, and ethnicity
had no independent significant effect on plasma
IL-8 concentration.

3.10. Quality evaluation

The quality scores of the included articles were
shown in Table 4.

3.11. Sensitivity analysis

The two sensitivity analyses, including ‘cumulative
analysis’ and ‘one study removed,” demonstrated
the stability of the data for adults and children.

3.12 Publication bias of the included studies

The funnel chart of the analysis of serum IL-8 con-
centration was shown in Supplementary Figure 5.
For serum concentration of IL-8, Begg’s test
(P = 0.152) and Egger’s test (P = 0.324) showed
that there was no bias in the included studies.

For the analysis of the serum concentration of
IL-8 without imputed articles, the point estimate
and 95% CI for the combined studies was 0.633
(0.558, 0.707) in the random-effects model.
Analysis using the trim-and-fill approach showed
the same imputed point estimate as aforemen-
tioned. This finding illustrated that the overall

Table 4.
Selection Comparability Exposure
Comparability in Same method
the design/ of
statistical analysis ascertainment Non-
Case Control  Control of case and Ascertainment  for cases and  Response

Author definition Representativeness selection definition control of exposure controls rate Score
Ohga E [31] 1 1 0 1 1 1 1 7
Alzoghaibi [17] 1 1 0 1 1 1 1 7
Ryan S [32] 1 1 0 1 2 1 1 1 8
Devouassoux 1 1 0 1 1 1 1 1 7

G [25]
Borel JC [21] 1 1 1 1 1 1 1 1 8
Carpagnano GE 1 1 1 1 1 1 1 8

[23]
Kim J [28] 1 1 1 1 2 1 1 1 9
Bouloukaki | [22] 1 1 1 1 1 1 1 1 8
Wang Y [39] 1 1 1 1 2 1 1 0 8
Thunstrom E [36] 1 1 0 1 1 1 1 1 7
Archontogeorgis 1 1 0 1 1 1 1 1 7

K [18]
Taillé C [34] 1 1 1 1 1 1 1 1 8
Vicente E [37] 1 1 1 1 1 1 1 1 8
Jin F [27] 1 1 0 1 1 1 1 1 7
Santamaria- 1 1 0 1 1 1 1 1 7

Martos F [33]
Ming H [30] 1 1 0 1 1 1 1 1 7
Zhang D [40] 1 1 0 1 2 1 1 1 8
Bhatt SP [19] 1 1 0 1 1 1 1 1 7
Bilal N [20] 1 1 1 1 1 1 1 1 8
Tam CS [35] 1 1 1 1 1 1 1 1 8
Li AM [29] 1 1 0 1 1 1 1 1 7
Smith DF [8] 1 1 0 1 1 1 1 1 7
Hirsch D [26] 1 1 0 1 1 1 1 1 7
Chen VG [24] 1 1 0 1 1 1 1 1 7
Wang W [38] 1 1 0 1 1 1 1 1 7




effect sizes for IL-8 concentration reported in the
forest plot were valid.

4, Discussion

In this systematic review and meta-analysis, we
analyzed the existing literature for the relationship
between OSAS and IL-8 concentrations. The
results illustrated that the plasma and serum IL-8
concentrations of adults and children with OSAS
were significantly higher than those of healthy
controls. Subgroup analysis of IL-8 concentrations
in other samples, such as tonsil tissue, sputum,
bronchoalveolar lavage fluid, and nasopharyngeal
lavage fluid was not conducted owing to the small
number of studies on IL-8 concentrations in these
samples. However, the results of the present meta-
analysis indicated that compared to controls,
patients with OSAS showed higher concentrations
of IL-8 in the above mentioned samples. This
deduction carries clinical significance because an
elevated IL-8 concentration may be an indepen-
dent predisposing factor of cardiovascular disease
in adults with OSAS [27,36]. Consequently, the
findings of this meta-analysis suggest that in addi-
tion to routine tests for the assessment of sleep and
sleep-disordered breathing, the immune systems of
both children and adults with OSAS need to be
monitored in clinical settings.

A previous study showed that OSAS could alter
the levels of several hormones in the body [41].
Additionally, vascular inflammation and systemic
inflammation were the main mechanisms behind
cardiac metabolic disorders in patients with OSAS.
Qing Cui et al. [12] concluded that serum IL-8
concentration was associated with OSAS in adults,
whereas elevated serum IL-8 level might promote
OSAS progression. Although the precise mechan-
ism behind the influence of OSAS on IL-8 con-
centration is unclear, sleep deprivation and
intermittent hypoxemia are considered to be
important pathogenic factors [42].

IL-8 is one of the strongest known inflamma-
tory cell chemokines that play an indispensable
role in systemic inflammation in OSAS and related
cardiovascular diseases [43]. IL-8 can induce neu-
trophils to release myeloperoxidase and recruit
inflammatory cells to help sustain inflammation.
Moreover, exposure to IL-8 can cause rapid
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mobilization of macrophage antigen 1 to the neu-
trophil surface in OSAS; thus, overexpression of
IL-8 in human bronchial epithelial cells has been
seen in response to a vibration stimulus generated
by snoring [7]. Akyol et al. [44] reported that IL-8
bonded to specific receptors on the surface of
neutrophils, which led to cell deformation, degra-
nulation, and increased production of reactive
oxygen species. This process might trigger the
secretion of lysosomes to activate arachidonic
acid, resulting in elevated vascular permeability
and plasma protein exudation, leading to tissue
damage, atherosclerosis, and other diseases [45].
In healthy people, inflammatory cytokines, such as
IL-8, participate in the modulation of physiological
sleep and are related to physiological secretory
patterns [29]. Good sleep at night and a good
physical state the next day are related to decreased
secretion of IL-8, whereas increased secretion of
IL-8 may be associated with excessive drowsiness
and fatigue during the day [46]. Daytime sleepi-
ness is not the only main clinical manifestation of
OSAS, but also one of the critical physiological
consequences of OSAS [47]. Strawbridge et al.
measured the levels of inflammatory factors in
individuals with depression and established that
patients with depression also had generally high
serum IL-8, which gradually increased with the
progression of the condition [48].

Previous studies demonstrated that serum IL-8
concentration was linked to obesity and that visc-
eral adipose tissue may be involved in the secre-
tion of IL-8 [49]. Carpagnano et al. [23] assessed
serum IL-8 concentration in obese patients with
OSAS and healthy controls. They established that
the obese individuals with OSAS had a serum IL-8
concentration three times higher than that of
healthy controls, whereas that of non-obese
patients with OSAS was twice as high as that of
healthy controls. Additionally, the serum IL-8 con-
centration of obese persons without OSAS in that
study was also higher than that of healthy controls.
The reason for this phenomenon may be that
oxidative stress and sympathetic activation and
inflammation, which are known to be involved in
the pathophysiological mechanism of OSAS, are
also observed in obese patients [19,50]. In the
present meta-analysis, the serum IL-8 concentra-
tions of both obese and non-obese persons with
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OSAS were higher than those of healthy controls.
We also found that the serum and plasma IL-8
concentrations of obese patients with OSAS were
lower than those of non-obese patients with OSAS.
Some previous studies indicated that there was no
significant correlation between BMI and IL-8 con-
centrations in patients with OSAS [19,29]. The IL-
8 concentrations of non-obese patients with OSAS
in this study were higher than those of obese
patients with OSAS, suggesting that BMI itself
does not influence IL-8 concentration in indivi-
duals with OSAS. However, other confounding
factors may affect serum and plasma IL-8
concentration.

Several studies showed that the serum IL-8 con-
centrations of individuals with severe OSAS were
higher than those of individuals with mild OSAS
or controls [20,28,32,37]. Additionally,
Devouassoux et al. [25] reported that there was
a significant correlation between serum IL-8 con-
centration and AHI in patients with OSAS
(r = 0.81, P < 0.01). The subgroup analysis in the
present study also showed that the serum and
plasma IL-8 concentrations of individuals with
AHI >30/h were higher than those of individuals
with AHI <30/h. The serum and plasma IL-8 con-
centrations of patients with OSAS increased with
the severity of the disease, suggesting that the
concentration of serum and plasma IL-8 may
reflect the severity of OSAS. Chronic intermittent
hypoxia can lead to an increase in the pro-
inflammatory cytokine IL-8. The higher the num-
ber of hypoxia events per unit time, the more
serious is the degree of hypoxia and more obvious
is the increase in IL-8 [51,52]. The pathophysiolo-
gical basis of OSAS is that chronic intermittent
hypoxia/reoxygenation leads to sleep oxygen defi-
ciency, which is similar to hypoxia/reperfusion
injury, causing damage to target organs. Thus,
serum and plasma IL-8 concentrations increase
with an increase in the severity of OSAS [53].
Furthermore, subgroup analyses were conducted
according to age and number of samples, and the
serum and plasma IL-8 concentrations were still
higher in the OSAS patients. The increase in the
serum/plasma IL-8 level was more obvious in
adults than in children. This could be related to
immature and reduced immune functions in chil-
dren. It has been reported that chronic rhinitis in

children is related to adenoid hypertrophy, thereby
causing upper airway obstruction leading to OSAS,
especially at night [54]. Inflammation has been
suggested as a potential mechanism for children
with OSAS. Hirsch et al. [26] also indicated that
the impaired cardiac responses correlated with
higher serum IL-8 levels in children with OSAS.
Moreover, it should be noted that Asians have
significantly higher serum IL-8 concentrations
than Caucasians. This suggests that ethnicity may
affect the concentration of serum IL-8 in indivi-
duals with OSAS. Different ethnic groups have
different genetic backgrounds, lifestyles, and living
environments, which may lead to differences in
the level of IL-8 secretion. Nevertheless, the data
included in our meta-analysis is not sufficient to
clarify the potential physiological mechanism by
which ethnicity affects IL-8 concentration.
Therefore, future studies are needed to explore
the extent to which genetic background influences
the susceptibility to OSAS.

Although the findings of the present meta-
analysis are novel, the following limitations should
be considered. First, the results of the included
studies do not suggest that adjustments were
made for prospective confounding factors, such
as obesity, smoking, staying up late, sex, or drink-
ing. Second, the results of the included studies
with a small sample size (<100) were not reliable
as low statistical power leads to a higher variabil-
ity; thus, the relationship between IL-8 concentra-
tion and OSAS could not be considered to be
adequately justified. In addition, only a few studies
involved the analysis of samples other than serum
or plasma. Third, there was a high degree of het-
erogeneity between studies in some analyses.
Meta-regression analysis showed that ethnicity,
age, BMI, AHI, and sample size had little effect
on heterogeneity. We could not identify the source
of the obvious heterogeneity, which may be related
to experimental conditions, test reagents, physical
differences in participants, and other confounding
factors, all of which may affect the reliability of the
results. Fourth, IL-8 concentrations were consid-
ered secondary results in some studies; thus, the
evidence of support the effect of IL-8 in OSAS
might be low. Some of the studies suffer from
significant sources of bias and this should be also
taken into consideration.



Despite these limitations, this meta-analysis
has several advantages. First, the overall results
of the meta-analysis suggest that IL-8 concentra-
tion may be a useful clinical biological indicator,
which can be used to objectively evaluate the
severity of OSAS and the immune function of
patients with OSAS and to better understand the
immune mechanism behind OSAS. Second, to
the best of our knowledge, this is the largest
meta-analysis of relevant literature on the rela-
tionship between IL-8 concentration and OSAS.
Furthermore, we performed a subgroup analysis
to provide more reliable results. Third, unlike
previous meta-analyses, we included data on
children with OSAS.

5. Conclusion

This meta-analysis shows that individuals with
OSAS have elevated IL-8 concentrations, which
is linked to the severity of the disease.
Additionally, age and ethnicity have an influence
on the association between OSAS and IL-8 con-
centration. Future studies should be focused on
OSAS interventions (for example, use of contin-
uous positive airway pressure devices) for the
investigation of IL-8 concentrations and immune
function.
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