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Abstract

Purpose Obstructive sleep apnea (OSA) is a prevalent sleep disorder associated with increased risk of cardiovascular disease.
Several studies have demonstrated elevated oxidative stress in patients with OSA. This oxidative stress is a direct inducer of lipid
peroxidation. Malondialdehyde (MDA), a robust marker of lipid peroxidation, has been evaluated in patients with OSA but
results have been inconsistent. The present systematic review and meta-analysis was performed to quantify the circulating levels
of MDA in patients with OSA compared to controls.

Methods Search was performed in data bases of PubMed, Scopus, EMBASE, Web of Science, and Cochrane library, to find out
those studies that measured MDA in patients with OSA compared to controls.

Results The search produced 563 records and after removing duplicates, 383 records remained. Screening by title and abstract
and the evaluation of the full text resulted in the selection of 14 articles, which were included in the meta-analysis. Pooled analysis
demonstrated higher levels of MDA in the patients compared to the controls (SMD (95% CI): 1.18 (0.68, 1.68), p < 0.0001).
Conclusion The results of this meta-analysis demonstrated considerable elevation of MDA in patients with OSA compared to
controls. The meta-analysis also indicated a positive association of MDA levels with the degree of severity of OSA. These results
suggest a state of increased lipid peroxidation in patients with OSA.

Keywords Oxidative stress - Lipid peroxidation - Sleep apnea - Malondialdehyde - Review

Introduction

Obstructive sleep apnea (OSA) is a highly prevalent type of
sleep disorder associated with increased risk of cardiovascular
disease (CVD) [1, 2]. Patients with OSA have intermittent
hypoxia as a result of the recurrent pharyngeal collapse, which

P4 Habibolah Khazaie
hakhazaie @gmail.com

Sleep Disorders Research Center, Kermanshah University of
Medical Sciences, Kermanshah, Iran

Department of Biochemistry, Faculty of Medicine, Tehran
University of Medical Sciences, Tehran, Iran

Department of Biochemistry, School of Medicine, Zanjan University
of Medical Sciences, Zanjan, Iran

Clinical Biochemistry Research Center, Basic Health Sciences
Institute, Shahrekord University of Medical Sciences,
Shahrekord, Iran

stops breathing during sleep [3, 4]. Recurrent hypoxia/
oxygenation leads to mitochondrial dysfunction and leak of
an electron from the respiratory chain of
mitochondrial metabolism, which produces reactive oxygen
species (ROS) [3, 5]. The increased ROS production in the
body causes oxidative damage to many biomolecules
including nucleic acids, proteins, and lipids [5, 6]. This con-
dition leads to increased oxidative stress, and increased oxi-
dative stress and ROS lead to the production of lipid perox-
ides. These conditions in patients with OSA are risk factors for
developing other pathological conditions such as insulin resis-
tance and inflammation [7].

A considerable number of studies have measured oxida-
tive stress and anti-oxidant markers in venous blood in
order to assess the oxidant/anti-oxidant balance in the body
[8, 9]. For instance, Li et al. in a systematic review and
meta-analysis established that homocysteine, as an impor-
tant risk factor for CVD, is elevated in patients with OSA
compared to controls [10]. However, we have shown that
paraoxonase activity, as an atheroprotective enzyme,
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indicated no difference between patients with OSA and
controls [11]. Malondialdehyde (MDA) is considered to
be a robust marker of lipid peroxidation and oxidative
stress. MDA is an end-product produced by the degrada-
tion of polyunsaturated fatty acids through enzymatic or
nonenzymatic reactions [12]. Circulating levels of MDA
have an independent association with risk of cardiovascu-
lar diseases [13, 14]. Accordingly, in several studies, MDA
has been measured in patients with OSA though results
were equivocal [15-21]. For instance, Lu et al. reported
no significant difference between patients with OSA and
controls in terms of MDA levels [21], while several
other studies have reported elevated levels of MDA in pa-
tients with OSA [16, 22, 23]. Therefore, we performed a
systematic review and meta-analysis to reassess the circu-
lating levels of MDA in patients with OSA compared to
controls.

Methods
Search

The search was performed in the following databases:
PubMed, Scopus, EMBASE, Web of Science, and
Cochran library from 1990 to August 2019. Several studies
that measured MDA levels in the patients with OSA and
controls were searched using the following keywords: (1)
terms specific to the disease: obstructive sleep apnea, ob-
structive sleep apnoea OR OSA OR OSAS OR apnoea OR
apnea OR hypopnea OR hypopnoea OR sleep-related
breathing disorder, and (2) the terms specific to outcome:
malonyldialdehyde OR MDA OR malonaldehyde OR thio-
barbituric acid reactive substances OR TBARS.
Furthermore, gray literature and reference lists were
searched to find other possibly relevant articles. Two au-
thors independently performed screening and disagreement
was resolved by discussion. Screening for pertinence was
performed on the title and abstract of these studies.

PICO format for formulating the question of the study
is given in Table 1. All records were transferred to
EndNote software. Duplicate articles, editorials, non-
English articles, letters, reviews, and case reports were
discarded.

Table 1 The PICO box of the study

Population Polysomnography diagnosed OSA patients and controls
Comparison ~ OSA patients compared to controls

Outcome Circulating levels of MDA

@ Springer

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) using
polysomnography to diagnose OSA in patients and controls,
(2) using the cut-off of AHI > 5 for diagnosing OSA and AHI
< 5 for selecting controls, (3) all participants were adult (aged
over 18 years old), (4) measuring MDA as an outcome, and (5)
providing adequate data for performing meta-analysis.

Data collection

Full texts of the articles were evaluated for collecting the fol-
lowing data: first author, year of publication, sample size (pa-
tients/controls), age, BMI, and MDA levels. Furthermore, we
requested additional data from the corresponding author of the
articles, if the required data were not found in the article.

Risk of bias

Two authors independently assessed the quality of the studies
using Newcastle-Ottawa Quality Assessment Scale (NOS).
Also, the following factors were checked using the NOS in-
cluding the quality of the study population selection, compa-
rability, exposure, and outcome. The maximum scores for the
quality of a study were 9 points and disagreement on scoring
was dissolved by discussion.

Statistical analysis

The circulating levels of MDA were presented using mean
and standard deviation (SD) in patients with OSA and con-
trols. The differences of MDA levels between OSA and con-
trol groups were evaluated using standardized mean differ-
ence (SMD). SMD measurement was performed using the
Der Simoniane Laird random-effects model and the heteroge-
neity was measured using /. Also, in the case of reporting
SEM, SD was estimated using the following formula: SD =
SEM x sqrt (n), where n is the number of subjects. Afterward,
subgroup analysis was conducted according to AHI and NOS
score cutoff and matching in terms of age and BMI. Begg’s
and Egger’s tests were used to determine publication bias. In
order to evaluate the influence of each study on the overall
effect size, a sensitivity analysis was conducted using the
leave-one-out method, i.e., removing one study each time
and repeating the analysis. Random-effects meta-regression
was performed using the unrestricted maximum likelihood
method to evaluate the association between the calculated
effect sizes of the MDA levels in patients with OSA. We used
the preferred reporting items for systematic reviews and meta-
analyses (PRISMA) guideline to report the study [19]. All the
analyses were conducted using STATA (version 14.2) and the
Comprehensive Meta-Analysis (CMA) V2 (Biostat, NJ)
software.
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Results
Search

The search diagram is illustrated in Fig. 1. Search resulted in
the selection of 563 records and after removing duplicate re-
cords, 383 records remained. After removing non-English ar-
ticles, editorials, and reviews, 217 articles remained.
Screening was performed on the studies’ titles and abstracts
and 65 articles were included, which were then evaluated by
full text. Twenty-four articles had no control groups, 15 arti-
cles performed no PSG for the selection of the control group, 5
articles had inadequate data for analysis, and 7 articles had
unmet criteria. Finally, 14 studies met our criteria and were
then included in the meta-analysis.

Characteristics of studies

Fourteen studies were included in the meta-analysis, compris-
ing 429 controls with AHI < 5 and 867 patients with OSA
defined by AHI > 5. The mean age of the patients ranged from
39.6 to 65.8 years old and AHI in the patient group ranged

from 8.6 to 69.2. Details of the eligible studies are given in
Table 2. Six studies had subgroups and each subgroup was
separately included in the meta-analysis. Wang et al. mea-
sured MDA in two groups (elderly and non-elderly) of OSA
compared to the controls [16]. Moreover, Chen et al. divided
patients with OSA into mild and moderate, and Vatansever
et al. divided the patients into mild and severe [22, 25].
Furthermore, Li et al., Yildrim-Akaydin et al., Cofta et al.,
Ekind et al., and Ye et al. measured MDA in three subgroups
of patients with OSA (mild, moderate, and severe) [18, 23, 24,
29, 30].

Pooled analysis

The heterogeneity test indicated significant heterogeneity in
eligible studies (I2 =92.5, p < 0.0001); therefore, the random
model was used for meta-analysis. Pooled analysis showed
that circulating levels of MDA considerably increased in the
patients with OSA compared to the controls (1.18 (0.68, 1.68),
p <0.0001) (Fig. 2). Furthermore, a sensitivity analysis using
the sequential exclusion of each study showed no significant
changes in the estimated pooled results (Fig. 3).

Fig. 1 Flowchart of study
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Study %
ID SMD (95% Cl) Weight
T
Ye (2010) —o-i— 1.01 (0.67, 1.35) 7.55
Wang (2010) —— 0.76 (0.41, 1.12) 7.52
Vatansever (2011) —o—i 0.79 (0.21, 1.37) 7.08
Jurado-Ga'mez (2011) —O—E 0.70 (0.18, 1.21) 7.22
Chen (2013) —O—E 0.65 (0.11, 1.20) 7.16
Wysocka (2013) b o E 0.01 (-0.58, 0.60) 7.05
Yardim-akaydin (2013) —O-E- 0.88 (0.44, 1.33) 7.36
Ntalapascha (2013) ——o—i 0.46 (-0.26, 1.18) 6.72
Araujo (2015) —— 0.16 (-0.39, 0.72) 7.13
Lu (2015) —— E 0.12 (-0.31, 0.55) 7.39
Asker (2015) E —_— 3.44 (2.64, 4.25) 6.50
Li (2017) E — 1.89 (1.44, 2.33) 7.37
Ekin (2020) -i—’— 1.57 (1.11, 2.03) 7.33
Cofta (2019) E ——— 4.53(3.78,5.29) 6.62
Overall (I-squared =92.9%, p = 0.000) Q 1.18 (0.68, 1.68) 100.00
!
NOTE: Weights are from random effects analysis E
I I

-5.29 0

5.29

Fig. 2 Pooled analysis of circulating levels of MDA in patients with OSA compared to controls

Publication bias

The results of Begg’s rank correlation (two-tailed p value =
0.870) and Egger’s linear regression (two-tailed p value =
0.213) test were not statistically significant. The funnel plot
of the study precision (inverse standard error) by the effect
size SMD was symmetric, which suggested no publication
bias in reporting the levels of MDA in OSA patients (Fig. 4).

Subgroup analyses

Subgroup analyses were performed using the subgroups of
the eligible studies according to AHI cutoff, and matching in
terms of age and BMI, and methods for measuring MDA and
the results are given in Table 3. Subgroup analysis according
to the mean of AHI showed that both subgroups had higher
MDA levels compared to the controls (Supplementary Fig.
1). Moreover, it was found that MDA levels elevated in the

patients with OSA compared to the controls in both matched
and unmatched subgroups in terms of age (Supplementary
Fig. 2). Similarly, MDA has increased in both subgroups of
matched and unmatched BMI (Supplementary Fig. 3). In the
next subgroup analysis, studies were categorized into 2 sub-
groups according to matching in terms of age and BMI si-
multaneously (Supplementary Fig. 4). The results showed
that, in both subgroups, MDA significantly increased in
OSA patients compared to the controls. Finally, studies di-
vided into 2 subgroups according to NOS score (5 <and > 5),
and the results indicated that MDA elevated in both sub-
groups (Supplementary Fig. 5). Moreover, three different
methods (thiobarbituric acid-reacting substances
(TBARS), N-methyl-2-phenylindole (NMPI), and high-
performance liquid chromatography (HPLC)) used for mea-
suring MDA, and the results showed that circulating levels
of MDA increased in OSA patients in all three subgroups
(Supplementary Fig. 6).
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Fig. 3 Sensitivity analysis using
sequential exclusion of each study
Ye
Wang
Vatansever
Jurado-Ga'mez
Chen
Wysocka
Yardim-akaydin
Ntalapascha
Araujo
Lu
Asker
Li
Ekin
Cofta

Meta-analysis random-effects estimates (linear form)
Study ommited

0.55

Meta-regression

Meta-regression showed that AHI, age, and BMI were not
possible sources of heterogeneity; the results of meta-
regression are shown in Table 4.

Discussion

In the present study the results demonstrated higher circulat-
ing levels of MDA in patients with OSA compared to controls.
Fourteen studies with 429 controls and 867 patients with OSA
were included in the meta-analysis. In addition, a sensitivity
analysis was utilized and the overall results were not affected.
Furthermore, categorizing studies according to NOS score
showed elevated MDA levels in both high- and low-quality

Fig. 4 Random-effects funnel
plot investigating publication bias

!
1.18 1.68 1.79

studies. Hence, the outcome of the analysis may be considered
with a high degree of certainty.

Repetitive hypoxia/oxygenation events in patients with
OSA are believed to be the main cause of increased oxidative
stress and ROS, and lipid peroxidation is one of the direct
consequences of oxidative stress. MDA is a degradation prod-
uct of lipid peroxidation, which has been suggested as an
important risk factor for CVD [31]. MDA is produced as an
end-product of polyunsaturated fatty acids degradation and it
demonstrated a high capability to the formation of adducts
with multiple biomolecules such as DNA or proteins, and
studies have shown a significant relation of MDA with car-
diovascular diseases, diabetes, and cancer [12]. There are sev-
eral inconsistent reports on the circulating levels of MDA in
patients with OSA [16, 19, 21-25]. Also, three studies by
Wysocka et al., Araujo Lda et al., Lu et al., and Ntalapascha
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Table 3 Results of subgroup
analyses in the eligible studies Subgroup Number of comparisons SMD (95% CI) )4 Test of heterogeneity
P P
AHI (events/h)
<30 15 1.33 (0.78, 1.87) < 0.0001 92.1 < 0.0001
>30 11 1.96 (1.21,2.72) < 0.0001 94.4 < 0.0001
BMI
Matched 17 1.10 (0.67, 1.54) < 0.0001 94.7 < 0.0001
Unmatched 10 2.39(1.46,3.32) < 0.0001 90.3 < 0.0001
Age
Matched 22 1.45(0.98, 1.93) < 0.0001 93.0 < 0.0001
Unmatched 4 1.63 (1.05, 1.90) 0.002 91.5 < 0.0001
Matching BMI and age simultaneously
Yes 16 1.12 (0.65, 1.58) < 0.001 90.9 < 0.0001
No 10 2.11 (1.26,2.97) < 0.001 94.3 < 0.0001
NOS score
>5 17 1.67 (1.09, 2.25) < 0.0001 93.9 < 0.0001
<5 10 1.37 (0.72, 2.02) < 0.0001 91.5 < 0.0001
Method
TBARS 17 1.60 (1.03, 2.18) < 0.0001 94.2 < 0.0001
MDA (HPLC) 7 1.56 (0.86, 2.26) < 0.0001 89.7 < 0.0001

MDA (NMPI) 1

0.69 (0.18, 1.21) 0.008 -

SMD standardized mean difference, AHI apnea—hypopnea index, BMI body mass index, NOS Newcastle-Ottawa
scale, TBARS thiobarbituric acid reactive substances, MDA malondialdehyde, HPLC high-performance liquid
chromatography, NMPI N-methyl-2-phenylindole

et al. reported no significant differences between patients
with OSA and controls in terms of MDA [19, 21, 26, 27].
However, there are several studies that reported the increased
levels of MDA in patients with OSA compared to the controls
[16, 18, 23, 25, 28]. The present study demonstrated higher
concentration of MDA in patients with OSA using the robust
method of systematic review and meta-analysis.

To further understand whether or not age, AHI, and BMI
affected the relationship between MDA and OSA, we per-
formed subgroup analyses. It was demonstrated that increased
levels of MDA in patients with OSA are independent of the
confounding factors (age and BMI), and meta-regression
showed no effect of these factors on the circulating levels of
MDA. In addition, subgroup analysis according to AHI cutoff
showed that MDA significantly increased in both patients

with high and low AHI; however, the patients with higher
AHI (> 30) demonstrated greater SMD. Therefore, it seems
likely that the severity of OSA may be a factor participating in
exacerbating lipid peroxidation in the body. The results of the
present study may suggest the utility of considering strategies
for reducing oxidative stress in patients with OSA.

It is worthy to note that the included studies had relatively
small sample sizes. Studies with larger samples would allow
calculation of a more price effect size. Another limitation of
the present study was exclusion of non-English articles.

In conclusion, the present study demonstrates that MDA
is significantly increased in patients with OSA and the levels
of MDA show a positive relationship with disease severity.
These findings support the potential role of OSA therapy es-
pecially in severe cases in order to reduce lipid peroxidation.

Table 4 Meta-regression analysis
of potential sources of

heterogeneity

Coefficients Lower bond Upper bond Standard error z p value
BMI in case group 0.11 -0.12 0.33 0.12 0.92 0.357
AHI in case group 0.02 —0.01 0.05 0.01 1.61 0.107
Age in case group 0.04 —0.05 0.12 0.04 0.85 0.395

BMI body mass index, AHI apnea—hypopnea index
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