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Abstract
Black women are under- represented in insomnia research. Further, cancer treatments 
increase the risk of late effects, thus affecting the sleep of psychologically and medi-
cally	vulnerable	cancer	survivors.	The	Insomnia	Severity	Index	(ISI)	is	widely	used,	but	
has not been researched in black women, and research in cancer survivors is limited. 
Prior	studies	demonstrate	that	psychometric	properties	of	the	ISI	are	not	consistent	
across	 samples.	This	 study	examined	 the	 internal	 consistency	 and	 factor	 structure	
of	 the	 ISI	 in	 29,500	participants	 from	 the	Black	Women's	Health	 Study,	 an	 epide-
miological	study	of	black	women	in	the	United	States.	This	cohort	 included	28,214	
women	without	a	cancer	history	and	1,286	cancer	survivors.	Exploratory,	confirma-
tory and multigroup analyses were conducted to determine the psychometric prop-
erties	 of	 the	 ISI	 in	 these	 groups.	 The	mean	 ISI	 score	was	7.18	 (standard	 deviation	
[SD]	=	6.82).	Findings	supported	the	internal	consistency	reliability	of	the	ISI	in	black	
women with (Ω	=	0.896)	and	without	(Ω	=	0.892)	a	cancer	history.	Exploratory	fac-
tor analyses supported a one- factor structure. Confirmatory factor analyses indi-
cated	that	fit	of	this	one-	factor	model	was	not	robust	 in	survivors	 (Satorra-	Bentler	
chi- square [χSB2(14)]	 =	 197.78,	 comparative	 fit	 index	 [CFI]	 =	 0.928,	 root	 mean-	
square	error	of	approximation	[RMSEA]	=	0.143)	or	in	women	with	no	cancer	history	
(χSB2(14)	=	2,887.93,	CFI	=	0.945,	RMSEA	=	0.121),	but	the	alternative	models	we	ex-
amined	were	not	superior.	Although	factor	structures	in	previous	studies	have	varied	
considerably,	we	found	a	one-	factor	structure.	Although	internal	consistency	reliabil-
ity	was	strong,	factor	analytic	results	did	not	further	support	the	ISI.	Inconsistencies	
in	ISI	measurement	properties	across	studies	may	reflect	differences	in	sample	sizes	
and populations.
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1  |  INTRODUC TION

Women are disproportionately affected by insomnia for numerous 
reasons, including social and environmental factors, higher prev-
alence	 rates	 of	 anxiety	 and	 depression,	 and	 reproductive	 factors	
(Soares,	2005).	Menopausal	symptoms	are	strongly	associated	with	
insomnia, with research demonstrating that 40 to 60% of meno-
pausal women struggle with insomnia (Baker et al., 2015). Taken 
together, this evidence warrants the advancement of research on 
insomnia in women.

Some	studies	have	 suggested	 that	black	women	have	a	higher	
incidence of insomnia, although they report insomnia symptoms 
less	frequently	than	white	women	(Foley	et	al.,	1999).	Prior	research	
has also shown that insomnia is common in women with a history 
of	 cancer	 (Savard,	 Simard,	Hervouet,	 et	 al.,	 2005;	 Savard,	 Simard,	
Ivers,	et	al.,	2005;	Savard,	Savard,	Simard,	et	al.,	2005).	As	many	as	
43% of long- term cancer survivors report continued insomnia symp-
toms following treatment completion (Taylor et al., 2012), with 18% 
meeting	 diagnostic	 criteria	 for	 insomnia	 disorder	 (Savard,	 Simard,	
Hervouet, et al., 2005). Compared to the general population, cancer 
survivors are at increased risk of insomnia due to the medical and 
psychological late effects of cancer treatment (Taylor et al., 2012). 
Of note, breast cancer patients reporting impaired sleep (e.g., poor 
sleep efficiency, duration and quality) have worse cancer- specific 
survival	(Palesh	et	al.,	2014;	Phipps	et	al.,	2016).	Studies	have	posited	
mechanisms such as decreased immune function and impaired hor-
monal stress responses due to sleep quality (i.e., sleep disturbance) 
(Palesh et al., 2014), as well as accelerated tumour growth and me-
tastasis	(Phipps	et	al.,	2016).	Such	findings	underscore	the	need	to	
assess and treat insomnia in individuals with a history of cancer.

The	 Insomnia	 Severity	 Index	 (ISI)	 is	 a	 commonly	 used,	 seven-	
item self- report measure of insomnia severity over the past 2 weeks 
(Savard,	Simard,	Hervouet,	et	al.,	2005;	Savard,	Simard,	Ivers,	et	al.,	
2005;	 Savard,	 Savard,	 Simard,	 et	 al.,	 2005).	 It	 has	 been	 shown	 to	
detect cases of insomnia and has convergent validity with measures 
of	fatigue	and	quality	of	life	(Michaud	et	al.,	2021;	Morin	et	al.,	2011).	
The	ISI	evaluates	issues	with	sleep	onset	and	maintenance,	as	well	
as issues with morning awakenings. It also measures sleep dissatis-
faction (“How satisfied/dissatisfied are you with your current sleep 
pattern?”), interference with daytime functioning (“How noticeable 
to others do you think your sleep problem is in terms of impairing 
the quality of your life?”) and insomnia- related distress (“How wor-
ried/distressed	are	you	about	your	current	sleep	problem?)	(Morin,	
1993).	Summing	the	seven	ISI	items	yields	a	total	score,	ranging	from	
0 to 28, with higher scores reflecting greater insomnia severity. Total 
score	 interpretations	 are:	 “minimal”	 symptoms	 (0–	7),	 subthreshold	
insomnia (8– 14), moderate insomnia (15– 21) and severe insomnia 
(22–	28).	The	ISI	has	been	translated	into	many	languages,	including	
Korean	(Cho	et	al.,	2014),	Chinese	(Chung	et	al.,	2011)	and	Spanish	
(Sierra	 et	 al.,	 2008).	 It	 has	 been	used	 as	 a	 primary	 outcome	mea-
sure in trials of behavioural treatment of insomnia, including those 
among	cancer	patients	 and	 survivors	 (Savard,	 Simard,	 Ivers,	 et	 al.,	
2005; Zhou et al., 2020).

Although	the	 ISI	has	demonstrated	strong	 internal	consistency	
reliability	(i.e.,	the	extent	to	which	items	in	the	questionnaire	mea-
sure various aspects of the same construct) in community and pri-
mary care samples, with α	 levels	ranging	from	0.87	to	0.91	 (Sierra	
et al., 2008), investigations of clinical samples have revealed sub-
stantial	 variability	 in	 its	 psychometric	 properties.	 Such	 studies	
report	 Cronbach's	 α	 ranging	 from	 0.61	 to	 0.92	 (Kaufmann	 et	 al.,	
2019),	 with	 >0.70	 acceptable	 (i.e.,	 >0.80	 good;	 >0.90	 excellent).	
In	addition,	the	factor	structure	of	the	ISI	has	varied	considerably,	
with a variety of one- , two-  and three- factor solutions reported 
(Chen	 et	 al.,	 2015;	Chung	 et	 al.,	 2011;	 Fernandez-	Mendoza	 et	 al.,	
2012;	Kaufmann	et	al.,	2019;	Savard,	Simard,	Hervouet,	et	al.,	2005;	
Savard,	 Simard,	 Ivers,	 et	 al.,	 2005;	 Savard,	 Savard,	 Simard,	 et	 al.,	
2005;	Sierra	et	al.,	2008;	Yu,	2010).	Of	note,	of	 the	seven	studies	
that revealed a two- factor structure, three indicated that Items 1, 2, 
3	and	4	reflected	one	factor,	and	Items	5,	6	and	7	reflected	a	second	
factor	 (Sadeghniiat-	Haghighi	 et	 al.,	 2014;	 Savard,	 Savard,	 Simard,	
et	al.,	2005;	Yu,	2010).	However,	two	of	these	studies	suggested	that	
Items	1,	2	and	3	reflected	one	factor,	whereas	4	to	7	indicated	a	sec-
ond	factor	(Albougami	&	Manzar,	2019;	Chung	et	al.,	2011).	Despite	
these differences, these solutions overlapped in that Items 1, 2 and 
3	reflected	one	factor,	whereas	5,	6	and	7	reflected	a	second	fac-
tor.	Next,	three	studies	indicated	a	one-	factor	solution	(i.e.,	all	items	
loading	onto	one	factor;	Gerber	et	al.,	2016;	Kaufmann	et	al.,	2019;	
Sierra	et	al.,	2008)	(see	Table	1).	Finally,	four	of	the	studies	reported	
a three- factor solution (Bastien et al., 2001; Castronovo et al., 2016; 
Chen	et	al.,	2015;	Fernandez-	Mendoza	et	al.,	2012);	although	simi-
lar	to	those	that	indicated	a	two-	factor	solution,	Items	5	through	7	
reflected one factor, potentially suggesting conceptual overlap for 
this group of items.

The	examination	and	identification	of	factor	structure	is	crucial	
in	that	it	explains	relationships	between	variables	in	a	measure,	and	
describes the latent, underlying constructs (e.g., dissatisfaction, 
functional impairment, etc.) within that particular measure. By iden-
tifying how specific items are related to an underlying condition, 
such as insomnia, factor analysis aids interpretation of findings for 
both clinicians and researchers and can have implications for as-
sessment	and	treatment	of	insomnia.	Specifically,	the	psychometric	
properties of an assessment may provide information on how the 
assessment is used, which in turn can influence delivery of clinical 
services for individuals with insomnia.

Prior	investigations	of	the	ISI	used	racially	and	ethnically	homog-
enous samples with few members of minority groups (Kaufmann 
et	al.,	2019;	Savard,	Simard,	Hervouet,	et	al.,	2005;	Savard,	Simard,	
Ivers,	et	al.,	2005;	Savard,	Savard,	Simard,	et	al.,	2005;	Yusufov	et	al.,	
2019),	and	none	reported	specifically	on	black	women.	Psychometric	
investigations	of	the	ISI	in	cancer	samples	have	been	limited	to	two	
studies	(Savard,	Simard,	Hervouet,	et	al.,	2005;	Savard,	Simard,	Ivers,	
et	al.,	2005;	Savard,	Savard,	Simard,	et	al.,	2005;	Yusufov	et	al.,	2019)	
and	results	have	varied.	A	study	of	1,670	cancer	patients	both	on	
and	off	treatment	revealed	excellent	internal	consistency	(α	=	0.90)	
(Savard,	 Simard,	 Hervouet,	 et	 al.,	 2005;	 Savard,	 Simard,	 Ivers,	
et	al.,	2005;	Savard,	Savard,	Simard,	et	al.,	2005),	and	supported	a	
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two-	factor	structure	of	the	ISI.	This	two-	factor	structure,	evaluated	
using	exploratory	factor	analysis	only,	 indicated	that	Items	1–	4	re-
flected	one	factor,	whereas	Items	5–	7	reflected	a	second	factor.	In	
contrast, a prior study of 100 cancer survivors revealed substantially 
lower internal consistency (α	 =	 0.73)	 and	 a	 substantially	 different	
two-	factor	structure	 (Yusufov	et	al.,	2019),	 such	 that	only	 Items	1	
and	3	reflected	one	factor,	whereas	2,	4,	5,	6	and	7	reflected	another.	
However,	given	 that	 the	sample	 in	 the	Yusufov	et	al.	 (2019)	 study	
was small, the two- factor structure could not be evaluated using 
confirmatory factor analysis.

Understanding	the	measurement	properties	of	the	ISI	is	import-
ant for advancing research and clinical practice. In the present study, 
we	analysed	ISI	data	from	the	Black	Women's	Health	Study	(BWHS),	
a large nationally representative follow- up study of black women in 
progress	 since	 1995	 that	 includes	 a	 substantial	 number	 of	 cancer	
survivors.	Our	goal	was	to	examine	the	psychometric	properties	of	
the	ISI	in	black	women	with	and	without	a	history	of	cancer.

2  |  METHODS

2.1  |  Study cohort

Participants	were	 enrolled	 in	 the	 BWHS,	 an	 ongoing,	 prospective	
study	of	black	women	in	the	United	States	established	in	1995.	This	
study was approved by the Institutional Review Board of Boston 
University	and	written	informed	consent	was	obtained	from	human	
participants.	Women	aged	21–	69	were	enrolled	through	question-
naires mailed to subscribers of Essence	magazine,	members	of	profes-
sional	organizations,	and	friends	and	relatives	of	early	respondents.	
This	cohort	comprises	approximately	59,000	participants,	who	have	
been	followed	with	biennial	questionnaires	(Rosenberg	et	al.,	1995;	
Russell	et	al.,	2001).	The	overarching	goal	of	the	BWHS	is	to	under-
stand the causes of health problems that affect black women.

Selection	 of	 participants	 for	 inclusion	 in	 the	 present	 analysis	
began	with	 31,593	women	who	 completed	 the	 Insomnia	 Severity	
Index	(ISI)	included	in	the	BWHS	2015	questionnaire.	Women	who	
reported a cancer diagnosis for the first time on the 2015 question-
naire (n	=	551)	were	excluded,	as	 they	may	have	been	undergoing	
active	cancer	treatment	at	the	time	they	completed	the	ISI.	Women	
who	reported	cancer	at	baseline	(1995	questionnaire;	n = 512) were 
excluded	as	we	were	unable	to	determine	the	accuracy	of	diagno-
ses	 made	 before	 baseline.	 We	 also	 excluded	 850	 women	 whose	
cancers	were	diagnosed	in	the	5	years	before	completion	of	the	ISI	
(2010– 2015) because their treatment or active cancer could have 
interfered with their usual sleep patterns and this analysis was fo-
cused	exclusively	on	women	who	had	completed	treatment,	except	
for	endocrine	therapy.	We	also	excluded	181	women	who	reported	
a	“tumour”	of	unknown	type.	Specifically,	the	sample	of	cancer	sur-
vivors was comprised of women who reported a cancer diagnosis 
during	follow-	up	(1995–	2010)	and	had	to	be	off	treatment	by	2015.	
“Cancer” was defined as any cancer identified by self- report, cancer 
registries or medical record. For participants reporting more than 

one cancer, we considered their most recent diagnosis (i.e., that oc-
curred	closest	to	2015).	After	these	exclusions,	29,500	women	had	
ISI	data	available	for	analysis,	including	1,286	with	a	history	of	can-
cer and 28,214 with no cancer history (Figure 1).

2.2  |  Measures

2.2.1  |  Insomnia	severity	index

The	ISI	 is	a	seven-	item	self-	report	checklist	 inquiring	about	insom-
nia symptoms over the two previous weeks. The first three items 
capture problems with falling asleep (#1), maintaining sleep (#2) and 
early morning awakenings (#3); the last four items capture sleep dis-
satisfaction (#4), sleep- related problems in daytime functioning (#5), 
noticeability of daytime functioning problems (#6) and insomnia- 
related	distress	(#7).	Participants	rate	each	item	on	a	5-	point	Likert	
scale: for Items 1 to 3 from “none” to “very severe”; for Item 4 from 
“very	satisfied”	to	“very	dissatisfied”;	and	for	Items	5	to	7	from	“not	
at all” to “very much”. The total score, ranging from 0 to 28, is ob-
tained by summing the seven items, with higher scores reflecting 
greater	insomnia	severity.	Total	scores	are	interpreted	as:	0–	7,	no	or	
“minimal” symptoms; 8– 14, subthreshold insomnia; 15– 21, moderate 
insomnia;	22–	28,	severe	insomnia	(Morin,	1993).

2.2.2  |  Data	analysis

Item characteristics and internal consistency
Characteristics	 of	 the	 ISI	 items	 were	 described	 by	 reporting	 fre-
quency, and mean, mode and corrected item- scale correlations for 
each	ISI	item.	Internal	consistency	reliability	of	the	ISI	was	examined	
using coefficient alpha (α), recalculated alpha (α) with each item de-
leted, coefficient omega (Ω) and recalculated omega (Ω) with each 
item deleted. Following published recommendations, we considered 
α and Ω	of	0.70	to	0.79	as	‘‘acceptable’’,	0.80	to	0.89	as	‘‘good’’,	and	
equal	 to	 or	 greater	 than	0.90	 as	 ‘‘excellent’’	 (Knapp,	 1991).	 These	
descriptive statistics were calculated separately for the entire study 
cohort (N	=	29,500),	the	cancer	survivors	(n = 1,286) and the non- 
cancer group (n = 28,214).

Exploratory factor analysis in cancer survivors
The cancer survivor sample was randomly divided into a derivation 
sample (n	=	643)	for	exploratory	factor	analysis	(EFA)	and	a	replica-
tion sample (n	=	643)	for	confirmatory	factor	analysis	(CFA).	Factor	
structure	was	examined	using	exploratory	 factor	analysis	with	va-
rimax	rotation	on	 item	correlation	matrices.	The	principal	axis	fac-
toring	 extraction	 method	 was	 used,	 given	 that	 the	 ISI	 data	 were	
significantly	 not	 normally	 distributed	 (Kolmogorov-	Smirnov	 test;	
D(29,500)	=	0.109,	p	<	0.001)	 (Osborne	et	al.,	2011).	Eigen	values	
(>1)	and	a	scree	test	guided	factor	retention.	Factor	loadings	>0.40	
were	reported	and	interpreted.	Analyses	were	conducted	using	the	
Statistical	 Package	 for	 Social	 Sciences	 Version	 26.0	 (SPSS	 26.0).	
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Omega (Ω) internal consistency reliability was calculated using ja-
movi	version	1.2.	Of	note,	although	the	factor	structure	of	the	 ISI	
has	been	examined	 in	multiple	prior	 studies	 (see	Table	1),	 there	 is	
currently	 no	 consensus	 regarding	 the	 factor	 structure	 of	 the	 ISI	
across	samples	and	settings.	Therefore,	we	conducted	an	EFA	prior	
to	a	CFA	in	order	to	investigate	the	factor	structure	in	this	particular	
sample.

Confirmatory factor analysis in cancer survivors
Confirmatory	 factor	 analyses	 were	 conducted	 using	 Stata	 16.0	
with the replication cancer subgroup (n = 643) to evaluate the de-
gree to which the replication sample fitted the model created by 
the	EFA.	Model	 fit	 and	 factor	 loadings	were	 evaluated.	Maximum	
likelihood estimation methods were used for fit indices (compara-
tive	fit	index	[CFI],	non-	normed	fit	index	[NNFI],	standardized	root	
mean	squared	residual	 [SRMR],	and	root	mean-	square	error	of	ap-
proximation	[RMSEA])	because	item	data	were	ordinal	(Kline,	2011).	
The	Satorra-	Bentler	chi-	square	was	used	(χSB2)	(Satorra	&	Bentler,	
1994)	as	it	adjusts	the	maximum	likelihood	chi-	square	to	account	for	
non-	normality	(Yu,	2010).	The	CFI	values	of	0.90	and	above	indicate	
good	 fit	 (Hu	&	Bentler,	1999).	RMSEA	values	<0.05	 indicate	good	
fit,	although	values	from	0.05	to	0.08	suggest	reasonable	approxi-
mation	error,	and	values	>0.10	indicate	poor	fit	(Browne	&	Cudeck,	
1993).	As	prior	ISI	studies	(Table	1)	suggested	that	the	ISI	might	have	
a	two-	factor	structure,	(Chung	et	al.,	2011;	Savard,	Savard,	Simard,	
et	al.,	2005;	Yusufov	et	al.,	2019)	alternative	two-	factor	structures	
were	also	evaluated	using	this	same	CFA	approach.

Multigroup confirmatory factor analysis
Multigroup	 CFAs	 (i.e.,	 measurement	 invariance	 testing)	 were	
used	 to	evaluate	 the	consistency	of	 the	 ISI's	 factor	 structure	 in	
the cancer and non- cancer groups. This was accomplished by 
systematically comparing fit statistics between the two groups. 
Initially, participants with and without cancer were set to have 
different model parameters (i.e., independent group analyses). 
Next,	 constrained	 factor	 loadings	 and	 factor	 correlations	 were	
set to be common across the cancer and non- cancer groups (i.e., 
simultaneous	group	analysis).	Finally,	CFAs	were	conducted	with	
the entire study cohort (n	 =	 29,500)	 and	 non-	cancer	 subgroup	
(n = 28,214).

3  |  RESULTS

Of the 28,214 participants with no cancer history, ages ranged from 
40	 to	 90	 years	 (mean	 [M]	 =	 57.5,	 standard	 deviation	 [SD]	 =	 9.6);	
61.5%	 had	 completed	 16	 or	 more	 years	 of	 education	 and	 59.9%	
were	 postmenopausal.	 Among	 the	 1,286	 cancer	 survivors,	 ages	
ranged	 from	41	 to	89	 (M = 63.2, SD	 =	 9.6);	 59.4%	had	 completed	
16 or more years of education, 84.5% were postmenopausal and 
57.9%	had	breast	cancer	(n	=	745)	(see	Table	2).	The	cancer	survivors	
were older (Mage = 63.2) than the women without a history of cancer 
(Mage	=	57.5)	(χ

2 (2, N	=	29,500)	=	340.6,	p < 0.001). The difference 
between the cancer and non- cancer groups for menopausal status 
was also significant (p < 0.001).

F I G U R E  1 Flow	diagram	for	inclusion	
of participants in analyses in the Black 
Women's	Health	Study	(BWHS)

Women with ISI 
data available
N = 31,593

No cancer 
history

N = 28,214

Cancer survivor 
N = 1,286

Final analytic 
sample

N = 29,500

N = 1,913 excluded:

• Reported cancer at 
baseline in 1995 survey
(n = 512)

• Reported cancer on 2015 
questionnaire 
(n = 551)

• Reported cancer within 
5 years before 2015
questionnaire (n = 850)

• Reported “tumour” of 
unknown type (n = 181)
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3.1  |  Item characteristics and internal consistency

In participants without cancer (n	=	28,214),	the	mean	ISI	score	was	
7.82	(SD = 6.18), reflecting no or minimal to subthreshold insomnia, 
and the modal response for all items was 0, reflecting either high 
satisfaction	or	low	impairment,	except	for	Item	4,	which	had	a	modal	
response	of	3	(“dissatisfied”)	(Table	3).	A	total	of	12.4%	(n = 3,501) 
met criteria for moderate insomnia and 3.1% (n	=	887)	met	criteria	
for	severe	insomnia.	Mean	item	scores	ranged	from	0.68	(Item	5)	to	
1.86 (Item 4). Item- total correlations ranged from 0.58 (Item 3) to 
.81 (Item 6), internal consistency reliability (α)	was	.89,	McDonald's	
omega (Ω)	=	0.892,	and	 internal	consistency	would	not	have	been	
improved by eliminating any item.

For the cancer survivors (n = 1,286), mean item scores ranged 
from	0.62	(Item	5)	to	1.82	(Item	4)	and	the	mean	ISI	score	was	7.88	
(SD	=	6.18).	A	total	of	13%	(n	=	167)	met	criteria	for	moderate	insom-
nia and 2.8% (n = 36) met criteria for severe insomnia. The modal 
response for all items was 0, reflecting either high satisfaction or 

low	impairment,	except	for	Item	4,	which	had	a	modal	response	of	
2 (“moderately satisfied”). Item- total correlations ranged from 0.58 
(Item 3) to 0.83 (Item 6) and the internal consistency reliability (α) 
was	0.89;	McDonald's	omega	(Ω)	=	0.896.	Results	demonstrated	that	
internal consistency would not have been improved by eliminating 
any items.

3.2  |  Exploratory factor analysis in the cancer 
survivor subgroup

First, data from the 643 participants designated as the derivation 
sample	were	analysed	using	parallel	analysis.	Specifications	for	the	
parallel analysis included seven variables and 1,000 datasets and 
generated random data eigen values of 1.10 and 1.06. The largest 
eigen	values	 in	 the	 true	data	 (EFA)	were	4.25	and	0.76,	 indicating	
that a one- factor solution was optimal (i.e., 2nd eigen value was 
larger in random data than real data). The scree plot supported a 

TA B L E  2 Demographic	and	clinical	characteristics	of	black	women	in	the	Black	Women's	Health	Study	(BWHS)	with	and	without	a	history	
of cancer

Cancer (n = 1,286) No cancer (n = 28,214)
Total 
(N = 29,500)

Mean	age,	years	(SD) 63.2	(9.6) 57.5	(9.6) 57.8	(0.1)

Age*

35–	49 103 (8.0%) 6,591	(23.4%) 6,694	(22.7%)

50– 64 620 (48.2%) 14,991	(53.1%) 15,611	(52.9%)

≥65 563 (43.8%) 6,632 (23.5%) 7,195	(24.4%)

Years	of	education

≤12 166	(12.9%) 3,321 (11.8%) 3,487	(11.8%)

13– 15 355	(27.6%) 7,518	(26.7%) 7,873	(26.7%)

16 303 (23.6%) 7,659	(27.2%) 7,962	(27.0%)

≥17 461	(35.9%) 9,695	(34.4%) 10,156 (34.4%)

Menopause	status*

Premenopausal 108 (8.4%) 8,035 (28.5%) 8,143	(27.6%)

Postmenopausal 1,091	(84.8%) 16,912	(59.9%) 18,003 (61.0%)

Unknown 87	(6.8%) 3,267	(11.6%) 3,354 (11.4%)

Cancer types

Breast cancer 745	(57.9%) – 

Gynaecological 141 (11.0%) – 

Gastrointestinal 129	(10.0%) – 

Haematological 92	(7.2%) – 

Endocrinological 74	(5.8%) – 

Genitourinary 34 (2.6%) – 

Lung cancer 24	(1.9%) – 

Head and neck cancer 14 (1.1%) – 

Sarcoma 13 (1.0%) – 

Melanoma 9	(0.7%) – 

Other solid tumours 11	(0.9%) – 

*p < 0.001 between cancer and non- cancer groups. SD, standard deviation.
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one- factor solution, with the largest eigen value being 4.25, ac-
counting	for	61.4%	of	the	total	variance.	EFA	indicated	that	all	items	
loaded on to Factor I, with item loadings ranging from 0.68 (Item 3) 
to	0.89	(Item	6)	(see	Figure	2).

3.3  |  Confirmatory factor analysis in 
cancer survivors

To determine the reliability of the factor structure derived from the 
EFA,	a	CFA	was	applied	to	the	data	from	the	replication	sample	of	
cancer survivors (n	=	643).	We	also	used	CFA	to	determine	fit	for	the	
structures of two- factor models previously reported in three stud-
ies	(see	Table	1;	Chung	et	al.,	2011;	Savard,	Simard,	Hervouet,	et	al.,	
2005;	 Savard,	 Simard,	 Ivers,	 et	 al.,	 2005;	 Savard,	 Savard,	 Simard,	
et al., 2005).

The	 EFA-	derived	 model	 (i.e.,	 one-	factor)	 had	 the	 highest	 CFI	
(0.93)	(Hu	&	Bentler,	1999).	However,	its	RMSEA	(0.15)	indicated	un-
acceptably	high	approximation	error	(Browne	&	Cudeck,	1993).	The	
two- factor solutions suggested in prior studies (Phipps et al., 2016; 
Savard,	Simard,	Hervouet,	et	al.,	2005;	Savard,	Simard,	Ivers,	et	al.,	
2005;	Savard,	Savard,	Simard,	et	al.,	2005)	revealed	poor	fit,	with	a	
CFI	of	0.77	and	RMSEA	of	0.26.	An	alternative	two-	factor	solution	
(Chung	et	al.,	2011)	revealed	poor	fit,	with	a	CFI	of	0.77	and	RMSEA	
of 0.26. Finally, the two- factor solution suggested by our previous 
study	of	cancer	survivors	 (Yusufov	et	al.,	2019)	had	poor	fit	 in	the	
present	investigation,	with	a	CFI	of	0.30	and	RMSEA	of	0.34.	In	sum,	
none of the four models tested indicated adequate fit statistics, and 
the	one-	factor	solution	generated	by	the	EFA	analysis	had	superior	
fit	compared	to	the	other	models	tested	(CFI	=	0.93,	RMSEA	=	0.15).	
Fit statistics for the models are reported in Table 4.

3.4  |  Comparisons of cancer and non- 
cancer groups

To	examine	the	consistency	of	the	ISI	factor	structure	in	the	cancer	
and	non-	cancer	groups,	we	conducted	a	multigroup	CFA.	The	goal	
was to conduct a systematic assessment of measurement invariance 
across the two groups. However, the independent group analysis 
with cancer survivors and non- cancer participants set to have dif-
ferent model parameters failed to estimate after the 66th iteration, 
resulting	in	non-	convergence	(Boomsma,	1985).	Similarly,	the	simul-
taneous group analysis with parameters set to be common across 
the	cancer	and	non-	cancer	groups,	failed	to	estimate	after	the	89th 
iteration	(Boomsma,	1985).

Because of the non- convergence of these factor analytic models, 
we	were	unable	 to	 use	multigroup	CFA	 to	quantify	 differences	 in	
fit between the cancer and non- cancer groups and to assess mea-
surement	invariance	across	the	two	groups.	However,	in	examining	
factor loadings descriptively, we found that responses of the cancer 
and	non-	cancer	groups	were	remarkably	similar.	Specifically,	factor	
loadings	ranged	from	0.58	to	0.90	for	the	cancer	subgroup	and	from	TA
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0.60	 to	0.89	 for	 the	non-	cancer	 subgroup.	Across	 the	 cancer	 and	
non- cancer subgroups, loadings were identical for three of the items 
(Items	2,	5	and	7),	nearly	identical	for	three	items	(Item	3,	4,	and	6)	
and	had	a	0.07	difference	for	Item	1	(see	Figure	2).

4  |  DISCUSSION

In	a	sizable	sample	of	an	under-	represented	population	in	sleep	re-
search, black women, we assessed the psychometric properties of 
the	ISI	among	those	with	and	without	a	history	of	cancer.	The	pre-
sent study is the largest investigation of the factor structure of the 
ISI	 in	 any	 group.	 Regarding	 reliability,	 the	 internal	 consistency	 for	

both the non- cancer subgroup (α	=	0.89;	Ω	=	0.892)	and	cancer	sub-
group (α=0.90;	Ω=.896)	is	within	the	range	observed	in	other	clinical	
samples (α	=	0.61	to	0.92)	(Yusufov	et	al.,	2019).	The	internal	consist-
ency	 reliability	 results	 support	 the	use	of	 the	 ISI	 in	black	women,	
both with and without a cancer history. However, given inadequate 
fit statistics for the one- factor model, as well as lack of indices of 
validity, results of the factor analyses do not provide additional sup-
port	or	interpretive	guidance	for	those	using	the	ISI	in	black	women.

Among	 the	 previous	 studies	 that	 did	 not	 include	 cancer	 pa-
tients,	 two	 found	 a	 one-	factor	 structure	 (Kaufmann	 et	 al.,	 2019;	
Sierra	et	al.,	2008),	five	found	a	two-	factor	structure	(Albougami	&	
Manzar,	2019;	Chung	et	al.,	2011;	Yu,	2010)	and	four	found	a	three-	
factor	structure	(Fernandez-	Mendoza	et	al.,	2012).	The	two	previous	

F I G U R E  2 Factor	structure	of	the	
Insomnia	Severity	Index	in	black	women	
with and without a history of cancer in 
the	Black	Women's	Health	Study	(BWHS).	
Factor loadings for the total study cohort 
(N	=	29,500)	are	as	follows:	0.73	(Item	1),	
0.81 (Item 2), 0.68 (Item 3), 0.82 (Item 4), 
0.70	(Item	5),	0.89	(Item	6),	0.83	(Item	7)

Item 2: Problems 
staying asleep

Item 1: Problems 
falling asleep

Factor I
Item 4: Dissatisfaction

Item 5: Noticeability

Item 7: Functional 
impairment

Item 3: Early 
awakenings

0.69

0.74

0.58

Item 6: Distress

0.82

0.79

0.68

0.90

0.62

0.74

0.60

0.77

0.68

0.89

0.82

Cancer 
subgroup 
(n = 643)

Non-cancer 
subgroup 

(n = 28,214)

TA B L E  4 Fit	indices	for	confirmatory	models	for	the	cancer	subsample	(n	=	643)	in	the	Black	Women's	Health	Study

Model source χSB2 (df) CFI NNFI SRMR
RMSEA (90% 
CI)

One- factor solution

Present	study	EFA 203.6 (14)** 0.928 0.89 0.051 0.15 (0.13, 0.16)

Two- factor solutions

Factor I: Items 1– 4; factor 
II:	Items	5–	7

Savard,	Simard,	Hervouet,	et	al.,	2005;	
Sadeghniiat-	Haghighi	et	al.,	2014;	Yu,	
2010

616.8 (14)** 0.763 0.653 0.348 0.26 (0.24, 0.28)

Factor	I:	Items	4–	7;	
Factor II: Items 1– 3

Chung et al., 2011 1302.9	(14)** 0.740 0.623 0.344 0.27	(0.26,	0.28)

Factor	I:	Items	2,	4,	5–	7;	
Factor II: Items 1, 3

Yusufov	et	al.,	2019 542.5 (14)** 0.302 0.103 0.247 0.34	(0.32,	0.37)

Abbreviations:	CFI,	comparative	fit	index;	CI,	confidence	interval;	df,	degrees	of	freedom;	EFA,	exploratory	factor	analysis;	NNFI,	non-	normed	fit	
index;	RMSEA,	root-	mean-	square	error	of	approximation;	SRMR,	standardized	root-	mean-	square	residual;	χSB2,	Satorra-	Bentler	scaled	chi	square.
*p < 0.001.; **p < 0.01
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studies	of	cancer	patients	 (Savard,	Simard,	Hervouet,	et	al.,	2005;	
Savard,	 Simard,	 Ivers,	 et	 al.,	 2005;	 Savard,	 Savard,	 Simard,	 et	 al.,	
2005;	Yusufov	et	al.,	2019)	reported	a	two-	factor	structure	for	the	
ISI,	but	the	nature	of	the	factor	structure	differed	substantially	with	
items loading differently across the two factors. In a prior study of 
1,670	survivors	and	patients	on	active	treatment	(48.6%	female),	the	
following four items represented the first factor: problems falling 
asleep, problems staying asleep, early awakenings and dissatisfaction 
with sleep. The following three items represented the second factor: 
noticeability of sleep problems, distress and functional impairment 
(Savard,	Simard,	Hervouet,	et	al.,	2005;	Savard,	Simard,	Ivers,	et	al.,	
2005;	Savard,	Savard,	Simard,	et	al.,	2005).	In	our	previous	study	of	
100 cancer survivors, factor I captured five items: problems staying 
asleep, dissatisfaction, noticeability of sleep impairment, distress 
and functional impairment. Factor II captured two items: problems 
falling	asleep	and	early	awakenings	(Yusufov	et	al.,	2019).

As	described	above,	the	factor	structures	identified	in	previous	
studies have differed appreciably, varying from one to three fac-
tors.	The	present	findings	suggest	that	all	seven	ISI	 items	are	best	
viewed as making up a single factor. Two small prior studies, both of 
individuals without cancer, have supported a one- factor structure 
(Kaufmann	 et	 al.,	 2019;	 Sierra	 et	 al.,	 2008).	 There	 are	 several	 ex-
planations for why our results may differ from those reported by 
some	prior	 investigations.	First,	unlike	prior	studies	that	examined	
participants	with	higher	ISI	scores,	(Savard,	Simard,	Hervouet,	et	al.,	
2005;	 Savard,	 Simard,	 Ivers,	 et	 al.,	 2005;	 Savard,	 Savard,	 Simard,	
et al., 2005) most of the present cohort, whether affected by cancer 
or not, reported minimal insomnia symptoms. In addition, almost all 
prior	studies	of	the	ISI	have	included	men	(Cho	et	al.,	2014;	Kaufmann	
et	al.,	2019;	Morin	et	al.,	2011;	Yusufov	et	al.,	2019).	Women	may	be	
affected by insomnia factors that are different to those in men, such 
as	anxiety	and	depression,	and	reproductive	factors	(Soares,	2005)	
and menopausal symptoms (Baker et al., 2015) also could contribute 
to	differential	responding	on	the	ISI.	Previous	investigations	did	not	
examine	 factor	 analytic	 differences	 across	 gender.	 Differences	 in	
our results from those of previous studies may also reflect racial and 
ethnic differences in insomnia symptoms (Giardin Jean- Louis et al., 
2008;	Girardin	Jean-	Louis	et	al.,	2009).	For	example,	black	women	
tend	 to	 under-	report	 insomnia	 symptoms	 (Foley	 et	 al.,	 1999),	 and	
prior research suggests that white female breast cancer survivors 
worried that breast cancer was associated with insomnia symptoms 
more than black female breast cancer survivors (Jean- Louis et al., 
2009).	Thus,	black	women	reporting	lower	rates	of	insomnia	could	
impact	 the	 factor	 structure	 of	 the	 ISI.	 Specifically,	 in	 the	 present	
study,	mean	ISI	scores	were	low	and	most	items	had	modal	responses	
of	zero,	contradicting	the	broader	literature	on	women	and	cancer	
survivors	(Soares,	2005).	Of	note,	our	mean	ISI	score	of	7.8	(indicat-
ing subthreshold insomnia) is similar to the median score of between 
7	and	8	observed	in	women	with	breast	cancer	aged	56–	65	years	in	
a	prior	study	(Savard,	Simard,	Hervouet,	et	al.,	2005;	Savard,	Simard,	
Ivers,	et	al.,	2005;	Savard,	Savard,	Simard,	et	al.,	2005).	Finally,	most	
previous studies were small and differences between studies might 
reflect sampling variation.

Although	the	use	of	an	exclusively	black	female	group	is	a	major	
strength and contribution of this study, our findings may not be gen-
eralizable	to	males	or	to	non-	black	groups.	Further,	given	that	this	
analysis assessed cancer survivors whose cancer had occurred at 
least	5	years	previously,	 findings	may	not	be	generalizable	to	 indi-
viduals on active cancer treatment, who have been shown to have 
high	rates	of	 insomnia	or	 insomnia	symptoms	 (Savard	et	al.,	2001)	
and to report that cancer either caused or worsened insomnia. We 
note that we assessed cancer patients who were no longer in active 
treatment, so our results may not be applicable to black women re-
ceiving cancer therapy.

The	results	also	may	not	generalize	to	groups	with	higher	levels	
of insomnia symptoms or groups who meet criteria for an insom-
nia disorder. In addition, although we reported a strong similarity 
in responses between the cancer and non- cancer groups, we were 
unable to quantify differences between groups because of non- 
convergence	in	several	models	we	tested.	The	fact	that	ISI	item	re-
sponses were highly correlated (Table 3) and highly skewed is likely 
to	be	a	contributor.	Validity	studies	may	inform	the	extent	to	which	
the	ISI	is	an	adequate	measure	of	insomnia	in	black	women,	and	de-
termine the best cut- off score for this population.

Inconsistencies	 across	 studies	 may	 reflect	 qualities	 of	 the	 ISI	
items	 themselves.	 Although	 many	 of	 the	 ISI	 items	 are	 consistent	
with the idea that they are “reflective” of insomnia (i.e., indicate 
core	 symptoms	and	 consequences	of	 insomnia),	 the	 first	 three	 ISI	
items, which inquire about specific insomnia symptoms, are bet-
ter understood as being “indicators” or “formative” variables that 
measure components of insomnia that jointly define the condition. 
Specifically,	 Items	 1–	3	 ask	 about	 insomnia	 symptoms	 at	 different	
points during sleep, corresponding to “early,” “middle” and “terminal” 
insomnia. In different populations, the prevalence of these different 
“types”	of	insomnia	may	well	vary	(Perlis	&	Gehrman,	2013;	Yusufov	
et	al.,	2019)	and	individuals	with	one	type	of	insomnia	may	not	have	
symptoms of the other types. In that way, these variables are not 
consistent with the assumptions of internal consistency reliability 
and	 the	 factor	 analytic	methods	 that	 have	 been	 used	 to	 examine	
the	ISI	in	this	and	prior	studies.	Although	including	both	“formative”	
and “reflective” variables in a single measure is not necessarily a lim-
itation, especially in a measure of clinical symptomatology, it does 
mean that using analyses intended for reflective items alone can 
be	problematic.	Specifically,	it	can	be	expected	that	these	analyses	
would result in the variability of internal consistency reliability and 
factor structures across samples that we have noted and the prob-
lem	of	model	non-	convergence	(Boomsma,	1985)	that	we	report	in	
this study.

Finally,	to	the	extent	that	internal	consistency	reliability	and	fac-
tor analytic approaches may not consistently capture measurement 
properties	of	the	ISI,	evaluating	test–	retest	reliability	and	criterion	
validity could be useful alternatives. Future research evaluating va-
lidity	of	the	ISI	against	accepted	criterion	measures	in	cancer	survi-
vors will be particularly important to insure it accurately identifies 
those	 in	 need	 of	 insomnia	 treatment.	 Recent	 studies	 have	 exam-
ined	the	validity	of	the	ISI	against	structured	diagnostic	interviews	
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assessing	DSM-	5	diagnosis	of	insomnia	disorder	(Filosa	et	al.,	2021),	
including	a	study	of	young	adult	cancer	survivors	 (Michaud	et	al.,	
2021), but validation studies in larger and more diverse popula-
tions	are	needed.	Clinicians	and	researchers	using	the	ISI	 in	black	
women and in cancer survivors would benefit from validation of 
specific	ISI	cut-	off	scores	in	these	groups,	and	because	the	validity	
of a measure is limited by its internal consistency reliability (Price 
et	al.,	2015),	results	supporting	the	ISI's	validity	would	also	support	
its reliability, given that a measure cannot be valid unless it is also 
reliable.
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