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Introduction: Self-reported sleep instruments remain the most practical methods for the
assessment of insomnia in clinical practice. This systematic review aims to identify, describe
and summarize the psychometric properties of questionnaires available for the assessment of
insomnia in the adult population. In addition, the review also aimed to identify sleep
instruments available in the Arabic language.

Methods: A systematic literature search was conducted using the following electronic
databases: PubMed, EMBASE, ProQuest Central, SCOPUS, and Google Scholar. The quality
assessment of the instruments was conducted using two established international criteria.
Results: One hundred and seven articles were selected for inclusion, from which 31
instruments were identified and categorized based on the constructs they assess as: (1)
screening for insomnia (n=14); (2) measuring the consequences of insomnia (n=8); (3)
assessing the cognitive aspects of insomnia (n= 5); and (4) assessing sleep hygiene (n= 4).
The review of the psychometric properties showed that the Insomnia Severity Index and the
Functional Outcomes of Sleep Questionnaire were the most extensively evaluated instru-
ment. Criterion validity and reliability measures were the most commonly reported proper-
ties. Only four of the identified instruments were available in Arabic.

Discussion: Overall, the findings of this study indicate ample availability of sleep instru-
ments. However, psychometric testing for several of the available sleep instruments remains
incomplete, particularly responsiveness and interpretability. Our findings suggest that future
studies should focus on reporting more psychometric measures to ensure the trustworthiness
of these instruments.
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Introduction

Worldwide reports suggest that around one-third of the adult population complains
of insomnia symptoms.' 2 Insomnia is characterized by persistent sleep difficulty
despite adequate sleep opportunity and associated daytime dysfunction.” Insomnia
has been associated with increased rates of road accidents, lower productivity and
work absenteeism.*> Several factors are known to contribute to the development or
worsening of insomnia symptoms. Current findings from the literature suggest that
negative cognitive processes including worry, rumination and catastrophizing
thoughts are associated with worse sleep quality and insomnia.® These processes
have been shown to fuel anxiety and arousal resulting in delayed sleep onset and
shorter sleep duration.” Similarly, poor sleep hygiene, which consists of a combina-
tion of behavioral practices and environmental conditions which improves sleep, is

. . —11
common among insomniacs.®
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Studies suggest that chronic insomnia is an indepen-
dent risk factor for developing mental illnesses in other-
wise healthy individuals.'*'* Chronic insomnia has also
been reported to increase the probability of developing
chronic medical conditions, such as hypertension, cardio-
vascular disease and type 2 diabetes.'*!® Therefore, early
detection and management of insomnia is important to
minimize these associated risks. Although polysomnogra-
phy (PSG) is considered the gold standard method for
evaluating insomnia, it is not routinely used as it requires
a specialized setting and equipment, and it is often labour
intensive. Wrist actigraphy is another objective tool for the
assessment of insomnia, but is limited by its lack of
specificity.'®!” Consequently, self-reported sleep instru-
ments remain the most practical methods for the assess-
ment of insomnia in clinical practice.'®'® There are
several systematic reviews on a range of sleep instruments
utilized for the assessment of sleep dysfunction in a vari-
ety of medical and neuropsychiatric disorders, or in spe-

1921 1n these reviews, there was

cialized populations.
insufficient evaluation of the psychometric properties of
the instruments that were identified, and none of them
included instruments which assess sleep hygiene practices
in the adult population. Therefore, the main objective of
this study is to present an updated systematic review of the
literature on validated self-reported instruments used for
the assessment of different dimensions of sleep in the adult
population. In addition, the review also aimed to identify

sleep instruments available in Arabic language.

Methods

Search methods

Data Sources and Search Strategy

A comprehensive systematic search was conducted to
identify studies reporting the development and/or valida-
tion of instruments for the assessment of self-reported
sleep and sleep hygiene in the adult population. The five
databases and search engines utilized included PubMed
(1966 - April 2018), EMBASE (1980 - April 2018),
ProQuest Central (1947-2018), SCOPUS (1966 - April
2018), and Google Scholar (till April 2018). Grey litera-
ture was also searched by reviewing conference proceed-
ings and abstracts of the Canadian Sleep Society and the
American Academy of Sleep Medicine published in the
period from January 2014 to 2017.
Additionally, a hand search of the bibliographies of the
articles identified through the electronic databases search

December

was undertaken. Search terms used in the electronic data-
bases search were classified into three categories related
to: sleep dysfunction (Category A), the instrument for
assessment (Category B), and validation and psychometric
properties (Category C). Terms from Category C were not
used in databases such as PubMed which offered “valida-
tion studies” as one of the limits or filters. Publication
language was limited to English and no limits were
imposed on the publication year. Examples of full search
strategies for two of the electronic databases can be found
under the supplementary material. In addition to the

English search, two separate searches were conducted to
identify sleep instruments developed in Arabic language or
translated into Arabic. The first used the same search terms
as those used in the original search, in addition to the word
“Arabic”. The second was conducted in Arabic language
in the following databases: PubMed, Google Scholar and
Dar Al-mandumah using the same search terms as those
used in the original search.

Inclusion Criteria

Articles selected for full review were those providing
results of validation studies or reporting psychometric
properties of instruments and questionnaires assessing
characteristics of sleep (quality, quantity, nocturnal awa-
kenings), daytime consequences of poor sleep, or sleep
hygiene in the adult population. The inclusion criteria
were limited to instruments completed by self-report and
to instruments written in English or Arabic.

Exclusion Criteria

Studies were excluded from the review if they included
evaluating instruments designed to measure sleep disor-
ders other than insomnia (eg obstructive sleep apnea, rest-
less leg syndrome, etc.), those using sleep items as
subdomains of an instrument assessing a condition other
than insomnia, studies which focused on pediatric/geriatric
populations, studies describing instruments designed to be
completed by clinician or caregiver and not by the patient,
using instruments developed in languages other than
English or Arabic, or describing instruments not psycho-
metrically validated.

Data Collection and Analysis
Data Collection Process and Data Extraction

Duplicate citations were removed after obtaining the initial
records of relevant articles from different databases. Titles
and abstracts of the articles were then screened for
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relevance. Full-text of eligible articles were obtained and
screened against the inclusion and exclusion criteria. Data
were extracted from the eligible studies according to eight
key attributes, as established by the Scientific Advisory
Committee, Medical Outcomes Trust (SAC-MOT).?* The
extraction tool used in this study included the following
elements: instrument’s name, authors, conceptual frame-
work (domains and purpose), psychometric properties,
validation population, general description of the instru-
ment (number of items, scale, scoring, response format,
burden), and cultural and linguistic adaptation. The psy-
chometric properties were extracted from studies describ-
ing the validation of the original (English or Arabic)
version of the instruments. The psychometric properties
extracted from the validation studies included validity,
reliability, responsiveness, and interpretability. In addition,
instruments’ attributes related to the validation sample
were extracted. Data extraction was done by one reviewer
(RA) and reviewed by a second author (MZ). The psycho-
metric properties for instruments validated in specific
populations were not extracted.

Quality Assessment

A modified version of the criteria developed by Terwee
et al*® was used to assess the quality of the sleep instru-
ments. The Terwee at al. criteria evaluates 8 psychometric
properties including validity (content, construct and criter-
ion), reliability (internal consistency and reproducibility),
responsiveness, interpretability and floor and ceiling
effects.”® For the purposes of this study, the criteria for
the floor and ceiling effects and the agreement component
of the reproducibility were not used, primarily because, for
the most part, these measures were not reported in the
validation studies included in this review. In addition,
Pearson’s Correlation Coefficient was used for rating the
reliability, responsiveness, criterion and construct validity.

Results

As illustrated in Figure 1, a total of 4453 citations were
retrieved from the search. One hundred and seven articles
were deemed suitable for inclusion in the review. These
articles included 31 distinct sleep instruments. Of the 107
articles included, 47 discussed the validation process of
the instruments in English, while the remaining 60 articles
reviewed the translation and cultural adaptation of these
instruments into a variety of languages and populations.
The two additional searches to identify sleep instruments
in the Arabic language did not identify any additional

results than those derived from the original search.
Table 1 summarizes the results of the validation studies
(n=47) related to the 31 sleep instruments included in this
review. The table also describes the psychometric proper-
ties of the instruments and the characteristics of the popu-
lations in which they were validated. Table 2 provides a
detailed description of the characteristics of the 31
instruments.

As summarized in Tables 1 and 2, the majority of the
instruments identified contain less than 20 items. The
longest of these instruments is the Sleep Practices and
Attitudes Questionnaire (SPAQ), which contains 151
questions divided into 16 different domains.”> While the
Karolinska Sleepiness Scale (KSS),** the Minimal

2526 and the Jenkins

Insomnia Symptoms Scale (MISS),
Sleep Scale (JSS)?’~7* are the shortest instruments iden-
tified, consisting of one, three, and four questions,
respectively. Some of the instruments have multiple ver-
sions, each consisting of a different number of questions
[eg, the Functional Outcomes of Sleep Questionnaire
(FOSQ)-30 and the FOSQ-10 have 30 and 10 questions,
respectively].”**® The majority of the instruments use
Likert-type scales as response options to generate scores.
The time needed to complete an instrument was not
reported in the majority of the studies reviewed.
However, the response burden, wherever reported, did
not exceed 10 minutes. The recall period for the majority
of the instruments was one month, except for the
Insomnia Severity Index (ISI)**2° and the the Sleep
Functional Impact Scale (SFIS)*' which had a recall
period of 2 weeks and 1 week, respectively. Only four
of the identified instruments were available in Arabic,
three of which (PSQI,>? ISI,** and ESS**) were originally
developed in English, but translated and validated in
The Arabic Scale of
Insomnia (ASI)* is the only instrument which was ori-

Arabic-speaking populations.

ginally developed in Arabic.

The instruments were classified into four categories
based on the outcomes that were assessed in the 107
studies, as follows: (1) instruments screening for insomnia
symptoms (n=14); (2) instruments assessing consequences
of poor sleep (n=8); (3) instruments assessing the cogni-
tive aspect of insomnia (n=5) and; (4) instruments evalu-
ating sleep hygiene (n=4). A detailed description of the
reported psychometric properties for the four categories of
sleep instruments retrieved from the studies included in

this review is provided in Table 3.
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Records identified through
database searching
(n=6,020)

Records identified through Grey

literature search
(n=0)

Records after duplicates removed

(n=4,453)

Records screened
(n=4,453)

Articles assessed for

Records excluded
(n=4,349)

A4

Articles excluded (n =30)

Reasons for exclusion:

eligibility
Additional full (n=104) = Full text not
text articles available
identified = Article is not in
e -
through hand Y English . .
search Studies included in " Th? tool is assessing
(n=33) qualitative synthesis a different construct
= The tool focuses on
(n=107)

other disorders

Figure | Flow chart of the systematic review process.

Instruments Screening for Insomnia
Symptoms

From the 14 instruments screening for insomnia symp-
toms, two [the Women’s Health Initiative Insomnia
Rating Scale (WHIIRS)*®*” and the Restorative Sleep
Questionnaire (RSQ)**] were dimension-specific and
focus on evaluating the sleep quality through assessing
problems with initiation and maintenance of sleep. The
remaining 12 instruments were multidimensional, asses-
sing sleep quality and consequences of poor sleep. Some
of the identified instruments also measure other specific
dimensions such as satisfaction with sleep in the Bergen
Insomnia Scale (BIS)’” and sleep environment in the
Insomnia Screening Scale (ISS).*” While the Daily

= Not a validation
study

= The article describes
the validation of
item banks

= The tool is for a
specialized
population

= English version not
validated

Profile
(DCCASP)*! measures the daily fluctuation in sleep qual-

Cognitive-Communication and Sleep
ity and evaluates the impact of these fluctuations on the
individual’s cognitive functioning and communication,
while the General Sleep Disturbance Scale (GSDS)***
assesses sleeping patterns and the use of sleep aids during
the past month.

Instruments Assessing Consequences of
Poor Sleep

These instruments measure an individual’s functioning
and daytime performance. Two of these instruments
[the Epworth Sleepiness Scale (ESS**™*° and the
KSS)***7 focus on assessing sleepiness only, whereas

380 submit your manuscript
Dove

Nature and Science of Sleep 2020:12


http://www.dovepress.com
http://www.dovepress.com

Ali et al

Dove

(panunuo))

(6£°0= 4)=3[easqns Aynoypq dod|s
(9£°0= 4) :9[e2sqns ssouidas|s swnieq
(s>99M g 19A0) 159194153

££°0=p 3|dwes saakojdwz-

y£°0=p :3|dwes syuspnig-

:3easqns Aynoyyg desls

$8°0=p :9|dwes saakojdwz-

€80 =P

2uapnIg- :3[easqns ssauldass awndeq

dwres

"100°0 >d yum (A2A>3ds4 $50'0 PUE 80K'0 “E1€°0

315 594095 STAS PUE ‘SSd ‘9[edS Q-SID ‘TI-OHD 343 Yam sa[edsqns DOS
(9p£=u) :AupiypA |prusWRLLU|

‘(1000

> d ‘/4°0 = 4) 24035 (S53) 9eds ssouidasls yriomdy Yam a.a0ds sjedsqns ssauldas|s awnkeq ay |
‘(1000

>d ‘g0 PuUe ££°0 = SJ) 3[eds das|s SO Yaim (ssauidas)s awnkep pue Anoyip das|g) sajeasqns DOS

‘€0b°0) 94005 YV ued|

(0£€=u) :AupypA wa519AU0D

sauapnis 989||0d

pue saakojdwa

(D0S)

aJdreuuonssnd

UN Aouaisisuod [puiaruj *Uy2Jeasal ssauis ul s1uadxa asauede[ oml Aq pawayuod AupipA U0 awn-||n4 Auend deajg 0,£10T “L 01y

‘uondUNy SWNARP PUB BIUWOSUI JO BLISIID dY3 (Alapp2
Up=sa.403s IBW %70°LE Pue ‘(Quswuodiaus das|s pue Ajumuaoddo dasjs s3enbapeur) %49¢°¢| o|dwes Aunwwo) pue synpe
sa[easqns Suluonouny swnkep AupipA [pusaIxyg - ‘soliyelpaed)
pue swoldwAs eluwosul Jo wng- “(ApAndadsau ‘|40 — = 4 pue ££°0 — = 4) ;|OSd PUE |S] Yam paiea.iod AjpAnedau Ajuniioddo desyg - 9|dwes
/T =s2403s safeasqns Ayuniioddo “(AjoAnsadsau Aunwwo)
pue juswuodJiAud dasjs Jo wing- GT0 - PUB | €0 - = 4) :IS| PUB |DSd Y3IM PaIe[a.10d A]9ARBSSU UlRWOp JusWUOIAUS do3)s - (797=u) T Apmg
1$9402S Jo-IND /8°0=n :Auniioddo deaas- *(AjpAndadsau sjuedidn.ed
AjpAndadsal 06'0 = 0 UsWUO.IAUS dod|g- 89°0 PUB £9°0= 4) |DSd PUE |S| Yam pareja.iod Apuedoyiusis urewop Suluonouny swneq - Apjesy-

65°0 PUE 68°0 Jo Adyidads $6°0=0 :uondunj swnkeq- “(AjoAnsadsau soBjuWOSUl (ss1)

pue A3IARISUSS PIBNISUOWSP S§| 86°0= 0 :swordwAs eluwosu|- | §g:0= 4 pue £8'0= 4) :(1OSd) 1DSd PUe (]S]) X9pul A11I9A3S BIUWIOSU| YIIM PaIE|2J10d Apuedyiusis sg| - Arewag- a|edg Suiusaung

:Aiqessadasiu)

Aoud3s15U0> [DUIIU]

AUpIIDA UOLINID/IURIINIUOYD)

(z91=v) 3| Apmig

'IUWOSU| Y]

0, T10T ‘[ 3 Yax

(sTz=v)

12°0 = 4 :(007=u) sauspmg :9]dwes juaney

(s99Mm T J19ye) 159194 159) - (000'5=Y)

08'0 =0 :3|dwes jusned “(AjoAannoadsau 9|dwres

/80 =0 :Aunwwo) €0 PUB GG'0=4) S91I0IUSAUI AIDIXUE pUE UOIssa.Idap 5299 YIM UONE[D.I0D JOMO| pPrY S|g Aunwwo) (s1g)
6/°0 =D s3UapMIg '(€£°0=4) 1OSd 242 Pue (6£°0=4) 3[eds BIUWOSU| SUBLIY Yam paieidosse Apueoyiudis sig | (0gg=u) :sauapms 9[eds BlUWOSUI £¢800T
N Aoua1sisuod |pusaiul- UDUILWLIDSIP pUD U98I9AUOD Ausasaun uadiag sy ‘e 39 uas||ed
Ayqeyaadasiug

pue ssauaAisuodsay Anqensy A3ipifep ajdweg sjusawInajsu| Jeaf Yoyny

sauswnJasu| des|g pa1desaxy jo sandadoud dlswoydAsy

ays Bunsa) saipms | d|qeL

381
Dove

submit your manuscript

12

Nature and Science of Sleep 2020



http://www.dovepress.com
http://www.dovepress.com

Dove

Ali et al

08'0< 4 :M-OS¥ Pue -OSY

(saunseow

-anfea-d Juesyiudis (97°0s 4) Swn axem [e103 pue (0Z0'0S

1) OSYM ‘(9702 4) Adusipyye dasjs pue | S ‘(0702 4) doss auaasisuad o3 Adusne :DHSd Yam OSY-
(1000 > d £19°0 = 4) :241reuuonsanb Ayear yam g-OSY-

(9€0°0 =d “z€'0 = 1) 151 :(100°0 > d ‘65°0 = ) Auenb do3|g

:aareuuonsanb dasis aAndalgqns yum g-OSY-

(6200

=d t/7°0 = 4) seJ40ds daa|g 01 3unian) Joj 1dedxa (900°0s d ‘Op'0Z 1) SUIBWIOP [[B YIIM UONE|SII0D

auedyiudis pue aAnisod :sa403s aJreuuonsand) uonenjeay deals spas yam (Q-OSY) Allta-Osy-

(SYN) s4odosys
paysa.joJ-UuoN

sAep 9A1INJ3sUOD UO sasuodsau) 1s312.-153] 2wadsaapuadioauoy | euwosu Arewnd (OSsY)
060 =0 :AA-OSY ‘sjoued 14adxs oma YIm syuaned aareuuonsanb
16'0 =0 :3-OSY | Aq pamairau s3deduo?) "smalalmaul 3usned pue sdnous sndoy Juaned y3nouys padojeasp sadaduod Aayj- a|dwes paseq dogys 8e¥ 10T
N Aoua1sisu0d [pusaIu| AupipA 1W31U0D Aunwwo) SAIIEI0ISDY ‘le 39 3yeIq
LS1°0
pue G07'0 A|9AD3dsaU ‘DU9M § S USYOD) JO SIN[BA SYI ‘SY|[HAA Y3IM SBYSN|} 30y pU. S1BOMS IY3IU Jo4-
(10000
> d) ‘€£T°0 SeMm aN[eA } S,UBYOD SYIIHAA 243 Y3IM Pa)Ie[a.i0d ALIeaul| 319M $9[edsqns 9¢-4S dY ] -
(0 A108938D o) £°G= W ‘31) A108a1Ed UOIssaJdap Is3[eWs BY3
(99°0= 4) Jeak | < Joye s1s9| ul JeY) sawn g'| sem (7] A1o8areD) o) £°0|= W) A408918d -S3D 1593.8| BYD Ul UBSW SY|IHAA YL-
(96°0= 4) uonessiuiwpe Aep sweg 67°0= 4 ‘SUIIHAA Y3 PUB 0-S3D SY3 US9MIDQ UORE|SIIOD [[BWS -
253124153 “Aupypa waSUOD) (SYIHM) ares | ,.(a Apmas) €00T
§/°0 T SIUDIDIY0D '34n3e49)1| 9Y3 pue (s4opJosiq des|s jo uonedi Suney eluwosu| ‘e 39 SuIAaT
eifes pey ssjdwes oy jo %e'¢8 g 39) saiSojosou aya ul paIoU $ONSIISIDBIBYD BIUWOSU] JO ISOW 03 papuodsallod swall SYIIHAA YL uswom aapeniul |, (e Apms) €007
N '98/°0 = 0 :Adusisisuod [pussnuf :sishjpup 1ua1U0) |esnedouswisod | YIeaH S,USWOAA ‘[e 39 aulA]
e3aadaaug
pue ssauaAisuodsay Apqelpy fpiep ajdweg sjuswinajsuj Jeak “oyny

"(panunuo)) | 3jqeL

12

Nature and Science of Sleep 2020

submit your manuscript

382

Dove


http://www.dovepress.com
http://www.dovepress.com

Ali et al

Dove

(panunuo))

*g si auiod

Ho-1d ay] ‘suadas|s Jood, pue

[POO3, Usamiaq ysindunsip ued

:Aiqessadasiu)

1000> d ‘98'0= 4

(skep 8] F 9°Gp) [eAtmaul ua8uo-
000=d ‘06'0= 4

:(sAep 7) [eA4aul 1I0OYS-

(100°0> d £8°0= 1) :I[e49AO

(2007 ‘e 3@ sneyyjoeg) 115919 159
‘(24035 jusuodwiod

yoes 404 1000 >d) 59080 = 4
1S9400s uEmCO&EOU -

*(1000> d) 580 = 4 sem

$9.025 |DSd 943 U99MIDq UONE|R.LI0 3y |
:(aaede shep g7) 359394 359 -

(6861 ‘& 30 9ssAng) :15919.-159]

(200 ‘e 30 sneypeg) §8°0 = D :|[e2A0
(6861 ‘[e 32 9ssAng) €80 = 0 :|[eIAQ
Aoud3sisu0d [pusa|

100> d ‘50€°0 = 4 :QS3D-

100> d ‘084°0 = 4 :Aousie| dos|s-

(100 >d 7970 = 4) :OSYM ‘(100 >d ‘20£°0- = 4) LS1 ‘(100 >d ‘7950~ = -) Aousryye daays-
(uonpja.102 wpdyiusis) :Aipip dasys yum |OSd

(£1°05 4) dosjs jo saunseaw diydeSnoe yum Apuesyiusis 91e91403 10U PIp $40S -

€1°0 IS ¥ 4 Yy | Yl | pp 10sd

:Aupiipa NsU0D

(g0~

7€°0-) = 4 usamiaq Suidued Jamo| pue JUBdIUSIS Sem BIBP D)SJ PUE [DSJ U99MID] SUONE[DIIOD Y| -

“Aousae| 39suo das|s 10y 0000

=d ‘| £°0= 4 pue uone.np ds3js 4o} 100’0 >d ‘|8°0= 4) e3ep 30| das|s Yam pareja.0d AlySiy sem |DSd -
(00T ‘Ie 32 sneyydeg)

(2000 >d ‘20 = 4) soAIssaudep ul sjesno.e

Jo Jaquinu pue (900°0> d HE0 = 4) S|03U0D Ul %Y YIM Auo paiea.lod 2403s DS [8q0I8 dY] -
uone|a.i0d deam (10°0 >d ‘07’0 = 4) Aousae| desjs aAndalqQ -

'D8d pue 21035 [eqo[8 |OSd

(100°0> d ‘€£°0= ) Aouaae| da3|s Joy Ajuo DS PUB HSJ USaMISQ UONE|D.I0D dANIsod Juedudis -
:DSd PUE 534025 |DSd

(6861 ‘e 32 3sshng)

AUPIDA 1U211ndU0D/U0LIBYID

%b'¥8 0 Adyidads pue 9/°g6 JO ANARISUSS B Ul PAIINSAI § < 34005 [eqOIS DS -

(200T ‘e 32 sneyjoeg)
uas & 3unJodad (10070 >

%598 0 Ady1oads € pue %968 Jo A
d ‘g/°0 = eddey) syuedidiued ||e jo §'gg o} A3ljenb dos|s ay3 paulwiaIap 3294403 G JO 940DS JoInd

(6861 ‘e 32 assAng)
Aupiipa onsoudpig

‘uonounysAp awnAep pue adueqJnisip dea|s 3dedxa saJ4ods
Ss1usuodwod |je uo paJaylp siuaned passaudep pue §3OQ 9IYAA ‘sausned S| pue SO Usamiag

PayUSP! d19m dduequnIsip dos|s 3dedxa $3.40ds Juauodwod [DS |[B Ul 9dUIDHIp JuRdBIUBIS / -

‘sauaned s30Q Yam (A
swnAep ‘saduequnisip dos|s) sausuodwiod ¢ uo paJsyip osfe sa40ds |DSd ‘sdno.d passaudap

nb desjs pue ‘uonounysAp

puE S| Y3oq pue dno.g [0J3U0D SYI USSMIDG PUNO) BU9M S310DS sausuodwod [DSJ Ul 9duaiayip
uedyiudis v "sauaned s3OQ Yam sausned ueyy seaods Jaydiy Apuedyiudis pey SINIQ YIm sausied-
'sdnoJ3 juaned |le wouy

paJayip s303lgns dnous joaauod pue sdnous 133(qns usamiag Apuedyiusis paasyIp s3403s DS [8q0|D-

15104200 pup SWINDJ USIMISG SuNDUILILDSI]

s|043u0d
Ayajes -
soBlUWOSUI
Arewiag-
(s3npe Jap|o
pue Ja3unok)

9|dwes

121U

uonen|eAy
daajs ayn

e syusnedino
paduajd
-uepisAyd
ajdwes Jeatul
:¢ dnou -
“(be=u) JopIosip

dAIssaadap Jolew

yum sauaned

1z dnoug -
(zs=v)

s123[gns |0.43u0d

Ayajesy ;| dnouo -

(10Sd) xoput
Ajjenb
daas yungsny

69C00T
‘le 33 sneyydeg
89900C
‘[ 19 Jaupue.D)

196861
‘e 39 3ssAng

383

submit your manuscript

12

Nature and Science of Sleep 2020

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Ali et al

's3umas [edl

P ul | |<

saJ0ds pue sajdwes Ayunwwod
ul 0] < $2403s |§] Aq paynusp! aq
Bis Alearup

PINO> BIUWIOSUS JUEBD

pa3sa33ns (] 107) & 39 uLio}y
“BIULUOSUI 3J9A3S :87—TT
BIUWOSUI 9IBIDPO | T—G|
BUWOSUI PlOYs4y3qns 4| -8
‘eluwosul Jo dde| ;/—0

:Buimojoy

2y Juasaudau |S| BY3 Jo S940Ds BY |
:Aiqeasadasiu)

“(Apyads 908 “AiAnisuas

%v9) swuiod g < Aq 2405 |§| ul
9sB3.09p € St payiuap! sem doas|s
ur 3uswaoadwi Jay3iy/pade-
“(Aoyroads

%0L ‘AAnisuss %09) sautod

/ < Aq 2402s || ul uondnpau

® SE PallIUdP! SEM BIUWOS
ul JuswaAosdwi 1eUapol, -
(9% | =u) wawanosdur

[DojuI> 15319p 01 AUAISUIS [S]

(16'0 = © ysequoud) sajdwes [es1ulD
(06°0 = © ysequouD) Aunwwor
110 e 39 uioly

‘(AjoAndadsaua ‘gz 0 03 9£°0) dn mojjop

03 auljaseq wody Apuedyiudis adueyd

Jusuodwiod yajesH [ed1sAU4 Y3 YIIM UBYI 2.NSESW S JO SIUSUOWIOD [BIUS| Y3 YaIm

POYIIUSP! UONEBIDOSSE JS3UO.IS B YIM ‘T |-4S SY3 YIIM PISAODSIP OS[E S.J9M SUONE|R.LIOD Juedliudis -onSney
JO suoISUBUIP JURIBYIP ‘UCISsaIdap pUE AIBIXUE JO SIUNSEIW LaIM Punoy a4am sdiysuoneja. Juediiusis -
'G0°0 >d ‘080 = 4 ‘24035 [2103 |DS Y3 Yam pare[a.iod Apuediiudis sem 2J400s [8303 |§] Y -

*3|qetseA Aseip Sulpuodsa.iod Sy3 YaIm Pale|a.Iod AjpAnIsod sem [S| Byl U AILI9ASS BIUIOSU] -

:(1uadsaAu0d) AupipA PNSUOD

d-3n> :9dwes [eawul) -

OSSE SEM | | JO 3

Apyidads %400 | 399449d & pue AUARISUSS %T'/6 UPIM POy
ISUas %|°98) 0| Jo 3ulod-1nd :ajdwes Aunwwo) -
‘AjoAndadsau 9|8/ PUe %/ [y

0 AlAnIsuas & Yam K|9Andadsad ‘sajduies [ealulD pue AUNWIWOD) 33 Ul %00 | PUE %£°'86 J0 Audiioads

“(Aapyioads 9/°/8 pue A

:G| JO 3403s JoIind -

“DIULLIOSU] 3J3A3S 01 A1DIIPOA/ -

'%8'16 PUE %E'8/ JO

|D PUE ANUNWWOD) 3Y3 Ul %p'66 PUE %8'G6 JO AARISUSS
8 JO 3402s joind

3ds yum pue AjpAndadsau sajdues [ed

“DIULLIOSUI PlOYSAYIGNS -
110T ‘[& 32 utioly Aupipa snsousoiq
“e1433143 JnsouSelp seluWosuUl 01 papuodsallod syusuodwod si1 YdIym o1

U9 dY3 PUE AJPI[BA 3USIUOD |S| BY3 paJojdx® ‘Uonero. xewlrea 3uisn ‘sisAjeue Jusuodwod edpurid v

:A3IpI[eA Ju3U0D

(#€°0 - =¢) :Aueip dodyjg

> quaunpasiisod 3 (500 >d) 19°0 =7y
> quawananaid 3e (50°0 >d) £€10 =Ty
|2 243 yroq

(250 - =¢) :uer
(¢50 =g) wu
'3.10s [§| [€303 sauaned sy jo suo1dipald s|qelfa. auam eaep Aelp deajs aya pue u

Quawiea.-isod Je 3Iym ‘auljaseq Ie 24035 [e303 |S| sausned ay3 3saq pa3dlpa.d s3uned sueUld 3y |
AUpIIDA SAIP3IY

(100>

sanjea d) sporiad JusLussasse OMa Y3 38 JUBILIUSIS OS[E S49M |G| Y3 JO SUOISISA JL30 JuBdYIUSIS Y3
pue sausned Sy3 USIMISQ SUONES.LIOD B3 ‘lowidyling *(]10°0 > sanfea d) aueoyiusis || a4om spoliad
JUSWISSISSE OM] 3Y3 B |G| D3 JO SUOISIDA SU |2 ay3 pue sjuaned a1 usamiaqg sUOnER.LIoD By -

a4am (YIW3) duo ang
‘SUONE[2.I0D |[e Sealaym quawnea.nadd 1e aueoyiudis sem JOS 40) UONEJR.I0D 3Y3 AjUQ IusWIE.]

*(50°0 >d) 3usuwnes.n-isod e JuedyIu

-1s0d 38 Gp°0 03 £7°0 WoJy pue ‘WusWILa.NaId I G0 03 £0°Q = 4 USIMIDq pasued uonejaLIoD

D|qELIEA DS LPIM SIQELIEA [S| @

(50°0 > sanfea d |je) Adessys-asod |40 ©3 0§°Q = 4 pue duleseq I8 §§°0—TE0 = 4

a|dwres

Awunwwo) o
110T ‘[ 38 uol
“Adeasyy
[ed0lARY3q
aAnudod
jo Adeoyys ayn
Buissasse Apnis
® Ul PaAjOAUl
juaned eluwosu|

(8£=v) :T Apmg

“(L°£1| SA £°[) SUOISISA sueDIUID | 20U pIp SIUSIDLY0D Al|IGeIa. [BUIIUI BY | syusuodwiod Aseip dosjs pue |§] o (Sp1=u)
pue (4°G| sA ¢'g) swaned :A2U33sISUOD [eUJIU| (61°0 - = 4) d|qeriea Aouapiye das|s aya pue 2J40ds |§| [e10] - ureidwod 0! 10T
Ul JuswWIea.3-Isod paIdslep sem 17 Apmag (5€°0= 4) Buluadjeme Sulutow Alreg pue (570 = 4) OSVYM ‘(8€°0 = 4) Aouaae| 3asuo deas|s- 'IUWOSUI (Is1) ‘|e 39 uLoly
9J09s |G| Ul UORDNPA. JUBdYIUSIS \/ $£°0 = 0 :AOUDISISUOD [RUISIU] :so|qelieA AJelp doajs yam swidl [ YaIm suaired xapul A1I9ASS 2100T
:ssauaAisuodsay :| Apmg :AUpIDA 1U211NdU0D/U0LIBIID 1| Apmg BlUWOSUY| ‘le 33 usnseg
Aqeyaadasiug
pue ssauaAisuodsay Apqersy Aypirep ajdweg sjuawinJIsuj Jeak Yoyny

‘(penunuod) | d1qeL

12

Nature and Science of Sleep 2020

submit your manuscript

384

Dove


http://www.dovepress.com
http://www.dovepress.com

Ali et al

Dove

(panunuod)

1610

AdN 10 Add ‘(980 Ayads
780 A
[eaual aya ul soeIUWOSUI AJIusp!

1suas) uonejndod 3jnpe

SSIW Y2 UO 9Z JO 2403s Jo-INd
:Aiqessadasiu)

(100 >d t67=2

90" | —= w) paroidwi oym s13algns
Suowe $3.00s S| Ul 9SEU29P
JuedYIUSIS B OS[e SEMm 9.3y
“(€50°0=d

10°7=2 {08°0+=W) pareJola1ap
oym s123[qns ul 340s

Ul 35B9J0Ul J0) pua.3 SUOUIS B SEM
94943 3BY3 PoESADI 1S9 3 padied
a3upbyp 01 Auanisuas

ummwr_m>_m:0n_wwﬂ_

‘6,0 30

DDJ UE YaIM punoj sem Uope|a.10d ysiH
(2uede sypuow 9) :Anpqpia. 159194 159]
€/°0=D :[e30]

Aoua1s1su0d [pusI|

*(su180] ¢0°0) yo-3nd saurod

92 papuswwoda. A|jeuiSlio 3yl 1oy Jamo| sem sajdwies A|Jap|d pue INPE 341 USIMID] IDUIBYIP dY |
G10T ‘|B 39 US4SU91SIAA

9L°0=

Sem 21035 [e103 SS||4| Pue Aijenb dosjs anoge uonsenb DHSNG USSIMISG UONRE|DLIOD Y|

AupijoA oLl

(uspamg)
$9-0¢ :98ued a8y
(eL€1=Y)
Ajwopuea

pa129j9s s109lqng

(SSIW)
a[ed2g woldwiAg

eluwosuj

925 10T ‘e 3@
UD.18191S9AA

52800T
‘le 39 uewoug

“Aifenb

das|s s109lqns aya o %0e Apauspl
Aj129.10d 03 UMOYS SBM S|y

ay1 u1 4aydly 4o 9 Jo 3403s [€103 Y-
"(%58) Awdydads pue

(%€6) Auanisuas yum (%98=Add
‘%76=AdN) uonendod sri3eiyohsq
(%1¥=Add

‘%66 =AdN) uonendod [esousny
9 JO 84025 Jo-InD

:Aiqessadasiu)

1000>d ‘88°0 = 4 :S-SIV

1000>d ‘680 = 4 :8-SIV

:(3}99M BUO UIYIM ‘pg | =U) 153194 153]
£8°0=D S-SIV ‘680 =P 8-SIV
Aoua1sIsu0d [pusaI|

(%58) Adyads

pue (%€6) A3ARISUSS Ya0q JO saDIpUI Y31y 03 papuOdsa.iod UOREBIYIUSP! ISED |[BISAC Ul S|y SY3-
‘01-aD| ©3 BuipJodde  eluwosul dluediouou,, wodj Jou Jo Suliayns

se 5129[qns Apnis ay1 Jo %06 AJUSPI A[103.4100 01 UMOYS SeM S| Y3 Ul JayS1y IO § JO 3403S (101 -
(%98=Add) PUE (%76=AdN) %8 :uonejndod sLne1yaAsd-

“(%1¥=Add) PUE (%66 =AdN ?!) pasouseipsiw

aJe BlUWOSUI YlIM suapuodsad asoys Jo 9| AJuo 9 jo 2J40ds Jo-1nD) e Joj ‘uonendod [essuad uil gy -
Aupijpa onsoudoig

100T ‘[e 33 soiep|og

100'0> d ‘5870 = 4 :§-SIV

1000> d ‘060 = 4 8-SIV

1yam ajeds swajqo.d das|g

AupipA [pusaIXg

s19lqgns
ApeaH-¢
(s3uanedino
pue syuapedul
y10q) sauaned
JL3RIYIAS] -T
sejuwosul
Aaewag-|

o Sunsisuod

s123lqns g67

(SIv) 3835
BIUWOSU| SUayly

59100T
‘|e 39 so3ep|og

5000T
‘e 19 soep|og

N

08°0 =0 :AdUBISISUOD [EUIRIU|
900 ‘I& 33 03[

£1°0 =0 :AdUSISISUOD [EUIIU|
S00T ‘|E 39 ||9ppROW.IasSEN|
65°0= - :Aujiqpia. 159194159

6£°0 =0 AdU1sISUOD [DUIAU|

7T0 - = 4 Buldg-|]am dAnIsoq

950 = 4 PN3RLI-SNO $T0 - = 4 HOBIA-SWOd
67°0= 4 “AUASOH-SIWOd

G£'0= 4 :uoissaudag-SIOd

L€0= 4 :Awixue a1e1s s.a9849qja1dsg

AupypA PNASU0)

‘(sausned
005=u) A4a8uns
JBIpJED WO
NESTLR-{TNCVNCREN]
sjuaney-

(Pro steak gp—5T
‘usw OGz=u)
SJ9]|0J3U0D

Juged Jiy-

(ssl) ayeog dodys
supjuaf ayy

2,900T

‘e 38 ypojus|
¢,500C e 3@
1|9ppEOW.IasSEN

128861
‘e 39 supjua[

385
Dove

submit your manuscript

12

Nature and Science of Sleep 2020



http://www.dovepress.com
http://www.dovepress.com

Dove

Ali et al

(580 =0) uoissaA ysiduz

(18°0 =P) UOISIBA 3SBUIYD) :|[B4BAQ
1S9/DUBISISU0D [DuIAU|

£00T ‘227

“Ajandadsau 78'0 PUE ‘6£°0 ‘790
aJam spre das|s Jo asn pue ‘ssauidasls

awnAep ‘deajs Jo Aujenb jo sajeasqng-

'SASD 243 Jo AupifeA

aAn1paad ay3 Bunuoddns (9000 = d ‘95°0 = 4 ‘UoisuaA ysijdug (G0°0 = d ‘TH'Q = 4 ‘UOISISA IsBUIYD)
S|9A9] an3iey Sululow 1Yl YIIM pare[a.i0d Aj9Anisod Suom s9.0ds uesw §gso suedpned sy
Aupi|DA AIDIPaId UOLIAILD

(TH'0 - = 4 :uoisJaA ysijdug ‘97’0 - = J :UOISIaA asaulyD) Aduaiye daajs ss9|

:AydeaSnoe IsAA-T

(90070 = d ‘9§°0 = 4 :uoIsIaA ysijBu3 15070 =d

‘TH'0 = J :UOISIBA 3sauIYD) s|oAl| an3ney ujudow Jaydiy ‘(140 = 4) sdo| dasjs ur Ajenb das|s Jamo|
Pa140dau-}|3s YlM PIIB[DIOD SU9M $340IS §(ISD JaYSiy ‘SuoisuaA ysiSug pue asaulyd) 3yl yioq Jo4

Aseip doas- |

p=u Jun
248D AISUSIUL
ay3 ul suBul
pazijeadsoy
40 sjusuey
09.=N

(sy1ys Bunelos
pue yiys 3y

Juauew.ad ‘Yys

88°0 = 0 !||BJIAO- :AUPIDA 1U241NdU0D/U0LIBIID Aep jusuew.ad) (saso) a|ess
Aoud1sisuod [pusa| 's1amalaad Aseuldidsipiinw Aq paien|ea :Aupipa 1usuo) SYIYs JuaJaYIp 9duequnisig 2£00T @27
N 2661 997 £00T 997 Ul s9sJNU djewa4 das|s [esousny 1,L661 97
14920
Jo uonenjerd
paj|o43uod
-oqaoe|d
‘syusned delUWOSUI A3uspl pInod | DS ay3 ® 03Ul pa3InIdal
UO 9| JO 1025 © 3Byl SUIWLIYUOD PUE | DS 3Y3 40} AIIPI[eA Jua.1INdU0d 3y 1oddns sSuipuy 9say] ¢ (#91=u)
‘soelUWOSUI-UoU JO %78 Sulkpisse|d A|133.4403 Jo Adeded & yam ‘(G| 2 JO s3403s) 3eds [§| s|dwes (1Dv)
33 UO SDBIUWIOSUI SE PALIIUDP] S.49M OYM S[ENPIAIPUI JO %68 10} JNSOUSEIP SEM 9|S 94005 JJo-INd Y o [el1} pa|jo.JIU0D
:Aupi|pA D1SOUSDIP pUD 1USIINOUOD paziwopuel -
“((€97°0— = 1) ssans pue (9€70—= 4) AdIXUE (£L97°0— = ) uoissaidap) (95T=v)
Apmas ajdwes | Dy ay3 ul pa3d9Iap Pa3RIDOSSE BY3 UBY3 JaySly sem Ing “(00p'0—= ) AIsIxue pue 'IRp 9.3U9D
(92#'0—= 4) uoissaudap jo swoidwAs Yam paiep.iod ApAnedsu sem DS ‘9feds SOyH ay3 Suisn ¢ | dusIdS Mo3se|D-
“(029°0= ) ‘(AjoAndadsau ojdwes A |-
BIUWOSUI INOYIM 91BJ9POW SEM UORE[SIIOD [2303 GEE'0= 4 PUB TTT 0= ) Y3[eay [eausw pue [edisAyd yaim pajeidosse Apuedyiudis sem uopipuod desjs o +5599 ay]-
S[ENPIAIPUI JO %78 9PN[2X® 03 3|qe [ -wa3l pa3daJlod uesw 3y] (§98'0=P) ¢ “(€6£°0— = 4) ISI @3 Pue (y££0— 8| < synpe
SEM 9| < JO 910DS | DS UE USASMOH s|dwes +559D ¢ | =) 1OSd Buipnppul sadreuuonsanb Aienb daajs jo 24035 ays yam pajeidosse AjpAnedau sem DS o :(ssgD) AsAung
‘(512 Jo sa403s [§)) (0980 “AUPpIIDA U0LIDYID/IUSLINOUOD das|s ysnrg
BlUWOSU] pey oym siudned Jo %68 | —778'0 PoISEP-WwLl--0 jo d8ued) o "92SQ9M UONEIDOSSE JLIBIYdAsd uedlIBWY Sy3 uo paysiignd 84D BY] -
Ajnuapi 01 9|qe sem ‘9|s Jo-Ind SSAD 9Y3) £§8°0 = D SYoequosD g | SeM 3yrJp B pUE ‘PIIONPUOD SISM SUOREINSUOD ‘DJreuUOnsINb ay3 dojeasp 03 pasn sem G-|ySQ 3YL | :seIpnaIs uonepiea (1DS) 40aed1pUy| o7 10T
1iqeaaadaanuy) Aoua1sisuod [pusalu| :UONDPIIDA JUU0D G wouy sajdweg uonipuo?) das|g ‘e 12 aids3y

e3a4daaju)

pue ssauaAisuodsay

Amgepy

ApireA

ajdweg

sjuswinJjsuj

Jeak “Yoyiny

"(panunuo)) | 3jqeL

12

Nature and Science of Sleep 2020

submit your manuscript

386

Dove


http://www.dovepress.com
http://www.dovepress.com

Ali et al

Dove

(ponunuod)

*(100°0> d s322lqns jo dnous gsg 4o SNI 40 SYSO
sA 123[qns [ewJou) 3uasaud uonipuod [ediSojoyred jo adk aya Yy

JUIISISUOD BUIM SBOUBIAYIC -

(1000 >d) aueoyiudis A|[eonsnels sem

(AjpAndadsad g|p| pue |¢'g) susned pue dnoud Aylfesy syl USIMISQ D40DS UBSW Ul SDUISYIP Y|

fpdp> Sunpunwidsiqg-

a|npayss -V Aq painsesw se uoissaudap yam 750 = 74 A[ea] usypioN (£1-1anOSeEW)
s|npayds -V Aq painsesw se AISIXUB YIM 6€°0 = T4 O su1uad dogys AlojusAu|
SS3 Yyum G|'0 = ¢4 | i suopuosip dos|s ssaasig
9680 =P 10Sd @43 Yyum g0 = T 10} pajen|ead pue Ajend 2L 10T
AN Aoud1s1sU0d [pUII| (lIe 404 100°0> d):upuiwudsip pup AupipA 1asiaAuo) sauaneding das|g 14a8nely ‘|e 33 auouJoly
(1000>d ‘$6°0-95°0 =4) Jo 28uel uone|aLI0d € 3[eds das|s
€8'0—-0L0 =P supjus[ pue a[eds suapJosip das|s diqedy YIM paie[aliod Apuedyiudis sem S|y AlpifeA Juadiaauo)
:(3ede >eam |) AdljIqelad 35939459 Pnasuo) (Isv)
1/80—+80 =0 'sJuspnIs sovko|dwis BlUWosul Jo 5800T
N Aoudisisuod jpusorul | J43sew pue suaquisw Anoey Sulpjoy QuUd Aq PIMBIASI SBM |SY 9Y3 JO YBIP [elIUl 9Y | AUpIDA JUIU0D pue suspmg | 9[eds J1qedy 8y Sle[eYi-[2pqy
wLo
01 8§50 = 4 Wwouy uiSues ‘SIeI9poW SEM
dSV2DQ 2ys jo urewop yaea Jo (3DD)
JUBIDIYS0D) UONE|S.LI0D) 9DUBPIOIUOD) (10000>d)
(s>o9m T Joye pareadal) 159794-59) - (§5°0-8€°0) S/ :surewop 4syDDA Y3 jo yoes pue Ajenb dos|s UsamIaq UOREISLIOD DARISOY-
dsvoda (1000 >d) 86€°0 = s/ yum ‘|OSd a2 Jo urewop Aufend deajs ayr 02 3 Bulredwos | -(gg=u) cwouol (dsvo2q)
93 JO SUIBWOP UDASS A} SSOIDE 8E6'0 Aq paysi|qeass sem 4SyDDQ aYa jo urewop Anjend das|s sy oy AIpieA uoLISIID d3enbapy - J0 Ansusaun | s|youd desis pue
pue $98°Q USaMIaq pasuel B sYydBqUOID :10Sd PUe dSYDDd Suspnis uonedIUNWWOD Wr10T
N :Aoua1sisuod [pusaluf- AupypA uoLalID) Ausaaaiun aanu3o) Ajeqg ‘e 39 Suny

387

submit your manuscript

12

Nature and Science of Sleep 2020

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Ali et al

(1000 =d ‘40| = P ‘8/°0 = 4 S,uosJeay)

doajse Suljje) jo pooyid)i| pasea.dul ue Yaim pade[a.lod Apuedyiudis AySiy a4om sjpas]| SSH Sulsea.ou] -
((100>d ‘9°¢| = 7X) usWRAOW

s

04 MO[S YuMm Ajuo paynud eA JuBDYIUBIS © ‘s9Ad PISOJD YIIM UOISSIS 1591
3Y3 J04 "3|BIS SSH Y3 UO Paydea. Sem / [9A3] 240§9q HOIF/DIF dY3 Ul pa

(50°0>d ‘07T < Z ‘UOXOD|IAA) PR10319p Sem ssauIdas|s WNWIUIW PUe WNWIXEW USIMID]

uapl a4am sadueyd oN-

2oUaJ3YIp JUEBdYIUBIS 7 'SUONIPUOD AJOTBINGUIE JSPUN P3IONPUOD 1533 dY3 Surinp -&

1noe e9y3 3dooxs
‘S9|qELIBA |[B 1O} Pa1JIIUSPI SJoMm ssauldes|s 9A1D3IgNS JO S|9AD| SNOLIBA Ul SSDUSIRYIP JUBIYIUBIS-
(50'0>d ‘590

—67°0= 4) uedyiudis sem sa|qelieA HOIF/DFT Y1 pue ssauldas|s 9A1II3[GNS UIIMIDG UONEIDOSSE BY | -

LS9, Suned ay3 yum spuodsauiod snjea wnwiuiw dy3 ajiym des|s Sunydy 148661
‘Adoa|s Ajpwauaxa,, JOYDUE [BGISA SU3 YIm spuodsa.liod 9eds $SY 9yl UO 9J40dS WNWIXeW ay| - (sSH) ‘e 39 Usuhay
‘SVA Yam SSH a[eds ssauidaals 420661
N N AupipA uoLRID s303[qns sjew g B{sul|oJBY| ‘& 39 IpRrsIdY
*s10121paJd auspuadapul Juedyiudis asam (100 =d ‘10— = 4) 8 Pue (100> d ‘pp0— = J) € sway) -
(100 = d '6£9°0 (05=y)
= 4) 3uedyiudis A|[edasners a49m S|4 Y3 Ul ]S UBSW Y3 Jo sJ4o1d1pa.d se sauods wall 3B ||y- $53 pa3s|dwiod
:AUpIDA 9ADIPaIY oym sauedidn.ed
(1#°0— =oy4) ,2uyel3 aya Jo sosnodg-
ul s2INUIW M3} e o) paddols Ued e ul, USYm pue (L€'0— =OYd) , [OYod[e INoyIM ydun| Jaye Apainb (Pp=u) 1TSW
8umis,, usym ‘(pp’0— =oyJ) ,2oe|d d1jqnd & ur aAndRUl ‘Bumis USYM,, o SuISOp Jo pooyidyl| Yl ¢ PeyY
2Jam Yaiym (500> d) pasepiod Apuedoyiudis aueam Ooym siudned-
(1000 (1000 >d ‘0§ = U ‘p£'0 = OYd) | swell ¢ A|uo passasse Sem S90S Wl [BNPIAIPUI SST Y3IM TS UBSW USIMIDQ UORE[DIOD DY USYAA- dvdD
>d ‘€G = Jp ‘65'6 —= 1) uedyIuBIs (y31y) uonee.I0d s3100s [uonejauiod sanedsu aueoyiudis] (100 >d ‘Ty'0— = oY) :(7S) Aousre| dos|s ues|y- YIm pareasy
Ajleonsneas sem yoiym 4Adessyy $S3 2303 (9snods-jusned) padred ay] - S Y3Im (405 [e303) $S3 syuaned ysO-
Bumolo} (Qs) TS F 0'L 4q saa0ds (10070 >d ‘250 = oy4 ueaw) Aupijpa uoL)- (#01=u)
$S3 ul 93uBYd € YaM pajeIdOSSE :uone[e.I0d Wwa)l padred asnods-jusney- 'sjo43u0d 3dadxa sdnoud |je ueys (]0°0 >d) s940ds Jamo| Apuedyiudis pey sdelUWOSUl BY] - sjuspn3s [edIpaw
SEM SYSO Y3IM S[enplAlpul (1000 >d) 7780 = 4 :s3uspnis /g Jo4- (10070 >d) s4aous Atewrid Jo (100°0> Jeah paiyy-
$S Ul dVdD [BSBU YIIM JudWIIead | (aaede sypuow ) :Aujiqpiad 159304453 | d) sjouauod Joy ueys aaySiy Apuesyiudis suam eluwosaadAy syredolpr pue Asdsjodueu ‘ysO 40} S34008- (051=u)
dvdD (sauepmas) €£°0 = 0 (10000 >d €£1'9 =P ssap.osip doays (s53) | 4,¥661 “W suyof
Y3IM JUSWIBDIY JO SYIUOW € JaYY (sauoned) 8g'0 =0 | ‘00°0§ =4) P232919p 2J4om sdno. dnsouSelp USASS SY3 USIMIDQ $340DS §ST Ul SIIUSISYIP JuBdYIUBIS- YIM S[enpIAIpul- o[eds ssouldas|s

0661 “IW suyof

:ssauaAIsuodsay :Aouaisisuod [pusary) fppdp> Sunpuiwisiqg (0g=u) |onU0D- yuomdy | 1661 “IW suyol
fypqeyaadaajug
pue ssauaAisuodsay Apqersy fpiep a|dweg sjuswinijsuj Jeak “Yoyiny

‘(panunuod) | alqeL

12

Nature and Science of Sleep 2020

submit your manuscript

388

Dove


http://www.dovepress.com
http://www.dovepress.com

Ali et al

Dove

(panunuod)

AN

‘|o13uo> 031 patedwod soelUWOSUl

U99S S| %()| JO ISEIIIDP JUVISISUOD Y
(1000 >d ‘7571 = 4) 39y° dnous urew

juedl

31s & ul unnsa. punoj sem sdnoud
U99MI9q 78'0| JO DUIIYIp uBdW
1159194153
€60="
:Aoud1sisu0d [pusauf

1000 >d ‘79°0— 02 |70 -= 4 wouy SuiBues S3[EISANS GE-4S YIUM UONE[D.II0D dANESSU JuedyIuBIG-
(100°0>d ‘99'0= 1) OSVM ueaw yum Apanisod pue Apuedyiudis pue ‘(100°0>d ‘95°0—

= 1) 35 ueaw pue (]00°0>9d ‘Z'0— = 4) 1S UBSW YIIM PaIe[a.10d A|9ANESDU S2U0DS JUSWISSISSE HJOAA
9|qelieA Adeip des|g -

(100°0>d ‘6570 = 4 ueaw) |DSH Yum 1e[24403 APAnIsod sa403s OSIO utod awn Yoes 1y -

oL

S|0U0d £ o
(usw /]
3@ USWOM 97)
eluwosul Asew
-14d Joyj e
-3 Al WSA
Sunesw & o
(s1eak 05-5T
:a3e) suedipnaed
98 jo a|dwes

Ayunwwo)

(©s10)
aJreuuonsanb
dasjs jo 1oedwi

|euonednaQ

0s800T ‘PiAeQ

*(1000°0 >d) 84035

|e301 aya ul adueyd |njSujuesw
Ajrea1uip a3.e| & paidatap
01-OSO4 @43 pue 0€-OSOS 243
Y30q usuea.d) dydd Suimojjo4

..mmw_._w>_mCOn_mwM

180 =0

Aoud1sIsu0d [pusaI|

01-0504

060 =103 180=4

wio.j pasued s3[EISQNS [ENPIAIpUY| -
060 = 4 24035 [BqO[D) -

(reem | uaIpn)

:(ze=u) Aupqoias 159194 153
€£0-9€0

:93ueJ UONE[D.1IO0D [B10) 01 W] -

(16’0 = 0 03 9g'0 = 1) sd[edsqng-

§6'0 = 0 :e10] -
:(£6 1=u)houarsisuod jpussiuf
0€-0SOA

(01'€ ¥ 18°L1 = ueaw) sanfeA [ew.iou Y3 wody (10000 >d ‘§9'8 = 1)

paJayIp Ajjeonsnels (£7°€ F 8471 = ueaw) dnoud ysO a3 4o} 0-OSOH dY3 UO 2.100s [e10) duljdseg-
Aupijpa dnous umouy

(10000 >d) £6'0=

J4 SEM OM.OmOn_ ?y3 pue o_.OwOn_ JO sa403s |ejo) juawieaty-sod 93 U33IM1=3q uone|aJII0d 3y | -
(10000 >d ‘960 = 4) 24095 [e30L

OM-OmOu_ 94l YIIM pajerdosse x_um:nox_ SBM 9J02S _dn_o_m 0l -Omou_ 9yl dvdD Y3IIMm Juswieaud aJojeg-
HCOw_._mn_F_Ou $9J02s [eqo|D

AupijpA uotalID)

01-0s0A

(10000 =d ‘88'S— = £S11)

(#0000 =d yam AjpAndadsal ,9'8 F 6568 PUE HT'IT F §0'89) :swdjqoad

Suidas|s yum asoys pue s1adass [BULIOU USIMIDG PaIBUIWIIDSIP 3402s [8qOo[S DSOS Jo UBS-
“AupijpA upunwLSIg-

“(10°05d ‘8€°0= ) [easqns Yieay [3UBW 9¢4S Pue (5005 d ‘9€0= J) [eIsqns

uondUN} [B120S 9€-4S SY2 YIM PIIE[21I0d AJUBDYIUSIS SEM B[BISNS SWODINO [B120s SO Y] -

158 OSO4-
(10°0s d ‘9%°0= 4) 9[e2sqns SuluonduN} [BUOIIOWS 3[04 9ES YIM 3.100s [eqoj3 0£-OSO4-

‘a[edsqns Suiuonouny [ed1sAyd 9g4S Yam parejaUlod Apued aedsqns [9A9] A

uone[a.40d JuedyIudis ou (] §=u) s9eds-qns 9¢-4S Yam [eqols 0e-OSO4-

(50°05d “05°0— = 1) :(pg=u) 21035 [€302 IS YaIM 2.103s [eqO|8 OE-DSOH-

AUPIDA UOLISIID[IUSLINIUOD

'98'0-8.£'0 = - Wouy paues SUOIIE|R.1I043Ul 94035 DSOS [BqO|S-01-3[edsqns-

98°0—7§'0 = - 98Ukl SUONE[S.I0D 3[BISQNS-03-3[edSqNS-

:AupipA nssu0)

*sa3pnl |[e ssoJde unoy U0 9a.y) Ises| Je jo Suned e 3ulAledal swall jo uondodoud ays Aq paulwiLieg
AupipA 1W31U0D

'S3O@ ©3 JUSWNJISUl SYI PUB WS YDBS JO SDUBAS[S [BDIUID 9Y3 pajed swajqoad

das|s pue JuswdojoAsp JUSWNIISUI SNIBIS [BUOIDUNY JO Seade Sy Ul asnJadxa yum sa3pnl usasg
:AupipA 904

0€-OSOA

s103(qns [ew.oN
sjuaned ysO
pa3eaui-dydD
(s

= u) :7 9|dweg
dvdD

uo SO 9J9A3S
01 ajelapow
yum sauedipnaey
(s51=u)

1| ojdwreg
01-0504

VSO

yum sauaned :(|§
=u) g pue (T
= u) 7 so|dweg
jurejdwod daajs
yum 3unussa.d
s[enplAlpul
AypjesH

(es1

= u) | 3|dweg

0€-0504

(0so4)

aJreuuonsanb
dos|s
Jo sawodno

|euondung

87600
‘[ 39 JOABIAA

411661
‘€ 39 JSABIAA

389

submit your manuscript

12

Nature and Science of Sleep 2020

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Ali et al

(1000> d:£°0T = 4)

dnoJg [ewou ay3 ueys Jaydiy Apuedylusis 2103s [e303 [esnotesadAH uesw e pey dno.d eluwosul ay] -
(1002 ‘|& 3@ 'EAO|ARY) A1DDGDD SunpuiwLdsSIg

(€00 5d

‘8€°02 4) :A11Anoe 533 eydje-uou pue eydfe yam 2.40ds [esnoJedadAy usamiaqg uonea.0d JuedyIusig-
*(50°0> d) s199lgns [ew.iou o1 pasedwod sorluwosul Ul ANARdE 53T JaySIH-

uoneJJod UCNUC_:M_w OU :3]e3S UOISISA0IIUI-UOISIDAOIIXD pUB d[BIS WISI230INdU YIIM d[edS-H-

'IUWOSUI
STeh il ATEY]

YaM suaned-
s129lgns [ew.oN-
QwoJpuAs

das|s pakejsqg-
eluwosadAH-

sjuaned eluwosul

(a|eas-H) °yeds

1100
‘[e 39 BAO|ARY

€661

AN AN AupipA uoLIRID Arewag- |esnoJesadAH ‘e 39 ulRIsa8ay
(©as)
aJdreuuonssnd
190 =0 soeluWOoSUl 95ueqUNIsIq 15000T
uN Aoua1sIsu0d [puIAI| (88°0 ©3 1€°0) 12203 DS Y3 YIm paie[a.iod DS JO 240ds 510108y 3y | o4y das|g ‘e 30 a1dsy
(€67 = az1s 309y9)
(100070 >4 ‘90°Z1=2) 1OSd uo Aupenb das|s asiom Sunuodau sauedidnued oy au0ds §4S JaySiH-
(01— = 971s 1339) (1000 >d ‘81'T1- =3)
‘daajs pool 8upnuodau Jou pasedwod das|s poos Suniodaa asoyy 4oy $3.103s G|4S JOMOT-
50°7=9z1s 123)° ‘(100070 >d ‘9€°6 | =1) |012u0d 01 pasedwod dnoud BlUWOSUI 3YD Ul 340IS §|4S JBYSIH-
{(0€p=U) Aupipa dnois umouy
“(1€:02 4) s9[e35GNS HO—IVdM
yaim pue (AjpAnsadsaa 77°0 pue 97°0= ) :sojeasqns Surioug pue Suiyieauq SO Yam S14S (k202 4) (1l
pue |) sad1pul swajqo.d daajs -SOIW Y3 SI4S “(95°0= ) B33 $5T YaIm SI4S “(69°0— = ) :aasodwiod
OSO4 WpIM SI4S (8L70= 1) 3s0dwiod |DSd YIM SIS ‘(28'0= ) 124095 23s0dwiod [§] LM SI4S- $4993UN|OA (S149)
G6'0 =0 =SJBIUWIOSU| (100°0> d) :Aupipa wadsanpjauadioruo) AyajesH 9[eds 30edw|
£6'0 =0 3|dwes ay1 ||y 'sauanied Yam SMIIAISIUI 9D} O3 938} Y3NOYl PIsSISSE SBAA soelUWOSU [euonouny
uN Aoud1s1sU0d [pUIAI| Aupioa 3uaIU0D Aewag daays ay ) 10T ‘& 3@ |1°9
pue ssauaAisuodsay Anqensy A3ipifep ajdweg sjusawnajsu| Jeak Yoyny

‘(penunuod) | slqeL

12

Nature and Science of Sleep 2020

submit your manuscript

390

Dove


http://www.dovepress.com
http://www.dovepress.com

Ali et al

Dove

(panupuos)
(AemaoN)
*G/°0=  :3[easqns Jasueq ‘A1119A9s eluWoOsul pa1dipa.d yioq (4aduep) g 1010} SAAC| PUE (A84aud Jo dde|) | 10328} SAAC] Ul- Sjuspn3s |ooyds
$6°0 = 0 :9[easqns A34aud Jo >dE| ‘9IUBLIBA S JO %7 | |RUOnIPPE Y31y Joluas (saAQl) 3feas
£6'0= 0 d|Eds [B10] ue 10j BuUNOdSE ‘S3|qEIIBA IS0 S SAOGE PUB JSAO A1IISASS BlUWOSUl pa1dIpaJd SAAC] YL pue sjuspms Aa1om swinkep 50107
N :AoualsIsuod [pusalul Y| AUpIDA aADIPaIY arenpeaSispun BlUWOSUY| ‘[e 39 praso|[ey|
'$9.102s 9[easqns 0 |-Svyad
pUE Q£-S\Yg( UO PUE SIIODS
[e303 SygQ u! sa8ueyd auedyiusis
Yam pajeidosse sem siujod ‘Ajpandadsad ‘g/°0 PUe ‘08°0
8 2 Aq saJ0ds |g| ul uswaAocdw- ‘18°0 Jo 0 YyorquodD Yyum (|-Sygqd pue
Juonedipaw, 9| ‘91-Svdad ‘0£-Svaq :Aousisisuod pussiuj ‘24035 €101 [§]
-Svd@ PuE a[easqns , suolnqLe, 9107 ‘e 30 Sunyd | yum parejauiod Apuedyiudis Ajuo alam sajeasqns , uonerdadxs deasjs, 9|-Sygd PUe 0£-Svdd Yl
0€-Svdad =2ya u&wuxw £9°0 < 0 sdeluwosu| ‘9|edsqns COEMUL&UU:WD(I O3 pajg[aJ 30U SeM INnq Iedsqns %um_x—._m
._un_nmU 03 pajedo|je qu.mQ_U_u‘_d& »ONO =0 ”wuuw_ﬂ_‘.m [ewJaoN 0|-Svdd -SAVH PUe |S| Y3IMm uoiIe[@JJod UCNUC_CM_W pey 9easqns :mOUCWJUmeOU {elpawuwl, 0-Svdd YL °
Ul punoy sem sa4ods Sygq 1£°02 © soeluwosu| 's9402s a|edsqns uoissaudap-5QyH pue A1eIXue-SqQyH pue
ur uononpau Ja1eaus Apuesyiudig - 18°0 = 0 :5399[qns | $3.402s [303 |DSd ‘IS| BY3 JO $940IS B[EISGNS [BIDADS YIM PIR[2.40D Appuedyiudis 24005 [e303 Sydd o
‘01-SvVdd Y3 uo sasea.dsp [ewIoN :0€ SVYaQ Aoualsisuod [pusau| 910 ‘& 33 SunyD :AUpIDA 1U211NdU0D/UOLIDIID
J91e0.3 Apuedyiudis pamoys 100 ‘[& 3@ J423uipg
SOeluWosUl pajeadi-| gD 243 Jeyy ‘09°0 Pue £/°0 °49M AOV_ as
pamoys ‘suostiedwod d0y 1sog- || PU® | s1013%} 4oy Adouasisuod pusslul- | ‘G'e€ =0|-Sygq uesw) saadass [ewtou ano Aq umoys asoys ueys 4aydy (1000:0 >d ‘6's1 = (9€1°1)
(5200 >d 69°0 = P :Adud1sisuod [pusdul- 4) Apueayiudis a1am (0S| @S ‘€'€H 01-SYFQ UBSW) SI243YNS BIUWOSUI INO JO $3403s |-Svdd -
‘697 = (89 7) 4) sdnoa8 3usuneany ‘01-svea (z6 as
9342 a3 ssoude A|[ednsneis 190 | 497 Svaq uesw) suadas|s jewiou 01 pasedwod se (§°0| S ‘§'SE SYga ueaw) jo ueaw yum (]000:0 ‘.19 djpy-yies
Jay1p pip sadueyd 0]-Svdqd - =0 :de3|s jo Anjiqedipaad pue josauod >d ‘7’8z = (9€1 ‘1) 4) 3Ip3s sygq Yi8uapn) sy1 uo sai03s 4aydiy Apupdyusis ppy s1alqns dpjuwosu| | Jo [ern pajjosluod
*(Dd) |043u0> ogade|d o (1Y) Jo suondaduad paysiuiwip,, i 3[eIsqNg(g AupiiDA aAnDUILLDSI | P3ZIWOPUEJ © JO)
MC_C_N‘_U uonexe|aJ .n_umU sdnoug 1.0 =0 u: luwosul jo saouanbasuod a4y 08°0< 4 :sdoeluwosu| .V@.O" J “m.,_wn_mm_m [ewJdoN 0|-Svdd Ywm Svygaa- PaAlISP ElUWOSU! mmO_ON
JuswWIEa.IY 933 & 4o} (0]°0 jo suonesyiidwe Jo suonnqriaesiw,, (| 1002 ‘[& 30 498u1p3 :AUpIDA 1USSI5AU0D/1ONIISUOD) UM S[enpIAIpU| (svgq) ‘le 38 8uny>
>d ‘€£7 = (89'7) 4) @|qesedwod | :duedyIUBIS PaASIYDE S3JEISqNS OMI AlUO- soBjUWOSU| ajeag dealg 5100T
A||eonsnels aJ9m Jusunes.d L0 = 0 |[BJRAO- (87°0 = 4) OAS Pue 0]-Sygq :2403s [e10] - $193[qns |ewoN noqe sepmmy ‘le 33 438uip3
MC_>>0__Ow 2402s SyygQ u!l mwMCNr_Un &UEM&M.‘MEOU |puisqu| AONWOH -_v uoneja.aiod _UQOM 0€-Svdd ym Q| Ssvdd - soeluwosul pue sjaljeg _mOOON
:ssaUBAISUOdsay :0€ Svda :AupipA nssu0) s1uoayd [euonounysig ‘le 32 aidsg

391

submit your manuscript

12

Nature and Science of Sleep 2020

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Ali et al

‘8€°0 = - ‘9[BISQNS puUOIIS {£G°Q = J ‘D|BISqNs ISl
166°0 = 4 ‘DSdV :2403s 211s0dwod 3Y3 WOy PIACWA S| Wl Judwifedw] 3yl USYM SUONE[DIIOD)-
(95°0—14°0 = 4) 2uswuredwi swnAep YaM paIe[aaaod AUuedyIusis 949Mm SJ01D.) OMI SII Pue DSJV-

auawredw swnkep yam Odsy

(87°0-0%°0 = 4) Afenb dos|s yum paie[a.I0d Sdam s9[edSqNS OMI 9yl puB OSJY Yl
0€0-£7°0 = 4 :Buluademe Suiuiow Alieg

1€0-9T°0 = 4 :1S1 ‘LE'0-TE0= 4 ‘OSVM

€0-87°0= 4 :Aouane| 19suo-das|g

IYIIM PIIBIDOSSE A|91BISPOL 3.49M $S3[BISNS OMI ) PUB OSJY

:suozowe.ed swnkep YIm DSy

(ovo+e0

= ) [9A9] Jre} & 3 uoissaudog— SQVH 242 01 pue (6p'0—€'0 = ) [9A9] Jiey 3B AI9IXUVY- 3[edS SAVH
31 03 /(19°0-05°0 = -) [9A3] poos 03 3respOW B 3B 0|-SYAQ Y O3 ‘TS0-5H0= 4) I8 (D-SVSd)
nIUBoD— 3[eds [esnoldy dos|s-a.ud SY3 03 parejad ApuedyIuBiS S49M S10108) OMI SI pue OSJY YL

AupipA Wa819AU0D
‘140 PUB ££°Q SI01DB} OMI dY) JOj pue
‘6€°0 9EIS €101 BY1 JOJ ‘GE'Q PUE g|°0 WOy pasued swall (] dY3 J40j s3ZIs 1990 dnoud usamiag ay |

‘suadaals

ssadaa|s

[ewdON ‘€

suades|s doog T

soeIUWOSU|
:03u1
susaned des|s

01 3ulpaodde

|ewJou ay3 ueyl LMLM_L paJ0ods m.._w&mm_m Jo00d ay3l pue ‘sdnoug OM] J3Yl0 3yl ueyl saJods LU—._M_—._ pey paylsse|D-
dnoug JapJosip eluwosul sy ‘(sadueasul yaoq ul [00°0 >d ‘67'8TE-09'S 1T = 4) S101€) OM1 3Y3 pue ‘USpaIMS
“(100°0>d ‘66967 = 4) 2[es [€301 9y ‘(sedueasul e ul [00'0>d ‘TI'SHT-9°L6 = 4) Swan Q] Y3 |[e u| ul sa13UNOd
*sdnoug smess OM] Wouy
98'0 = J10328) puod3s 3ayj Jo4 amm_m 9343 33 pajeulwlIdsIp S.10310¢.) paule}ad OM] 3yl pue »w_mUm Om&( |eacy ayd .mEMu_ Om&( 0l ®?yL w_n_rc&m 3 OMpP
16°0 =403108} 154 U104 1102 ‘e 32 ddewlouq :Aupipa upuiwLsiq Anunwwon
€6'0= 2[e3s OSdV [e303 Jog 110T ‘e 32 >Jrewloay *(2403s 1OSd
:249M SIUBIDYYR0D eyde sysequold) ‘(kra1xue asiom) |yg pue (Aenb dass Aq paulwiz1ap (Osdv) 51 10T
110T ._N » v_LNE_OLu_ ._mLOOn_v _Om& uo s3.400s ._m_._w__._ YIIM paJBIDOSSE 9JaMm Oml( 93 UO SJ3.403s Jay: Jeyl sole yl SE eluwosul Og_NCCO_umOJO |& 39 >jJdewlouy
76°0 =3|eds |e101 U0y eydje s,ydsequold (100070 >d ‘££°0 = 4) Vg Y2IM UONE[RI0D BY | oARY WaY) das|s anoqe -uossuef
¥00T Aoate g Sue| (10000 >d ‘10 = 4) 1OSd YIMm UoNER.I0d BY | 10 |) sauapms uonednadoa.y 55¥00T
N :Aoualsisuod puialuj :AUpIIDA 1UB1INOU0D/UOLISILIYD Ausaaaiun g | pue A1aixuy ‘kanseH g Sue|
fypqeysadaaug
pue ssauaAisuodsay Apqersy Apirep ajdweg sjuswinJjsuj Jeak “Yoyny

‘(panunuo)) | ajqeL

12

Nature and Science of Sleep 2020

submit your manuscript

392

Dove


http://www.dovepress.com
http://www.dovepress.com

Ali et al

Dove

(panunuod)

P3123319p sem sa.0ds saulod '/

o 928ueyd Juedyiudis & ‘(9am/Inoy
1) 3usweseuew adueqnmsip das|s
UO UOIIEINPA JO SUOISSIS G IDY

..meCO\,_wCOQmwM

$§°0= 0 :|[eIPAO
Aoua1s1sU0d [pUII|

“(AjeAndadsad
01°0 PUe QZ'0= 4) 3[eds Iddississily pue 3[eds aunsodxa 1eqIOD) YaIM 1591-4j3s uaiBAH daalg

AupijpA uoLialD)

SUBIIIBA

QUOZ-JEM 3|y

(SHS) 3593-4193
auaiBAH des|g

98661
‘Zawon) @ Me|g

88'0 = 0 U
$8°0 = © :ssaussa|djoH

UIWINY

1000 >d ‘€5£°0 = (£€1) 4 ‘s94035 SMQ
pue ‘100°0 >d ‘77£°0 = (£€1) 4 ‘s9402s 9|-SygQ YIM P3eIDOSSE AUBdLIUBIS DI9M $9J0DS S| 1D
AUpIDA 1U3545AU0D/1DNASUOD
*$9.402s ||
ur sadueyd ayy paidipadd Apuspuadapul SAAQ] BY2 pue ‘¢01-AS3D Y3 ‘S|LD sIudWNIsUL 3443 Y3
340 Y283'/9°0= ¥ ‘1000 >d ‘/07€ = (8T ‘8) 4 $9409s S|S| Ul USBS sa3UBYD Y3 JO SPJIYI-OM] punoJe
pa12ipaad uoneanpa Jo |9A3| pue Uapuas ‘aBe pue 0|-QSID PUE ‘48U ‘SMAI ‘91-Svdd ‘SILD e
'$9.102s OSd 2Ya Ul sa8ueyd pardipaud Apueoyiudis Jopuss pue ‘¢01-as3ad
‘SILD 150 = ¢4 ‘1000 >d ‘£0°L1 = (8T1 ‘8) 4 24095 | DS Ut ddUELIRA B3 4O % | § AjUO PaIdIpaLd
uoneanpa jo ydua| pue uUspuad ‘a8e ‘.0]-QSID PUE ‘U ‘SAMAI ‘91SVEA Yum Buofe SI1D ¢
AUpIDA 9ADIPaIY
1000> d ‘€0£°0 = (£€1) 4
uedyIus]s A|[ed3S1IEIS OS[E SEM || 9Y3 UO S310DS PUE §|| D Y3 UO SDI0JS U9IMIDq UORE[RIIOI 3] o
1000
13B)S SBM S3J0DS _Omn_ pue G| D US9MI2q UOMIR[PJI0D dY | °

>d ‘€490 = (£€1) 4 uedYIUBIS A)fedy
AupijoA oLl

-219|dwod 031 syuedidnaed o1 UsAIZ sem |ooa Y] :(g7S§=u) AupipA 93D

(s1LD)

9eds eluwosul

:s9|edsqng "3[eds ay3 pamalaad [sued 1uadx] sjuapms anogqe siysnoys
N (60 = ) 2UAISISUOD [DUISU| AupipA 1W31U0D Ausaaaun aiydonnsered | (.910T ‘e 30 uel
‘[(100'0>d ‘88=
$S¥) 3] ‘suadass [ewou uey uonednadoaud auow pariodad siadas|s Jood se {(areuuonsanb |OS
oY1 ySnouya paynuapi se) siadss|s poos pue uood usamiaq parenuaJayip Apuedyiudis (001 ay |
*s1adaa|s pood pue agesane
ueyl s9.40ds uopednadoa.d Jo sjpAs| Jayiy parsodaa uadsays dood ‘[100°0> d ‘L7'/5= (122 ‘T) 4]
AupipA WDUILLDSI
§5'0= 4 :9[BIsqns Dy
LE0= - B[edsqns 59D
100°0> d :21035-|DSd [EGOID YaIm $3[eISqNS SdS
AUpIIDA 1UB519AU0D/1NIISUOD) s|dwres
68'0=DV PUE £6'0=208D 's43da3ys (1000 >d ‘79'0= ) pood pue (1000 >d ‘85°0= Aunwwod
:sofeasqns Jog | ) a8esaae (1000 >d ‘£9°0 = 4) 400d {|INVS PUEB SdS JO SIJODS [E303 USIMIDQ UONERII0d POOD) o pue sjuspms (sds) a[ess
(le43A0) 16°0 =0 (IWVS) xopu| Bulioliuoly parerdossy dos|s 3y YaIM SIS o Ausasaun uonedn>oa.d
N Aoua1sIsU0d [pUII| :AUpIDA 1U211NdU0D/U0LIBIID :Apnas AuipijeA da3)s | ,.£00T ‘& 32 I3

393

submit your manuscript

12

Nature and Science of Sleep 2020

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Ali et al

‘(1000>

d ‘05°0 = ) Aniqeljea 3s9394-3593 Jood
pey uondasqns a3pajmow| dulRyed ay |
‘(APAnoadsau

‘1000> d ‘b0 = 4 PUe 100°0>

d ‘9770 = J) :2on3e.d suai3Ay-das|s pue

S3MIANDE ssaudIeme dudISAy-das|s ay

:(42938| $99M ) 159194 153
‘AjPARd3dsal ‘4470 = & pue
GG'0 = ® s\yoequouD) :so[edsqns adndeid

ouai8Ay-das|s pue aSpajmou| auiayed ay |

(€200 =d ‘0€'S = (811 ‘1) 4 ‘TTO = o passnipe
YT0 = 2d) sso121paud Aujenb dasjs jo suoroipaud uedyiuSis se paynuapl asom swnpaq e desjse

1184 03 A3jiqe Y3 anoqe Suikiiom pue Ksaiya paq o3 Sulod ‘9auequnasip asiou ‘Yadus| das|s 3|qerieA
(Z10°0> d ‘0£°0= ) ssouaieme aualSAy das|s yum adnde.d ausiBAy das|g

(2100> d ‘0= 1) :Bunes |DSd Yam adndead susidly das|s

(17°0= 4) :Bunes |DSd Yam ssauateme ausidhy das|s

(SdVHS)

9Jedg 9dndRIy

8/°0 = ® sydequoid (1OSd 2y2 Aq paed se) Aujenb dosjs yum uonepauod | (Hz|=u) swuspms pue ssauatemy 26000T
AN Aoud1sIsu0d [pusa| PNAIsU0) Ausasaun auaiBAH dea|g ‘le 39 umo.g
(so0sd)
594025 sjusuodwod [DSJ YIM paie[a.aod AUediusis 99Mm $3.100s |HS Y] -
100> d yam AppARdadsad 1840 = (697) 4 PUe $HT'0 = (665) 4
$3.1005 |DSd PUB SST Y10q PUE .10 |HS USIMIDG PaLJIUSPI SBM UOREIDOSSE dARIsod -
100> d 120 = (6€1) 4 onasuo)
(sd9am (85H°0 ©3 |ZE°0 = SON|BA J) 066 | ‘UONEBIDOSSY sJapdosi das|s uedLBWYy Y3
G—} J9n0 paneadau) Auiqoyas 1591944153 | Aq paynuspi eusald auaiBAy desjs senbapeur sys yam (10°0 >d) parejadlod Ajpanisod sem |HS ayL sjuepms (IHS) xapu| 19900T
AN 99°0 = 0 AdUd1SISU0D [DUII| R T A3ojoydhsy auaiBAH dea|g ‘le 39 unsely
fypqeysadaajug
pue ssauaAisuodsay Apqersy Apirep a|dwreg sjuawinJIsuj Jeak Yoyny

‘(penunuod) | vIqeL

12

Nature and Science of Sleep 2020

submit your manuscript

394

Dove


http://www.dovepress.com
http://www.dovepress.com

Ali et al

Dove

‘a4reuuonsand) A19IXuy Jd1BWOS-9ARIUS0D) ‘DSYD A10IusAu| 9Al4 Big SY3 Jo S[edsqNS wWisIdNOINSN ‘|4gu
‘s92uanbasuo) aARdBYY ‘DY {sedusnbasuod [esolreyaq/aARIUB0D ‘DGO ‘AlolusAul A1BIXUYy >dag ‘g ‘PJreuuoisand) YifesH [e4ausn-auswiiiedw| AUIARDY pUe AIARINPOId HIOAA ‘HO—IVAAA 39SUQ do3|S Ja3y EAA ‘OSVAA dwi] dos|s
[e30] ‘IS] ‘9€ WJo4 1oyS ‘9g-4S ‘dyo.d 1oedw| ssawIS d|S ‘weddo|nd-0.4129]3 ‘DT ‘wedofeydaduso.ds|g ‘H37 ‘9[eds an3ofeuy [eNsIA ‘SYA s3] Adusieq deals ajdnin}y IS 24Nnssadd Aemuly 9ARISO SNONUNUOD) dvdD ‘eaude
dos|s 2A1RONIISqO ‘YSO ‘sopJosiq dos|S [edolARyag ‘QSq ‘BIUWOSU| ‘SN| DWOJpPUAS eaudy des|s 9ARdNIISqO ‘SYSO {(OQ) a4reuuonsand) uoissaauydag aya pue (| X-VLS) A1oIusau| A1vIXuy ] -938IG 93 JO SISISUOD SIYd ‘DNpayds g-y
papuaIXd AdAINng das|S Yshlig 1eaun) ‘+5Sg0) ‘9[eds uoissaudag pue Avixuy [edsoH ‘sQyH ‘eluwosul Joj Adeday] [edoiAeyag 9AnIUS0D) ‘|-| gD ‘UONEBIAS(] PJEPUEIS ‘(S USIDIYR0D) UONEISLI0D-I9IU| ‘D] ‘@dieuuonsand) des|g dipJoN
d1seg ‘OSNE ON[A 2ANDIPId dARISO] ‘Add ‘ON[BA SARDIPR.d dARESSN AN ‘S938IS POOL JO 3|4O.d ‘SO ‘T| W04 14oys ‘7| -d4S AduareT 19suQ dos|s “JOS 9IUs|oUWOS dAISS®IXT JO sIapJosi ‘STOQ ‘deals Sulureurely pue Suneniu jo
sJap.osiq ‘SWIQ 982 9T YIM UONDBISIIES ‘STAAS 9[BdS AII9ASS an3ney ‘SS4 ‘uoissaudaq saipmg diojolwapidg 4oy 23U ‘B[S -S3D ‘7| -S4reuuonsand) YfeaH [edauas) ‘7 [-OHD ‘ApPnig sawonnQ [ed1pajy ‘SO SUOBIASIqQY

(100> d ‘97°0=4) 91 Pue (100°0> d ‘0€°0= )

s1100°0> d ‘s°0=4) €1 ‘(100°0> d ‘0€°0= 4) T1 (50'0> d ‘€T'0= ) 8 (100°0>d ‘1€°0=4) ¥ ‘(100> d
‘87°0=4) € (500> d ‘81°0 = 4) T S3[eIsqns Yaim pare|a.iod Apuedyudls sem Sydq Svad Pim OVdS
:Aupijoa nsu0D

(1000> d ‘9€°0 = 4) 24035 |DSd [eqo8 pue £

($00°0 =d) s4adas|s uood

nb doasyg -

pue poO3 USaMIDQ PRSP ApuUBdBIUBIS S[BISQNS SIYI UO $3403s do3|s UO SJ0IDE) [BUIIXD Jo Idedw) -
(1000 >d P€0 - = 1) IHS Yam 3uswuoiAuS da3|§ -

*(100°0> d “€5°0= 4) IHS 242 YaM 2[edsqns paq ul SANIARDY -

(100°0> d ‘67°0 = ) d3EJI9POW SEM |HS Y3 Y3IM UONED.LIOD BlUWOSUl 93nde Yaim Buido) -

(1000 >d ‘6€°0 = ) SS3 Y3 LaIm ssauidad)s -

(1000 >d ‘€5°0=

.hv uoneanp n_ww_m o3eaaAe pue uoneanp Qmm_m _Own_ usamieq _um_.:u—._m_u_ SEM uone|RJII0d u:NUC_CM_m < -
“AUPpIIDA UOLIBYID/IUSLINIUOD

‘swal jJo mwwcmZuauCWmo‘_aw‘_

pue ssauaAisusyadwod ay1 aunsus 01 staquisw AJUNWWOD pue aupipaw das|s ul sjeuoissajo.ud

*(sa[easqns uaIdyIp 3y U0)) J0 dnou8 e Aq passnosip 949M >JOMBWE [BD139108Y3 WOy PIALISP suonsanb :Aupipa usuo) (pTI=U) (OVds)
$98°0~157°0 'SWa3l dY153ds SWos passndsIp pue JusWINIISUL (08—81:98ued aJreuuonssnd
:23ued eydpe sydsequoad | sy Jo 3us3uod sY3 o doeqpasy Jivys papirc.d siuedidiaed sy 'sauedionded yoaesssa pue Alunwwod a3y) uonejndod sapnimy pue &,L10T
N :Aoualsisuod [pusalyj 9Y3 wouy s[enplAlpul usamiaq (dnoud snooy 89) suonesisauod dnoud ysnoays parenjeas :Anpipa 2004 [ACTED) saondeld doslg ‘[e 39 JoupuEID)

395

submit your manuscript

12

Nature and Science of Sleep 2020

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Ali et al

‘pa19jdwiod aq Isnw
SWIAl G JO WnWuIW
"3Jeds swiay
001—0 O3 pPo14dAUOD 6 Apjeam (Osy)
oM | usyl swell adreuuonsanb -Osy aJreuuonsanb
ased I AM-OSY ay3 Jo a3euaAe dYy | " APp19dwod,, yum g pue e 3e Jou, swa || [<EETS
N ys1jdug 110dau-jag AN | Aep suo :g-Osy 24025 [230] | Yaim spuodsaudod | ydiym ul ‘G—| deds 11 | :Arep-Osy SANEIOISDY
(SYIIHAM) 3[eas
Suney eluwosu|
uswoMm (oe2s 24917 sauiod aAnenu|
[esnedouswisoy ysij8ug 140dau-y5 WN yuow 3se| 07-0 :[e30L 9 uonsanb | 3deoxa) seds Juayy7 sulod-g S | yareaH suswopp
(009)
saynuiw ‘(9943 AjSuoaas = § ‘oaudesip A|Suo.s =Q) aJreuuonsand
S)nNpy asauede[ 110dau-jjag 0T yiuow 3se] 040 :|eIoL (3—0) 9Je2s adA1-1uax17 3ulod-g 0l Aiend des|s
07-0 Anumuoddo das|g
eluwosul Asewlid- G7—0 uawuoliAua das|g
(saeak GE—0 :uonduny sawnkeq (ss1)
7/-9) ®|dwes 050 925 Buiudaudg
Aunwwo- UN 140dau -jjag N N :swoadwiAs eluwosu| N 9T BlUWOSU| 3y
(s19)
£ 031 0 wouy uidued (29m/sAep jo Jaquinu) 9|eds BlUWOSUI
N ysi3ug 140dau -4j9s N yauow 1se ¥ 01 0 =[e3o| Aouanbauy ays 3unuasaudau ajeds syujod-g 9 uadiag ay|
uoneydepy
sO jo
P33epIeA SEAA a8en8ue
poliad ||e29y Suniodg aredg | JaqunN
100] 9Y3 YaIyAaA pue (p Yewuod w
ur uonye|ndog [ean3nd asuodsay | uapang |9POIW JuUsWAINSEd | sjuawinajsuj

(Z11=u) sa1pnig pa139j9s Wouy paldesIxg sauswnaisu| desg jo sonsiisIdeIey) T 3|qeL

Nature and Science of Sleep 2020:12

submit your manuscript

396

Dove


http://www.dovepress.com
http://www.dovepress.com

Ali et al

Dove

(panunuo))
ysiueg
ueaJuoy
dlqely
9|doad uelsuag
J43pjo Buljjamp ysprng
-Aunwwo)- ueljey|
syusned Jsoue)- asaulyD *(asnods
ured >peq Jamo- ysiuedg Aj[ensn) sJayio
Aanlu youau4 uedyudis ()]
ure.aq JneWwne uewLIa9) ueRIUD saanuiw xopul AI1IoASs
UM SUBIDIBA- ysij3ug 110dsu-jjes 5> oM T Ise] 87 03 0 :[e30| [eds 119y Julod-g swoll / BlUWOSU|
Aefel
uelfel|
synpe BlRYUIS
ueidoiyag Buljemp asan3niiod
Aunwwo)- asangmuog
suapJosip Aeixue ueljize.g
pazi[eJausn MIIGaH
Y3IM s3|npe Jap|O- olqeay
(parepifea ysipanyj
uolisJaA ysiuedg uea.oy
ay) eideAwouqiy- yaaz)
J9dued 1seaug- rey) *(.2]99M € SaWII SJOW JO J3UY),, PUE ,HOIM
sauaned Jadue)) - ueiqJag B 9DIM1 IO 3DUO,, *, )99M B 3JUO UBY) SS3),,
9|doad pauap.osip uelsuad ‘ Yyauow 1sed sy3 3urinp 1ou,)) Suipnppul suondo
S11BIYdASY- uelreduny JUSJ3YIP 3[edS 1|1 Julod-INoy 9310Yd-padIoy
sjuapms ysiuedg se [|om se ‘dos|se |jgy | (jeuondo)
AusaaAun- asaulyD 03 saINuIW Jo Jaquinu pue ads|s sunoy [enioe Jaused
ured >oeq JamoT- asauede[ JO Jaquinu ‘Sl S¥eM [ensn ‘DWIpaq [ensn paq Joy
USWOM JuBUSDIY- 'IpU| €010 8uipJodaJ apnpoul 1ey) salio3aied asuodsad | suonsanb (10sd)
sjuopms youa.4 sInuIw =9403s uonsand Bulkaea asn swal |OSd S +) xapul Lienb
a3ajj0D sN- ysySug 110dau-yjag 01-§ Yuow 1sed | |7 -0= 24035 |DSd [890|D ‘(papus uado) swanl § 1514 swaal 4| das|s 8ungsnig

397

submit your manuscript

Nature and Science of Sleep 2020:12

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Ali et al

(SSIW)
aeds swoadwiAg
(swajqoud BlUWOSU|
Aop|3- ys8ug 110dau-jjag NN N 71-0 =[e10| 9J49A9S AJ9A =} ‘Ou =()) 9eds 14917 ulod-g swall § [ewiuly
(wan
sjuaned | :UOISIIA
ured ouoay) - payiduwis) 9om/sown ¢ = sem Aduanbauy swajqoud
eluwosul Asewiad asauede( JamalAIRIUl (Yauow | PaqLIdsap 8y Ji 9AnIsod pajed S| WAl Uy swia|
YIIM S[ENPIAIpU|- ysiuedg ue ysnoays Apsow) asodund S1-0 =5-SIV - wajqoud snorias AJan, S G-IV
sjusned PECNE) paJaasiulwpy Apms sya $7—0 =8-SIV e 3upedlpul ¢ pue , wajqo.ad ou, Sunedipul swall (SIv) oreas
S13eIydAsg- ysijSug 140dau-jjas WN | uo paseq s|qixsl4 :28ueJ 2402s [e10] 0 YIM £—0 9JBIS B UO PaJods S| Wall ydeg 8 8-SV | euwosu| suayly
ured 3sayd
yIM sauaned-
SIDJIOM YIYS-
snijApuods
3uisojjuy-
SNLIYIIE D1IBIIOS]
YIM sjuaned-
snlIyIe
plorewnay *(wa)qoud
UM sjuaned - das|s jo adussaud
sJ3[|0J3u0d 93 saBJIpUIl H< 940IS ‘(g = skep g7—TT ‘v = sAep |T-§|
Jyye.l diy- asandniiod {Lrenb dos|s asuom | ‘g = sAep y|—8 ‘7 = sAep /— ‘| = sAep g—| {0 =
Aaaduans ysppang 21ed1pul sa403s J4aysdiH) | |1e 3 30N) :yauow 3sed ay3 ur swordwAs Suiaey (ss[) oreos doss
JeIpJed 1504~ ys!3ug odau -jjeg AN | Yauow | snoirsug 07-0 :[e30L | jo Aouanbauy aya Bundsyya. ‘sfeds 14e17 aulod-9 swall supjuaf ay
uoneydepy
sO jJo
P33eplleA SeAA a8en3ue
polidd [[ed9y Suriodg Jedg | JaqunN
100] Y3 YaIyAaA pue (p Yewuod w
ur uonye|ndog [ean3nd asuodsay | uapang |SPOIW JusWANSEd | sjuawinajsuj

‘(panunuod) T s1qeL

Nature and Science of Sleep 2020:12

submit your manuscript

398

Dove


http://www.dovepress.com
http://www.dovepress.com

Ali et al

Dove

(panunuod)
(£1-1anDsEW)
KJojuaAu|
ssansig
(Apusnbauy =¢ pue sswnswos =7 YsASN=]) pue Aend
N ys|dug 1odau-jas N UN IS 01 /] [e0] 3eds 1|1 sujod-¢ L1 doa|g 1as3ney
sIqely (ISV) euwosy|
N ys3ug paiodau-jjas N yiuow 1se 80 |e10L (yonw A4aAa=f ‘ON =(Q) 3[eds 14|17 uiod-g swa)l 7| JO 3[edg dIqedy
4330 (dsvo2a)
wedyiudis- a|youd das|s pue
Youauy asidessy - (uonouny 1s9q=/ uopEdIUNWWOD
N ysijSug 140dau -§jas- N Ajreq 6¥—L B30l pUE UONdUN} 1SIOM=|) 3[eds U1 aulod-/ swall /£ aAamugon) Ajreq
uelfey|
ND] 01 paniwpe uea.Joy| ss9| J0 ‘dos|s pagumisip AjaJaAss (saso) seas
SIUBJUI JO SIUDIRY- asaulyD saInuIW SJow 91edIpUl 534025 J2Yy31y {(Aep AJ4oAd) 9oueqUnIsIq
$3sJ4nu 3eWa4- ysijdug 110dau-jjas g 399M SNoIAdUg [¥1-0 (30l | £ 031 (49ASu) o wouy Suidued S[eds 1)1 aulod-g swal | das|s easusn
-3uia0os
pa3eWwoINe yum
UOISJ3A 3UljUO ue Suisn
Aq 4o ‘'€ Aq [m101 3y
Buipiaip 4q
(uonejndod :93ued | DS 0]—0 2ARINUI
Youauy) ysIpamg SJOW ® 03Ul pauLIOjsUR]
sinpe 3ulfjsmp Youauy Yauow 3se| ay3 9q ued $3.402G- (1DS) 401R21pUY|
Aunwwo) ysijdug 110dau-jjas AN ur ySiu eardA 7€ 031 0 ;o] (#—0) oess urod-g swall g [ uonipuoy desis

399

submit your manuscript

Nature and Science of Sleep 2020:12

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Ali et al

(uonejndod
uedIXa||
Joj) ysiuedg

uonsanb

(doays Sunysy

(ssy)

() osauede( ay1 3uriomsue ‘Ados|s AjpwauIxa) ¢ 031 (319 ApwaIxd) | a|eds ssauldas|s
$9SUNU pa.a1si3oy ysisug N AN | 9dJojeq saanuiw g 6—/:9400s [e10] 9[eds 1oy saulod | wey | »jsuljo.ey]
SIBALIP dPNJ] -
uone|ndod
UedLIBWY ULy~
sjuaned eaude
dos|s aAndNIISqO- ysiuedg
(s49A11p ysnjany.
S2N3) SIOAA- uelfe)|
sJap.Josip (eury>
J1eIYdAsd uJa3sey)
YIm sauaned- asauy>
sJapJosip PELN]S)
[ed180j0anau uewI9D
YIIM SIUBNEY- ueidoiyig 9JBWWOO (AjoAnoadsau Buisop jo soueyd (ss3)
saapuosip daajs ysijug Aq parsjdwor- y3iy pue yo asop Jaasu 01 3uipuodsaiod a|eds ssauldas|s
YIM sauaned- JIqeJy 14odau-jjas- N sawn juaday *(b7—0) 24093s jgr0] ‘€—0) 3[eds 143y Julod-, UO padnses}y 8 Yraomdy
uoneydepy
pa3jepijeA SeAA a8en3ue SO jo
poliad |[e29y 8unoog o|ess | JaquinN
1001 9Y3 Y2IYpA pue (p Yewo4 w
u1 uone|ndog [ean3nd osuodsoy | uspang |9PO 3udWBJnseSy sjuswna3su|

"(penunuo)) T 31qeL

Nature and Science of Sleep 2020:12

submit your manuscript

400

Dove


http://www.dovepress.com
http://www.dovepress.com

Ali et al

Dove

(panunuod)

eluwosJadAy

‘w31 J4ad

$9.4035 € Yyum {(IWNSH)

. Apwanx3,, ¢ pue

YUM siuaned- ysipams 9J02s uopewwns [ a1q e 2unb, 7 ‘epay e, | e e 0u, o wouy (oe2s-H) 3[eas
soejuwosuy|- ys1j8ug 40dau-jjag NN N 93 saunsesw 9|eds Yy | a|eds adA1-149y)17 2ulod-unoy & UO paunses) 9T |esnoJeaadAH
(©as)
(..onn uayo AusA, ‘anay usyo,,  ‘ona SJreuuonsanb
das|s uood SSWIIBWOS,,  ‘BNJ3 WOP|SS,, , ‘ONI3 ISASU,,) Qduequnisip
UN UN N WUN | yam aysiu feard4) UN 3eds 2|1 utod-g swa | doa|g
(Sis)
youau4 pa1s|dwod 9|edg 12edw|
(Sn) ysiueds 9q ISNW sSWIAN| €2 |euonoung
AN | (Sn) ysiBug EECLERDTEN N skep / 0€1-9T :[eaoL 3[eds 11 syuod-g | swiall 97 dosys By
(©si0)
uelsJaad (own sy aJreuuonsanb
y,ng 0 |, # 01 9|qedijdde Jou/uaAsU,) O Wouy d8ued dogs jo 1oedwi
N ysijdug N N yauow 3se 96—0 :[e30] | uonsanb yoes uo s2400g *3jeds 1y ulod-g swial g JeuonednaoQo
'€—| :940ds ajeasqng
Ajjeanin ' Aq paidnnw
Jo suaquisw Ajiwey $9400s 3[eISqNS
:01-0S04 ysiuedg 3y jJo uesw sy :[eI0] '9J0DS 3[BISqNS JO [E101 WS UBSW patydiom
Uswom JueuSa.g- asaulyD :01-0S04 a3 sI sly] "9[edsqns Yoes Joj | Ueyl Jalea.s
( sagels) uLiepuel 07—§ :28ueJ $3400G - Jo 01 [enbs sasuodsaud yum swsal pademsue
J9oUed 3ISBAUq uelsIad '9402s B S| | 9y3 JO UBSW BY3 IB|NJ[RD p—| SI Wl Aue U0y
YIIM USWIOAA- :01-0S04 ‘|oA3] Buipeau 2J3Y3 YdIyMm Joj sajedsqns |  s340ds jo d3ued [enuslod aya ‘sny] -asuodsau
sajaqelp 7 adky YsIpams apea3-yyy e N *(Aep aya Sulnp Jo Jaquinu sy 4q Buissiw Jo /N ® = ( Jo 9403s dsuodsal y (©so4)
YIIM SUBJIDIDA- ueiamioN | 3e aureuuonssnb | :0/-0so4 s[o9y uosdad ay3 | 3eys Aldnjnw pue saJods :UOIIE|NJBD 340DS 3[BISgNS swal O sJreuuonsanb
syuaned eaude rey] | pousd-pue-ieded saynuiw Moy Ajjesauad | sjedsqns ays Jo uesw Y| (>]99M B SaWN SJ0W Jo 33JY) = G ‘U pIp :01-0S04 {EETN
daa|s aAndNIISqO- :0€-0504 paJaisiuiwpe Sl Jo) Aep [eaidky :0€-05S04 | 49Asu = o ‘pawniopiad si Aianoe ue Apusnbauy swa1l O Jo sawodno
‘0£-0504 ysidu3 H®S | 0€-0SO4 | ®uo @duBWLIOpDd 94005 [eqo|D Mmoy) 3eas 1417 uted-xiS :0g-OSOH ‘0£-0504 [euonoung

401

submit your manuscript

Nature and Science of Sleep 2020:12

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Ali et al

uonda.ip

9SJ9A3 BY3 Ul paUods
s1 wall yyy A4aA3 “(aurod
0="°oN pueuiod | = sa\)

(SHS) 3521 yjos

N ysijdug 1u0dau-jjag N yluow snoiad.g 9.402s |e10] (oN 40 saf) asuodsau snowoloydiq swall O -ouaI8Ay das|s
(s1o)
[esanau =¢ pue 9343e Aj3uo.as 9|eds elUWOSUl
=9 01 9a.3esip A[Buouas=Q wo.y saduey 1noqe s3ysnoys
N ys1jdug 140dau-jjas N N 801-0 :[e10L 3[eds 149y saujod-/ swal g| siydosisere)
(sds) a[eas
(pwn uonednidoaud
N ys1jdug 110dau-jjas uN AN TE1-0 :[230L | @Y1 Jo || =9 O3 J9AdU =()) 3[eds U1 ulod-7 swal 7g das|s
(©sdv)
Yauow ‘[(e248e A|Buouas =g ‘oa43esip AjSuosis aJreuuonsand
15€| :payIpoly 0§ ©2 0| :PayIpoly = |) "o[eds 3217 3u1od- :(| |07) PRYIPON- da3ys 3noqe
skep 001-01:_UIBLIO (en.3 AusA=Q| ©1 ann 10N =|) uonednadoaug
N ys1j8ug ENLCTENRITEIN N ¢ 1sed :jeuidQ ‘|10 9eas I sauiod o] :(4007) [eUBlIO- swall Q| pue A1vIxuy
(smai) apess
A1iom swniep
N ysijdug 110dau-jjas N >oaMm 15E7] WN "9[eds 249y aulod-g swal || BlUWOSU|
swadl 0|
01 Svda-
uelsIad swiall
(91-svaq) 91 91 (svaa)
uewIa9) -svdaa- ajeag dos|g
osauemie| swa)| ", 943esIp swall | Inoqe sepmmy
asaulyD 9Y3 SSO.DE 24025 d3eIoAY AjBuouazs,, pue 99.3e A|Suoals, Supjew 1€ Jo pue sjolj9g
N ysyug 110dau-yj3s N a|qed)dde 30N | 0| Svgd Pue Iy Syad | sejod uiyam sur Suoj wd | & uo Spew B 3Rl | OF SYEd- [euondunysAQg
uoneydepy
sO jo
P33epIjeA SEAA a8enSue
poliad |[e29y Suniodg 9|eds | JaquinN
[CLTRETTRRIETITYVY pue (@ Yewiog w
ui uone|ndog [ean3nd osuodsay | uspang [SPO 3uswainsesy sjuawinJjsuj

"(penunuod) T d1qeL

Nature and Science of Sleep 2020:12

submit your manuscript

402

Dove


http://www.dovepress.com
http://www.dovepress.com

Ali et al

Dove

"aJreuuonsanb ayy a19|dwod 01 pasu oym spenplaipy :(7) dwn uonensiulwpy :(]) pariodad 10N YN 9ION

"| 03 O WouJj 93U S340DS SI[BISQNS ISYIO ||/~
‘(papaau ueyy paureiqo ssa)

8unds|jed () < SON[EA pUB Papasu UeYl pauleIqo
aJow 3unds|jed > SSN[EA YIIM) uoneanp
das|s [eniqey pue pasu usamiaq

SduaJayIp Jo a8erusdiad syl :B[edsqns 1gap

(OVdS)

aJreuuonsand

sa1nuiw das|s aya pue ‘deajs |enuqey jo sapmmy pue
N ysi8ug 110dau-yjag ol N WN | sanoy jo usquinu :sjeasqns uoneanp desjs ay) | sweu || saonoeld das|g
auai84Ay das|s peq jo
SAIIBDIPUI 2J0W SJIOIABYS] "(200T ‘& 3@
a1ed1pul 594035 Jay3ly UMO.Q) "3l JO pJesY J9ASU dARY A1 JI X pue
‘€€ 01 ¢ wouy a8ued ‘JOU S0P 1 JI U ‘BUISYED SUIEIUOD dUEISqNS
Ued S340Ds :|EI01 AY | ay3 JI A 931um 01 pavjse aJe sauapuodsay
921084y /—0 :98UeJ 2401G :7 uondasqng-
‘001 ©3 0 Wou (2861 ‘e 39
23ueJ UBD 9J0DS SIY | >e| suadojeasp [euiSiio) 1da.40dul Ji sauiod
g uondasqng € pue paniwo Ji saujod g 9994403 =aulod | -
sluapnis ‘6€ 01 £] wouy 129))9 ou sy JolABYaq =} jo Suned (SdVHS)
Aisaaaun 93uel ued 504006 (e10] | W “(£) des|s o1 |njuaey AusA s Jolaeysq o3 (|) 9|edg 921dR.d
s1adaa|s poon) :| uondasqng [ dosjs o1 [eIDYSUSq AJSA SI JOIARYSQ WO SEdS pUE ssauaJemy
soeluwosUy| N 140daJ-jjas N N ISSOUSJBMY | B UO JOIABYSQ Syl 91BJ 01 Sluspuodsad jse 3| swall 0§ aua18AH das|g
(1pnes pue
ueLs3|N]) swuspms
AissoAun- ues.uoy| (oua184Ay das|s asuom
Aop|3- ysppang s91BdIpUl 24025 Jay31y)
ured s1uoayd uelsuad 59-€1 ‘(skeme) (IHS) xapul
YIIM S[ENPIAIpU|- ys1jug 240dau-jjas UN AN 10 7G—0 :9403s 10| $ 01 (49Aau) o wouy Suidued dpeds Julod—g wa-¢ | aua18Ay das|g

403

submit your manuscript

Nature and Science of Sleep 2020:12

Dove


http://www.dovepress.com
http://www.dovepress.com

Ali et al Dove

Table 3 Quality Assessment of Extracted Sleep Instruments* (n=31)

Sleep Instrument Reliability Validity Responsiveness | Interpretability
b b
Internal Test Re- | Content® | Construct® | Criterion®
Consistency® | test”

Instruments screening for

insomnia symptoms
BIS + + N/A + N/A N/A N/A
ISS + N/A N/A N/A + N/A +
SQQ + + N/A N/A N/A
WHIIRS + - N/A N/A N/A
RSQ + + N/A N/A N/A
PSQI + N/A + + N/A +
ISI + N/A + + + + +
JSS + - N/A - N/A N/A N/A
AlS + N/A N/A N/A N/A
MISS + N/A N/A + +
SCI + N/A + + + N/A
GSDS + N/A N/A N/A - N/A N/A
DCCASP + + N/A N/A - N/A N/A
ASI + + + + ? N/A N/A

Instruments evaluating

consequences of poor sleep
MaSQuDI-17 + N/A N/A * N/A N/A N/A
ESS + + N/A N/A + + N/A
KSS N/A N/A N/A N/A + N/A N/A
FOSQ + + + + + + N/A
OlIsQ + + N/A N/A + N/A N/A
SFIS + N/A + + N/A N/A N/A
SDQ + N/A N/A N/A N/A N/A N/A
H-scale N/A N/A N/A N/A - N/A N/A

Instruments assessing the

cognitive aspect of insomnia
DBAS + N/A N/A + ? + N/A
IDWS + N/A N/A N/A + N/A N/A
APSQ + N/A N/A - N/A N/A N/A
SPS + N/A N/A - - N/A N/A
CTIS + N/A + + + N/A N/A

Instruments measuring

sleep hygiene
SHS - N/A N/A N/A - + N/A
SHI - + N/A - - N/A N/A
SHAPS + + N/A - N/A N/A N/A
SPAQ - N/A + - - N/A N/A

Notes: *Based on a modified version of the quality criteria developed by Terwee et al.”> *Cronbach’s alpha: + if 0.7-0.95; - if (< 0.7 or >0.95). ®Pearson’s correlation
coefficient (r): + if r20.70; - if r<0.70. “Content validity: + if reported. N/A: No information available to establish rating; *, conflicting results in studies or inconsistent results
across subscales? questionable/not rated.

Abbreviations: BIS, Bergen insomnia scale; ISS, The Insomnia Screening Scale; SQQ, Sleep Quality Questionnaire, WHIIRS, Women’s Health Initiative Insomnia Rating
Scale; RSQ, Restorative sleep questionnaire; PSQI, Pittsburgh sleep quality index; ISI, Insomnia severity Index; JSS, Jenkins Sleep Scale; AlS, Athens Insomnia Scale; MISS,
Minimal Insomnia Symptom Scale; SCI, Sleep Condition Indicator; GSDS, General Sleep Disturbance Scale; DCCASP, Daily Cognitive-Communication and Sleep Profile; AlS,
Arabic Scale of Insomnia; MaSQuDI-17, Maugeri Sleep Quality and Distress Inventory; ESS, Epworth Sleepiness scale; KSS, Karolinska sleepiness scale; FOSQ, Functional
outcomes of sleep questionnaire; OISQ, Occupational Impact of sleep questionnaire; SFIS, The Sleep Functional Impact Scale; SDQ, Sleep Disturbance Questionnaire;
H-Scale, Hyperarousal scale; DBAS, Dysfunctional Beliefs and Attitudes about Sleep Scale; IDWS, Insomnia daytime worry scale; APSQ, Anxiety and Preoccupation about
Sleep Questionnaire; SPS, Sleep preoccupation scale; CTIS, Catastrophic thoughts about insomnia scale; SHS, Sleep Hygiene Self-test; SHI, Sleep Hygiene Index; SHAPS,
Sleep Hygiene Awareness and Practice Scale; SPAQ, Sleep Practices and Attitudes Questionnaire.
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4849 also assesses

74,28

the Hyperarousal Scale (H-Scale)
daytime alertness. Three instruments, the FOSQ,
Occupational Impact of Sleep Questionnaire (OISQ),”°
and the Sleep Functional Impact Scale (SFIS),*'
uate the effects of insomnia on overall functioning.

eval-

Conversely, the Sleep Disturbance Questionnaire
(SDQ)’' evaluates factors which contribute to poor
sleep, and the Maugeri Sleep Quality and Distress
Inventory (MaSQuDI-17)>* measures the emotional

burden of insomnia.

Instruments Assessing Cognitive Aspects

of Insomnia

These were in line with the ICD-10 criteria which identifies
preoccupation with sleepiness and excessive worry about
the consequences of insomnia during the day as one of the
clinical features for insomnia.>® Four of these instruments
[Insomnia Daytime Worry Scale (IDWS),>* Anxiety and
Preoccupation about Sleep Questionnaire (APSQ),>>¢
Sleep Preoccupation Scale (SPS)’’] evaluate the extent of
worry about insomnia. The Dysfunctional Beliefs and
Attitudes about Sleep Scale (DBAS) explores individuals’
perceptions and beliefs regarding insomnia.’'>*>° While
the Catastrophic Thoughts about Insomnia Scale (CTIS)*
assess exaggerated thinking about insomnia and the severity
of the consequences.

Instruments Assessing Sleep Hygiene

Out of the four instruments included under this category
[Sleep Hygiene Index (SHI),®' Sleep Hygiene Awareness
and Practice Scale (SHAPS),®* Sleep Hygiene Self-test
(SHS)® and the SPAQ’*], only the SPAQ is a comprehen-
sive instrument which evaluates sleep quality, quantity,
consequences of poor sleep, and sleep hygiene. The SHS
also evaluates the effects of interventions which are
expected to improve sleep hygiene, and is the only sleep-
hygiene instrument which has been validated for respon-
siveness. The SHAPS measures knowledge about sleep
hygiene in addition to behaviors surrounding sleep.

Some of the sleep instruments which were validated in
the 107 articles included in this review, such as the BIS,*’
Sleep Condition Indicator (SCI),** ISS, Athens Insomnia
Scale (AIS)®>®® and Sleep Hygiene Index (SHD®! were
developed in accordance with international diagnostic cri-
teria for insomnia such as the International Classification
of Sleep Disorders 2™ edition (ICSD-II), International
Classification of Diseases 10" edition (ICD-10), and the

Diagnostic and Statistical Manual of Mental Disorders
(DSM). The majority of these instruments were validated
among university students and in primary insomniacs.

Many of the identified sleep instruments have been
translated and culturally adapted in variety of languages,
such as the Pittsburgh Sleep Quality Index (PSQI),*" %
ISI, and ESS which are available in 18, 10, and 6 lan-
guages, respectively.

Quality Assessment

The majority of the instruments used in the 107 studies
included in this review did not meet all of the eight criteria
set by the SAC-MOT.**> However, the conceptual and
measurement models were specified for all instruments.
Additionally, the reliability of sleep measures was usually
reported in the validation studies, particularly the internal
consistency reliability was reported for all instruments,
except for the H-scale and the KSS. The reported internal
consistency values for the sleep and sleep hygiene instru-
ments across the studies included in this systematic review
ranged between 0.53 and 0.97.

As outlined in Table 3, the test-retest reliability was
only reported for 15 of the 31 instruments. Validity mea-
sures were reported for almost all of the instruments iden-
tified (29 out of 31), of which criterion validity was the
most commonly reported and content validity the least
reported validity measure. The generalizability of the psy-
chometric properties reported was examined for three
instruments (ISS, ISI and AIS) in community samples
and primary insomniacs. Only six instruments
(MaSQuDI-17, ESS, FOSQ, DBAS, APSQ, SPS) provided
evidence of discriminating capacity between healthy indi-
viduals and poor sleepers. As summarized in Table 1,
some of the sleep instruments were tested for other valid-
ity measures such as incremental validity, diagnostic valid-
ity, and external validity.****¢7-7%76 Additionally, the SHS
was the only instrument that was assessed for responsive-
ness to change in sleep hygiene after interventions.*® With
the exception of SHAPS, all of these instruments had low
internal consistency (o < 0.7) and only the SHI and the

SHAPS were evaluated for their reproducibility.”*¢'3

Discussion

This study identified 31 sleep instruments and described in
detail their psychometric properties as described in 107
validation and cultural adaptation studies. In the validation
studies included in this review, only the ISI, FOSQ and
MISS were evaluated for all four psychometric properties
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such as responsiveness, interpretability, reliability and
validity.>>73286%7 Because most validation studies try
measuring the same construct in different settings, it was
expected that the sleep instruments in these studies were
mostly tested for their reliability. For the most part, the
sleep instruments identified in this systematic review had
good internal consistency with Cronbach’s alpha values
>0.7, which is in line with the recommended threshold
for adequate reliability reported in the literature.”’
However, overall lower Cronbach’s alpha values were
reported for instruments measuring sleep hygiene. It has
been suggested that the low internal consistency identified
for sleep hygiene measures could be due to the definition
of sleep hygiene, which consists of different factors (not
necessarily related) that have the potential for negatively
affecting sleep.®’ Thus, items in sleep hygiene instruments
may appear to be poorly related in the internal consistency
test. This suggests that when assessing the psychometric
properties of sleep hygiene instruments, the use of other
validity and reliability measures is recommended to avoid
depending on Cronbach’s alpha values alone.

The validation studies included in this systematic
review reported on the reproducibility of only 15 out of
the 31
through the test-retest reliability method. However, the

instruments identified. Mostly were assessed

time frame between the two measurements was highly
variable, ranging between 2 days and 6 months.?”*
There is still no consensus in the literature on the best
time interval for reproducibility tests. Findings from stu-
dies that compared between different time intervals sug-
gests that test results from an interval of 2 days and 2
months are similar to those resulting from a 2-weeks’
interval.”®"

Criterion validity was the most commonly reported
validity measure in the studies included in this review.
Concurrent validity (which compares the score of the
instrument to that of a gold standard which assesses the
same construct) was evaluated for 18 out of the 31 sleep
instruments identified, whereas the predictive validity
(which provides evidence of an instrument’s ability to
forecast a particular outcome in the future) was assessed
only for 5 instruments. Considering that most of the vali-
dation studies included in this review were done on newly
developed instruments, not prioritizing on assessing their
predictive validity is understandable. Some of the valida-
tion studies such as those done on ISI, RSQ and PSQI,
compared the scores generated by the instruments to non-
subjective assessment tools such as the PSG.*~"%° The

quality criteria for questionnaires developed by Terwee
et al recommends providing the reasons for selecting a
measure to be a gold standard in a validation study.?
However, in the studies included in this systematic review,
the choice of the instrument to be used as a comparator or
as a gold standard was rarely justified. In situations where
a gold standard measure is not available, construct validity
could be used to assess the instrument’s validity.*® This is
the case for some of the instruments included in this
review, such as the RSQ, APSQ and SHAPS, which eval-
uate new sleep-related concepts for which gold standards
are not available.

The diagnostic validity of an instrument is an important
measure, particularly for clinicians, as it examines the
extent to which the instrument can accurately differentiate
between healthy individuals and insomniacs at a specific
score.”' Diagnostic validity was reported for only five of
the instruments identified in this review (specifically the
PSQI, ISI, AIS, MISS and the SCI). Incremental validity
(which describes the ability of an instrument to predict a
variable of interest beyond what is possible by other exist-
ing instruments) was only tested for the Sleep Quality
Questionnaire (SQQ).62 This measure is important as it
facilitates the comparison between different instruments
and provides evidence of which instrument is superior.

The selection of an insomnia instrument in practice is
also affected by factors such as the length of the instru-
ment, the time required for completion and the languages
in which it is available. Around half of the instruments
identified in this review consisted of ten questions or less,
and those assessing the cognitive aspects of insomnia or
sleep hygiene were usually longer. However, the duration
required for completion was not commonly reported. Only
six instruments were available in more than three lan-
guages, and only four in Arabic language.>* The limited
availability of instruments in Arabic language offers a
valuable opportunity for researchers interested in sleep
medicine in the Arab region to translate and validate
these instruments.

Despite the comprehensiveness of this systematic
review, the time elapsed between the initial database
search and the publication of the results is an important
limitation. To address this, a supplementary literature
search using the same search strategy and databases was
undertaken in April 2020, which identified additional vali-
dation studies and 7 new instruments including: the

82,83

Insomnia Catastrophising Scale (ICS), the Single-

item sleep quality scale (SQS),** the Lebanese insomnia
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scale (LIS-18),* the Daytime Sleepiness Perception Scale-
4 (DSPS-4),%¢ the Indian Sleepiness Scale (InSS),*’
Athlete Sleep Behavior Questionnaire (ASBQ),* and the
Non-restorative Sleep Scale (NRS)®. These findings are
indicative that the improvement in scientists’ understand-
ing of insomnia pathophysiology has been associated with
a parallel increase in the development of instruments
which measure different aspects of sleep dysfunction and
related risk factors. Researchers also appear to be
acknowledging the cultural effects on sleep behaviors
and insomnia perception, as two of the newly developed
instruments (LIS-18 and InSS) were developed to describe
sleep from a non-Western perspective. Comparing between
the psychometric properties of insomnia instruments
across different populations is interesting and could be
the focus of a future investigation. In addition, because
this systematic review was focused on identifying instru-
ments that assess the symptoms of insomnia, daytime
consequences and those related to sleep hygiene, instru-
ments assessing arousal before sleep only such as the Pre-
Sleep Arousal Scale (PSAP)’*°! were excluded.

Conclusion

Different instruments are available for evaluating various
aspects of sleep and sleep hygiene. The validity and relia-
bility of most of these instruments have been tested and
are well established. However, psychometric testing for
several of the available sleep instruments remains incom-
plete, particularly responsiveness and interpretability. Our
findings suggest that future studies should focus on report-
ing more psychometric measures to ensure the trustworthi-
ness of the findings generated by these instruments. The
number of sleep instruments available in languages other
than English including Arabic are limited, indicating a
need to translate and culturally adapt many of these instru-
ments into various languages to be available for use in
clinical practice and research in different populations.
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