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1 | INTRODUCTION

Sleep is an essential function for good and sustainable health, and per-

forming objective sleep studies is essential to diagnose sleep and

Anna S. Islind?* |
Kamilla R. J6hannsdéttir 2
Erna Sif Arnardottir?*°

Kristin A. Olafsdéttir? |
| Jan Hedner3*

Summary

In-laboratory polysomnography, the gold-standard for diagnosing sleep disorders, is
resource-demanding and not conducive to multiple night evaluations. Ambulatory
polysomnography, especially when self-applied, could be a viable alternative. This
study aimed to assess the feasibility and reliability of self-applied polysomnography
over three consecutive nights in untrained participants, assessing: technical success
rate; comparing sleep diagnostic variables from single and multiple nights; and evalu-
ating participants' subjective experience. Data were collected from 78 participants
(55.1% females) invited to test a self-applicable polysomnography device for three
consecutive nights at home. The technical success rate for valid sleep recordings was
82.5% out of 234 planned study nights, with 87.2% of participants obtaining at least
two valid nights. Misclassification of obstructive sleep apnea severity was higher in
participants with mild OSA (21.4%) compared with those with moderate-to-severe
obstructive sleep apnea or no obstructive sleep apnea. Sleep efficiency and wake
after sleep onset showed improvement from Night 1 to Night 3 (p < 0.001), and the
mean polysomnography set-up time decreased significantly over this period. Partici-
pants reported moderate-to-high satisfaction with the device (System Usability Scale
score 71.2 + 12.4). The findings suggest that self-applied polysomnography is a feasi-
ble diagnostic method for untrained individuals at risk for sleep disorders, and that
multiple night assessments can improve diagnostic precision for mild obstructive

sleep apnea cases.

KEYWORDS
multiple night sleep study, obstructive sleep apnea, self-applied polysomnography

breathing disorders. The diagnosis of sleep disorders generally
requires an overnight assessment of sleep and breathing. Type 1 poly-
somnography (PSG) is the gold-standard for these overnight studies in
diagnosing sleep disorders. A type 1 PSG is an in-laboratory
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procedure, which requires a sleep technologist to set up the equip-
ment, and monitor both the safety of the patient and the signal quality
of the PSG. This is typically performed over the course of 1 night
(Newell et al., 2012; Stoberl et al., 2017). The main disadvantages of
this technique include limited accessibility to facilities often with long
waiting times, reduced availability in rural areas, and time-consuming
manual work for those attending and analysing the sleep studies.
Hence, the technique is associated with overall high operating costs
(Korkalainen et al., 2021). Another limitation is the single-night set-
ting, which cannot account for the first-night effect (Tamaki
et al., 2005) caused by wearing the recording device and/or a new
unfamiliar environment. Finally, the spontaneous night-to-night vari-
ability (Korkalainen et al., 2021; Roeder et al., 2020) of sleep may
induce misclassification of sleep quality and respiration during sleep
(Korkalainen et al., 2021; Newell et al., 2012). Diagnostic evaluation
over several nights is likely to provide better diagnostic accuracy, and
enable additional information to generate individualized diagnosis
and treatment recommendations (Newell et al., 2012).

One of the most common sleep disorders is obstructive sleep
apnea (OSA) characterized by sleep-related partial or complete
obstruction of the upper airway (Heinzer et al, 2015; Roeder
et al., 2020; Sateia, 2014; Senaratna et al., 2017). OSA is convention-
ally diagnosed by an overnight sleep study to quantify the apnea-
hypopnea index (AHI). The AHI summarizes the number of respiratory
events per hour of sleep. Normal respiration during sleep is character-
ized by an AHI of < 5 events per hr. The night-to-night variability in
OSA severity is significant in mild to moderate AHI event frequency
(Le Bon et al., 2000), which may affect the clinical diagnosis and treat-
ment recommendation. Repeated sleep studies on the same patients
could mitigate both these problems (Meyer et al, 1993; Newell
et al.,, 2012; Stéberl et al., 2017).

To overcome the problem of limited accuracy in single-night stud-
ies and the increasing costs of multiple in-lab PSG studies, we suggest
self-applied PSG at home for multiple nights that could provide a new
strategy in the context of both sleep medicine and sleep research. In
fact, the individual suffering from misclassification of sleep disorders,
like OSA, is significant as it has a bearing on the societal costs for both
under-diagnosed as well as over-diagnosed OSA (Punjabi et al., 2022;
Alakérkké et al., 2023; Kapur et al., 1999; Punjabi et al., 2020).

In the current study, we aimed to analyse the feasibility of self-
applied PSG by evaluating the quantity of valid nights, the night-
to-night variability of sleep parameters, and the usability and user
experience with the application of the equipment in a mixed cohort of
untrained participants. We hypothesized that 3 nights of self-applied
PSG is feasible to perform, and provides clinical useful information to

identify normal sleep versus sleep disorders.

2 | METHODS
A total of 78 participants took part in the study in two distinct phases.
Phase 1 included volunteers from Reykjavik University (n = 17), and

Phase 2 included individuals from the general population who

responded to an online survey (n = 80). All participants signed an
informed consent form, and the study was approved by the National
Bioethics Committee and the Data Protection Authority of Iceland
(VSN number 21-070). From the second cohort, 16 individuals with-
drew before the study started, and three participants withdrew after

signing the consent form and receiving the sleep diagnostic device.

21 | Study procedure

The participants completed an online screening questionnaire, includ-
ing questions regarding their general state of health, lifestyle habits,
comorbidities (e.g. heart conditions, hypothyroidism, high blood pres-
sure, fibromyalgia, asthma, psoriatic arthritis, attention-deficit hyper-
activity disorder, reflux), medications, habitual sleep habits, and
subjective quality of sleep; none of these conditions was used as
excluding criteria for the present study. Comorbidities were collected
for demographic information and possible upcoming studies but not
used in the current analysis. Study data were collected and managed
using REDCap (Research Electronic Data Capture) electronic data cap-
ture tool hosted at Reykjavik University (Harris et al., 2009; Harris
etal., 2019).

In Phase 1, participants were asked to use a PSG device (A1, Nox
Medical, Reykjavik, Iceland) set up as Self-Applied Somnography (SAS)
for three consecutive nights (Figure 1). The device was set on auto-
start, recording for 10 consecutive hours between 23:00 hours and
09:00 hours. Given the limited memory capacity of this A1 device
version, participants were asked to return the device every morning
to allow for download and new settings for the subsequent night.

In Phase 2, participants used a newer PSG device of the same
type (A1S Nox Medical, Reykjavik, Iceland) that allowed recording of
three consecutive nights of SAS without intermittent downloading.
Recording times were set to 11 h between 22:30 and 09:30 (between
Thursday evening and Monday morning) allowing for prolonged week-
end sleep or 10 h between 22:00 and 08:00 during workdays
(Monday evening and Thursday morning). The devices automatically
started and stopped recording depending on the above-mentioned
time windows. For Phase 2, a mixture of healthy sleepers and sleepers
reporting OSA symptoms, insomnia or restless leg syndrome symp-

toms were invited to participate.

2.2 | Self-applied PSG

The SAS (Figure 1) consisted of four electrodes for frontal electroen-
cephalography (EEG), four electrodes for electrooculography, a refer-
ence electrode and a ground electrode, four electrodes for
electrocardiography, and four electrodes for electromyography (EMG;
two for each leg; Rusanen et al., 2024). As shown in detail in the sup-
plemental material (Figure S1), respiration is captured by nasal cannula
for airflow and two respiratory inductance plethysmography belts for
respiratory movements of the thorax and abdomen. Oxygen satura-

tion and pulse rate were measured using a finger pulse oximeter,

9sUdIIT sUoww o)) aAneal) ajgedijdde ayy Aq pautanob ale sapiIe YO ‘@sn Jo sajnu 1oy Aieiqi] auluQ
K3)1M uo (suonipuod-pue-suwial/wodAajimAieiqijauljuo//:sdny) suonipuo) pue suusl 3y 335 [9202/01/10] uo Ateiqr] auljuo A3|1M 1ou-HY Ag "982Lusl/LLLL 0L/10p/wodAs)imAieiqaujuo//:sdiy wouy papeojumoq ‘2 '¥20Z '698259¢€L



FERRETTI ET AL.

Journal of
Sleep EsgsVM | 30f10

FIGURE 1
study protocol.

Self-applied polysomnography (PSG) as set in the

whereas body position/movements and audio were recorded through
an accelerometer and an integrated microphone in the hardware box,
respectively.

Information related to the set-up of the PSG equipment was pro-
vided with written instructions, including figures and schemes as well
as by an instruction video (lasting approximately 9 min, published on
YouTube, accessible at any time and as many times as necessary via
QR code or URL; Nox Medical, 2022). To test the usability of the
device for self-application by the study participants, no additional
instructions were provided by the research staff on how to set up the

device.

2.3 | Analysis of sleep data

The scoring of the PSGs (sleep stages, arousals, breathing, etc.) was
conducted according to the American Academy of Sleep Medicine
(AASM) manual, Version 2.6 (Berry et al., 2017). Automatic analysis

from Noxturnal version 6.2.2 was used before manual review. The

Research

following changes to the scoring rules deviating from the AASM man-
ual were made based on the results of a previous validation study
(Rusanen et al., 2024).

e The low-pass filter setting for EEG was changed from 0.3
to 0.5 Hz.

e The peak-to-peak amplitude of the slow-wave activity was chan-
ged from 75 to 45 uV.

e Rapid eye movement (REM) rules that refer to chin tone were inva-
lid due to the lack of chin EMG. EMG frontalis was used to score

arousals in line with the AASM scoring rules.

24 | Symptom assessment and evaluation of
feasibility

Participants received a morning questionnaire to assess the following:
their perceived quality of sleep; whether and which cables/sensors
had disturbed their sleep; how long the set-up lasted; if any part loos-
ened during the night; and if they had any allergic reactions or skin
irritation.

The System Usability Scale (SUS; Brooke, 1996) and AttrakDiff
(Hassenzahl et al., 2003) questionnaires were collected at baseline or
at follow-up visit. SUS was used to assess device usability, while
AttrakDiff was used to assess the user experience. To permit a better
recall of the equipment, participants had the opportunity to re-
observe the full set-up equipment on a mannequin while answering
the questionnaires. In the SUS, a usability score above 68 is consid-
ered an above average positive evaluation of a product's usability
(Klug, 2017; Sauro & Lewis, 2016). The combination of SUS and
AttrakDiff is common practice, as usability and user experience out-
line different elements of feasibility (Schmitz et al., 2022). For the
AttrakDiff questionnaire, the mean value of the items for each sub-
scale was calculated as well as for each subscale. A full description of
the SUS and the AttrakDiff is provided in the supplemental material.

2.5 | Statistics

Descriptive data are presented as mean * standard deviation or as dis-
tribution (percentage). For t-test, one-way ANOVA and repeated-
measures ANOVA (used for normally distributed data while comparing
the subgroup of participants with all valid nights), a p-value < 0.05
was considered as a statistically significant difference; same statistical
significance for the non-parametric test (Kruskal-Wallis test). For cat-
egorical variables we used the chi-squared test with statistically signif-
icant difference while p < 0.05. Sensitivity, specificity, positive and
negative predictive value (PPV/NPV) were calculated according to the
Trevethan (Alford et al., 2017) guidelines only for those individuals
with three completed nights. We divided the group with the following
classification: AHI < 5 for healthy participants; AHI 5-14.9 for mild
OSA,; and AHI = 15 for moderate-to-severe OSA.
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In participants with three valid nights with measurements, one-
way repeated-measure ANOVA was used to test the within-
participant variation.

For the calculation of diagnostic reliability, a reference AHI was
calculated as the mean AHI value over 3 nights (N = 47 participants
with three valid nights). Variations between each single night and ref-
erence value are shown using Bland-Altman plots. Further, night-
to-night variability was quantified using the interclass correlation
coefficient (ICC: derived using “interclass_corr” function from Pin-
gouin statistical package for Python) as a measure of reliability, follow-
ing guidelines from Koo and Li (2016). ICC has been calculated only
within the group of participants that performed three valid sleep stud-
ies. In addition, we assessed the percentage of participants who chan-
ged OSA categories (no/mild/moderate-to-severe OSA) between
nights. Finally, the mean value of 3 nights was compared with each
single-night value. We categorized OSA severity as healthy (AHI < 5),
mild (AHI 5-14.9) and moderate/severe (AHI > 15). Statistical ana-
lyses were conducted using Python 3.10.2 (Van Rossum &
Drake, 2009). For AttrakDiff and SUS, the scoring was calculated

according to the standard operating procedures.

3 | RESULTS

In total, data collection for 234 nights was planned (78 participants
for 3 nights). Of these, we had 193 (82.5%) valid nights, 40 (17.5%)
invalid nights, and 1 (0.4%) night in which the participant did not apply
the device. Altogether, 60.3% of participants had three valid nights,
26.9% had two valid nights, and 12.8% had one valid night (Figure 2).
Also, a total of 85.9% of participants had a successful recording on

the first night, showing a 14.1% failure rate in the case of a

single-night assessment. Out of 78 participants, only one participant
did not use the equipment for 1 night out of three. Anthropometric
and clinical data for the study participants based on the number of
valid nights of PSG are presented in Table 1. No significant differ-
ences were found between the groups in any of the anthropometric
or clinical variables assessed. However, the participants with only one
valid night tended to be more obese, but did not differ significantly
from other study participants.

3.1 | Night-to-night variability

Sleep efficiency increased from Night 1 to Night 3 (83.2 + 9.3, 84.5
+10.7 and 89.2 + 8.2%, respectively, p = 0.001) in participants with
three valid nights. WASO also decreased significantly throughout the
3 nights (73.0 £ 52.4, 73.1 + 62.2 and 40.1 + 35.3 min, respectively,
p < 0.001). No other significant night-to-night variability was found
between the 3 nights of participants on average, including OSA
severity.

Further analysis has been conducted to investigate differences
between studies performed during weekdays (111 nights) and week-
ends (30 nights). Weekend nights were defined as: sleep studies per-
formed in the nights between Friday and Saturday, and between
Saturday and Sunday. After log transformation for non-normally dis-
tributed data, a two-way ANOVA has been performed to evaluate the
effect of weekday versus weekend as well as night 1-3 differences:
significant differences were observed for sleep efficiency (p = 0.01)
and WASO (p = 0.03). Specifically, it was observed that sleep effi-
ciency decreases in observations made during weekends (83.67
+ 10.83) compared with working days (87.90 + 8.03), and WASO also
increased during weekends (78.43 + 69.41) compared with working

Participants
(N=78)
Successful night
[ 3 valid nights } ------- 1,2&3 60 %
(n=47)
v v v
Successful night Successful night Successful night
( 2 valid nights } ------- 1&2 1&3 2&3 27 %
(n=13) (n=3) (n=5)
Successful night Successful night Successful night
[ 1 valid nights } ------- 1 2 3 13 %
(n=4) (n=2) (n=4)
FIGURE 2 Flowchart showing number of participants for each possible permutation of valid nights.
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TABLE 1  Anthropometric and clinical data.

N

Age, years

Body mass index,
kg m—2

Female
Alcohol user
Current smoker

Regular intake of
sleep aids

Known
comorbidities

All
participants

78
43 (£ 16)
28.0 (+5.0)

43 (55.1%)
41 (52.6%)
13 (16.7%)
9 (11.5%)

14 (17.9%)

Participants with 3 valid
nights (group 1)

47
42 (£ 14)
26.8 (+ 4.6)

27 (57.4%)
23 (48.9%)
5(10.6%)
5(10.6%)

9 (19.1%)

Participants with 2 valid

nights (group 2)
21

43 (+ 17)

29.0 (+4.2)

11 (52.4%)
12 (57.1%)
5 (23.8%)
3(14.3%)

2 (9.5%)

night (group 3)
10

51 (£19)

30.4 (+ 6.6)

5 (50.0%)
6 (60.0%)
3 (30.0%)
1(10.0%)

3 (30.0%)

Participants with 1 valid

Between group
difference (p-value)

0.230
0.085

0.965
0.886
0.350
0.794

0.563

Shown are mean and SD for continuous as well as numbers and percentages for categorical variables. Sleep and breathing data are presented in Table 2.
No differences were found in OSA severity between participants with respect to the number of valid nights. Poor sleep quality, evidenced by lower sleep
efficiency (p < 0.001) and higher amount of wakefulness during sleep (WASO, p < 0.001), were more frequently identified in participants with only one
valid night compared with those with three valid nights. No differences were found for sleep stage distribution, arousal indices, or OSA severity as
assessed by the AHI and oxygen desaturation index (ODI).

TABLE 2

N

Sleep variables mean values (SD)

Total sleep
time (min)

Sleep
efficiency
N1%
N2%
N3%
REM %

WASO (min)

Arousal
index (n per
hr)

All

participants
78

382 (+ 68)

88.0* [79.0;
93.7]

6.7* [6.70;
9.60]

45.9* [40.0;
51.1]

22.8*[16.7;
304]

22.6* [17.7,
254]

49.5%[20.1;
87.0]

12.2* [9.4;
15.4]

OSA variables mean values (SD)

AHI (n per
hr)
ODI (n per
hr)

5.7*[2.4;
15.3]

4.7* [2.0;
13.1]

Sleep data shown are mean and SD.

Participants with 3 valid
nights (group 1)

47

388 (+ 68)

89.3* [81.7; 94.3]

6.6" [4.6; 9.4]

46.7 [40.4; 52.3]

22.1* [16.9; 28.7]

23.10[18.8; 25.4]

40.9* [18.0; 81.5]

12.1*[9.1; 15.0]

4.7%[2.2;12.5]

3.97[1.8; 12.5]

Participants with 2 valid
nights (group 2)

21

365 (+ 68)

85.7 [74.2; 91.2]

6.7* [4.8; 12.5]

43.0[38.5; 48.3]

26.9 [15.9; 34.6]

20.8 [16.4; 24.9]

62.25*[29.2; 103.3]

12.4* [11.0; 15.4]

10.15* [3.9; 19.0]

9.55%[3.0; 17.1]

Participants with 1 valid

night (group 3)
10

369 (+ 65)

81.7 [76.8; 87.6]

7.35%[6.0; 11.2]

46.3 [41.8; 49.0]

22.2 [13.6; 31.9]

4.6* [13.43; 26.6]

77.9 [44.9; 109.6]

14.6* [11.8; 16.9]

12.7 [5.2; 28.8]

13.9* [4.32; 22.0]

p-Value comparison between
nights (all participants)

78

0.573

<0.001

0.37

0.95

0.72

0.28

<0.001

0.46

0.98

0.96

Note: For variables that are non-normally distributed, data are presented in the table as median and interquartile range (IQR). Sleep stages are expressed as
percentage of total sleep time.
Abbreviations: AHI, apnea-hypopnea index; N1, sleep stage 1; N2, sleep stage 2; N3, sleep Stage 3; ODI, oxygen desaturation index; OSA, obstructive
sleep apnea; REM, rapid eye movement sleep; WASO, wake after sleep onset.
*Non-normally distributed data.
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TABLE 3 OSA severity comparing the reference AHI (mean of the
3 nights) with each night AHI.

Reference AHI (n per hr)

<50(n=24) 50-149(h=14) =2150(n=9)

Night 1

<50 23 (95.8%) 1(7.1%) 0

5.0-14.9 1(4.2%) 11 (78.6%) 0

2150 0 2 (14.3%) 9 (100%)
Night 2

<50 22 (91.7%) 2 (14.3%) 0

5.0-14.9 2 (8.3%) 11 (78.6%) 1(11.1%)

>15.0 0 1(7.1%) 8 (88.9%)
Night 3

<50 24 (100%) 0 0

50-149 O 13(92.9%) 1(11.1%)

2150 0 1(7.1%) 8 (88.9%)

Abbreviation: AHI, apnea-hypopnea index.

days (51.42 + 43.15). Improved sleep efficiency and decreased WASO
were still found for nights 1-3, after adjusting for the week day versus

weekend differences in this analysis.

3.2 | OSA severity classification

The ICC showed a very high reliability for both AHI (ICC = 0.94) and
ODI (ICC = 0.95), with a reference range between 0.90 and 1.00 for
excellent reliability for 1 night versus 3 nights PSG.

The agreement between a single-night AHI and reference AHI
(mean of 3 nights) is shown in Table 3, and the Bland-Altman plots
in Figure 3. A higher disagreement in 21.4% of individuals, both in the
first and second nights, can be found in participants with mild OSA;
with a single night either estimating their OSA severity as normal, or
in the moderate-to-severe OSA range. This number is markedly higher
than the maximum of 8.3% of the healthy participants and 11.1% of
the moderate-to-severe OSA participants being misclassified by a sin-
gle night.

Similar to the ICC, sensitivity and specificity for the detection of
OSA (AHI cut-off 5 events per hr) were 96.7%, and 95.8%, for the first
night with a PPV of 95.7% and a NPV 95.8%. Corresponding results
for the second night were sensitivity 91.3%, specificity 91.7%, PPV
91.3% and NPV 91.7%. For Night 3, sensitivity, specificity, PPV and
NPV were all 100%.

3.3 | Usability and user experience

The mean SUS score was 71.2 + 12.4, ranging between 45.0 and 97.5
(N = 62, 80% response rate). The mean value was above the cut-off

of 68, indicating an overall positive usability evaluation. On average

for AttrakDiff subscales, perceived Pragmatic Quality was 0.51, per-
ceived Hedonic Quality-Identification 0.45, perceived Hedonic
Quality-Stimulation 0.35 and Attractiveness 0.30. The highest score
was for Pragmatic Quality assessing if the participants rated the
device as task oriented. The attractiveness subscale, indicating if
the device is considered to be more technical or attractive for partici-
pants, had the lowest score.

Age or gender did not influence the subjective ratings of the PSG
set-up for either SUS or AttrakDiff. AttrakDiff scores did not differ
significantly between participants with all three or fewer valid nights,
but a tendency for a lower score was found for participants with only

one valid night (Figure 4).

3.4 | Set-up time and subjective sleep quality
Participants self-reported time for PSG set-up decreased significantly
from Night 1 to Night 3 (p < 0.001; Figure 5).

4 | DISCUSSION

Our study demonstrated that self-applied PSG in participants, not pre-
viously exposed to a sleep study, was feasible to perform for the
majority of participants, as 87% of them were able to collect multiple
(at least two) nights and all of them managed to perform at least one
successful diagnostic night with PSG. All participants who attempted
to set up the equipment had at least one valid night for clinical evalua-
tion and diagnosis. The multiple-night setting identified mild OSA as
an important target for multiple nights to avoid more than 20% mis-
classification of OSA severity during a single-night diagnostic record-
ing. Furthermore, sleep quality, exemplified for measures of sleep
continuity (sleep efficiency and WASQ), improved significantly
between nights, showing that multiple-night recordings will provide a
better diagnostic precision for habitual sleep assessment. Finally, the
technology was perceived as adequate, easy-to-use and user-friendly
by most participants.

Simplified self-applied home sleep apnea testing (HSAT) without
EEG has been used for decades. HSAT for suspected OSA is a clini-
cal routine in many countries, and its usage continues to increase in
Europe and elsewhere. The use of HSAT without EEG has been
described as time and resource saving, increasing the availability of
sleep services and the reasonable precision for the diagnosis
of moderate-to-severe OSA in the majority of patients; in particular,
in the absence of more significant cardiometabolic comorbidities.
However, diagnostic accuracy with HSAT without EEG is low, com-
pared with PSG (Escourrou et al., 2015). The reason for this is two-
fold: (1)
desaturation are only identified by PSG; (2) PSGs provide the total
sleep time and not the recording time as the nominator for the AHI
(Escourrou et al, 2015). Thereby, HSAT underestimates the true
AHI significantly during nights with low sleep efficacy. So, HSAT

hypopneas linked to an arousal without oxygen

without EEG has significant limitations besides the cost saving and
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FIGURE 3 Bland-Altman plots of AHI (left) and Sleep Efficiency (right) for three consecutive nights of sleep study. AHI, apnea-hypopnea

index.

FIGURE 4  AttrakDiff
subscales scores for participants
based on their number of valid
polysomnography (PSG) nights.
ATT, attractiveness; HQI,
perceived hedonic quality-
identification; HQS, perceived
hedonic quality-stimulation; PQ,
perceived pragmatic quality.
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the
to-moderate OSA.

Other sleep disorders that require PSG assessment may also ben-

increased availability, especially for patients with mild-

efit from self-applied PSG. These include, for example, hypersomnias,
sleep-related arousal disorders, motor disorders and treatment-
resistant insomnia (Riemann et al., 2023). Currently, PSG availability is
limited and waiting lists are very long in many clinical settings in
Europe and worldwide. Therefore, previous clinical and research stud-
ies have used ambulatory PSG settings already in the 1990s, but the
clinical feasibility and patient acceptance was generally low due to
high labour costs for the sleep centre personnel and the high demand
for technical skills by the patients at that time. Newer studies show
more promising results for ambulatory PSGs. Punjabi et al. (2020)
showed that self-applied PSG for 1 night had a reasonable feasibility
and study data quality. Technical failure rate was 15.9% for the first
attempt of self-application. This is similar to the results of the current
study (14.9% for Night 1). However, in the Punjabi et al. study, signifi-
cant staff time was used to explain the self-applied PSG hook up as
well as any troubleshooting during the study night. In our study, we
had a similar failure rate despite not performing these labour-intensive
steps. Importantly, the technical failure rate of our study is consistent
when compared with reported data from previous studies where
home PSG was set-up by clinical personnel and resulted in a 4%-20%
(Bruyneel & Ninane, 2014; Zancanella et al., 2022) failure rate.
Thereby, our setting is more cost-efficient due to the self-application
of the PSG equipment.

The main strengths of this study include the population studied
with a wide distribution in terms of age, gender and body mass index,
as well as the inclusion of healthy sleepers and sleepers with symp-
toms of OSA, insomnia and restless legs syndrome. Moreover, we
excluded the inter-scorer variability by having one well-trained, sleep-
scoring expert for the entire dataset. Another important aspect in our
study is the systematic evaluation of acceptance of the new sleep
diagnostic technology by the participants. We used well-established
tools for the evaluation of this important aspect (SUS and AttrakDiff),
and those showed general positive feedback for both the aspects. We
also identified no specific gender- or age-related difference in the par-
ticipant feedback about the technical experience with the device.
Despite the limited number of participants studied, our data indicate

that self-applied PSG over several nights may be suitable for a broad

70%

FIGURE 5 Time to set up the
self-applied polysomnography (PSG).

,0%

5,6%

47,5%

80% 90% 100%

>120 min

range of participants in the future, both in clinical care and in
research.

Several study limitations also need to be addressed. First, the
Phase 1 recruitment consisted of university volunteers, and Phase
2 by interested volunteers with and without sleep complaints. It
remains unknown if this procedure might have entered a bias in our
data as the participants were not fully representative of a typical sleep
clinical cohort. The second weakness is the limited number of partici-
pants in this study, which offered limited statistical power for sub-
group analysis. Indeed, our study did not allow properly to adjust the
data for demographical or lifestyle data such as the proportion of
active smokers for each subgroup. Another limitation includes the lack
of data for intra-scorer variability in sleep studies analysis.

Future studies need to evaluate the use of self-applied PSG over
several nights in the setting of a representative clinical cohort of
patients with suspected OSA and other sleep disorders, preferably in
multi-centric settings involving patients from different countries, lan-

guages and socio-economic backgrounds.

5 | CONCLUSION

In conclusion, our study results show that the highest diagnostic stan-
dards in sleep medicine (PSG) are conceptually ready to move from
hospital-based sleep centres into patient homes, as the majority of
previously untrained participants can easily and safely use home
PSGs. This pathway using self-applied technology for overnight EEG
recordings allows data collection with a low failure rate similar to
studies requiring intervention with trained personnel. Thereby, diag-
nostic accuracy can be increased in multiple-night assessments, and
future evaluations need to analyse if this new approach significantly

reduces costs.

AUTHOR CONTRIBUTIONS
Dimitri draft;

writing - review and editing; formal analysis; visualization. Anna

Ferretti: Investigation; writing -  original
S. Islind: Software; data curation; resources; writing - review and edit-
ing; conceptualization; funding acquisition. Kristin A. Olafsdéttir:
Investigation; validation; writing - review and editing; data curation;

funding acquisition. Sigridur Sigurdardottir: Writing - review and

9sUdIIT sUoww o)) aAneal) ajgedijdde ayy Aq pautanob ale sapiIe YO ‘@sn Jo sajnu 1oy Aieiqi] auluQ



FERRETTI ET AL.

editing; data curation; investigation; validation. Kamilla
R. Jéhannsdottir: Visualization; writing - review and editing; supervi-
sion. Jan Hedner: Supervision; writing - review and editing; funding
acquisition. Ludger Grote: Writing - review and editing; supervision;
Erna  Sif  Arnardottir:

Writing - original draft; writing - review and editing; funding acquisi-

visualization;  funding  acquisition.
tion; conceptualization; methodology; project administration; supervi-

sion; resources; visualization; investigation.

ACKNOWLEDGEMENTS

Dimitri Ferretti is employed as PhD student for a double degree at the
University of Reykjavik, Reykjavik, Iceland, and at the Institute of
Medicine at Sahlgrenska Academy, Gothenburg University, Gothen-
burg, Sweden. He would like to express his gratitude for support from
Jacopo Piccini and Elena Richert for the help with the data collection,
Benedikt Holm Pdérdarson, Emil Hardarson and Luka Biedebach for
the support in the use of Python as data analysis tool, Christian
Strassberger for support with data analysis questions, Bjarki Freyr
Sveinbjarnarson for data management, and Kenan Hoelke for English
proofreading. The study is part of the Sleep Revolution, a project that
received funding from the European Union's Horizon 2020 research
and innovation programme under grant agreement No 965417. Lud-
ger Grote was supported by the Swedish Heart and Lung Foundation
(20210529), and the ALF Agreement between the Sahlgrenska Uni-
versity Hospital and the Government (ALF/Gbg 966283). Jan Hedner
was supported by the Swedish Heart and Lung Foundation
(HLF20210500), and the ALF Agreement between the Sahlgrenska
University Hospital and the Government (ALF/Gbg 966319).

FUNDING INFORMATION
The study is part of the Sleep Revolution, a project that received
funding from the European Union's Horizon 2020 research and inno-

vation programme under grant agreement No 965417.

CONFLICT OF INTEREST STATEMENT

Dimitri Ferretti, Anna Sigridur Islind, Kristin Anna Olafsdéttir, Sigridur
Sigurdardottir and Kamilla Run Johannsdéttir declare no conflict of
interest. Ludger Grote declares no conflict of interest directly linked
to the content of the current study. Outside the current work, Ludger
Grote has received personal fees for lecturing for Astra Zeneca, Lund-
beck, and Resmed. Ludger Grote provided scientific advice to Onera
(sleep diagnostic equipment). Ludger Grote is co-owner of a licensed
patent to Desitin (pharmacological treatment of sleep apnea). Jan
Hedner reports fees for lectures from Somnomed and Desitin outside
the current study. Erna Sif Arnardottir reports honoraria from Nox
Medical, ResMed, Jazz Pharmaceuticals, Linde Healthcare, Wink
Sleep, Apnimed and Vistor, and she is a member of the Philips Medical

Advisory Board, all unrelated to the contents of the paper.

DATA AVAILABILITY STATEMENT
The data includes sensitive medical information and therefore is not

made publicly available.

Journal of
Joum oo i 9010
Research

PATIENT CONSENT STATEMENT

All participants signed an informed consent form, and the study was
approved by the National Bioethics Committee and the Data Protec-
tion Authority of Iceland (VSN number 21-070).

PERMISSION TO REPRODUCE MATERIAL FROM OTHER
SOURCES

Material presented in the main text is original.

ORCID
Dimitri Ferretti "> https://orcid.org/0009-0002-1749-904X
Sigridur Sigurdardottir "> https://orcid.org/0000-0001-6327-8956
https://orcid.org/0000-0002-7190-394X
https://orcid.org/0000-0002-7405-1682

https://orcid.org/0000-0003-0877-3529

Jan Hedner
Ludger Grote
Erna Sif Arnardottir

REFERENCES

Alakorkko, |, Tormélehto, S., Leppadnen, T., McNicholas, W. T,
Arnardottir, E. S., & Sund, R. (2023). The economic cost of obstructive
sleep apnea: A systematic review. Sleep Medicine Reviews, 72, 101854.
https://doi.org/10.1016/).SMRV.2023.101854

Alford, A. A., Nicoletti, A, Derzon, J. H., & Trevethan, R. (2017). Sensitivity,
specificity, and predictive values: Foundations, Pliabilities, and pitfalls
in research and practice. Frontiers in Public Health, 5, 307. https://doi.
org/10.3389/fpubh.2017.00307

Berry, R. B., Brooks, R., Gamaldo, C., Harding, S. M., Lloyd, R. M,
Quan, S. F., Troester, M. T., & Vaughn, B. V. (2017). AASM scoring
manual updates for 2017 (version 2.4). Journal of Clinical Sleep Medi-
cine, 13(5), 665-666. https://doi.org/10.5664/JCSM.6576

Brooke, J. (1996). SUS-A quick and dirty usability scale. Usability Evaluation
in Industry, 189(194), 4-7.

Bruyneel, M., & Ninane, V. (2014). Unattended home-based polysomno-
graphy for sleep disordered breathing: Current concepts and perspec-
tives. Sleep Medicine Reviews, 18(4), 341-347. https://doi.org/10.
1016/J.SMRV.2013.12.002

Escourrou, P., Grote, L., Penzel, T., Mcnicholas, W. T., Verbraecken, J., Tkacova,
R, Riha, R. L, & Hedner, J. (2015). The diagnostic method has a strong
influence on classification of obstructive sleep apnea. Journal of Sleep
Research, 24(6), 730-738. Portico. https://doi.org/10.1111/jsr.12318

Harris, P. A., Taylor, R., Minor, B. L., Elliott, V., Fernandez, M., O'Neal, L.,
MclLeod, L., Delacqua, G., Delacqua, F., Kirby, J., Duda, S. N., & RED-
Cap Consortium. (2019). The REDCap consortium: Building an interna-
tional community of software platform partners. Journal of Biomedical
Informatics, 95, 103208. https://doi.org/10.1016/J.JBI.2019.103208

Harris, P. A, Taylor, R., Thielke, R, Payne, J., Gonzalez, N., & Conde, J. G.
(2009). Research electronic data capture (REDCap)—A metadata-
driven methodology and workflow process for providing translational
research informatics support. Journal of Biomedical Informatics, 42(2),
377-381. https://doi.org/10.1016/J.JB1.2008.08.010

Hassenzahl, M., Burmester, M., & Koller, F. (2003). AttrakDiff: Ein Frage-
bogen zur Messung wahrgenommener hedonischer und pragmatischer
Qualitat. In G. Szwillus, & J. Ziegler (Eds.), Mensch & Computer 2003.
Berichte des German Chapter of the ACM (Vol. 57). Vieweg-+Teubner
Verlag. https://doi.org/10.1007/978-3-322-80,058-9_19

Heinzer, R., Vat, S., Marques-Vidal, P., Marti-Soler, H., Andries, D.,
Tobback, N., Mooser, V., Preisig, M., Malhotra, A, Waeber, G,
Vollenweider, P., Tafti, M., & Haba-Rubio, J. (2015). Prevalence of
sleep-disordered breathing in the general population: the HypnoLaus
study. The Lancet. Respiratory Medicine, 3(4), 310-318. https://doi.
org/10.1016/52213-2600(15)00043-0

9sUdIIT sUoww o)) aAneal) ajgedijdde ayy Aq pautanob ale sapiIe YO ‘@sn Jo sajnu 1oy Aieiqi] auluQ
K3)1M uo (suonipuod-pue-suwial/wodAajimAieiqijauljuo//:sdny) suonipuo) pue suusl 3y 335 [9202/01/10] uo Ateiqr] auljuo A3|1M 1ou-HY Ag "982Lusl/LLLL 0L/10p/wodAs)imAieiqaujuo//:sdiy wouy papeojumoq ‘2 '¥20Z '698259¢€L



100f10 | [CHEEE .. ...

FERRETTI ET AL.

Research

Kapur, V., Blough, D. K, Sandblom, R. E., Hert, R, de Maine, J. B.,
Sullivan, S. D., & Psaty, B. M. (1999). The medical cost of undiagnosed
sleep apnea. Sleep, 22(6), 749-755. https://doi.org/10.1093/sleep/22.
6.749

Klug, B. (2017). An overview of the system usability scale in library website
and system usability testing. Weave: Journal of Library User Experience,
1(6). https://doi.org/10.3998/weave.12535642.0001.602

Koo, T. K., & Li, M. Y. (2016). Cracking the Code: Providing Insight Into the
Fundamentals of Research and Evidence-Based Practice A Guideline
of Selecting and Reporting Intraclass Correlation Coefficients for Reli-
ability Research. https://doi.org/10.1016/j.jcm.2016.02.012

Korkalainen, H., Nikkonen, S., Kainulainen, S., Dwivedi, A. K., Myllymaa, S.,
Leppanen, T., & Toyras, J. (2021). Self-applied home sleep recordings:
The future of sleep medicine. Sleep Medicine Clinics, 16(4), 545-556.
https://doi.org/10.1016/j.jsmc.2021.07.003

Le Bon, O., Hoffmann, G., Tecco, J., Staner, L., Pelc, I., & Linkowski, P.
(2000). Mild to moderate sleep respiratory events: One negative night
may not be enough. Chest, 118(2), 353-359. https://doi.org/10.1378/
chest.118.2.353

Nox Medical. (2022). Nox SAS Hookup Instruction Video. https://www.
youtube.com/watch?v=zPnyxmfWPfA

Meyer, T. J,, Eveloff, S. E., Kline, L. R., & Millman, R. P. (1993). One nega-
tive polysomnogram does not exclude obstructive sleep apnea. Chest,
103(3), 756-760. https://doi.org/10.1378/chest.103.3.756

Newell, J., Mairesse, O., Verbanck, P., & Neu, D. (2012). Is a one-night stay
in the lab really enough to conclude? First-night effect and night-
to-night variability in polysomnographic recordings among different
clinical population samples. Psychiatry Research, 200(2-3), 795-801.
https://doi.org/10.1016/j.psychres.2012.07.045

Punjabi, N. M., Brown, T., Aurora, R. N., Patel, S. R., Stosor, V., Cho, J. H.,
Helgadottir, H., Agl]stsson, J. S., D'Souza, G., & Margolick, J. B. (2022).
Methods for home-based self-applied polysomnography: the Multi-
center AIDS Cohort Study. Sleep Advances: A journal of the Sleep
Research Society, 3(1), zpacO11. https://doi.org/10.1093/sleepadvances/
zpac011

Punjabi, N. M., Patil, S., Crainiceanu, C., & Aurora, R. N. (2020). Variability
and misclassification of sleep apnea severity based on multi-night test-
ing. Chest, 158(1), 365-373. https://doi.org/10.1016/J.CHEST.2020.
01.039

Riemann, D., Espie, C. A, Altena, E., Arnardottir, E. S., Baglioni, C.,
Bassetti, C. L. A, Bastien, C., Berzina, N., Bjorvatn, B., Dikeos, D.,
Dolenc Groselj, L., Ellis, J. G., Garcia-Borreguero, D., Geoffroy, P. A,
Gjerstad, M., Gongalves, M., Hertenstein, E., Hoedlmoser, K., Hion, T.,
... Spiegelhalder, K. (2023). The European insomnia guideline: An
update on the diagnosis and treatment of insomnia 2023. Journal of
Sleep Research, 32(6), e14035. https://doi.org/10.1111/JSR.14035

Roeder, M., Bradicich, M., Schwarz, E. I, Thiel, S., Gaisl, T., Held, U., &
Kohler, M. (2020). Night-to-night variability of respiratory events in
obstructive sleep apnoea: A systematic review and meta-analysis. Tho-
rax, 75(12), 1095-1102. https://doi.org/10.1136/thoraxjnl-2020-
214,544

Rusanen, M., Korkalainen, H., Gretarsdottir, H., Siilak, T., Olafsdottir, K. A.,
Toyrds, J., Myllymaa, S. Arnardottir, E. S., Leppanen, T., &
Kainulainen, S. (2024). Self-applied somnography: Technical feasibility
of electroencephalography and electro-oculography signal characteris-
tics in sleep staging of suspected sleep-disordered adults. Journal of
Sleep Research, 33(2), e13977. https://doi.org/10.1111/jsr.13977

Sateia, M. J. (2014). International classification of sleep disorders-third edition.
Chest, 146(5), 1387-1394. https://doi.org/10.1378/chest.14-0970

Sauro, J., & Lewis, J. R. (2016). Quantifying user research. In Quantifying
the user experience: Practical statistics for user research. Morgan
Kaufmann.

Schmitz, L., Sveinbjarnarson, B. F., Gunnarsson, G. N., Davidsson, O. A,
Davidsson, b. B., Arnardéttir, E. S., Oskarsdéttir, M., & Islind, A. S.
(2022).  https://aisel.aisnet.org/amcis2022/sig_health/sig_health/10.
Towards a Digital Sleep Diary Standard. In AMCIS 2022 proceedings.
Association for Information Systems (AlS). Accessed January 18, 2024.

Senaratna, C., Perret, J. L., Lodge, C. J., Lowe, A. J,, Campbell, B. E.,
Matheson, M. C., Hamilton, G. S., & Dharmage, S. C. (2017). Preva-
lence of obstructive sleep apnea in the general population: A system-
atic review. Sleep Medicine Reviews, 34, 70-81. https://doi.org/10.
1016/J.SMRV.2016.07.002

Stéberl, A. S., Schwarz, E. I., Haile, S. R, Turnbull, C. D., Rossi, V. A,
Stradling, J. R, & Kohler, M. (2017). Night-to-night variability of
obstructive sleep apnea. Journal of Sleep Research, 26(6), 782-788.
https://doi.org/10.1111/jsr.12558

Tamaki, M., Nittono, H., Hayashi, M., & Hori, T. (2005). Examination of the
first-night effect during the sleep-onset period. Sleep, 28(2), 195-202.
https://doi.org/10.1093/sleep/28.2.195

Van Rossum, G., & Drake, F. L. (2009). Python 3 reference manual.
CreateSpace.

Zancanella, E., do Prado, L. F., de Carvalho, L. B., Machado Junior, A. J,,
Crespo, A. N., & do Prado, G. F. (2022). Home sleep apnea testing: An
accuracy study. Sleep & Breathing, 26(1), 117-123. https://doi.org/10.
1007/511325-021-02372-6

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Ferretti, D., Islind, A. S., Olafsdéttir,
K. A., Sigurdardottir, S., Johannsdéttir, K. R., Hedner, J., Grote,
L., & Arnardottir, E. S. (2025). Feasibility and usability of three
consecutive nights with self-applied, home polysomnography.
Journal of Sleep Research, 34(2), e14286. https://doi.org/10.
1111/jsr.14286

9sUdIIT sUoww o)) aAneal) ajgedijdde ayy Aq pautanob ale sapiIe YO ‘@sn Jo sajnu 1oy Aieiqi] auluQ
K3)1M uo (suonipuod-pue-suwial/wodAajimAieiqijauljuo//:sdny) suonipuo) pue suusl 3y 335 [9202/01/10] uo Ateiqr] auljuo A3|1M 1ou-HY Ag "982Lusl/LLLL 0L/10p/wodAs)imAieiqaujuo//:sdiy wouy papeojumoq ‘2 '¥20Z '698259¢€L



