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Introduction: Among 1 billion patients worldwide with obstructive sleep
apnea (OSA), 90% remain undiagnosed. Their main barrier is the overnight
polysomnogram, which requires specialized equipment, skilled techni-
cians and inpatient beds available only in tertiary sleep centers. In recent
years, artificial intelligence (AI) has made significant strides, offering
promising new avenues for OSA diagnosis.
Materials and methods: We systematically searched PubMed, Embase,
Scopus, Web of Science and IEEE Xplore till 20th July 2024. Two blinded
reviewers selected English-language articles of studies comparing the
diagnostic performance of AI models using 8 inputs (facial recognition,
overnight audio, awake speech, electrocardiography, electroencephalog-
raphy, pulse oximetry, photoplethysmography or multimodal), versus
conventional diagnosis [apnea-hypopnea index (AHI) from PSG or home
sleep apnea test (HSAT)]. We excluded studies if they only detected apneic
events without providing a patient-level diagnosis, or if they did not use a
train-test split or k-fold cross-validation for model evaluation. We
assessed the risk of bias via QUADAS-2, performed Bayesian bivariate
meta-analysis and meta-regression, computed 95% credible intervals,
visualized summary receiver operating characteristic curves with 95%
prediction regions, assessed publication bias via Copas-like selection
modeling, and graded evidence quality via GRADE, following a PROSPERO-
registered protocol. Analyses were conducted using R and Stan.
Results: From 6,254 records, we included 80 studies (low-moderate bias)
with 248 AImodels trained/tested on 35,300/30,420 participants. Across 8
modalities, AI demonstrated good or excellent diagnostic performance
compared to conventional diagnosis. The pooled sensitivity (Sn) and
specificity (Sp) of each modality, arranged from the highest to lowest Sn,
were: pulse oximetry [Sn: 91.1% (89.4–92.7%), Sp: 86.1% (82.1–89.4%)];
overnight audio [Sn: 90.3% (86.9-93.1%), Sp: 86.7% (83.1-89.7%)]; multi-
modal inputs [Sn: 89.2% (81.5-94.3%), Sp: 87.1% (82.6-90.8%)]; facial
recognition [Sn: 84.9% (77.1–90.7%), Sp: 71.2% (60.7–81.4%)]; awake speech
[Sn: 82.9% (80.0–86.4%), Sp: 83.3% (80.7–86.1%)]; electroencephalography
[Sn: 81.6% (73.4-88.8%), Sp: 78.2% (64.1-87.0%)]; electrocardiogram heart
rate variability [Sn: 79.0% (74.9%–82.7%), Sp: 75.0% (67.9%–82.3%)]; pho-
toplethysmography [Sn: 70.8% (63.3-77.2%), Sp: 91.7% (86.8-95.1%).
Bayesian meta-regression demonstrated similar diagnostic performance
across AHI cut-offs. Deep learning (convolutional neural networks) was
the most accurate classification algorithm for facial recognition (91.1%
sensitivity, 79.2% specificity), pulse oximetry (93.7% sensitivity, 89.4%
specificity) and photoplethysmography (75.9% sensitivity, 93.5% speci-
ficity) models, and performed better than domain expert manual feature
extraction for pulse oximetry and electroencephalography models. Over-
night audio models were more sensitive when using higher sampling

frequencies and non-contact microphones. Smartphone versus profes-
sional camera/microphone inputs showed similar performance. Among
30 multimodal AI models, all used pulse oximetry with electroencepha-
lography, electrocardiography, airflow and/or thoracic signals. Perfor-
mance did not correlate with the number of modalities. Publication bias
was shown to be unlikely to alter conclusions. The evidence was of high
quality.
Conclusions: AI models trained on overnight audio and pulse oximetry
achieved excellent diagnostic accuracy—far superior to STOP-Bang and
comparable to common HSATs in clinical practice. Smartphones are a
reliable source of images and audio, and AI performance is mainly driven
by a small number of essential inputs. Digital medicine should be further
explored and externally validated for accessible and equitable OSA diag-
nosis.
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Introduction: Obstructive sleep apnea (OSA) is a prevalent sleep disorder
that remains relatively underdiagnosed, leading to a substantial number
of untreated cases with serious economic and health implications. While
extensive research has identified various risk factors for OSA, such as age,
obesity, and gender, there is a notable gap in the literature regarding the
relationship between OSA and the medical profession, specifically con-
cerning the impact of medical career stage and seniority. This study aims
to address this gap by exploring the association between medical pro-
fessional status and the risk of developing OSA.
Materials and methods: A cross-sectional study was conducted at indi-
vidual medical center, involving medical students, interns, and residents.
Participants were surveyed for demographic and clinical data, the Sleep
Hygiene Index (SHI) to assess sleep hygiene, and STOP-BANG question-
naire (SBQ) and Epworth Sleepiness Scale (ESS) to assess the risk for OSA
and daytime sleepiness, respectively. Data were statistically analyzed,
including logistic regression to identify risk factors.
Results: A significant associationwas identified between career stage and
sleep hygiene, with residents, particularly those post-Step A exam,
demonstrating poorer sleep hygiene compared to medical students and
interns (P = 0.017). While no direct or significant relationship between
professional seniority and the risk for OSAwas observed based on SBQ and
ESS scores, multivariate analysis indicated that poor sleep hygiene was a
significant independent risk factor for both daily fatigue and OSA (P <
0.001). Furthermore, male gender, Jewish ethnicity, and resident status
were independently associated with higher ESS and SBQ scores.
Conclusions: This study established a direct relationship between med-
ical seniority and poor sleep hygiene, emphasizing that, in this study,
inadequate sleep hygiene is the most significant and consistent risk factor
for daily fatigue and OSA. Additionally, male gender, Jewish ethnicity, and
residency status emerged as significant risk factors for OSA development.
To the best of our knowledge, this study is the first to explore this topic
among physicians and medical students, offering novel insights into the
interplay between medical career stages and sleep health. These findings
highlight the importance of advancing our understanding of the factors
contributing to OSA in healthcare professionals and underscore the po-
tential benefits of early risk identification and targeted preventative
interventions.
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