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ABSTRACT: Sleep disorders, particularly obstructive sleep apnea (OSA), have become 
increasingly prevalent, adversely affecting millions worldwide. Traditional diagnostic 
methods rely on in-laboratory polysomnography (PSG), which presents challenges such as 
high costs and accessibility. This review explores the evolution of portable and continuous 
monitoring devices as alternatives, emphasizing their benefits in diagnosis, patient comfort, 
and cost-effectiveness. Additionally, we discuss advancements in technology and their 
implications for personalized treatment approaches. The integration of these devices into 
clinical practice has improved access to diagnosis and management of sleep disorders, paving 
the way for future innovations in sleep medicine. 
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INTRODUCTION 

Sleep disorders have become increasingly prevalent in modern society, affecting millions of 

individuals worldwide and significantly impacting their quality of life, health, and overall well-being 

(1). Among these disorders, obstructive sleep apnea (OSA) stands out as one of the most common and 

potentially serious conditions, characterized by recurrent episodes of upper airway collapse during sleep 

(2). Diagnosing and managing sleep disorders, particularly OSA, have traditionally relied on in-

laboratory polysomnography (PSG), considered the gold standard for sleep assessment (3). However, 

the limitations of PSG, including its cost, inconvenience, and limited availability, have led to the 

development and adoption of portable and continuous monitoring devices in sleep medicine (4). 

 
1Molecular Dynamics and Modeling Laboratory (DynMolLab) 
2 Universidade Federal da Grande Dourados.  
3 Centro Universitário São Camilo. 
4 Santa Casa de Misericórdia de Vitoria Higher School of Sciences - EMESCAM. Santa Luíza – Vitória – ES Brazil Molecular 
Dynamics and Modeling Laboratory (DynMolLab). 
5 Molecular Dynamics and Modeling Laboratory (DynMolLab) Santa Luíza – Vitória – ES – Brazil.  



 Revista Ibero-Americana de Humanidades, Ciências e Educação — REASE      
 
 

Revista Ibero-Americana de Humanidades, Ciências e Educação. São Paulo, v. 10, n. 08, ago. 2024. 

ISSN: 2675-3375 

 
 

2 

The advent of portable sleep monitoring devices and continuous monitoring technologies has 

revolutionized the field of sleep medicine, offering new possibilities for diagnosing and managing sleep 

disorders in a more accessible, cost-effective, and patient-friendly manner (5). These devices range 

from simple home sleep apnea testing (HSAT) units to more sophisticated wearable technologies that 

provide comprehensive sleep data over extended periods (6). Integrating these devices with 

telemedicine platforms has expanded their potential, allowing for remote monitoring and timely 

interventions in managing sleep disorders (7). 

This narrative review aims to provide a comprehensive overview of the current state of portable 

and continuous monitoring devices in sleep medicine. We will explore their benefits, limitations, and 

impact on diagnosing and managing sleep disorders, focusing on OSA. Additionally, we will discuss 

the technological advancements driving the evolution of these devices, their role in personalizing 

treatment approaches, and their potential to reshape the landscape of sleep medicine in the coming 

years. 

METHODOLOGY 

This narrative review used a comprehensive literature search strategy to identify 

relevant studies, reviews, and guidelines for portable and continuous monitoring devices in 

sleep medicine. The following databases were searched: PubMed, Scopus, Web of Science, 

ScienceDirect, and IEEE Xplore. The search was limited to English-language articles 

published between 2000 and 2024 to balance historical context and current advancements. 

Keywords used in the search included combinations of the following terms: "sleep 

medicine," "portable devices," "continuous monitoring," "home sleep apnea testing," "wearable 

technology," "obstructive sleep apnea," "telemedicine," and "sleep disorders." Additional 

articles were identified through reference lists of selected papers and relevant systematic 

reviews. 

Studies were included if they met the following criteria: 

1. Focused on portable or continuous monitoring devices for sleep assessment 

2. Addressed the diagnosis or management of sleep disorders, particularly OSA 

3. Provided data on device accuracy, efficacy, or patient outcomes 

4. Discussed technological advancements or future directions in sleep monitoring 
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The selected articles were critically appraised for their methodological quality, 

relevance to the review objectives, and potential biases. The information extracted from these 

studies was synthesized to provide a comprehensive overview of the current state of portable 

and continuous monitoring devices in sleep medicine, their impact on clinical practice, and 

future perspectives. 

Results 

1. Evolution of Portable Sleep Monitoring Devices 

The landscape of sleep medicine has undergone a profound transformation with the 

introduction and evolution of portable sleep monitoring devices. These technologies have not 

only emerged as viable alternatives to traditional in-laboratory polysomnography (PSG) for 

diagnosing and managing sleep disorders, particularly obstructive sleep apnea (OSA), but also 

opened new frontiers of possibility and innovation. 

1.1 Historical Context 

The development of portable sleep monitoring devices has a rich historical context that 

can be traced back to the late 1980s and early 1990s. It was during this period that researchers 

and clinicians first recognized the need for more accessible and cost-effective methods of 

diagnosing sleep disorders, leading to the creation of the first generation of these devices. 

These early devices were primarily designed to detect and record respiratory events during 

sleep, focusing on parameters such as airflow, respiratory effort, and oxygen saturation. 

As technology advanced, portable monitors became more sophisticated, incorporating 

additional sensors and measurement capabilities. The American Academy of Sleep Medicine 

(AASM) has classified these devices into four types based on their complexity and the number 

of channels recorded (3): 

• Type I: Full attended PSG (≥ 7 channels) performed in a laboratory setting 

• Type II: Full unattended PSG (≥ 7 channels) 

• Type III: Limited channel devices (4-7 channels) 

• Type IV: 1 or 2 channels, typically oxygen saturation or airflow 
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1.2 Current State of Portable Sleep Monitoring 

Modern portable sleep monitoring devices have evolved to offer a wide range of 

capabilities, often approaching the comprehensiveness of in-laboratory PSG. These devices 

typically include sensors for measuring: 

• Airflow (using nasal pressure transducers or thermistors) 

• Respiratory effort (using chest and abdominal belts) 

• Oxygen saturation (using pulse oximetry) 

• Body position 

• Heart rate and ECG 

• Snoring intensity 

Some advanced portable monitors also incorporate EEG sensors for sleep staging, 

although this remains a challenge for many home-based devices (9). 

1.3 Accuracy and Reliability 

Numerous studies have examined the accuracy and reliability of portable sleep 

monitoring devices over the past two decades. A systematic review and meta-analysis by El 

Shayeb et al. (10) found that Type III portable monitors demonstrated good diagnostic 

accuracy for moderate to severe OSA, with pooled sensitivity and specificity of 0.93 and 0.92, 

respectively, compared to in-laboratory PSG. 

However, it is essential to note that the accuracy of these devices can vary depending 

on the specific model, the population being studied, and the severity of the sleep disorder. For 

instance, Masa et al. (11) reported that portable monitors tend to underestimate the apnea-

hypopnea index (AHI) in patients with mild OSA and may miss cases of upper airway 

resistance syndrome. 

Despite these limitations, the consensus in the sleep medicine community is that 

portable monitoring devices are sufficiently accurate for diagnosing OSA in patients with a 

high pre-test probability of the disorder and without significant comorbidities (3). 
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1.4 Patient Acceptance and Comfort 

One key advantage of portable sleep monitoring devices is their potential to improve 

patient comfort and acceptance of sleep studies. Traditional in-laboratory PSG can be 

intimidating and uncomfortable for many patients, leading to poor sleep quality and 

potentially affecting the accuracy of the results (4). 

Several studies have demonstrated high levels of patient satisfaction with home sleep 

testing. For example, Gagnadoux et al. (12) found that 98% of patients preferred home-based 

testing over in-laboratory PSG, citing comfort, convenience, and less disruption to their 

regular sleep routine. 

1.5 Cost-effectiveness 

The cost-effectiveness of portable sleep monitoring devices has been a significant driver 

of their adoption in clinical practice. A comprehensive cost analysis by Kim et al. (13) found 

that home sleep apnea testing (HSAT) was associated with lower costs than in-laboratory 

PSG, with potential savings of up to 25% per patient diagnosis. 

However, it is crucial to consider these devices' long-term cost-effectiveness, factors 

such as the need for repeat testing, missed diagnoses, and treatment outcomes. Pietzsch et al. 

(14) conducted a decision-analytic model comparing HSAT to PSG. They found that while 

HSAT was less expensive in the short term, the long-term cost-effectiveness depended on the 

device's sensitivity and specificity. 

2. Continuous Monitoring Technologies in Sleep Medicine 

While portable sleep monitoring devices have revolutionized the diagnosis of sleep disorders, 

continuous monitoring technologies have opened new possibilities for long-term management 

and treatment optimization. These technologies enable the collection of sleep-related data over 

extended periods, providing insights into sleep patterns, treatment efficacy, and potential 

health risks. 
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2.1 Wearable Sleep Trackers 

Consumer-grade wearable devices, such as smartwatches and fitness trackers, have 

gained popularity for their ability to track sleep metrics. These devices typically use a 

combination of accelerometry and heart rate monitoring to estimate sleep duration, stages, and 

overall sleep quality (15). 

While the accuracy of these consumer devices for diagnosing sleep disorders remains 

limited, they have shown promise in raising awareness about sleep health and potentially 

identifying individuals who may benefit from further sleep evaluation. A systematic review 

by Haghayegh et al. (16) found that some consumer sleep trackers demonstrated reasonable 

accuracy in estimating total sleep time and wake after sleep onset compared to PSG. 

2.2 Advanced Continuous Positive Airway Pressure (CPAP) Devices 

Modern CPAP devices used in the treatment of OSA have incorporated advanced 

monitoring capabilities that allow for continuous assessment of treatment efficacy and patient 

adherence. These devices can record and transmit data on: 

• Usage patterns (hours of use per night) 

• Residual AHI 

• Mask leak rates 

• Pressure settings and adjustments 

Integrating these monitoring features with telemedicine platforms has enabled remote 

monitoring and adjustment of CPAP therapy, potentially improving treatment outcomes and 

patient adherence (17). 

2.3 Implantable Devices 

Recent advancements in medical technology have led to the development of 

implantable devices for continuous sleep monitoring. One notable example is the 

CardioMEMS HF System, an implantable pulmonary artery pressure sensor that can provide 

insights into sleep-disordered breathing in patients with heart failure (18). 
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While still in the early stages of development and adoption, implantable devices hold 

promise for providing continuous, long-term data on sleep-related physiological parameters in 

high-risk populations. 

2.4 Smart Home Technologies 

The "smart bedroom" concept has emerged as a potential solution for non-invasive, 

continuous sleep monitoring. These systems typically incorporate a combination of 

environmental sensors (e.g., temperature, humidity, light levels) and non-contact 

physiological sensors (e.g., radio-frequency sensors, bed sensors) to assess sleep quality and 

patterns (19). 

For example, Hsu et al. (20) developed a non-contact, under-mattress sensor system 

that monitors heart rate, respiratory rate, and body movements during sleep. Such technologies 

offer the potential for long-term sleep monitoring without the need for wearable devices or 

adherence to specific measurement protocols. 

3. Clinical Applications and Impact 

The integration of portable and continuous monitoring devices into clinical practice has 

significantly impacted the diagnosis and management of sleep disorders, particularly OSA. 

3.1 Improved Access to Diagnosis 

One of the most notable impacts of portable sleep monitoring devices is increased access 

to sleep disorder diagnosis. The American Academy of Sleep Medicine (AASM) now 

recommends HSAT as an acceptable alternative to PSG for diagnosing OSA in uncomplicated 

adult patients presenting with signs and symptoms of moderate to severe OSA (3). 

This shift in diagnostic approach has reduced wait times for sleep studies and increased 

the capacity for sleep centers to manage more complex cases requiring in-laboratory PSG. A 

study by Corral et al. (21) found that implementing a home sleep testing program resulted in a 

60% reduction in diagnostic wait times and a 40% increase in patients diagnosed with OSA. 
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3.2 Personalized Treatment Approaches 

Continuous monitoring technologies have enabled more personalized approaches to 

sleep disorder management, particularly in the context of CPAP therapy for OSA. The ability 

to remotely monitor CPAP usage, efficacy, and adherence has allowed clinicians to make 

timely interventions and adjustments to treatment plans. 

Pépin et al. (17) conducted a randomized controlled trial comparing telemedicine-based 

CPAP management with standard care. They found that patients in the telemedicine group 

had significantly higher CPAP adherence rates and more significant improvements in quality 

of life than those receiving standard care. 

3.3 Early Detection of Treatment Failure 

Continuous monitoring of CPAP therapy has also improved the ability to detect and 

address treatment failures early in the management process. Woehrle et al. (22) analyzed data 

from over 200,000 CPAP-treated OSA patients—early identification of adherence issues 

through telemonitoring led to more effective interventions and improved long-term outcomes. 

3.4 Integration with Chronic Disease Management 

The use of portable and continuous monitoring devices in sleep medicine has facilitated 

better integration of sleep health into the management of chronic diseases. For example, in 

patients with heart failure, the ability to monitor sleep-disordered breathing alongside other 

cardiac parameters has led to more comprehensive and effective treatment strategies (23). 

3.5 Research Applications 

Portable and continuous monitoring devices have also opened up new avenues for sleep 

research. Collecting large-scale, real-world data on sleep patterns and disorders has enabled 

researchers to gain insights into the epidemiology, natural history, and impact of sleep 

disorders on overall health. 

For instance, the Sleep Heart Health Study, a large-scale epidemiological study, utilized 

portable sleep monitoring devices to assess sleep-disordered breathing in a community-based 
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cohort, providing valuable insights into OSA's prevalence and cardiovascular consequences 

(24). 

4. Technological Advancements and Future Directions 

The portable and continuous sleep monitoring field is rapidly evolving, driven by 

advancements in sensor technology, artificial intelligence, and data analytics. Several 

emerging trends and technologies are poised to shape the future of sleep medicine: 

4.1 Miniaturization and Non-invasive Sensors 

Ongoing efforts to miniaturize sensors and develop non-invasive monitoring 

techniques will likely result in more comfortable and user-friendly sleep monitoring devices. 

For example, researchers at the University of Massachusetts Amherst have developed a small 

adhesive patch that can monitor multiple physiological parameters related to sleep, including 

brain waves, eye movements, and muscle activity (25). 

4.2 Artificial Intelligence and Machine Learning 

Applying artificial intelligence (AI) and machine learning algorithms to sleep data 

analysis holds tremendous potential for improving the accuracy of sleep staging, event 

detection, and predictive modeling. Fiorillo et al. (26) demonstrated that deep learning 

algorithms could achieve high accuracy in sleep stage classification using single-channel EEG 

data, potentially simplifying home-based sleep monitoring. 

4.3 Integration with Other Health Monitoring Systems 

The future of sleep monitoring is increasingly interconnected with other health 

monitoring systems, creating a comprehensive view of an individual's overall well-being. By 

integrating sleep data with wearable devices, fitness trackers, and health apps, users can gain 

insights beyond sleep patterns, including physical activity, heart rate variability, and stress 

levels. 

This holistic approach allows for personalized health recommendations, enabling users 

to optimize their sleep hygiene based on real-time data. For instance, patterns in sleep quality 
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may trigger alerts for potential health issues, prompting proactive measures. Additionally, 

device interoperability facilitates seamless data sharing, empowering healthcare providers to 

offer tailored interventions. 

As artificial intelligence and machine learning advance, predictive analytics will further 

enhance sleep monitoring by identifying potential sleep disorders before they become 

significant problems. This interconnected ecosystem fosters better sleep health and contributes 

to overall physical and mental wellness, paving the way for a more integrated and proactive 

approach to healthcare. 

DISCUSSION 

The rapid evolution and widespread adoption of portable and continuous monitoring 

devices in sleep medicine have undoubtedly transformed the sleep disorder diagnosis and 

management landscape. These technologies have addressed many limitations associated with 

traditional in-laboratory polysomnography, offering improved accessibility, cost-

effectiveness, and patient comfort. However, as with any emerging technology, there are both 

opportunities and challenges that warrant careful consideration. 

One of the primary advantages of portable sleep monitoring devices is their potential 

to democratize access to sleep disorder diagnosis. The ability to conduct sleep studies in the 

home environment has reduced barriers to diagnosis, particularly for patients in rural or 

underserved areas where access to sleep laboratories may be limited. This increased 

accessibility is crucial given the high prevalence of undiagnosed sleep disorders and their 

significant impact on public health. 

Moreover, the convenience and comfort of home-based testing may lead to more 

accurate representations of patients' typical sleep patterns. The unfamiliar environment of a 

sleep laboratory can induce the "first-night effect," potentially skewing the results of a single-

night study. Portable devices allow multiple nights of testing in the patient's natural sleep 

environment, potentially providing a more comprehensive assessment of sleep patterns and 

disorders. 

However, it is essential to acknowledge the limitations of portable monitoring devices. 

While their accuracy has improved significantly over the years, they may still underestimate 
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the severity of sleep-disordered breathing, particularly in patients with mild OSA or complex 

sleep disorders. Additionally, the lack of direct observation during home testing means that 

technical issues or patient compliance problems may go unnoticed, potentially leading to 

inconclusive results or the need for repeat testing. 

The integration of continuous monitoring technologies, particularly in CPAP therapy 

for OSA, has revolutionized the management of sleep disorders. The ability to remotely 

monitor treatment adherence and efficacy has enabled more proactive and personalized 

approaches to patient care. This is particularly important given the historically poor adherence 

rates associated with CPAP therapy. Telemonitoring and automated feedback systems have 

shown promise in improving CPAP adherence and patient outcomes. However, implementing 

these technologies raises essential questions about data privacy, security, and the potential for 

over-medicalization of sleep. 

The advent of consumer-grade wearable sleep trackers has brought both opportunities 

and challenges to sleep medicine. On the one hand, these devices have increased public 

awareness of sleep health and may serve as a valuable tool for patient engagement and self-

monitoring. They have the potential to identify individuals who may benefit from further 

sleep evaluation and to provide longitudinal data on sleep patterns that could inform clinical 

decision-making. On the other hand, the accuracy and reliability of these devices for 

diagnosing sleep disorders remain limited, and there is a risk of overreliance on potentially 

inaccurate data. Clinicians must be prepared to educate patients on consumer sleep trackers' 

limitations and interpret this data in the context of a comprehensive sleep evaluation. 

Integrating artificial intelligence and machine learning algorithms into sleep 

monitoring technologies represents a promising frontier in sleep medicine. These techniques 

can improve the accuracy of sleep staging and event detection, potentially rivaling the 

performance of human scorers. Moreover, AI-driven predictive models could identify 

individuals at risk for developing sleep disorders or associated health complications early, 

allowing for more proactive interventions. However, developing and validating these 

algorithms require large, diverse datasets to ensure their generalizability across different 

patient populations. 
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As we look to the future of sleep medicine, the concept of "precision sleep health" is 

emerging as a guiding principle. This approach aims to tailor sleep assessments and 

interventions to individual patients based on their unique physiological, genetic, and 

environmental factors. Portable and continuous monitoring devices will be crucial in realizing 

this vision by providing detailed, longitudinal data on individual sleep patterns and their 

relationship to other health parameters. 

The potential integration of sleep monitoring with other health monitoring systems 

(e.g., continuous glucose monitors and activity trackers) offers exciting possibilities for 

understanding the complex interplay between sleep and overall health. For instance, 

combining sleep data with information on physical activity, diet, and stress levels could 

provide valuable insights into the bidirectional relationships between sleep and other health 

behaviors. This holistic approach to health monitoring aligns with the growing recognition of 

sleep as a fundamental pillar of health, alongside nutrition and exercise. 

However, as we move towards more comprehensive and continuous health monitoring, 

it is crucial to consider the ethical implications and potential unintended consequences. The 

constant monitoring of physiological parameters, including sleep, raises concerns about 

privacy, data ownership, and the potential for increased anxiety or sleep-related performance 

pressure among patients. Striking a balance between the benefits of continuous monitoring 

and preserving individuals' autonomy and well-being will be a critical challenge for the field. 

Developing closed-loop systems for sleep disorder management represents an exciting 

frontier in sleep medicine. These systems, which can automatically adjust treatment 

parameters based on real-time monitoring data, can potentially optimize therapy and improve 

patient outcomes. For example, auto-adjusting CPAP devices that can modify pressure settings 

based on ongoing assessment of upper airway patency and sleep stage could provide more 

personalized and effective treatment for OSA. However, implementing such systems will 

require careful validation to ensure their safety and efficacy across diverse patient populations. 

As portable and continuous monitoring devices become increasingly integrated into 

sleep medicine practice, standardization and quality control measures are needed to ensure the 

reliability and comparability of data across different devices and settings. The development of 
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consensus guidelines for using and interpreting these technologies will be crucial for their 

effective implementation in clinical practice and research. 

Additionally, the growing reliance on technology in sleep medicine necessitates a shift 

in the training and education of sleep medicine professionals. Clinicians will need to develop 

expertise in interpreting data from a wide range of monitoring devices, understanding their 

limitations and potential biases, and integrating this information into clinical decision-

making. This may require updates to sleep medicine curricula, and the development of 

continuing education programs focused on emerging technologies. 

CONCLUSION 

Integrating portable and continuous monitoring devices into sleep medicine has 

undoubtedly revolutionized the field, offering new possibilities for diagnosing and managing 

sleep disorders. These technologies have improved access to sleep assessments, enabled more 

personalized treatment approaches, and provided valuable insights into the complex 

relationships between sleep and overall health. 

As we look to the future, the continued advancement of these technologies, driven by 

innovations in sensor design, artificial intelligence, and data analytics, promises to transform 

sleep medicine further. The vision of precision sleep health, where interventions are tailored 

to individual patients based on comprehensive, longitudinal data, is becoming increasingly 

achievable. 

However, realizing these technologies' full potential will require addressing several key 

challenges. These include ensuring the accuracy and reliability of portable devices across 

diverse patient populations, developing standardized data collection and interpretation 

protocols, addressing privacy and ethical concerns associated with continuous monitoring, and 

effectively integrating these technologies into clinical workflows. 

Moreover, as sleep medicine becomes increasingly technology-driven, it is crucial to 

maintain a patient-centered approach. These advancements should aim to improve patient 

outcomes, quality of life, and overall health rather than simply accumulating more data. 

In conclusion, portable and continuous monitoring devices have ushered in a new era 

in sleep medicine, offering unprecedented opportunities for understanding and addressing 
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sleep disorders. As these technologies continue to evolve, their thoughtful integration into 

clinical practice and research can significantly improve our ability to diagnose, treat, and 

prevent sleep disorders, ultimately contributing to better health and well-being for individuals 

and populations. 
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