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INTRODUCTION

Obstructive sleep apnea (OSA) is a disease involving repeat-
ed narrowing of the upper respiratory tract during sleep, which 
causes a decline or discontinuation of respiratory airflow. It is 
characterized by frequent sleep fragmentation and hypoxia 
[1]. The incidence rate of OSA is very high, as nearly a billion 
patients are estimated to exist across the world [2]. Symptoms 
include severe daytime sleepiness, headache, fatigue, and loss 
of concentration [3]. It also increases the possibility of hyper-
tension [4], diabetes [5], stroke [6], arrhythmia [7], and other 
complications as well as car accidents and workplace acci-
dents, which may ultimately result in death. Continuous posi-
tive airway pressure (CPAP) is highly effective against OSA. 
However, due to low compliance, other treatments are often 
used including surgery and oral appliances.

Meta-analysis is a statistical method of collecting, review-

ing, and compiling previously published literature to draw 
certain conclusions [8]. Meta-analysis is widely used for dis-
cussing interesting and controversial topics in the relevant 
field. As such, the method allows researchers to easily track 
the key research trends and outcomes in the field, and infer 
the best results for topics that have not been concluded clear-
ly so far. The purpose of this meta-analysis is to cover various 
topics related to OSA and provide readers with the latest 
knowledge and opinions in the field of OSA studies.

LITERATURE SEARCH METHOD

We searched for all meta-analysis studies published on OSA 
between January 1, 2017 and February 18, 2022, the day when 
we carried out the search. We searched the studies at PubMed 
with the search word ‘obstructive sleep apnea,’ using the filter 
function to narrow down the article types to ‘meta-analysis.’ 
The search found 384 articles. We reviewed each of them to 
select interesting studies with high clinical value, and grouped 
the selected articles across different topics (Fig. 1).

COMPLICATIONS ASSOCIATED 
WITH OSA

Although exact mechanisms have not been identified, OSA 
is known to cause or exacerbate various complications. Re-
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cent meta-analysis studies have affirmed this association. The 
most well-known complications include: hypertension, coro-
nary artery diseases and other cardiovascular diseases [6,9-
15], the Parkinson’s diseases, anxiety disorders, depression, 
and other neurological-cognitive disorders [16-20]. Many 
studies have repeatedly presented consistent findings regard-
ing these complications, and their level of association with 
OSA is quite high. Studies have also suggested association 
with lesser-known complications [21-28] including rheuma-
toid arthritis [29], interstitial lung disease [30], central serous 
chorioretinopathy [31], and hypermobility syndrome [32] 
(Table 1). In addition, for some of these complications, meta-
analysis articles have reached opposing conclusions about 
their association with OSA, and researchers continue to re-
port a wide range of other diseases associated with OSA.

OSA AND CANCER

In recent years, researchers have continuously reported as-
sociations between OSA and cancer. A meta-analysis on 
twelve articles (total no. of patients: 862,820) reported that the 
cancer rate of OSA patients was 0.046% higher than the con-
trol group (95% confidence interval [CI]: 0.027–0.065), with-
out clear associations with specific cancers [33]. As for spe-
cific cancer types, many studies have reported the association 
between OSA and melanoma. A meta-analysis study analyzed 
six of these articles involving 5,276,451 patients, and found 
that the melanoma risk ratio of OSA patients was 1.71 times 
higher than the control group (95% CI: 1.08–2.69) [34].

LIMITATIONS OF CPAP

CPAP is one of the most effective treatments for OSA. As 
such, various studies were conducted on CPAP under the ex-
pectation that it will reduce various complications associated 
with OSA. Of note, as many studies reported that CPAP de-
creases the blood pressure of OSA patients with hypertension 
[35], it was logically believed that it can reduce cardiovascular 
complications as well. A meta-analysis study involving eight 
randomized controlled trials was designed to test this possi-
bility. This analysis, which involved 5,817 subjects, analyzed 
the relative risk of cardiovascular diseases in patients treated 
with CPAP. The overall risk of major cardiovascular diseases 
was 0.87 (95% CI: 0.70–1.10), and the relative risk of cardio-
vascular death was 0.94 (95% CI: 0.62–1.43), the relative risk 
of myocardial infarction was 1.04 (95% CI: 0.79–1.37), and 
the relative risk of angina was 1.05 (95% CI: 0.51–2.15). CPAP 
also did not have preventive effect on cardiovascular diseases 
including heart failure, stroke, and atrial fibrillation [36]. An-
other study conducted a similar meta-analysis on ten random-
ized controlled trials (7,266 patients), and the relative risk of 

Table 1. Various complications related with obstructive sleep apnea

Cardiovascular comorbidities
Hypertension
Coronary artery disease 
Atherosclerosis
Atrial fibrillation 
Aortic dissection 
Stroke
Left ventricular hypertrophy

Neuro-cognitive comorbidities
Parkinson’s disease 
Anxiety
Depression 
Insomnia
Epilepsy

Miscellaneous
Type 2 diabetes
Diabetic neuropathy in type 1 diabetes 
Early renal disease
Nocturia
Erectile dysfunction  
Rheumatoid arthritis
Interstitial lung disease
Central serous chorioretinopathy 
Hypermobility syndrome
Venous thromboembolism
Gastroesophageal reflux disease
Hyperuricemia

We searched all meta-analysis papers related to OSA published
from January 1, 2017 to February 18, 2022

We reviewed titles and abstracts of all papers and select
65 that are judged to be clinically significant

The selected papers were organized into the following topics:
• Complications associated with OSA
• OSA and cancer
• Limitations of CPAP
• Surgical treatment of OSA
• Drugs that help treat OSA
• Effects of exercise in the treatment of OSA
• Other treatment of OSA
• Various other discoveries on OSA

A total of 384 papers were extracted

Fig. 1. Flowchart of study selection. OSA, obstructive sleep apnea; 
CPAP, continuous positive airway pressure.
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acute coronary artery diseases, stroke, and vascular death was 
0.77 (95% CI: 0.53–1.13), which suggests that CPAP did not 
reduce the risk of these diseases comparing with the control 
group. In sum, in both studies, CPAP did not have preventive 
effect on various cardiovascular diseases [37]. As both stud-
ies only covered randomized controlled trials, the effect of 
confounding variables during the selection of the CPAP group 
and the control group seems to be minimal. If we also consid-
er the difference between the duration of CPAP use (4 hours 
or longer and less than 4 hours) did not produce meaningful 
differences in either study, it is credible that CPAP does not 
reduce the occurrence of cardiovascular complications. 

Numerous studies have observed the effect of CPAP of 
type 2 diabetes, which is another main complication associ-
ated with OSA. A meta-analysis study involving six random-
ized controlled trials (581 patients) was performed. A com-
parison of HbA1c levels at 12 or 24 weeks after CPAP treatment 
showed mean difference of -0.10 (95% CI: -0.25–0.04), which 
is not significant. The result is same, even in patients who 
used CPAP for four hours or longer per day. In addition, the 
CPAP group and the control group showed similar fasting glu-
cose levels [38].

Excessive abdominal visceral fat is also known as a com-
plication of OSA. In a meta-analysis on five studies that ana-
lyzed changes in abdominal visceral fat after CPAP treatment 
(169 patients), no change in abdominal visceral fat was ob-
served after CPAP treatment (standardized mean difference: 
0.00, 95% CI: -0.21–0.21). The result is not different by the 
CPAP treatment duration, patients’ ages, or their body mass 
indexes [39].

As discussed above, many studies reported disappointing 
findings about the preventive effect of CPAP. However, posi-
tive findings have been reported as well. CPAP lowers blood 
pressure [35], and reduces various inflammatory substances 
[40], cortisol [41], and proteinuria [42]. It also reduces gastro-
esophageal reflux disease [43], and erectile dysfunction [44].

SURGICAL TREATMENTS OF OSA

There have been many studies that denies the effectiveness 
of the soft palate surgery as a treatment for OSA. However, 
there also have been many studies that support the effective-
ness of the soft palate surgery [45-48]. A recent meta-analysis 
study of 59 soft palate surgeries included anterior and lateral 
palatopharyngoplasty as well as conventional uvulopalato-
pharyngoplasty, and compared the results before and after 
the surgeries. The apnea-hypopnea index (AHI) declined 
from 35.66 to 13.91 after the surgeries (p<0.001), and the Ep-
worth Sleepiness Scale (ESS) also declined from 11.65 to 5.08 
(p<0.001) [49].

Many studies reported findings on OSA surgeries using ro-
bots, which are mainly used to dissect the root of the tongue. 
A meta-analysis on 31 of these studies (1,693 patients) found 
a 24.3 decline in the AHI (95% CI: 21.69–26.81), a 7.92 de-
cline in ESS (95% CI: 6.50–9.34), a 6.04% increase in the low-
est oxygen saturation (95% CI: 3.05–9.03), and 69% in a sur-
gery success rate (95% CI: 64–79). However, these findings 
provide low evidence for proving the effectiveness of the ro-
bot surgeries, because most of the robot surgeries were per-
formed along with soft palate surgeries and the studies did 
not include any control group [50].

Recently one of the most notable surgical treatments for 
OSA is the hypoglossal nerve stimulation therapy. This ther-
apy inserts an electrode in the human body to stimulate the 
hypoglossal nerves to resolve tongue root blocking. It has been 
recognized as effective in numerous studies and was approved 
by the United States Food and Drug Administration in 2014. 
Korea is also hurrying the approval process. A meta-analysis 
was conducted on 15 studies (808 patients) published on this 
topic, which found a 24.9 decline in the AHI (95% CI: 21.1–
28.5) [51].

Before the hypoglossal nerve stimulation therapy was de-
veloped, transcutaneous electrical stimulation has been at-
tempted in some cases to stimulate the hypoglossal nerves. 
Conflicting findings have been reported regarding this meth-
od. In a meta-analysis on five studies (87 patients) on this 
method, the AHI decline by 16.5 (95% CI: 7.7–25.1) [51].

MEDICATIONS FOR OSA

In the past, modafinil was widely used for treating narco-
lepsy and hypersomnia associated with OSA, and a large 
number of studies were performed on the topic [52,53]. Since 
then, various medications have been developed for OSA. Sol-
riamfetol is a norepinephrine–dopamine reuptake inhibitor 
developed by a Korean pharmaceutical company [54,55]. Five 
randomized controlled trials (1,777 patients) were conducted 
regarding esolriamfetol, and a meta-analysis on these studies 
found that solriamfetol lowered the ESS by an average of 3.74 
points (95% CI: 3.09–4.38) [56]. Pitolisant (histamine 3 recep-
tor antagonist/inverse agonist) is a new medication recently 
developed for OSA. Four randomized controlled trials (678 
patients) were conducted regarding pitolisant, and a meta-
analysis on these studies found a 2.86 decline in the ESS (95% 
CI: 1.96–3.75) and a 3.14-minutes increase in sleep latency 
(95% CI: 2.18–4.11) [57].

Non-benzodiazepine hypnotics, such as zolpidem, zaleplon, 
and eszopiclone, improve sleep onset and sleep continuity 
without changing the overall sleep stages [58,59]. As such, 
these drugs were expected to increase CPAP compliance of 
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OSA patients. According to a meta-analysis on this issue, non-
benzodiazepine hypnotics increased the average time for 
CPAP use by 0.62 hour (95% CI: 0.26–0.98) and increased the 
days of CPAP use by 12.08% (95% CI: 5.27–18.88). Among 
them, eszopiclone proved to be the most effective [60].

Some studies found that serotonin leads to the contraction 
of the genioglossus and the upper airway dilating muscles by 
stimulating the hypoglossal nerves [61,62]. A meta-analysis 
on these studies concluded that serotonin is not recommend-
ed as an OSA treatment. Although some studies reported a 
decline in the AHI comparing with the control group, they 
did not have a sufficient sample size and have a high risk of 
bias. Also, serotonin itself is highly likely to cause adverse side 
effects [63].

EFFECT OF EXERCISE IN 
OSA TREATMENT

Exercise is emphasized as a key element in the treatment of 
OSA patients. It is widely known that exercise improves OSA 
by reducing weight of patients. Some studies have shown that 
changes in body composition plays a certain part as well; ex-
ercise lowers the patient’s body fat and increases the muscle 
mass, reducing the obstruction of the upper respiratory tract 
and finally reducing OSA. A meta-analysis on this topic found 
that OSA patients with exercise have a significant reduction 
in the body body mass index (-0.55 kg/m2, 95% CI: -0.95 to 
-0.15) and a significant decline in the AHI (-8.06/hour, 95% 
CI: -10.47 to -5.66). However, no significant change was ob-
served in body fat. To summarize, while exercise lowers the 
AHI, it is not an effect from changes in body composition [64].

According to a meta-analysis on the effect of weight loss 
and lifestyle changes in OSA patients, the effect of diet con-
trol, exercise, sleep environment, and cessation of alcohol 
consumption and smoking had different effects depending 
on the specific method and the targets. However, weight loss 
by diet control and exercise proved most effective for adult 
males with severe or moderate OSA [65].

OTHER TREATMENTS

Some studies concerned that, in temporomandibular disor-
der patients with OSA, the mandibular advancement device 
may exacerbate their temporomandibular disorder symp-
toms. However, a meta-analysis on the topic found that use 
of the device did not severely exacerbate the patients’ symp-
toms [66].

Various devices have been developed that change the sleep-
ing positions of patients with severe OSA in the supine posi-
tion, and numerous studies have been performed on the de-

vices. A meta-analysis found that some of these devices were 
partially effective, but not as effective as CPAP [67].

Nasal congestion has significant effect on compliance with 
CPAP. It has been expected that the nasal steroid spray may 
improve CPAP compliance or increase the time of its use by 
reducing nasal congestion in OSA patients. A meta-analysis 
on this issue concluded that nasal steroid spray increased the 
time of a single CPAP use by 0.4 hour on average, not statis-
tically significant due to the small sample size [68].

OTHER FINDINGS

Alcohol, caffeine, and tobacco have been suspected of exac-
erbating OSA symptoms. According to a meta-analysis on 
this issue, alcohol consumption increases OSA occurrence 
by 1.33 times (95% CI: 1.10–1.62), whereas smoking was not 
associated with OSA. There was no sufficient data to verify 
the association between caffeine and OSA [69].

A meta-analysis was performed with 21 studies (54,276 pa-
tients) on the effect of OSA on the prognosis of COVID-19 
patients. OSA proved to be a seriously negative prognostic 
factor, as it increased the progress of severe COVID-19 by 
1.70 times (95% CI: 1.18–2.45), admission to intensive care 
units (ICUs) by 1.76 times (95% CI: 1.51–2.05), use of venti-
lators by 1.67 times (95% CI: 1.48–1.88), and mortality by 
1.74 times (95% CI: 1.39–2.19) [70].

Some studies demonstrated that OSA patient have olfacto-
ry dysfunction. A meta-analysis on these studies found that 
threshold, discrimination, identification (TDI) score of OSA 
patients (24.3±5.6) was lower than that of the control group 
(30.7±6.0). The AHI was inversely correlated with the TDI 
score. However, the correlation was minimal [71].

It has been also reported that OSA patients are more likely 
to be involved in workplace accidents due to daytime sleepi-
ness. A meta-analysis on this issue reported a 1.64 time in-
crease in workplace accidents in OSA patients comparing 
with the control group (95% CI: 1.24–2.16), and a 1.68 times 
increase in accidents involving professional drivers with OSA 
(95% CI: 1.14–2.49) [72].

The telomere is a region of repetitive nucleotide sequences 
at the end of the chromosome. Telomere shortens each time 
a cell divides that is associated with the aging of the cells. Ac-
cording to a meta-analysis study on the relationship between 
OSA and the length of the telomere, the telomere of OSA pa-
tients was shorter than that of the control group, and the gap 
increased in older patients. As such, the authors emphasized 
the importance of early treatment for OSA [73].

A meta-analysis on the association between OSA and preg-
nancy-related diseases found that the OSA increases gesta-
tional hypertension by 1.97 times, gestational diabetes by 1.55 
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times, pre-eclampsia by 2.35 times, the frequency of Cesarean 
section operation by 1.42 times, post-operation wound infec-
tion by 1.87 times, pulmonary edema by 6.35 times, preterm 
birth by 1.62 times, and ICU admission of newborns by 1.28 
times [74].

CONCLUSIONS

OSA auses various diseases including cancer and the pre-
viously known complications such as cardiovascular diseases 
and neurological-cognitive disorders. While CPAP is widely 
known as the most effective treatment, studies have demon-
strated its limitations in preventing cardiovascular diseases, 
diabetes, and other complications. The soft palate surgery has 
clear benefits, and hypoglossal nerve stimulation, various medi-
cations, and exercise improve the effects of OSA treatment.
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