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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% [C1 95%
= 46-62%; 12 = 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,
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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
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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 (I%) [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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Fig. 1 PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources

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
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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.
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Fig.2 General heatmap of OSA prevalence and country where the studies were performed

Summary of the results

The analysis included 47634 people, with the OSA preva-
lence estimated to be 56% [95% CI = 51-61%; I = 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%; I* = 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
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Sleep and Breathing
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Sleep and Breathing

Table 1 (continued)

(5

© g PR of Obstructive Sleep Apnea Syndrome (OSAS) in the coun-
g g 2N £ o B oo § Y try’s population. They discovered that the male gender and
£E8¢ gﬂ 5 'é £ Ty obesity pose a greater risk than the female gender in the
é § ;%’ f 5; ‘é & § § same age group. However, age is the most important pre-
- " 53 3 § §2 § é ; dictor in women, wiFh pos.tmenopa.usal women ben.lg at a
2 o 5 $5gy '§ s - 273 higher risk [6]. In this review, no single risk factor identi-
£ 588258 ¢ = A g fied in the included articles explained the heterogeneity in
> " aEAE = S E % 3 the meta-regression analysis, indicating the possibility of
g S g multifactorial risk influencing this outcome.
28 g The BMI was the most commonly reported risk factor
§ VNW . E: ; in the studies, followed by age and gender, and BMI was
2 & a4 % :. é ﬁ z:’b reported more frequently in men. Other factors found in
5 ? g g g % é g fewer studies included hypertension, cigarette smokipg,
% = g % g g § % ;3 and alcg)hli)l lSOIleumptifon.hThesedflindin%f ir?dcon-sfl-sz
5 S 828 5% = 28 2 ent with the findings of other studies, which identifie
= - 9= = g é: :é male gender, older age, and higher BMI as risk factors
E Q ;’ = § [4, 5, 7]. Several included studies showed increasing
& .2 - 8 E < OSA prevalence with increasing age, being significant
i 2 % N _§ é % for countries with older or aging populaitions. Therlfiforled,
35 o< £3 8 the predominance of BMI and the male gender shou
§ - % ‘u‘é § = § ;:“ § be considered, particularly when planning risk-reduction
% él = %; 8 %l §§ E interventions. Positive associations were found between
© < =24 < £ B OSA and waist-to-hip ratio, larger neck circumference,
%’é % hypertension, smoking, snoring, and sleepiness [5].
. S8 = Additionally, ethnicity was considered a risk factor in
E E i § three studies: one linked white race to a higher likeli-
E EE it hood of OS/.\ [19];. an(.)ther found Fhat African Ameri-
8 g E g cans had a higher likelihood of hgvmg severe OSA Fhan
é g E white patients [22]; and the third found that African
éb % % % g é é patients had a higher likelihood of having a higher AHI
ER [92].
ég’o NS ES % _“5 Ninety-eight of the 99 articles chosen were eligible for
E o 2 § g meta-analysis and were divided into subgroups to increase
S : é gi 3 the reliability of the analysis. When the age group was
Eb 579 s £ é é‘ considered in the subgroup analysis, the prevalence of
@ % E § % ; § OSA in adults was 57%. However, the prevalence was
g Z Cg N > § § % higher in the elderly subgroup, at 69%, with the lowest
= &g A D g3 % prevalence in the subgroup of samples made up entirely
E § & of children, with a 50% estimate. A study of Chinese chil-
) ; ?; % dren [119] found a prevalence of OSAS ranging from 4.8
= g2 g to 40.3%, depending on the cut-off point used, with male
E o) g E i gender, obesity, and amygdala size associated with OSAS
SE|l e k2 ICE- [119].
%'*.3 g % ég é‘é 3 g ; Regarding the classification of OSA, a subgroup
E é § g E Aze 55 g 2, El E analysis was performed concerning the severity of diag-
A R oo Ty g 0 § nosed OSA using the following classifications: “mild”,
o g§ > “mixed”, “severe”, “mild to moderate”, “moderate to
2 S g iE % ‘;g severe”, and “not classified”. The classifications with
§ ‘?‘ S 25 2 the highest prevalence occurred in “mild to moderate”
£ |§ z z FER- (69%). followed by “mixed” (68%), and with the low-
= S &% 5_ 25 %‘ est prevalence in “severe” (14%). Another subgroup
E %“g :f g gxg ;, S 2 pertains to the included countries, in which we found
2 =25 SO S& |88 % that 34 countries had at least one study that sought to
Springer
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Table 2 Estimates for each
subgroup

Variant Sample number Prevalence by  1C95% I?
subgroup
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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Table2 (continued) Variant Sample number Prevalence by  1C95% I?
subgroup

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]

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.

@ Springer

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
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Were strategies for deal with confounding factors stated?
Were the outcomes measured in a valid and reliable way?

Study Events Total Proportion  95%-CI Weight (1)(2)3)(4)(5)(6)(7)(8)
M@ G ENE)  waji et al, 2017¢ 61 105 e 0.58 [0.48;0.68] 0.9% [X)
Wali et al., 2017 2 2@— 006 [0.01;021] 09% ® ®®® ® ® ® ®  Seivadurai et al., 2019 66 113 —— 058 [0.49;0.68]  0.9%
Tapia et al., 2016 19 197 = 0.10 [0.06;0.15] 09% ® ® Jia etal, 20212 63 107 - 059 [0.49:0.68] 0.9%
Cho etal., 2013 90 746 0.12 [0.10;0.15]  1.0% ® ® Zamarron et al., 2006 187 —— 0.59 [0.52;0.66] 0.9%
Wali et al., 2017f 13105 S 0.12 [0.07,020] 09% ® ® Morell-Garcia et al., 2021d 51 84 —— 061 [0.49;0.71]  0.9%
Abdel et al., 2022 5 42 —=— 0.12 [0.04;0.26] 09% ©® ® Duong-Quy et al., 2018a 57 93 —_— 061 [0.510.71]  0.9%
Bains et al., 2020 66 456 == 014 [0.11;0.18] 09% ® ® Xu et al., 2006 31 50 —m— 062 [0.47:0.75] 0.9%
Urschitz et al., 2010 20 132 = 015 [0.10;0.22] 09% ® ® Celikhisar et al., 2019a 69 110 i 063 [0.530.72] 0.9%
Sharma et al., 2006 49 302 = 016 [0.12,021] 09% ® ® Ferreira-Santos et al. 2021a 203 318 = 064 [0.58;0.69] 0.9%
Mungo et al., 2021 49 264 = 019 [0.14;,0.24] 09% ® @ Xu etal., 2020 1008 1578 0.64 [0.61;0.66] 1.0%
Koyama et al., 2013a 142 745 019 [0.16;0.22] 1.0% ® ® Dorkova et al., 2010 89 137 —_ 065 [0.56;0.73]  0.9%
Reddy et al., 2009a 141720 020 [0.17;0.23] 1.0% ® ® Quintana-Gallegoa et al., 2004 1166 1745 067 [0.650.69] 1.0%
McArdle et al., 2020a 192 935 021 [0.18;0.23] 1.0% ® ® Del Bruto el at,, 2021a 121 180 - 067 [0.60:0.74] 0.9%
Chen etal.,, 2021 19 93 = 020 [0.13;0.30] 09% ® & Ratnavadivel et al., 2009 171 253 = 0.68 [0.61:0.73] 0.9%
Katz etal., 2014 41 222 & 021 [0.16;027) 09% ® ® Foster et al., 2017 142 209 - 0.68 [0.61:0.74] 0.9%
Neruntarat et al., 2010a 42 19% = 0.21 [0.16;0.28] 09% ® ® Powers et al., 2009 a1 59 —— 069 [0.56:0.81] 0.9%
Bruyneel et al., 2010 121 469 - 0.26 [0.22;030] 09% ® ® Han et al., 2021 73 103 - 071 [0.61:0.79] 0.9%
Guscoth et al., 2021a 19 753 026 [0.23;029] 1.0% ® ® Wali etal,, 2017b 23 32 m 072 [0.53;0.86] 0.9%
Wali et al.,, 2017d 61 209 E 029 [0.23;0.36] 09% ® @ Wali et al., 2017a 151 209 = 0.72 [0.66;0.78]  0.9%
Roche et al. 2021 2 15 — 0.29 [0.19;041) 09% ® ® Godoy et ., 2022a 5 62 = 073 [0.60;:0.83] 0.9%
Wiebracht et al., 2017a 109 342 - 0.32 [0.27; 0.37] 09% ® @ Kobayashi et al., 2013 6 8 S -= 0.75 [0.35; 0.97] 0.7%
Tufik et al., 2010 342 1042 0.33 [0.30;036] 1.0% ® ® Sadeghnilat-Haghighi et al., 20152 439 603 = 073 [0.69;0.76]  1.0%
Baris et al., 2017a 4 13 —=— 0.34 [0.26;0.42] 0.9% ® ® Vega-Osorio et al,. 2020a 420 575 = 0.73 [0.69;0.77]  1.0%
Arora et al., 2022 58 170 = 034 [027:042] 09% ® @ Drakou et al., 2021a 206 272 - 0.76 [0.70;0.81]  0.9%
Kim et al., 2004 160 457 = 0.35 [0.31;040] 09% ® ® Jung etal., 2017a 267 352 - 076 [0.71;0.80]  0.9%
Lee etal, 2019a 37105 —— 035 [0.26;045] 09% ® ® Wahner-Roedler et al,. 2007 406 522 = 078 (0.74;0.81]  0.9%
Chau et al., 2003 2 62 —_— 0.35 [0.24;049] 09% ® @ Xie et al., 2011a 51 65 — 078 [0.67;0.88] 0.9%
Kanda et al., 2018 91 255 = 0.36 [0.30;0.42] 09% ® ® Celikhisar et al., 2020a 127 162 — 0.78 [0.71;0.84] 0.9%
Pien et al., 2020a 39 105 —=— 0.37 [0.28;0.47) 09% ® @ Duarte et al., 2017a 357 456 = 0.78 [0.74;0.82] 0.9%
Togeiro et al., 2013a 396 1042 0.38 [0.35,041] 1.0% ® @ Coussa-Koniski et al., 2020a 526 663 0.79 [0.76;0.82]  1.0%
Campanholo et al., 2022 270 701 = 0.39 [0.35,042] 10% ® ® Berger et al, 2012a 1677 2103 080 [0.78;0.81] 1.0%
Klawe et al., 2005a 8 21 — 038 [0.18;062] 08% ® ® Akkoyunlu et al., 2013a 34 42 —s— 0.81 [0.66;0.91] 0.9%
Kiawe et al., 2005b 8 21 0.38 [0.18;062] 08% ® ® Heraganahally et al., 2019a 2569 3069 0.84 [0.82,0.85] 1.0%
Zacharias et al., 2021a 209 529 = 040 [0.35,0.44] 09% ® ® De Menezes Junior et al., 2021a 100 119 — 0.84 [0.76;0.90]  0.9%
Mysliwiec et al., 2013a 287 725 i 0.40 (0.36;043] 1.0% ® ® loachimescu et al., 2020a 423 500 ] 0.85 [0.81;0.88] 0.9%
Sogut et al., 2005 1m 28 —a— 0.39 [0.22;0.59] 09% ® @ Ghoshal et al., 2010 604 714 0.85 [0.82;0.87) 1.0%
Bruyneel et al., 2010 660 1624 0.41 [0.38;043] 1.0% ® ® Hu et al, 2019a 168 196 = 086 [0.80:0.90] 0.9%
Armoni Domany et al., 2018a 26 63 —— 0.41 [0.29;0.54] 09% ® @ Tawaranurak et al., 2019a 795 929 0.86 [0.83;0.88] 1.0%
Arrazola-Cortés, et al., 2017a 2 51 — 043 [0.29;0.58] 09% ® ® Singh, et al., 2017 “ 5 = 086 [0.74:0.94] 0.9%
Wahida et al., 2013a 128 289 = 0.44 [0.38;0.50] 09% ® @ Liu et al., 2020a 3679 4297 0.86 [0.85;0.87] 1.0%
Caia et al., 2020a 0 22 0.45 [0.24;068] 08% ® @ loannidou et al., 2021a 3271 3791 0.86 [0.85;0.87] 1.0%
Fietze etal., 2018a 555 1208 0.46 [0.43;049] 10% ® ® Garbarino et al., 2016a 101 116 = 087 [0.80;0.93] 0.9%
Tripathi et al., 2017 57 120 —=- 048 [0.38;0.57) 09% ® ® Heraganahally et al., 2021a 207 340 = 087 [0.83;091] 0.9%
Duran et al., 2001 187 390 = 0.48 [043;053] 09% ® @ Jalilolghadr et al., 2022a 99 112 = 0.88 [0.81;0.94] 0.9%
Armoni Domany et al., 2018b 14 29 — 0.48 [0.29;067] 09% ® @ Chuanprasitku et al., 2021a 167 189 = 0.88 [0.83;0.93] 0.9%
Al-Abri etal., 2011 300 608 = 0.49 [0.45;0.53] 1.0% ® ® Valenza et al., 2012 893 1008 Y 1.0%
Reddy et al., 2014a 211 425 - 050 [0.45;0.55] 09% ® ® Been etal, 2021a 72 80 = 0.9%
Dostalova et al. 2020a 21 42 — 050 [0.34;066] 09% ® ® Dorkova et al., 2010 21 23 — = 0.8%
Mosharraf-Hossain et al., 2015a 30 60 —&— 050 [0.37;063] 09% ® ® Lietal, 2014a 315 350 = 0.9%
Frankiin et al., 2012a 204 399 & 051 [0.46;0.56] 09% ® ® Gregorio et al,, 2008 35 38 S 0.9%
Deegan et al., 1996 136 250 - 054 [0.48;061) 09% ® ® Veeravigrom et al., 2016a 154 166 = 0.9%
Morell-Garcia et al., 2021a 46 84 — 055 [0.44;066] 09% ® ® Dashzeveg et al,, 2021a 191 205 = 093 [0.89:0.96] 0.9%
Abraham et al., 2021a 252 456 = 055 [0.51;060] 09% ® ® Ghosh et al., 2020a 75 80 = 094 [0.86:0.98] 0.9%
Scarlata et al., 2013a 141 254 — 056 [0.49;062] 09% ® ®
Randby etal. 2013a 266 479 = 056 [0.51:0.60] 09% ® @ Random effects model 47634 - 0.56 [0.51; 0.61] 100.0%
Sasai-Sakuma et al., 2016 235 422 - 0.56 [0.51;0.60] 09% ® ® Heterogenety: 12 = 99%, < = 0.0704, p = 0
02 04 06 08

Joanna Briggs Institute Critical A Checklist (Cro: i | Studies)

1. Were the inclusion criteria in the sample clearly defined?

2. Were the study subjects and the scenario described in detail? Judgement

3. Was the exposure measured in a valid and reliable way? @ Hion

4. Were objective and standard criteria used to measure the condition? P Unclear

5. Were confounding factors identified? ® Lo

6.

7.

8

. Was appropriate statistical analysis used?

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

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.

@ Springer
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