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Abstract

Level I conventional polysomnography (PSG), the gold stan-
dard for diagnosing obstructive sleep apnea (OSA), requires an
overnight stay. This study evaluated the role of daytime PSG as an
alternative diagnostic tool. A prospective cohort study was under-
taken with consecutive patients with suspected OSA at a tertiary
care sleep center. The primary objective was to evaluate the sensi-
tivity and diagnostic accuracy of daytime PSG for diagnosing OSA.
The secondary objective was to find out the factors associated with
a falsely negative daytime PSG result. All individuals were subject-
ed to level I daytime PSG, done in the sleep lab in the presence of
an experienced sleep technician during the daytime from 12 PM to
4 PM. Out of 162 patients, 105 underwent daytime PSG. OSA was
diagnosed on daytime PSG in 86. Of the remaining 19 patients, 7
refused a repeat PSG study. Out of the 12 individuals who under-
went the nighttime PSG for confirmatory diagnosis, 10 were diag-
nosed as OSA (false negatives), and 2 were confirmed as non-OSA
(true negatives). The sensitivity, diagnostic accuracy, and negative
predictive value of daytime PSG were 89.58%, 89.80%, and
16.67%, respectively. The false negatives had a higher prevalence
of mild OSA. Daytime PSG is sensitive in diagnosing OSA and can
be considered in individuals with severe symptoms at centers with
a high patient load or when the individual wishes to avoid a night-
time study. A negative result in daytime PSG must be followed by
conventional overnight PSG for confirmatory diagnosis.

Introduction

Obstructive sleep apnea (OSA) is a type of sleep-related breath-
ing disorder characterized by a repeatedly interrupted airflow
caused by an upper airway impediment [1]. These recurrent inter-
ruptions manifest as apneas and hypopneas and contribute to signif-
icant morbidity and mortality. OSA is a common disease affecting
5-35% of the population worldwide and 14% of Indians [1,2].
However, it is underdiagnosed in India due to a lack of awareness
about the disease. Further, there is a gross mismatch in the number
of sleep-related tests performed compared to the large at-risk popu-
lation of the country [3].

OSA is diagnosed using polysomnography (PSG) [3]. This can
be done either in-lab (level 1) or out-of-center (levels I/III/IV) [3].
Level I PSG is considered the gold standard to diagnose sleep-relat-
ed breathing disorders [3]. It is recommended for comorbid sleep
disorders, positive airway pressure titration, sleep-related behavior
disorders, narcolepsy, nocturnal seizures, periodic limb movement
disorders, unstable medical conditions, or after oral appliance use
[3]. Additionally, level I PSG is also recommended for patients with
previous negative reports on levels II-IV studies [3]. Level I study
mandates the overnight presence of a sleep technician. So, the cost
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of an overnight PSG is high. Further, the waiting times for level I
PSG are long. To circumvent this, out-of-center PSG has been advo-
cated. However, these unsupervised study types have flaws of their
own [4]. They are indicated for a subset of OSA with severe clinical
symptoms and an urgent need for treatment initiation, but where
level I PSG is not readily available. These may also be advisable for
patients unable to attend a sleep laboratory due to safety or mobility
issues [3,4]. The level III/IV PSGs do not have electroencephalo-
gram recording and, therefore, use monitored time rather than actual
total sleep time for calculation of Apnea Hypopnea Index (AHI) [3].
This results in an underestimation of the severity of OSA [4].
Further, the overcrowded home of an average Indian family may not
be conducive to home-based sleep testing. Lastly, newer out-of-cen-
ter sleep devices require smartphones for functioning, which many
patients in India are either unable to operate or afford [5]. So, both
level I and level I/III/IV studies have their own disadvantages.

The COVID-19 pandemic began in December 2019 [6]. There
was an exponential rise in the number of cases. To flatten the
curve, nations repeatedly implemented lockdowns. During these
periods, routine and non-emergent diagnostic procedures were
suspended. In India, sleep labs were operationally shut down, as
per national guidance for non-emergent diagnostic procedures,
during the peaks of the second and third COVID-19 pandemic
waves (April 2021 to May 2021 and January 2022 to February
2022) [7,8]. Patients requiring PSG queued up over time, and
waiting times surged to 6 months or greater. To address this issue
without compromising the diagnostic accuracy of a level I PSG,
we decided to use daytime PSG as an alternative to nighttime PSG
in individuals with high pretest probability for OSA. We chose
daytime PSG as our preferred alternative because of the following
practical advantages: 1) it remains a level I PSG conducted in the
presence of a sleep technician; ii) there is no additional cost borne
by the laboratory for acquiring new technology, such as level IV
PSG devices; iii) the effect of unwanted disturbance, such as due
to overcrowding or residential surroundings, on an out-of-center
PSG conducted at the patient’s home is avoided; iv) most impor-
tantly, however, a successful daytime study was expected to
reduce the discomfort of an overnight stay for the patient and their
accompanying relative, making it more acceptable to the patient.
To this end, we performed a literature search, which yielded only
a few studies on daytime PSG. All of them had been conducted at
least 10 years prior and on a small number of patients. These stud-
ies had found a specificity of 88-100% and a sensitivity of at least
66% for diagnosing OSA [9-14]. The reason for the abandonment
of daytime PSG despite evidence of its positive outcomes is
unclear. In light of the above concerns, we conducted this study as
a re-evaluation of daytime PSG in diagnosing OSA, within the
COVID-19 pandemic period. The primary objective was to find
the sensitivity and diagnostic accuracy of daytime PSG for diag-
nosing OSA. The secondary objective was to find the factors asso-
ciated with a falsely negative daytime PSG leading to a need for
conventional nighttime PSG. The study adheres to the STARD list
from the EQUATOR network..

Materials and Methods

This was a prospective study conducted at a tertiary care insti-
tution with specialized experience in sleep medicine in India. The
institution is part of the Employees’ State Insurance Scheme under
the Government of India, which provides health and social support
to factory workers and laborers. The study protocol and patient con-
sent documents were approved by the institutional ethical commit-
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tee (ESIPGIMSR-2022053). The study was conducted between
June 2020 and December 2022.

Consecutive patients aged 18 years or above presenting to the
outpatient facilities at the department of pulmonary, sleep, and
critical care medicine of the institute with symptoms of OSA were
included in the study. These individuals were assessed thoroughly
for sleep-related history and laboratory investigations for possible
systemic comorbid illnesses. The patients were also assessed for
the coexistence of insomnia and restless leg syndrome as per stan-
dard guidelines. The participants were then risk-stratified for OSA
using STOP-Bang, Epworth Sleepiness Scale (ESS), and
Perioperative Sleep Apnea Prediction (PSAP) scoring criteria.
Patients were taken up for daytime PSG study if they scored pos-
itive on any of the three scores, i.e., STOP-Bang>3, ESS>10, or
PSAP>4 [15-17]. The exclusion criteria were: individuals unable
to sleep during the day, significant uncontrolled systemic illness,
moribund status, exacerbation of chronic illnesses like chronic
obstructive pulmonary disease or heart failure within the previous
month, or lack of social support.

All individuals undergoing daytime PSG were counseled
meticulously regarding the test. Level I PSG was performed as per
the American Association of Sleep Medicine (AASM) guidelines,
during the daytime from 12 PM to 4 PM in the sleep lab under the
supervision of an experienced sleep technician [18]. The patients
were asked to sleep less on the previous night compared to other
days. All PSG studies included the following: electroencephalog-
raphy (six probes and two ground leads, electrooculography (bilat-
eral), chin electromyography, oronasal thermistor, nasal pressure,
piezoelectric snore, pulse oximetry, electrocardiography, and res-
piratory inductance plethysmography for chest and abdominal
movements. At least 2 hours of PSG recording were required for
inclusion for further analysis. PSG was scored manually by a sleep
specialist using an Alice PSG system and Sleepware software
(Koninklijke Philips N.V., Amsterdam, Netherlands). The respira-
tory events were scored as per the AASM guidelines. Apneas and
hypopneas were identified on oronasal thermistor and nasal pres-
sure tracings, respectively. OSA was diagnosed when the AHI was
at least 5/hour. If the daytime PSG yielded a negative result (AHI
<5/hour), the sleep efficiency was <30%, or the result was incon-
clusive, a conventional overnight PSG was performed to reach a
diagnosis. This overnight PSG was done within 2 weeks of the
daytime test.

Statistical analysis was done using IBM SPSS Statistics for
Windows, version 21 (IBM Corp., Armonk, NY, USA). A p-value
of <0.05 was considered the cut-off for statistical significance.
Sensitivity and negative predictive value (NPV) were calculated
using the standard formulae. The sample size was calculated using
the formula for diagnostic tests [19]. The margin of error and
power were taken as 5% and 20%, respectively. Based on prelim-
inary results from an internal review of 19 patients, a sensitivity of
85% was applied. Using these values, the sample size was a min-
imum of 87.

Results

The study flow is presented in Figure 1. A total of 162 patients
were evaluated for PSG during the study period. After exclusion,
105 patients underwent daytime PSG. Their demographic, sleep-
historical, and PSG parameters are presented in Table 1. The study
population had a mean age of 53.03+11.93 years and had 42 (40%)
women. The mean body mass index (BMI) was 33.58+5.42 kg/m?.
Obesity (BMI>30 kg/m?) was noted in 83 (79.05%) individuals.
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The mean STOP-Bang score was 5.4+1.48. Out of 105 individuals,
97 (92.38%) had a positive score of >3. The mean ESS score in the
study was 17.3+5.27. Excessive daytime sleepiness with an ESS
score of >11 was noted in 93 (88.57%) patients. The mean PSAP
score was 5.48+1.57, and 94 individuals (89.52%) had a positive
score of >4. Among sleep related symptoms, the most reported was
loud snoring (n=97; 92.38%), followed by excessive daytime
sleepiness (n=91; 86.67%), lethargy (n=88; 83.81%), unrefreshing
sleep (n=73; 69.5%), and dryness of throat on waking up (n=63;
60%). Nocturnal awakening, i.e., waking with gasping, choking, or
breath holding, was noted in 61 (58.1%) patients. Comorbid insom-
nia (n=21; 21%), restless leg syndrome (n=27; 25.71%), and psy-
chiatric disorders like depression (n=23; 21.9%) were also com-
monly noted.

Out of 105 individuals undergoing daytime PSG, 86 (81.9%)
had an AHI>5/hr and thus were diagnosed as OSA on daytime PSG
(true positives). The remaining 19 (18.1%) had an AHI of <5/hr.
These participants were advised to undergo a conventional night-
time PSG for validation of the result. Out of these 19 participants, 7
refused the nighttime PSG, citing reasons attributed to travel diffi-
culties during the COVID-19 pandemic or a lower severity of OSA
symptoms. The remaining 12 patients underwent the conventional
nighttime PSG. 10 out of these 12 individuals were diagnosed with
OSA (false negatives). In the remaining 2 individuals, OSA was
ruled out during nighttime PSG. These 2 individuals were true neg-
atives who had been correctly identified by the daytime PSG and

verified by nighttime PSG. After exclusion of 7 patients out of 105,
who had refused the nighttime study, the tests of diagnostic evalua-
tion were applied among 98 patients. The sensitivity of daytime
PSG to diagnose OSA was noted as 89.58% [95% confidence inter-
val (CI): 81.68 to 94.89%], and the overall diagnostic accuracy for
the study was 89.80% (95% CI: 82.03 to 95%). The NPV was noted
as 16.67% (95% CI: 10.01 to 26.45%). The negative likelihood ratio
was 0.1 (95% CI: 0.06 to 0.19).

A comparison of relevant parameters among 86 true positives
vs. 10 false negatives is presented in Table 2. They had comparable
age, sex ratio, and BMI. The mean self-reported sleep durations
were not significantly different in the two groups (5.88+1.09 vs.
6.2+1.48 hrs/night, p=0.4). The prevalence of loud snoring was
greater among true positives (95.35%) than false negatives (80%),
however, the difference was not statistically significant (p=0.06).
Early morning headache was more commonly reported by false
negatives than by true positives (90% vs. 52.32%; p=0.03). Among
other historical parameters, there were no significant differences
between the two groups. The prevalence of modified Mallampati
classes 3 or 4 was significantly greater (p=0.03) among true posi-
tives (80.23%) compared to false negatives (50%). There were no
significant differences in the mean STOP-Bang or ESS scores or the
prevalence of positive scores between the groups. Only the mean
PSAP score was significantly greater among true positives
(5.71+1.46) than false negatives (4.7+1.57, p=0.04).

The PSG parameters in daytime PSG of true positives were

Patients
evaluated for

Daytime PSG, Excluded from study, N = 57

N =162 1. Low risk by all three scores: STOP-Bang,
ESS, and PSAP, N = 23
Patient did not follow up for PSG, N =7
Titration study, N = 16
Needed MSLT, N =7

nhwn

Patients Lost beneficiary account (because of
evaluated by losing job), N =4
daytime PSG ,
N =105
Daytime PSG diagnostic ]
(AHI 5/hr or greater),
N =86 J
Evaluation of daytime PSG, Daw&ir f;;/:f)gatwe
True positives, N (%): 86 (87.76%) N=19 '
True negatives, N (%): 2 (2.04%) . Lt
False negatives, N (%): 10 (10.2%) (Al 9ovised nighttie P36} ___
Sensitivity, % (95%Cl): 89.58% (81.68 to 94.89%) Refused "h'lﬂ"‘;'"‘e PSG,

Diagnostic accuracy, % (95% Cl): 89.8% (82.03 to 95%)
Negative predictive value, % (95% Cl): 16.67% (10.01 to 26.45%)
Negative likelihood ratio, ratio (95% Cl): 0.1 (0.06 to 0.19)

1. Travel difficulties due to
pandemic restrictions, N=6

2, Reneged on due to non-severe
symptoms, N =1

[

Patients evaluated by

nighttime PSG,
N=12

Nighttime PSG
negative
(AHI < 5/hr),
N=2
Nighttime PSG
positive

(AHI 5/hr or greater),

N=10

Figure 1. Study flow. AHI, apnea hypopnea index; 95% CI, 95% confidence interval; ESS, Epworth sleepiness scale; MSLT, multiple
sleep latency test; PSAP, perioperative sleep apnea probability; PSG, polysomnography.
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compared to nighttime PSG of false negatives. The mean AHI was
significantly greater (p=0.05) among true positives (42.4+27.37)
than false negatives (24.96+19.76). Also, the prevalence of mild
OSA was significantly greater among false negatives than true pos-
itives (50% vs. 15.21%; p=0.01). The prevalence of moderate and
severe OSA was greater among true positives than false negatives;
however, the differences were not statistically significant. The mean
sleep efficiency was similar between the two groups (65.7+25.05%
vs. 64.24+18.48%; p=0.86). The mean sleep latency was signifi-
cantly lower among true positives than false negatives (13.41+18.24
minutes vs. 30+40.39 minutes; p=0.02). On analysis of the sleep
architecture, there was a greater number of true positives who had
attained deep sleep, reaching deep (N3) sleep stage, compared to
false negatives (84.88% vs. 60%, p=0.05). However, there was no
difference in rapid eye movement (REM) sleep. Also, we analyzed
the daytime PSG of the 10 patients who were false negatives. They
had a mean AHI of 3/hr with a mean sleep efficiency of 55.5%.
Their mean sleep latency was 16.78 minutes. Analyzing sleep archi-
tecture, N3 sleep was noted in 80% and REM sleep in 40% of
patients.

Discussion

This study evaluated the utility of daytime PSG for diagnosing
OSA in consecutive high-risk individuals, under the health and
social support benefits scheme of India. The sensitivity of daytime
PSG in diagnosing OSA was found to be 89.58%, with an overall
diagnostic accuracy of 89.8% for the study participants. In these
individuals, performing PSG during the daytime eliminates the need
for an overnight stay and the concerns associated with it. This helps
in reducing waiting times for patients queuing up for PSG testing by
essentially half, since at least one daytime and one nighttime study
can be performed on a single date. It is especially important for high
patient-load centers in resource-limited settings, such as ours. In
case of a negative daytime PSG result, verification can be sought by
performing a nighttime study.

We took the specificity of daytime PSG to be equivalent to
nighttime PSG. All individuals detected with OSA on daytime PSG
were counted as true positives. This was based on the results of ear-
lier studies. Miyata et al. (2007) evaluated 108 patients with sus-
pected sleep disordered breathing. [9] They performed daytime and
nighttime PSGs for all 108 individuals and found the specificity of
daytime PSG to be 100%. They reported 81.0% sensitivity and
83.5% accuracy of daytime PSG. They evaluated the utility of day-
time PSG for continuous positive airway pressure titration com-
pared to nighttime PSG and found no significant difference [9]. In a
study by Mahakit ez al. (2012) comparing daytime PSG to nighttime
PSG, the sensitivity, specificity, positive predictive value, and NPV
were noted as 92%, 91.3%, 92%, and 91.3%, respectively [10].
Bosschieter et al. utilized daytime PSG to perform titration of upper
airway stimulation therapy as an alternative to conventional
overnight PSG. They found that 94% of patients had a positive
experience with the daytime study, and titration was successful in
evaluating the final therapeutic settings in 84% of patients despite
an overall lower sleep time [11]. The positive results of daytime
PSG were also supported by studies conducted in the 20" century
[20,21]. Additional reasons also prompted us to not pursue a con-
ventional nighttime PSG in patients diagnosed on the daytime test.
Firstly, the scenario where an individual has OSA during daytime
sleep and not nighttime sleep carries little biological plausibility. In
the presence of symptoms, a positive daytime PSG necessitates
treatment for OSA. Secondly, individuals were apprehensive about
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Table 1. Descriptive parameters of study participants.

Descriptive parameter Value

Demographic characteristics

Age, years (mean, std dev) 53.03, 11.93
Age, years (median, Q1-Q3) 53, 45-60
Gender, N (Female:male) 42:63
Shift worker, N (%) 8 (7.62)

Sleep history
Self-reported sleep duration, hours/night (mean, std dev) 5.91, 1.11

Loud snoring, N (%) 97 (92.38)
Wake-up due to own snoring, N (%) 59 (56.19)
Witnessed apnea, N (%) 59 (56.19)

Waking with gasping, choking, or breath holding N (%) 61 (58.1)

Nocturia, N (%) 53 (50.48)
Fragmented sleep, N (%) 48 (45.71)
Unrefreshing sleep, N (%) 73 (69.52)
Early morning headache, N (%) 55 (52.38)
Dryness of throat on waking up, N (%) 63 (60)

Insomnia, N (%) 21 (20)

Restless leg syndrome, N (%) 27 (25.71)
Excessive daytime sleepiness, N (%) 91 (86.67)
Lethargy, N (%) 88 (83.81)
Cognitive deficit, N (%) 36 (34.28)
Psychiatric symptoms, N (%) 23 (21.90)

Clinical characteristics

BMI, kg/m? (mean, std dev) 33.58,5.42
Class I obesity (BMI 30-34.9) 32 (30.48)
Class II obesity (BMI 35-39.9) 31 (29.52)
Class III obesity (BMI>40) 10 (9.52)
Neck circumference, cm (mean, std dev) 41.35,3.42
Neck circumference >41 cm, N (%) 62 (59.05)
Modified Mallampati class 3 or 4, N (%) 79 (75.24)
Waist circumference, cm (mean, std dev) 102.05, 9.42
Pre-test probability scores

STOP-Bang score, (mean, std dev) 54,148
STOP-Bang score >3, N (%) 102 (97.14)
STOP-Bang score >4, N (%) 97 (92.38)
STOP-Bang score >5, N (%) 72 (68.57)
STOP-Bang score >6, N (%) 55(52.38)
ESS score, (mean, std dev) 17.3,5.27
ESS score 0-10, N (%) 12 (11.43)
ESS score 11-14, N (%) 18 (17.14)
ESS score 15-17, N (%) 12 (11.43)
ESS score 18-24, N (%) 63 (60)
PSAP score, (mean, std dev) 5.48,1.57
PSAP score >4, N (%) 94 (89.52)

Polysomnographic parameters

AHI, /hr (mean, std dev) 35.01, 28.87
AHI, /hr (median, Q1-Q3) 27.5 (10.9-54)
AHI <5/hr, N (%) 19 (18.1)
OSA (AHI >5) 86 (81.9)
Mild OSA: AHI 5-<15/hr, N (%) 14 (13.33)
Moderate OSA: AHI 15-<30/hr, N (%) 23 (21.9)
Severe OSA: AHI >30/hr, N (%) 49 (46.67)
Sleep efficiency, % (mean, std dev) 64.61, 25.81
Sleep latency, min (mean, std dev) 13.31,17.89
Sleep latency, min (median, Q1-Q3) 5(0.5-19.5)
NI or N2 established, N (%) 104 (98.11)
N3 established, N (%) 90 (84.9)
R established, N (%) 31(29.24)

AHI, apnea hypopnea index; BMI, body mass index; ESS, Epworth sleepiness scale;
N1, N2, N3, non rapid eye movement sleep, phases 1-3; R, rapid eye movement sleep
phase; OSA, obstructive sleep apnea; PSAP, perioperative sleep apnea score; Q1-Q3,

quartile range (1st to 3rd); Std dev, standard deviation.



an overnight stay at the hospital during the COVID-19 pandemic.
The frequent time restrictions placed during the pandemic made
access during evening hours difficult. Thirdly, multiple PSG ses-
sions add to the burden in terms of resource utilization.

The total sleep time during daytime PSG plays a crucial role in
its results. Van Keimpema et al. (1992) found the specificity of day-
time PSG to be 88% but a relatively low sensitivity of 66% [12].
They had recorded only one hour of sleep during daytime PSG,

which could have resulted in low sensitivity. Mahakit ef a/. recorded
2 hours of sleep time on daytime PSG after inducing sleep using
oral midazolam, which resulted in a sensitivity and specificity of
>90% [10]. Miyata et al. used 2 hours of total sleep time on daytime
PSG with natural sleep and found a specificity of 100% [9]. We con-
ducted daytime PSGs from 12 PM to 4 PM (4 hours); hence, the
probability of missing the diagnosis of OSA in our study is very low.
Further, data were included for analysis if at least 2 hours of sleep

Table 2. Comparison of daytime PSG and nighttime PSG in the study participants

A. Demographic and clinical parameters:

Confidence interval
r Chi-square

me PSG of true positives vs. nighttime PSG of false negatives

Daytime PSG Nighttime PSG

A.1 Demographic parameters

N 86 10

Age, years (mean, std dev) 53.95, 11.21 53.4,14.23 0.89 -7.1010 to 8.2010
Age, years (median, Q1-Q3) 54.5, 46.25-60.75 56, 41.5-63.75

Women, N (%) 31 (36.05) 6 (60) 0.14 chi sq 2.17
Shift worker, N (%) 7 (8.14) 0(0) 0.35 0.88

A.2 Sleep history

Self-reported sleep duration, hours/night (mean, std dev) 5.88, 1.09 6.2,1.48 0.4 -1.0717 to 0.4317
Loud snoring, N (%) 82 (95.35) 8 (80) 0.06 3.6
Wake-up due to own snoring, N (%) 47 (54.65) 8 (80) 0.12 2.35
Witnessed apnea, N (%) 49 (56.98) 8 (80) 0.16 1.97
Waking with gasping, choking, or breath holding, N (%) 51(59.3) 8 (80) 0.2 1.62
Nocturia, N (%) 46 (53.49) 3 (30) 0.16 1.98
Fragmented sleep, N (%) 39 (45.35) 6 (60) 0.38 0.77
Unrefreshing sleep, N (%) 60 (69.77) 8 (80) 0.5 0.45
Early moring headache, N (%) 45 (52.32) 9 (90) 0.03 5.17
Dryness of throat on waking up, N (%) 53 (61.63) 8 (80) 0.25 1.3
Insomnia, N (%) 16 (18.6) 4 (40) 0.11 2.49
Restless leg syndrome, N (%) 24 (27.91) 3 (30) 0.89 0.02
Excessive daytime sleepiness, N (%) 74 (86.05) 10 (100) 0.21 1.6
Lethargy, N (%) 73 (84.88) 9 (90) 0.66 0.19
Cognitive deficit, N (%) 27 (31.4) 6 (60) 0.07 3.25
Psychiatric symptoms, N (%) 19 (22.09) 4 (40) 0.21 1.58

A3. Clinical parameters

BMI, kg/m? (mean, std dev) 33.78,5.12 32.87,4.24 0.59 -2.44 10 4.26
Class I obesity (BMI 30-34.9) 25(29.07) 3 (30) 0.95 0.004
Class II obesity (BMI 35-39.9) 23 (26.74) 4 (40) 0.38 0.78
Class III obesity (BMI >40) 10 (11.63) 0(0) 0.25 1.3
Neck circumference, cm (mean, std dev) 41.65, 3.09 40.6, 2.01 0.3 -0.94 t0 3.04
Neck circumference >41 cm, N (%) 54 (62.79) 4 (40) 0.16 1.95
Modified Mallampati class 3 or 4, N (%) 69 (80.23) 5(50) 0.03 4.64
Waist circumference, cm (mean, std dev) 102.2,9.13 105.1, 6.97 0.33 -8.83 t0 3.03
Ad4. Pre-test probability scores
STOP BANG score, (mean, std dev) 5.57,1.41 5.2,1.55 0.44 -0.57 to 1.31
STOP BANG score >3, N (%) 85 (98.84) 9 (90) 0.06 3.43
STOP BANG score >4, N (%) 81 (94.19) 9 (90) 0.6 0.27
STOP BANG score >5, N (%) 62 (72.09) 7 (70) 0.89 0.02
STOP BANG score >6, N (%) 49 (56.98) 5(50) 0.67 0.18
ESS score, (mean, std dev) 17.66, 5.46 17,3.33 0.71 -2.85t04.17
ESS score 0-10, N (%) 10 (11.63) 0(0) 0.25 1.3
ESS score 11-14, N (%) 13 (15.12) 3 (30) 0.23 1.43
ESS score 15-17, N (%) 7 (8.14) 2 (20) 0.22 1.48
ESS score 18-24, N (%) 56 (65.17) 5(50) 0.35 0.88
PSAP score, (mean std dev) 5.71, 1.46 4.7, 1.57 0.04 0.03 to 1.98
PSAP score >4, N (%) 80 (93.02) 8 (80) 0.16 1.99
To be continued on next page
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Table 2. Continued from previous page.

B. Polysomnography parameters: daytime PSG of true positives vs.
Daytime PSG

Confidence interval
or Chi-square
nighttime PSG of false negatives
Nighttime PSG

of true positives

of false negatives

N 86 10

AHI, /hr (mean, std dev) 42.4,27.37 24.96, 19.76 0.05 -0.3 t0 35.18
AHI, /hr (median, Q1-Q3) 32.75 (20.85-63.52)  15.65 (9.55-36.55)

AHI <5/hr, N (%) 0(0) 0 (0%) 1 0

OSA: AHI >5 86 (100) 10 (100) 1 0

Mild OSA: AHI 5-<15/hr, N (%) 13 (15.12) 5(50) 0.01 7.16
Moderate OSA: AHI 15-<30/hr, N (%) 24 (27.91) 1 (10) 0.22 1.49
Severe OSA: AHI >30/hr, N (%) 49 (56.98) 4 (40) 0.31 1.04
Sleep efficiency, % (mean, std dev) 65.7,25.05 64.24, 18.48 0.86 -14.79 to 17.11
Sleep latency, min (mean, std dev) 13.41, 18.24 30, 40.39 0.02 -30.77 to -2.41
Sleep latency, min (median, Q1-Q3) 4.75 (0.5-19.5) 10.5 (4.5-44)

NI or N2 established, N (%) 86 (100) 10 (100) 1 0

N3 established, N (%) 73 (84.88) 6 (60) 0.05 3.81

R established, N (%) 25 (29.07) 3 (30) 0.95 0.004

C. Polysomnography parameters: daytime PSG of true positives vs.

Daytime PSG

daytime PSG of false negatives
Daytime PSG

of true positives

of false negatives

N 86 10

AHI, /hr (mean, std dev) 42.4,27.37 3, 1.64 <0.001 22.13 to 56.67
AHI, /hr (median, Q1-Q3) 32.75 (20.85-63.52) 3.55(1.72-4.15)

AHI <5/hr, N (%) 0 (0) 10 (100%) 0 1

OSA: AHI >5 86 (100) 0(0) 0 1

Mild OSA: AHI 5-<15/hr, N (%) 13 (15.12) 0 (0) 0 1
Moderate OSA: AHI 15-<30/hr, N (%) 24 (27.91) 0(0) 0 1
Severe OSA: AHI >30/hr, N (%) 49 (56.98) 0 (0) 0 1

Sleep efficiency, % (mean, std dev) 65.7,25.05 55.5,35.04 0.24 -7.16 to 27.56
Sleep latency, min (mean, std dev) 13.41, 18.24 16.78, 19.68 0.58 -15.56 to 8.82
Sleep latency, min (median, Q1-Q3) 4.75 (0.5-19.5) 10 (0.5-29.5)

N1 or N2 established, N (%) 86 (100) 9 (90) 0.003 8.69

N3 established, N (%) 73 (84.88) 8 (80) 0.69 0.16

R established, N (%) 25(29.07) 4 (40) 0.48 0.51

AHI, apnea hypopnea index; BMI, body mass index; ESS, Epworth sleepiness scale; N1, N2, N3, non-rapid eye movement sleep, phases 1-3; R, rapid eye movement sleep phase;
OSA, obstructive sleep apnea; PSAP, perioperative sleep apnea score; PSG, polysomnography; Q1-Q3, quartile range (Ist to 3rd); Std dev, standard deviation.

were recorded, thus adding another layer of confidence in the qual-
ity of daytime PSG. Comparing individuals who were diagnosed
with OSA on daytime PSG (true positives) to those who were not
diagnosed and required a nighttime PSG (false negatives), the true
positives had a significantly greater AHI and lower sleep latency.
False negatives were more frequently mild OSA, compared to true
positives. This suggests that patients with mild OSA symptoms or
higher sleep latency are less likely to be diagnosed using daytime
PSG. At 16.67%, we found the NPV in our study to be low. This
would suggest that a negative daytime PSG result in a suspected
patient should be re-evaluated by a conventional overnight PSG to
confirm or rule out OSA. The sleep efficiency was similar in both
groups. This has also been found in previously published evidence
[9]. The tendency of an individual to fall asleep during the day (day-
time sleepiness), as assessed by the ESS score, also did not differ
significantly between the two groups in our study.

One potential concern of performing PSG during the day as
opposed to at night is that deep sleep may not be achieved well dur-
ing the day. Many contributory factors have been suggested for why
daytime sleep differs from nighttime sleep [22]. In the current study,
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the sleep architecture was analyzed during daytime PSG. We found
fewer individuals reached N3 compared to early sleep (N1 or N2)
during daytime PSG. The difference in REM sleep was not signifi-
cant, probably because only about 30% of patients could achieve
REM sleep in each group. The absence of REM sleep could be
explained by the first-night effect [23,24]. This phenomenon con-
sists of a lower sleep efficiency, a lower amount of REM sleep, and
a longer REM latency on the first night in the sleep center [25,26].
This could also be expected during daytime sleep in the sleep lab
[20,21]. Further, individuals with false negative results on daytime
PSG were found to have a lower frequency of N3 (80% of individ-
uals) or REM (40% of individuals) sleep. We, therefore, suggest a
follow-up nighttime PSG to evaluate individuals who fail to attain
REM or N3 sleep on daytime PSG.

There are some limitations to the current study. We could not
perform nighttime PSG for all the individuals who could have val-
idated our results of 100% specificity of daytime PSG. Further,
among the 19 patients with a non-yielding daytime PSG, 7 refused
a nighttime PSG. The exact cause of negative daytime PSG
results, hence, could not be ascertained. They probably had no or
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mild OSA that did not significantly affect their daily life and there-
fore refused a repeat PSG. At the same time, however, this may
also suggest that a daytime PSG is more patient-friendly com-
pared to a nighttime study.

Conclusions

The daytime PSG has a sensitivity of 89.58% and diagnostic
accuracy of 89.80% for diagnosing OSA. The likelihood of a nega-
tive result is greater in mild OSA cases. At high patient-load centers,
daytime PSG can be used in carefully selected individuals with a
high pre-test probability. This can reduce PSG wait times and the
additional cost of nighttime sleep technician attendance. We there-
fore propose using daytime PSG as an acceptable and more patient-
friendly alternative to nighttime PSG for OSA at sleep centers with
high patient load and long wait times. If the result of daytime PSG
is negative, a follow-up conventional nighttime PSG is suggested.
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