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ABSTRACT

Aim: To evaluate how multi-night home sleep apnea testing and other ambulatory monitoring strategies can complement or, in selected patients, replace
single-night in-laboratory polysomnography when diagnosing obstructive sleep apnea, with emphasis on clinical decision-making, diagnostic accuracy,
feasibility, and patient experience.

Materials and Methods: PubMed and Scopus were searched for English-language publications from 2015-2025. Selected landmark studies published before
2015, one American Academy of Sleep Medicine guideline and conference abstract were also included.

Current evidence shows substantial night-to-night variability in the apnea-hypopnea index (AHI), driven by sleep position, alcohol use, and sleep-stage
distribution. Single-night testing may misclassify a large proportion of mild-to-moderate cases. Modern home testing devices (e.g., peripheral arterial
tonometry-based systems, accelerometry, radar, and under-mattress sensors) enable extended monitoring, reduce the first-night effect, and may improve
diagnostic precision. Most patients prefer to perform tests at home due to convenience. However, it is worth emphasizing that clear instructions and easily
accessible technical support are very important factors for them.

Conclusions: For uncomplicated adults with a high pre-test probability of obstructive sleep apnea, multi-night home testing can be a pragmatic first-line
option, especially around diagnostic thresholds. In-laboratory polysomnography remains preferred in patients with significant comorbidities, suspected

coexisting sleep disorders, or when home testing is negative, inconclusive, or technically inadequate.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a common chronic
disorder with intermittent hypoxia and sleep fragmen-
tation. It is linked with cardiovascular, metabolic and
neurocognitive complications [1, 2]. Despite its high
prevalence, many patients remain undiagnosed or start
treatment late, partly because in-laboratory testing is
limited and costly [3-6].

In-laboratory polysomnography (PSG) is the reference
diagnostic test [7, 8]. PSG usually records electroen-
cephalography (EEG), electrooculography (EOG) and
electromyography (EMG) plus airflow, respiratory effort,
electrocardiography (ECG), oximetry and body posi-
tion, so it allows sleep staging and standardized event
scoring [7, 8]. However, apnea severity can change
substantially between nights, so one night may not
reflect typical disease burden [9-12]. This matters near
diagnostic cut-offs, where an atypical night can lead to
underestimation or a false-negative result [9, 10, 12].In
real-world pathways, the time from diagnosis to start-
ing positive airway pressure (PAP) has been reported
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to be about 2-10 months, which supports the need for
scalable alternatives [3]. This is especially relevant in
high-risk groups such as patients assessed for bariatric
surgery, where OSA prevalence has been estimated
at 70-80%. [7] Because OSA is associated with higher
postoperative cardiopulmonary complications, timely
identification before major surgery is important [13].

AIM

The aim of our literature review is to provide evidence
for multiday home monitoring as an alternative to sin-
gle-day PSG for OSA and its complications. We focus
on diagnostic accuracy, feasibility of modern home
technologies, and patient experiences.

MATERIALS AND METHODS

A narrative literature review was conducted in
PubMed and Scopus for publications from 2015-2025.
Search terms combined concepts related to OSA,
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night-to-night variability, home diagnostic testing
and ambulatory monitoring technologies. Earlier
landmark studies were included when they provided
foundational evidence. Studies were prioritized if
they compared multi-night approaches with labo-
ratory PSG, quantified diagnostic misclassification,
or reported patient experience and pathway-level
outcomes.

REVIEW AND DISCUSSION

NIGHT-TO-NIGHT VARIABILITY AND RISK OF
MISCLASSIFICATION

As shown by Punjabi et al. [9] multi-night recordings
show that apnea severity is not a fixed trait. System-
atic reviews and large cohorts demonstrate frequent
crossing of conventional severity categories across
nights, particularly in mild-to-moderate disease [9,
10, 12]. In modelling and real-world datasets, the
probability of misclassification based on a single
night has been reported in the range of roughly 20-
50%, depending on the diagnostic threshold and
patient phenotype [9, 12]. Pragmatically, three to four
nights often provide a reasonable balance between
improved precision and feasibility, with diminishing
returns beyond longer monitoring in many scenarios
[9,12,14].

DRIVERS OF NIGHT-TO-NIGHT VARIABILITY
AND EVERYDAY SLEEP CONDITIONS
Laboratory studies may be affected by the first-night
effect, as highlighted in the meta-analysis by Roed-
er et al. [10]. This refers to changes in sleep when
a person sleeps in an unfamiliar environment (for
example, a sleep laboratory), often with increased
arousal and lighter sleep during the first night [10,
111. It can alter sleep architecture and reduce rapid
eye movement sleep, which may lower the measured
event rate [10, 11]. Home recordings are usually
closer to a patient’s typical sleep. They capture usual
body position patterns and everyday factors such as
supine sleep, alcohol intake, and day-to-day changes
in sleep timing and fatigue [9, 11, 15]. For this reason,
averaging results from multiple home nights pro-
vides a more representative estimate of usual sleep
and reduces reliance on a single potentially atypical
night [9, 12, 15].

TECHNOLOGIES ENABLING MULTI-NIGHT
HOME MONITORING
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Conventional portable monitors can provide ac-
curate respiratory signals but may be burdensome
for repeated use [4-6, 8]. Newer devices prioritise
simplified application and comfort, making multi-
night protocols more practical. Validated approaches
include peripheral arterial tonometry systems, [16]
photoplethysmography-based fingertip or ring de-
vices, [17, 18] mandibular movement sensors, [19]
acoustic patches, [20, 21] bio-impedance patches,
[22] and contactless under-mattress or radar-based
sensors [12, 23]. In appropriately selected patients,
these platforms show clinically acceptable agreement
with laboratory PSG for obstructive events, while
enabling repeated measurements in the home en-
vironment [17-25]. Several newer home sleep apnea
testing (HSAT) systems use automated (including
machine-learning) analysis to detect respiratory
events and generate indices that facilitate multi-night
monitoring [17, 20, 21]. Examples are summarized in
(Table 1).

From a physiological perspective, HSAT platforms
differ in how they infer obstructive events. Peripheral
arterial tonometry systems (e.g., WatchPAT) analyse
changes in the PAT signal (a marker of peripheral
vasoconstriction) together with oximetry to capture
autonomic arousals and desaturation patterns linked
to apneas and hypopneas[15, 16, 24]. Photoplethys-
mography fingertip or ring wearables extract pulse-
wave and saturation features (often combined with
actigraphy) and use automated algorithms, including
deep learning, to estimate AHIl-equivalent indices
across multiple nights[17, 18, 25]. Mandibular move-
ment sensors quantify characteristic jaw motion pat-
terns associated with obstructive events, illustrating
a mechanosignal-based HSAT approach [19]. Acoustic
neck patches record tracheal breathing sounds and
vibrations to classify respiratory events and snoring
in the home environment [20, 21]. Bio-impedance
patches track cyclical thoracic impedance changes
as a surrogate of respiratory effort and incorporate
body position, enabling repeated unattended re-
cordings [22]. Finally, contactless under-mattress
or radar-based sensors capture respiratory-related
motion signals without attaching sensors to the
patient, which may facilitate longer monitoring
when signal quality is adequate [12, 23]. Notably,
some newer fingertip- and patch-based systems in-
tegrate cloud connectivity with automated scoring,
including deep-learning approaches for respiratory
event detection and AHI estimation [17, 20, 21]. In
high-volume settings, this may support faster triage
while preserving clinician oversight for complex or
discordant cases [17].
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Table 1. Examples of home monitoring technologies suitable for multi-night protocols

Technology

Examples

Typical strengths / caveats

Peripheral arterial tonometry

WatchPAT ONE/300 [16]
(PAT signal from a finger probe + oximetry;
events inferred from autonomic responses
and desaturation patterns)

Comfortable; derives events from
autonomic signals; may be less suitable
for complex comorbidities.

Photoplethysmography
wearables

NightOwl (fingertip PPG) [17]
(Pulse-wave/SpO, features with automated/

Al analysis to estimate an AHl-equivalent index)
Sleeplmage ring (ring PPG) [18]
(Pulse-wave/SpO, features with algorithm-based
analysis and actigraphy-derived sleep surrogates)

Very low burden; scalable to multi-night;
relies on automated algorithms
and sleep-wake surrogates.

Acoustic neck patch

AcuPebble SA100 [20, 21]
(Adhesive neck patch; records tracheal breathing
sounds/vibrations with automated scoring)

High usability; automated analysis;
validation vs PSG in home settings.

Bio-impedance patches

Wesper system [22]
(Bio-impedance patch monitoring thoracic effort-
related impedance changes + body position)

Wireless effort signals and position;
requires correct patch placement.

Contactless sensors

Under-mattress / radar-based systems [12, 23]
(Contactless sensing of respiratory-related motion
via under-mattress pressure/ballistocardiography

signals or radar-based motion tracking)

Zero-touch, ideal for long-term monitoring;
performance depends on signal quality and
phenotype

Table 2. Practical triage for selecting HSAT versus PSG in suspected obstructive sleep apnea

Clinical scenario

Preferred test / next step

Rationale and practical notes

Uncomplicated adult; high pre-test
probability of moderate-to-severe OSA

HSAT, preferably multi-night
(=2 nights); initiate treatment
pathway if diagnostic

Guidelines support home testing for
uncomplicated high-risk adults. Multi-night
sampling reduces misclassification near decision
thresholds [7, 9-13, 31, 32]

Uncomplicated adult; suspected mild
disease or borderline severity;
symptoms fluctuate

Multi-night home testing; consider
PSG if results are discordant with
clinical picture

Mild disease is most vulnerable to night-to-night

variability. Repeated nights can improve sensi-
tivity and ecological validity [9-12, 15, 31, 32]

Significant cardiopulmonary
disease, suspected hypoventilation,
neuromuscular weakness, or need for
oxygen/ventilation assessment

In-laboratory PSG (add carbon
dioxide monitoring when available)

Higher risk of hypoventilation/complex
breathing disorders; home testing may
underestimate severity.[7]

Suspected coexisting sleep disorders
(central sleep apnea, parasomnia,
periodic limb movements, narcolepsy)
or differential diagnosis needed

In-laboratory PSG

Requires neurophysiology and broader signal set;
home testing cannot reliably evaluate many
comorbid sleep disorders [7, 8, 13]

HSAT negative, inconclusive,
or technically inadequate but clinical
suspicion remains high

Proceed to in-laboratory PSG

Guidelines recommend PSG after a negative or

inadequate home study in symptomatic patients [7]

Need to accelerate access to therapy
(severe symptoms, long waiting lists)
after appropriate safety screening

Multi-night home testing with
tele-support; fast-track treatment
when diagnostic

Home pathways can shorten time to diagnosis and
treatment; reserve laboratory capacity for complex
cases [5, 6, 30]

PATIENT EXPERIENCE AND SUPPORT NEEDS

Most patients report higher comfort and a more natural
sleep environment when testing at home. [26, 27] How-
ever, a minority prefer laboratory testing due to reassur-
ance from professional supervision and concerns about
device failure orincorrect setup [26-28]. Highly simplified

devices and telemedicine-supported pathways can re-
duce“technostress”and improve acceptability, especially
when multi-night protocols allow at least one usable
night even if a recording fails [4, 16, 22, 28, 29].
According to Pendharkar et al., [27] stakeholders
involved in primary-care OSA pathways emphasized
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that clear education, communication and easy access
to support are critical when diagnostic and therapeutic
steps move beyond specialist sleep laboratories [27].

Similarly, Moffa et al. [16] reported that a telemedi-
cine-based diagnostic service using WatchPAT" ONE was
generally well accepted by patients, but highlighted the
practical importance of straightforward instructions
and accessible technical support for successful home
recordings [16].

SYSTEM-LEVEL IMPLICATIONS

Home-based pathways can shorten time to diagnosis
and treatment initiation compared with a laborato-
ry-first approach and may reduce initial diagnostic
costs [3-6, 30]. Even if multi-night testing collects
more data, better classification near decision thresh-
olds may reduce repeat testing and the downstream
costs of delayed or missed diagnosis [3-6, 30]. At
the health-system level, using validated HSAT for
uncomplicated patients can reserve laboratory PSG
capacity for more complex cases and help reduce
waiting times [3, 7, 27].

In addition, Pendharkar et al., [30] evaluated an
alternative care provider clinic model for severe
sleep-disordered breathing, supporting the feasi-
bility of non-traditional, pathway-based approach-
es to improve access while maintaining clinical
oversight [30].

HEALTH-SYSTEM IMPACT AND FUTURE
DIRECTIONS (AI-ENABLED HSAT)

Multi-night HSAT can help reduce diagnostic bottle-
necks by moving uncomplicated assessments from
sleep laboratories to home, which may shorten the
time from suspected OSA to starting treatment [3, 27,
30]. In real-world pathways, delays from diagnosis to
PAP therapy have been reported to be around 2-10
months [3].In a large retrospective multi-night dataset
using wearable PPG, Nygate et al. [31] found that rely-
ing on the first night would have missed a proportion
of OSA cases and that many patients increased by at
least one severity category on later nights [31]. Faster
confirmation of clinically relevant OSA may be im-
portant in time-sensitive preoperative pathways. OSA
is common among candidates for bariatric surgery
(reported estimates 70-80%) and is associated with
increased postoperative cardiopulmonary complica-
tions [7, 13]. Some newer devices combine simplified
sensors with automated, cloud-based analysis. For
example, Chen et al. [17] validated a system using
deep-learning methods to detect respiratory events
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in the home environment [17]. More automation may
reduce manual scoring workload and support scalable
telemedicine models, alongside patient education and
accessible technical support [16, 27, 30]. Al tools may
also help with signal-quality checks, artifact detection
and triage to PSG when home results are inconclusive
or clinical complexity is high [7]. Future studies should
evaluate Al-assisted, multi-night HSAT pathways
against single-night strategies for time-to-diagnosis,
patient-centred outcomes and health-system efficien-
cy [3, 27, 30].

A multi-night approach treats the diagnostic “gold
standard” as getting a representative picture of sleep
over time, not just one laboratory night. Laboratory
PSG is still essential in complex phenotypes, discor-
dant cases, suspected non-obstructive sleep disorders
or when home testing is non-diagnostic [7, 8, 13]. For
uncomplicated adults with high pre-test probability,
multi-night home monitoring may offer a practical bal-
ance between accuracy, access and patient preference
(3,4,9,12,26].

IMPORTANT LIMITATIONS REMAIN

Many home monitoring technologies do not record
EEG and instead use sleep-wake surrogates, which
can be less accurate in patients with fragmented
sleep [8, 18, 24]. In addition, reimbursement and
accreditation structures may lag behind techno-
logical capability, which can slow the adoption of
multi-night protocols despite evidence of efficiency
benefits [3-6].

CLINICAL DECISION-MAKING: WHEN TO USE
HOME TESTING AND WHEN TO REFER FOR
POLYSOMNOGRAPHY

Clinical practice guidelines recommend either PSG
or HSAT for diagnosing OSA in uncomplicated adults
with an increased risk of moderate-to-severe disease,
provided that the home study is technically adequate
and interpreted within a clinical evaluation [7]. In this
setting, multi-night HSAT (e.g., 2-4 nights) can better
reflect everyday sleep, reduce first-night effects and
limit night-to-night variability that may shift patients
across severity categories [9-12, 14] (Table 2).

PSG remains preferable when the probability of
measurement error or alternative diagnoses is higher,
including significant cardiopulmonary disease, suspect-
ed hypoventilation, neuromuscular weakness, chronic
opioid use, prior stroke, severe insomnia, or suspected
non-obstructive sleep disorders (e.g., central sleep ap-
nea, parasomnias, periodic limb movement disorder) [7,
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8, 13]. Because many home platforms rely on surrogate
sleep-wake measures and may underestimate event
rates in fragmented sleep, careful phenotyping and fol-
low-up are essential when home results and symptoms
do not align [8, 18, 24].

This preference reflects the broader PSG signal set (in-
cluding EEG-based sleep staging and, when indicated, ad-
ditional monitoring such as carbon dioxide), which enables
differential diagnosis and more robust phenotyping than
most HSAT devices. [7, 8, 13] A practical triage approach is
summarized in Table 2.

LIMITATIONS OF CURRENT EVIDENCE

Most available data on multi-night strategies are ob-
servational, device-validation studies, or pragmatic
pathway evaluations. Comparative randomized stud-
ies are limited, and protocols vary in the number of
nights, sensor types, and scoring algorithms. Future

work should standardize multi-night thresholds,
clarify which phenotypes benefit most, and evaluate
implementation outcomes in routine care.

CONCLUSIONS

For uncomplicated adults at increased risk of moder-
ate-to-severe OSA, HSAT is an appropriate diagnostic
option alongside in-laboratory PSG, and multi-night
protocols can reduce misclassification near diagnostic
thresholds. PSG should remain the preferred test in
patients with significant comorbidities or suspect-
ed coexisting sleep disorders, and it is indicated
when HSAT is negative, inconclusive, or technically
inadequate despite persisting clinical suspicion. Im-
plementation should prioritise patient instructions,
rapid technical support and telemedicine-enabled
pathways to minimize failed studies and reduce delays
in treatment initiation.
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