
Vol.:(0123456789)1 3

Sleep and Breathing 
https://doi.org/10.1007/s11325-023-02810-7

SLEEP BREATHING PHYSIOLOGY AND DISORDERS • REVIEW

Worldwide prevalence and associated risk factors of obstructive sleep 
apnea: a meta‑analysis and meta‑regression

Anna Beatriz de Araujo Dantas1 · Flávio Magno Gonçalves2,3 · Agnes Andrade Martins1,3 · Giorvan Ânderson Alves4 · 
José Stechman‑Neto2,3 · Camila de Castro Corrêa3,5 · Rosane Sampaio Santos2,3 · Weslania Viviane Nascimento3,6 · 
Cristiano Miranda de Araujo2,3 · Karinna Veríssimo Meira Taveira1,3 

Received: 18 August 2022 / Revised: 6 March 2023 / Accepted: 8 March 2023 
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2023

Abstract
Purpose  This study aimed to identify the prevalence of obstructive sleep apnea (OSA) and associated risk factors globally.
Methods  Six databases and registrations and three grey databases were explored for observational field research. Indepen-
dently and impartially paired reviewers selected research, gathered data, and evaluated the methodological quality. Hetero-
geneity was investigated using subgroup analysis and meta-regression following the moderating variable in a meta-analysis 
of proportions with a random-effects model. The critical appraisal instrument developed by the Joanna Briggs Institute was 
used to evaluate the listed studies’ methodology. The certainty of the evidence was evaluated using the GRADE tool.
Results  A total of 8236 articles were collected during the database search, resulting in 99 articles included for qualitative 
synthesis, and 98 articles were included for the meta-analysis. The estimated combined prevalence of OSA was 54% [CI 95% 
= 46–62%; I2 = 100%]. Mean age, percentage of moderate-severe cases, and the sample’s body mass index (BMI) did not 
affect the heterogeneity that was already present when meta-regressed (p > 0.05). Ninety-one studies were deemed to have 
a low risk of bias, while eight were deemed to have a moderate risk. For OSA prevalence outcomes, the GRADE criteria 
were considered very low.
Conclusion  Approximately half of the people worldwide have OSA. High BMI, increasing age, and male gender are described 
as risk factors in the literature, but these covariates do not affect pre-existing heterogeneity.
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Introduction

Recurrent bouts of partial or complete blockage of  the 
upper airway during sleep constitute obstructed sleep apnea 
(OSA). When a person sleeps, the pharyngeal region, a por-
tion of the upper airway, may constrict or collapse [1, 2]. 
Etiologies includes neuromuscular, anatomical, mechanical, 
and chemical factors [3, 4] and can be classified as mild, 
moderate, or severe [5]. Polysomnography (PSG) is the ref-
erence standard for its diagnosis [6, 7].

Oxygen desaturation, excessive sleepiness, poor atten-
tion, sleep awakenings, fragmented sleep, exhaustion, and 
changes in blood pressure and heart rate can all be symptoms 
of OSA [1, 2]. These symptoms can affect the patient’s qual-
ity of life and increase the risk of road traffic accidents and 
depression [3].

Age, gender, and obesity are all recognized risk factors 
for OSA [4–7]. In addition, this condition is also associated 
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with cardiovascular diseases [8], such as hypertension, con-
gestive heart failure, nocturnal arrhythmias, atrial fibrilla-
tion, stroke, and type 2 diabetes [9]. Given that OSA is a 
public health issue because of its high incidence and correla-
tion with higher mortality and morbidity, it is important to 
understand these relationships [10]. In order to comprehend 
the effects of OSA on the population and to develop public 
interventions, greater knowledge is necessary.

A recent systematic review addressed the frequency of 
OSA in the general population [7]. However, the search 
strategy was conducted through March 2016. Furthermore, 
this review used only two databases and did not use grey lit-
erature. Thus, there is a need to develop an updated system-
atic review with a broader search strategy to provide a quali-
tative and quantitative synthesis of the subject. Therefore, 
this study aimed to systematically review the literature on 
OSA prevalence and its associated risk factors worldwide.

Methods

Protocol

The Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) standards were followed while 
reporting this systematic review [11].

Eligibility criteria

This study used the PECOS strategy [12] in this analysis to 
specify the following criteria for choosing studies: global 
population, denoted by the symbol “P”; Obstructive sleep 
apnea exposure (E); Comparison (C): Since this is preva-
lence research, there is no comparison; Obstructive sleep 
apnea prevalence and risk factors comprise the outcomes 
(O); Cross-sectional studies comprise the study design (S).

This research sought to determine the prevalence of OSA 
in the global population. Thus, we included studies that eval-
uated the global population, performed PSG for the OSA 
diagnosis, and measured the apnea-hypopnea index (AHI). 
There were no exclusion criteria related to language, year of 
publication, gender, or ethnicity.

Studies were excluded based on the following criteria: 
(1) Studies that did not evaluate the prevalence of obstruc-
tive sleep apnea; (2) Studies that did not perform home or 
complete PSG for OSA diagnosis, such as studies assessing 
OSA only with questionnaires or exclusively based on clini-
cal diagnosis without testing; (3) Studies that did not pro-
vide AHI; (4) Studies that reported the prevalence of central 
sleep apnea; (5) Hospital-based studies and studies assessing 
OSA prevalence among patients with resistant hypertension, 
chronic kidney disease, heart failure, and stroke/neurologi-
cal disease since OSA prevalence is much higher in these 

groups than in the global population; (6) Reviews, letters, 
books, conference abstracts, case reports, case series, opin-
ion articles, technical articles, and guidelines; (7) Studies for 
which the full text were not available, even after requesting 
full texts from the authors.

Information sources and search strategies

The Medical Subject Headings (MeSH) and the Health Sci-
ences Descriptors were used to choose the descriptors (DeCS). 
The search strategy used a word combination (Appendix 1), 
with the word combinations and search phrases modified in 
each database as deemed necessary. In the following electronic 
databases, Embase, Latin American and Caribbean Literature 
on Health Sciences (LILACS), LIVIVO, PubMed (including 
MEDLINE), Scopus, and Web of Science, we performed the 
search in May 2021 and updated it in April 2022. In order 
to find the grey literature, we also ran searches on Google 
Scholar, OpenGrey, and ProQuest Dissertation and Theses. In 
order to locate papers missed by the searches in the electronic 
databases, we manually searched the references of the chosen 
manuscripts. In order to find unpublished or potentially rel-
evant studies, experts with recognized expertise in the field 
were contacted by e-mail. The articles were imported into a 
reference manager program (EndNote X7.0.1, Thomson Reu-
ters) to remove duplicate studies.

Study selection

Initially, for calibration, the reviewers considered the eligibility 
requirements and used them on a small sample of retrieved papers 
to gauge inter-examiner agreement. Two investigators (ABAD 
and FMG) independently carried out a methodical analysis of 
the study titles and abstracts after attaining an acceptable degree 
of agreement (the Kappa Coefficient of Agreement 0.70) (phase 
1). Subsequently, phase 2 involved the two reviewers reading the 
entire manuscripts independently. In the event of a disagreement, 
a third author (AAM) was consulted. We used the Rayyan website 
(http://​rayyan.​qcri.​org) to blind the reading of references and allow 
this to occur independently and discreetly in both phases.

Data collection process and data listing

Two investigators (ABAD and FMG) independently col-
lected the following information from the studies: author, 
year of publication and country, sample characteristics, 
OSA definition criteria, OSA prevalence, and associated 
risk factors.

Risk of study bias

The methodological quality was evaluated using the 
Joanna Briggs Institute Critical Appraisal (JBI) tool for 
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cross-sectional studies [13]. Using criteria that the reviewers 
have qualified with responses like “yes”, “no”, “uncertain”, 
or “not applicable”, it was possible to pinpoint the causes of 
bias through this procedure. The percentage of affirmative 
responses to the evaluation instrument’s questions was used 
to categorize each study. When up to 49% of responses were 
“yes”, the risk of bias was considered high. When 50 to 69% 
of responses were “yes”, moderate, and when more than 
70% of responses were “yes”, low [14]. The JBI tool’s crite-
ria were examined separately by two investigators (ABAD 
and FMG). The third and fourth investigators (AAM and 
KVMT) were consulted in case of disagreements. RevMan 
5.4 software created the figures (Review Manager 5.4, The 
Cochrane Collaboration).

Summarization measures

The primary outcome included the prevalence of OSA, 
which was reported using relative or absolute frequencies 
and their accompanying 95% confidence intervals (95% CI).

Summary of the results

A meta-analysis of proportions with a random effect model 
was performed using the DerSimonian and Laird estima-
tor to calculate the Tau-squared [15]. Using the Higgins 
inconsistency index (I2) [16], heterogeneity was evaluated. 
The Freeman-Tukey double arcsine transformation method 
ensured the data followed an approximately normal [17] 
distribution. In order to estimate the weight of the studies 
included in the analysis, the effect size of each study was 
weighted using the inverse variance method, calculating the 
estimate based on the inverse proportion of the study vari-
ance [17]. Confidence intervals of 95% CI were considered 
and calculated using the Clopper-Pearson method. All analy-
ses and graphics were made using the statistical software 
Rstudio version 1.2.1335 (Rstudio Inc, Boston, USA).

Assessment of reporting bias

The evaluation of the existence of publication bias was per-
formed using the Egger test. In order to assess the influence 
of studies with low statistical power and higher probability 
of type-2 error, we conducted a sensitivity analysis remov-
ing studies with insufficient sample size to ensure adequate 
statistical power. Thus, we used the estimates obtained by 
the global effect for sample calculation, considering an infi-
nite population, a 5% margin of error, and a 95% confidence 
level. We considered the following variables for subgroup 
analyses to assess the effect of potential confounding and 
risk factors on heterogeneity in the analysis: age group; 
country of origin of the sample; degree of OSA included in 
the sample (mild, moderate, severe, or not reported); initial 

screening for eligible patients or PSG performed in the 
entire sample; and conceptualization used by the authors to 
define the outcome (OSA or syndrome). Meta-regressions 
with a random-effects model were also performed to assess 
the impact of study characteristics on the observed variance 
between the effect sizes of the studies included in the anal-
ysis, considering the following factors: mean sample age, 
percentage of cases diagnosed as moderate-severe, and mean 
BMI of the sample. We used a 5% level of significance.

Assessment of the certainty of evidence

The Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) standards were used to 
determine the degree of certainty in the available cumulative 
evidence [18]. Publication bias, indirect evidence, consist-
ency, and imprecision were assessed by two investigators 
(AAM and KVMT). Consensus settled disagreements and 
a third investigator (CMA) was consulted if needed. The 
online program GRADEpro (McMaster University) gener-
ated an evidence profile. The level of evidence was classified 
as “high”, “moderate”, “low”, or “very low”.

Results

Study selection

The search technique revealed 8236 studies from the six 
electronic databases and the grey literature (excluding 
duplicate studies). A total of 199 studies were included for 
full-text evaluation after phase 1, while 100 studies were 
eliminated after phase 2. Thus, 99 studies for the qualitative 
analysis and 98 for the quantitative analysis were included. 
Figure 1 provides a summary of the full selection procedure. 
Appendix 2 presents the exclusionary factors.

Characteristics of the studies

All included studies were classified as cross-sectional. 
Fourteen studies were conducted in the USA [19–32], fol-
lowed by nine in Brazil [4, 33–40]; eight in China [41–48] 
and Australia [49–56]; seven in India [57–63]; five in Tur-
key [64–68], Thailand [69–73], and Spain [74–78]; four 
in Korea [79–82]; three in Germany [83–85]; and two in 
Canada [86, 87], Slovakia [88, 89], Japan [90, 91], Bel-
gium [92, 93], Iran [94, 95], Greece [96, 97], and Italy 
[98, 99]. The remaining 17 were conducted in Sweden 
[100], Lebanon [101], Mexico [102], Oman [6], Ireland 
[103], Vietnam [104], Poland [105], Norway [106], South 
Africa [107], Colombia [108], Malaysia [109], Saudi Ara-
bia [110], Portugal [111], Ecuador [112], Egypt [113], 
Mongolia [114], and Bangladesh [115] (Fig. 2).
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The sample size ranged from 22 [50] to 19371 [23] par-
ticipants. All articles used PSG to identify OSA. However, 
21 [23, 32, 57, 60–64, 66–68, 71, 84, 90, 91, 98, 104, 106, 
110, 113, 115] used a screening questionnaire primarily 
aimed at directing high-risk patients to PSG, and two [75, 
99] used either PSG or polygraphy. Table 1 provides the 
detailed characteristics of the included studies.

Estimates of prevalence for each subgroup reported in 
the 99 studies varied significantly. Table 2 shows the esti-
mates for each subgroup. Adults and the elderly had the 
highest prevalence of OSA at 85%. When using PSG, the 
prevalence of OSA was 58%, and patients with mild to 
moderate OSA were the most prevalent when considering 
the classification of OSA. In terms of nationality, Mongo-
lia and Taiwan (93%), Greece (82%), and Iran (81%) had 
the highest prevalence of OSA (Fig. 3).

Risk of study bias

Regarding the overall risk of bias, eight studies [21, 69, 84, 
90, 94, 104, 109, 113] were classified as having a moder-
ate risk of bias, and 91 [4, 6, 19, 20, 22–68, 70–83, 85–89, 
91–93, 95–103, 105–108, 110–112, 114, 115] were clas-
sified as having a low risk of bias. The lack of a thorough 
description of the study subjects and environments, the 

reliability of exposure assessment, and the absence of con-
founding factor control measures stood out as these stud-
ies’ methodological flaws. Appendix 3 and Fig. 3 show the 
results of the risk of bias analysis.

Results of the individual studies

The studies differed in the OSA prevalence, ranging from 
12% [79] to 92% [37]. Sixty-one studies used the AHI > 5 
to classify the presence of OSA, while the remaining studies 
used the AHI ranging from 1 to 30.

Among the risk factors for OSA, the most recurrent were 
body mass index (BMI) [21, 26–28, 32, 35, 38, 43, 45, 46, 
50, 52, 55, 57, 61, 66, 67, 72, 80–82, 84, 93, 97, 98, 101, 
102, 107, 109, 110, 114], cited by 31 articles, followed by 
age [26–28, 35, 38–40, 45, 52, 55, 60, 61, 71, 72, 81–83, 
97, 100, 101, 107, 109–111, 115], cited by 25 articles; the 
male gender [24, 26, 27, 35, 47, 51, 52, 55, 60–62, 71, 72, 
81–83, 92, 93, 101–104, 110, 115], cited by 24 articles; neck 
circumference [32, 35, 40, 43, 46, 48, 57, 66, 67, 72, 98, 102, 
109, 113, 114], cited by 15 articles; obesity [39, 40, 47, 60, 
61, 71, 87, 92, 105, 110, 111, 115], cited by 12; and hyper-
tension [6, 26, 45, 52, 60, 71, 76, 77, 100, 109, 110], cited by 
11 articles. In addition, some articles brought alcohol con-
sumption [39, 71] and smoking [60, 71, 97] as risk factors.

Records identified from:

Embase (n = 1945)
Lilacs (n = 164)
Livivo (n=261)
Pubmed (n =4252)
Scopus (n =1545)
Web of Science (n = 2541)

Records removed before 
screening:

Duplicate records removed 
(n = 3451)

Records screened
(n = 7257)

Records excluded
(n = 7355)

Reports sought for retrieval
(n = 162)

Reports not retrieved
(n = 0)

Reports assessed for eligibility
(n = 161)

Reports excluded: (n=84)
1. Studies that did not evaluate the prevalence and 
risk factors of obstructive sleep apnea. (n=15); 2. 
Studies that did not perform home or full PSG for OSA 
diagnosis, such as studies that evaluated OSA only 
with questionnaires or exclusively based on clinical 
diagnosis without testing. (n=2); 3. Studies that did not 
provide AHI. (n=2); 4. Studies reporting the 
prevalence of central sleep apnea. (n = 0); 5. Studies 
reporting the prevalence of central sleep apnea only, 
hospital based studies as well as studies assessing 
OSA prevalence among patients with resistant arterial 
hypertension, chronic kidney disease, heart failure 
and stroke/neurological disease, since the prevalence 
of OSA is much higher in these groups than in the 
general population. (n=0); 6. Reviews, letters, books, 
conference abstracts, case report, case series, 
opinion article, technique articles and guidelines. 
(n=62); 7. When the full text of the study was not 
available, even after requesting the authors (n=3)

Records identified from:
Citation searching (n = 0)
Expert (n = 0)
Google Scholar (n = 0)
OpenGray: (n = 0)
Proquest (n = 0)
Search update (May 6, 2022) 
(n = 1801)

Reports assessed for eligibility
(n = 37)

Reports excluded: (n = 15)
1. Studies that did not evaluate the prevalence and 
risk factors of obstructive sleep apnea. (n=2); 2. 
Studies that did not perform home or full PSG for 
OSA diagnosis, such as studies that evaluated 
OSA only with questionnaires or exclusively based 
on clinical diagnosis without testing. (n=1); 3. 
Studies that did not provide AHI. (n=0); 4. Studies 
reporting the prevalence of central sleep apnea. (n 
= 0); 5. Studies reporting the prevalence of central 
sleep apnea only, hospital based studies as well as 
studies assessing OSA prevalence among patients 
with resistant arterial hypertension, chronic kidney 
disease, heart failure and stroke/neurological 
disease, since the prevalence of OSA is much 
higher in these groups than in the general 
population. (n=7); 6. Reviews, letters, books, 
conference abstracts, case report, case series, 
opinion article, technique articles and guidelines. 
(n=4); 7. When the full text of the study was not 
available, even after requesting the authors (n=1)

Studies included in review
Studies included in qualitative 
synthesis (n = 99)
Studies included in quantitative 
synthesis (n = 98)

Identification of studies via databases and registers Identification of studies via other methods
noitacifitnedI

Sc
re

en
in

g
In

cl
ud

ed

Reports sought for retrieval
(n = 979)

Reports not retrieved
(n = 825)

Fig. 1   PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources
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Summary of the results

The analysis included 47634 people, with the OSA preva-
lence estimated to be 56% [95% CI = 51–61%; I2 = 99%] 
(Fig. 3). We calculated the sample size using this obtained 
prevalence and considering an infinite population, a 5% mar-
gin of error, and a 95% confidence level, which required 379 
individuals. As a result, studies with fewer than the required 
sample size were excluded from the analysis. Following this 
sensitivity analysis, the obtained prevalence was 54% [95% 
CI = 46–62%; I2 = 100%]. Following the sample size calcu-
lation, 69 studies were excluded from the sensitivity analysis 
and excluded in the meta-regression.

Reporting bias

The Egger test found no publication bias (p > 0.05).
Table 2 shows the prevalence estimates for each sub-

group. The mean age, the % of moderate-severe cases, and 
the BMI of the sample variables did not influence the het-
erogeneity when meta-regressed (p > 0.05).

Level of evidence

The certainty of evidence was very low according to the 
GRADE system. Due to the use of non-probability sampling 
and the insufficient management of confounding variables, 
the domain “risk of bias” was classified as “severe”. Due to 
high levels of inconsistency and sources of heterogeneity 

that subgroup analysis and meta-regression had failed 
to detect, the “inconsistency” domain was “very severe”. 
When prevalence was evaluated as a secondary endpoint, 
the subject of “indirect evidence” was considered “very seri-
ous”. Publishing bias was considered undetectable because 
a thorough search of the subject’s literature, including grey 
literature, was conducted. Also, we discovered no potential 
conflicts of interest in the included studies (Table 3).

Discussion

This systematic review assessed the evidence on OSA 
prevalence and its associated risk factors worldwide. When 
a meta-analysis only included studies with sufficient sam-
ple sizes, the prevalence of OSA was 54%. In addition, 
the qualitative synthesis revealed that high BMI, growing 
age, and male gender were the risk factors most frequently 
identified. While these findings are similar to those of a 
systematic review previously published by Senaratna and 
colleagues [7]. However, there were significant differences 
in the age groups, diagnostic criteria, and cut-off levels 
of the indexes used to report sleep apnea in the research.

In order to have a better understanding of OSA, it is 
critical to emphasize that its etiology is multifactorial [116, 
117]. At least four major characteristics or phenotypes 
are known to play a role in OSA pathogenesis [118]. A 
study conducted in Oman sought to assess the relationship 
between BMI, age, and gender disparities in the prevalence 

Fig. 2   General heatmap of OSA prevalence and country where the studies were performed
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of Obstructive Sleep Apnea Syndrome (OSAS) in the coun-
try’s population. They discovered that the male gender and 
obesity pose a greater risk than the female gender in the 
same age group. However, age is the most important pre-
dictor in women, with postmenopausal women being at a 
higher risk [6]. In this review, no single risk factor identi-
fied in the included articles explained the heterogeneity in 
the meta-regression analysis, indicating the possibility of 
multifactorial risk influencing this outcome.

The BMI was the most commonly reported risk factor 
in the studies, followed by age and gender, and BMI was 
reported more frequently in men. Other factors found in 
fewer studies included hypertension, cigarette smoking, 
and alcohol consumption. These findings are consist-
ent with the findings of other studies, which identified 
male gender, older age, and higher BMI as risk factors 
[4, 5, 7]. Several included studies showed increasing 
OSA prevalence with increasing age, being significant 
for countries with older or aging populations. Therefore, 
the predominance of BMI and the male gender should 
be considered, particularly when planning risk-reduction 
interventions. Positive associations were found between 
OSA and waist-to-hip ratio, larger neck circumference, 
hypertension, smoking, snoring, and sleepiness [5]. 
Additionally, ethnicity was considered a risk factor in 
three studies: one linked white race to a higher likeli-
hood of OSA [19]; another found that African Ameri-
cans had a higher likelihood of having severe OSA than 
white patients [22]; and the third found that African 
patients had a higher likelihood of having a higher AHI 
[92].

Ninety-eight of the 99 articles chosen were eligible for 
meta-analysis and were divided into subgroups to increase 
the reliability of the analysis. When the age group was 
considered in the subgroup analysis, the prevalence of 
OSA in adults was 57%. However, the prevalence was 
higher in the elderly subgroup, at 69%, with the lowest 
prevalence in the subgroup of samples made up entirely 
of children, with a 50% estimate. A study of Chinese chil-
dren [119] found a prevalence of OSAS ranging from 4.8 
to 40.3%, depending on the cut-off point used, with male 
gender, obesity, and amygdala size associated with OSAS 
[119].

Regarding the classification of OSA, a subgroup 
analysis was performed concerning the severity of diag-
nosed OSA using the following classifications: “mild”, 
“mixed”, “severe”, “mild to moderate”, “moderate to 
severe”, and “not classified”. The classifications with 
the highest prevalence occurred in “mild to moderate” 
(69%), followed by “mixed” (68%), and with the low-
est prevalence in “severe” (14%). Another subgroup 
pertains to the included countries, in which we found 
that 34 countries had at least one study that sought to A
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Table 2   Estimates for each 
subgroup

Variant Sample number Prevalence by 
subgroup

IC95% I2

Age group (mean age) 47634 0.56 [0.51; 0.61] 99%
Children and teenagers (2.2–11.3) 4881 0,51 [0.38; 0,64] 98%
Adults (22.2–66.1) 41797 0.57 [0.51; 0.62] 99%
Elderly (71.8–73) 242 0.69 [0.63; 0.74] 0%,
Adults and elderly (not subdivided) 714 0.85 [0.82; 0.87] Not applied
PSG 47370 0.57 [0.51; 0.62] 99%
Triage 6413 0.52 [0.41; 0.63] 99%
Total PSG 40957 0.58 [0.52; 0.64] 99%
Type 47634 0.56 [0.51; 0.61] 99%
Syndrome 13242 0.52 [0.42; 0.61] 99%
OSA 34392 0.58 [0.52; 0.64] 99%
Country 47634 0.56 [0.51; 0.61] 99%
Egypt 42 0.12 [0.04; 0.26]
USA 6156 0.56 [0.44; 0.68] 99%
Turkey 473 0.60 [0.40; 0.78] 95%
Oman 608 0.49 [0.45; 0.53]
Mexico 51 0.43 [0.29; 0.58]
Australia 5649 0.54 [0.30; 0.78] 100%
Belgium 2357 0.28 [0.16; 0.41] 97%
Brazil 4460 0.55 [0.36; 0.73] 99%
China 6733 0.65 [0.46; 0.81] 99%
Korea 1411 0.37 [0.15; 0.63] 99%
Thailand 1314 0.67 [0.22; 0.98] 99%
Lebanon 663 0.79 [0.76; 0.82]
Mongolia 205 0.93 [0.89; 0.96]
Ireland 250 0.54 [0.48; 0.61]
Non-reported 160 0.78 [0.49; 0.97] 87%
Ecuador 180 0.67 [0.60; 0.74]
Slovakia 42 0.50 [0.34; 0.66]
Greece 4063 0.82 [0.70; 0.91] 95%
Spain 3498 0.64 [0.51; 0.76] 98%
Vietnam 93 0.61 [0.51; 0.71]
Germany 1869 0.33 [0.16; 0.53] 97%
Portugal 318 0.64 [0.58; 0.69]
Sweden 399 0.51 [0.46; 0.56]
Italy 370 0.73 [0.38; 0.96] 98%
India 1987 0.59 [0.29; 0.87] 100%
Iran 715 0.81 [0.64; 0.93] 93%
Canada 335 0.39 [0.08; 0.76] 98%
Japan 430 0.57 [0.50; 0.63] 2%
Poland 42 0.38 [0.24; 0.54] 0%
Bangladesh 60 0.50 [0.37; 0.63]
Norway 479 0.56 [0.51; 0.60]
Singapure 425 0.50 [0.45; 0.55]
Africa 75 0.29 [0.19; 0.41]
Taiwan 166 0.93 [0.88; 0.96]
Colombia 575 0.73 [0.69; 0.77]
Malaysia 289 0.44 [0.38; 0.50]
Saudi Arabia 692 0.40 [0.17; 0.66] 97%
OSA classification 47370 0.57 [0.51; 0.62] 99%
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investigate the relationship between OSA and their popu-
lation. Among all the continents, Asia had the most coun-
tries, with 13, followed by Europe, with 11. However, the 
continents with the most studies performed were Asia, 
with 35, followed by America, with 29. These numbers 
emphasize the importance of conducting additional stud-
ies in Africa and Oceania, which total three countries 
and nine studies aimed at understanding the relationship 
between this population and OSA.

The most significant strengths of this systematic review 
are related to the fact that the included studies were global 
in scope, with no language restrictions and no age restric-
tions. In addition, only studies that used PSG to diagnose 
OSA were considered. A thorough search of six databases 
and the grey literature was also conducted. Nonetheless, it 
is worth noting that the GRADE system assigned a very low 
level of certainty of evidence. The explanation stems from 
the studies’ risk of bias assessment, which revealed that 
eight had a moderate risk of bias. In addition, these studies 
lacked clarity regarding the criteria used for OSA diagnosis 
and outcomes and uncontrolled confounding factors.

Regarding diagnosis criteria, some studies used a 
screening questionnaire on the study population before 
selecting a convenience sample and performing the PSG 
on them alone. Furthermore, other studies were based on a 
specific population with a convenience sample, which may 
have biased the estimate. Due to their morbidity profiles 
and other phenomena, such as the work effect, this conveni-
ence sample of drivers, pilots, athletes, military personnel, 
pregnant women, and others did not represent the general 
population. Subgroup analyses were performed to stratify 
categorical confounders that could overestimate the esti-
mates generated in some population groups.

The study was also limited by the PSG conducted. 
Sleep studies are classified as type I, type II, type III, 
or type IV, with type I currently being considered the 
standard reference diagnostic test for OSA because it is 
conducted in a sleep laboratory and observed by a techni-
cian, while the other studies are unattended [120]. None-
theless, some studies that used PSG did not report the 
type of sleep study used or conducted the other types, 
which may have acted as a confounding factor for the 

Table 2   (continued) Variant Sample number Prevalence by 
subgroup

IC95% I2

Mild 725 0.40 [0.36; 0.43] Not applied
Mild to moderate 59 0.69 [0.57; 0.81] Not applied
Moderate to severe 1019 0.37 [0.08; 0.73] 99%
Severe 465 0.14 [0.11; 0.18] Not applied
Mixed 27041 0.68 [0.61; 0.73] 99%
No classification 18070 0.46 [0.39; 0.54] 99%
Sample origin 47634 0.56 [0.51; 0.61] 99%
Drivers 2145 0.45 [0.00; 0.99] 99%
PSG Lab 31460 0.65 [0.59; 0.71] 99%
Long distance drivers 42 0.81 [0.66; 0.91]
Military personal (PSG Lab) 954 0.47 [0.27; 0.68] 91%
Rugby league athletes 22 0.45 [0.24; 0.68]
General population 9290 0.40 [0.31; 0.50] 98%
Heavy equipment users 110 0.63 [0.53; 0.72]
Bus drivers 162 0.78 [0.71; 0.84]
Truck drivers 116 0.87 [0.80; 0.93]
Airplane drivers 103 0.71 [0.61; 0.79]
Unclear 107 0.59 [0.49; 0.68]
Policemen 21 0.38 [0.18; 0.62]
Age matched group 21 0.38 [0.18; 0.62]
Railroad workers 745 0.19 [0.16; 0.22]
Pregnant women 1040 0.28 [0.13; 0.45] 92%
Shift workers (iron ore mining) 119 0.84 [0.76; 0.90]
Parents of children 84 0.61 [0.49; 0.71]
Public transport drivers 422 0.56 [0.51; 0.60]
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estimates generated, given that type I has a higher cost 
than the others.

The importance of the current study lies in raising 
awareness of the high prevalence of OSA in the global 
population and across age groups, highlighting the need 
for public initiatives for discovery and for effective treat-
ment. Continuous positive airway pressure (CPAP) is the 
standard treatment for OSA [121]. CPAP provides adequate 
upper airway stability through pressurization. Benefits may 
include improvement in cardiovascular comorbidities, 
decrease in excessive daytime sleepiness, and improvement 
in cognitive function and quality of life [121].

Additional treatment options can be used alone or com-
bined, considering the condition’s multifactorial etiology. 
These include using a mandibular advancement device [121], 
performing oropharyngeal exercises, and engaging in func-
tional exercises that involve breathing, chewing, swallowing, 
and speaking [122]. However, studies on the long-term effects 
of speech-language therapy combined with functional and 
oropharyngeal exercises are still lacking. In contrast, CPAP 

use and the mandibular advancement device have been shown 
to successfully treat OSA in follow-ups [123–125].

Conclusion

Approximately half of the people have OSA worldwide. 
Although the literature cites high BMI, increased age, 
and male gender as risk factors, these covariates did not 
influence the heterogeneity existing by meta-regression. 
Based upon the level of certainty, the results of this inves-
tigation should be with caution. We suggest studies with 
better methodological qualities.

Other information

Registration

The PROSPERO (International Prospective Registry of 
Systematic Reviews - Center for Reviews and Dissemina-
tion University of York-CRD42021265627) website has the 
protocol for this systematic review listed.

Fig. 3   Forest plot of the meta‐analysis of the prevalence of OSA displaying risk-of-bias judgements for each study included



	 Sleep and Breathing

1 3

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11325-​023-​02810-7.

Funding  No specific grant was given to this research by funding organ-
izations in the public, private, or not-for-profit sectors.

Data availability  Since no datasets were created or analyzed for this 
topic, data sharing is not applicable.

Declarations 

Ethics approval  There are no studies by any of the writers in this article 
that used humans or animals as subjects.

Conflict of interest  The authors declare no competing interests.

References

	 1.	 Young T, Skatrud J, Peppard PE (2004) Risk factors for obstruc-
tive sleep apnea. Am Med Assoc All 291:2013–6

	 2.	 Mcnicholas WT, Krieger J. Public health and medicolegal 
implications of sleep apnoea. European Respiratory Journal 
2002:1594–609. https://​doi.​org/​10.​1183/​09031​936.​02.​00404​502.

	 3.	 Patel SR. Obstructive sleep apnea. Ann Intern Med 
2019;171:ITC81–96. https://​doi.​org/​10.​7326/​AITC2​01912​030.

	 4.	 Tufik S, Santos-Silva R, Taddei JA, Bittencourt LRA (2010) 
Obstructive sleep apnea syndrome in the Sao Paulo Epidemi-
ologic Sleep Study. Sleep Med 11:441–6. https://​doi.​org/​10.​
1016/j.​sleep.​2009.​10.​005

	 5.	 Mirrakhimov AE, Sooronbaev T, Mirrakhimov EM (2013) Preva-
lence of obstructive sleep apnea in Asian adults: a systematic 
review of the literature. BMC Pulm Med 13:1. https://​doi.​org/​
10.​1186/​1471-​2466-​13-​10

	 6.	 Al-Abri M, Al-Hashmi K, Jaju D, Al-Rawas O, Al-Riyami B, 
Hassan M (2011) Gender difference in relationship of apnoea/
hypopnoea index with body mass index and age in the omani 
population. Sultan Qaboos Univ Med J 11:363–8

	 7.	 Senaratna C v., Perret JL, Lodge CJ, Lowe AJ, Campbell BE, 
Matheson MC, et al. Prevalence of obstructive sleep apnea in 
the general population: a systematic review. Sleep Med Rev 
2017;34:70–81. https://​doi.​org/​10.​1016/j.​smrv.​2016.​07.​002

	 8.	 Selim B, Won C (2010) Cardiovascular consequences of sleep 
apnea. Clin Chest Med 31:203–20. https://​doi.​org/​10.​1016/j.​ccm.​
2010.​02.​010

	 9.	 Epstein LJ, Kristo D, PS, et al (2009) Clinical guideline for the 
evaluation, management and long-term care of obstructive sleep 
apnea in adults. J Clin Sleep Med 5:263–76

	 10.	 Borsoi L, Armeni P, Donin G, Costa F, Ferini-Strambi L (2022) 
The invisible costs of obstructive sleep apnea (OSA): system-
atic review and cost-of-illness analysis. PLoS One 17:0268677. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​02686​77

	 11.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann 
TC, Mulrow CD et al (2021) The PRISMA 2020 statement: an 
updated guideline for reporting systematic reviews. The BMJ 
372:2020–1. https://​doi.​org/​10.​1136/​bmj.​n71

	 12.	 Morgan RL, Whaley P, Thayer KA, Schünemann HJ (2018) 
Identifying the PECO: A framework for formulating good 
questions to explore the association of environmental and other 
exposures with health outcomes. Environ Int 121:1027–31. 
https://​doi.​org/​10.​1016/j.​envint.​2018.​07.​015

Ta
bl

e 
3  

A
na

ly
si

s o
f i

nf
or

m
at

io
n 

qu
al

ity
 th

ro
ug

h 
G

R
A

D
E

Ex
pl

an
at

io
ns

a  La
ck

 o
f a

de
qu

at
e 

co
nt

ro
l o

f c
on

fo
un

di
ng

 fa
ct

or
s a

nd
 u

se
 o

f n
on

-p
ro

ba
bi

lit
y 

sa
m

pl
in

g
b  H

ig
h 

in
co

ns
ist

en
cy

 a
nd

 so
ur

ce
 o

f u
ni

de
nt

ifi
ed

 h
et

er
og

en
ei

tie
s b

y 
su

bg
ro

up
 a

na
ly

si
s a

nd
 m

et
a-

re
gr

es
si

on
c  Pr

ev
al

en
ce

 w
as

 a
ss

es
se

d 
as

 a
 se

co
nd

ar
y 

ou
tc

om
e

R
es

ea
rc

h 
qu

es
tio

n:
 W

ha
t i

s t
he

 p
re

va
le

nc
e 

of
 O

SA
 a

nd
 ri

sk
 fa

ct
or

s i
n 

a 
ge

ne
ra

l p
op

ul
at

io
n?

C
er

ta
in

ty
 a

ss
es

sm
en

t
Su

m
m

ar
y 

of
 fi

nd
in

gs

Pa
rt

ic
ip

an
ts

 
(s

tu
di

es
)

fo
llo

w
-u

p

R
isk

 o
f b

ia
s

In
co

ns
ist

en
cy

In
di

re
ct

ne
ss

Im
pr

ec
isi

on
Pu

bl
ic

at
io

n 
bi

as
O

ve
ra

ll 
ce

rt
ai

nt
y 

of
 

ev
id

en
ce

St
ud

y 
ev

en
t 

ra
te

s (
%

)
A

nt
ic

ip
at

ed
 a

bs
ol

ut
e 

eff
ec

ts

Ev
en

ts
n

Pr
ev

al
en

ce
 r

isk
Pr

ev
al

en
ce

 (C
I9

5%
)

Pr
ev

al
en

ci
a 

O
SA

 p
op

ul
aç

ão
 g

er
al

.
(9

8 
ob

se
rv

at
io

na
l s

tu
di

es
)

Se
rio

us
a

Ve
ry

 se
rio

us
b

Ve
ry

 se
rio

us
c

N
ot

 se
rio

us
N

on
e

⨁
◯

◯
◯

Ve
ry

 lo
w

29
21

9
47

63
4

56
 p

er
 1

00
0.

56
(0

.5
1 

– 
0.

61
)

https://doi.org/10.1007/s11325-023-02810-7
https://doi.org/10.1183/09031936.02.00404502
https://doi.org/10.7326/AITC201912030
https://doi.org/10.1016/j.sleep.2009.10.005
https://doi.org/10.1016/j.sleep.2009.10.005
https://doi.org/10.1186/1471-2466-13-10
https://doi.org/10.1186/1471-2466-13-10
https://doi.org/10.1016/j.smrv.2016.07.002
https://doi.org/10.1016/j.ccm.2010.02.010
https://doi.org/10.1016/j.ccm.2010.02.010
https://doi.org/10.1371/journal.pone.0268677
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.envint.2018.07.015


Sleep and Breathing	

1 3

	 13.	 Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu 
R, et al. Chapter 7: Systematic reviews of etiology and risk . 
In: Aromataris E, Munn Z (Editors). JBI Manual for Evidence 
Synthesis JBI 2020.

	 14.	 Campos LGN, Pedrosa BH, Cavalcanti RVA, Stechman-Neto J, Gad-
otti IC, de Araujo CM et al (2021) Prevalence of temporomandibular 
disorders in musicians: a systematic review and meta-analysis. J Oral 
Rehabil 48:632–42. https://​doi.​org/​10.​1111/​joor.​13150

	 15.	 Dersimonian R, Laird N (1986) Meta-Analysis in Clinical Tri-
als. Control Clin Trials 7:177–88

	 16.	 Higgins JPT, Thompson SG (2002) Quantifying heterogeneity 
in a meta-analysis. Stat Med 21:1539–58. https://​doi.​org/​10.​
1002/​sim.​1186

	 17.	 Barendregt JJ, Doi SA, Lee YY (2013) Meta-analysis of preva-
lence. J Epidemiol Community Health 67:974–8. https://​doi.​
org/​10.​1136/​jech

	 18.	 Schünemann H, Brożek J, Guyatt G, Oxman A (2013) Hand-
book for grading the quality of evidence and the strength of 
recommendations using the GRADE. Available from https://​
gdt.​grade​pro.​org/​app/​handb​ook/​handb​ook.​html#h.​svwng​
s6pm0​f2

	 19.	 Abraham EJ, Bains A, Rubin BR, Cohen MB, Levi JR (2021) 
Predictors of a normal sleep study in healthy children with 
sleep disordered breathing symptoms. Annals of Otology, 
Rhinology and Laryngology 130:1029–35. https://​doi.​org/​10.​
1177/​00034​89421​990156

	 20.	 Domany KA, Hossain MM, Nava-Guerra L, Khoo MC, McCo-
nnell K, Carroll JL et al (2018) Cardioventilatory control in 
preterm-born children and the risk of obstructive sleep apnea. 
Am J Respir Crit Care Med 197:1596–603. https://​doi.​org/​10.​
1164/​rccm.​201708-​1700OC

	 21.	 Arora SK, Powell TA, Foster SN, Hansen SL, Morris MJ 
(2022) Exercise capacity remains supernormal, though mildly 
reduced in middle-aged military personnel with moderate to 
severe obstructive sleep apnea. Sleep and Breathing. https://​
doi.​org/​10.​1007/​s11325-​022-​02587-1

	 22.	 Bains A, Abraham E, Hsieh A, Rubin BR, Levi JR, Cohen MB 
(2020) Characteristics and frequency of children with severe 
obstructive sleep apnea undergoing elective polysomnogra-
phy. Otolaryngology - Head and Neck Surgery (United States) 
163:1055–60. https://​doi.​org/​10.​1177/​01945​99820​931084

	 23.	 Berger M, Varvarigou V, Rielly A, Czeisler CA, Malhotra A, 
Kales SN (2012) Employer-mandated sleep apnea screening 
and diagnosis in commercial drivers. J Occup Environ Med 
54:1017–25. https://​doi.​org/​10.​1097/​JOM.​0b013​e3182​572e16

	 24.	 Foster SN, Hansen SL, Capener DC, Matsangas P, Mysliwiec V 
(2017) Gender differences in sleep disorders in the US military. 
Sleep Health 3:336–41. https://​doi.​org/​10.​1016/j.​sleh.​2017.​07.​015

	 25.	 Ioachimescu OC, Shirine Allam J, Samarghandi A, Anand N, 
Fields BG, Dholakia SA et al (2020) Performance of peripheral 
arterial tonometry–based testing for the diagnosis of obstruc-
tive sleep apnea in a large sleep clinic cohort. J Clin Sleep Med 
6:1663–74. https://​doi.​org/​10.​5664/​jcsm.​8620

	 26.	 Jung Y, Junna MR, Mandrekar JN, Morgenthaler TI (2017) 
The National Healthy Sleep Awareness Project Sleep Health 
Surveillance Questionnaire as an Obstructive Sleep Apnea Sur-
veillance Tool. J Clin Sleep Med 13:1067–74. https://​doi.​org/​
10.​5664/​jcsm.​6724

	 27.	 Mysliwiec V, McGraw L, Pierce R, Smith P, Trapp B, Roth BJ 
(2013) Sleep disorders and associated medical comorbidities in 
active duty military personnel. Sleep 36:167–74. https://​doi.​org/​
10.​5665/​sleep.​2364

	 28.	 Pien GW, Pack AI, Jackson N, Maislin G, Macones GA, 
Schwab RJ (2014) Risk factors for sleep-disordered breathing 

in pregnancy. Thorax 69:371–7. https://​doi.​org/​10.​1136/​thora​
xjnl-​2012-​202718

	 29.	 Powers CR, Frey WC (2009) Maintenance of wakefulness test in 
military personnel with upper airway resistance syndrome and 
mild to moderate obstructive sleep apnea. Sleep and Breathing 
13:253–8. https://​doi.​org/​10.​1007/​s11325-​009-​0245-7

	 30.	 Wahner-Roedler DL, Olson EJ, Loehrerl LL, Sood A (2007) Gen-
der-specific differences in a patient population with obstructive 
sleep apnea-hypopnea syndrome. Gend Med 4:329–38

	 31.	 Wiebracht ND, He S, Cotton C, Meinzen-Derr J, Shott G, Smith 
DF et al (2017) Polysomnographic oxygen saturation findings 
for preteen children versus adolescents. Otolaryngology - Head 
and Neck Surgery (United States) 158:187–93. https://​doi.​org/​
10.​1177/​01945​99817​733687

	 32.	 Xie W, Chakrabarty S, Levine R, Johnson R, Talmage JB (2011) 
Factors associated with obstructive sleep apnea among commer-
cial motor vehicle drivers. J Occup Environ Med 53:169–73. 
https://​doi.​org/​10.​1097/​JOM.​0b013​e3182​068ceb

	 33.	 Campanholo M de AT, Caparroz F de A, Vidigal T de A, Kenchian 
CH, Andersen ML, Tufik S, et al. Assessment of laryngopharyn-
geal reflux and obstructive sleep apnea: a population-based study. 
Laryngoscope 2022. https://​doi.​org/​10.​1002/​lary.​30061.

	 34.	 de Menezes Júnior LAA, Fajardo VC, do Nascimento Neto RM, 
de Freitas SN, de Oliveira FLP, Pimenta FAP, et al. Diagnos-
tic accuracy of the Berlin questionnaire and the NoSAS score 
in detecting risk for obstructive sleep apnea in rotating shift 
workers. Sleep and Breathing 2021. https://​doi.​org/​10.​1007/​
s11325-​021-​02446-5.

	 35.	 de Duarte RL, M, Fonseca LB de M, Magalhães-Da-Silveira FJ, 
da Silveira EA, Rabahi MF. (2017) Validação do questionário 
STOP-Bang para a identificação de apneia obstrutiva do sono 
em adultos no Brasil. J Brasileiro de Pneumologia 43:456–63. 
https://​doi.​org/​10.​1590/​s1806-​37562​01700​00001​39

	 36.	 Godoy PH, dos Santos Nucera APC, de Paiva Colcher A, de-
Andrade JE, da Silveira Barroso Alves D. (2022) Screening for 
obstructive sleep apnea in elderly: performance of the Berlin 
and STOP-Bang questionnaires and the Epworth Sleepiness 
Scale using polysomnography as gold standard. Sleep Science 
15:203–8. https://​doi.​org/​10.​5935/​1984-​0063.​20220​020

	 37.	 Gregório PB, Athanazio RA, Bitencourt Almir Galvão 
Vieira;, Neves FBCS, Terse R, Hora F. Symptoms of obstruc-
tive sleep apnea-hypopnea syndrome in children. J Bras 
Pneumol;34:356–61.

	 38.	 Kanda GM, Priore NC, Toledo C, Shimizu RN, Arata YP, Gon-
zaga C et al (2018) Perfil clínico e laboratorial de pacientes com 
e sem apneia obstrutiva do sono Clinical and laboratory profile of 
patients with or without obstructive sleep apnea Endereço para 
correspondência. Rev Soc Bras Clin Med 16:108–20

	 39.	 Koyama RG, Esteves AM, Oliveira e Silva L, Lira FS, Bittencourt 
LRA, Tufik S, et al (2012) Prevalence of and risk factors for obstruc-
tive sleep apnea syndrome in Brazilian railroad workers. Sleep Med 
13:1028–32. https://​doi.​org/​10.​1016/j.​sleep.​2012.​06.​017

	 40.	 Togeiro SM, Carneiro G, Ribeiro Filho FF, Zanella MT, Santos-
Silva R, Taddei JA, et al. Consequences of obstructive sleep 
apnea on metabolic profile: a population-based survey. Obesity 
2013;21. https://​doi.​org/​10.​1038/​oby.​2012.​146.

	 41.	 Chau KW, Ng KK, Kwok L, Chow Y, Ho JCS, Ng DKK. Clini-
cal risk factors for obstructive sleep apnoea in children FHKAM 
(Paed) currently in private practice. vol. 44. 2003.

	 42.	 Chen Y, Metz JE, Gao H, Gao X. Association between obstruc-
tive sleep apnea and periodontitis in Chinese male adults: A 
cross-sectional study. J Prosthet Dent 2021.

	 43.	 Hu Y, yuan, Yu Y, Wang Z bin, Liu C, Cui Y hua, Xiao 
W min. (2019) Reliability and validity of simplified 

https://doi.org/10.1111/joor.13150
https://doi.org/10.1002/sim.1186
https://doi.org/10.1002/sim.1186
https://doi.org/10.1136/jech
https://doi.org/10.1136/jech
https://gdt.gradepro.org/app/handbook/handbook.html#h.svwngs6pm0f2
https://gdt.gradepro.org/app/handbook/handbook.html#h.svwngs6pm0f2
https://gdt.gradepro.org/app/handbook/handbook.html#h.svwngs6pm0f2
https://doi.org/10.1177/0003489421990156
https://doi.org/10.1177/0003489421990156
https://doi.org/10.1164/rccm.201708-1700OC
https://doi.org/10.1164/rccm.201708-1700OC
https://doi.org/10.1007/s11325-022-02587-1
https://doi.org/10.1007/s11325-022-02587-1
https://doi.org/10.1177/0194599820931084
https://doi.org/10.1097/JOM.0b013e3182572e16
https://doi.org/10.1016/j.sleh.2017.07.015
https://doi.org/10.5664/jcsm.8620
https://doi.org/10.5664/jcsm.6724
https://doi.org/10.5664/jcsm.6724
https://doi.org/10.5665/sleep.2364
https://doi.org/10.5665/sleep.2364
https://doi.org/10.1136/thoraxjnl-2012-202718
https://doi.org/10.1136/thoraxjnl-2012-202718
https://doi.org/10.1007/s11325-009-0245-7
https://doi.org/10.1177/0194599817733687
https://doi.org/10.1177/0194599817733687
https://doi.org/10.1097/JOM.0b013e3182068ceb
https://doi.org/10.1002/lary.30061
https://doi.org/10.1007/s11325-021-02446-5
https://doi.org/10.1007/s11325-021-02446-5
https://doi.org/10.1590/s1806-37562017000000139
https://doi.org/10.5935/1984-0063.20220020
https://doi.org/10.1016/j.sleep.2012.06.017
https://doi.org/10.1038/oby.2012.146


	 Sleep and Breathing

1 3

Chinese STOP-BANG Questionnaire in diagnosing and screen-
ing obstructive sleep apnea hypopnea syndrome. Curr Med Sci 
39:127–33. https://​doi.​org/​10.​1007/​s11596-​019-​2010-x

	 44.	 Jia Y, Liu C, Li H, Li X, Wu J, Zhao Y et al (2021) Enlarged 
perivascular space and its correlation with polysomnography 
indicators of obstructive sleep apnea. Nat Sci Sleep 13:863–72. 
https://​doi.​org/​10.​2147/​NSS.​S3054​65

	 45.	 Li Z, Du L, Li Y, Huang L, Lei F, Yang L et al (2014) Char-
acterization of primary symptoms leading to Chinese patients 
presenting at hospital with suspected obstructive sleep apnea. J 
Thorac Dis 6:444–51. https://​doi.​org/​10.​3978/j.​issn.​2072-​1439.​
2014.​02.​08

	 46.	 Liu Y, Huang W, Zou J, Xu H, Qian Y, Zhu H et al (2020) Sea 
level nocturnal minimal oxygen saturation can accurately detect 
the presence of obstructive sleep apnea in a population with high 
pretest probability. Sleep and Breathing 25:171–9. https://​doi.​
org/​10.​1007/​s11325-​020-​02014-3

	 47.	 Xu Z, Wu Y, Tai J, Feng G, Ge W, Zheng L, et al. Risk factors of 
obstructive sleep apnea syndrome in children. Journal of Otolar-
yngology - Head and Neck Surgery 2020;49. https://​doi.​org/​10.​
1186/​s40463-​020-​0404-1.

	 48.	 Xu Z, Cheuk DKL, Lee SL (2006) Clinical evaluation in pre-
dicting childhood obstructive sleep apnea. Chest 130:1765–71. 
https://​doi.​org/​10.​1378/​chest.​130.6.​1765

	 49.	 Benn E, Wirth H, Short T, Howarth T, Heraganahally SS (2021) 
The Top End Sleepiness Scale (TESS): a new tool to assess sub-
jective daytime sleepiness among indigenous Australian adults. 
Nat Sci Sleep 13:315–28

	 50.	 Caia J, Halson SL, Scott A, Kelly VG (2020) Obstructive sleep apnea 
in professional rugby league athletes: an exploratory study. J Sci 
Med Sport 23:1011–5. https://​doi.​org/​10.​1016/j.​jsams.​2020.​04.​014

	 51.	 Guscoth LB, Appleton SL, Martin SA, Adams RJ, Melaku YA, 
Wittert GA (2021) The association of obstructive sleep apnea and 
nocturnal hypoxemia with lipid profiles in a population-based 
study of community-dwelling Australian men. Nat Sci Sleep 
13:1771–82. https://​doi.​org/​10.​2147/​NSS.​S3274​78

	 52.	 Heraganahally SS;, Kruavit A;, Oguoma VM;, Gokula C;, Mehra 
S;, Judge D;, et al. Sleep apnoea among Australian Aboriginal 
and non-Aboriginal patients in the Northern Territory of Aus-
tralia-a comparative study. Sleep 2019;43. https://​doi.​org/​10.​
1093/​sleep/​zsz248/​55868​11.

	 53.	 Heraganahally SS, Rajaratnam B, Silva SAAS, Robinson N, 
Oguoma VM, Naing P et al (2021) Obstructive sleep apnoea 
and cardiac disease among aboriginal patients in the Northern 
Territory of Australia. Heart Lung Circ 30:1184–92. https://​doi.​
org/​10.​1016/j.​hlc.​2021.​01.​007

	 54.	 McArdle N, Ward S v, Bucks RS, Maddison K, Smith A, Huang 
R-C, et al. The prevalence of common sleep disorders in young 
adults: a descriptive population-based study. Sleep 2020;43. 
https://​doi.​org/​10.​1093/​sleep/​zsaa0​72/​58193​86.

	 55.	 Ratnavadivel R, Chau N, Stadler D, Yeo A, McEvoy RD, Catch-
eside PG (2009) Marked reduction in obstructive sleep apnea 
severity in slow wave sleep. J Clin Sleep Med 5:519–24

	 56.	 Tapia IE, Shults J, Doyle LW, Nixon GM, Cielo CM, Traylor J 
et al (2016) Perinatal risk factors associated with the obstruc-
tive sleep apnea syndrome in school-aged children born preterm. 
Sleep 39:737–42. https://​doi.​org/​10.​5665/​sleep.​5618

	 57.	 Ghosh P, Sapna Varma NK, Ajith VV, Prabha RD, Raj M (2020) 
Epidemiological study on prevalent risk factors and craniofacial 
skeletal patterns in obstructive sleep apnea among South Indian 
population. Indian J Dent Res 31:784–90

	 58.	 Ghoshal AG;, Sarkar S;, Roy DJ;, Das RK;, Ray M. Polysomno-
graphic profile in a sleep laboratory in Kolkata: a retrospective 
analysis of 714 cases. J Assoc Physicians India 2010;58.

	 59.	 Reddy KR, Lim MT, Lee TJ, Goh DY, Ramamurthy MB (2014) 
Pediatric polysomnographic studies at a tertiary-care hospital in 
Singapore. Indian Pediatr 51:484–6

	 60.	 Reddy EV, Kadhiravan T, Mishra HK, Sreenivas V, Handa KK, 
Sinha S et al (2009) Prevalence and risk factors of obstructive 
sleep apnea among middle-aged urban Indians: a community-
based study. Sleep Med 10:913–8. https://​doi.​org/​10.​1016/j.​
sleep.​2008.​08.​011

	 61.	 Sharma SK, Kumpawat S, Banga A, Goel A (2006) Prevalence and risk 
factors of obstructive sleep apnea syndrome in a population of Delhi. 
India. Chest 130:149–56. https://​doi.​org/​10.​1378/​chest.​130.1.​149

	 62.	 Singh A, Prasad R, Garg R, Kant S, Hosmane GB, Dubey A et al 
(2017) A study to estimate prevalence and risk factors of obstruc-
tive sleep apnea syndrome in a semi-urban Indian population. 
Monaldi Archives for Chest Disease 87:40–8. https://​doi.​org/​10.​
4081/​monal​di.​2017.​773

	 63.	 Tripathi A, Bagchi S, Singh J, Pandey P, Tripathi S, Gupta NK 
(2017) Lifestyle and occupational stress: a potential risk factor 
for obstructive sleep apnea in nonobese male subjects. J Prostho-
dont 27:716–21. https://​doi.​org/​10.​1111/​jopr.​12627

	 64.	 Akkoyunlu ME, Altın R, Kart L, Atalay F, Örnek T, Bayram 
M, et al. Investigation of obstructive sleep apnoea syndrome 
prevalence among long-distance drivers from Zonguldak, Turkey. 
Multidisciplinary Respiratory Medicine 2013;8.

	 65.	 Barış HE, Gökdemir Y, Eralp EE, Baş İkizoğlu N, Karakoç F, 
Karadağ B et al (2017) Clinical and polysomnographic features 
of children evaluated with polysomnography in pediatric sleep 
laboratory. Turk Pediatri Ars 52:23–9. https://​doi.​org/​10.​5152/​
TurkP​ediat​riArs.​2017.​4218

	 66.	 Celikhisar H, Ilkhan GD. The association of obstructive sleep 
apnea syndrome and accident risk in heavy equipment operators. 
Medicina (Lithuania) 2019;55. https://​doi.​org/​10.​3390/​medic​
ina55​090599.

	 67.	 Celikhisar H, Ilkhan GD. 2020 Association of presence and 
severity of obstructive sleep apnoea syndrome with accident risk 
in city bus drivers. J Pak Med Assoc 70:2184–9. https://​doi.​org/​
10.​47391/​JPMA.​435.

	 68.	 Sogut A, Altin R, Uzun L, Ugur MB, Tomac N, Acun C et al 
(2005) Prevalence of obstructive sleep apnea syndrome and 
associated symptoms in 3–11-year-old Turkish children. Pediatr 
Pulmonol 39:251–6. https://​doi.​org/​10.​1002/​ppul.​20179

	 69.	 Anuntaseree W, Kuasirikul S, Suntornlohanakul S (2005) Natural 
history of snoring and obstructive sleep apnea in Thai school-age 
children. Pediatr Pulmonol 39:415–20. https://​doi.​org/​10.​1002/​
ppul.​20207

	 70.	 Chuanprasitkul C, Veeravigrom M, Sunkonkit K, Tansrirattana-
wong S, Sritippayawan S (2021) Incidence / predictors of pedi-
atric obstructive sleep apnea with normal oximetry. Pediatrics 
International 63:1376–80. https://​doi.​org/​10.​1111/​ped.​14663

	 71.	 Neruntarat C, Chantapant S (2010) Prevalence of sleep apnea 
in HRH Princess Maha Chakri Srinthorn Medical Center Thai-
land. Sleep and Breathing 15:641–8. https://​doi.​org/​10.​1007/​
s11325-​010-​0412-x

	 72.	 Tawaranurak K, Leelasawatsuk P, Chaiyarukjirakun V (2019) 
Prevalence, risk factors and clinical manifestation of patients 
suspected as having obstructive sleep apnea in Songklanagarind 
Hospital sleep center. J Health Sci Med Res 37:305–12. https://​
doi.​org/​10.​31584/​jhsmr.​201965

	 73.	 Veeravigrom M, Desudchit T (2016) Prevalence of Sleep Disor-
ders in Thai Children. Indian J Pediatr 83:1237–41. https://​doi.​
org/​10.​1007/​s12098-​016-​2148-5

	 74.	 Morell-Garcia D, Peña-Zarza JA, Sanchís P, Piérola J, de la Peña 
M, Bauça JM et al (2021) Polysomnographic characteristics of 
snoring children: a familial study of obstructive sleep apnea 

https://doi.org/10.1007/s11596-019-2010-x
https://doi.org/10.2147/NSS.S305465
https://doi.org/10.3978/j.issn.2072-1439.2014.02.08
https://doi.org/10.3978/j.issn.2072-1439.2014.02.08
https://doi.org/10.1007/s11325-020-02014-3
https://doi.org/10.1007/s11325-020-02014-3
https://doi.org/10.1186/s40463-020-0404-1
https://doi.org/10.1186/s40463-020-0404-1
https://doi.org/10.1378/chest.130.6.1765
https://doi.org/10.1016/j.jsams.2020.04.014
https://doi.org/10.2147/NSS.S327478
https://doi.org/10.1093/sleep/zsz248/5586811
https://doi.org/10.1093/sleep/zsz248/5586811
https://doi.org/10.1016/j.hlc.2021.01.007
https://doi.org/10.1016/j.hlc.2021.01.007
https://doi.org/10.1093/sleep/zsaa072/5819386
https://doi.org/10.5665/sleep.5618
https://doi.org/10.1016/j.sleep.2008.08.011
https://doi.org/10.1016/j.sleep.2008.08.011
https://doi.org/10.1378/chest.130.1.149
https://doi.org/10.4081/monaldi.2017.773
https://doi.org/10.4081/monaldi.2017.773
https://doi.org/10.1111/jopr.12627
https://doi.org/10.5152/TurkPediatriArs.2017.4218
https://doi.org/10.5152/TurkPediatriArs.2017.4218
https://doi.org/10.3390/medicina55090599
https://doi.org/10.3390/medicina55090599
https://doi.org/10.47391/JPMA.435
https://doi.org/10.47391/JPMA.435
https://doi.org/10.1002/ppul.20179
https://doi.org/10.1002/ppul.20207
https://doi.org/10.1002/ppul.20207
https://doi.org/10.1111/ped.14663
https://doi.org/10.1007/s11325-010-0412-x
https://doi.org/10.1007/s11325-010-0412-x
https://doi.org/10.31584/jhsmr.201965
https://doi.org/10.31584/jhsmr.201965
https://doi.org/10.1007/s12098-016-2148-5
https://doi.org/10.1007/s12098-016-2148-5


Sleep and Breathing	

1 3

syndrome. Arch Bronconeumol 57:387–92. https://​doi.​org/​10.​
1016/j.​arbres.​2020.​01.​006

	 75.	 Quintana-Gallego E, Carmona-Bernal C, Capote F, Sánchez-
Armengol Á, Botebol-Benhamou G, Polo-Padillo J et al (2004) 
Gender differences in obstructive sleep apnea syndrome: a clini-
cal study of 1166 patients. Respir Med 98:984–9. https://​doi.​org/​
10.​1016/j.​rmed.​2004.​03.​002

	 76.	 Valenza MC, Valenza G, Muñoz-Casaubon T, Botella-López M, 
Puentedura EJ, Arroyo-Morales M et al (2012) Epidemiology of 
sleep-related complaints associated with obstructive sleep apnea, 
insomnia and non-restorative sleep in an at-risk population in 
Granada Spain. Sleep Biol Rhythms 10:222–30. https://​doi.​org/​
10.​1111/j.​1479-​8425.​2012.​00565.x

	 77.	 Durán J, Esnaola S, Rubio R, Iztueta Á (2001) Obstructive sleep 
apnea-hypopnea and related clinical features in a population-
based sample of subjects aged 30 to 70 yr. Am J Respir Crit Care 
Med 163:685–9. https://​doi.​org/​10.​1164/​ajrccm.​163.3.​20050​65

	 78.	 Zamarrón C, Hornero R, del Campo F, Abásolo D, Alvarez 
D (2006) Heart rate regularity analysis obtained from pulse 
oximetric recordings in the diagnosis of obstructive sleep 
apnea. Sleep and Breathing 10:83–9. https://​doi.​org/​10.​1007/​
s11325-​005-​0049-3

	 79.	 Cho ER, Kim H, Seo HS, Suh S, Lee SK, Shin C (2013) Obstruc-
tive sleep apnea as a risk factor for silent cerebral infarction. J 
Sleep Res 22:452–8. https://​doi.​org/​10.​1111/​jsr.​12034

	 80.	 Han SH, Lee GY, Hyun W, Kim Y, Jang JS. Obstructive sleep 
apnea in airline pilots during daytime sleep following overnight 
flights. J Sleep Res 2021;30. https://​doi.​org/​10.​1111/​jsr.​13375.

	 81.	 Kim JK, In KH, Kim JH, You SH, Kang KH, Shim JJ et al (2004) 
Prevalence of sleep-disordered breathing in middle-aged Korean 
men and women. Am J Respir Crit Care Med 170:1108–13. 
https://​doi.​org/​10.​1164/​rccm.​200404-​519OC

	 82.	 Lee J, Choi JH, Kim SG (2019) Prevalence and characteristics of 
subjects with obstructive sleep apnea among adults with insom-
nia disorder. Sleep Med Res 10:108–12. https://​doi.​org/​10.​17241/​
smr.​2019.​00409

	 83.	 Fietze I, Laharnar N, Obst A, Ewert R, Felix SB, Garcia C, et al. 
Prevalence and association analysis of obstructive sleep apnea 
with gender and age differences – Results of SHIP-Trend. J Sleep 
Res 2018;28. https://​doi.​org/​10.​1111/​jsr.​12770.

	 84.	 Urschitz MS, Brockmann PE, Schlaud M, Poets CF (2010) Popu-
lation prevalence of obstructive sleep apnoea in a community of 
German third graders. Eur Respir J 36:556–68. https://​doi.​org/​
10.​1183/​09031​936.​00078​409

	 85.	 Zacharias HU, Weihs A, Habes M, Wittfeld K, Frenzel S, Rashid 
T et al (2021) Association between obstructive sleep apnea and 
brain white matter hyperintensities in a population-based cohort 
in Germany. JAMA Netw Open. https://​doi.​org/​10.​1001/​jaman​
etwor​kopen.​2021.​28225

	 86.	 Katz SL, Vaccani JP, Barrowman N, Momoli F, Bradbury CL, 
Murto K (2014) Does neck-to-waist ratio predict obstructive 
sleep apnea in children? J Clin Sleep Med 10:1303–8. https://​
doi.​org/​10.​5664/​jcsm.​4284

	 87.	 Selvadurai S, Voutsas G, Propst EJ, Wolter NE, Narang I (2019) 
Obstructive sleep apnea in children aged 3 years and younger: 
rate and risk factors. Paediatrics and Child Health (Canada) 
25:432–8. https://​doi.​org/​10.​1093/​pch/​pxz097

	 88.	 Dorkova Z, Sopkova Z, Tkacova R (2010) “CEM” risk factors 
and severity of obstructive sleep apnoea in central European 
Roma and non-Roma patients referred for a diagnostic polysom-
nography. Int J Public Health 55:429–34. https://​doi.​org/​10.​1007/​
s00038-​010-​0146-3

	 89.	 Dostálová S, Šusta M, Nepožitek J, Peřinová P, Příhodová I, 
Ibarburu Lorenzo V et al (2020) Polysomnographic findings in 

individuals over 50 years of age lacking subjective signs of sleep 
disturbance. Ceska a Slovenska Neurologie a Neurochirurgie 
83:57–63. https://​doi.​org/​10.​14735/​amcsn​n2020​57

	 90.	 Kobayashi R, Miyazaki S, Karaki M, Hoshikawa H, Nakata S, 
Hara H, et al. Obstructive sleep apnea in Asian primary school 
children. Sleep and Breathing 2013;18. https://​doi.​org/​10.​1007/​
s11325-​013-​0909-1.

	 91.	 Sasai-Sakuma T, Kikuchi K, Inoue Y (2016) Cross-sectional 
study of obstructive sleep apnea syndrome in Japanese public 
transportation drivers its prevalence and association with patho-
logical objective daytime sleepiness. J Occup Environ Med 
58:455–8. https://​doi.​org/​10.​1097/​JOM.​00000​00000​000692

	 92.	 Bruyneel M, Ameye L, Ninane V (2010) Sleep apnea syndrome 
in a young cosmopolite urban adult population: risk factors for 
disease severity. Sleep and Breathing 15:543–8. https://​doi.​org/​
10.​1007/​s11325-​010-​0398-4

	 93.	 Mungo A, Hein M, Lanquart JP, Loas G (2021) Atypical depres-
sion as a risk factor for obstructive sleep apnea syndrome in young 
adults. Encephale. https://​doi.​org/​10.​1016/j.​encep.​2021.​02.​018

	 94.	 Jalilolghadr S, Taghiloo M, Parsarad E, Taherahmadi M, Taher-
ahmadi H. Evaluation of sleep-disordered breathing in children 
and adolescents referred to the sleep ward of Qazvin children’s 
hospital during 2014-2019. Int J Pediatr 2022;10. https://​doi.​org/​
10.​22038/​IJP.​2021.​58958.​4598.

	 95.	 Sadeghniiat-Haghighi K, Montazeri A, Khajeh-Mehrizi A, 
Ghajarzadeh M, Alemohammad ZB, Aminian O et al (2015) The 
STOP-BANG questionnaire: reliability and validity of the Per-
sian version in sleep clinic population. Quality of Life Research 
24:2025–30. https://​doi.​org/​10.​1007/​s11136-​015-​0923-9

	 96.	 Drakou T, Steiropoulos P, Saroglou M, Georgopoulou A, Kazis 
D, Papagiannopoulos S et al (2021) The presence of insom-
nia and depression contributes to the acceptance of an initial 
treatment trial of continuous positive airway pressure therapy 
in patients with obstructive sleep apnea. Sleep and Breathing 
25:1803–12. https://​doi.​org/​10.​1007/​s11325-​020-​02266-z

	 97.	 Ioannidou D, Kalamaras G, Kotoulas SC, Pataka A. Smoking 
and obstructive sleep apnea: Is there an association between 
these cardiometabolic risk factors?—gender analysis. Medicina 
2021;57. https://​doi.​org/​10.​3390/​medic​ina57​111137.

	 98.	 Garbarino S, Guglielmi O, Campus C, Mascialino B, Pizzorni D, Nobili 
L et al (2016) Screening, diagnosis, and management of obstructive 
sleep apnea in dangerous-goods truck drivers: to be aware or not? 
Sleep Med 25:98–104. https://​doi.​org/​10.​1016/j.​sleep.​2016.​05.​015

	 99.	 Scarlata S, Pedone C, Curcio G, Cortese L, Chiurco D, Fontana 
D et al (2013) Pre-polysomnographic assessment using the Pitts-
burgh Sleep Quality Index questionnaire is not useful in identi-
fying people at higher risk for obstructive sleep apnea. J Med 
Screen 20:220–6. https://​doi.​org/​10.​1177/​09691​41313​511591

	100.	 Franklin KA, Sahlin C, Stenlund H, Lindberg E (2013) Sleep 
apnoea is a common occurrence in females. Eur Respir J 41:610–
5. https://​doi.​org/​10.​1183/​09031​936.​00212​711

	101.	 Coussa-Koniski ML, Saliba E, Welty FK, Deeb M. Epidemio-
logical characteristics of obstructive sleep apnea in a hospital-
based historical cohort in Lebanon. PLoS One 2020;15. https://​
doi.​org/​10.​1371/​journ​al.​pone.​02315​28.

	102.	 Arrazola-Cortés E, Hernández-Cervantes J, González-Pérez B, 
Sauri-Suárez S, Berenice López-Hernández L, Toledo-Lozano 
CG et al (2017) Polysomnography-based diagnosis in Mexican 
adult patients with Obstructive Sleep Apnea Syndrome (OSAS) 
clinical suspicion. Neuroendocrinol Lett 38:449–54

	103.	 Deegan PC, McNicholas WT (1996) Predictive value of clinical 
features for the obstructive sleep apnoea syndrome. Eur Respir J 
9:117–24. https://​doi.​org/​10.​1183/​09031​936.​96.​09010​117

https://doi.org/10.1016/j.arbres.2020.01.006
https://doi.org/10.1016/j.arbres.2020.01.006
https://doi.org/10.1016/j.rmed.2004.03.002
https://doi.org/10.1016/j.rmed.2004.03.002
https://doi.org/10.1111/j.1479-8425.2012.00565.x
https://doi.org/10.1111/j.1479-8425.2012.00565.x
https://doi.org/10.1164/ajrccm.163.3.2005065
https://doi.org/10.1007/s11325-005-0049-3
https://doi.org/10.1007/s11325-005-0049-3
https://doi.org/10.1111/jsr.12034
https://doi.org/10.1111/jsr.13375
https://doi.org/10.1164/rccm.200404-519OC
https://doi.org/10.17241/smr.2019.00409
https://doi.org/10.17241/smr.2019.00409
https://doi.org/10.1111/jsr.12770
https://doi.org/10.1183/09031936.00078409
https://doi.org/10.1183/09031936.00078409
https://doi.org/10.1001/jamanetworkopen.2021.28225
https://doi.org/10.1001/jamanetworkopen.2021.28225
https://doi.org/10.5664/jcsm.4284
https://doi.org/10.5664/jcsm.4284
https://doi.org/10.1093/pch/pxz097
https://doi.org/10.1007/s00038-010-0146-3
https://doi.org/10.1007/s00038-010-0146-3
https://doi.org/10.14735/amcsnn202057
https://doi.org/10.1007/s11325-013-0909-1
https://doi.org/10.1007/s11325-013-0909-1
https://doi.org/10.1097/JOM.0000000000000692
https://doi.org/10.1007/s11325-010-0398-4
https://doi.org/10.1007/s11325-010-0398-4
https://doi.org/10.1016/j.encep.2021.02.018
https://doi.org/10.22038/IJP.2021.58958.4598
https://doi.org/10.22038/IJP.2021.58958.4598
https://doi.org/10.1007/s11136-015-0923-9
https://doi.org/10.1007/s11325-020-02266-z
https://doi.org/10.3390/medicina57111137
https://doi.org/10.1016/j.sleep.2016.05.015
https://doi.org/10.1177/0969141313511591
https://doi.org/10.1183/09031936.00212711
https://doi.org/10.1371/journal.pone.0231528
https://doi.org/10.1371/journal.pone.0231528
https://doi.org/10.1183/09031936.96.09010117


	 Sleep and Breathing

1 3

	104.	 Duong-Quy S, Dang Thi Mai K, Van Tran N, Nguyen Xuan Bich 
H, Hua-Huy T, Chalumeau F et al (2018) Étude de la prévalence 
du syndrome d’apnées obstructives du sommeil au Vietnam. Rev 
Mal Respir 35:14–24. https://​doi.​org/​10.​1016/j.​rmr.​2017.​10.​006

	105.	 Klawe JJ, Laudencka A, MiŒkowiec I, Tafil-Klawe M (2005) 
Occurrence of obstructive sleep apnea in a group of shift worked 
police officers. J Physiol Pharmacol 56:115–7

	106.	 Randby A, Namtvedt SK, Hrubos-Strøm H, Einvik G, Somers VK, 
Omland T (2013) Sex-dependent impact of OSA on digital vascular 
function. Chest 144:915–22. https://​doi.​org/​10.​1378/​chest.​12-​2283

	107.	 Roche J, Rae DE, Redman KN, Knutson KL, von Schantz M, 
Gómez-Olivé FX et al (2021) Impact of obstructive sleep apnea 
on cardiometabolic health in a random sample of older adults in 
rural South Africa: building the case for the treatment of sleep 
disorders in underresourced settings. J Clinl Sleep Med 17:1423–
34. https://​doi.​org/​10.​5664/​jcsm.​9214

	108.	 Vega-Osorio PA ro;, Orozco-Porras LD, Castro-Bonilla NL, 
Patiño-Ríos VH, Camacho PA. The analysis of polysomno-
graphic variables and their relation with severity of obstructive 
sleep apnea and hypopnea syndrome. Acta Otorrinolaringol Cir 
Cabeza Cuello 2020;48:69–77.

	109.	 Wahida AB, Ilhamah O, Suffian AM, Aimi MF, Norlen M, Wong 
SV (2013) Obstructive sleep apnea among commercial vehicle 
drivers in Malaysia: issues and initiatives. Health N Hav 05:80–6. 
https://​doi.​org/​10.​4236/​health.​2013.​58a20​12

	110.	 Wali SO, Abalkhail B, Krayem A (2017) Prevalence and risk 
factors of obstructive sleep apnea syndrome in a Saudi Arabian 
population. Ann Thorac Med 12:88–94. https://​doi.​org/​10.​4103/​
1817-​1737.​203746

	111.	 Ferreira-Santos D, Rodrigues PP. Enhancing obstructive sleep 
apnea diagnosis with screening through disease phenotypes: 
algorithm development and validation. JMIR Med Inform 
2021;9. https://​doi.​org/​10.​2196/​25124.

	112.	 del Brutto OH, Mera RM, Castillo PR, Recalde BY, Costa AF. Pre-
viously diagnosed obstructive sleep apnea is not associated with 
increased risk of SARS-CoV-2 infection in community-dwelling 
older adults living in a highly endemic setting. Clin Neurol Neu-
rosurg 2021;205. https://​doi.​org/​10.​1016/j.​cline​uro.​2021.​106639.

	113.	 Abdel Dayem A, Madkour A, Abdel-Fattah E, Abdelazeem M. 
Prevalence of obstructive sleep apnea in a sample of Egyptian 
railway drivers. Egypt J Chest Dis Tuberc 2022;71.

	114.	 Dashzeveg S, Oka Y, Purevtogtokh M, Tumurbaatar E, Lkhag-
vasuren B, Luvsannorov O, et al. Obstructive sleep apnea in a 
clinical population: Prevalence, predictive factors and clinical 
characteristics of patients referred to a sleep center in mongolia. 
Int J Environ Res Public Health 2021;18. https://​doi.​org/​10.​3390/​
ijerp​h1822​12032.

	115.	 Mosharraf-Hossain A, Ahmed K, Islam M, Chakrabortty R 
(2015) A Community study of obstructive sleep apnea hypo-
pnea syndrome (OSAHS) in middle-aged Bangladeshi popula-
tion. Bangladesh Med Res Counc Bull 41:13–8

	116.	 Eastwood PR, Malhotra A, Palmer LJ, Kezirian EJ, Horner RL, 
Ip MS et al (2010) Obstructive sleep apnoea: from pathogen-
esis to treatment: current controversies and future directions. 
Respirology 15:587–95. https://​doi.​org/​10.​1111/j.​1440-​1843.​
2009.​01699.x

	117.	 Malhotra A, White DP (2002) Obstructive sleep apnoea. Lancet 
360:237–45

	118.	 Eckert DJ (2018) Phenotypic approaches to obstructive sleep 
apnoea – new pathways for targeted therapy. Sleep Med Rev 
37:45–59. https://​doi.​org/​10.​1016/j.​smrv.​2016.​12.​003

	119.	 Li AM, So HK, Au CT, Ho C, Lau J, Ng SK et al (2010) Epide-
miology of obstructive sleep apnoea syndrome in Chinese chil-
dren: a two-phase community study. Thorax 65:991–7. https://​
doi.​org/​10.​1136/​thx.​2010.​134858

	120.	 Kapur VK, Auckley DH, Chowdhuri S, Kuhlmann DC, Mehra R, 
Ramar K et al (2017) Clinical practice guideline for diagnostic 
testing for adult obstructive sleep apnea: an American academy 
of sleep medicine clinical practice guideline. J Clin Sleep Med 
13:479–504. https://​doi.​org/​10.​5664/​JCSM.​6506

	121.	 Li P, Ning X-H, Lin H, Zhang N, Gao Y-F, Ping F (2020) Con-
tinuous positive airway pressure versus mandibular advancement 
device in the treatment of obstructive sleep apnea: a systematic 
review and meta-analysis. Sleep Med 72:5–11. https://​doi.​org/​
10.​1016/j.​sleep.​2020.​03.​015

	122.	 Ieto V, Kayamori F, Montes MI, Hirata RP, Gregório MG, Alen-
car AM et al (2015) Effects of oropharyngeal exercises on snor-
ing: a randomized trial. Chest 148:683–91. https://​doi.​org/​10.​
1378/​chest.​14-​2953

	123.	 Alessandri-Bonetti A, Bortolotti F, Moreno-Hay I, Michelotti A, 
Cordaro M, Alessandri-Bonetti G, et al. Effects of mandibular 
advancement device for obstructive sleep apnea on temporoman-
dibular disorders: a systematic review and meta-analysis. Sleep 
Med Rev 2019;48. https://​doi.​org/​10.​1016/j.​smrv.​2019.​101211.

	124.	 Vecchierini MF, Attali V, Collet JM, d’Ortho MP, Goutorbe F, 
Kerbrat JB et al (2021) Mandibular advancement device use in 
obstructive sleep apnea: ORCADES study 5-year follow-up data. 
J Clin Sleep Med 17:1695–705. https://​doi.​org/​10.​5664/​jcsm.​
9308

	125.	 Uniken Venema JAM, Doff MHJ, Joffe-Sokolova D, Wijkstra PJ, 
van der Hoeven JH, Stegenga B et al (2020) Long-term obstruc-
tive sleep apnea therapy: a 10-year follow-up of mandibular 
advancement device and continuous positive airway pressure. J 
Clin Sleep Med 16:353–9. https://​doi.​org/​10.​5664/​JCSM.​8204

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/j.rmr.2017.10.006
https://doi.org/10.1378/chest.12-2283
https://doi.org/10.5664/jcsm.9214
https://doi.org/10.4236/health.2013.58a2012
https://doi.org/10.4103/1817-1737.203746
https://doi.org/10.4103/1817-1737.203746
https://doi.org/10.2196/25124
https://doi.org/10.1016/j.clineuro.2021.106639
https://doi.org/10.3390/ijerph182212032
https://doi.org/10.3390/ijerph182212032
https://doi.org/10.1111/j.1440-1843.2009.01699.x
https://doi.org/10.1111/j.1440-1843.2009.01699.x
https://doi.org/10.1016/j.smrv.2016.12.003
https://doi.org/10.1136/thx.2010.134858
https://doi.org/10.1136/thx.2010.134858
https://doi.org/10.5664/JCSM.6506
https://doi.org/10.1016/j.sleep.2020.03.015
https://doi.org/10.1016/j.sleep.2020.03.015
https://doi.org/10.1378/chest.14-2953
https://doi.org/10.1378/chest.14-2953
https://doi.org/10.1016/j.smrv.2019.101211
https://doi.org/10.5664/jcsm.9308
https://doi.org/10.5664/jcsm.9308
https://doi.org/10.5664/JCSM.8204


Sleep and Breathing	

1 3

Authors and Affiliations

Anna Beatriz de Araujo Dantas1 · Flávio Magno Gonçalves2,3 · Agnes Andrade Martins1,3 · Giorvan Ânderson Alves4 · 
José Stechman‑Neto2,3 · Camila de Castro Corrêa3,5 · Rosane Sampaio Santos2,3 · Weslania Viviane Nascimento3,6 · 
Cristiano Miranda de Araujo2,3 · Karinna Veríssimo Meira Taveira1,3 

	 Cristiano Miranda de Araujo 
	 cistianoaraujo@narsm.com.br

1	 Department of Morphology – Center of Biosciences, Federal 
University of Rio Grande do Norte (UFRN), BR 101‑ Lagoa 
Nova, Natal RN ‑ 59072‑970, Brazil

2	 Tuiuti University of Paraná (UTP), Curitiba, Brazil

3	 Center for Advanced Studies in Systematic Review 
and Meta-Analysis (NARSM), Curitiba, Brazil

4	 Federal University of Paraiba (UFPB), João Pessoa, Brazil
5	 Planalto University Center of the Federal District 

(UNIPLAN), Brasília, Brazil
6	 Universitat Autónoma de Barcelona, Barcelona, Spain

http://orcid.org/0000-0001-6978-4083

	Worldwide prevalence and associated risk factors of obstructive sleep apnea: a meta-analysis and meta-regression
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Protocol
	Eligibility criteria
	Information sources and search strategies
	Study selection
	Data collection process and data listing
	Risk of study bias
	Summarization measures
	Summary of the results
	Assessment of reporting bias
	Assessment of the certainty of evidence

	Results
	Study selection
	Characteristics of the studies
	Risk of study bias
	Results of the individual studies
	Summary of the results
	Reporting bias
	Level of evidence

	Discussion
	Conclusion
	Other information
	Registration

	Anchor 31
	References


