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Abstract
Background Obstructive sleep apnea (OSA) is associated with an increased risk of developing atherosclerotic cardiovascular
disease (ASCVD). Patients with OSA have increased levels of oxidative stress and several studies have shown higher levels of
oxidative stress markers. Oxidized-LDL (Ox-LDL) is an important risk factor for ASCVD and a number of studies have
measured its levels in patients with OSA, though results from these studies are conflicting. This meta-analysis aimed to reassess
circulating levels of Ox-LDL in patients with OSA in comparison with controls.
Methods Studies evaluating Ox-LDL levels in patients with OSA and controls were explored in databases of PubMed,
EMBASE, Scopus, and Web of Science. Two authors independently performed the search from January 1990 to February
2019. Two authors independently screened the studies according to title, abstract, and full text. In addition, the Newcastle-
Ottawa Quality Assessment Scale was utilized to evaluate the quality of the studies. The impact of OSA on Ox-LDL levels was
determined using the random effects model.
Results Of 195 articles retrieved, 98 were duplicates, 49 were excluded by title, 20 excluded by abstract, and 22 by full texts. Six
eligible studies were included in the meta-analysis. Pooled analysis demonstrated that Ox-LDL increased in patients with OSA
compared with controls. In addition, subgroup analysis revealed that studies matching age or BMI between OSA patients and
controls showed no significant difference between patients with OSA and healthy controls, while unmatched studies had higher
levels of Ox-LDL in patients with OSA in comparison with controls.
Conclusion This study demonstrated higher circulating concentrations of Ox-LDL in patients with OSA. However, no significant
difference was found in studies in which patients and controls were matched for age and BMI, suggesting the involvement of
these two confounding factors as a cause for elevated concentrations of circulating Ox-LDL in patients with OSA.
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Introduction

Obstructive sleep apnea (OSA) is one of the most preva-
lent sleep disorders influencing a considerable part of the
world population [1, 2]. The prevalence of OSA is grow-
ing, which is linked to the increasing prevalence of obe-
sity [3]. OSA increases the hazard of atherosclerosis-
based cardiovascular disease (ASCVD) progression and
development and it has been established that OSA inde-
pendently increases the risk ASCVD [4]. The exact mech-
anism for this relationship is not clear, though several
possible mechanisms such as oxidative stress, insulin re-
sistance, inflammation, hypertension, and dyslipidemia
have been suggested for this link [4]. Apnea and
hypopnea lead to oxygen desa tura t ion and re-
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oxygenation [5, 6]. This process leads to increase in the
leakage of electron and reactive oxygen species (ROS)
from the mitochondrial electron transport chain [5, 6].
This deleterious molecule can damage all types of biomol-
ecules in the body such as proteins, nucleic acids, and
lipids and impair antioxidant/oxidant balance [7].
Lipoprotein oxidation is one of these damages and it plays
a central role in the progression and development of ath-
erosclerosis; indeed, the oxidation of lipoproteins is the
initial step in the inflammatory process of atherosclerosis
[8]. Oxidized-low-density lipoprotein (Ox-LDL) is one of
the most pro-atherosclerotic factors, which plays a pivotal
role in atherosclerosis pathogenesis and foam cell forma-
tion in the arterial walls. The immune system recognizes
Ox-LDL as a pathogen in the intima of arterial wall where
macrophages uptake them with their scavenger receptors
[8]. This uncontrolled uptake of Ox-LDL leads to foam
cell formation and subsequent accumulation of cholesterol
in the arterial wall, which is the hallmark of atherosclero-
sis. In addition, Ox-LDL triggers inflammation, endothe-
lial dysfunction, and smooth muscle cell proliferation,
which are the most important risk factors for atheroscle-
rosis [8].

Several studies have suggested that Ox-LDL level is a pre-
dictor of ASCVD; its levels increase in patients with ASCVD
[9]. Circulating levels of Ox-LDLwere reported to be elevated
in inflammatory diseases and metabolic syndrome [10–12]. In
addition, numerous investigations have reported circulating
levels of Ox-LDL in OSA patients [10, 13–18]. However,
the results are conflicting. Therefore, we aimed the present
systematic review and meta-analysis study to reassess circu-
lating levels of Ox-LDL in these patients compared to
controls.

Materials and methods

Search strategy

Electronic search was carried out in databases of Embase,
Scopus, PubMed, Cochrane Library, and Web of Science.
There was no systematic review on Ox-LDL levels in patients
with OSA. In addition, reference checking was carried out on
eligible studies. The following search strategy was used to
identify eligible articles: [Oxidized low density lipoprotein
OR Oxidized-low density lipoprotein OR Ox-LDL OR
Oxidized-LDL OR Ox LDL OR Oxidized LDL OR] AND
[Sleep Aponea OR Sleep Apnea OR OSA OR Sleep Apnea
Syndrome OR OSAS OR Obstructive sleep apnea].
Moreover, wildcard terms were employed in the search, and
reference checking was also performed.

PICO format for formulating the question of study was as
follows: the participants included patients with OSA and

controls, and the outcome was risk of OSA and circulating
levels of Ox-LDL were considered as risk factor. The search
was performed before February 2019.

Inclusion and exclusion criteria

There were four inclusion criteria: (1) Diagnosis of OSA and
non-OSA according to polysomnography (PSG) test, (2)
Apnea hypopnea index (AHI) < 5 for controls and AHI ≥ 5
for diagnosis of OSA, (3) all participants aged > 18 (adult),
and (4) reporting circulating levels of Ox-LDL.

Study selection

Two authors carried out study selection independently. All
records were transferred to Endnote program. Duplicate pa-
pers were removed; then, the title and abstract of the remain-
ing articles were evaluated. Articles with irrelevant title or
abstract were removed and after that, the full text of articles
was checked. Finally, the articles that met the inclusion and
exclusion criteria were included in the meta-analysis.

Risk of bias

Newcastle-Ottawa Quality Assessment Scale (NOS) was
utilized to determine the quality of the eligible studies by
two authors independently. Indeed, the quality of study
population selection, exposure, comparability, and out-
come were determined through NOS, where the maximum
score for a study was 9 points. According to the scores,
the studies were divided into two categories: (I) low qual-
ity with scoring ranging from 0 to 4 points and (II) high
quality with scores of 5 to 9 points. Disagreement in scor-
ing was dissolved through discussion.

Data collection

Two authors performed data extraction independently.
The data included (1) the name of first author, (2) date
of publication, (3) number of patients with OSA and con-
trols, (4) AHI, (5) age, (6) body mass index (BMI), (7)
circulating levels of Ox-LDL, (8) sample type for measur-
ing Ox-LDL, (and 9) assay approach for measuring Ox-
LDL.

Statistical analysis

Levels of Ox-LDL were presented by mean and standard de-
viation (SD) in OSA and control groups. The main summary
measure for evaluating the differences of Ox-LDL levels be-
tween OSA and control groups was standardized mean differ-
ence (SMD). The DerSimonian Laird random-effects model
was utilized for measurement of SMDs, while heterogeneity
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was measured using I2. Subgroups analysis was carried out
according to AHI, age, and BMI. Begg’s and Egger’s tests
were applied to determine publication bias and the guideline
of Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) was followed to report the study
[19]. STATA software (version 14.2) was applied for all
analyses.

Results

Search results

The search diagram is shown in Fig. 1. A total of 195 studies
were obtained by the search; 98 duplicates were removed.
Further, 49 and 20 articles were excluded because of their title
and abstract, respectively. Then, 28 articles were read entirely;
of them, 13 articles had no results on Ox-LDL, 5 studies had
unmet diagnosis criteria and study design, and 2 studies had
inadequate data for meta-analysis. Finally, the meta-analysis
was performed on six studies.

Characteristics of eligible studies

Six studies with 232 controls and 391 patients with OSA were
eligible for performing the meta-analysis. All of them mea-
sured circulating levels of Ox-LDL in patients with OSA and
controls. Two studies categorized studied population into sub-
groups, where Lee et al. divided patients to mild to moderate
(AHI of < 30/h and ≥ 5/h) and severe (AHI ≥ 30/h) [15], while
Feres et al. had two patient groups with comorbidities (i.e.,
hypertension and dyslipidemia) and without comorbidities
[10]. All subgroups were analyzed separately. Table 1 dem-
onstrated the characteristics of the eligible studies; they in-
cluded the name of first author, publication date (year), sample
size of each group, mean of AHI, mean of age, mean of BMI,
and circulating Ox-LDL levels. All studies had used ELISA
technique for measuring Ox-LDL levels. The quality assess-
ment results, according to NOS, are shown in Table 1.

Pooled analysis

Regarding the results of heterogeneity test (I2 = 94.1 and
p < 0.0001), combined effect size was determined using

Fig. 1 Flow chart of study
selection. Study selection was
performed by two authors
independently and disagreement
was solve by discussion
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random effect model. The meta-analysis verified higher
circulating levels of Ox-LDL levels in patients suffering
from OSA compared to controls (Fig. 2). A study by Jiang
et al. revealed a high SMD (5.57), which was 5-fold
higher than other studies. In the next model of meta-anal-
ysis, the study by Jiang et al. was removed and the results
showed higher concentration of Ox-LDL in patients with
OSA compared to controls (Fig. 3).

Subgroup analysis

Subgroup analysis is given in Table 2. Subgroup analysis
according to AHI (subgroup I < 30 and subgroup II ≥ 30)
showed higher Ox-LDL levels in subgroup I compared to
their control groups. However, subgroup II indicated no
significant difference compared to their controls. In ad-
dition, subgroup analysis was performed according to

NOTE: Weights are from random effects analysis

Overall  (I-squared = 94.1%, p = 0.000)
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Jiang (2016)

Tan (2005)
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0.46 (0.18, 0.74)

SMD (95% CI)

0.58 (0.12, 1.04)
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0.27 (-0.29, 0.84)

0.57 (0.01, 1.13)

100.00
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%
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Fig. 2 Comparison of Ox-LDL levels between OSA patients and controls

Table 1 Characteristic of eligible studies

First author Year Country NOS score Number of
participants

AHI
(events/h)

Age (year) BMI (kg/m2) Ox-LDL levels

CG OSA CG OSA CG OSA CG OSA CG OSA Unit

Feres (comorbidities) [10] 2015 Brazil 8 27 48 2 25.1 44.4 53.8 25.8 29 69.5 89.4 U/L

Feres (without comorbidities) [10] 2015 Brazil 8 27 24 2 23.1 44.4 50.7 25.8 28.1 69.5 83.6 U/L

Jiang [13] 2016 China 4 30 60 na 32.2 47.6 48.2 nr nr 145.4 301.6 μg/L

Kizawa [14] 2009 Japan 4 38 37 2.1 37.2 45.2 46.4 30 28.8 32.3 43.6 U/L

Lee (mild to moderate) [15] 2011 South Korea 5 20 31 3.1 15.3 43.6 45.8 26.2 26.9 59.3 64 U/L

Lee (severe) [15] 2011 South Korea 5 20 22 3.1 52.2 43.6 47.7 26.2 26.3 59.3 61.7 U/L

Svatikova [16] 2005 USA 7 35 41 4 47 47 47 31 33 47 47 U/L

Tan [17] 2005 China 4 82 128 nr nr 43.4 48.5 26.5 28.4 40.4 46.8 U/L

NOS, Newcastle-Ottawa quality assessment scale case control studies; AHI, apnea hypopnea index; BMI, body mass index; Ox-LDL, oxidized-low-
density lipoprotein; CG, control group; OSA, obstructive sleep apnea; nr: not reported
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BMI (subgroup I matched BMI and subgroup II un-
matched BMI). The results indicated higher concentra-
tions of Ox-LDL in unmatched subgroup compared to
controls. However, the matched group showed no signif-
icant difference. The final subgroup analysis was con-
ducted according to age (subgroup I matched age and
subgroup II unmatched age). The unmatched group
showed higher Ox-LDL in OSA patients compared to
controls, while the matched group revealed no significant
difference.

Publication bias

The Begg’s (p < 0.711) and Egger’s (p < 0.161) tests showed
low risk of publication bias.

Discussion

Studies have shown that OSA independently associated with
the risk of ASCVD [1, 9].Meanwhile, Ox-LDL plays a central

NOTE: Weights are from random effects analysis

Overall  (I-squared = 10.4%, p = 0.350)

Feres (without comorbidities) (2015)

Svatikova (2005)

Tan (2005)

Kizawa (2009)

Lee (mild to moderate) (2011)

Lee (Severe) (2011)

ID

Feres (comorbidity) (2015)

Study

0.41 (0.23, 0.59)

0.57 (0.01, 1.13)

0.00 (-0.45, 0.45)

0.46 (0.18, 0.74)

0.58 (0.12, 1.04)

0.27 (-0.29, 0.84)

0.13 (-0.48, 0.73)

SMD (95% CI)

0.71 (0.23, 1.20)

100.00
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14.38

31.73
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8.36

Weight
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%

0.41 (0.23, 0.59)
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0.46 (0.18, 0.74)
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0-1.2 0 1.2

Fig. 3 Comparison of Ox-LDL levels between OSA patients and controls after removing a study by Jiang et al. [13]

Table 2 The results of subgroup
analysis Subgroup Number of comparisons SMD (95% CI) p Test of heterogeneity

I2 p

Overall 8 0.95 (0.24, 1.66) 0.009 94.1 < 0.0001

AHI

≥ 30 4 1.50 (− 2.62, 3.26) 0.095 97.4 < 0.0001

< 30 4 0.49 (0.28, 0.71) < 0.0001 0 0.681

BMI

Unmatched 4 0.42 (0.15, 0.71) 0.003 41.0 0.166

Matched 4 1.57 (− 0.24, 3.38) 0.088 97.2 < 0.0001

Age

Unmatched 3 0.53 (0.31, 0.75) < 0.0001 0 0.667

Matched 5 1.24 (− 0.13, 2.61) 0.075 94.1 < 0.0001

SMD, standardized mean difference; AHI, apnea hypopnea index; BMI, body mass index
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role in developing ASCVD [8]. Increased levels of Ox-LDL
could be a possible factor that links OSA to ASCVD.
Oxidative stress and reactive substance are two deleterious
factors that produce oxidized-lipoproteins, such as Ox-LDL,
by damaging the lipoproteins [2]. This condition in intima
media of arteries leads to initiation of inflammatory response,
macrophage recruitment, foam cell formation, and develop-
ment of atherosclerotic plaque [8, 20]. Ox-LDL is an impor-
tant risk factor for ASCVD and several studies have evaluated
this factor in patients with OSA, but the results are conflicting
[10, 13, 14, 16–18]. In the present study, we reassessed the
circulating Ox-LDL in six eligible studies.

This systematic review and meta-analysis confirmed that
circulating concentration of Ox-LDL increased in OSA pa-
tients. Patients suffering from OSA had increased concentra-
tions of several oxidative stress markers [21]. It has been
shown that intermittent hypoxia caused impairment in mito-
chondrial electron transfer chain and resulted in uncontrolled
production of ROS. This condition can contribute to an eleva-
tion in oxidative stress. Increased oxidative stress plays the
main role in oxidative damage to vital biomolecules such as
proteins, DNA, and lipids. Ox-LDL is a product of oxidative
stress and is a risk factor for ASCVD [5, 6]. Studies have
suggested that increased Ox-LDL is associated with
ASCVD events [22]. According to subgroup analysis, OSA
patients with AHI ≥ 30 showed no significant difference with
controls where patients with AHI < 30 had higher Ox-LDL.
These results suggested an intensified compensatory response
to elevated oxidative stress in patients suffering from severe
OSA leading to a decrease in Ox-LDL levels. However, be-
cause of a small number of studies in the subgroup analysis,
reaching a definite conclusion was impossible and more stud-
ies are needed regarding this issue.

On the other hand, BMI has a close relationship with OSA,
with subgroup analysis showing that studies matching patients
and controls according to BMI demonstrated no considerable
difference between patients with OSA and controls [14–16],
while between unmatched studies, patients with OSA demon-
strated higher circulating levels of Ox-LDL in comparison to
controls [10, 17]. Note that BMI indicated a higher value in
patients in comparison to controls in unmatched studies offer-
ing the role of BMI in increasing Ox-LDL levels in OSA
patients, which is consistent with previous studies [12, 23].
In addition, studies that matched in terms of age demonstrated
no considerable difference in Ox-LDL circulating levels
[14–16], while in unmatched studies, Ox-LDL indicated
higher concentration in the patients [10, 17]. In the unmatched
studies, age was higher in OSA patients indicating a possible
role for age to affect the circulating levels of Ox-LDL in pa-
tients suffering from OSA.

In conclusion, the results of the present systematic review
and meta-analysis indicated higher Ox-LDL concentrations in
patients with OSA. Nevertheless, regarding the effect of age

and BMI on Ox-LDL levels, increased levels of Ox-LDLmay
be partially related to age and BMI.
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